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The model that has shaped economic development in a number of countries (the so-called 
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This book identifies the immediate and structural factors that will condition the economies 
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Fundación Esteyco was founded in May 1991
to contribute to engineering and architectural

progress in Spain.
The precarious and uncertain situation

in which independent engineering has been practised in the country to date 
has required professionals to adopt essentially survival tactics.

The efforts of a growing number of those professionals,
with the support of governmental bodies,
has nonetheless consolidated an activity

whose services are imperative to a modern and efficient society.
The time has come to think about the future,

trusting that it will soon be upon us.
Let us foster an atmosphere where creativity can thrive,

where good work is both expected and appreciated.
Let us contribute to sound training in engineering,

in the awareness that the value of an organisation lies in the value of its members
and that in engineering, individual merit

is measured in terms of expertise.
Let us encourage better and more frequent inter-professional partnering,

eliminating unnecessary boundaries.
Let us claim a place of distinction 

for engineering in society,
re-steering the prevalent get-the-job-done culture

to a get-the-job-done right culture.
Let us regard engineering as an extension of the university,

where young graduates consolidate their training
in years that will be decisive for their future.

Let us become involved in the university and research institutes. 
Let us ensure the stability and survival of our organisations,

and provide the means to maintain their vitality, 
our guarantee for the future.

Let us value our independence, not as a weapon to be wielded against anyone,
but essentially as an intellectual trait

in people whose job is to think, 
inform and decide freely.

Javier Rui-Wamba Martija
Civil Engineer

President of Fundación Esteyco
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PREFACE

LUIS IRASTORZA

I think it would be reasonably true to say that the fundamental reason for this book is simply that Javier Rui-Wamba 
believed that I could give a clear, systematic account of a series of deep convictions and reflections I have reached 
over the last few years. Javier put the proposition to me in late 2011, on 21 December actually, and I could not 
refuse, even though I tried in every way known to man. But his strong moral authority and his tireless resolution 
melted all my resistance. And I did put up a well-grounded resistance, too:  when I started to see what I was getting 
into, my mind surged with arguments that would have dissuaded anybody but Javier. I also have to admit that for 
some time I had been thinking about putting my ideas into writing, in something like an intellectual last will and 
testament, like my role model Jean Guitton did. Yet I could see that it was not yet my hour, fundamentally because 
it would take more time than I had and more effort than I wanted to make, and most of all because I felt deeply 
that I needed to mull over some of the issues before writing about them. Before I accepted the challenge, writing the 
book seemed to lie a long way off, maybe some five or ten years ahead in the fuzzy future or even farther than that.

As soon as I rather thoughtlessly accepted the challenge, my head started swimming. I saw clearly that I now had a 
deadline, and the Earth was moving around the Sun and rotating on its axis (among other movements), not in the 
least perturbed by the need to slow things down for me or anybody like me. So I got down to work and shoehorned 
yet another activity into my life, organising and classifying a vast body of documentation, reading recent reports, 
but mostly, fundamentally, getting a start on organising my thoughts prior to setting them down. I tried at all times 
to adhere to the motto of “If there’s nothing you can do about it, complaining won’t help,” though I have to admit 
that this was easier to understand than it was to do. So it is with almost all great ideas. Around April 2012 I started 
scribbling down some of my reflections, and luckily I was able to carry on at a good, steady speed, though I must 
confess that the effort of keeping at it sometimes overstepped the bounds of reason. 

The object of this book is to analyse the different factors that I think are going to affect the economy and society 
over the next few years. Land management and building construction are two issues (but not the only issues) on 
which I lay special emphasis.

Right from the start readers must bear two considerations in mind. First, I have sought to make my analysis as 
overall and general as possible so it can be applied to as many countries and people as the documentation available 
to me allows. We share many conditioning factors, although we are affected differently depending on our countries’ 
circumstances and economic and technological capabilities. I also always go into more detail when looking at Spain. 
I do this because otherwise my ideas and proposals might stray too far from what is real and at hand, leading to the 
entirely ill-founded sensation that we will not be affected, and because my knowledge of Spain is based on fuller, 
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more up-to-date documentation. Second, I have become convinced by both study and intuition that we have hit 
a point of discontinuity in history whose magnitude I dare not try to describe. What we require is approaches and 
scenarios different from those we have been applying since the Industrial Revolution hit over 200 years ago. But 
I am thoroughly aware that there is a lot of intuition in what I say. I may be wrong about the discontinuity, and I 
am more probably wrong about its magnitude, since I haven’t the historical perspective to judge it. In my opinion, 
the discontinuity has two not-altogether-independent causes:  first the headlong development of the emerging 
countries, which will assuredly be followed by the developing countries, and second the proximity of some of us to 
our planet’s limits. At any rate, let us not forget that a great many important ideas, like truth, certainty and love, 
are after all themselves intuitions.

I chose the book’s title after I had finished writing, and I would like to explain the reasons and motivations behind 
my choice. Although much of what I say would apply to rural settlements (for example, in talking about buildings), 
all of what I say applies to cities. Specific problems such as population density, urban transport, water supplies, 
waste recycling and air quality are more pressing in cities. For a number of years (since around 2005) cities have 
been home to just over 50% of the world’s population, rather more than 50 % of the planet’s wealth and, more 
importantly in terms of the future, an even larger percentage of the worldwide economic growth anticipated for 
the next few years.

I have limited my scope to the twenty-first century for two reasons. In the first place, any reflection about the future 
should be made humbly. The present is the only thing that really exists, the only thing within our partial, limited 
grasp; the farther we stray from it, the humbler we should be. In addition, although we must make forecasts, we 
must be wary as well. Just 6 or 7 years ago unconventional gas burst onto the scene, especially shale gas, whose huge 
reserves could tip the world’s energy balance. More importantly, it could sever the link between the energy issue 
(concern over the lack of hydrocarbon reserves or the greatest conventional oil production sites) and the climate 
issue (increase in the concentration of CO2 in the atmosphere). In the second place, the ITER fusion power project 
is humanity’s most important, most exciting project next to the Large Hadron Collider at CERN. If the ITER 
project is successful, we will have to change our whole mindset (which I personally would be delighted to do), 
because we will have a source of energy that will last several million years without causing global warming. 

I think these explanations make it clear why I call this book an essay. It contains thoughts and reflections that 
form a necessarily limited attempt to describe a many-faceted, changing reality. I try, as best I can, to describe 
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the fundaments that are changing at a fairly fast pace. I do not address sociological fundaments, because they 
are shifting much more slowly. Even so, we must never forget that cities have to be designed to human scale, so 
it is essential to consider this factor as central in any examination of cities. Nor do I address the fundaments of 
form. They too are very important, precisely because of their human scale. They are more subject to fashion than 
other fundaments (everything is subject to fashion to some extent, even philosophical, scientific and mathematical 
thought), so I felt I had to leave them out if I wanted this book to be something that could stand the test of time.

For the cover I selected Babylon in Nebuchadnezzar’s day, in about 600 BC, and Masdar City in Abu Dhabi around 
the year 2040. Babylon was the most renowned, most influential city that ever was. It was a genuine beacon of 
knowledge in its time and for more than 1 500 years thereafter, from 1800 BC to 300 BC. The Babylonians had an 
extraordinary knowledge of mathematics and astronomy. They could solve problems requiring quadratic equations 
more than 1 500 years before Al-Khwarizmi (who was surely no stranger to Babylonian achievements) taught us 
to solve quadratic equations systematically with the creation of algebra. In addition, they knew of the Pythagorean 
theorem over 1 000 years before Pythagoras did, as shown by the Plimpton tablet (Palaeo-Babylonian period, about 
the eighteenth century BC). The Babylonians moreover had a decisive influence on the Bible, the most influential 
book for all cultures west of the Indus River, the Jewish, the Christian and the Muslim. The picture on the cover is 
of the Temple of Marduk (the Bible’s Tower of Babel) as it was around the year 600 BC. It is based on the systematic 
work done by German archaeologists, especially Koldewey, in the early twentieth century, and the temple looks 
quite different from how it is depicted in paintings and literature.

The Masdar City project I discuss in some detail. It is, in my opinion and to my knowledge, the most ambitious 
project presently underway. It is also the project that calls for the greatest application of the ideas proposed in 
this book, or at least it was at this writing. I am unshakeably convinced that the developers of Masdar City are 
determined that their project will blaze the trail for similar projects in future and that they are striving to provide 
a response to the challenges facing us, and that they are consistent in both endeavours. I hope and wish that this 
project can keep its original spirit alive, but readers will understand that I cannot vouch for that eventuality. What I 
propose are ideas I am sure will remain good for some time to come, not the implementation of my ideas at specific 
sites. That depends on project authorities and their own circumstances.

Here is how the book is put together. The first thing after the preface is a foreword by architect and sociologist José 
María Ezquiaga, who won the 2006 Spanish National Town Planning Award and with whom I have been lucky 
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enough to spend a number of years discussing most of the ideas in this book until they were ready to be set to paper. 
Next are five articles written by (in alphabetical order) philosopher Miguel García-Baró, engineer César Lanza, José 
Luis Laso, attorney specialising in town planning, engineer Javier Rui-Wamba and economist Joaquín Sánchez-
Izquierdo. They are all exceptional people in terms of their abilities and their achievements. Their thoughts and 
the examples they set have influenced me heavily. They have been veritable intellectual beacons for me, and what is 
more I regard them as friends, for me a terrific honour and privilege.

After this, the book proper begins. Chapter I contains some general considerations I regard as very important:  the 
foundations of knowledge and of truth, our present time of deep-reaching change and the interests behind the 
big issues. These considerations will, I think, give readers a better, more thorough grasp of the book. Chapter II 
discusses circumstantial factors dictated by the prevailing economy and society in the industrialised countries and 
Spain for the next 8 to 10 years and in the case of some factors (like public debt and the Fukushima accident) a few 
years more. Chapter III discusses the structural factors of transformation for the world as a whole in the twenty-first 
century, i.e., the new economic and political order stemming from the development of emerging countries, energy 
and climate change. These are in my opinion the driving forces behind the transformation in which we are currently 
involved. Chapter IV reflects on the influence of circumstantial and structural factors on land management and 
building construction. The main spotlight is on the European Union and Spain, but most of what is said could 
apply relatively well to most of the developed countries. Last of all is a section entitled “Summary, Conclusions and 
Proposals”, which is intended not just as a recap but as a stand-alone document. Readers may be well advised to 
begin with that section before tackling the bulk of the book

Furthermore, I owe a great deal to certain people for the quality of this book’s contents and the very fact that the 
book exists at all. Many people contributed to its quality. Jesús Arellano really taught me a lot about construction; 
with him I learned and discussed many of the ideas in this book. Jordi Pascual is seeing to it that Spain is for the 
first time applying rigorous analysis to the issue of ventilation and infiltration. Servando Álvarez is Spain’s go-to 
expert in the quest for buildings that consume almost zero energy, an unprecedented challenge in construction. 
Antonio Serrano has ideas and proposals about how to improve energy efficiency and reduce GHG emissions in 
transport that ought to be taken very much into account if we want to deal seriously with this very prickly problem. 
And Alberto Cuchí has much to say about building renovation and emissions reduction in both the construction 
and the subsequent use and operation of buildings; we should listen to him closely and apply his thoughts and 
suggestions. Sara Perales has voiced some highly original, interesting ideas about sustainable drainage systems that 
the urban development industry would be wise to incorporate. If I have failed to convey their ideas correctly, it is 
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my fault entirely, but since several ideas from each of these thinkers are included in the book, I thought it was only 
fair to give credit where credit is due.

For getting the book done, I would like to thank Consuelo Ruiz Peñalver, who brought patience, skill and creativity 
to the tables and the entire graphics side of the job and thus considerably improved on the original materials I 
provided her with; Rosa Berrio, who was a big help in the typing, in tracking down information about certain topics 
and in the actual writing; Jorge Soriano, for his inestimable aid locating reliable documentation on other sustainable 
projects, his knowledgeability about the history of the Paseo de la Castellana in Madrid and his ability to turn my 
ideas about certain topics into graphics; and lastly Pilar Carrizosa, for her encouragement, understanding and total 
support throughout the preparation of the book.

Lastly, I feel I have received a great deal from the people I have mentioned and from others that I have not 
mentioned (as the list would be interminable and tedious to read). I devoutly hope and wish that this book will 
serve to give back part of what has been so generously given to me.
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A HOPEFUL BEGINNING

JOSÉ MARÍA EZQUIAGA

According to historian Férnand Braudel, it took 24 days for news of the outcome of the decisive Battle of Lepanto, 
fought on 7 October 1571, to travel the 2 000 kilometres between the battlefront in the eastern Mediterranean 
and Europe’s two most powerful courts at the time, in Madrid and Paris. Fabio Casiroli recently drew a comparison  
between those space/time coordinates and the world of 11 September 2001, when new technologies made the 
general public a real-time witness to the dramatic destruction of the Twin Towers in New York and relayed the news 
instantly to major decision-makers planet-wide.

The book you have in your hands is an estimable, ambitious attempt to give an account of the growing pace of 
change taking place in cities over the last century and the decisive economic, environmental and energy challenges 
they will have to face in the decades to come. The most striking thing about the book in my opinion is the author’s 
determination to keep the focus on the overall picture. Emulating the monumental sociology and economics essays 
of historical predecessors, ranging from Max Weber to Joseph Schumpeter and Manuel Castells, the author boldly 
puts forward a holistic analysis of matters so complex that they are usually reserved for specialists, while adopting 
the specialist’s precision. The comprehension afforded by the book’s cross-disciplinary approach to the economic, 
social, spatial and energy-related dimensions of today’s metropolis is indubitably one its most innovative and 
valuable contributions.

I sincerely believe that the author is in possession of the personal traits needed to undertake such a prodigious 
task: protean, unprejudiced intellectual curiosity, generous style and a capacity for discriminating critical thinking 
driven by the categorical imperative of a deeply engaged, demanding set of personal and professional ethics. For 
this reason, this book can also be read as the lifetime roadmap of an engineer actively committed to building the 
real world without sacrificing the value that knowledge has to offer in the construction of the future. The book is 
therefore a wake-up call, but also a call for hope, because at its heart lies the conviction that as human beings we 
create and are responsible for our own history. In my opinion, this critically lucid yet positive stance places this book 
squarely in the line of the fertile tradition of illustrated thought in Spanish engineering, which began with Ildefonso 
Cerdá and Arturo Soria and has been handed down to the present generation of thinkers so knowledgeably brought 
together by César Lanza.

The author’s personal life story and career have made him dramatically aware that contemporary city-planning 
paradigms have, for the immediate future, run out of good answers to cities’ demands for quality of life, social 
cohesion and environmental sustainability, creating a genuine need to contribute to the intellectual and practical 
construction of alternative models. Our shared experience over long years of work on the Castellana Extension 
Project is not unrelated to this view. In such an ambitious project, attention must be paid to technology and 
financing, of course, but also to planners’ responsibility for the city’s future. For this reason, a firm commitment 
must be made to innovation in a host of fields. Three-dimensional solutions must be sought outside normal city 
planning conceits. New energy challenges need to be addressed with stricter standards and solutions than required 
today respecting energy efficiency and strategies for the centralised management of HVAC and water-recycling 
systems and, perhaps in the near future, the distributed generation of clean energy. 

Now that city planning theory has been eclipsed by city planning practice, and planning per se by its translation 
into legislation, ours is an especially good time to reflect on what the keys to the contemporary city are. This book 
suggests that we need to re-think our paradigms. We need paradigms that will enable contemporary city planning 
to offer an efficient response to the new problems stemming from the present city’s energy and environmental crisis, 
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just as past city planning proved a useful tool for responding to the dramatic problems of organising industrial 
cities. My final reflections address this idea in fuller depth.

Cities and globalisation

The nature of cities is heavily impacted by changes in the organisation of production and consumption and the 
mobility of capital, people and goods. The notions global and the local are connected in a way traditional societies 
could never have imagined. Because of the leap forward in communication technologies and the close ties between 
markets, events in far-off decision-making hubs routinely affect the lives of millions of people. To be more precise, 
modern telecommunications, especially the Internet, have severed the traditional links between time and space.

Does this mean the end of cities as places where people and activities cluster together? Quite the opposite. These 
new circumstances encourage more intense economic and social relations. This intensification spreads across the 
entire framework of cities, strengthening their role as modern society’s veritable “command posts”, to use a term 
coined by Le Corbusier and as applicable today as it was in his time.  

The traditional view of cities was built on the idea of limits: whether a physical borderline in the form of gates, 
walls or boulevards, or a more intangible divide between the orderly artificial universe and the organic and natural 
world. The modern metropolis has done away with all a priori ideas of limits and ushered in what has come to 
be called the era of deterritorialisation. British sociologist Anthony Giddens has looked at the close relationship 
between modernity and transformations in time and space. Modern societies place growing tension on the divide 
between space and place, fostering relations amongst subjects spatially distant from one another. Decades earlier 
Melvin Webber was the first to put into words the spatial consequences of the growing development of relationship 
realms not pegged to specific places: “However adequate the land use and density language may be for depicting static 
site characteristics, it is not capable of dealing explicitly and specifically with the dynamic locational patterns of human 
communications that occur through space but transcend any given place.” 

In the social sphere, the space/time divide is a necessary condition for the extremely dynamic nature typical 
of modernity, and provides the machinery for the development of rationalised organisations. Rationalised 
organisations, says Giddens, can connect the local and the global in a way more traditional societies could never 
have imagined, and in doing so they routinely affect the lives of millions of people. The spatial consequences of 
rationalising consumption are telling. The traditional city as a set of places, i.e., identifiable spaces and events 
produced by a unique historical sequence, is nullified by a growing wave of standardisation of spaces and social 
mores. These are what Augè dubs “non-places” (e.g., motorways, airports, super stores, big hotels), the outcome of 
the McDonaldisation (Ritzer) of consumer habits across multiple domains. This spawns a new archipelago city, made 
up of a series of theme places (amusement parks, shopping centres, business centres, transport hubs) connected by 
motorways, all identical and all in different geographic contexts, forming the new identity-less geography that Rem 
Koolhaas has sometimes referred to as “the generic city”.

The reflection of these transformations in space has triggered a profound alteration of the urban scenario. The 
exponential growth of metropolitan mobility tends to favour a hitherto-unknown dispersal of land occupation 
patterns. The most significant feature of this development is that peripheral areas are no longer the preserve of 
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weaker or residential usages, such as in traditional European cities or Anglo-Saxon suburbs. Instead, activities and 
elements that are symbols of centrality are deserting their traditional districts and colonising new suburban areas. As 
a result, the traditional dependence of metropolitan hubs on the central city is changing. Activities once conducted 
in a densely confined space now consume larger expanses of land. The new hinterland is blurring the last conceptual 
boundaries between the city and the country. 

Cities and environmental limits

This restructuring of land use is going to upset the most deep-rooted fundaments of what “urban” means. 
Characteristic features of the traditional city can still be found in the city region, but density, functional interaction 
and spatial continuity, the conditions on which conventional urban planning instruments are based, are no longer 
there. These circumstances are headlining the question of the sustainability of a land use model based on carbon 
emissions and the mass consumption of land, resources and energy.

The notion of sustainable development put the need for intergenerational solidarity on the agenda. The planet’s 
future inhabitants deserve an environment as good as or better than today’s. This approach to development has 
certain essential consequences for the conventional focus on city planning and resource administration. It demands 
a long-term forecast of the consequences of spatial transformation processes, and the introduction of policies 
reflecting the real costs of land use and their impact on resources.

That burdens planning with additional responsibility. It must now map the limits of environmental capacities 
and keep those limits inviolate. It can do this by taking as its guiding principle the idea of carrying capacity: 
preventing the use of water and renewable energy resources from outstripping an ecosystem’s ability to replace 
them; keeping non-renewable resource consumption from outpacing the rate at which they are replaced by lasting 
renewable resources; and keeping pollutants, particularly greenhouse gases, from being emitted faster than they can 
be absorbed and processed by the air, water and ground.

In mature cities this means abandoning the illusion of unlimited growth and expansion and prioritising 
alternative: city planning through transformation and recycling, based on breathing fresh impetus into the inner 
city, programming new uses for vacant land, retrofitting shoddy housing stock and achieving integration and hybrid 
uses. In emerging metropolises, where urban population will almost double over the next twenty years, the challenge 
will be double. While dealing with poverty and universal access to healthy city life, these new metropolises will be 
required to face the challenges shared by all major contemporary cities: climate change, local awareness, the active 
incorporation of nature, energy sustainability and alternate forms of mobility.

Planning in a vague and uncertain context

In Industrial Revolution Europe modern city planning emerged from the practical need to ensure quality of life 
in cities and stability in property markets at a time when urban growth was a serious blight on traditional living 
conditions for city dwellers and threatened the economic system’s very efficiency. Rules restricting development, 
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residential density and land use were defended as suitable measures to ensure light and air for homes, sustainable 
mobility, citizen access to facilities and services and the equilibrium between conserving the environment and 
keeping enough developed land available to satisfy housing needs. City planning and city management have 
proved to be useful tools for reaching high standards of living, but they have not managed to avert the kinds of 
gross distortions that have afflicted the great metropolises in recent decades: dilapidation of natural and cultural 
resources, decline of traditional city centres, rise of the environmental and infrastructure costs generated by new, 
sprawling settlement patterns, social fragmentation and, ultimately, crisis in the financial and property/construction 
industries.

Interest in epistemology and the experimental sciences is sharpening today, due to the rise of non-equilibrium, 
irreversibility and probability as key notions for understanding dynamic systems. In The Birth of Time (1988), 
Prigogine contended that classicists viewed determinism as a fundamental concept and probability as a way for 
us humans, with our imperfect information, to broach deterministic description. In modern times, however, the 
opposite is true: we are forced by nature to factor in probability, regardless of the information at hand. In fact, the 
deterministic description works only for situations that are so simple and idealised that they are not representative 
of any physical reality. 

Reductionism obviously had to be applied to city planning in the functionalist and organic approaches that 
inspired early European city-planning legislation. The simplified equations were “order equals equilibrium” and 
“disorder equals instability”. History was aprioristically excised from all systems in equilibrium, because by definition 
system equilibrium can be maintained only in a fluctuation-free state. The schematic approach implicit in zoning 
techniques was conducive to a static view of the urban layout as the achievement of a timeless equilibrium balancing 
all the multiple factors involved in land use.

Nineteen sixties theorists rebelled against that functionalist and schematic approach on the grounds of the 
dynamic dimension of urban events. The structuralist and systemic approaches made considerable contributions 
along these lines. Viewing the city as a system of transformations was a first step in the construction of explanatory 
models based on logic and mathematics. Building different scale models for urban issues posed two important 
problems, however. First, it entailed the serious difficulty of translating theoretical formulations into operational 
strategies that could be implemented in the city with the support of city-planning tools. Second, the models never 
proved quite as predictive as assumed, and their relative failure stressed the limits of deterministic description as a 
sound way of addressing urban complexity.

The constant failure of urban plans to anticipate land use models in any long-term horizon underscores the 
asymmetry between the simplicity of urban planning techniques and the complexity of the social reality to which 
they are applied, city building. The geographic, historical and morphological complexity of land use resists being 
pigeonholed into the simplistic categories defined in planning legislation. What is needed is a focus sensitive to 
space and land heterogeneity, a focus geared less to standard-setting than to identifying the implicit opportunities in 
space and land and to spurring transformative action.

In this new context, cracks began to appear in the conventional notion of city planning as the technical 
expression of the general interest. In the late nineteen fifties Charles Lindblom drew attention to the imbalance 
between the amount of information and organisational complexity that rational comprehensive planning requires, 
on the one hand, and planners’ capabilities, on the other. As an alternative, he called for incrementalist planning, 
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which would make the achievement of realistic short-term goals feasible. Venturing a step farther, Paul Davidoff 
questioned the political foundations underlying comprehensive planning, the assumption of the existence of a 
single public interest. His insight was that the notion of a single public interest helps perpetuate planning capacity 
monopoly and discourages citizen participation. Once the complexity of the contrasting interests that exist in 
an actual city were recognised, advocacy planning aspired to defend the limited but legitimate rationality found 
among certain social communities that were excluded from city planning decisions. More recently, authors like 
John Friedmann have proposed a new approach to planning that departs from what is termed “Euclidian thought”. 
From this perspective, Euclidian planning is believed to be limited by its instrumental rationality and its simplistic 
focus based on pre-conceptions. As an alternative, Friedmann defines planning as “that professional practice that 
specifically seeks to connect forms of knowledge with forms of action in the public domain.”

The view of planning as something that yokes knowledge to action is supported by other authors who accept 
Habermas’s theory of communicative action. In these approaches, the most important challenge facing contemporary 
planning is how to coordinate a common understanding of problems in a context of social and cultural diversity. 
Thus, planning gains fresh potential as a driver of public debate and social learning. In my view the answer to the 
question posed earlier about the capability of pure city planning to offer an efficient response to these new problems 
involves a paradigm shift in terms of the object, as shown by this book, and of the method as well, with the adoption 
of a strategic, structural, pluralist focus.

Through strategy, a certain number of action scenarios can be anticipated and adjusted both to variations in 
information and in response to the appearance of random elements that disturb the action. As Edgar Morin warns, 
while a programme can be brought to a standstill by the onset of unexpected adverse circumstances, strategy can 
integrate chance to modify or enhance action. The strategic focus silences Popper’s objection to holistic planning, 
which was that the bigger the changes attempted, the heavier the unexpected impact and the greater the tendency to 
piecemeal improvisation, generating unplanned planning. A strategic focus demands a clear definition of the object 
of the plan, as a prerequisite to defining the problems to be solved and the issues to be referred to other instruments 
of city governance. It must also be able to lay down a set of rules or syntax specifying which elements are and which 
are not negotiable; which are strong and which weak; which are binding and which mere recommendations.

The structural focus involves viewing urban reality from different levels of meaning that can be affected by a 
range of legislative and planning instruments. The objective is twofold:  to provide a legible framework for the 
diagnosis of urban facts and events without allowing simplification to downplay their complexity, and to favour 
good correlation in the diagnostic plans and instruments used to take action in and rationalise the city.

Lastly, the idea of plurality means two things: a realisation that the formulation of planning strategy is closely 
related to the planner’s own values, the values of the commissioning authorities, and an attitude of epistemological 
broad-mindedness (i.e., an acceptance of the framework of uncertainty in which city planning is necessarily 
conducted). More specifically, it means accepting the viewpoint of citizens’ plural demands and the notion of 
planning as the optimal platform for reaching a common accord, both amongst the various levels of government 
involved and between government and society. In a nutshell, it means orienting planning not toward standard-
setting but toward the identification of opportunities to spur transformative action.
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Philosophers, those solitary thinkers, strive to attain the truth of things, and the most ancient term surviving from 
their efforts refers to the necessary and the just. It says that everything is born out of the same place toward which 
everything in its turn goes to die. In other words, it says that reality, in its immense whole, has two parts. Only 
one of them we see, and it fills us with questions, while the other, the unfathomable, the dominant, explains all 
our everyday problems and sensations. The zone of the real that is closest to us, and of which we form a part, is a 
constant shifting movement between the dark events of birth and death. Being is this shifting movement, which has 
limited but orderly time at its disposal. Something else (something which “is” not per se, because it is not born and 
does not die and cannot be seen or touched) saves for itself the source of the meaning of the heavens-the amazing, 
helter-skelter heavens, too wildly multifarious to allow earthly poets and the muses who inspire them to truly 
describe their secret causes.

The initial idea of philosophy when it called itself “natural history” was tacitly inspired by the city. At the same 
time (also tacitly), philosophy was already aspiring to renovate the city and perhaps even revolutionise it.

Indeed, that Archaic genius, Anaximander of Miletus, considered reality to be split into two levels that mirrored 
the situation of the city of men, only in idealised form. The Dominant (arche) and Originating, the Immutable, is 
arch-divine, because the gods are born and do not die, and Arche does not die, but neither is it born, and neither 
does it exist by changing, having history or marrying. This superior thing, which is not called by the name of 
any born thing, but only “Indefinite” (apeiron), embraces everything else. It imposes order on the time frames of 
everything else. In short, it governs everything else according to what is necessary. Because of this necessary-ness, 
the term of life granted to each thing is just, and for the same reason the death of each thing is also just, in order to 
allow the birth of a new thing. This necessary-ness controls and decides on everything that changes. The Beginning 
lays its inexorable, just law on the set of all born things, i.e., Nature (physis). All that happens and we see but cannot 
explain at first sight happens because the Beginning has so ordained, ever since it established the order (taxis) of 
time and placed under the Necessary everything that became detached from the Beginning (as an ovule is detached 
from the walls of the womb of all nature). The Beginning, the First, is not the Necessity of nature; it is not Time 
or Justice that imparts lives, fortunes and deaths to Nature; it is not the Law (our relic from Anaximander’s book 
omits this word, perhaps because Anaximander did not like being so acutely aware of the model that the daring 
ascent of his mind was following). The First, the Womb, the Unfathomable and Infinite stands above all laws and 
sets all laws. It is the source of the law, under which lies everything born from the source, everything that will return 
to the source to die. 

Anaximander saw the human City, in which he himself was most probably an aristocrat of regal ancestry. He 
saw that the ancient tyranny of monarchs had shimmered into Law, Government, incipient democratic institutions. 
He saw that the progress made since the days of old Agamemnon and Achilles brought with it not the Trojan War, 
but commercial advancement, invention, control over the calendar, early science and even a federative organisation 
that for the time being could triumph over the chaotic barbarism of the Eastern empires. Of course, this just order, 
which Hesiod had already exalted in song, was not perfect, but it was passing wonderful. Anaximander was an 
engineering-minded thinker who designed sundials and measured the instant of the solstice and the equinox and 
knew in which exact year the next solar eclipse would occur. And when he looked at the sea, the clouds, the fields, 
animals and men, although he could not see together with all these things the law that allowed them and organised 
them, he lifted his thoughts to the law and to its source beyond the edges of the farthest skies.

We men live thanks to laws. Laws have marked out for us the limited paradise of the city in the middle of 

IN THE BEGINNING THERE WAS THE CITY (AND IN THE END THERE 
WILL BE THE CITY)

MIGUEL GARCÍA-BARÓ
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inhospitable fields. From the City we cultivate portions of these fields like gardens, because we know, after immense 
centuries of tentative probing, that even the wild, if controlled by the law, produces in multiplicity the fruits that 
become our food and the livestock that make our existence as travellers, merchants and soldiers almost easy. When 
we use the law of the City to explore the movements of the nature that surrounds us, we observe an extraordinary 
thing: Nature likes to hide. In reality the appearance Nature presents, its guise of incomprehensible Fire or pure 
War (everything changes constantly, nothing happens a second time, everything that lives is killing something and 
transforming it into something else) conceals an all-ruling Proportion (logos). Even the music that inspires the sacred 
madness (mania) in which men go wild (ecstasy) and join the Life of Dionysius is in reality numerical proportion.

Thus, inspired by the saving reality of Law in the City (Law makes the City, but the City could also be said to 
make the Law, and it is not humanly possible to say which came first), Archaic philosophers asked Nature if she 
too lived by the Law, and they found that the answer was yes. And also in this case there was wonder whether the 
superior Law that impregnates Nature was prior to Nature, or if Nature was its birthplace. But the question was 
settled at once: in the City, in judges and kings, from whose mouth Hesiod saw the milk and honey of the Law flow, 
the corruption of the Just was possible; in Nature, it was not. A possibility existed, then, that civil Law was made by 
men themselves (nomos) according to a certain pact forced on men by the needs of survival. Nature herself, however, 
was born prior to this, under the Necessary, under Order, under Proportion, all of which may be called Authority 
(arche), but not Convention (nomos). So, if men themselves in their cities form part of Nature (as they indubitably 
do), and Nature in turn lies under the unfathomable and absolutely just Authority, and if men’s private lives obey 
not the law of cities but the common law of Nature in every detail and every vicissitude, then how could the very 
principles of philosophy fail to give rise to the grand idea (so grand it was dangerous) of endeavouring, little by little 
or once and for all, to bring the Convention of the City (a Convention that was after all as varied as the borders of 
the multiple Cities) into line (harmony) with the divine Proportion of Heaven? 

Archaic philosophers spent some time radically reflecting on the astonishing fact that they, a mere cog in 
Nature, knew so much about the law laid down by the more-than-divine Authority. From the outset, however, 
they understood that their wisdom, which must ultimately become part of humanity’s shared heritage, scaled to the 
heavens and beyond (metaphysics), bringing back with it to the City the blueprint for its Revolution. You must abide 
by the divine law of Nature, and in order to do so you will cast off your individual, selfish whims, which exist primarily 
to justify your wars against the Cities near you. This was the revolution, and the revolution was actually a reform: an 
amendment of the current state, since things had deviated too far from justice according to Nature. Things must 
return to their first origin, an origin from which, perhaps mysteriously, only we men have strayed, as if we had left 
the first Paradise. We now wander the world, lost; and yet, wonderfully inspired by the natural strength of things, 
we have now embarked upon our return to Nature, thanks precisely to the founding of the City.

It is easy to see that this programme, in which Metaphysics is always a revolutionary reform, implies some 
curious turns, some of which determined the historical fate of the Archaic philosophers. The City must not be 
dissolved into Nature, for the very reason that Man is the only one of the sublunary beings that is not simply in 
Nature, but knows Nature as such, in the light of its Authority. Accordingly, the City should reflect an order closer 
to the divine than the order we observe in beings unaware of the Law. A man who simply gives himself up to Nature 
is in fact unviable as a life form: the offspring of humanity who neglects to gather or raise from the ground the seed 
of a City dies in a question of hours. This is exceptional in Nature. The human being is a strange natural form, justly 
described as having knowledge of the Proportion that governs all (zoon logon echon, rational animal). The human being 
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is clearly positioned at the apex of Nature and, in a better phrase, on the middle ground (metaxy, a central word in 
Socratic/Platonic philosophy) between the Beginning and Nature. Knowledge, which brings men together in the 
superior form of Nature called the City (polis), is the very foundation of man’s chance to live. The City is hence 
now in a way a natural, or rather a human-and-only human, copy of the Divine. Let us not compare the City of 
the wonderful Intermediary Beings that we are with beehives or anthills! That is blasphemy. The City was born so 
that this quasi-Daemon that is man, this link between the Divine and the Low of the Earth, perhaps closer to the 
heavens and its star-gods than to animals and plants, could little by little humanise Nature, compelling her to be 
fruitful in the best possible way without violating her laws. If human building takes the right view of itself from the 
stance of the Truth of Philosophy, it can but be the act of placing the Earth in explicit tension with the Divine. This 
does not mean shackling the Earth into servitude under the mere desires of men, because it is through man’s desires 
that we are most closely connected to mere animal life and even mere plant life. Early philosophy did not propose 
the irremediable consequence of the exploitation of Nature through technology. On the contrary, early philosophy 
thought of something that Medieval Christian theology found very convivial to its own designs: the deep-reaching 
humanisation of Nature, but according to the criteria of the Mind. As Seneca said, it is God dwelling as a guest in the 
human body. This means making Nature return to God, a task in which Man too sets out on the same homeward 
journey, an elevation (redditio) or recapitulation. In the task of humanising the Earth, a fundamental part of man’s 
cooperation with Redemption is done, and this task is performed according to the model set by a previous task: the 
building of the City that is, properly speaking, human, i.e., divine/human.

When Friar Luis de León praised the open fields as a reflection of the beauty of God’s creation and a marvellous 
place for praying, he was already seeing the fields in the light of the work of consecration that we men are doing, 
oftentimes unconsciously, sometimes against our entire conscience, by the humble means of building our cities.

So, it is not by chance that architecture bears the name of First Art, Dominating Art.
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« Ne pas essayer trop vite de trouver une définition de la ville ; 
c’est beaucopup trop gros, on a toutes les chances de se tromper. »

Georges Perec. Espèces d’espaces

Perec was right: the city and by extension the region are humanised spaces that are too big. They are a vastness of 
entities created artificially by man and functioning in an intense relationship with one another. How their many 
dimensions and constituent parts fit together forms the very basis on which scholars strive to understand and 
interpret the city, rearing in their wake the kinds of cognitive structures or ontologies that the science of urban 
planning works with. Some of these structures or ontologies are spatial; others, anthropological. City and region 
cannot be seen, much less defined, as simple physical containers or geographic stations for urban life. They are “the” 
spaces where human beings relate to and live with one another, and they are at the same time the medium for the 
species’ interaction with its environment. That is why the city and the region, each at its own scale, can be seen as 
continuous environments encompassing a huge variety of discrete, purposefully organised elements. They are not 
thrown up at random. They are not a mere display of power. Nor can they be reduced to simple spatial expressions 
of today’s seemingly predominant economic logos.

The two essential features of the contemporary city that unlock a full appreciation of the value of Luis Irastorza’s 
splendid book are magnitude and complexity. Personally I admire the determination that permeates each page, the 
hard work the author put into writing and painstakingly researching so many different and scantly inter-related 
issues in connection with the city’s causal nexus. The book also shows the author’s firm intention to face a major 
difficulty head-on, the difficulty of weaving together admittedly partial answers and conjectures in response to an 
apparently whole-cloth question. It is only Luis’s courage that has gotten him to the point where he can lay all his 
reflections and proposals out cleanly and with conviction, exposing them to the criticism of others. But this minor 
contribution of mine really ought to be more than praise for a good friend and his singular piece of work, so, if I 
may, I will accept the author’s kind invitation and contribute some modest ideas of my own, though they may not 
live up to the scientific accuracy and solid substance of Luis’s example.

Humans organise land and make cities in order to force their idea of order onto space. These acts are heavily 
charged with meaning. The only features a swatch of land has in its natural or primitive state are features of 
physical geography. Organisation, on the other hand, creates places, i.e., orderly spaces occupied by man on the 
basis of intuitive or planned principles of design. The city as an orderly space of uses and flows, of relationships 
and transactions, possesses a multi-dimensional quality whose breadth is commensurate with the urban specialist’s 
determination to establish categories for its analysis. At least three of these dimensions of the notion of “order” 
would appear at first sight to be subject to description: the technological dimension, or the dimension of things 
physically and functionally feasible; the material dimension, or the dimension of the visible/perceptible; and, 
hovering over the other two, the political dimension, or the dimension of the collective and legally coercible will. 
Each of these facets of the city obeys a kind of order, and each order has its own characteristic or guiding aeon that 
lies in either law, architecture or engineering (more or less mirroring the dimensions in reverse).

In the city and the region, the two prevailing ways of organising spatial order are measurement and topology. 
Measurement has been routinely studied throughout history, at least from the first axiomatic systematisation 
of geometry by Euclid of Alexandria three centuries before the Christian era. In Euclidian distance, architects, 
engineers, surveyors and astronomers have had an excellent tool for assembling their urban theories and undertaking 
their endeavours. Some of these organising principles relate to the measurement of space (such as alignment, shape, 
orientation and magnitude), while others (such as connectivity, adjacency, compactness and persistence, the latter 
in the sense of “continuity”) are essentially topological. Topological order is more subtle; it is conceptual rather than 
perceptible to the senses, and it is, to be sure, much more of a determinant in the larger picture than metric order.

THE CITY: WHERE ARE WE GOING?

CESAR LANZA



THE CITIES OF THE TWENTY-FIRST CENTURY

30

In the social sciences, order is a contingent notion. It lacks the univocal, teleological meaning predicated in the 
laws of nature. And that carries over into the dialogue of the disciplines involved in the forces that act on the city. 
These forces, put simply, are three: politics, which is the sphere of will/decision and is based on the instruments 
of economics and law; architecture, whose task it is to design the perceptible, material facet of urban space; and 
engineering, which governs the conception and operation of the major functional systems. When an engineer 
focuses his creative thought on the city, he finds something simple and at the same time intricate, a tension, 
thrumming along multiple axes. The greatest failure of the Enlightenment, as a model representing everything we 
engineers would like the world to be, is that it makes the world look Babylonian and chaotic instead of Cartesian 
and orderly. Nor can the reality of things be accurately deduced from the spate of weak, deconstructive babble that 
plagues the syncretism of contemporary urban thinking: whether it is post-modern, late-Modern or simply anti-
modern, it is all mired in an impossible transition between contexts and meanings. The city again becomes, after all, 
the place and the metaphor for changes of form, for generally important conclusions about the riotous mingling of 
the arguments advanced by the various professions and the private aspirations of so many stakeholders.

The idea of the contemporary city inhabits a dipolar field, where lines of force are straight only briefly and frequent 
changes of direction contrast with an urban inertia that is not thoroughly understood even at the macroscopic scale. 
More than an artificial physical environment, the city is a factory of human emotion, a continuous flux whose design 
is hard to trace, because it seems to defy all predictions and remains in an ongoing state of construction-in-progress. 
The second law of thermodynamics says that in the real world disorder can only increase in time. Simple observation, 
however, reveals that life creates order, the universe seems to still be developing rather than decomposing, and sound 
justification for the apocalyptic admonitions of the Dies Irae would (hopefully) appear to be missing. The history of 
the modern-day city is an anti-utopian anthology of portraits of the human tension between delight and suffering, 
of life’s joys, pain and passion. The city, indeed, reflects a certain mood and certain values.

Science flounders in its inability to find a dependable way to explain the city, something that would at least 
enable us to pinpoint certain causal nexuses between its physical structure (form and infrastructure) and its life 
force. City planning is seen today as a rather dry discipline, an instrumental set of procedures and resources that has 
met with a certain amount of disgrace through abuse of power. Well-intentioned, rationalist theory (embodied in 
Cerdà’s “Teoría general de la urbanización” and Baumeister and Stübben’s “Der Stadtëbau”) ran out of steam after 
the latter half of the nineteenth century, and only a few of its principles are seen as valid today. Another equally 
futile exercise can be found in certain ingenuous attempts to transmute the art of architecture into canons of 
urban design. Witness Sitte’s aestheticism or Le Corbusier’s pseudo-rationalism. While any number of exhibitions, 
pamphlets and projects that spring to mind in association with twentieth-century building have attested to the 
Swiss activist’s indisputable talent, his misguided notion of superficial, inorganic functionalism and his modernist 
idea of the city led to some ghastly eyesores.

The city is transformed by the concurrent action of many, great and small, who do not always act  coherently. 
But that does not mean that cities evolve spontaneously or with no sense of order whatsoever. The shape of the 
city expresses something living, although it cannot always be framed in an explicit relationship with generative 
grammar, and any theories that attempt to reduce the city’s progression to a cumulative series of minor individual 
acts are mistaken, because today’s city grows, objectively and essentially, over its infrastructure. The hand that builds 
and de-builds the city is not invisible. On the contrary, it has a well-defined presence. The city creeps forward 
day after day in a continuum of infinitesimal increments (which occasionally aspire to infinite importance), but 
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the genetic code that brings it to life is to be found in discrete major actions, the functionality of systems and the 
powerfully material nature of infrastructure.

One interesting question is whether urban form is a structural property in its own right or just a second stringer 
in comparison with other properties, such as dimension and connectivity, which play a much more primal role in 
the organisation of the contemporary city. Actually, topology rather than geometry dominates large-scale spatial 
relationships, although too many urban planners seem to ignore this fact. New York was the first city to make 
urban time continuous, thus becoming the city that never sleeps. This change was the result of the transformational 
thrust pumped into the city by the bridges over the Hudson and East Rivers, generating what might be regarded as 
brutal dynamics, but which in their day were poetically moving. Today’s city can no longer be understood through 
classic Kantian perception, because it is not a Euclidian space. It is a gigantic artefact, a polytopic structure that 
is functionally irregular in everything qualitative and in everything measurable, with multiple facets and bumps. 
There is no natural or objective view of the city, and anyone trying to gain such a view is fated to grope for the non-
existent vantage point of a false observer, blinded by the wall of the camera obscura and the reductionist fiction of 
photographic space.

A wealth of context can be deduced from the city’s visible (and not-so-visible) complexities, and inhabitants 
faced by intentional changes to their city should draw on this context and demand that concept adjustment take 
primacy over the purely material dimension of projects. One striking feature of urban-planning talk is its apparent 
indifference to a thing as undeniably present as technological change. Technological change is perhaps the force that 
has most heavily influenced the transformation of the face of cities and the shaping of the modern city, a force on 
a par with war (especially in twentieth-century Europe) and the cyclic fluctuations of the capitalist economy. This 
is curious, because in Spain the two historic examples held up as the paradigms of conceptual innovation in this 
field, Cerdà’s orthogonal grid and Arturo Soria’s linear city, were both direct consequences of technological progress 
applied to mobility via railways and trams. Throughout the last century the city was transformed, for good or for ill, 
not so much by city planners’ tastes or inspiration, but by the tremendous driving force of horizontal and vertical 
transport technology, under the guidance of civil, mechanical and electrical engineers. Technological feats have 
forever altered not only the city’s ground plan and skyline, but the way city dwellers experience the city. New York 
photographer Berenice Abbott, who spent most of the nineteen twenties away from the city of her birth, was so 
thoroughly amazed on her return that she devoted the next decade to illustrating the intensity of the city’s change. 
Her delightful book Changing New York is a classic for lovers of the Big Apple. And Abbott was not a city planner.

Christopher Alexander says that there is an essential quality that differentiates a good city from a bad one, but 
it is not a quality easily captured by analysis, because it changes from one place to another. It is a kind of charm, a 
subtle way that a good city has of ironing out certain internal contradictions. While the quality can be perceived 
relatively easily and objectively, it cannot be clearly defined, because it has no name. The paradox of recognising 
a city as good but being frustratingly unable to put that goodness into a specific, one-word label was ingeniously 
resolved by the ancients with a metaphor: the term genius loci, the guardian spirit of a place in Roman mythology.

There is no one way of seeing what is real in the city, because it entails no intentional, unempirical phenomenology. 
The indirect collective imagination afforded by culture also influences urban awareness. Its repertory of the potential 
and the hypothetical goes beyond the bounds of direct experience. In his book Invenciones urbanas, Juan García 
Hortelano wrote that each afternoon, when underground trains bear swarms of desolate bodies toward their TV 
sets, someone sighs in bewilderment, “But where are we going?”
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I.  The mere announcement of the publication of a book written by leading members of what have been traditionally 
regarded as technical professions would imply that urban planning as such, especially urban planning as envisaged 
in the twentieth century and these early years of the twenty-first, has become a topical social issue. This dimension 
has clearly driven the cross-disciplinary development of urban planning in a wide variety of fields, where the appeal 
of participation in each has been attendant upon the rewarding experience of multiple convergence.

Broaching the problems discussed in this book from that perspective, one of the fields most deeply involved in 
the development of urban planning is law. Urban planning must be legislated, and while its legislation draws from a 
number of legal specialities, it must preserve the necessary unity of law. Society’s reaction to urban planning creates 
legal needs that must be satisfied on the grounds of a critical analysis of the models implemented thus far. This is the 
focus through which awareness must be raised of the imperatives generated by new realities and a response prepared 
to the still-incipient demands now in view. These imperatives are the product of radical, incessant change in the 
legal configuration of urban planning and forms of development.

II.  The detection of such circumstances inevitably spurs reflection on all the implications of urban planning: the effects 
of urban planning and its appearance in time, the nuances revealed on close examination and, lastly, given the wide 
scope of the endeavour, the objective evidence that the traditional model of the city is a thing of the past. In earlier 
times, an evolutionist view of the traditional model of the city could be used to analyse its structure. Now, however, the 
object of analysis cannot be confined to the city, which has overflowed its bounds to encroach upon the surrounding 
area. That is to say, while the traditional city was an essential element of the land as a whole, today land itself is the 
central pillar of the modern city and thus the foremost object of examination, the element that should define the 
development of the city of the future. The implications of that assertion are defined and analysed in this book. 

The evidence also reveals, however, that land has always been coveted by the powerful, even though, objectively 
speaking, it is obviously an integral part of power itself. Historically, land was first an imperialistic desire to possess 
the soil and its inhabitants, to later become a tool of domination given its natural utility. The city was different, 
a separate entity, the primary centre for trade. The significant point here is that, with some exceptions, while 
land initially ceased to be the object of political domination as economic activity clustered at hubs of industrial 
production, subsequent urban development on a massive scale generated new forms of desire. In Spain some 
regional legislation became a customised instrument designed to benefit major economic interests. The powerful 
were thus placed in a position that enabled them to mould urban development and pocket capital gains. That 
in turn ripened conditions for concentrating property ownership, seizing market opportunities and, especially, 
designing the model for urban development.

From the current perspective, a need can be reasonably identified to tighten public control of land management 
and prevent monopolistic forms of supremacy from arising. Such forms of supremacy have been exercised recklessly 
and given rise to abuse. For that very reason, new forms of planning and development should be considered 
that defend the general interest along with nature and environmental conservation, while establishing rationalised 
structures and their more effective application to city planning. Such forms would obviate ultimately short-sighted 
decisions and excessive connivance with public officials.

URBAN PLANNING AS A SOCIAL ISSUE

JOSÉ LUIS LASO
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For all these reasons, when land is seen as the central axis of activity in every way, its decisive influence on future 
society can take pre-eminence. Time is the taskmaster of individuals and communities, and in time, the irremediable 
finitude of everything perishable, including the city, may vanish, while the values of land are permanent. With time, 
new initiatives can be launched and deviations can be corrected. Even today, in the open plains of Castile and the 
crags of Asturias (calling to mind Ortega’s vision of space in the two environments), the land evokes the contrast 
between how it must have been perceived by its inhabitants centuries ago and what it looks like today.

Therefore, the quest is less for a  socio-anthropological analysis based on the stratification of spaces and times 
experienced to date, or even for an evolutionist approach driven by other singular developments, than for a view of 
land as the determining framework for the future, and therefore for the city. The implications of that premise will 
have to be transferred to all land-related domains, in particular, given its social and legal structure, the reasonable 
balance that must be struck among the modes of development, the preservation of values, the integration of 
structures and the applicable legislation.

III.  All the effects of widespread urban development have a single origin: as a social issue, urban planning has been 
one of the manifestations of the most significant elements of social reality of recent times. Certain exacerbating 
factors are in place in Spain, including the continued use in the twentieth century of procedures that were created 
prior thereto (naturally, in a more elementary, limited form); the impact of the shift from a rural to an urban 
society; imbalances caused by the country’s reconstruction after the Spanish Civil War and, in the nineteen sixties, 
industrial development and the onset of tourism. Lastly, the repercussions of the proclamation of the Spanish 
Constitution and the assumption by the autonomous communities en bloc of the responsibility to issue regulations 
in its implementation fuelled local autonomy. Thus, for example, the city of Madrid grew from 500 000 inhabitants 
in the early twentieth century to more than 4 000 000 a hundred years later. The country switched abruptly from a 
purely nationwide set of laws to full devolution of legislative power to the autonomous communities; the previous 
laws were not even allowed to survive as default rules. That premise was upheld by the Spanish Constitutional Court 
in what was at least initially an extreme view that triggered unbridled law-making: Spain has had over two thousand 
urban planning laws, not counting regulations, in concurrent effect.

But even when dealt with correctly from the standpoint of traditional legal structure, urban planning as a social 
issue has proved to be beyond the power of the law to contain, even in its most pivotal notions. Planning, which 
is a core technical expression in legislation, was once considered a public function whose democratic legitimacy 
was based on citizen participation, and public action in its defence was legally acknowledged. Reality, however, 
has outpaced legislation, depriving planning of its public nature. Rather, it has come to be regarded as a mere 
gentlemen’s agreement, exempted in advance from the threat of any actual public control. In short, planning 
became a financial instrument to benefit certain individuals and public agencies, an instrument whose proceeds 
were earmarked to fund other unrelated public interests, contravening the very constitutional principles that guide 
its implementation.

Urban planning has consequently lost touch with real society. General planning ignores such issues as 
coordination, urban sprawl and shortages of the kinds of infrastructure to which cities are entitled. The municipal 
framework has come to prevail. In a large part of Spain the autonomous communities remain unable to redress the 
imbalances. 
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IV.  Such deep and speedy change in urban society had a particularly heavy impact on more than a few of Spain’s 
coastal cities, and was consistently accompanied by reliable, growing profits. The time has now come to reflect on 
what model ought to be designed for the future, after the most severe effects of the current crisis have passed.  In a 
period when unemployment is pressing and new ways of avoiding that bane are difficult to envisage, the post-crisis 
era will foreseeably be regarded  as the time with the potential to create more jobs.

It is not easy to say what the new forms will be. Nor is it easy to say if the land management model as we know 
it will be preserved, if willy-nilly municipal development will be the dominant model or if municipal development 
will have to adjust to a higher scheme of land management, including measures to defend the land itself and the 
environment. But beckoning on the horizon, at least, are a few of the lines that reinforce the general interest and 
defend the heritage of the city and the land. As more independent structures, they are emancipated from the 
immediate holders of power and hence from the temptation to put urban planning to spurious uses, or at least the 
temptation to employ planning as a money-maker for local corporations beset by the shortage of local wherewithal 
and demands for outsized displays of ostentation.

V. In the quest for new ways to avoid consequences such as described above, the foremost objectives can be defined 
as follows.

a) Retrofitting and upgrading, not just in the traditional city centre, but also in other overcrowded areas of cities. 
The passage of time inevitably causes some pockets of development to age and fester, giving rise to a new cause 
of discrimination and discredit. A drive through districts built in relatively recent times, especially since the late 
nineteen fifties, shows that they have become terribly run down. Unlike buildings bequeathed from the past, 
these structures will never be regarded as architectural assets.

The task is hardly inviting. It is much more appealing to imagine new cities and areas freshly developed under 
the tenets of modern models. Nonetheless, that the most significant city, population-wise, is the city inherited 
is a fact that must be assimilated, along with the acknowledgement that any new achievements need to be 
extended to that city as well.

b) The widespread rise of the commonhold system has been handled deftly since the nineteen seventies and has 
afforded hundreds of thousands of people with the means to become homeowners.

The system must be updated, and this will concur with the evolution of buildings themselves throughout this 
century, because buildings, especially the more modest ones, will show obvious signs of wear. That will pose 
new problems around the financing of building modernisation and replacement, problems not unrelated to the 
difficulties stemming from commonhold laws.

That is to say, the need to address this issue will inexorably arise, but the legal imperatives of the Spanish 
model (a model that still draws from Roman law where all else fails, with unanimity as an imperative system) 
can be expected to pose an additional difficulty to the traditional shortness of economic resources. 

c) Implicit in the identification of land management as the foreseeable centre of gravity in future urban planning 
is the acknowledgement that, while urban planning has attained an incontestable degree of institutional 
perfection, land management gets only lip service from scattershot regional laws. Land management simply 
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has not gelled, either in law or in Spanish Supreme Court case-law, which played such an important role until 
the Constitutional Court’s ruling of 20 March 1997 blew an indiscriminate breach in the known system. The 
situation created was aggravated by the denial of the right of appeal to the Supreme Court in cases involving 
the violation of regional law, the one element that had enabled that institution to keep conceptually abreast of 
the times.

Obviously, the competence issue is necessarily bound up in the problem. Competence should indeed be 
regional, but it should be wielded in equilibrium with municipal autonomy within the framework of land 
management and without encroaching upon nationwide competences, which must not be coerced or constrained 
in the absence of the concurrent exercise of the respective competencies.

d) In the modern interpretation, municipal autonomy must mean what it is. The borders of each municipal area 
must not become “no-man’s lands” where land management does not apply. Instead, they should be developed 
within the limits of land management. Land management plans should be able to define municipal development 
and span several municipal areas.

e) Planning must recover its full autonomy and protect itself from one-off modifications under the kinds of 
contemptible urban planning agreements that have sapped it of its strength. Without going into unnecessary 
details, be it said that several autonomous communities have already enacted legislation prohibiting planning 
agreements and reducing their application to what are termed “management agreements”, which do play a 
useful role as long as no-one takes advantage of them to create illegal land development-related charges.

f ) To be sure, the timeliness and advisability of regional exercise of full competence over urban development 
matters, in coordination with the other tiers of government, should be acknowledged. However, the foreseeable 
revision of the present constitutional model should seek a balance whereby legislation abides by certain 
framework laws. Such a process is efficiently applied in other countries that follow federal-type models similar 
to Spain’s. The absence of such laws would consequently allow the State greater freedom in the exercise of its 
legislative powers, which should constitute at least a last resort, with State law being accorded subsidiary value. 
Such updating is of capital importance and a goal toward which the Spanish Constitutional Court’s case-law 
has tended to some extent after the maximalist ruling of 1997, inasmuch as it fosters the so-called “canon of 
constitutionality of competence”.

Land unity is too important a matter to be broken up into as many regional laws as there are regions. 
Balkanisation of this sort makes the stable application of legislation impossible and destroys the principle drawn 
from the old stipulation, jura novit curia, which is so elementary for all modern states. That stipulation has 
disappeared today under attacks from all sides, not just aimed at the entire nation in general, but even fired at 
each autonomous community from within. One sad example is to be found in cases where laws in effect when 
the acts appealed were performed are amended during the proceedings. This, as advocated in Italian law, leads 
to the upside-down application of the principle, i.e., ignorance of the law does indeed excuse the offender.
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g) A system of guarantees is needed not only for the exercise of rights but also for the enforcement of duties. 
Unquestioned autonomy in the hands of local and regional governments has fostered massive violations of urban 
plans and rules, through either commission or omission, ultimately nullifying the decisions adopted. Legal 
certainty needs to be strengthened to protect third parties investing in good faith who rely on the instruments of 
disclosure provided by the Spanish State. They may be forgiven for being astonished to find that they purchased 
illegal assets that may even be the object of sentences ordering demolition in proceedings for which they were 
never summonsed.

Thanks to the high priority of nationwide mortgage legislation, the mortgage system has created sufficient 
instruments to ensure legal certainty in administrative and judicial proceedings. But in fact the instruments 
in question are not used by municipal disciplinary agencies or courts. As a result, attempts have on occasion 
been made to enforce rulings in cases in which the property owners involved have not been called to defend 
themselves. This has given rise to contradictory case-law and initiatives before the European Parliament that 
have questioned the integrity of Spanish institutions. The typical reaction is to resort to civil models, but that 
will not do, for they cannot be interpreted counter to the principle of urban planning legality and the obligation 
to restore the status quo. Demanding preventive safeguards against defencelessness and reactive safeguards to 
protect third parties when preventive safeguards have not been used is a much more reasonable course.

h) Lastly, the defence of the environment must be accorded sufficient consideration in future, as must a set 
of measures preventively forestalling environmental damage and providing for environmental restoration. 
Some isolated laws, in line with provisions on property registration, already provide for the public disclosure of 
unsound situations for the benefit of the general interest and third-party purchasers.

Such is, in short, the foreseeable framework for confronting a new era for Spanish society, which is unlikely to ever 
be more than theoretical. Reality, shaped in part by new technological developments such as the contributions 
in this book and the fruit of a global world in which nothing that happens is alien to the community of the 
living, will be the guidepost.
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I seem to recall it was sometime around Christmas 2011 in a restaurant near his office in the muddle at Madrid’s 
emblematic Plaza de Castilla that I told Luis he should write us a book for the Foundation to be published the 
following year, at Christmas 2012. He immediately said no, that he still needed a few years to let the things he had 
learned settle and to finish up what he still had in train. I knew that was going to be his answer, so I was ready to 
call him on it. He and I both knew that you never know enough to start a book, and I knew that when he finished 
writing he’d know more, his ideas would be better organised and he’d be much more aware of how ambitious his 
thoughts were and how much bigger his ideas were than his ability to voice them, as all ideas worth thinking are. 
So I insisted.

I knew Luis had been interested in urban planning since way back. And I knew his responsibilities as the 
manager at Duch in charge of “Operation Chamartín” (which sounds more like a guerrilla offensive than a surgical 
operation) had forced him, as a meticulous, concerned engineer, to think about the future of urban planning. It had 
obligated him to start charting which forks in the traditional roads were dead ends.

I knew Luis had talked his way through a marathon meeting with a hundred attentive engineers and officials 
from Adif, the Spanish State railway infrastructure firm, where he gave them his views on urban planning, how 
railway stations are conceived and how to manage station environs, the importance of energy and maintenance 
costs. And I knew this because Luis, in his innate generosity, had sent me his carefully crafted presentation, and 
I found it attractive and suggestive, because it reflected a very broad, very different view and displayed a solid 
knowledge of the subject.

So, I knew Luis was perfectly able to write the book I wanted to publish. And I was aware that it would take a 
gargantuan effort from him (which, to be sure, I did not conceal). But I was convinced by my own experience that 
in the end it would be worth it. Otherwise, I would never have made the proposal. You don’t do these things to 
friends unless you know they can succeed. As Luis has.

Naturally, I followed the trail of midnight oil he left during the extremely short and toilsome period he spent 
writing. He reconciled his work on the book with his professional obligations, of course, while I imagine he rather 
neglected his family, who I am sure were indispensable in their support.

Before we reached the sweet stage of that short but spirited lunch date, we shook hands. And in that instant 
this book broke the metaphorical starting tape. Luis took up the challenge I had thrown down. And his was not an 
improvised acceptance. I’m sure he was excited by the desire to take his increasingly well-founded, valuable ideas 
and put them to paper, where they would become available to a large group whose responses (in varying degrees of 
explicitness) and silences (surely more numerous than the responses) would give him the strength to keep forging 
ahead in his field. And his field is an enormous one that deals with nothing less than the future of cities and 
therefore strives to glimpse the future of humanity.

Some time back, a few weeks before our lunch, I ran into Luis at the Residencia de Estudiantes Cultural 
Centre at the presentation of Seis ingenieros vivos, a book by that mysterious intellectual prodigy, César Lanza. In 
my short speech I laughingly criticised the intentional ambiguity of the title, “Six Living Engineers”. Because the 
book was not about six engineers, but seven. We were all present and accounted for there at the presentation, and 
César, standing on the pedestal the other six of us gladly formed, was certainly the liveliest of us all. I seized the 
opportunity to give the attentive, friendly audience a chuckle over a fragment of conversation between two old 
school friends who meet again:

THE GENESIS OF A BOOK

JAVIER RUI-WAMBA
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“Do you have any children?” 
“Twelve.”
“All living?”
“No, three of them have jobs.”

In his extraordinary book, César displays the breadth and depth of his knowledge and his ability to put his thoughts 
into elegant, precise prose (How could a mind as fertile as his spring from a largely barren and often desolate-
looking land?), and he devotes a few not-to-be-missed pages to his relationship with Luis. Afterwards (those were 
the rules of the publishing game that César set for us), Luis wrote a big fistful of pages on his ideas about energy, 
urban planning and cities. I read it and reread it. It confirmed for me the interest of what Luis was doing.

A few months later, with the new year well on its way, a large group of friends and colleagues met, as we had 
done on similar occasions, at a well-laden table in a booth at Restaurante Doña Paca. We were to play the part of 
editorial committee. Luis naturally took centre stage, and he sketched out the main ideas of the book he would soon 
begin to write. Those who didn’t know him were fascinated by the scope and depth of his knowledge, his ability to 
put that knowledge into words and his thoroughly cordial disposition and willingness to engage in discussion. At 
the end of that combination feast and editorial meeting, we all knew we’d been right and before the end of the year 
an exceptional book would hit the press.

To spur Luis on and give our professional colleagues a chance to meet a very interesting man (Luis is such a quiet 
fellow that many people didn’t know him), we decided to organise an event at our Civil Engineers’ Association in 
Barcelona. We set a date for the spring, which we had to change at the request of the award-winning writer (and 
holder of many more accomplishments) who was slated to chair and close the event. In the end he was prevented 
from coming by an unavoidable commitment, and the date he had asked for was the date of the match in which 
Chelsea knocked Barça out of the running. Jordi Juliá was the very model of a modern engineer who gracefully 
stepped in and took up the slack.

Despite the competition from the footballers, there was a healthy attendance at the meeting. And in the front 
row we even had an inquisitive fellow whose inordinate interest in the football match (as he grotesquely declared 
in writing) did not prevent his attending. And attend he did, with a distant air, probably troubled over the colossal 
cheek of anyone’s coming into his professional stamping grounds, where he was supposed to be high priest, possibly 
to reveal the banality of his knowledge and cast doubt on his “leadership”. After all, it was his exalted position that 
secured him a few seconds’ media time here and there, which was fundamental for getting those vital subsidies that 
shored up his status as “official expert”. The meeting in Barcelona stretched on into a lively group discussion and a 
stimulating supper afterward, where we pummelled Luis with questions that he kept answering with the clarity of 
a person who knows what he’s talking about. The experience must have also helped him polish the structure and 
contents of the book he has now presented us with. An unusual, unorthodox book that is a must-read for anybody 
who is truly interested in the future of cities, which is also the future of humanity.

The effort Luis has put into this book will of course eventually entrain his future even more strongly toward an 
exceptionally broad professional field in which a very wide range of knowledge and sensitivities flow together. To 
be sure, the book contains more questions than answers, and it will continue to be read many years from now by 
people who will not have had the privilege that we have, of meeting its author in person. They will have to make do 
with reading the autobiography that I begged Luis to include at the end of the book.
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Extending the Paseo de la Castellana is no easy job. It is an impressive project requiring the involvement of expert 
professionals and demanding that they employ all their skills to the utmost in order to carry the project through 
successfully in all its complexity. One such professional, Luis Irastorza, was already CEO of Desarrollo Urbanístico 
de Chamartín, S.A., in 1998 when I had the honour to agree to chair the company.

He did not take long to bring me up to speed on all points of the project. The extension looked like it was going 
to be a tough job due to the number of authorities and agencies involved (including the Ministry of Development, 
the Community of Madrid, the Madrid City Council and Renfe, the national railway operator), the project’s size 
(over 3 000 000 square metres), the difficulties of the work and the long construction period (15 to 20 years). The 
economic models underlying the feasibility studies alone filled several shelves. Naturally, everything had to be done 
at a reasonable business profit.

I was astonished by Luis’s ability to explain what was on his mind and make me see his approach to things 
and his arguments. There was something special about him; he was talking Spanish alright, but there were certain 
expressions he used that sounded odd and at the same time very familiar to me. I had been in banking, and I know 
for a fact that lawyers, planners, politicians and everybody who had dealings with him received the same impression. 
He has a singular ability to get to the point without dawdling over superfluous details. He also has a gift for team 
building: he created a flawless working environment for the small group of us who belonged to the organisation 
and the excellent team of domestic and international consultants and colleagues who worked with us. To all he was 
friendly and kind. Luis is a straight arrow.

We shared some great times mulling over the project, analysing it in depth and studying other major international 
developments, such as Canary Wharf in London and La Défense  and Austerlitz in Paris. Along the way I got to 
know his perpetual concerns over what cities should be like in future.

The economic situation was sunny and successful companies abounded, especially in real estate. Yet Luis was 
foreshadowing that things could not go on, and, in the belief that human beings are free and can influence their 
own future, he was insisting that action had to be taken now. In our case, he said, we had to do something 
groundbreaking with the job we had been given.

So we did, but it was an uphill slog. It was a privilege to share his endless working days and see him apply his 
brilliant effectiveness to whatever job he had in hand. It was not easy to bring the different stakeholders around 
to the novel ideas he was proposing, but the meticulousness of his work and the conviction behind his arguments 
eventually won over supporters in all the agencies involved. Luis is a resolute defender of his interests, but he knows 
his way around a negotiating table.

The project design, which culminated with the approval of the development plan in March 2011 and the 
signing of the planning agreement in November of that same year, does not just call for a 2.6-kilometre extension of 
the Paseo de la Castellana. It also involves a remodelling of Chamartín Train Station, the restoration of a run-down 
area of the city, the elimination of railway lines and stretches of the M-30 ring road that are blocking development 
and the application of some truly novel sustainability criteria in areas such as mobility, energy efficiency in building 
construction and water cycle optimisation.

This is anticipated to require an investment of 11.100 billion euros. Some 22 000 jobs will be created by the 
construction work, and when the project is completed it will contain homes for about 50 000 people and jobs for 
88 000.

LUIS, A NON-STOP STREAM OF IDEAS AND CONCERNS

JOAQUÍN SÁNCHEZ-IZQUIERDO
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LUIS, a non-Stop Stream of IdeaS and concernS

Over the three years we worked together and at the numerous lunches we have regularly shared since, we have 
spent many hours talking about the lines along which urban planning may change, the impact of population 
growth, the swift development of China and India, the consequences of global warming and many, many other 
topics included in the book you now hold. He has done a brilliant job of writing up his thoughts and, as is his 
custom, he has made a neat, meticulous job of it, after hours and hours of research.

An avid reader knows it is generally enough to read a chapter’s title to know what it is about. That doesn’t apply 
to Luis’s book. It is not enough. You have to do more than just skim through in order to get a detailed grasp of what 
he has to say and, above all, why he is saying it, which is really the most interesting thing about the book.

Allow me especially to recommend reading Luis’s reflections on how decisive building retrofitting could be in 
future in Spain. For the first time I have thoroughly understood the importance of retrofitting in adapting our cities 
to new requirements in building construction.

And you will not be bored, believe me, because this hefty volume will give you insight into gems like Luis’s deep 
philosophical and religious reflections, his opinion on the usefulness of shale gas and measures that could be taken 
to reduce drinking-water demands. That’s Luis, a non-stop stream of ideas and concerns that, like a simile of his 
view of history, reveals his constant evolution.

I am sure that you, like I, will find it absorbing.
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I felt enormously fortunate when in 2011 I was invited to participate with a group of 
reputed engineers, namely Miguel Aguiló, Javier Rui-Wamba, José Luis Manzanares, 
Eugenio Oñate and Alfredo Irisarri, as co-author/co-subject of a book entitled Seis 
ingenieros vivos (six living engineers). The initiative, spawned by the restless, effervescent 
mind of my good friend César Lanza, afforded me the opportunity to put into words 
some of my ideas about the change I believe is being forced onto cities by socioeconomic, 
technological, and energy- and climate-related factors.

The book presentation at the Residencia de Estudiantes Cultural Centre was a heart-
warming experience, surrounded as I was by dearly beloved family, colleagues and friends. 
That very day my friend Javier Rui-Wamba told me he would like me to write the 2012 
edition of the book series sponsored by Fundación Esteyco.

I shied away at first, essentially for three reasons. The first was shortage of time and 
human beings’ instinctive reluctance to commit to anything that is going to require hard 
work and devotion. Secondly, I would have liked to have drawn from the findings of 
several studies in progress. One of these had to do with design criteria for optimising 
office building energy efficiency through monitoring, including the effect of infiltration; 
another sought to create two analytical tools for predicting housing and office demand on 
the basis of economic explanatory variables whose future variations might be reasonably 
foreseeable, such as GDP and job creation. The last but not least important reason for 
my reluctance was that I would have wanted more time, four or five years perhaps, to 
work on a number of ideas that were not as well grounded as I would have liked, and to 
run them past people whose opinion I value highly. In short, though I had been toying 
for a while with the idea of writing a book about cities and the factors that shape them, 
a sort of intellectual last will and testament covering all I had learned, thought about 
and discussed over the last few years, I was of the firm conviction that the time for that 
endeavour was not yet ripe.

Javier Rui-Wamba deftly skewered all resistance. Very patiently, skilfully and 
insistently, he persuaded me to accept the challenge of writing this book. In it I have laid 
out the arguments and lines of reasoning that have led me to believe that buildings and 
urban planning (which are responsible for around 40 % of final energy and emissions 
in developed countries) must undergo a profound change. They must embrace very 
strict energy efficiency and emissions reduction principles as well, throughout the 
Mediterranean Basin, as water consumption reduction criteria.

I. GENERAL COMMENTS

LUIS  IRASTORZA
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1.  THE AIM OF THIS BOOK

Cities were born when human populations ceased roaming and evolved from an economy 
based on hunting and gathering to an economy based on farming and livestock raising. 
That gradual process began 10 000 years ago in what is termed the Neolithic period, 
inasmuch as it ushered in stone-working techniques that differed from the methods in 
place during the Upper Palaeolithic (and more specifically, in Magdalenian culture at the 
tail end of the Upper Palaeolithic). Sedentism, which began in the Middle East in what 
is now known as the Fertile Crescent, was a slow process that took several thousands of 
years to spread across today’s Europe, northern Africa and Asia. It constituted a veritable 
revolution in human prehistory, because in the areas affected the population grew by a 
factor of approximately 100, from around one inhabitant per 10 square kilometres to 
about ten inhabitants per square kilometre. The primary benefit afforded by this new 
sedentary lifestyle was control over food production. Cities, then, arose in response to 
new needs stemming from the growth of the Neolithic population, paving the way for 
population concentration, job specialisation and intense technological development.

Another breakthrough in urban evolution, probably the most influential after cities 
were created in the New Stone Age, was the revolution sparked by the growing use of 
mechanised transport: the railway first and then private vehicles. Cities were able to 
increase considerably in size because travel had increased considerably in speed. Some 
metropolitan areas even swelled to diameters of over 100 kilometres.

In the first decade of this millennium, the percentage of city dwellers rose to over 
50 % of the world population. In all probability the percentage will continue upward 
in the next few years as emerging countries develop. Indeed, in the OECD countries 
the percentage of city dwellers today is 75 % and rising, although more slowly than 
in emerging countries. The underlying reasons for this progressive concentration of 
population are to be found in the growing complexity of societies, the services people 
demand (education, health, culture, leisure) and the vast scale of transport infrastructure.

The amount of energy consumption involved, however, is immense, and it and the 
resulting greenhouse gas emissions cannot continue to grow at the same rates as they 
have since the start of the Industrial Revolution and especially from the late nineteenth 
century. In fact, to prevent the average temperature of the planet from increasing to over  
2 °C more than it was in 1900, world emissions need to be slashed by 50 % (in reality, 
even if emissions are reduced that much, the probability of keeping the temperature 
increase from growing by more than those 2 °C is only about 50 %). Furthermore, 
emissions in today’s developed countries would have to slide by 80 to 90 %.
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The aim of this book is to look at what are in my opinion the underlying causes of 
the changes that will come about in this century and to speculate on what the patterns 
of change in cities might be. The current economic circumstances are hardly favourable, 
especially in Spain; the strong feeling is that we have reached the end of a cycle, and both 
structural and mind-set changes are going to be necessary before a new cycle can take off. 
Like the people who lived when cities were slowly being formed and the people who saw 
cities balloon as a result of motorised transport, we lack the perspective to know if we are 
entering a new era in city design. Whether we are or not, one thing is indisputable, and 
that is our need to considerably reduce the amount of fossil fuel-based energy consumed 
by cities. And that need will have a heavy impact on our outlook on what a city is.

2.  DETERMINANTS OF CITY DEVELOPMENT

The wide variety of factors that come to bear on city design may be classified under four 
major headings.

•	 Sociological determinants: each city model is laden with a good deal of ideological 
baggage. Modern cities are increasingly sophisticated and have ever-stronger 
interdependent relationships, which explains why city dwellers account for a 
growing share of the world’s population. Population concentration occurs in 
developed and emerging countries alike.

•	 Formal determinants: designing new neighbourhoods affords a great deal of 
planning freedom. Hence, a wide variety of formal approaches can be adopted. 
Aspects such as symmetry, proportion, geometry and Pythagorean or Platonic 
elements lie deep in the substrate of much urban planning and can be seen in both 
plan and elevation drawings.

•	 Economic and political determinants: cities evolve on the grounds of the 
economies they support and the political decisions adopted around the type and 
amount of infrastructure built, both for in/outbound and intra-city connections. 
Urban planning does not create cities: it organises their growth, establishing 
criteria and limitations adapted to the people who are going to live there. A 
city cannot be planned correctly without in-depth knowledge of the forces that 
are going to drive its evolution, which are always economic and political, and 
by nature ever-changing. Even so, many urban planning officials overlook this 
fact and attempt to organise the development of their city, making no attempt 
whatsoever to understand the city’s real requirements and conditioning factors.

•	 Technological determinants: the relentless growth of service needs (in terms 
of mobility, water supply, sanitation, energy and communications) and 
environmental requirements (in terms of noise and air pollution) in all cities calls 
for the adoption of  very strict city design and retrofitting criteria.
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This book addresses the technological factors that must be borne in mind in designing 
cities and in building and retrofitting city buildings. Certain socioeconomic factors are 
considered as well, essentially in connection with demography and the rapid development 
of emerging countries that is going to change the world order and necessitate adaptation 
of the development model that has been in place in industrialised countries since the 
Industrial Revolution.

Formal and purely sociological issues are not discussed. While both, especially 
sociological issues, are very important, it is literally impossible to broach such a multifarious 
conceit as the city from so many perspectives. Moreover, the change affecting formal and 
sociological factors is not comparable to the technological and economic changes taking 
place as we approach the planet’s limits that are going to require considerable in-depth 
rethinking around city and building design.

The intention has been to make this book as general as possible, because the problems 
involved are common to all countries, even though they affect us in different ways 
depending on such things as the stage of economic development. But whenever possible 
the discussion zooms in on the example afforded by Spain to enable readers to more 
readily grasp the implications of the broader principles addressed.

Chapter II, “Economy and society in this decade: key factors”, deals with the short-
term conditioning factors for the world and for Spain, since Spain has some very specific 
conditions of its own. While in Chapter III, “The main vectors of change in the twenty-
first century”, the focus is on the world in general, a discussion of energy and the impacts 
of climate change addresses the situation in Spain. Chapter IV, “The implications of 
change for cities”, zeroes in on the European Union and Spain; given the broad inter-
regional differences in this regard, this particular topic conforms rather poorly to a truly 
general approach. The projects reviewed were chosen because they feature the ideas 
advocated in this book, regardless of their location.

 
3.  THE TIMING OF PARADIGM CHANGE

For a few years now society has keenly felt that the world’s economic and social 
organisation is undergoing a paradigm change. We lack the historical perspective to be 
able to judge the magnitude of these changes against the magnitude of other political, 
economic and social changes over the last 200 years, such as the Industrial Revolution 
in the early nineteenth century, the turnover in world leadership from Great Britain to 
the United States in in the twentieth century inter-war period, the rapid expansion of 
communism throughout the world in the first half of that century and, lastly, the fast pace 
of the decolonisation that took place in less than 25 years after the end of World War II.
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At the risk of exaggerating the significance of recent years’ change, a series of deep, 
change-driving forces can be identified, forces that will necessarily father a world quite 
different from what we have become accustomed to, at least since the end of World War II 
in 1945.

Firstly, a new economic and political, and necessarily multi-polar, world order is 
arising in the wake of the speedy growth of many emerging countries. Some, including 
Brazil, India and China, already have economies of a sufficient size to claim an important 
role on the world stage. China is forecast to be home to the world’s largest economy in 
this decade; The Economist predicts that the Chinese economy will outpace all others in 
terms of purchasing power parity in 2016 and of market exchange rates in 2020.

Secondly, the rebalancing of world economic power attendant upon the new economic 
and political order will necessarily have powerful ideological and cultural consequences. 
Since the sixteenth century, Europe has been the world’s economic, military, political, 
scientific and intellectual centre, a niche shared with the United States since about 1930. 
Europe’s Judaic and Hellenistic culture was kept alive by the Arabs throughout the 
continent’s centuries-long Dark Ages. China and India’s (in westerners’ eyes) “oriental” 
culture is thousands of years old and differs widely from the Judeo-Hellenistic tradition. 
The more than likely emergence of China and India during this century will call for 
syncretism and mutual influence between eastern and western culture. Oriental cultures 
have notions strikingly different from westerners’ in such core aspects as humanity (seen 
much more as a continuity with the cosmos than in western civilisation) and time (where 
everything turns on circularity, a key idea for understanding the concept of after-life 
reincarnation).

Thirdly, the growing energy needs concurrent with the rapid pace of emerging country 
development will also be highly influential throughout this century. World fossil fuel 
reserves are not at risk of short-term depletion, although their prospecting and mining are 
going to require the investment of huge sums of money. The enormous quantities of gas 
and non-conventional oil found in the United States (plus unmeasured amounts in other 
fields in the Middle East, northern Africa, Russia and perhaps Europe) have allayed fears 
of an energy shortfall. Energy prices, however, are another matter: they will more than 
likely stabilise at levels far above the values prevailing in 1900 to 1973 or 1985 to 2003.

Fourthly, another of the vectors of change throughout this century, and one closely 
linked to energy, will be global warming. Global warming is due primarily to human 
activity. Around 66 % of greenhouse gases come from burning fossil fuels, and the 
remaining 34 % from farming and deforestation. Since the Industrial Revolution, 
economic development has been directly linked to energy consumption, primarily in 
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the form of fossil fuels. The scientific consensus is that it is highly advisable not to allow 
the atmospheric temperature to rise more than 2 °C above the value prevailing in 1900. 
The increase as of 2012 has already climbed to 0.8 °C. Even if all fossil fuel emissions 
were to cease today, it would continue to grow to around 1.4 °C due to the climate 
system’s own inertia, given that carbon dioxide remains in the atmosphere for over 200 
years. Moreover, emerging countries are developing quickly. Taken together, these facts 
denote the urgent need to decarbonise the economy in the next few years. According to 
the Intergovernmental Panel on Climate Change’s 2007 report, this is going to require 
greenhouse gas emissions worldwide to be halved by 2050 and by 80 to 90 % in developed 
countries. Likewise further to the report, by the end of this century world greenhouse 
gas emissions would have to be slashed to 10 % of what they are now. These figures 
eloquently illustrate the size of the challenge facing us: a challenge to which developed, 
emerging and developing countries alike must rise.

Lastly, from a more local perspective, all the climate models compiled and harmonised 
by the Intergovernmental Panel on Climate Change forecast considerable reductions in 
precipitation in some parts of the world (although global precipitation is expected to rise 
by about 7 % per degree centigrade of atmospheric temperature increase). This includes 
all the Mediterranean countries. The exact reduction in precipitation depends on the 
emissions scenario, but even for the scenarios that call for small rises in emissions, an 
appreciable decline in rainfall is expected for the Mediterranean countries. Inasmuch as 
the reduction is aggravated by the increase in evaporation that is intensified by atmospheric 
warming, surface runoff is expected drop more steeply than rainfall.

4.  SOME REFLECTIONS ON THE FOUNDATIONS OF KNOWLEDGE AND 
TRUTH

The nature of this book entails interpreting reality. But reality is a multi-faceted, many-
featured affair. Before broaching the main subject, a review is in order of the possibility 
of establishing a foundation for knowledge of every type, the existence or non-existence 
of truth and the possibility of approaching truth through reason. Any essay begins with 
a certain conceptual structure and certain principles of reasoning used to interpret reality 
which should be borne in mind to understand more thoroughly the factors that limit and 
condition the message.

From my point of view, three major issues are involved in analysing the foundations 
and limitations of any message.

a. Where I speak about truth, I do so on the basis of a strong intuition (rather like 
Descartes’ “I think, therefore I am”) that truth is characterised by the following 
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features: there is but one truth, which is invariable over time and independent of 
the context of events or arguments. One or more of the features of truth might 
be open to dispute, but I believe that the reasons for affirming that truth exists 
are more powerful than the reasons for denying it. Two such reasons are the (at 
least apparent) immutability of the physical laws governing the cosmos and the 
principle of sufficient reason, which is the basis for any attempt to understand the 
world around us.

b.  It is impossible to back up every claim with exhaustive, meticulous, unshakeable 
foundations. Individuals must adopt one of three courses of action. The first 
option is to accept a number of basic postulates or axioms as certain and true 
without argument, and to allow them to be used as the foundations for discourse 
and reasoning. The second is to attempt to trace the foundations of each of the 
postulates used, which leads infinitely backward and therefore ultimately to failure. 
The third option, the quest for the foundational principles, is necessarily conducive 
to circular reasoning whereby axiom A is based on axiom B, and B is based on A, 
making the grasp of the ultimate foundations of discourse ever more elusive.

c.  One of the greatest stumbling blocks for a person who upholds that truth exists is 
the apparent difficulty (unbelievers in the existence of truth would say “the manifest 
impossibility”) of being able to reach a truth that is one, absolute and eternal, as 
mentioned above, given that humanity is so contingent on time and limited in 
space. The strongest and best arguments for refuting the apparent difficulty lie in 
the field of mathematical logic (such as the law of non-contradiction, according 
to which something cannot be and not be at the same time) and in arithmetic 
theorems (perhaps the clearest of which is the theorem of the existence of infinite 
prime numbers). These examples seem to be accessible to human reason and at 
the same time truths in a strong sense, to which even the Absolute appears to be 
subject.

d.  Clearly the concept of truth in the strong sense varies considerably depending on 
where it is used. This includes fields of knowledge, which range from logic and 
mathematics, experimental (atomic physics, cosmology, biology, chemistry) and 
social (psychology, sociology, history, economics) science to speculative or spiritual 
science (ethics, morality, theology, religion, philosophy). By definition, truth in 
these different fields varies broadly. By the end of the eighteenth century Kant 
established the impossibility of reasoning consistently about questions concerning 
morals, and the monotheistic religions (Judaism, Christianity and Islam) have used 
the notion of revelation as the only means of accessing truth.

e.  A number of examples underscore the difficulty inherent in upholding the 
possibility of consistent knowledge and strong truth. First, Russell’s paradox shows 
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that, taking axioms as a point of departure and reasoning seamlessly can lead to 
contradictions. Second, Gödel’s theorem states that no set of consistent principles 
of arithmetic can demonstrate all the arithmetical theorems. Third, quantum theory 
claims that subatomic particles can be in several places at once and have different 
natures simultaneously. Fourth, although Euclid’s fifth postulate is unnecessary 
in non-Euclidean geometries such as elliptic and hyperbolic geometry, recent 
cosmological research shows that the universe comes very close to being Euclidean, 
as its curvature is surprisingly less than 1 ‰. Fifth, the sorites paradox (or little-
by-little arguments) points out the limitations of language in logical reasoning: 
many words have vague or context-dependent meanings, making language flexible 
and useful but ruling it out as a vehicle for logic and strict reasoning. Sixth and 
last, different people have very different mental structures for interpreting the 
world. These differences are clearly illustrated by the distance between the west’s 
Judaic/Hellenistic outlook and the eastern outlook that draws highly important 
elements of its thought from the circular idea of time (stemming from the belief in 
reincarnation) and the union between the individual and the cosmos.

f. The scientific knowledge accumulated since the European Renaissance has had 
an indisputable and heavy impact on human thought, as well as on individuals’ 
view of the world and themselves. Newton and Darwin, the most paradigmatic 
examples, made contributions with far-reaching consequences for all branches 
of knowledge. Scientific knowledge is, however, based on certain rules, such as 
the principle of induction, which infers unchanging laws of nature from a certain 
number of observations. The foundations of the principle of induction would lead 
to the predicate that the universe, an understanding of which is based on our own 
limited experience, is homogeneous and isotropic in space/time. This is a circular, 
inconsistent line of reasoning.

The foundations of knowledge and truth do have their limitations. Yet we can reach 
consistent knowledge through an interactive generations-long process of observation, 
reasoning and comparison of our ideas with those of other followers of a similar method 
and with the outside world, if we make the effort and avoid flat assertions (which we so 
love making). Proceeding thus, patiently, giving it time, this consistent knowledge will 
carry us closer to a truth that is one, absolute (not depending on human construction) 
and unchanging over time. This assertion is based on reflection, reasoning and a strong 
intuition that this conviction is right. Other intellectual positions, however, can be taken 
on this issue, which is vitally important in our life. Yet I felt it essential for readers to 
hear my opinion first-hand before dipping further into the book. The issue in question is 
indisputably the paramount issue in any discussion or thought and likewise indisputably 
one of the most important issues in life. 
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5.  OPINIONS AND VESTED INTERESTS

Each of us lives tightly conditioned by the surrounding culture. We cannot pull free 
of our culture, because that is the way we perceive the world and the ideas around us. 
Western culture may be described in the briefest possible terms as having its roots in 
Judaism, Hellenism, Christianity and, since the sixteenth century, philosophic modernity 
and scientific evolution. The foremost exponents of western culture in philosophy were 
Descartes, Locke, Hume, Leibniz, Berkeley, Kant, Hegel, Nietzsche, Marx, Freud, 
Husserl, Heidegger, Lévi-Strauss and Sartre; in science they were Galileo, Copernicus, 
Kepler, Newton, Darwin, Einstein and Planck.

To say that we can perceive reality or the world exactly as they are is as highly 
debatable an assertion as is the very existence of truth in the social sciences. I believe that 
existences exists, but it is so riddled with nuance that it cannot be grasped in its entirety, 
try as we might. We can, however, approach truth. This endeavour requires a sincerely 
inquisitive attitude, the elimination of preconceived ideas (which is not altogether 
possible, because some ideas are too deeply embedded in language and the very structure 
we use to understand our world for us to be aware of them), a considerable amount of 
work gathering information and, most of all, a willingness to eradicate our own interest 
in the truthfulness of preconceived ideas. Preserving such interests would lead us to 
systematically reject all information that gives the lie to our preconceptions.

This is how most people reason, at least on the major philosophical, political and 
religious issues. We usually start with a given preconceived idea. We spend a lifetime 
gradually building up arguments to buttress that opinion, so we tend to reject arguments 
that poke holes in our initial idea. Rarely does it happen that, when searching for 
arguments to support a predetermined position, we find powerful enough reasons to 
change our mind. That would at all events be the exception that proves the rule. We 
adopt this stance because of our own intellectual fear of change that stems from a lack 
of confidence in our own reasoning powers, as well as social pressure to view certain 
opinions as true and others as false. Scholars, philosophers and scientists are not free of 
this tendency, although they obviously have greater confidence in their own reasoning 
powers.

When there are interests and benefits in maintaining a given opinion, we register only 
to those facts that align with and are in accordance with our interests. No argument, no 
matter how clear and consistent, will sway a person against his or her interests. A person 
with interests will persevere in rebutting any argument that gets in the way, without 
taking the slightest notice of unwelcome information.
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In real life hardly any staunch defender of important conceits is completely lacking in 
some personal interest, whether the idea in question be a matter of politics, philosophy, 
religion or a point of historical, economic, sociological, psychological or archaeological 
thought. Often, when the key people of certain ideologies first join (or even create and 
maintain) an institution, they have no interests to protect. Later, these key people begin to 
draw a salary from the institution and may even play a major role in society. This example 
is directly applicable to people who create or join political parties and institutions with 
paid officers. From then on (there is no one point in time; it is a gradual process), these 
people forfeit their freedom of thought and begin to defend their organisation’s interests, 
that become interlaced with their own, a process that is, by the way, very natural. In any 
case, thinkers and opinion makers are always highly influenced by dearly held lifelong 
opinions, especially if those opinions have had an impact on society; obviously their own 
followers will not allow them to change course easily. What would a political leader do 
if, after holding political office, he or she were to change political ideas and even reject 
the ideas that paved the way to an influential and sometimes even well-paid position? 
How would an environmentalist leader react if, after climbing to a senior position in an 
environmental defence association, he/she were to decide that energy from nuclear fission 
was the only way to combat climate change effectively? What course would a spiritual 
leader take if, after much thought and reasoning, he/she were to reach a conclusion that 
contradicted orthodox thought or even abandoned the faith? A minority of people have 
proved capable of giving up a comfortable position earned through affiliation with an 
institution. Most people in such positions, however, probably stop thinking freely once 
they attain a certain status (a very human thing to do, especially when one has a family to 
support), and tend to use and generate arguments favouring their organisations’ interests. 
In a nutshell, organisations and institutions do not think: they simply defend their own 
interests.

It could be argued that the amount of information on some topics is overwhelming 
and cannot be mastered by any one person, no matter how capable, no matter how much 
time devoted to the task. The documentation on global warming, for example, is vast 
and cuts across many disciplines, including technology, economics, sociology and human 
health. No single mind can hold it all. This is true strictly speaking, but in the absence 
of independence, there can be no convincing arguments, only the defence of individual 
interests.

The interests at play in the topic of energy and climate change are massive. This must 
be borne in mind at all times while forming an opinion. The market price of the world’s 
consumption of the three fossil fuels (oil, gas and coal) as raw materials accounts for 
around 7.5 % of world GDP, taking a baseline price of $120 per barrel and excluding 
refining, distribution of refined products and electricity production. These fuels are 
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essential to keep the world and development running. According to the 2011 report by 
the International Energy Agency (an organisation whose membership includes developed 
OECD energy-consuming countries), fossil fuels accounted for 80.9 % of world energy 
consumption in 2009. In its reference (or “New Policies”) scenario, the report forecasts a 
dip in that percentage to 74.7 % in 2035.

Some of the main actors and interests on this playing field are:
•	 large corporations with interests in oil and gas prospecting and drilling and the 

countries with the largest oil and gas reserves
•	 mining companies that hold coal-mining concessions and countries with large 

coal reserves
•	 major power companies, some of which have committed strongly to renewable 

energy generation
•	 the entire nuclear fission industry: companies that have the technology and power 

companies that have nuclear reactors
•	 companies and countries with wind- and solar-based electricity-generating 

technologies
•	 the entire biofuel industry, from farming to industrial manufacturing
•	 the companies and countries that have the (still-incipient) technology to capture 

and store carbon
•	 the major environmental associations, e.g. Greenpeace, the World Wildlife Fund 

and the World Watch Institute
•	 the United Nations (through its International Panel on Climate Change) and the 

International Atomic Energy Agency
•	 countries with a stake in energy independence
•	 the OECD (through its Nuclear Energy Agency)
•	 the Green Building Council.

A great many organisations and institutions publish highly pertinent documents about 
energy and climate change. It is always very important when reading such reports to be 
cognisant of their background and the interests they might defend.

In the case of this book, I can emphatically affirm that I have no interest whatsoever 
in the fields of energy and global warming. My personal interest in the topic arose ten 
years ago when I decided to look into whether bioclimatic architecture and planning had 
a solid foundation or were just a passing fad. The question was very important to me, as 
I was in charge of the development for extending the “Castellana”, one of Madrid’s main 
arteries. This 15- to 20-year-long urban project involves the construction of over 17 000 
homes, 1 600 000 square metres of offices, hotels and retail premises and about 400 000 
square metres of public facilities.
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All opinions expressed in this book are utterly devoid of any personal interest in any 
sense. I would have liked to conclude that global warming is just a passing fad, but my 
current opinion is that this is completely false and that we are facing a monumental 
challenge unprecedented in the history of humanity. I have tried and still try to keep my 
mind open to positions contrary to my own and not to be hostage to the ideas I have 
voiced publicly in many places and countless speeches. I am convinced that too much 
purism paves the way to scepticism and inaction, both of which are the exact opposite of 
what we need to tackle the serious problem facing us.
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1.  WORLDWIDE 

1.1.  RISE IN DEVELOPED COUNTRY INDEBTEDNESS

One of the issues that will unquestionably impact the course of the world economy most 
heavily in the years to come will be the extremely high (compared to historic levels) 
indebtedness in most developed economies. By way of example, gross public debt in 
the United States grew from a mean of 63 % of GDP in 1996-2005 to 103 % in 2011 
and, according to the October 2012 issue of the International Monetary Fund’s Fiscal 
Monitor, will climb to 114 % by 2014, up by over 50 % in just 10 years. The Eurozone 
countries, for their part, saw their gross debt rise from 71 % of GDP in 1996-2005 to  
88 % in 2011. Moreover, despite the drastic budgetary consolidation measures in place 
in all these countries (even at the expense of economic growth), their debt is going to 
continue upward to 95 % in 2013, according to the forecasts set out in the aforementioned 
report, for a 25-per cent increase in scarcely 10 years.

Three factors need to be taken into account when reflecting on the possible 
implications of indebtedness.

a.  An economy’s indebtedness is measured in terms of five components:

•	  public or sovereign debt, in turn divided into gross and net, the latter meaning 
gross debt less the financial assets held by public bodies and institutions;

•	  household debt, which may be gross or net (i.e., gross less the financial assets 
owned by households);

•	  non-financial company debt, measured most suitably in terms of gross debt and 
two ratios, gross debt / equity and gross debt / corporate surplus;

•	  financial company debt, whose most prominent parameters are gross debt, 
financial sector leveraging and public sector debt;

•	  the country’s gross and net foreign liabilities, as well as the amount of its sovereign 
debt held by foreigners.

These five components of indebtedness and the composition of each must be analysed in 
any attempt to appraise a given country’s economy.

European Union country engagement in strict fiscal consolidation should lead the way 
for the United States and Japan, the world’s first and third largest economies, to chart their 
own necessary course toward lower public debt (presently at historically high levels ). Such 
action would have a substantial effect on the world economy.

II. ECONOMY AND SOCIETY IN THIS DECADE: 
KEY FACTORS 
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USA Japan
United

Kingdom
Canada Eurozone Belgium France Germany Greece Ireland Italy Portugal Spain

General Government
Gross debt 107 237 89 88 94 99 90 83 171 118 126 119 91
Net debt 84 135 84 36 73 83 84 58 N/A 103 103 113 79
Primary balance -6.5 -9.0 -5.6 -3.2 -0.5 0.1 -2.2 1.4 -1.7 -4.4 2.6 -0.7 -4.5
Households
Gross debt 86 76 99 91 71 55 67 58 69 117 51 104 87
Net debt -235 -241 -185 -154 -130 -202 -134 -122 -58 -74 -174 -125 -74
Nonfinancial firms
Gross debt 89 145 116 54 138 186 134 64 73 289 114 158 186
Debt over equity (per cent) 83 176 85 44 107 52 68 96 235 109 138 154 143
Financial institutions 
Gross debt 88 188 232 59 145 123 172 97 40 706 105 59 115
Bank leverage 7.1 2.8 4.2 3.3 N/A N/A 2.5 2.2 N/A 8.3 5.2 4.5 4.9
Net public sector debt with banks 8 83 8 15 N/A 24 18 23 13 28 38 24 35
External liabilities
Gross 161 73 692 103 194 404 296 219 204 1.750 146 285 225
Net 26 -57 9 12 12 -65 16 -38 96 99 24 108 92
Government debt held abroad 32 18 28 18 26 57 58 51 95 71 46 64 25

b.  Citizens in developed countries internalised birth control policies many years 
ago. That is inducing very significant changes in demographic structures, the 
most consequential of which is the increase in the number of pensioners with 
respect to the working population. This tendency is going to intensify in the years 
to come, and as a result larger and larger budget appropriations will be needed 
to pay pensions. That in turn will mean reducing the appropriations for other 
items on the national budget. One of the factors to bear in mind in this regard 
is longevity trends, which may weigh heavily on financially weak public social 
security systems.

c.  With considerably lower public and private indebtedness levels than prevail 
among developed countries, developing economies face a less heavily mortgaged 
future. Moreover, in some cases they hold substantial percentages of developed 
country debt, the prime example being China’s 20 % share of US sovereign debt, 
which since the summer of 2011 has totalled upward of 100 % of American 
GDP.

Source: International  Monetary Fund (IMF), October 2012
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1.2.  THE NEED FOR BUDGETARY CONSOLIDATION IN THE UNITED STATES

One of the issues that is going to affect world economic development most decisively 
in the years to come is the need for the United States to consolidate its budget. In this 
regard, a distinction must be drawn between gross debt, i.e., total sovereign debt, and 
net debt, which is gross debt less the sovereign debt held by public bodies or agencies, 
such as the social security system. In Europe, the public debt figure normally published 
is gross debt.

Since the onset of the 2007 crisis, debt in the euro countries and the United States has 
grown in response to lower tax revenues (in turn the result of an economic slowdown) in 
conjunction with increased spending on expansionist investment policies, the higher cost 
of social benefits and automatic stabilisers. That situation has led to a rise in gross debt in 
Eurozone countries, which will foreseeably amount to 94 % of GDP in 2012, while the 
US national debt will climb to 107 % (IMF, October 2012)

In 2010, Eurozone Europe undertook an ambitious budgetary consolidation policy 
that entailed amending the Maastricht Treaty in 2011 to limit national deficits to 3 % and 
public debt to 60 % of GDP. Under that provision, the 17 Eurozone countries and all the 
EU member states that do not form part of the EMU, except the United Kingdom and 
the Czech Republic, must keep their structural budget deficits (the deficit that would be 
obtained with potential economic growth) within 0.5 % of GDP and lower their public 
debt to 60 % within 20 years.

The United States, for its part, has continued to apply more expansive fiscal policies. 
In 2011, its debt exceeded 100 % of GDP, the highest it had been since World War 
II, and has continued to rise steeply in the interim. Three causes can be identified for 
this high indebtedness: 1) the economic and financial crisis; 2) the expansionist policy 
implemented by the government in the past few years to combat the crisis; and 3) the 
defrayal of the major share of the cost of the Iraq and Afghanistan wars, although it plans 
to withdraw from the latter country in 2014. Estimates by Joseph Stiglitz, Nobel laureate 
in economics in 2001, to the effect that these two wars have cost the American treasury 
from 3 to 5 trillion dollars, or on the order of 20 to 30 % of the country’s yearly GDP, are 
an indication of the magnitude of the strain they have put on its budget.

In light of the volume of debt in the United States, budgetary consolidation may in 
all likelihood be expected to begin during the 2013-2016 presidency  and continue for 
a few presidencies thereafter, irrespective of which party governs and whether it adopts 
a stimulus or consolidation approach to fiscal policy. Indeed, the difference between 
these two options will be felt only in the pace of debt reduction. (At this writing, the 
US elections, scheduled for November 2012, have not yet been held. Given their state-
shrinking ideology, the Republicans would obviously consolidate at a faster pace than 
the Democrats, for whom social spending is a higher priority.) That in turn will have a 
substantial impact on the evolution of the world economy in the years to come, given 
the United States’ 22 % share of the total. Americans have more room for manoeuvre 
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than Europeans, however, for the dollar is the global currency, although its preponderance 
could recede, depending on the budgetary consolidation policy implemented. Debt 
monetisation via inflation, for instance, would mitigate the domestic effort required to 
tackle debt reduction, but would have severe consequences for savers, in particular for 
China’s reserves, which amount to over three trillion dollars.

To sum up, developed countries are in the midst of or will soon be engaging in 
budgetary consolidation to balance their public accounts. The Eurozone countries have 
already adopted the necessary agreements and reforms, and the United States will have 
to tackle the problem in the next 10 to 15 years. Japan, with debt upward of 230 % of 
its GDP and rising (although a substantial share is held by Japanese citizens, affording 
it greater stability), must also begin to consolidate its budget in the next few years. This 
could have a substantial effect on world economy and finance.

1.3.  THE FISCAL STIMULUS-BUDGETARY CONSOLIDATION DEBATE

What began as a financial crisis in 2007 and subsequently spread to the economy as 
a whole is now characterised by elements that afford increasingly solid grounds for 
defining it as a structural crisis, calling into question several of the underlying principles 
of the welfare state to which citizens in developed countries have become accustomed. 
The in-depth economic debate that has been ongoing since the outset turns essentially 
on whether fiscal stimulus measures should be applied to contribute to surmounting 
the crisis (further to the ideas implemented by the US Government during the Great 
Depression of 1929) or whether the approach should be to rein in public spending.

Early in the crisis, particularly in 2008 and 2009, the general consensus among 
economists was that the financial shock needed to be provisionally offset by fiscal 
stimulus policies. The International Monetary Fund recommended that such measures 
should amount to 2 % of nations’ gross domestic product. Beginning in 2010, however, 
a new economic criterion emerged as a recipe for surmounting the crisis. Diametrically 
opposed to fiscal stimulus, it calls for the application of more restrictive public spending 
policies. Consequently, since 2010, two completely contradictory solutions to the same 
problem, namely the return to stable and sustained, job-creating growth, are being applied 
simultaneously in the developed world. The US Government defends stimulus public 
spending, while the European Union and particularly the Eurozone countries adhere 
to speedy budgetary consolidation. Be it said here that this debate is reminiscent of the 
ideological duel that confronted John Maynard Keynes and Friedrich Von Hayek in the 
nineteen thirties. Nonetheless, economic structures are not the same now as then, when 
states were much less indebted.

The most broadly renowned of the economists who advocate public stimulus policies 
is 2008 Nobel prize winner for economics Paul Krugman. Other economists of prestige 
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who defend these theories include Brad Delong (University of California at Berkeley), 
Mark Thomas (University of Oregon) and Ben Bernanke, Chairman of the Federal 
Reserve in the United States. The paper most commonly cited in support of this thesis 
was published in 2011 by Valerie Ramey1 who, under commission from the American 
Economic Association, analysed 29 independent studies, from which she concluded that 
fiscal stimulus policies have a multiplying effect on GDP of from 0.8 to 1.5 (in other 
words, 1 % of additional public spending would generate economic growth of from 0.8 
to 1.5 %). An important paper published in 2010, however, in which Ilzetki, Mendoza 
and Vegh2 analysed a sample of 45 countries from 1960 to 2007, concluded that GDP/
public spending multiples were highly variable and that such variability was more intense 
where the economy was more advanced, the exchange rate more stable, the economy 
less open and indebtedness smaller. The inference was that given such a varied casuistry, 
countries must be analysed case-by-case and in terms of their specific characteristics, 
which obviously change over time.

The indisputable flag bearer of the thesis contrary to Krugman’s is Alberto Alesina, 
who has been contending for over 15 years that budgetary constraints have expansive 
effects3. Alesina’s present ideas are set out in the presentation he prepared for the April 
2010 ECOFIN meeting held in Madrid, which he entitled “Fiscal adjustments: lessons 
from recent history”. There he claimed that budgetary austerity leads to an immediate 
expansion in GDP and employment: i.e., that fiscal austerity measures attain their 
objective with no macroeconomic cost, even in the short run. Other reputed economists 
who support similar positions, albeit with subtle distinctions, are the Germans Fels, 
Froelich and Neumann, who put forward the so-called “German view”4 in the ninety 
eighties, and Americans John Cochrane, Eugene Fama (both with the University of 
Chicago) and Robert Barro (Harvard University).

In addition to the two aforementioned approaches (and in all likelihood, less 
ideologically and doctrinally charged than the positions defended most characteristically 
by Krugman and Alesina), the International Monetary Fund, favourable to Keynesian 
fiscal stimulus policies early in the crisis, recently performed an exercise using the GIMF  
econometrics model with data for 15 advanced countries over the period 1980-20095 . It 
found that: 1) with a multiplier of approximately 0.5, fiscal consolidation induces short-
term contraction of GDP; and 2) reducing the public debt/GDP ratio has a long-term 

1 Journal of Economic Literature, September 2011. “Can Government Purchases Stimulate the Economy?”
2 E. Ilzetki, E. Mendoza y C. Vegh (2010): “How Big (small) Are Fiscal Multipliers?”, NBER working 
paper No. 16479
3 Alesina and Pedotti (1995): Fiscal Expansions and Adjustments in OECD Countries; Alesina and Ardagna 
(1998): Taxes of Fiscal Adjustment; Alesina and Ardagna (2010): “Large Changes In Fiscal Policy: Taxes 
Versus Spending” in J. Brown (Ed): Tax Policy and the Economy
4 See, for instance, G. Fels, and M.P. Froelich (1986): Germany and The World Economy: A German View, 
in Economic Policy
5 IMF, World Economic Outlook, March 2010, Chapter 3: “Will It Hurt? Macroeconomic Effects of Fiscal 
Consolidation”
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expansive effect on GDP, which grows 1.4 % in the long run for every ten percentage 
points that the debt/GDP ratio is lowered.

In a nutshell, then, the supporters of fiscal stimulus policy deem that, once an 
economy is in crisis, reducing public spending lowers employment levels, which would 
weaken public revenues proportionately more than the initial retrenchment. They feel 
that raising public spending would have the opposite effect, lowering debt in the long 
run and mitigating the distress of people who lose their jobs as a result of the crisis. 
The supporters of cutting back on public spending believe that in light of developed 
country indebtedness, in most cases upward of 80 % of GDP, the only way to reduce 
debt is through budgetary constraint, a measure that will have beneficial effects both on 
economic activity and employment, even in the short run. What is truly striking about 
these absolutely irreconcilable positions is that both are the fruit of rigorous analysis of 
crises in developed countries in the recent past, a clear indication that both are informed 
by substantial ideological bias, comparable to the partiality characteristic of political, 
philosophical or religious opinion.

That said, the decision ultimately adopted by each country will have a significant 
impact on its economy in the next few years. The European Union, under German 
leadership, has firmly opted for budgetary consolidation and all that implies, including 
a certain loss of national sovereignty for the 25 Member States (all but two of the 27: 
the United Kingdom and the Czech Republic), which have committed to a structural 
deficit ceiling of 0.5 %, only to be exceeded under certain specific  circumstances. This 
commitment has yet to be put into actual practice, however.

In addition, most of the 17 Eurozone countries have pledged to reduce their budget 
deficits in 2013 to 3 % (the target for Spain at this writing is 4.3 %) by formulating 
the respective budgetary consolidation plans, based on which they are to draw up their 
yearly budgets, and which would not be amendable without joint authorisation from the 
other countries. These plans will foreseeably be updated until the 0.5- per cent structural 
deficit ceiling is reached at some time during this decade. Provided pre-crisis growth 
levels are attained, this will gradually lower public debt. In April 2012 Spain amended its 
constitution and adopted a constitutional act that requires its central, regional and local 
governments to fully balance their budgets, i.e., to guarantee a nil structural deficit. This 
will indisputably have a heavy impact on the future of public finance.

A posteriori analyses of what appears to be a deep structural crisis (and to some extent, 
a crisis of the welfare state) will be in a position to conclude which of the two approaches, 
fiscal stimulus or constraint, proved to be more effective.
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1.4.  THE IMPLICATIONS OF THE FUKUSHIMA ACCIDENT

On 11 March 2011, a 14-m tsunami razed the Japanese coast at around 300 km north of 
Tokyo, wreaking enormous damage, causing 19 000 deaths and leaving around 325 000 
people homeless. It also affected the Fukushima Dai-Chi nuclear plant, which promptly 
began to leak radioactivity, necessitating the establishment of an exclusion zone in a  
20- km radius around the facility. Of the 100 000 people who were obliged to abandon 
their homes, some 30 000 will never be able to return. The costs of this disaster are 
virtually impossible to quantify, but may well exceed 5 % of Japanese GDP, or around 
250 billion euros in indemnities for the residents and property owners involved. By 
March 2012, the Government had adopted four additional budgets for a total of 14.3 
trillion yens (around 135 billion euros).

NUCLEAR POWER PLANTS IN JAPAN IN FEBRUARY 2012

Source: The Economist, 10 March 2012

It is too soon to fully grasp all the implications of this nuclear accident, both in Japan 
and the world as a whole, for they will depend heavily on how the accident is internalised 
by its victims and society at large. According to a survey conducted by the Japanese daily 
newspaper Mainichi in August 2011, scarcely 5 months after the accident, 85 % of the 
Japanese population favoured the shut-down of all nuclear reactors, although only 11 % 
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wanted immediate closure. These figures are particularly meaningful in a country that is 
second only to France worldwide in the use of nuclear power to generate electricity (in 
2010, 30 % of its electric power was sourced by nuclear plants) and because, along with 
France and the United States, Japan has the world’s most advanced nuclear technology. 
Nonetheless, account needs to be taken of the fact that the survey was conducted barely 
5 months after the accident and consequently when the population was still feeling the 
effects of the shock it occasioned. Public opinion will foreseeably evolve in a direction 
that will  depend primarily on how the incident is managed by public authorities and the 
long-term impact on the population directly affected. In September 2012, the Japanese 
Government announced that it would close down all its nuclear plants by 2030, a position 
that would have been unthinkable prior to the accident.

Since 1954, when the first nuclear power plant was commissioned, two other major 
accidents have occurred. On 28 March 1979, one of the reactors at Three Mile Island in 
the United States underwent partial fusion. And on 26 April 1986 an uncontrolled chain 
reaction at Chernobyl, Ukraine, induced an explosion in one of the reactors and with it 
the dissemination of a radioactive cloud that spread as far as the Scandinavian countries. 
Both accidents had a deep impact on public opinion, which since the nineteen seventies 
had been heatedly debating the nuclear issue. In fact, the Chernobyl accident led to the 
suspension of new nuclear projects.

NUCLEAR REACTOR CONSTRUCTION STARTS, 1951-2011

Source: WEO 2011, IEA

In recent years, however, the debate around global warming tabled the need to use all 
available technical solutions, one of which was an increase in installed nuclear capacity. 
In 2010, nuclear power accounted for 13 % of all the electricity generated, a substantial 
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downturn from the 18 % recorded in 1996. The International Energy Agency, whose 
membership consists of developed oil-consuming nations, is deeply involved in finding 
sustainable ways to generate energy compatible with admissible global warming rates. 
In its 2010 World Energy Outlook, the agency predicted that the share of nuclear power 
would remain flat at around 13 % though 2034, which would entail around a 70-per cent 
rise in installed capacity. In a scenario envisaged in the 2011 edition of the WEO, however, 
which addressed the implications of the Fukushima incident, it deemed that by 2035 
nuclear energy might account for a mere 7 % of worldwide electric power generation.

KEY PROJECTIONS FOR NUCLEAR POWER IN THE NEW POLICIES SCENARIO AND THE LOW NUCLEAR CASE

Source: WEO 2011, IEA

Another collateral effect of the Fukushima accident was the German Government’s 
decision to proceed to full de-nuclearisation by 2022, even though German nuclear 
output presently accounts for 20 % of the country’s electric power and 5 % of total 
worldwide nuclear energy production. In France, the nuclear debate found its way into 
the presidential campaign for the first time in the country’s history, with socialist candidate 
François Hollande advocating de-nuclearisation by 2040 or 2050. This is particularly 
indicative, inasmuch as nuclear power plants source upward of 80 % of all electricity 
generated in France, the highest rate in the world, and because over the years the French 
industry has developed highly advanced nuclear technology, which would be exportable 
to countries less technologically adept. In the United States, in turn, in the wake of the 
aforementioned Three Mile Island and Chernobyl accidents, authorisation for service life 
extension was not granted by the Nuclear Regulatory Commission for a single reactor 
until 2009, and the first licences to build new reactors were not awarded until 2012.
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All of the foregoing heralds a deep and very likely lasting change in world public 
opinion about nuclear energy. Prior to the unfortunate Fukushima disaster, the dawn of 
a new nuclear age appeared to be in the offing, since the devastating effects of the other 
two nuclear accidents seemed to have been overcome, even if only due to the time that 
had lapsed (practically a generation) since Chernobyl. In March 2012, only 52 of Japan’s 
54 reactors, with a total installed capacity of 47.5 GW, were operational: 35 were under 
inspection to re-assess their safety and 17 had been shut down. China’s plans to grow 
from 10 GW in 2012 to 80 in 2020, raising the share of nuclear power in the total from 
2 to 5 % in that period, will now undergo considerable delays due to the stricter safety 
demands in place.

The rise in safety levels in nuclear reactor operation will also necessarily impact 
investment costs, even acknowledging that absolute safety does not exist. A report released 
in 2010 by the International Energy Agency / Nuclear Energy Agency (bodies under the 
aegis of the OECD), entitled Costs of Generating Electricity, estimated investment costs for 
generation II plants in China at 1 700 dollars per kilowatt of capacity, and for AP1000 
reactors, also in China, at 2 300 dollars per kilowatt. Other surveys, however, calculate 
much higher investment costs. Studies commissioned by the British Government in 
2004, 2006 and 2008 showed costs of 2 233, 2 644 and 3 000 dollars/kw, respectively, 
for PWR reactors. The Massachusetts Institute of Technology estimated costs of 2 208 
to 4 000 dollars/kw, while the Nuclear Energy Agency calculated the price for an EPR 
reactor to be 5 400 dollars/kw. 

All the aforementioned figures were computed without factoring in the stricter 
safety requirements that will be demanded as a result of the Fukushima accident. Prior 
to that event, it was widely believed in the nuclear industry that a new generation of 
low cost nuclear technology with substantial safety improvements known as generation 
III, together with the implementation of a levy on CO2 emissions to mitigate global 
warming, would lead to a nuclear rebirth. All those expectations vanished abruptly due to 
the direct impact of the nuclear disaster in Japan on reactor investment costs, and to the 
considerable delay in the adoption of an international agreement on climate. No one is 
presently able to set a date for such an agreement in light of the severity of the economic 
crisis in developed countries, one of which, Spain, has been particularly hard hit.
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2.  IN SPAIN

2.1.  UNSUSTAINABLE PRIVATE INDEBTEDNESS

The four components of an economy’s indebtedness are: 1) government; 2) financial 
institutions; 3) non-financial businesses; and f ) households. Until the dawn of the twenty-
first century, Spain was significantly less indebted than other developed nations. After 
that date, however, indebtedness rose steeply to levels higher than in most developed 
countries, with the exceptions of the United Kingdom and Japan, inter alia. More 
specifically, Spain’s total indebtedness rose from 125 % of GDP in the nineteen nineties 
to around 375 % in 2009, for a 250-per cent rise in total debt relative to GDP in just 20 
years. (Inasmuch as GDP also grew substantially in that period of time, when measured 
in absolute or real (absolute less inflation) terms, the rise in indebtedness was even more 
accentuated.)

The two components that contributed most to the upturn in total indebtedness were 
households and non-financial businesses, which together grew by 160 % of GDP between 
2005 and 2009, although that figure has declined slightly since. 

Household indebtedness grew by 57 % relative to GDP in the 14 years between 1995  
(30 % of GDP) and 2009 (87 %), overtaking mean Eurozone household indebtedness in 2003.  
It never hit the high levels  prevailing in the United Kingdom (105 % of GDP in 2009) or 
the US (100 % of GDP in early 2009), however. Debt rose sharply in both those countries 
between 1998 and 2009, from a mean of around 65 % in 1995-1998. Since the 2009 
peak, Spanish household debt has been ebbing, with a downturn of 5.9 % relative to 
GDP by year-end 2011. Deleveraging has also been observed in the UK and in the US, 
there at a pace much faster than in Spain. The rise in household debt in the Eurozone 
from 40 % in 1995 to 67 % in 2010 was much more moderate than in Spain, the UK 
and the US, although it has not subsided in the interim.

Private non-financial business sector indebtedness grew much more intensely than 
household debt between 1998 and 2009, rising from 40 % of GDP (1998) to 139 % in 
2009, for nearly a 100- per cent rise relative to GDP in 11 years. With this steep upturn, 
sector indebtedness amply exceeded the figures not only for Eurozone, but also for UK 
and US non-financial businesses. Between 2009 and year-end 2011, however, sector 
indebtedness shrank by 8.6 % relative to GDP.

Therefore, a very sharp rise in household and non-financial business indebtedness, 
which between them peaked at 226 % of GDP in 2009, was followed by a 14.5 per cent 
decline (5.9 % households + 8.6 % companies) through 2011 and further deleveraging 
in 2012.Source: The Economist

TOTAL INDEBTEDNESS IN SPAIN

STRUCTURE OF TOTAL DEBT

Source: The Economist
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This extraordinarily high rate of household and non-financial business indebtedness can 
be identified as one of the major obstacles to recovering the economy’s growth potential. 
The question that might be posed, namely what level of indebtedness would enable the 
country to attain that goal and how many years it would take to get there, has no single 
or indisputable answer. 

Indeed, the highest debt that an economy can safely bear depends on its development 
levels, i.e., on GDP: the higher this parameter, the higher is the indebtedness threshold. 
Very early in the century, the Spanish economy undeniably exceeded the maximum 
indebtedness that would ensure sustainable growth, a development that has strangled its 
expansion in recent years.

Household and business indebtedness in the Eurozone and the US can be taken as 
valid references for determining the sustainable level of private debt, although bearing in 
mind that, there also, debt has recently risen to historically high levels. In the Eurozone, 
indebtedness at year-end 2011 was around 160 % of GDP (60 % households and  
100 % companies), while in the US it amounted to about 170 % of GDP (90 % 
households, where it is receding fast, and 80 % companies).

Consequently, private sector indebtedness in Spain (households and companies) at 
year-end 2011 (212 % of GDP) was 50 % higher relative to GDP than in the Eurozone 
and 40 % greater than in the US. Assuming a deleveraging rate of 10 % per annum 
relative to GDP, which is actually faster than recorded to date, it will take from 4 to 5 

HOUSEHOLD INDEBTEDNESS RATIO, 1995-2011 NON-FINANCIAL BUSINESS INDEBTEDNESS RATIO, 1995-2011

Source: 2011 annual report, Bank of Spain
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years to bring debt down to the 160 or 170 % of the gross domestic product presently 
prevailing in the Eurozone or the US, respectively. That length of time may be a good 
indication of how long it will be before private non-financial sector indebtedness ceases 
to thwart economic activity. In the interim, moreover, financing must be found to fuel 
the country’s most competitive industries. Policies are needed that encourage lending to 
these industries while reducing indebtedness in other less competitive and over-indebted 
domains.

2.2.  OUTSIZED PUBLIC SECTOR

The two sources for statistics on public employment in Spain are its Central Personnel 
Roster (Spanish initials, RCP) and the Labour Force Survey (Spanish initials, EPA).

The former, RCP, contains data on the staff rendering their services in ministries, 
autonomous bodies and related areas, and (although incompletely- 6) universities. The 
rest of the information on public service personnel is drawn from a number of sources, 
including Social Security records (local government staff), the Public Employment 
Coordination Commission (regional government staff) and the Ministry of Defence’s 
Directorate General for Personnel (armed forces personnel). Despite the enormous data 
collection and compilation effort involved, however, the RCP statistics do not cover all 
public employment. Staff in regional and local public enterprises, top management and 
temporary personnel hired for less than 6 months are excluded, and the data on university 
personnel are incomplete.

The other source for determining public employment is the Labour Force Survey 
(Spanish initials, EPA), conducted quarterly by the National Statistics Institute 
(Spanish initials, INE). Unlike the Central Personnel Roster (RCP), which is an 
exhaustive registry, the EPA uses statistical techniques to extrapolate information 
from representative samples. Its advantage over the RCP is that it computes all public 
employment, including staff in public enterprises under the aegis of regional or local 
governments and in universities.

According to the RCP, from January 2000 to January 2010 public employment grew 
by 418 000, from 2 281 000 to 2 699 000 (see table7 and graph8 on the next page). This 
variation is the sum of headcount growth in regional (444 000) and local (125 000) 
government, minus the decline (275 000) in the central government payroll. 

6 According to the RCP, most universities record public officials or auxiliary personnel under Government 
and Services contracts and teaching staff under other sundry contracts. That procedure is not used in 
the following universities, however: Alicante, Autonomous U. of Barcelona, Balearic Isle, Jaume I of 
Castellón, La Laguna, La Rioja, Lleida, Málaga, Miguel Hernández, Murcia, Basque Country, Polytechnic 
of Catalonia, Polytechnic of Valencia, Pompeu Fabra, Rovira i Virgili, Santiago de Composteka and Vigo. 
Furthermore, other universities fail to record all their staff in the respective registries.
7 Book entitled Dos ensayos de actualidad sobre la economía española (FUNCAS, p. 86, Table 1)
8 Book entitled Dos ensayos de actualidad sobre la economía española (FUNCAS, p. 85, Figure 1)
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VARIATION IN PUBLIC EMPLOYMENT (RCP)

Source: Central Personnel Roster (the data for 2000 and 2001 include all postal service employees)

VARIATION IN PUBLIC EMPLOYMENT (RCP) 2000 - 2010

Year Central govt
National law 
enforcement 

bodies
Armed forces Judicial 

system

Public 
enterprises 
(national))

Regional govt Local govt. Prov./isl. 
govts. Univ. Total

Postal  
service

Jan-00 515 859 122 203 108 302 24 592  57 830 904 041  456 368  75 016 91.512 2 280 977 

Jan-01 434 538 120 776 117 276 26 507  57 596  932 716   466 457    71 041 87 478 2 243 344 

Jan-02 241 803 115 006 121 004 29 114  57 062 1 101 999  477 945 69 783 89 360 2 303 076 51 808 

Jan-03 236 643 111 863 118 151 22 114  56 175 1 139 927  485 072 67 420 92 302 2 329 667 52 432 

Jan-04 235 256 112 103 115 942 22 475  56 036 1 159 951  482 201 76 584 92 532 2 353 080 54 216 

Jan-05 233 995 113 411 115 425 22 569  55 468 1 190 607  485 286 78 106 92 547 2 387 414 56 290  

Jan-06 233 440 115 575 117 316 24 284  56 101 1 223 129  493 505 78 814 94 008 2 436 172 54 840

Jan-07 232 601 119 031 120 756 24 943  55 875 1 260 575  521 576 80 425 96 256 2 512 038 55 953 

Jan-08 234 821 123 236 122 183 25 795  55 516 1 300 232  540 847 82 367 97 849 2 582 846 57 111 

Jan-09 238 851 132 359 124 350 23 232  56 229 1 332 844  549 442 80 063 99 530 2 636 900 56 367 

Jan-10 241 152 137 087 132 486 23 968 56 866 1 348 492        580 869 77 036 100 672 2 698 628 55 071

Source: Central Personnel Roster  
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VARIATION IN PUBLIC SECTOR JOBS (EPA)

Year Qtr Central Soc. Sec. Rgl govt Local
Fin. inst. 

companies
Other/  

unknown Total
Temp. < 6

months (thous.)

2000

I      517 068        382 853        770 601        482 956       235 884   1 525       2 390 887   121.6
II      528 631        386 057     790 115        482 623   228 934   2 823       2 419 183   120.9
III      523 645        398 453    807 552        509 168     236 723   5 738       2 481 279   163.1
IV      509 430        398 677   840 258        506 543      228 276   7 956       2 491 140   133.0

2001

I      505 459        399 781    853 720        489 396      207 882   6 066       2 462 304   104.7
II      509 328        384 167    787 552        491 129     205 347   7 620       2 476 143   107.8
III      534 843        408 523   882 823        517 109     191 938   13 129       2 548 365   161.2
IV      552 409        381 397    892 459        515 489     193 272   15 096           250 122   146.6

2002

I      524 317        336 662     954 656        513 892     190 991   24 415       2 544 933   117.6
II      510 029        313 400     1 002 744        506 874       198 528   24 450       2 556 025   106.4
III      521 959        309 144    1 030 425        535 876     200 249   25 901       2 623 554   161.4
IV      524 122        307 165    1 043 801        543 127      196 859   26 779       2 641 853   119.2

2003

I      521 706        305 160     1 057 249        552 359     201 937   22 213       2 660 624   101.9
II      510 557        309 167    1 097 784        561 348       200 144   21 200       2 700 200   113.3
III      517 947        318 381     1 113 800        570 188       192 134   17 801       2 730 251   145.9
IV      494 459        288 485     1 174 941        550 419      212 412   18 967       2 739 683   105.4

2004

I      483 609        292 580    1 912 225        543 612       211 887   20 216       2 743 129   92.6
II      482 975        293 778    1 209 615        548 438      206 961   18 697       2 760 464   92.8
III      483 910        295 672   1 236 612        593 675      203 131   17 018       2 830 018   164.4
IV      494 500        287 001   1 257 832        609 667     197 495   21 432       2 867 927   120.9

2005

I      524 972        312 988    1 204 615        607 355      145 588   35 975       2 831 493   168.8
II      516 814        373 568     1 190 321        598 157     134 269   30 331       2 843 460   168.4
III      525 424        397 475   1 171 260        621 558       161 524   36 405       2 913 642   252.3
IV      482 081        376 126    1 211 218        608 090       162 613   27 882       2 868 010   186.9

2006

I      487 254        362 428   1 216 146        605 473     163 845   28 114       2 863 260   153.1
II      472 137        358 714    1 213 885        616 599     170 882   21 599       2 853 816   179.6
III      463 179        383 233    1 198 714        643 442       182 147   32 916       2 903 631   240.3
IV      474 616        304 042    1 296 338        629 256      171 151   32 637       2 908 040   180.8

2007

I      516 177          84 706    1 492 673        637 601     164 290   36 763       2 932 210   176.6
II      511 220          46 021   1 533 844        616 792      149 231   17 634       2 874 742   150.2
III      503 007          51 051    1 568 547        637 166      156 918   15 182       2 931 871   221.3
IV      517 365          46 266    1 551 650        628 567     156 710   12 731       2 913 289   168.5

2008

I      504 058          45 546    1 551 608        613 321       145 606   13 089       2 873 228   145.7
II      530 977          46 042    1 593 133        321 894      138 187   11 544       2 941 777   146.6
III      518 858          45 713    1 618 180        640 686      150 552   16 062       2 990 051   223.4
IV      531 643          44 620    1 639 946        650 368      147 267   15 608       3 029 452   179.2

2009

I      545 937          38 540   1 641 888        650 339       141 221   11 610       3 029 535   157.9
II      530 633          39 252    1 660 794        661 253   144 880   14 243       3 051 055   169.3
III      520 781          41 966   1 703 116        676 627      143 763   15 636       3 101 888   254.0
IV      509 118          35 458   1 693 147        664 017   151 777   12 149       3 065 666   195.1

2010

I      522 055          38 074   1 724 131        655 549     142 334   6 256       3 088 399   158.1
II      529 150          38 563    1 734 429        641 784      130 432   11 200       3 085 558   157.6
III      534 700          36 300    1 768 800        672 000      152 900   11 300       3 175 900   238.1
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According to the EPA, public employment grew from 2 391 000 in the first quarter of 2000 to 
3 176 000 in the third quarter of 2010, for a total gain of 785 000 (see table on preceding page 
and graph below). Regional governments, with 608 000 new public jobs (net of Social Security 
employment), and local corporations with a rise in headcount of 189 000, accounted for most 
of that growth. Comparing the first quarters of 2000 and 2010 (for greater comparability with 
the RCP), the increase, at 697 000, was higher than the RCP figure (418 000) for that same 
period.

VARIATION IN PUBLIC SECTOR JOBS (EPA)

Source: Labour Force Survey (EPA) 

A comparison of the two sources of information used in this section, the RCP and the 
EPA, based on the above tables and graphs shows not only the differences in the data 
collected, but also in the categories into which the roster and the INE divide public 
employment.

Even though all the regional governments have fully developed their respective 
administrations, public employment has varied substantially across the country since 
2000, as substantiated by a third source, a FUNCAS (Spanish savings banks foundation) 
report entitled Dos ensayos de actualidad sobre la economía española (two topical essays on 
the Spanish economy). According to that report, public employment growth from 2000 
to 2010 was substantially greater than the national mean in the Balearic Isles, Cantabria 
and Catalonia, whereas in Asturias, Navarre and the Canary Islands, it was substantially 
lower.
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A comparison between public employment and public employment growth in Spain 
and other OECD countries from 1995 to 2005 (see the aforementioned FUNCAS 
report) reveals the following.
•	 Public employment as a percentage of the total labour force, at 13 % in 2005, was in 

keeping with the figures observed in other developed countries.

•	 Spain was the developed country where public employment grew most in relative 
terms, from 11 to 13 % of total employment between 1995 and 2005, whereas in 
other countries such as Austria, Canada, Germany, Ireland, Netherlands and Sweden, 
the percentage actually declined. This pattern has continued since 2005, with a rise 
from 2 868 000 public employees in that year to 3 168 000 in 2010, up by 300 000 or 
an additional 3 % of the total labour force.

VARIATION IN PUBLIC COMPARED TO OTHER TYPES OF EMPLOYMENT IN SPAIN  

Source: Labour Force Survey (EPA)

Another approach to analysing public employment consists of comparing it to total 
employment patterns. The above graph shows the variations in both, from 1976 to 
2010. Total employment grew from 12.8 million in 1976 to 20.5 million in 2007, and 
subsequently slid by 3.1 million to 17.4 million by the first half of 2012. The total net 
growth in the labour force in that period consequently amounted to 4.6 million or 36 % of 
the 1976 figure. Public employment, in turn, rose from 1.4 million in 1976 to 3.2 million 
in 2010, with a dip to 3.1 million in the first half of 2012. The 1.7 million increase from 
1976 to 2012 comes to 121 % of the initial public employment figure.  
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EMPLOYMENT IN GENERAL GOVERNMENT AS A PERCENTAGE OF THE LABOUR FORCE (1995 AND 2005) 

Source: Government at a Glance 2009, OECD

Three distinct periods can be identified in the variations in public and total employment 
since 1976. In the first, running from 1976 to 1995, the latter fluctuated between 11.2 
and 12.5 million, clearly reflecting the deep economic crisis between 1976 and 1985 and 
the subsequent and less intense crisis from 1991 to 1994, with employment contracting 
significantly during both recessions. While total employment during the period as a 
whole did not grow, standing at 12.8 million in 1976 and 1995, public employment rose 
from 1.4 to 2.5 million, i.e., by upward of 75 %. 

The second period, for the present purposes, stretched from 1995, the end of the 
nineteen nineties crisis, to late 2007, a period of extraordinary economic expansion in 
Spain, with employment climbing to 20.5 million in the fourth quarter of 2007. In all, 
7.7 million jobs were created in that period (60 % of the 1995 labour force). Public 
employment continued to increase at a pace similar  to the rate recorded in the preceding 
period, from 2.25 to 2.9 million, or 30 % growth.

Nonetheless, the onset of the economic crisis of 2008 was what marked the most 
conspicuous asymmetry between the variation in private employment (see graph on the 
next page), which began a steep downward slide beginning in the fourth quarter of 2008, 
and public employment, which only started to dip in 2011 (loss of 32 000 jobs in 2011 
and another 32 000 in the first quarter of 2012). Overall, the crisis has induced a net 
loss of 3.1 million jobs, from 20.5 million in December 2007 to 17.4 million in the 
first quarter of 2012, while 200 000 jobs were created in the public sector. Hence 3.3 
million disappeared from the private sector. Two further reflections are in order in this 
regard. 1) The Government’s suspension of practically all competitive examinations for 
public officials, with very few exceptions, will have an effect on public employment as the 
present workforce reaches retirement age. 2) The studies conducted by the most highly 
reputed research services (FUNCAS, BBVA, a Spanish bank, IMF and the Government 
itself ) predict a loss of a further 700 000 jobs in 2012 and 1 200 000 in 2013, which 
would drive total employment down to below 17 million by late 2013.
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Source: National Statistics Institute (INE) - (in El País, a Spanish daily newspaper, 29 April 2012)

The conclusions to be drawn from the foregoing are as follows.

•	 The National Statistics Institute’s (INE) Labour Force Survey (EPA) is the most 
reliable source of information for tracking variations in public employment, for 
its data reflect the real situation more accurately than the figures in the Central 
Personnel Roster (RCP) of government employees.

•	 The weight of public employment in the total labour force has grown much faster 
in Spain since 1995 than in any other OECD country, in several of which, such as 
Germany, Canada and Sweden, the percentage has ebbed substantially.

•	 From the onset of the crisis in late 2007 through 2010, public employment 
continued to rise, despite the intensity of job destruction weighing on the Spanish 
economy. While 3.3 million jobs were lost in the private sector between year-end 
2007 and the first quarter of 2012, the public payroll, contrary to all logic, grew 
by around 200 000 employees (the sum of the two gives a net loss of 3.1 million 
jobs).
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•	 Substantial consolidation of the public sector must be undertaken with all due 
haste to adapt to the times, with the establishment of ambitious short-term 
quantitative targets. One might be to lighten the weight of public employment in 
the total labour force by 2020 to 2 or 3 % less than it was in 1995, following the 
example set by Germany between 1995 and 2005. That in turn would call for a 
thorough overhaul of State organisation.

2.3.  LOW LEVELS OF TECHNOLOGICAL INNOVATION

Ours is indisputably a world of accelerating change. Nations which up to very recently 
had developing country economic structures are gradually acquiring sufficient technology 
and capacity to attract certain industries and business activities that just twenty years 
ago would never have located outside the developed world. This is happening in China, 
the planet’s new factory, and India. Their labour costs are substantially lower than in 
developed countries, technology and capital are increasingly mobile and their populations 
are steadily acquiring the higher skills needed to engage in increasingly complex processes.

For many years, Spain benefited from fairly well qualified labour at a cost that was 
significantly lower than in other European countries such as France or Germany. It also 
had a legal and institutional framework that guaranteed legal certainty. That combination 
enabled the country to attract considerable foreign direct investment in huge factories 
whose goods were exported to the rest of the world. The prime example may be the 
automobile industry. Its international majors established large production centres in 
Spain, which became one of the world’s largest producers, with an output higher even 
than countries such as Italy, home to several national manufacturers with their own 
technology and a long tradition in the industry.

The circumstances that favoured such speedy economic development in Spain have 
varied considerably, however. On the one hand, a higher standard of living and more 
demanding workers’ rights have driven unit labour costs upward to levels significantly 
higher than found in a series of emerging countries, where large corporations are logically 
establishing their production centres. On the other, the rise in the standard of living in those 
countries is beginning to create sizeable domestic markets with huge growth potential.

All of the foregoing is prompting the gradual relocation of large industrial plants 
to certain emerging countries, particularly those with skilled labour, a potentially large 
market and stable legal and institutional structures. Since this process is irreversible (and 
one which provided Spain with the wherewithal for its speedy development beginning 
in the nineteen sixties), the only strategy left to developed countries is to prioritise 
innovation and technology.

The most accurate data on and diagnosis of the present status and prospects for 
innovation in Spain are found in the report published yearly by Fundación COTEC 
(foundation for technological innovation).
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It compiles vast amounts of data on Spain and other developed countries, and their 
variation over time. The conclusions to be drawn from the latest edition available at this 
writing, which refers to 2011, are as follows.

•	 R&D spending followed an upward trend in Spain from 2000 to 2009, rising from 
0.91 to 1.38 % of GDP. Indeed, by the latter year it was higher than in countries 
such as Italy (1.23 % in 2008), where R&D investment had been higher in 2000. 
That notwithstanding, Spain still lagged far behind the EU-27 average (1.84 % in 
2008), the mean for the OECD countries (2.34 % in 2008), France (2.11 % in 2008), 
Germany (2.68 % in 2008), the United States (2.70 % in 2008) and Japan (3.44 % 
in 2008). This is a clear indication of the long uphill road that lies ahead and of the 
high correlation between a developed country’s economic growth and the scale of its 
investment in innovation.

R&D INTENSITY IN INDUSTRIALISED COUNTRIES. 
TOTAL R&D SPENDING IN PERCENTAGE OF GDPmp IN 2000, 2006, 2007 AND 2008

Source: 2011 COTEC report

•	 R&D spending varies widely from one Spanish region to another. The most innovative 
are Navarre, Basque Country and Madrid, all of which invest over 2 % of their GDP 
in innovation, and Catalonia, which invests 1.7 %. On the other end of the scale, 
with the smallest investment levels, are the Balearic Isles, the Canary Islands, Castille-
La Mancha, Extremadura, Murcia, Galicia and Asturias, where spending is under  
1 % of GDP. The graphs on the next page illustrate the correlation between GDP per 
capita and investment in R&D in Spain’s autonomous regions. 
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R&D INTENSITY AND GDP PER CAPITA IN SPANISH REGIONS, 2009

Source: 2011 COTEC report

•	 The two major elements of research organisational structure in a country are discussed 
below.

a. The percentage of researchers in the total R&D headcount: in Spain, at 60.7 % in 
2008, the percentage is similar to the French and German figures, but clearly lower 
than in Poland or the United Kingdom. Moreover, the trend has been downward 
since 2000, when the percentage peaked at 63.6 %.

b. The distribution of R&D investment among companies, government and higher 
education: in Spain, the private sector accounts for 7 % of research spending, 15 % 
less than in countries such as Germany, France and United Kingdom, although more 
than in Italy and Poland.

•	 Although efficiency in research spending is difficult to measure, two approaches, each 
with its limitations, can be used.

a. Number of scientific papers published in certain journals: according to data 
published by the Scimago Journal&Country Rank, based on SCOPUS information 
(2011 COTEC report), Spanish scientists published 27 364 articles in 1999, or 
2.4 % of the worldwide total, and 53 894 in 2008, accounting for 2.7 % of global 
output. In terms of the percentage of the world total of papers published in 2008, 
Spain was still far behind countries such as France (4.2 %), United Kingdom (6.2 %) 
or Germany (5.4 %), although its has improved its position in recent years. 

R&D SPENDING BY AUTONOMOUS REGION  
IN PER CENT OF REGIONAL GDP

(In parentheses, data for 2008.) Baseline GDP, 2000

Source: 2011 COTEC report
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SCIENTIFIC PAPERS PUBLISHED IN SPECIALISED JOURNALS

Number of articles Share f world 
output

Percentage 
increase

Articles per million 
inhabitants

Percentage 
increase

1999 2008 1999 2008 1999-2008 1999 2008 1999-2008
Argentina 4 868 8 232 0.4 0.4 69.1 133.2 206.4 54.9
Australia 24 017 47 935 2.1 2.4 99.6 1 269.0 2 236.6 76.3
Austria 8 220 14 453 0.7 0.7 75.8 1 027.2 1 733.6 68.8
Belgium 12 126 20 681 1.0 1.0 70.6 1 185.8 1 931.3 62.9
Brazil 12 286 35 218 1.1 1.8 186.7 71.6 183.5 156.3
Canada 38 698 69 567 3.3 3.5 79.8 1 268.8 2 088.4 64.6
Chile 2 013 5 291 0.2 0.3 162.8 132.2 314.9 138.2
China 38 254 236 701 3.3 12.0 518.8 30.5 178.7 485.2
Czech Republic 5 567 11 182 0.5 0.6 100.9 541.4 1 072.7 98.1
Croatia 1 741 3 711 0.2 0.2 113.2 382.3 836.9 118.9
Denmark 8 742 13 008 0.8 0.7 48.8 1 643.5 2 367.8 44.1
Egypt 2 660 5 894 0.2 0.3 121.6 38.6 72.3 87.2
Finland 8 111 12 863 0.7 0.7 58.6 1 570.2 2 420.9 54.2
France 58 180 82 196 5.0 4.2 41.3 992.5 1 319.8 33.0
Germany 79 137 107 282 6.8 5.4 35.6 964.1 1 306.6 35.5
Greece 5 515 14 579 0.5 0.7 164.4 506.8 1 297.4 156.0
Hong Kong 5 564 11 898 0.5 0.6 113.8 842.2 1 705.1 102.5
Hungary 4 799 7 303 0.4 0.4 52.2 468.8 727.5 55.2
India 22 767 52 019 2.0 2.6 128.5 22.8 45.6 100.2
Iran 1 346 17 856 0.1 0.9 1 226.6 21.4 248.2 1 059.5
Ireland 2 979 8 032 0.3 0.4 169.6 793.3 1 814.9 128.8
Israel 10 338 14 658 0.9 0.7 41.8 1 687.8 2005.5 18.8
Italy 38 342 66 311 3.3 3.4 72.9 673.6 1 108.3 64.5
Japan 89 828 105 399 7.7 5.3 17.3 709.3 825.3 16.4
Korea 14 915 46 137 1.3 2.3 209.3 657.9 1 937.0 194.4
Malaysia 1 189 6 603 0.1 0.3 455.3 52.3 244.4 367.8
Mexico 5 838 11 981 0.5 0.6 105.2 60.4 112.7 86.4
Netherlands 21 962 36 390 1.9 1.8 65.7 1 389.6 2 212.8 59.2
Norway 5 754 10 923 0.5 0.6 89.8 1 290.1 2 290.8 77.6
New Zealand 5 261 9 179 0.5 0.5 74.5 1 371.8 2 150.2 56.7
Pakistan 1 153 4 556 0.1 0.2 295.1 8.6 27.4 220.6
Poland 12 377 22 681 1.1 1.1 83.3 320.2 594.9 85.8
Portugal 3 673 11 072 0.3 0.6 201.4 361.0 1 042.3 188.7
Romania 2 311 7 120 0.2 0.4 208.1 102.9 331.0 221.6
Russia 29 958 32 910 2.6 1.7 9.9 204.8 231.8 13.2
Serbia 10 3 435 0.0 0.2 34 250.0 1.3 467.3 35 138.8
Singapore 4 429 11 252 0.4 0.6 154.1 1 118.8 2 325.1 107.8
Slovakia 2 360 3 891 0.2 0.2 64.9 437.4 719.7 64.5
Slovenia 1 702 3 735 0.1 0.2 119.4 857.2 1 847.8 115.6
South Africa 4 525 8 655 0.4 0.4 91.3 105.4 177.4 68.3
Spain 27 364 53 894 2.4 2.7 97.0 685.4 1 183.0 72.6
Sweden 17 592 23 455 1.5 1.2 33.3 1 986.1 2 544.0 28.1
Switzerland 16 746 26 043 1.4 1.3 58.1 2 307.6 3 405.3 47.6
Thailand 1 705 7 399 0.1 0.4 334.0 27.6 109.8 298.1
Taiwan 11 986 32 302 1.0 1.6 169.5 537.5 1 409.3 162.2
Tunisia 700 3 549 0.1 0.2 407.0 74.0 343.6 364.2
Turkey 7 557 23 888 0.7 1.2 216.1 115.5 323.2 179.9
Ukraine 5 452 6 490 0.5 0.3 19.0 109.8 140.3 27.8
United Kingdom 84 902 122 546 7.3 6.2 44.3 1 446.8 1 995.6 37.9
United States 312 666 386 039 26.9 19.5 23.5 1 120.5 1 268.3 13.2
World 1 160 249 1 975 018 100.0 100.0 70.2 193.1 294.9 52.7

Source: 2011 COTEC report Source: 2011 COTEC report

Distribution of domestic R&D spending by sector (in 
percentage of total) in Spain and five other countries

Percentage of researchers (in FTE) of total R&D  
employees (in FTE) in Spain and five other countries in 
2000, 2006, 2007, and 2008



THE CITIES OF THE TWENTY-FIRST CENTURY

80

b.  Number of patents awarded: although Spain‘s figure for this indicator rose from  
2 190 patents in 2000 to 2 507 in 2009, its relative weight declined in Europe 
from 16 to 13 % of the total.

Briefly, although the country’s situation in this regard has improved steadily in recent 
years, much has yet to be done. Awareness of the importance of innovation must be 
heightened in all segments of society, and inasmuch as the direct application of innovation 
to economic activity depends on the role it plays in private enterprise, that role must be 
enhanced with all due speed.

2.4.  DOUBTS ABOUT FUTURE GROWTH POTENTIAL

A number of bodies and research services periodically publish forecasts on the Spanish 
economy, normally for the current and the following years. Cuadernos de Información 
Económica, a journal published by the Fundación de las Cajas de Ahorro (savings banks 
foundation; Spanish acronym, FUNCAS), reproduces the latest forecasts (regardless of 
when they are updated) of what it deems to be the most solvent research services, namely:

•	 Analistas Financieros Internacionales (AFI)
•	 Banco Bilbao Vizcaya Argentaria (BBVA)
•	 Bankia
•	 Catalunya Caixa
•	 Cemex
•	 Centro de Estudios de Economía de Madrid (CEEM-URJC)
•	 Centro de Predicción Económica (CEPREDE-UAM)
•	 CEOE
•	 Fundación Cajas de Ahorros (FUNCAS)
•	 Instituto Complutense de Análisis Económico (ICAE-UCM)
•	 Instituto de Estudios Económicos (IFL-UC3M)
•	 Intermoney
•	 La Caixa
•	 Repsol
•	 Banco Santander
•	 Solchaga Recio & Asociados

The two most solvent are in all likelihood FUNCAS and BBVA. The former benefits 
from enormous independence, as it is under the aegis of the erstwhile savings banks, now 
banks. Its editor-in-chief is Ángel Laborda, formerly and for many years the Director 
of Economic Programming with the Spanish Ministry of the Economy and Finance. 
FUNCAS is indisputably the closest thing in Spain to Germany’s Council of Economic 
Experts (or “five wise men”, Sachverständigenrat zur Begutachtung der gesamtwirtschaftlichen 
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Entwicklung, independent experts who advise the German Government). The other, 
the BBVA’s (a major Spanish bank) research service, has acquired long experience and 
acknowledged technical solvency. Its team of reputed economists release a constant stream 
of papers analysing the Spanish, Latin American and world economy.

In addition to the above, other national and international bodies and institutions 
formulate and periodically update forecasts on the Spanish economy. The most prominent 
include:
•	 national: the Spanish Government (via the Ministry of Economy and Competitiveness) 

and the Bank of Spain
•	 international: the European Commission, the OECD, the International Monetary 

Fund and The Economist (English language economics weekly).
The eight preceding bodies’ or research services’ forecasts for the Spanish economy are 
shown in the table below. 

Date of
forecast

Economic growth
(% c/a)

Variation in employment
(% c/a)

Budget deficit
(% GDP)

Balance of payments
(% GDP)

2012 2013 2012 2013 2012 2013 2012 2013

FUNCAS September 2012 -1.7 -1.5 -4.0 -2.7 -6.2 -3.0 -1.9 +1.0

BBVA August  2012 -1.4 -1.4 -4.5 -3.8 -6.3 -5.0 -1.2 +0.7

Bank of Spain January 2012 -1.5 +0.2 -3.0 -0.7 -4.4 -3.0 -1.4 0.0

Spanish Government September 2012 -1.5 -0.5 -3.7 -0.2 -6.3 -4.5 -1.4 +0.6

European Commission May 2012 -1.8 -0.3 -3.7 -1.5 -6.4 -6.3 -2.0 -1.0

OCDE May 2012 -1.6 -0.8 -- -- -5.4 -3.3 -0.9 +0.1

FMI October 2012 -1.5 -1.3 -3.7 -0.2 -7.0 -5.7 -2.0 -0.1

The Economist October 2012 -1.7 -1.4 -- -- -6.8 -- -2.4 -1.0

Source: Author’s formulation from data published by the bodies listed

The table shows that the prospects for employment and the deficit in 2013 are clearly 
adverse, leaving no hope, in the case of the latter, of a slowdown in the pace of public 
debt growth. The sole favourable element in several of these projections is the likelihood 
of a current account surplus in 2013. That would constitute excellent news for the highly 
indebted Spanish economy, for the improvement it would mean in its net financial position.

The economic forecasts for 2012 and 2013 are less important, however, than longer 
term forecasts, which are published by only two institutions:
•	 the Spanish Government in “Update to the Stability Programme 2012-2015”, sent to 

Brussels in late April 2012;
•	 the International Monetary Fund, in its World Economic Outlook, Global Financial 

Stability Report and Fiscal Monitor, all dated October 2012.
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The Government’s much more optimistic perspective, set out in its Stability 
Programme 2012-2015, became obsolete only a few months after it was released. On 
the one hand, the budget deficit arrangement with Brussels shown in the programme  
(5.3 % in 2012, 3.0 % in 2013, 2.2 % in 2014 and 1.1 % in 2015) was renegotiated 
to the following more lenient figures in October 2012: 6.3 % in 2012, 4.5 % in 2013, 
2.8 % in 2014 and 1.9 % in 2015, although analysts of prestige and the IMF itself find 
compliance even with the latter figures unlikely.

And on the other, the economic growth forecasts in the Stability Programme  
(-1.7 % in 2012 and +0.2 % in 2013) have been revised downward in the macroeconomic 
scenario used as a basis for the 2013 budget, presented on 27 September 2012 (-1.5 % for 
2012 and -0.5 % in 2013).

STABILITY PROGRAMME: SUMMARY OF KEY DATA
% of GDP, unless otherwise specified

2011 2012 2013 2014 2015

1. GDP growth (% variation) 0.7 -1.7 0.2 1.4 1.8

2. General Government surplus (+) or deficit (-) -8.5 -5.3 -3.0 -2.2 -1.1

3. Primary budget balance -6.1 -2.2 0.2 1.0 2.0

4. Gross indebtedness 68.5 79.8 82.3 81.5 80.8

5. Net lending (+) or borrowing (-) vis-à-vis the rest of the 
world -3.4 -0.9 0.8 1.4 1.8

Source: National Statistics Institute and Ministry of the Economy and Competitiveness

BALANCE BY SECTORS

% del GDP ESA 
category

2011 
(A)

2012 
(F)

2013 
(F)

2014 
(F)

2015 
(F)

1. Net lending (+) or borrowing (-) vis-à-vis the 
rest of the world B.9 -3.4 -0.9 0.8 1.4 1.8

- Balance of trade -0.6 2.1 4.0 5.0 5.9

- Balance of primary revenues and current 
transactions -3.3 -3.5 -3.7 -4.0 -4.5

- Operations excluding capital 0.5 0.5 0.5 0.5 0.5

2. Private sector lending (+) or borrowing (-) B.9 5.1 4.4 3.8 3.6 2.9

3. Public sector lending (+) or borrowing (-) EDP B.9 -8.5 -5.3 -3.0 -2.2 -1.1

4. Statistical discrepancy - - - - -

(A) Advance; (F) Forecast

Source: National Statistics Institute and Ministry of the Economy and Competitiveness
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BUSINESS CYCLE PARAMETERS (1)

% of GDP, unless otherwise specified

2011 2012 2013 2014 2015

1. GDP growth (% variation) 0.7 -1.7 0.2 1.4 1.8

2. General Government surplus (+) or deficit (-) -8.5 -5.3 -3.0 -2.2 -1.1

3. Interest 2.4 3.1 3.3 3.2 3.1

4. Temporary measures 0.0 1.0 0.8 0.0 0.0

5. GDP growth potential (% variation) from: 0.4 -0.3 -0.4 -0.3 -0.2

- Labour -0.4 -0.9 -1.1 -1.0 -1.1

- Capital 0.5 0.3 0.2 0.3 0.3

- Total factor productivity 0.3 0.4 0.4 0.5 0.5

6. Output gap -4.2 -5.6 -5.0 -3.4 -1.5

7. Cyclical balance -1.8 -2.4 -2.1 -1.5 -0.6

8. Structural balance (2-7) -6.7 -2.9 -0.9 -0.7 -0.5

9. Primary structural balance (8+3) -4.3 0.2 2.4 2.5 2.7

(1) Using potential GDP (production function); potential TFP estimated with Hodrick-Prescott filter

Source: Ministry of the Economy and Competitiveness

In addition, as shown in the table listing the forecasts made by the most highly reputed 
research services, even the Government’s latest projections for 2013 may be overly 
optimistic, inasmuch as other recently updated predictions estimate 1.3 to 1.5 per-cent 
declines for that year. That assumption would translate into either further spending 
constraints and higher revenues from tax hikes, or a deviation from deficit forecasts. The 
latter would be highly detrimental, for it would generate ongoing doubts in the financial 
markets about Spain’s ability to honour its commitments. 

The other source that publishes medium-term forecasts (semi-annually) is the 
International Monetary Fund, whose 5-year projections cover a series of parameters on the 
world’s major economies (Spain among them). According to the latest edition available 
in October 2012, it will take the Spanish economy 10 years to bring its GDP back up to 
around the pre-crisis level. More specifically, the peak GDP prior to recent years’ declines, 
recorded in 2008, will not be equalled until 2018. This the second longest recovery period 
for the EU countries, after the 11 years projected for Portugal, Italy and Greece.

•	 The growth forecast for post-crisis Spain, in 2017, is 1.7 %. The forecast for the fourth 
quarter of 2013 is 0.2 % year-on-year growth (i.e., compared to the fourth quarter of 
2012). 
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GDP FORECAST THROUGH 2017 ACCORDING TO THE IMF (OCTOBER 2012)

Source: Formulated by El País (a Spanish daily newspaper) from IMF WEO data for October 2012

•	 The current account balance in 2017 will climb to +2.2 %, a prediction which, if fulfilled, 
would make it possible to reduce the country’s high level of foreign  indebtedness  
(92 % of GDP in 2012). Be it said in this regard that Spain has not had a positive 
current account balance for many years: the nadir, at -10 %, was recorded in 2007.

•	 The country will be unable to meet the budget deficit targets covenanted with Brussels. 
The budget deficit forecast will continue downward from 7 % in 2012 and stand at  
2.8 % in 2017, despite the 0.1-per cent primary surplus (excluding interest on 
sovereign debt) attained beginning in 2015, which would rise to +1.7 % in 2017. As a 
result of the foregoing, the national debt would peak in 2016 at 101.4 % of GDP and 
shrink gradually thereafter (101.2 % in 2017). In 2017, the interest on the debt would 
amount to 4.5 % of GDP.

IMF OCTOBER 2012 FORECASTS FOR SPAIN (% OF GDP)

2012 2013 2014 2015 2016 2017

Total budget deficit -7.0 -5.7 -4.6 -3.9 -3.2 -2.8

Primary budget deficit -4.5 -2.2 -0.8 +0.1 +1.1 +1.7

Interest on national debt 2.5 3.5 3.8 4.0 4.3 4.5

Gross national debt 90.7 96.9 100.0 101.1 101.4 101.2

Source: IMF, October 2012 

Moreover, economic growth, job creation and the increase in labour productivity are 
closely related, for the first is equal to the sum of the second and third, as per the following 
equation:
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∆ ∆ ∆GDP

GDP
= +

E

E

p

p

GDP: gross domestic product, E:  employment, p: productivity

The proof for the equality is quite simple:

GDP = E · GDP/E = E · p
GDP + ∆GDP = (E +∆E) · (p + ∆p) = E · p + E · ∆p + ∆E · p + ∆E · ∆p

Since GDP = E · p and ∆E · p is one order of magnitude lower than the terms E · ∆p 
and ∆E · p:

∆GDP = E · ∆p + ∆E · p
Dividing by GDP (=E · p) yields:

∆GDP/GDP=  ∆E/E+  ∆p/p
i.e., the initial equality.

Given that productivity must rise by at least 1 % yearly to ensure the Spanish economy’s 
competitiveness, GDP must grow from 2 to 2.5 % yearly to attain a 1- to 1.5-per cent 
annual increase in employment.

According to the June 2012 Labour Force Survey (Spanish initials, EPA), of a total 
labour force of 23.1 million, 17.4 million were employed and 5.7 million unemployed. Job 
creation at a rate of 1 to 1.5 % per annum would yield 175 000 to 250 000 net jobs, part 
of which, perhaps 50 to 100 000, would come from a rise in the labour force as a result of 
re-enrolment by people who had formerly desisted from seeking employment, or from the 
net immigration needed in an ageing country such as Spain. The foregoing infers that a 
(fairly high) 2 to 2.5-per cent yearly rise in GDP would lower the country’s unemployment 
figure, forecast to reach six million in 2013, by 100 to 200 000 per year. 

Hence the difficulty of reducing unemployment to under 20 %, or around 4 600 000, 
which may take over 10 years after reaching sustained economic growth. Unemployment 
did in fact slip gradually between 1993 (24.5 %) and 2007 (around 8 %), although two 
factors may distinguish that from any future period: a more liberalised labour market, 
which would mean job creation starting at lower growth thresholds, and slower economic 
expansion, for the former levels of upward of 3 % yearly are unlikely. 

2.5.  CONSOLIDATION OF THE FINANCIAL SYSTEM

In a developed economy such as Spain’s, with total indebtedness levels (private, public 
and financial sectors) on the order of 375 % of GDP (see item 2.1 in this chapter), a 
financial system able to efficiently, nimbly and cheaply transfer savings to investors is 
absolutely essential.
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A structural and long-lasting solution to the severe financial crisis that has prevailed 
in recent years is requisite to surmounting its economic sequel. Crucially, although long 
overdue, the fundaments for the financial system that should underpin the economy in 
the years to come, beginning with recovery of the system itself, seem finally to have been 
defined.

The Spanish financial system had already undergone a crisis of considerable depth 
in the late nineteen seventies and early eighties. In a research paper published in 2008 
and entitled “Systemic banking crises: a new database. IMF working paper”, economists 
Luc Laeven and Fabián Valencia concluded that in those years a total of 24 financial 
institutions were bailed out, four were liquidated, four merged and 20 small institutions 
nationalised. Among them, these 52 organisations of the total 110 in operation at the 
beginning of the crisis, accounted for approximately 20 % of the Spanish financial system. 
While that crisis was as severe and deep as today’s, in the following 25 years the Spanish 
financial industry underwent robust, dynamic growth, and should do so again, further to 
the premises put forward in this item.

Perhaps the most satisfactory and accurate analysis forthcoming to date on the causes 
of the present deep financial crisis was authored by Joaquín Maudos, full professor of 
Financial Analysis at the University of Valencia and Valencian Institute of Economic 
Research (Spanish initials, Ivie) fellow in a book entitled El sector bancario español en el 
contexto internacional: el impacto de la crisis published in 2011 by the Fundación de las 
Cajas de Ahorros (Spanish initials, FUNCAS). This text correctly contends that the root 
of the problems facing the Spanish banking system lies in the imbalances accumulated 
in the preceding stage of economic expansion. More specifically, they are to be found 
in a combination of: 1) industry access to high international market liquidity in a 
context of low interest rates; 2) steeply rising indebtedness; 3) bank lending growth rates 
much higher than the rise in GDP; 4) high exposure to construction- and real property 
development-related risk; and 5) speedy branch and headcount expansion.

1. High liquidity and expansive monetary policies
High liquidity in international markets in the early years of the century, in conjunction 
with expansive monetary policies, gave rise to a period characterised by nominal interest 
rates that were so low in some countries that real interest rates (discounting inflation) 
were negative. In Spain, specifically, the adoption of  the euro led to a steep decline in 
interest rates which, together with routinely higher inflation than in the Eurozone, led 
to negative real interest rates from 2002 to 2006. While real interest rates also dipped to 
very low levels in the Economic and Monetary Union in that period, they never turned 
negative. Real interest rates have been negative in both Spain and the Eurozone since 2010, 
although that is attributable to the economic crisis and the European Central Bank’s policy 
of deliberately holding interest rates low to fuel the economy. 
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VARIATION IN REAL INTEREST RATES

Source: Bank of Spain/J. Maudos

2. Steep rise in indebtedness
Item 2.1 of this chapter contains a detailed discussion of the adverse effect of excessive 
indebtedness on economic activity. Here the question is analysed in terms of the financial 
system. While private sector indebtedness peaked in 2009 at 226 % of GDP and has been 
falling ever since (212 % in late 2011), the opposite pattern can be observed in the public 
sector, where debt has been rising rapidly. The 36 % recorded in 2007 rose to 75.9 % in 
2012 and in the October 2012 edition of its World Economic Outlook, the IMF estimated 
it would reach 100 % in 2014 (although this figure includes €100 bn for cleaning up the 
financial sector, when in all likelihood less will be requested, perhaps on the order of €30 
to 40 bn). 

According to the above facts and figures, total non-financial sector (private sector 
plus government) indebtedness peaked in 2011, when it reached 293.3 % of GDP. The 
gradual deleveraging that began thereafter should last for 4 to 5 years in the private sector 
(bottoming out at 160/170 % of GDP) and probably more time, perhaps 10 years or 
more, in the public sector, where the constitutional act  on budgetary stability will bind 
all levels of government to zero deficits and to confining their combined debt to no more 
than 60 % of GDP. 
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NON-FINANCIAL PRIVATE SECTOR DEBT, FOREIGN AND TOTAL DEBT

Source: Bank of Spain/J. Maudos

3. Rapid credit growth

From 2000 to 2007, resident private sector lending grew much more rapidly than the 
nominal GDP, with a maximum spread of 20 % in 2005.

YEARLY GROWTH DIFFERENTIAL: NON-FINANCIAL PRIVATE SECTOR, BORROWING AND GDP

Source: Bank of Spain/J. Maudos

The rise in loans to the resident private sector by the Spanish financial system was the 
second highest in the Eurozone, after Ireland (which had to be bailed out and whose 
financial industry, like Spain’s, was intervened). Whereas the mean yearly growth rate in 
the Eurozone was 7.4 %, in Spain private sector lending rose by 17.8 % yearly (in Italy 
the figure was 7.8 %, in France, 7.9 % and in Germany, 1.1 %). 



89

ECONOMY AND SOCIETY IN THIS DECADE: KEY FACTORS

NON-FINANCIAL SECTOR BORROWING, YEARLY GROWTH IN 2000-2007

Source: Bank of Spain/J. Maudos

4. Business geared to the property industry

Together, the loans granted for construction, real property activities and home purchases 
amounted in September 2011 to 60.8 % of the total lending to the private sector (up 
by 20.5 % since 1995), or 1.06 trillion euros, i.e., around 100 % of GDP. In the savings 
banks, the real property and construction industry accounted for over 70 % of total loans.

RESIDENT NON-FINANCIAL PRIVATE SECTOR BORROWING 
FROM 1995 TO SEPTEMBER 2011

Source: Bank of Spain/J. Maudos 
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5. Inordinate increase in capacity
In savings banks and credit cooperatives, although not in banks, the steep rise in bank 
lending went hand-in-hand with the establishment of a large number of branches and a 
concomitant rise in headcount.

VARIATION IN BRANCH NETWORK AND EMPLOYMENT IN 
EUROPEAN BANKING, 2000-SEPTEMBER 2011

Source: Bank of Spain/J. Maudos

The number of branches grew from 39 000 in 2000 to a peak of 46 065 (up 17 % 
on 2000) in September 2008. The sharp downturn begun at that time is ongoing. By 
September 2011, the number of branches had slid by 5 408 to 40 657, down 12 % from 
the 2008 peak. Headcount, in turn, shrank by 13 277 (4.9 %) between December 2008 
and December 2010, to a total of 257 578 employees. In the merged savings banks, the 
headcount has been cut back by 16.9 %.
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Despite these efforts, however, the financial system is still weighed down by excess 
capacity. Santiago Fernández de Lis and Jorge Sicilia of BBVA Research (“El futuro del 
negocio bancario a la de las reformas”, Cuadernos de Información Económica, FUNCAS, 
March/April 2012) deem that banking networks should lower their cost-to-revenue ratio 
to around 40 %. That would entail reducing the number of branches in Spain to 32 000, 
closing a further 8 000 or around 20 % of the number in place in September 2011, and 
lowering the headcount by 35 000, i.e., about 15 % of the present total. 

From the beginning of the financial and economic crisis, the successive administrations 
have been fully aware of the need to normalise the operation of the financial system, 
which has been heavily impacted by the aforementioned factors. These measures were 
implemented with particular intensity and speed in 2011 and 2012.

On 18 February 2011 the Government enacted Royal Decree 2/2011, raising financial 
institutions’ capital requirements. More specifically, a new solvency ratio was introduced, 
to be met by holding a core capital of at least 8 % of risk-weighted assets, or 10 % in 
institutions where the relative weight of wholesale market financing exceeds 20 % of the 
total and at least 20 % of the share capital is in third-party hands. At the same time, the 
modus operandi of the Fund for Orderly Bank Restructuring (Spanish initials, FROB) was 
reformed, allowing it to provide institutions with capital when they are unable to obtain 
it in money markets.

Also in 2011, the European Banking Authority (EBA) proceeded to a second stress 
test (the first had been conducted in late spring 2010), whose findings were published 
in July 2011. The results showed that Spanish institutions required no additional capital 
increases. Despite the more demanding criteria in place in 2011 than in 2010, coverage 
in Spain, at 93 % of total assets, was much higher than the 50 % required by the EBA.

The systematic worsening of the sovereign debt crisis in the summer of 2011, however, 
induced EU authorities to adopt a recapitalisation plan for banking majors, applicable to 
Spain’s five largest institutions. A temporary capital cushion was established depending 
on the estimated losses, at market prices, attributable to the sovereign debt portfolio, 
as well as a likewise temporary rise in tier 1 capital (shareholders’ equity plus reserves, 
although including other capital instruments drawn from public subsidies) to 9 %. The 
additional capital needs for Spain’s five systemic banks were estimated to amount to 26.17 
billion euros, to be met (and which were met) by June 2012.

That notwithstanding, Spanish financial institutions continued to face considerable 
obstacles to access wholesale markets, which were essentially closed to them for long 
periods of time. The reason for international investors’ mistrust was the banks’ high 
exposure to real property development-related assets and the doubts about how those 
assets had been appraised. With a view to dispelling those doubts, in February and 
May 2012, the Government enacted Royal Decree Acts (Spanish initials, RDL) 2/ and 
18/2012, respectively, providing for speedy and transparent write-offs of possible capital 
losses associated with real property assets. 
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COVERAGE OF DEVELOPER LENDING-RELATED REAL PROPERTY ASSETS
AFTER APPLICATION OF ROYAL DECREE ACTS 2/2012 AND 18/2012

Source: Ministry of the Economy and Competitiveness

The new clean-up measures call for an increase in specific and general provisions and, 
for land- and ongoing development-related non-performing assets, the establishment of 
a capital cushion to cover potential associated losses. After application of the two royal 
decree acts, the real property development loan portfolio would be 45 % covered. For 
non-performing assets, the percentage would be 54 % (80 % for land, 65 % for ongoing 
development and 25 % for finished housing and developments), and for all performing 
assets, 30 %. 

Together, the two acts required the financial system to provision a further €82 bn, 
€54 bn of which under RDL 2/2012, enacted in February, and €28 bn under RDL 
18/2012, dated in May. In the interim since the aforementioned clean-up measures were 
implemented, €137 bn (45 %) of the financial industry’s total €307 bn in real property 
assets (€184 bn of which, including all the assets awarded and shown on the balance 
sheet, are non-performing and €123 bn performing) have been provisioned (see above 
figure).

Likewise after the application of these two royal decree acts, the financial system’s 
total write-offs rose from €112 bn in January 2008 to €194 bn in December 2011, up  
€82 bn. The huge write-offs required of Spanish financial institutions since 2008 have 
led to intense consolidation of the country’s banking industry, whose numbers (excluding 
small private banks, cooperatives and other small institutions) dove from 50 institutions in 
2009 to only 14 in October 2012. That process may not yet be over, however, particularly 
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after the creation of the “bad bank” and the obligation on the part of certain institutions 
to transfer to it real property assets at prices that will call for additional provisions (Group 
1 and 2 banks defined in the Memorandum of Understanding, as explained below). 

Despite all the measures taken to regain financial market confidence (which is always 
of enormous importance, but much more so in Spain, given its high non-financial sector 
indebtedness and likewise high budget deficit, which generate a continuous flow of 
maturing debt that needs to be renewed), the industry has had to resort to the Eurogroup 
to obtain the financing needed. It is safe to say that the events that took place in the 
summer of 2012 will indisputably define a before and after for solving the financial crisis. 

On 9 June 2012, the Eurogroup released a statement confirming the establishment 
of contingent financial aid to recapitalise Spanish banks for a sum of 100 billion euros. 
The formal request lodged by Spanish authorities on 25 June 2012 initiated what may be 
regarded as a decisive phase in the solution to Spain’s banking crisis. The award of assistance 
in the form of a loan is regulated by the Memorandum of Understanding (MoU), which 
stipulates a series of conditions that must be strictly met to access Eurogroup aid.

In conjunction with the International Monetary Fund (IMF) and Eurogroup 
authorities, the following stress tests were conducted on the Spanish financial system (14 
on large and medium-sized banks, accounting for around 90 % of the financial system).  
Three top-down tests (macro analysis, omitting analysis of the 14 institutions’ balance 
sheets) were conducted by the International Monetary Fund, Oliver Wyman and Roland 
Berger. The results of all these tests were published in June 2012. One bottom-up test 
(based on an analysis of the 14 institutions’ balance sheets) was performed by Oliver 
Wyman and published on 28 September 2012.

The macroeconomic scenarios adopted in those studies were as shown on the left.
The economic scenarios used also included estimates of other variables such as 

unemployment, inflation, housing and land prices, 3- and 12- month and 10- year 
interest rates, the dollar exchange rate, household and non-financial business lending and 
securities exchange trends.

The International Monetary Fund findings are listed on the left.
Further to the committee created by the Ministry of the Economy and Competitiveness 

to oversee the work commissioned and its Advisory Committee (whose membership 
included ECB, Bank of France, Bank of Netherlands, International Monetary Fund, 
European Commission and European Banking Authority representatives), the studies by 
Oliver Wyman and Roland Berger used the 9 per cent Tier 1 requirement for the baseline 
scenario and 6 % for the adverse scenario. The results of their top-down analyses are 
shown on the left.

The very exhaustive bottom-up analysis conducted by Oliver Wyman was designed 
to establish the capital needs of each of the 14 institutions analysed. The scope and 
methodology of that analysis were as follows.
•	 An expert committee was created with representatives from the Bank of Spain, 

FORECASTS ON VARIATION IN GDP

IMF
Oliver Wyman & 

Roland Berger

Baseline 
scenario

Adverse 
scenario

Baseline 
scenario

Adverse 
scenario

2012 -1.7 -4.1 -1.7 -4.1

2013 -0.3 -1.6 -0.3 -2.1

2014 N/A N/A +0.3 -0.3

Capital needs
(bn euros)

Baseline scenario,
Tier 1 =  7% 25.4

Adverse scenario, 
Tier 1 = 7% 37.1

SPANISH BANKING INDUSTRY, CAPITAL NEEDS
(BN EUROS)

 Oliver Wyman Roland Berger

Baseline scenario, 
Tier 1 =  9% (16 - 25) 25.6

Adverse scenario, 
Tier 1 = 6% (51 - 62) 51.8
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Ministry of the Economy and Competitiveness, European Commission, ECB, 
European Banking Authority and International Monetary Fund, along with a strategic 
coordination committee with representatives from the same institutions.

•	 An in-depth, loan-by-loan analysis was conducted, drawing from the institutions’ 
own and the Bank of Spain’s databases. A total of 36 million loans and eight million 
suretyships, along with historic information on risk parameters, were analysed in detail.

•	 Four hundred auditors from the four leading auditing firms in Spain analysed the 
provisioning level in over 115 000 operations.

•	 Six (three domestic and three international) real property appraisal companies 
exhaustively reviewed real property assets across all of Spain, appraising 1.7 million 
housing units and over 8 000 singular assets.

•	 The 14 banking groups shared their business plans for the next 3 years with Oliver 
Wyman. These business plans were adjusted to ensure consistency with the study 
scenarios and assumptions.

The results of this bottom-up analysis for the 14 institutions as a whole are given in 
the margin.

The capital excess and needs for each of the 14 institutions analysed in the baseline 
scenario were as shown below:

CAPITAL SURPLUS (+) OR NEEDS (-) IN 14 INSTITUTIONS 
FOR 2012-2014, BASELINE SCENARIO (M€)

Source: Bank of Spain

The total estimated losses in the baseline scenario came to 183.264 billion euros. 
The capital surplus and needs under the adverse scenario were as follows.  

SPANISH FINANCIAL SYSTEM,
CAPITAL NEEDS AND TOTAL LOSSES (M€)

Baseline 
scenario

Adverse 
scenario

Core - Tier 1 9% 6%

Capital needs  25 531 53 745

Total losses 183 264 269 949
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CAPITAL SURPLUS (+) OR NEEDS (-) IN 14 INSTITUTIONS 
FOR 2012-2014, ADVERSE SCENARIO (M€)

Source: Bank of Spain

The chief conclusions drawn in the Oliver Wyman adverse scenario study were as follows.
•	 Cumulative expected losses amount to €269.9 bn.
•	 The capital needs according to the bottom-up analysis are in line with the findings of 

the top-down analysis and substantially lower than the €100 bn euros provided for 
under the Eurogroup arrangement.

•	 Capital needs amount to under €60 bn. Specifically, the needs include:
- €59.3 bn, disregarding the consolidation underway and the fiscal effect
- €53.7 bn, considering the 14 bank groups in the aggregate and the fiscal effect.  

•	 Seven bank groups, accounting for 62 % of the loan portfolios analysed, would 
require no additional capital (Group 0 in the Memorandum of Understanding).

•	 In all, 86 % of the industry’s capital needs are concentrated in the four institutions 
in which the State has holdings through the Fund for Orderly Bank Restructuring 
(FROB) (Group 1 in the Memorandum of Understanding).

The following two factors should be borne in mind in connection with the total expected 
losses under the baseline and adverse scenarios.

1. The capital needs ultimately requested from the Eurogroup need not concur with 
the needs estimated under either of the two scenarios analysed. Since the economic 
forecasts authored by the most highly reputed research services for 2012 and 2013 
are substantially more favourable than the forecasts used for the adverse scenario 
(especially for 2012, where GDP growth was estimated to be −4.1 %, while the figure 
at the 3rd quarter of that year was −1.0 %), capital requirements will very likely be 
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lower than the €54 bn estimated under that scenario. The Government has announced 
that the capital needs will be on the order of €30 bn, to be laid out prior to mid-2013.

2.  An intense debate has been underway in recent months on whether the financial 
resources ultimately requested from the Eurogroup would be counted as State debt. 
This issue was linked to the constitution of the supervisory body for Eurozone financial 
institutions, which will be under European Central Bank aegis. Since that supervisory 
body is unlikely to be operational until early 2014 (whether its mandate will cover 
supervision of systemic institutions only or all banks in general has yet to be decided, 
although the former appears to be more probable), the transfer of funds to Spanish 
institutions would be backed by a State guarantee, which would entail factoring them 
into public debt. The foregoing is subject to change, however, for no final decision has 
been handed down. The ultimate conclusion is that the financial resources requested 
from the Eurogroup need to be constrained as much as possible.

When estimating the final volume of Spanish financial system losses, the following three 
factors must be borne in mind. 1) The expected losses do not include the assets that, 
throughout the crisis, have been removed from institutions’ balance sheets; 2) the most 
likely scenario at this writing (November 2012) is that GDP will fall in 2012 and 2013 
together by 3 %, which is closer to the baseline than the adverse scenario, but somewhat 
less favourable than the former; and 3) the analysis was conducted on only 90 % of the 
financial system.

Assuming the losses to be linear between the −2.0 % of the baseline scenario and the 
−6.2 % of the adverse scenario, the losses for the assets written off the 14 institutions’ 
balance sheets (whose exact quantification would call for an exhaustive analysis) may be 
estimated to range from €30 to 50 bn. Assuming also that the losses at the  banks not 
audited is proportional to their assets, the total financial system losses would be as shown 
below.

The preceding estimate of losses excludes any additional losses stemming from the 
transfer of real property assets from banks to the bad bank or Sociedad de Gestión de 
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Activos procedentes de la Reestructuración Bancaria (Sareb: restructured bank asset 
manager). As discussed below, the Memorandum of Understanding Group 1 institutions 
(the four State/FROB investee institutions) have transferred their real property assets to 
the Sociedad de Gestión de Activos at prices that ensure the viability of the latter. The 
implication is the need to raise the provisions for those assets, with a concomitant rise 
in the losses of the institutions concerned. In 2013, the Sareb will likewise take up assets 
from the MoU Group 2 institutions, which will also incur additional losses. 

The three reasons for not including these losses in the above estimate for the financial 
system as a whole are as follows. 1) At this writing (November 2012), the volume of the 
losses generated by the MoU Group 1 institutions’ transfer is unknown; 2) the volume 
of real property assets to be transferred in 2013 by the Group 2 institutions is likewise 
unknown and will depend on their business plans to meet their present capital needs; and 
3) lastly, the Sareb shareholder structure is yet another unknown, although a majority of 
its share capital must be held privately. Part of that capital may therefore be acquired by 
the banks with no capital needs. If these banks take a 100 % stake in Sareb capital, the 
additional losses for the financial system as a whole as a result of the cost of transferring 
real property assets would be nil; otherwise, the consolidated Spanish financial system 
would incur additional losses. Since the outcome cannot be known, no additional item 
has been included to cover this eventuality in the preceding loss estimate.

To comprehend the impact of the aforementioned estimated losses, they should be 
viewed in the context of the Spanish financial system’s yearly earnings: its pre-provision 
profit for operations in Spain came to €20 bn, while its foreign business brought in €7 bn 
after provisioning and after taxes. Hence, the estimated loss, €256 to 276 bn, represents 
the entire financial system’s pre-provision earnings from its domestic operations for 
around 13 years. These are the earnings that should logically be used here, given that the 
losses in question were incurred in Spain. Nonetheless, even if the profits earned abroad 
were included in the equation, the financial system’s aggregate loss from the present crisis 
would still amount to 10 years of its total combined earnings. Despite the uncertainties 
involved in the calculation, these figures draw a clear picture of the magnitude of the 
financial crisis, which is fortunately beginning to subside.

One key piece of legislation for lifting the financial industry out of its severe and 
ongoing crisis is Royal Decree Act 24/2012 of 31 August, which lays down the new 
restructuring and crisis resolution framework for financial institutions. It establishes six 
categories of measures, as described below.
1. Strengthening the crisis management framework
The legislation provides for early intervention and crisis resolution and attributes the 
respective responsibilities to the Bank of Spain and the FROB. A financial institution will 
be subject to early intervention under any of the following circumstances.
•	 Solvency requirements are or may be reasonably expected to be unmet.
•	 The bank’s liabilities exceed or are expected to exceed its assets.
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•	 The bank is or is expected to be unable to meet its financial commitments.
The decree vests the Bank of Spain with power to directly dismiss the board of directors 
and other financial institution executives.

2. Reinforcement of FROB intervention tools in all stages of crisis management
•	 The decree reinforces the competencies assigned to the FROB, which shares some 

supervisory and disciplinary powers with the Bank of Spain.
•	 The FROB will continue to be funded from the national budget and is empowered to 

issue debt to a ceiling of €120 bn, up from €90 bn.
3. Greater protection for minority investors
Significant restrictions are adopted on the future sale to minority investors of hybrid 
financial instruments, in particular preferred shares and subordinated debt.
4. Formation of the Sociedad de Gestión de Activos
This is discussed in greater detail in a later section of this item.
5. Distribution of restructuring costs
The aim is to lighten the burden of restructuring costs borne by taxpayers to the bare 
minimum.

6. New minimum capital requirement
Prior to publication of this royal decree, the standard requirement was 8 % and 10 % 
for institutions with limited access to money markets. Beginning on 1 January 2013 the 
minimum capital requirement will be a flat 9 % for all institutions.

Pursuant to the requirements laid down in the Memorandum of Understanding and 
Royal Decree Act 24/2012 on financial institution restructuring and crisis resolution, 
a draft royal decree has been formulated to regulate asset management corporations. 
This draft enlarges on the provisions for creating the so-called “bad bank”, which will be 
known as “Sareb” (Spanish acronym for Sociedad de Gestión de Activos procedentes de 
la Reestructuración Bancaria, restructured bank asset manager), which will be formed for 
a period of no more than 15 years. The Sareb’s most prominent features are listed below.
•	 It will be a stock company whose shareholders may be the FROB (Fund for Orderly 

Bank Restructuring) with no more than 50 %, and banks, insurers, investment and 
venture capital funds, mutual guarantee companies, foreign institutions and the 
European Investment Bank, among others.

•	 Its shareholders’ equity will be approximately 8 % of its total assets and part of that sum 
may be in the form of subordinated debt.

•	 The assets pertaining to the MoU Group 1 banks (Bankia, Catalunya Caixa, Nova 
Caixa Galicia and Banco de Valencia), which amount to €45 bn, will be taken up in 
the first stage. The Group 2 institutions’ assets will be transferred in a second stage, in 
2013. The Sareb will under no circumstances hold over €90 bn in real property assets.
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•	 It will take over real property belonging to financial institutions worth over 100 000 euros 
and loans to the real estate and construction industry for sums of over 250 000 euros.

•	 The asset transfer price will involve an average 63 % discount on the gross book value 
for the assets awarded. By type of asset, the discount is 79.5 % for land, 63.2 % for 
developments underway and 54.2 % for finished housing. The mean discount on 
loans to developers is 45.6 %: 32.4 % for finished developments and 53.6 % for loans 
granted to finance urban land.

•	 These prices were estimated on the basis of the actual economic value of the assets and 
certain additional adjustments by type of asset, such as: 1) acquisition of assets as a 
package; 2) hedging of certain Sareb risks; 3) treatment of certain expenditures posted 
against institutions’ results and now to be taken over by Sareb, such as property taxes; 
and 4) the divestment prospects for the assets transferred. The transfer price is not to be 
a reference for appraising the banks’ non-transferred assets.

PRICES OF REAL PROPERTY ASSETS TRANSFERRED TO SAREB
(% OF GROSS BOOK VALUE)

Source: Bank of Spain

•	 A conservative estimate puts return on equity (RoE) at 14-15 %.
•	 The bank may source its financing from: 1) State-secured senior debt issued by Sareb 

as consideration for the assets received from  the banks, and 2) subordinated debt and 
ordinary shares subscribed by private investors and the FROB.

Further to the foregoing, the measures needed to clean up Spain’s financial system are 
being established. It will take a lot of time and effort, but the basics, which appear to be 
quite sound, are practically defined and financial market confidence, which is an absolute 
imperative for economic recovery, should gradually be regained. More specifically, the 
necessary deleveraging of the private and public sectors and the reduction of capacity to 
around 32 000 branches (from the 40 700 in September 2011) will take time and involve 
a good deal of pain. This crisis has shown that financial system clean-up and restructuring 
should have been undertaken more swiftly and in greater depth.
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2.6.  BUDGETARY CONSOLIDATION 2012-2020

One of the sequels of the present economic crisis will indisputably be a highly indebted 
State, whose immediate consequence will be the need to lower public debt as soon as 
it stabilises. In numerical terms, the national debt rose from 36 % of GDP in 2007 to  
75.9 % in June 2012. The International Monetary Fund, in the October 2012 edition of 
its World Economic Outlook, predicted that Spanish public debt will continue to grow to 
100 % of GDP in 2014 and peak at 101.4 % in 2016. In other words, after surmounting 
the crisis, the country will have an indebtedness level 65 % higher, relative to its GDP, 
than at the outset. That will mean paying yearly interest on the order of 4 % of GDP (the 
mean interest on Spanish debt is 4 %, although the recent lack of market confidence has 
induced substantial volatility in all maturities), a level that must not be exceeded for the 
debt to be sustainable.

In recent years and especially since 2010, the financial markets have been characterised 
by considerable turmoil, to the point of threatening the very existence of the euro as the 
single currency in 17 European Union countries. The risk premium, i.e., the difference in 
the interest on a country’s 10- year debt compared to the rate paid by Germany, has also 
fluctuated substantially in Eurozone countries depending on market perception of the 
risk involved. Spain has been subject to very high risk premiums, on the order of 4 % or 
higher on 10- year debt, exceeded only by other EU peripheral  countries such as Greece 
(whose debt restructuring involved a 100 billion-euro write-off for private investors), 
Ireland and Portugal (both of which were bailed out through financial instruments 
coordinated by the European Union). 

The solution adopted by European leaders to confront such extreme financial market 
volatility, which is on the verge of threatening the viability of the euro itself, has been 
to acknowledge the need to reach budgetary balance fairly rapidly and accept the prior 
supervision and approval of each country’s national budget by European Union governing 
bodies. These measures have been accepted by all EU countries except the United Kingdom 
and the Czech Republic. Budget balance has been defined in terms of a maximum 
structural deficit (i.e., omitting its cyclical component) of 0.5 % of GDP, although most 
countries, Spain among them, are enacting laws that provide for a zero structural deficit. 
The Maastricht pledge to a debt ceiling of 60 % of GDP has also been reinforced.

In April 2012 Spain adopted a constitutional act that implements an amdenment to 
its  constitution approved in 2011 whereby central, regional and local governments must 
lower their structural deficit to naught by 2020. This will indisputably entail enormous 
change in governmental organisation.

In addition, all the countries that have agreed to a balanced national budget are 
required to submit a yearly stability budget. The deficit targets for Spain in October 2012 
are 6.3 % for 2012, 4.5 % for 2013, 2.8 % for 2014 and 1.9 % for 2015. Any deviation   
from these targets requires European Union approval. Given gradual population ageing, 
the Commission is presently debating the advisability of requiring a budget surplus in 
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future to guarantee pensions, health care and assistance for dependent persons.
The following exercise helps visualise the length of time needed to lower public 

indebtedness levels. It calculates the time it will take to reduce debt from the 100 % of 
GDP predicted by the IMF for 2014 through 2017, to 60 %, the ceiling for European 
Union countries, or the 40 % that prevailed prior to the economic crisis.

- Debt in year n+1: 
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Pursuant to the constitutional act on budgetary stability adopted in April 2012, 
however, the deficit must be nil (d = 0), and:
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Assuming growth (g) and inflation (i ) to be constant, which would involve simply 
adopting their mean values, yields:
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Therefore, the  number of years needed to bring public debt down from an initial 100 % 
of GDP to 60 or 40 % is as follows:

 Number of years to lower debt to 60 or 40 % of GDP      
   number of years        

h = g + i 9 Df/ GDP = 60% Df / GDP = 40%
3%  17  31
4%  13  23           

9 Given that the European Central Bank’s target inflation rate is slightly under 2 %, h = 3 % would be 
equivalent to real yearly growth of 1 % and h = 4 % to real growth of 2 %. 

where: 
D (n) is debt in year n, 
d(n+1) is the deficit in year n+1.

where: 
g is real GDP growth, 
i is inflation, 
h = g + i is nominal GDP growth.

where:
k is the k-th year after year n 

where: 
Df is the final debt level pursued
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In other words, with 2 % growth and 2 % inflation, it would take 13 years to lower the 
national debt to 60 % of GDP and 23 years to bring it down to 40 %. For 1 % GDP 
growth and 2 % inflation, the respective figures would be 17 and 31 years. That all this 
must be achieved with a nil budget deficit at all three levels of government affords a fairly 
good measure of the effort required.

2.7.  THE ELECTRICITY TARIFF DEFICIT AND FINANCING FOR RENEWABLE 
ENERGIES

The electricity tariff deficit is the shortfall between electricity system revenues and 
regulated costs. In other words, it is the difference between the proceeds from the regulated 
tariffs set by the Government and paid by consumers for their regulated supply and the 
revenues for access tolls and real costs associated with regulated activities and electricity 
system operation. In the final analysis, this is a debt owed by consumers to electric power 
utilities, for the price paid is lower than the actual cost.

The tariff deficit began to appear in 2000, when the successive administrations severed 
the link between the prices billed to customers and the acknowledged costs of generating 
and distributing electric power (see graph in the margin).

The deficit grew steeply after 2005 and especially after 2008 as a result of the 
renewable energy premiums established in decrees enacted in 2004 and 2007. These 
arrangements favoured a spectacular increase in the share of renewables in electricity 
output, which came to 31 % in 2011 (14 % wind, 3 % photovoltaic, 1 % solar thermal, 
11 % hydroelectricity and 2 % biomass and waste). The premiums for photovoltaic 
energy stipulated in the 2007 decree were considerably higher than the costs of the 
existing technology (upward of 400 euros per MWh, while the electricity market cost 
ranged from 50 to 55 euros per MWh). As a result, applications were received in 2008 
for around 6 000 megawatts of power (only about 2 800 megawatts of which were 
approved), an amount much higher than established by the Renewable Energy Plan 
2005-2010 as the target for the latter year. These developments drove the electricity 
deficit upward, to levels of over 4 bn euros annually since 2008. The aforementioned 
2007 legislation indisputably erred by substantially overpricing the remuneration for 
photovoltaic energy, and Government reacted much too slowly to the avalanche of 
applications for solar fields. 

Source: Expansión (a Spanish economic daily), 22 March 
2012 
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Source: Expansión (a Spanish economic daily), 22 March 2012

With tariff deficit growth completely out of control, in 2009 the Government published 
Decree-Act 6/2009 committing to a nil deficit by 2013 and to ceilings in 2009, 2010, 
2011 and 2012, which were widely exceeded (the €1.5-bn deficit set for 2012 had been 
exceeded by April of that year). It also approved two decree-acts in 2010, 1565/2010 of 
19 November and another on 23 December, setting certain restrictions on special regime 
power output, among them a maximum number of operating hours for photovoltaic 
plants. This measure has been appealed by an industry association. 

In 2012, the Government adopted a series of measures to confront the growing 
electric power deficit. Firstly, in January it enacted Decree-Act 1/2012, establishing a 
moratorium on special regime plant connection to prevent the deficit from growing 
faster while allowing the existing facilities to continue operating. Secondly, in March it 
approved a 1.6-billion euro cutback in electric power system costs, with distribution, at 
700 million euros, accounting for the largest share. These measures included a sharp 7-per 
cent rise in electric power prices. Thirdly and lastly, the Government submitted a draft 
bill to Congress in September 2012 that would impose a 6-per cent tax on all electricity 
generators, a 22-per cent levy on hydroelectric plants, a 2.79-cent tax per cubic metre 
on natural gas, and taxes on nuclear production and storage. It would also put an end 
to fiscal subsidies for fossil fuels burnt to generate electricity. This set of levies and taxes 
is expected to yield proceeds of 2.74 billion euros per year. In addition, it provides for 
the State Treasury to service 2.1 billion euros of the accumulated debt. The Government 
estimates that the act will enter into effect in early 2013 when, according to the existing 
legislation, the tariff deficit should be nil. Whether or not the suite of measures adopted 
or soon to be adopted will suffice to achieve this objective is impossible to predict at this 
writing. 
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In 2012 the tariff deficit amounted to 24 bn euros, 17 bn of which were sold on 
financial markets by securitising the payment entitlements (see graph in margin).  

Although the existing regulations provide for securitising the remaining 7 billion 
euros in 2012, doubts exist about the feasibility of that measure, given financial market 
turbulence. With growth at 450 million euros per month in 2012, the deficit will climb 
to approximately 30 billion euros by year end. 

THE SPANISH ELECTRICITY INDUSTRY  
RATE HIKES, RESIDENTIAL TARIFF

Source: Eurostat, National Energy Commission  

The deduction to be drawn from the foregoing is that the measures adopted in recent years 
have been sporadic and lacked any in-depth appraisal of their impact. Such continuous 
change in the legislation has generated enormous uncertainty, even legal certainty in some 
cases, among investors, and stalled industry decisions to some extent. In-depth reform 
of the electric power framework would appear to be needed to successfully confront the 
challenges facing the industry in the long term. Any such reform should address the 
following issues.

•	 Most of the electricity deficit, which will foreseeably come to 30 billion euros by 
year-end 2012, should be paid for by the public sector, intensifying the national debt 
problem, and perhaps in some measure by the electricity utilities themselves. Payment 
by end users would not appear to be an option, for residential consumers in particular 
already pay for electric power at prices higher than the European mean. Moreover, 
applying such a measure may pose significant legal problems. 

Source: El País (a Spanish daily newspaper), 28 January 2012. 
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•	 The technological leadership attained by the Spanish renewable energy industry should 
not be overlooked, as it has spawned international majors and reputed entities such as 
Gamesa, Acciona, Abengoa and the Plataforma Solar de Almería. Nor should sight be 
lost of the fact that in December 2008 the European Council and Parliament approved 
the so-called “Green Package” (see item 1.2 in Chapter IV), which is being transposed 
to national legislation. In Spain, compliance with the package targets is laid down in 
the Renewable Energies Plan 2012-2020, adopted in December 2011, which may have 
to be overhauled as a result of the solution ultimately adopted for electricity industry 
reform.

Briefly, after many years of avoiding the electricity deficit dilemma, Spain must undertake 
in-depth structural reform to stabilise electric power generation and distribution and 
build a framework able to guarantee legal certainty for investors. The future of renewable 
energies, an industry in which Spain holds a pole position, and the competitiveness of its 
economy, will depend on how this issue is broached.

2.8.  POPULATION FORECASTS

Since 2008, around the month of November, the National Statistics Institute (INE) 
publishes a yearly population projection for the next 10 years. Since 2009, it also releases 
a triennial 50-year projection.

In both projections, it uses the classic component method, which consists of 
independently estimating the three demographic components –mortality, fertility and 
migration– and integrating the results. This yields population forecasts by age and sex for 
each region and province.

The latest data available as this book went to press were the forecasts published in 
2011 for the period 2011 to 2021. The annual ten-year forecast for 2012 to 2022 and 
the triennial 50-year forecast, for 2012 to 2062 in this second edition, are scheduled for 
release in late November 2012. Since the economic prospects have varied very little since 
2011 and the recent past carries a great deal of weight in population projections, no 
major changes in the forecasts should be expected between 2011 and 2012, tentatively 
speaking.

The 10-year forecast made in 2011 estimated that the Spanish population will decline 
by 567 000 from 2011 to 2021, i.e., from 46 153 000 to 45 586 000, sloping steadily 
downward in every single year of the series, as shown in the graph on the next page.

This steady decline in the population in the next 10 years constitutes an abrupt change 
in the trend recorded since 2000, when the population grew by over 700 000 inhabitants 
yearly, primarily as a result of heavy migratory inflows.  
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POPULATION GROWTH IN SPAIN, 2000-2020

Source: Proyección de la población en España a corto plazo 2011-2021, INE

The decline by 567 000 people in population numbers in 2011-2021 is the result of a 
positive natural growth gain of 378 000 and a 946 000 loss attributable to emigration. 
Furthermore, beginning in 2019, the higher number of deaths than births will yield 
negative growth.

NATURAL POPULATION GROWTH IN SPAIN, 2000-2020

Source: Proyección de la población en España a corto plazo 2011-2021, INE

The INE projection shows negative migration flows in all the years from 2011 to 2020, 
with an estimated constant inflow of 450 000 people and a declining outflow, from  

POPULATION TRENDS IN SPAIN, 2000-2021

Source: Proyección de la población en España a corto plazo 
2011-2021, INE
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581 000 in 2011 to 513 000 in 2020, for a negative balance of 131 000 in the first and 
of 63 000 in the last year of the projection.

This very adverse population projection would entail considerable ageing and a rise in 
the population over the age of 64 by a total of 1.4 million people in the period, or 17.8 % 
of the total population in 2011.

The highly unfavourable population forecasts given above can indisputably be 
attributed to the duration and depth of the crisis, which has destroyed 3.2 million jobs. 
Employment fell from a peak 20.5 million in 2008 to 17.3 million in September 2012 
(Labour Force Survey, September 2012). Population projections will not predict rises 
until the economy begins to create jobs. Fertility in Spain, in any event, has been much 
below the replacement rate of 2.1 children/woman of childbearing age for many years. 
The corollary, dependence on a certain level of immigration to maintain population levels, 
appears to be clearly unsustainable in the long run. The country must, then, confront this 
situation as soon as possible with the necessary policies and measures and the required 
change in the attitudes held by society at large (which has been achieved in countries 
such as France and Sweden), since the inertia inherent in social behaviour can retard 
demographic change for quite some time.

2.9.  REDUCING THE WEIGHT OF CONSTRUCTION IN THE ECONOMY

Construction has played a major role in Spain’s economic growth (particularly from 
1998 to 2007), with a dual impact on economic activity: while works are in progress, it 
affects employment and component, e.g., construction materials, manufacture; and the 
infrastructure built improves a country’s productivity, lowering transport costs and raising 
capacity nationwide.

The weight of construction in the gross domestic product can be measured in other 
ways as well:

•	 as demand-side investment
•	 as supply-side gross added value.

Using those two measurements, the construction industry has accounted for an excessive 
share of the national economy, whether compared to historic values or to the figures for 
neighbouring countries such as Germany, France or Italy. The mean weight of construction 
investment in Spain from 1998 to 2007 was 15 % of GDP, after peaking at 18 % in 2006, 
while the mean value in Germany, France and Italy ranged from 10 to 11 %. The gross 
added value differential for construction in that same period, 1998 to 2007, was even 
greater, with a mean in Spain of 8.9 %, peaking at 11 % in 2007. GAV was 3.5 % less in 
neighbouring countries. Moreover, the weight of residential investment (8 % of GDP in 
1998 to 2007, with a 9.4-per cent peak in 2006) was substantially higher than in other 
European countries.

PROJECTED OUTWARD MIGRATION FOR SPAIN

Source: Proyección de la población en España a corto 
plazo 2011-2021, INE

POPULATION PYRAMID IN 2011 AND 2021

Source: Proyección de la población en España a corto 
plazo 2011-2021, INE
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REAL PROPERTY INDUSTRY STRUCTURAL INDICATORS: per cent of GDP

Mean for 
1998-2007

Peak in 
1998-2007

Post-peak 
variation 2008 2009 2010

Structural 
estimate

Valor Fecha

Residential investment
Spain
European average (Germany, France, Italy)

8.0% 9.4% 2006 -5.0 puntos 8.0%
5.9%

6.1%
5.5%

4.4%
5.5%

6/6.5%

Construction investment
Spain
European average (Germany, France, Italy)

15.0% 18.0% 2006 -6.5 puntos 16.6%
11.4%

14.6%
11.1%

11.5%
10.7%

12/13%

Construction GAV
Spain
European average (Germany, France, Italy)

8.9%
5.0%

11.0% 2007 -2.0 puntos 10.4%
5.7%

9.0% 10.0%
5.5%

7/8%

Source: Asprima, INE and Eurostat

REAL PROPERTY INDUSTRY STRUCTURAL INDICATORS: employment  

Mean for 
1998-2007

Peak in
1998-2007

Post-peak 
variation

4Q 4Q
Structural  
estimate2009 2010

EMPLOYMENT
Construction employment (thousands) 
Spain

1.978 2.718 2007 2.181 1.803 1.573

Percentage of total
Spain
European average (Germany, France, Italy)

12.0% 13.3% 2007 -4.4 points 12.1%
7.8%

8.9%
7.0%

10/11%

Source: Asprima, INE and Eurostat

Although any projection of what the future will bring is a merely speculative exercise 
heavily conditioned by current events, the future weight of the construction industry, 
and the building construction sub-industry, will in all likelihood stabilise at values much 
lower than recorded in recent years. The reasons for such a decline can be enumerated as 
follows. 

1. Construction at a rate of 650 000 housing units per year in Spain from 1998 to 2007 
is hardly reasonable. According to a number of studies, the potential demand for first 
and second homes, once economic growth of around 2 % yearly is regained, will 
range from 200 to 250 000 units yearly. 
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2. Spain’s infrastructures are comparable to its developed neighbours’, whose construction 
industries account for a considerably lower portion of GDP. 

3. The huge stock of both land and developments and housing under construction needs 
to be absorbed. 

4. Credit has been constrained to reduce private non-financial sector (households 
and companies) indebtedness and recapitalise the financial system as a result of 
provisioning and capital requirements.

5. Budgetary consolidation, which will bind local, regional and central governments to 
zero budget deficits in the immediate future, will call on the one hand for inevitable 
cutbacks in investment budgets and on the other for a much more detailed analysis of 
the cost effectiveness of infrastructure investments.

The decline in employment has been equally drastic, tumbling by over 50 % from the 
peak of 2 700 000 jobs in the third quarter of 2007 to just over 1 200 000 in mid-2012. 
Moreover, employment continues to slide steeply in this industry and headcount may dip 
to below one million at some point in 2013. The weight of the construction workforce 
over the country total was 12 % in the 1998-2007 boom years, peaking at 13.3 % in 
2007, a figure considerably higher than in Germany, France and Italy, where construction 
industry employment is on the order of 7 to 8 % of the total.

Perhaps the single most illustrative indicator of construction industry trends, 
however, is cement consumption. Cement is used in new building construction, 
rehabilitation and civil works, and since the productive structure of a country’s 
construction industry varies very slowly, this parameter is a good indicator of activity. 
In the long run, however, since construction technologies and the amount of cement 
used in a given type of works change, the data for years very far apart must be compared 
with all due precaution. As a general rule, the intensity of cement use per construction 
site has been rising due to construction code requirements, which attach growing 
importance to structural durability. 

Moreover, cement consumption cannot be used to compare construction activity 
levels between countries, whose construction traditions may vary widely. Cement 
consumption in Spain in 2001 to 2005, for instance, ranged from 40 to 50 million 
tonnes, whereas in the United Kingdom it was around 13 million. Spain, like Italy, whose 
cement consumption ranged from 40 to 46 million tonnes in that same period, has a long 
tradition of (cement-intensive) concrete use, whereas in the United Kingdom steel is the 
structural material of choice in most buildings.
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CEMENT CONSUMPTION (thousand tonnes)

Amount 
kt

2010/2009
% 2010 2009 2008 2007 2006 2005 2004 2003 2002 2001 2000

Austria -5.4 4 771 5 042 5 941 5 741 5 583 5 324 4 620 4 536 4 634 4 434 4 495

Belgium 4.7 5 784 5 523 6 027 5 945 6 039 5 795 5 741 5 458 5 515 5 725 6 125

Bulgaria -22.4 2 364 3 046 4 820 4 252 3 718 3 100 2 400 1 960 1 632 1 453 1 464

CEMBUREAU n.d 243 286 290 846 313 395 307 493 282 945 274 690 262 745 255 441 250 649 259 964

Croatia -21.6 1 883 2 403 3 032 3 063 2 859 2 593 2 676 2 566 2 156 1 840 1 720

Cyprus -8.4 1 319 1 440 1 970 1 792 1 629 1 592 1 608 1 305 1 203 1 057 945

Czech Rep. -9.9 3 687 4 092 5 183 5 147 4 812 4 417 4 518 4 047 3 686 3 614 3 610

Denmark n.d n d 1 601 1 854 1 861 1 800 1 647 1 596 1 522 1 593 1 500 1 562

Estonia 6.3 269 253 456 659 626 510 420 375 325 263 246

EU25 n.d 197 027 245 532 265 840 260 965 243 149 239 472 230 193 224 442 221 303 224 457

Finland 33.3 1 800 1 350 1 911 2 042 1 890 1 712 1 667 1 595 1 557 1 608 1 704

France -2.9 19 785 20 381 24 116 24 803 24 092 22 515 21 936 20 678 20 727 20 661 20 633

Germany -2.6 24 600 25 256 27 591 27 352 28 920 27 042 29 120 29 973 28 921 31 179 35 782

Greece n.d n. d. 7 871 10 239 11 034 11 626 10 090 10 631 11 154 10 642 9 535 9 073

Hungary -21.9 2 517 3 221 4 008 4 000 4 288 4 152 4 014 4 004 3 836 3 525 3 562

Ireland -25.8 1 410 1 899 3 535 4 806 4 700 5 596 4 477 3 400 3 080 3 165 3 155

Italy -6.0 33 926 36 086 41 814 46 368 46 880 46 052 46 358 43 482 41 269 39 469 38 338

Latvia -6.2 290 309 585 895 769 600 442 348 331 283 272

Lithuania 10.6 597 540 9994 1 050 1 004 802 682 592 500 424 429

Luxembourg -15.5 449 531 594 591 572 538 553 544 552 541 532

Malta -13.6 285 330 377 359 393 334 280 273 276 261 252

Netherlands -11.0 4 760 5 350 6 185 5 895 5 775 5 376 5 230 5 160 5 400 5 750 6 250

Norway 4.6 1 660 1 587 1 991 2 040 1 807 1 757 1 485 1 283 1 257 1 240 1 272

Poland 2.0 15 632 15 325 17 120 16 762 14 507 12 156 11 479 11 130 11 332 11 483 14 360

Portugal -5.9 5 803 6 165 7 324 7 823 7 835 8 735 9 200 9 250 10 800 11 330 11 110

Romania -11.9 7 133 8 100 11 126 9 776 7 916 6 304 5 726 4 926 4 780 4 319 4 304

Slovakia 5.4 1 897 1 800 2 565 2 502 2 320 2 274 1 913 1 783 1 760 1 671 1 684

Slovenia -12.4 1 050 1 199 1 569 1 613 1 408 1 351 1 260 1 339 1 160 1 177 1 237

Spain -15.2 24 507 28 913 42 696 55 997 55 896 50 530 48 006 46 223 44 120 42 151 38 439

Sweden 10.1 2 142 1 945 2 505 2 349 2 133 1 894 1 727 1 622 1 571 1 625 1 534

Switzerland 5.9 4 965 4 689 4 629 4 549 4 556 4 563 4 187 3 958 4 013 4 173 3 881

Turkey 16.0 47 720 41 150 40 574 42 456 41 648 35 083 30 671 28 106 26 812 25 082 31 515

U. Kingdom 3.7 9 810 9 458 12 428 14 426 13 833 13 711 13 868 13 514 13 240 13 100 13 360

Source: World Statistical Review 1999–2009 (Cembureau)
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A region or country’s cement consumption depends on the following factors:

•	 public works and residential and non-residential building construction tendered by 
governments and the bodies under their aegis

•	 private investment in housing and construction, including external development works 
(under commission by the respective landowners’ board), industrial facilities, electric 
power generation facilities (steam plants, wind farms, solar fields) or recreational ports

•	 privately or publicly owned building and infrastructure rehabilitation and 
maintenance.

The intensity of cement consumption and the duration of the works depend on 
construction typology. Cement consumption and works duration vary widely, for 
instance, between a housing unit or a dam or road.

The relationship between cement consumption and construction works start-up can 
be expressed very schematically as follows:

C n L L L I I In k n k n n k n k n( ) = ( )− − + − − +ϕ , , , , , , ,1 1 

where 
C (n):  cement consumption in year n
Li: (new + rehabilitation) works tendered by governments in year “i”
Ii: (new + rehabilitation) private works initiated in year “i”

Classifying works on the grounds of their duration and cement consumption intensity 
provides a fairly accurate estimate of cement consumption in an 18- to 24 month window, 
although it calls for a series of assumptions regarding tendering or the number of housing 
units to be built in the immediate future. In the early nineteen nineties, the author 
worked with the Catalonian Building Technology Institute on the development of an 
ARIMA-type econometric model, designed to obtain a very accurate estimate of cement 
consumption in Catalonia 18 to 24 months ahead; the main explanatory variables used 
were public tenders and housing units in progress. Development of a model today would 
surely entail the inclusion of infrastructure and housing rehabilitation, in light of their 
growing importance.

An analysis of trends in apparent cement consumption (domestic output plus 
imports less exports) from 1960 onward reveals that the nadir year between 1970 and 
2011 was reached in 1984. At 16.2 million tonnes, consumption was slightly lower 
than in 2011 (20.4 million tonnes), although consumption per capita in both years 
was around 430 kilograms. Through September 2012, apparent consumption declined 
by slightly more than one-third, bringing the forecast for this year to just under 14 
million tonnes, or around 300 kilograms per capita (see table “Cement Consumption 
and number of civil engineers in Spain” at the end of this chapter). 
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Consumption forecasts for the future will depend on economic trends and 
governments’ necessary fiscal consolidation, with all the evidence suggesting that in 2012 
and 2013 the figure will plunge to under 300 kilograms per capita, a level unknown since 
the early nineteen sixties, i.e., nearly 50 years ago.

Once the most stringent phases of budgetary consolidation are over, by around 2016 
or 2017, this author estimates that cement consumption in Spain may stabilise at around 
20 million tonnes yearly, or just over 400 kilograms per capita. The data in the table are 
an indication of the profound change in the construction industry’s prominence in the 
Spanish economy, which is consistent with the country’s high level of development. They 
also show that the country will have around 28 000 civil engineers in 2017. Cement 
consumption in that year will be similar to the figure recorded in 1980, when the country 
had fewer than 6 000 civil engineers. Clearly, then, both the construction industry and 
the engineering community will be in need of thorough restructuring, although far be it 
from the present intention to adopt an overly simplistic reading of the aforementioned 
data by correlating cement consumption to the number of this type of engineers.

The above remarks are equally applicable to architects, who total 80 000 in 2012, 
with 3 000 more graduating every year. One of the factors to be borne in mind when 
estimating the number of professionals needed in post-crisis Spain is that the potential 
nationwide demand for housing units (counting first and second homes) may range from 
200 to 250 000 yearly, a far cry from the 650 000 built per annum from 1998 to 2007. 
Nonetheless, the country’s large building park will require much more attention and 
upkeep than in the past, at least partially offsetting the steep decline in new building 
construction.
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CEMENT CONSUMPTION AND NUMBER OF CIVIL ENGINEERS IN SPAIN

Year
Apparent cement 

consumption
(Mt/year)

Spanish population 
(M inhabitants)

Cement consumption 
per capita 

 (kg/inh. · year)
Civil engineers

1960 5.7 30.6 186

70 16.7 34.0 491 2 568

80 19.8 37.7 525 5 880

84 16.2 38.2 424

90 28.6 39.9 717 8 922

95 25.6 40.5 632

2000 38.2 40.5 943 14 537

05 50.5 44.1 1.145

06 55.9 44.7 1.251

07 56.0 45.2 1.239

08 42.7 46.2 924

09 28.9 46.7 619

10 24.5 47.0 522 22 672

11 20.4 47.2 432

12 14 47.2 297 23 292

13 11 47.1 233 24 000

17 18/22 47.0 383/467 28 000

Forecast

Source: formulated by the author from Estadísticas Históricas de España (Fundación BBVA) and Oficemen, 
INE and Chartered Institute of Civil Engineers data
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III. THE MAIN VECTORS OF CHANGE IN THE 
TWENTY-FIRST CENTURY

1.  THE ADVENT OF A NEW MULTIPOLAR ECONOMIC AND POLITICAL 
ORDER

The twenty-first century is going to witness profound economic and social change whose 
assimilation will demand an equally profound turnaround in mindset. Four of the most 
prominent components of that change might be defined to be:

•	 population growth, albeit at waning rates, from the 7 billion estimated at 31 October 
2011 to 9.3 billion in 2050 and 10.1 billion in 2011, according to the UN’s State of the 
World Population 2011 (reference scenario) 

•	 a significant rescaling of countries’ share of the world economy
•	 growing Chinese and Indian influence in the international context
•	 as a result of the foregoing, a need to seek formulas for the harmonious co-existence 

between Judaic-Hellenistic culture, globally predominant since Europe’s rise as a world 
power in the sixteenth century, and oriental cultures, which have developed very 
different philosophies and mentalities.

The above four issues and the way they are addressed will deeply condition future city 
design.

1.1.  WORLD POPULATION PROJECTIONS AND FOOD SECURITY

The discovery of fire, the development of agriculture, writing and metalworking and 
the industrial revolution are probably the five breakthroughs that have had the greatest 
impact on humanity since the species evolved. The evolution from a nomadic to a 
sedentary culture that marked the onset of the Neolithic Age in the Fertile Crescent 
around 10 000 years ago, driven by a progressive command of agriculture and husbandry, 
spread in a matter of a few thousand years across the three continents joined by land: 
Asia, Europe and Africa. This Neolithic Revolution brought profound technological, 
economic and social change, which in turn induced population growth by a factor of 
approximately 100. Population density rose from around 1 inhabitant per 10 km2 in 
the hunter-gatherer age to around 10 per square kilometre1 after all the transformations 
stemming from that revolution had been assimilated: a five- or six-thousand year process 
in Eurasia. 

That enormous population growth itself was the source of further change, leading 
among others to the creation of increasingly larger and more complex cities (see the graph 
in the margin). 

The second revolution in the history of humanity that had huge effects on the 
population was the industrial revolution, which started in England in the late eighteenth 
century, although its precedents can be traced back to at least the European Renaissance. 

1  Colin Renfrew, Arqueología y Lenguaje, 1987

WORLD POPULATION

Source: The Economist, 22 October 2011.
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As the table below shows, the world population grew seven-fold from 1800 to 2011, from 
one to seven billion people.

Population growth has not been uniform in terms of either time or geography. Time-wise, 
the global increase was greatest between 1927 and 1987, when the world population rose 
from 2 to 5 billion. During peak growth, in 1959-1974, the population climbed by close 
to 2 % yearly. According to the United Nations reference scenario forecast 2, in 2050 the 
world population will be home to 9.3 billion human beings and in 2100 to 10.1 billion, 
i.e. the growth rate will gradually taper.

By region, most of the increase in population numbers will come in Africa (+2.1 billion 
in 2050 and +3.5 billion in 2100). Asia is expected to grow by one billion by 2050, and 
to shrink by 500 million in the next half century. In Europe, the population will remain 
reasonably constant, while in North America it will grow by 200 million through the end 
of the century. Latin America and the Caribbean will show a 150-million population gain 
in 2050 and a 70 million loss between that year and 2100. 

Another element to bear in mind is the variation in the population pyramid, which 
will vary widely from one geographic area to another. As a rule, the developed world’s 
populations are ageing and most countries will need a certain amount of immigration to 
maintain their inhabitants’ material welfare.

2  World Population Prospects, the 2010 Revision, United Nations, 2011

WORLD POPULATION SINCE 1800 

Year Population 
(in millions)

Period (years)  
for population ∆ of 

one billion

Yearly growth
(% y/y)% a/a

= 1800 1 000
127

32

15

13

12

12

14

18

52

0.55

1.46

1.94

1.73

1.53

1.29

0.96

0.66

0.20

1927 2 000

1959 3 000

1974 4 000

1987 5 000

1999 6 000

2011 7 000

2025 8 000

2043 9 000

2095 10 000

Source: World Population Prospects, the 2010 Revision, United Nations, 2011

Million inhabitants
REFERENCE SCENARIO 

2010 2050 2100

WORLD 6 896 9 306 10 125

Africa 1 022   2 192 3 574

Asia 4 164   5 142 4 596

Europe 738  719 675

Latin America and 
the Caribbean 590 751 688

USA & Canada 344 447 526

Oceania 37 55 66

Source: World Population Prospects, United Nations, 2011
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Source: The Economist, 26 February 2011

Source: UNPD, 2011

Japan, whose very high senior to total population ratio is conditioning its development 
enormously, would be the paradigmatic example, along with Spain, which needs sustained 
immigration to maintain its GDP growth. In the United States, by contrast, with a fertility 
rate of 2.07 children per woman of childbearing age in 2005 to 2010, replacement is 
guaranteed and the country further benefits from steady immigration flows.

Another subject related to both population growth and variation in economic 
conditions is the issue of food security. A number of considerations should be borne in 
mind in connection with this very complex question.

•	 In 2008 and 2011, food prices rose by over 100 % with respect to the prices prevailing 
up to 2006 (see the graph in the margin).

•	 Economic growth is inducing dietary alterations, with meat playing an increasingly 
important role.

•	 While the population is expected to rise by 30 % between 2010 and 2050 (from 7 to 
9.3 billion), FAO predicts that the demand for food will grow by around 70 % (see the 
graph in the margin).

•	 The increase in rice, maize, wheat and soya yields from 1990 to 2007 were considerably 
smaller than the gains recorded between 1961 and 1990 (see the graph on the next 
page).  

“ECONOMIST” COMMODITY-PRICE
INDEX FOR FOOD

GLOBAL FOOD. DEMAND FORECAST

Source: The Economist, 26 February 2011
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WHEAT, MAIZE, RICE AND SOYA PRODUCTIVITY

Source: The Economist, 26 February 2011 

•	 Further to World Bank and Intergovernmental Panel on Climate Change estimates, 
today’s arable area amounts to around 1.5 billion hectares (15 million square kilometres). 
Some experts believe that the Earth’s maximum arable area may be 10 to 12 % higher 
than at present, down from previous estimates of around 30 %. That statistic implies 
that productivity will have to rise drastically to meet the 70-per cent greater demand 
for food in 2050 predicted by FAO.

•	 One way to raise harvest yields is by increasing the area of irrigated land. Peter Brabeck, 
a Nestlé employee, estimates that sustainable global water demand would be around  
4 200 cubic kilometres, compared to today’s 4 500. According to most expert estimates, 
by 2030 farmers will need 45 % more water than they use today. But cities, their 
staunchest competitors for water, today house 50 % of the world’s population and 
in 2050 will be home to 70 %. Under those circumstances, agriculture, which a few 
years ago generated 90 % of water demand, will find it difficult to access all the water 
it needs. Given cities’ greater influence, among other reasons, they are very likely to be 
favoured by politicians in the dispute over the use of water resources.

•	 Global warming will have a number of effects on food production. Firstly, harvests 
will vary, albeit very differently depending on latitudes and crops. Generalising very 
broadly, the lower latitudes will experience lower yields with any rise in the Earth’s 
mean temperature, while in medium and high latitudes, minor warming will raise 
yields. At temperature increases of 2 °C or higher, however, productivity will weaken 
there as well. Nonetheless, findings vary widely depending on the study, geographic 
area and crop. 

•	 Another effect of the struggle both to mitigate global warming and attain a certain 
level of energy self-sufficiency in countries lacking large fossil fuel resources is the use 
of arable land to produce biofuels such as bioethanol and biodiesel. Studies conducted 
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both by FAO and the World Bank in 2008 to analyse the reason for that year’s price 
hikes concluded that 5 to 20 % of those rises could be attributed to European Union 
and US policies that established quantitative biofuel targets in certain years and granted 
subsidies to meet those targets.

1.2.  THE GROWING SHARE OF EMERGING AND DEVELOPING COUNTRIES IN 
THE WORLD ECONOMY

Economically speaking, the world’s countries can be classified into two categories:
- advanced economies
- emerging and developing countries.

The division between the two is neither clear-cut nor immutable: rather, countries not 
long ago regarded as emerging or developing have joined the ranks of the advanced 
economies. The latter belong to an organisation known as the OECD (Organisation 
for Economic Cooperation and Development), which has a highly reputed publications 
and periodicals service. Its membership has varied from 24 in the nineteen nineties to 34 
today. In 2012, the International Monetary Fund classified the 34 advanced economies 
as follows:

•	 Major currency areas
United States, Euro area and Japan

•	 Euro area (17 countries)
Austria, Belgium, Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, 
Italy, Luxembourg, Malta, Netherlands, Portugal, Slovakia, Slovenia and Spain.

•	 Newly industrialised Asian countries (4 countries)
Hong-Kong, Korea, Singapore and Taiwan province of China

•	 Major advanced economies (G-7)
Canada, France, Germany, Italy, Japan, United Kingdom, and United States

•	 Other advanced economies (13 countries)
Australia, Czech Republic, Denmark, Hong Kong, Iceland, Israel, Korea, New 
Zealand, Norway, Singapore, Sweden, Switzerland andTaiwan province of China.

The groups into which the advanced economies are classified are obviously not mutually 
exclusive, for a number of countries are in several. Furthermore, in the wake of the 
ongoing financial and economic crisis initiated in 2007 that has primarily impacted the 
advanced economies, and most of them asymmetrically, the 20 most prominent advanced 
and emerging economies formed a group known as G-20 to design a coordinated strategy 
for confronting the challenges facing the world economy.  
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The key economic magnitudes for 2011 for advanced, emerging and developing countries 
are shown below.

2011

Nº of
economies

GDP (1) 
(%)

Exports of
goods and services

(%)

Population
(%)

Advanced economies 34 51.1 62.4 14.9

Emerging and developing economies 150 48.9 37.6 85.1

TOTAL 184 100.0 100.0 100.0
(1) Valued at purchasing power parity

Source: World Economic Outlook, IMF, April 2012

* The International Monetary Fund’s economic growth forecasts are shown in the table 
below.

GDP ∆ IN PPP (% y/y)

Mean
1994/2003

Mean
2004/2011

Projections

2012 2013 2017

Advanced economies 2.8 1.6 1.4 2.0 2.7

Emerging and developing economies 4.4 6.8 5.7 6.0 6.3

WORLD 3.4 3.9 3.5 4.1 4.7

Source: World Economic Outlook, IMF, April 2012

Developed and emerging countries’ respective shares in the world economy, which 
remained essentially unaltered at 80 % (advanced) / 20 % (emerging) until around 2005, 
changed rapidly after that date. The variation observed is the outcome on the one hand 
of the financial-cum-economic crisis in developed countries, and of the increasing pace 
of emerging country growth on the other. The relative positions of these two groups of 
countries will change, in all certainty, in the present decade (see the graph in the margin).

The OECD, in turn, makes economic growth forecasts through 2050 for all advanced 
economies and some emerging or developing countries based on a series of assumptions, 
the most prominent of which are listed below.
•	 The gap between real and potential production will gradually narrow beginning in 

2013, disappearing in 4 or 5 years for most countries, depending on the size of the gap.
•	 Oil prices will continue to be subject to upward pressure and will rise, in real terms, by 

5 % yearly from 2013 to 2020, by 2 % yearly between 2020 and 2030, and 1 % yearly 
after 2030.

ADVANCED AND EMERGING ECONOMIES’ SHARE

Source: The Economist, 6 August 2011 
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•	 Trade among the OECD countries will remain constant in real terms, i.e., disregarding 
inflation.

•	 The availability of credit for the private sector (as a percentage of GDP) will gradually 
converge, at 2 % yearly, on the situation prevailing in the United States, where private 
sector credit will remain flat at 200 % of GDP.

•	 Interest rates will continue to normalise, while the gap between potential and real 
production will narrow after converging in the short term on a neutral rate, i.e., equal 
to the economy’s potential growth rate.

•	 Higher public indebtedness levels will result in higher interest rates, further to the 
conclusions of studies authored by Egert (2010) and Laubach (2009): for indebtedness 
higher than 75 % of GDP, the risk premium rises by 2 basis points (0.02 %) per 1 % 
increase in debt. Similarly, when public debt exceeds 125 % of GDP, the risk premium 
rises by an additional 2 basis points per 1 % increase in debt. 

•	 Countries where the debt/GDP ratio is presently on the rise will have a primary surplus 
(excluding interest on debt) of 0.5 % (1 % in Japan) of GDP beginning in 2013.

•	 The working life/life expectancy ratio will remain constant, inferring that retirement 
age is pegged to life expectancy.

•	 Structural unemployment in the OCED will gradually return to the lowest level 
recorded between 2007 and 2013.

•	 For non-OECD countries, social spending will rise gradually to reach the present 
OECD mean without impacting public savings. 

Based on the aforementioned assumptions, the OECD’s economic forecasts are as listed 
below.

Production
gap

2012

Potential GDP growth (PPP) Real GDP 
growth (PPP)

2012-20172001-2007 2012-2017 2018-2030 2031-2050

OECD -2.8 2.1 2.0 2.2 1.9 2.3

Non-OECD -0.9 6.9 6.9 5.1 3.0 6.9

WORLD -- 2.7 3.4 3.3 2.4 3.6

Source: OCDE Economic Outlook, May 2012

These differences in growth between countries and geographic areas will usher in profound 
change in their respective shares of the world economy.  
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CHANGES IN THE COMPOSITION OF WORLD GDP
(Per cent of world GDP)

Source: OECD Economic Outlook, May 2012 

Furthermore, in the years from 2001 to 2010 primary energy demand and energy-related 
carbon dioxide emissions climbed to higher levels in emerging and developing countries 
than in advanced economies.

The information in the preceding paragraphs was drawn from the International 
Monetary Fund’s, OECD’s, International Energy Agency’s and The Economist’s highly 
reputed research service publications. While projections for the future necessarily include 
a sizeable speculative component and call for adopting any number of assumptions based 

PRIMARY ENERGY DEMAND (Mtoe)

1980 2000 2009

OECD 4 067 5 292 5 236

Non-OECD 2 981 4 475 6 567

WORLD 7 219 10 034 12 132

Source: World Energy Outlook 2009, International Energy 
Agency

ENERGY-RELATED CO2 EMISSIONS (Mt)

1990 2007

OECD 11 381 13 124

Non-OECD 9 560 15 701

WORLD 20 941 28 825
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2011
GDP/

World GDP 
(%)

Exports of goods 
and services/world

(%)

World
population

(%)

China 14.3 9.4 19.6

India 5.7 1.9 17.6

China 
+ India 20.0 11.3 37.2

Source: World Economic Outlook, IMF, April 2012

on the current situation, they nonetheless provide some insight as to where the world is 
heading. The main conclusions that can be drawn from the information set out in this 
section are listed below.
•	 In the coming 2 or 3 years, emerging and developing countries will account for a greater 

share of the world economy than advanced countries, at purchasing power parity value.
•	 In the present decade, growth potential will be around 4 % higher in emerging than 

advanced countries.
•	 The foregoing should prompt profound change in inter-country relationships and 

in the multilateral organisations in charge of channelling those relationships: the 
International Monetary Fund, the World Bank, the United Nations, FAO, and the 
World Trade Organisation.

•	 Since 2001-2010, emerging countries have had higher primary energy demands and 
related greenhouse gas emissions than the developed world, an issue that will acquire 
major importance throughout the century. Moreover, their growth rates are much 
higher than in advanced economies.

•	 According to the OECD’s May 2012 report, developing and emerging economies’ 
growth rates will gradually taper, however, slowing to 3 % yearly between 2031 and 
2050, which is only slightly higher than the 1.9 % forecast for the OECD countries.

1.3.  CHINA AND INDIA

China and India will indisputably be the lead actors on the global stage in the decades to 
come. Between them (China with a population of 1.341 billion in 2010 and India with 
1.225 billion3), in 2011 they accounted for 20 % of world GDP at purchasing power 
parity, 37.2 % of the world population and 11.3 % of world exports of goods and services

While these two heavyweights’ share in the world economy is significant, more 
important yet is a dynamic analysis of their recent differential growth relative to the rest 
of the planet that has afforded them increasing global importance. Furthermore, since 
both are forecast to grow at rates substantially higher than the world average over the next 
few decades, their influence will continue to rise.

That differential is clearly substantiated by the reports on the world economic outlook 
published by the IMF in April 2012 and the OECD in May of that year.

∆ GDP (valued at PPP) % y/y

Mean
1994-2003

Mean
2004-2011 2012 2013 2017

China 9.4 10.8 8.2 8.8 8.5

India 6.0   7.1 6.9 7.3 8.1

WORLD 3.4   3.9 3.5 4.1 4.7

Source: World Economic Outlook, IMF, April 2012

3  Source: World Population Prospects 2010, UN
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Production
gap

2012

Potential GDP growth (valued at PPP) % y/y Real GDP 
growth (PPP)

2012-20172001-2007 2012-2017 2018-2030 2031-2050

China -0.8 10.2 8.9 5.5 2.8 8.8

India -0.3 7.4 7.2 6.5 4.5 7.2

WORLD -- 2.7 3.4 3.3 2.4 3.6

Source: World Economic Outlook, IMF, April 2012

The three main conclusions drawn from the above tables are as follows.
•	 China’s and India’s growth differentials with respect to the world average in the rest of 

the present decade will be a very respectable 4 to 5 %.
•	 In the following 10 years, India’s growth will outpace China’s, essentially for 

demographic reasons, as discussed below. The differential with the world average will 
drop to 2 % for China and 3 % for India.

•	 Beginning in 2030, China’s growth will be level with the world average, while India’s 
will maintain a considerable 2-per cent spread, also largely attributable to demography.

The aforementioned growth differentials with respect to the world average will raise China’s 
and India’s shares of the world economy. According to the OECD’s May report, the figures 
for the period 2010 to 2050 would be as follows.

% WORLD GDP
(PPP)

% WORLD GDP
(Market exchange rates)

2010 2030 2050 2010 2030 2050

China 6 11 16 3 7 11

India 16 28 29 11 25 28

China + India 22 39 45 14 32 39

Further to this OECD forecast, the combined share of China and India in the world 
economy, valued at purchasing power parity, would rise from 22 % in 2010 to 45 % in 
2050, and at market exchange rates, from 14 % in 2010 to 39 % in 2050.

One of the factors that will bear most on how these two countries’ economies evolve 
will certainly be their demography. The population forecasts for China and India in the 
United Nations’ 2011 report (reference scenario) are set out below.

2010 2020 2030 2040 2050

M % World M M M M % World

China 1 341 19.4 1 388 1 393 1 360 1 296 13.9

India 1 225 17.8 1 387 1 523 1 627 1 692 18.2

China + India 2 566 37.2 2 765 2 916 2 987 2 988 32.1

Source: World Population Prospects, ONU 2011



125

THE MAIN VECTORS OF CHANGE IN THE TWENTY-FIRST CENTURY

CHINESE AND US DEMOGRAPHY (reference scenario)

China US

Fertility rate in 2010 1.56 2.08

Population growth, 2010-2050 (%y/y) -3.4 +30.0

Year of peak population 2026 N/A

Mean age in 2010 34.5 36.9

Mean age in 2050 48.7 40.0

Population 20-24, 2010 (M) 120 22

Population 20-24, 2050 (M) 63 25

Changes in the population pyramid 
(%) 2010-2050 - -

Under15 -5.5 -1.3

15 – 64 -11.4 -6.9

Over 65 +17.4 +8.1
Source: World Population Prospects, UN, 2011

The population forecast given in the above table clearly explains the main reason why 
growth will be greater in India than in China beginning in 2021. China has been 
implementing a “one child per family” policy for a long time. It profited from the 
concomitant narrowing at the base of the population pyramid, much as Europe did from 
the nineteen sixties to nineties, for initially under those circumstances the ratio between 
working age population and total population grows. As the population ages, however, 
that boon gradually disappears and ultimately becomes a bane, necessitating a rise in the 
retirement age. Europe has already reached that phase of the process and will be joined 
by China in a few years’ time. The gradual ageing of the Chinese population can be 
visualised from two perspectives. 

a. A comparison of the figures for China and the United States under the reference 
scenario in the United Nations’ 2011 population report shows that in the latter 
the fertility rate in 2010 (see the table on the left) was 2.08 children per woman in 
childbearing age, i.e., very close to the replacement rate (in addition to immigration, 
obviously, which depends essentially on job creation).

b. The ratio of over 65s to the working age population in China, which held at a 
steady 10 % from 1960 to 2010, could climb to 40 % by 2050, as the graph on 
the left shows. Similar demographic circumstance have already been observed in 
the last few years in Japan, and are the primary cause of the gradual decline in that 
country’s share of the world economy.

Looking back into history, the United Kingdom was the world’s leading economy until 
the eighteen seventies, when it was overtaken by the United States. At the time, the US 
economy was growing at a much higher pace than Britain’s, doubling in just 17 years’ 
time (4.2 % yearly growth), whereas it took the British economy 32 years, from 1830 
to 1862, to double in size (2.2 % annual growth). Nonetheless, it was not until slightly 
before the outbreak of World War I that the United States outpaced the United Kingdom 
in GDP per capita.

In 2010 the US GDP was 14.5 trillion dollars (English trillion, i.e., 1012) at market 
exchange rates, while China’s was 5.9 trillion dollars. Consequently, if the two countries’ 
growth differentials remain unaltered, which would appear to be likely in the short term, 
China, having bumped Japan from second place in 2009, will overtake the United States 
in 2016 at purchasing power parity value, and in 2020 at market exchange rates (see 
graph on the left). 

China’s imminent leadership in the world economy will have a very significant effect 
on currency flows, prime material prices and, especially, defence policy.

In August 2011, world currency reserves amounted to 9.7 trillion (English system) 
dollars, 6.5 trillion of which were in the hands of emerging countries and 3.2 trillion in 
advanced economies (according to The Economist, 24 September 2011). At that time, 

Source: The Economist, 25 June 2011 

CHINESE POPULATION AGED OVER 65 
(as % of labour force)

US, CHINESE AND JAPANESE GDP
at current exchange rates ($trn)

GDP FORECAST FOR US, CHINA 
AND JAPAN ($ x 1012) 

CHINESE POPULATION OVER 65 
(% of working population)
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China held reserves worth 3.2 trillion dollars (33 % of the world’s currency reserves), two 
trillion in dollars. By currency, 60 % of the global total was in dollars, 26.6 % in euros and 
the remainder (around 13 %) in Japanese yens, pounds sterling or others. In recent years, 
China has booked a very large current account surplus, which in 2007 climbed to over  
10 %. Despite the IMF’s forecasts for a continued moderate rise, however, the real economic 
data show that the surplus has since shrunk to its present 2 %. That notwithstanding, in 
light of the growing importance of the Chinese economy, as early as 2020 the renminbi 
may be expected to become an international currency and to begin to gain influence in 
financial transactions from then on.

CHINA’S CURRENT ACCOUNT BALANCE,
2000-2011

Source: The Economist, 17 March 2012 Source: The Economist, 21 April 2012

Another area where the presence of the Chinese economy will be strongly felt is in 
prime materials markets, for the country is the leading consumer of several and as 
such must guarantee its supply. Today China generates the world’s highest demand for 
iron ore, coal, lead, zinc, aluminium, copper and nickel, accounting for over or near  
40 % of the global total in a number of those commodities. While future variations in 
raw material markets cannot be predicted, demand from China and other emerging 
countries may clearly put considerable upward pressure on prices. In fact, the upturn in 
demand deriving from emerging country development has driven rises in metal prices, 
which had been clearly ebbing since the early twentieth century until around 2000, as 
well as in the cost of oil.  

CHINA’S SHARE IN WORLD
DEMAND FOR PRIME MATERIALS

Source: The Economist, 24 September 2011 

CHINA’S CURRENT ACCOUNT BALANCE,
2000-2011 AND IMF FORECASTS
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THE ECONOMIST’S COMMODITY PRICE INDEX, METALS

Source: The Economist, 24 September 2011 

OIL PRICE (WEST TEXAS INTERMEDIATE) (2011 $)

Source: The Economist, 24 September 2011 

Lastly, Chinese defence policy is another area bound to undergo considerable change to 
enable the country to acquire a position more in keeping with its economic might. In 
2011, according to the IISS, the United States spent 739.3 billion dollars on defence, 
or 45 % of the world’s total, while China ranked second with 89.8 billion dollars or 
5.5 % of global defence spending. At this time, the difference is not only in budgets: 
more essentially, the US armed forces have vastly more advanced technology and 
greater operating capacity than China’s. Nonetheless, China will unquestionably want 
to eventually acquire a military presence commensurate with its imminent economic 
leadership.  

TOP TEN COUNTRIES BY MILITARY SPENDING

COMPARISON BETWEEN CHINESE AND US 
MILITARY SPENDING

Source: The Economist, 7 April 2012 
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1.4.  THE NECESSARY CO-ExISTENCE BETWEEN JUDAIC-HELLENISTIC AND 
ORIENTAL CULTURES

As noted in the preceding section, China and India together accounted for 20 % of world 
GDP in 2011 at purchasing power parity (PPP) and had a population of 2.566 billion in 
2010, or 37 % of the planet’s total. The OECD’s May 2012 report forecasts that between 
them they will account for 39 % of world GDP in 2030 and 45 % in 2050 at PPP values, 
or 32 % and 39 % at market exchange rates in the two years, respectively. By contrast, in 
2050, their joint population of 2.988 billion will shrink in relative terms from the present 
37 to 32 % of the world total. The OECD further forecasts that, excluding Japan, the share 
of its members’ economies in the world total will decline from 59 % in 2010 to 46 % in 
2030 and 40 % in 2050 at PPP, or from 67 % to 51 and 46 %, respectively, at market 
exchange rates.

Therefore, according to OECD forecasts, the joint economies of India and China, valued at 
PPP, will be larger in 2050 than all the advanced economies together, excluding Japan, and 
will foreseeably have a much larger population than all those countries combined.
The foregoing should have a very deep impact on thought and world vision, given the 
worldwide predominance of western culture since the early Modern Age, i.e., the fifteenth 
century. In fact, of the OECD’s 34 member countries (in 2012), only Japan has a culture 
that is clearly distinct from western mores, although differential traits can also be observed 
in Israel, Hong Kong, Korea, Singapore and Taiwan. The other 28 OECD countries are 
paradigms of western culture. In the scenario that will play out in the decades to come, 
those countries and the western world as a whole are going to come into closer and closer 
contact with oriental thought and culture, whose attitudes toward humanity, time and the 
meaning of life differ profoundly from western perspectives.

Westerners’ world view is deeply eurocentric, which implies that a certain mental structure 
constitutes their vantage point for observation and thought. Proof of such a straightforward 
claim may be found in two specific examples. Western historiography defines the Middle or 
Dark Ages as the period running from 476 CE, the year that Rome fell to the barbarians, 
to 1453 CE when the Turks took Constantinople, and regards those centuries as a reversion 
to an age prior to Greek and Roman splendour. And yet this was the Golden Age of Islamic 
thought, which spawned such brilliant minds as Al-Biruni (tenth- to eleventh-century 
Baghdadi scientist who measured the Earth’s diameter to a precision of 2 %) Al-Farabi, 
Al-Ghazali, Alhazen, Al-Khwarizmi (who invented algebra and bequeathed to the west the 
zero concept, developed centuries earlier by the Indians), Ibn Arabi and Averroës. It was 
thanks to these scholars that Greek thought returned to Europe, along with major advances 
in medicine, astronomy and mathematics. Obviously then, other cultures, even one as close 
to European civilisation as Islam, would classify historic periods in ways that what would 
differ widely from what is familiar to westerners.
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Another example of the eurocentrism of western culture is Morris Kline’s book, Mathematical 
thought from Ancient to Modern Times, a veritable encyclopaedia and monumental œuvre 
published in the nineteen seventies. Of the book’s 1 200 pages, barely 30 are devoted to 
non-Greek or non-European mathematical knowledge. Today, a study aiming to cover the 
history of mathematical thought would need to be largely devoted to Arabic, Indian and 
Chinese mathematics, and contain relatively long chapters on the Egyptian and Babylonian 
contributions to the discipline, which played such an influential role in Greek advances 
(Pythagoras’s theorem, for instance, was known to the Babylonians 1 000 years before the 
illustrious Greek thinker was born). Indeed, throughout history, only seven (the Egyptian, 
Babylonian, Greek, Indian, Chinese, Arabic and, from the fifteenth century onward, 
European) cultures have developed mathematical thought of their own. This may be one of 
the reasons that Indian and Chinese economic development is moving forward so quickly.

Western thought is the result of a long process of influence assimilation and philosophical 
syncretism, which may be represented schematically as shown in the chart on page 131. 
In a nutshell, the Babylonian, Egyptian and Persian cultures, which were in contact with 
oriental cultures, had enormous influence over the two cultures on which western thought 
rests. The very profound reflection that characterised the first, Judaism, spawned ideas such 
as radical monotheism, good and evil (dualism of Persian origin), the need for retribution in 
the afterlife and the revelation of ultimate truths to man from God. In Hellenism, the West’s 
second philosophical forbear, Socrates and especially Plato and Aristotle heralded the end 
of the mythological age and the advent of the pre-eminence of reason, with its corollary, the 
conceptual division of human beings into two constituent elements, body and soul.

The syncretism between Judaism and Hellenism, in turn, gave rise to Medieval Christianity, 
in which God was the centre of existence, without Whom neither life nor the world was 
conceivable. Islamic culture, which arose around Mohammed’s seventh century message, 
regarded by Muslims as God’s revelation (a strictly Jewish conceit), remained much more 
open than European Medieval culture to Hellenistic influence (itself deeply marked by 
Persian, oriental and Jewish tradition) and gradually conveyed Greek knowledge to Medieval 
Europe. Once that knowledge was assimilated, Europe experienced its own Golden Age in 
all areas of knowledge and technology, known by westerners as the Modern Age.

The three most significant features of European Modernity may well be faith in reason, 
the separation between faith and reason (not observed in Indian, Chinese or even Islamic 
culture, despite the heated debate around the issue in Averroës’s time) and the development 
of science. Some of the most prominent representatives of this virtual explosion of European 
culture were Descartes, Locke, Leibniz, Hume, Newton, Kant, Hegel, Darwin, Marx, 
Peirce, Schopenhauer, Nietzsche, Frege, Russell, Freud, Wittgenstein, Einstein, Planck, 
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Husserl, Heidegger and Strauss. Each of them, along with many others, transformed the 
way westerners view the world.

A series of developments, including two world wars (the first causing 10 million and the 
second 50 million deaths), that arose during the acme of European thought and science 
fathered a much weaker and less ambitious approach to thought collectively known as post-
Modernism. The main characteristics of this new stage include: 

1.  a questioning of faith in reason (its role in the enabling factor in Jewish genocide, the 
industrialisation of death, raised doubts about whether human reason itself harbours 
irrationality); 

2.  intellectual relativism, with the explicit waiver of the pursuit of truth, regarded as a 
futile exercise; and 

3.  the absence of any predominant ideology able to marshal the most brilliant minds 
around a discourse with identifiably common elements.

Islamic, Indian, Chinese and other cultures are the result of influences and evolutionary 
vectors that vary greatly from the forces that have shaped European culture. Nonetheless, 
the thinking of the latter has predominated in science and economy practically since the 
sixteenth century, and particularly since the Industrial Revolution, i.e., in the nineteenth 
and twentieth centuries. From now on, however, China’s and India’s growing share of the 
world economy is going to constitute an increasingly significant presence in the West, where 
open-minded determination to adapt will be essential in the years to come.
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2.  ENERGY 

2.1.  WORLD-WIDE ENERGY PROSPECTS

The three most reliable sources on energy matters are listed below.
•	 The International Energy Agency (IEA), whose membership includes most of the 

OECD countries (28 of the 34 that comprise the OECD also form part of the IEA) 
and the following non-OECD countries: Chile, Estonia, Iceland, Israel, Mexico (as an 
oil producer) and Slovenia. The IEA, which was created in November 1974 in the wake 
of the 1973 oil shock, pursues the following objectives: to further security of supply 
among its member countries and provide a reliable and authoritative opinion on energy 
issues.

•	 The US Energy Information Agency (USEIA) is a body created to provide that country’s 
Government with accurate information with which to design its energy policy, given its 
leadership position.

•	 For oil only, the Organisation of Petroleum Exporting Countries (OPEC) furnishes 
very up-to-date, accurate and accessible information.

Other sources of information of great interest include the United Kingdom Energy 
Research Centre (UKERC), the United States Geological Survey (USGS), a highly 
reliable source for estimates of fossil fuel resources, and global energy companies such as 
Shell, Exxon Mobil, BP and Total.

Before undertaking any projection of world energy demand and production in 2035, 
certain assumptions must be made about variations in the following parameters:

•	 population by country
•	 GDP by country
•	 energy policy scenarios
•	 fossil fuel prices
•	 price of CO2

•	 technological developments.
As discussed below, some of the aforementioned parameters are heavily inter-dependent.
The forecasts for population, its distribution by geographic area and urbanisation rates are 
given in the following table.

POPULATION AND URBANISATION ASSUMPTIONS BY REGION

POPULATION GROWTH
(%)

POPULATION
(M)

URBANISATION RATE
(%)

2009-2020 2020-2035 2009-2035 2009 2035 2009 2035

OECD 0.5 0.3 0.4 1 229 1 373 77 84
Non-OECD 1.2 0.9 1.0 5 536 7 183 44 57

WORLD 1.2 0.9 1.0 6 765 8 556 50 61

Source: WEO 2011, IEA 
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The forecasts on population and its geographic distribution included in the International 
Energy Agency’s WEO 2011 report are very similar to the predictions set out in the 
United Nations’ World Population Prospects 2010. Specifically, the IEA predicts that in 
2035 the world population will come to 8.556 billion, which differs by only 0.5 % from 
the United Nations’ reference scenario projection of 8.598 billion. 

The table below lists the International Energy Agency’s forecasts for gross domestic 
product (GDP) growth to 2035, at purchasing power parity (PPP) values.

REAL GDP ASSUMPTIONS BY REGION

($ 2010 trillion)

2009-2020 2009-20352009 2015 2020 2035

OECD 39.9 46.5    51.8  69.4 2.4% 2.2%

Non-OECD 30.9 45.5    59.4 106.8 6.1% 4.9%

WORLD 70.8 92.0 111.2 176.2 4.2% 3.6%

Source: WEO 2011, IEA

These values are reasonably close to the OECD’s annual growth forecasts for 2018 to 
2030 (see item 1.2 of this chapter), which predict 2.2 % for OECD members, 5.1 % for 
non-OECD countries and 3.3 % for the world as a whole.

The International Energy Agency provides energy industry forecasts for the following 
three scenarios:

•	 New Policies Scenario: regarded by the IEA as the reference scenario, which covers all 
countries’ policies, commitments and plans for the security of supply, global warming 
and local pollution issues

•	 Current Policies Scenario: in which governments continue to implement policies 
adopted by mid-2011, with no future amendments

•	 450 Scenario: in which the objective established is to reduce the concentration of 
equivalent CO2 in the atmosphere to 450 parts per million by volume (ppmv), to 
ensure, with a 50-per cent likelihood, that in the long-term future, the global mean 
temperature will be no more than 2 °C higher than in pre-industrial times.

The prices of fossil fuels depend essentially on demand, the location of new resources, 
CO2 prices, technological developments and the supply constraints adopted by countries 
with reserves. In the medium and long term, prices will also depend on the variations 
in the price of other fuels by which they can potentially be replaced for various uses. 
Another gradual but steady development is the decoupling of gas and oil prices, as the 
former continues to gain ground in the world energy mix. The forecasts for 2035 assume 
a narrowing in the divide between gas and oil market share (oil taking 33 and gas 21 % 
in 2009, while the reference scenario forecast for 2035 envisages shares of 27 and 23 %, 
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respectively), which should gradually weaken the link between the price of gas and the 
price of oil. The graph below shows the International Energy Agency’s price estimates for 
the two fossil fuels in 2035.

AVERAGE IEA CRUDE OIL IMPORT PRICE (1)

(1) In 2010, the average IEA crude oil import price was $1.50/barrel lower than first-month WTI and  
$2.20/barrel lower than Brent 

Source: WEO 2011, IEA 

RATIO OF AVERAGE NATURAL GAS AND COAL(1) IMPORT PRICES TO CRUDE OIL PRICES  
IN THE NEW POLICIES SCENARIO

(1) Calculated on an energy equivalency basis

Source: WEO 2011, IEA
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The graphs on the preceding page show that the price of oil will depend largely on 
the energy and climate policies ultimately adopted. Also, the reference scenario envisages 
stabilisation in the gas and coal to oil price ratios, which in any event will be substantially 
lower than in 1990-2010.

Another parameter that will depend heavily on the variation in demand and the price 
of the various fossil fuels is the price of carbon dioxide emissions. In 2010, energy-related 
emissions amounted to 30.5 Gt, or around 65 % of the total. In all likelihood, then, 
stricter policies will have to be adopted to tackle global warming, the result of which 
will be the establishment of a price per tonne of CO2 emitted. For reasons of historic 
justice and economic and technological capacity, these emissions prices must initially be 
lower in emerging and developing countries, although they should slowly converge on an 
overall upward trend. The prices forecast by the International Energy Agency for the three 
scenarios by geographic area are listed below.

CO2 PRICE ASSUMPTIONS IN SELECTED REGIONS BY SCENARIO (2010$ per tonne)

Escenario Región Sectores 2020 2035

Current Policies 
Scenario European Union Power, industry and aviation 30 45

New Policies
Scenario

European Union Power, industry and aviation 30 45

Korea Power and industry 18 45

Australia and New Zealand All 30 45

China All 10 30

450 Scenario

US, Canada Power and industry 20 120

European Union Power, industry and aviation 45 120

Japan, Korea, Australia Power and industry 35 120

China, Russia, Brazil and 
South Africa

Power and industry 10 95

Source: WEO 2011, IEA 

Lastly, the variations in energy demand will depend greatly on the development of the 
technologies involved (in turn related to energy prices), the price of CO2 and the energy 
policies implemented in the various countries. 

Based on the foregoing suite of assumptions, the International Energy Agency 
computed its energy demand forecasts for each scenario, as shown on the next page.  



THE CITIES OF THE TWENTY-FIRST CENTURY

136

WORLD PRIMARY ENERGY DEMAND BY SCENARIO

Source: WEO 2011, IEA

Demand distribution by scenario and type is given in the table below.

WORLD PRIMARY ENERGY DEMAND BY FUEL AND SCENARIO (MTOE)

NEW POLICIES 
SCENARIO

CURRENT POLICIES 

SCENARIO
450 SCENARIO

1980 2009 2020 2035 2020 2035 2020 2035

Coal 1 792 3 294 4 083 4 101 4 416 5 419 3 716 2 316

Oil 3 097 3 987 4 384 4 645 4 482 4 992 4 182 3 671

Gas 1 234 2 539 3 214 3 928 3 247 4 206 3 030 3 208

Nuclear 186 703 929 1 212 908 1 054 973 1 664

Hydro 148 280 377 475 366 442 391 520

Biomass and waste 749 1 230 1 495 1 911 1 449 1 707 1 554 2 329

Other renewables 12 99 287 690 256 481 339 1 161

TOTAL 7 219 12 132 14 769 16 961 15 124 18 302 14 185 14 870

Source: WEO 2011, IEA

Furthermore, the total demand for each type of fuel and the share of each depend largely 
on the scenario chosen, as the graphs on the next page show. 
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WORLD PRIMARY ENERGY DEMAND BY FUEL AND SCENARIO, 2009 AND 2035

Source: WEO 2011, IEA [0038]

SHARES OF ENERGY SOURCES IN WORLD PRIMARY DEMAND BY SCENARIO

Source: WEO 2011, IEA [0038]

Two important conclusions can be drawn from the preceding graphs on primary energy 
demand forecasts. 1) Energy demand projections depend heavily on the scenario chosen; 
and 2) the source of energy with the greatest share also differs with the scenario: in the 
reference (or New Policies) scenario, it is oil; in the current policies scenario, coal; and in 
the 450 scenario, renewables.

In the three scenarios envisaged, primary energy intensity (measured as the demand 
for primary energy per unit of gross domestic product at market exchange rates) dips to 
below the reduction recorded from 1995 to 2009 (see the graph on the next page). 
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AVERAGE ANNUAL PERCENTAGE CHANGE IN GLOBAL PRIMARY ENERGY INTENSITY
BY SCENARIO AND REGION 

Source: WEO 2011, IEA

In 2010, energy-related emissions amounted to around 65 % of the total or a CO2 

equivalent of 30.5 Gt. To ensure that the atmospheric temperature does not rise more 
than 2 °C over the pre-industrial age value, by 2050 global emissions must be brought 
down to around 50 % lower than the levels prevailing in 2005. Hence, if energy continues 
to account for 65 % of the total, the industry would have to lower its emissions to 13 Gt 
by 2050. This is the 450 Scenario, under which energy-related emissions would be on 
the order of 22 Gt in 2035 (down by nearly 30 % on 2010). Under the reference (New 
Policies) scenario, emissions would be 36 Gt in 2035 and under the Current Policies 
Scenario, 43 Gt.

WORLD ENERGY-RELATED CO2 EMISSIONS BY SCENARIO 

Source: WEO 2011, IEA
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The variations over time in the shares of the various sources of energy in the IEA’s reference 
scenario reveal a gradual decline in oil, a rise and subsequent drop in coal (occasioned 
primarily by the various stages of Chinese development), a slow but steady rise in gas and 
relatively healthy growth in renewables.

SHARE OF ENERGY SOURCES IN WORLD PRIMARY DEMAND IN THE NEW POLICIES SCENARIO 

Source: WEO 2011, IEA

Another important consideration is that demand will undergo sweeping geographic 
redistribution. Emerging and developing countries outpaced the OECD countries in this 
respect in 2004 and according to the forecast under the reference scenario, in 2035 will 
generate 2/3 of world demand, compared to 1/3 in the developed world.

WORLD PRIMARY ENERGY DEMAND BY REGION IN THE NEW POLICIES SCENARIO

Source: WEO 2011, IEA

Historic and projected demand for developed and emerging countries through 2035 in 
the reference (New Policies) scenario is given in the table on the next page.
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WORLD PRIMARY ENERGY DEMAND BY REGION IN THE NEW POLICIES SCENARIO

MTOE %

1980 2000 2009 2020 2035 2009-2035

OECD 4 067 5 292 5 236 5 575 5 681 0.3%

Non-OECD 2 981 4 475 6 567 8 818 10 826 1.9%

World 7 219 10 034 12 132 14 769 16 961 1.3%

Source: WEO 2011, IEA

As the above table shows, by the mid-years of the last decade, non-OECD countries had 
a higher energy demand than industrialised countries and in the IEA’s reference scenario, 
demand in the former will double by 2035. Both developments are the result of the 
growth rate differentials between the two groups of countries.

The demand forecast for 2035 by source of energy and type of industry in the central 
scenario is given in the following graph.

WORLD PRIMARY ENERGY DEMAND BY FUEL AND SECTOR IN THE NEW POLICIES SCENARIO, 2035

Source: WEO 2011, IEA

One of the pillars of any country’s energy policy is security of supply, which depends 
largely on the share of imports in total demand. Substantial change is going to take place 
in the years to come, for China will overtake the US as the number one importer. The 
United States, in turn, may become self-sufficient in gas by 2035 thanks to its huge non-
conventional resources. The above changes could have a profound impact on countries’ 
geo-strategy. 
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OIL DEMAND AND THE SHARE OF IMPORTS BY REGION 
IN THE NEW POLICIES SCENARIO, 2010 AND 2035

Source: WEO 2011, IEA

NATURAL GAS DEMAND BY SELECTED REGION 
IN THE NEW POLICIES SCENARIO, 2009 AND 2035

Source: WEO 2011, IEA

One way to measure the share of fossil fuels in the world economy is to calculate the ratio 
between the cost of world oil, gas and coal demand and world GDP at market prices. 
Although this procedure is flawed in that it assumes fuel export prices to be the same as 
the price of the fuel consumed in the producing country, it does provide a rough estimate 
of that indicator.
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Economic price of fossil fuels at market prices:

$5.23 ∙ 1012

= 7,4% of world GDP
$70.8 ∙ 1012 

World GDP in 2009

Lastly, another measure of the share of energy in each region is the ratio between its 
imports and its GDP, as described in the following graph.

EXPENDITURE ON NET IMPORTS OF OIL AND GAS AS A SHARE OF REAL GDP BY REGION
IN THE NEW POLICIES SCENARIO, 1980-2035

Source: WEO 2011, IEA

As noted earlier, the most striking change is the reduction in the value of US imports 
relative to its GDP, while all other regions exhibit more moderate declines. 
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2.2.  ENERGY TECHNOLOGY PERSPECTIVES

One of the most relevant considerations when establishing energy policies or strategies is 
the prospects for variation in the technologies used and their associated costs. Considerable 
effort will need to be deployed to enhance energy efficiency if the target 2-°C ceiling 
on mean temperature is to be met. This will entail increasing the share of renewables, 
using biofuels, extending the use of nuclear energy and developing carbon capture and 
geological storage technologies. According to the International Energy Agency, that effort 
should be distributed as follows.

WORLD ENERGY-RELATED CO2 ABATEMENT BY SECTOR 
IN THE 450 SCENARIO COMPARED WITH THE NEW POLICIES SCENARIO

Source: WEO 2011, IEA

Measures will need to be taken in connection with electric power generation and distribution 
and the three major end-user industries (manufacturing, building and transport) to achieve 
the 15-Gt abatement in CO2 emissions. Of the four above-mentioned industries, electric 
power accounts for the largest share of both energy demand and CO2 emissions. In 2009 it 
produced 38 % of worldwide demand for primary energy and 41 % of total emissions. In 
the International Energy Agency’s reference (New Policies) scenario for 2011, those figures 
are predicted to rise to 42 and 41 %, respectively, by 2035.

Primary energy 
demand (MTOE)

Emissions
 (Mt CO2)

Real New policies scenario Real New policies scenario

2009 2035 2009 2035

WORLD TOTAL 12 132 16 961 28 844 36 367

ELECTRIC POWER 4 572 7 171 11 760 14 757

ELECTRIC POWER/WORLD TOTAL 38% 42% 41% 41%

Source: WEO 2011, IEA
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Given the importance of electric power, this section focuses on its technological prospects.
The elements of electricity generation where action could be taken to lower emissions 

are:
•	 power plants fired by the various fuels
•	 carbon capture and storage
•	 renewable energies
•	 nuclear energy.

A) Electric power plants
The volume of CO2 emitted in electricity generation is deeply affected by type of fuel 
and technological change. Mean coal-fired plant efficiency has remained flat at around 
35 % over the last 20 years, while the performance of gas-fired plants has improved 
substantially, from values comparable to coal in the nineteen nineties (34 %) to the 
present mean rates of about 42 %.

EFFICIENCY OF ELECTRICITY PRODUCTION FROM FOSSIL FUELS

Source: Energy Technology Perspectives 2010, IEA 

The five main electric power generation technologies are discussed below.

1.  Pulverised coal combustion
This is the predominant technology in coal-fired plants, used in around 97 % of the coal 
plants currently in operation worldwide. Most operate at efficiency rates of up to 39 %, 
i.e., below supercritical steam conditions, which require raising steam pressure to over 
221 bar. The supercritical technology plants built in recent years deliver much higher 
efficiency than conventional plants. Although no consensus has been reached on the 
definition, some manufacturers distinguish between supercritical and ultra-supercritical 
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technology, meaning by the latter the use of steam at temperatures of over 600 °C. The 
efficiency of supercritical or ultra-supercritical plants commissioned in recent years 
ranges from 42 to 47 %, depending on steam pressure and temperature, coal quality 
and environmental conditions. With nickel alloys, it may be possible to raise the steam 
temperature to over 700 °C and with it plant efficiency to over 50 %.

2.  Fluidised bed combustion
This is a more recent technology, normally used in plants with lower installed capacity 
than pulverised coal combustion plants, although several have a capacity of 280 to  
300 MW. In June 2009, a 500-MW plant was commissioned, with a design efficiency of 
43 %. In the near future, manufacturers expect to be able to offer plants with a capacity 
of 500 to 800 MW.

3.  Gas-fired combined cycle
This has proved to be the most popular technology in the last 20 years in many OECD 
and several non-OECD countries. Improvements in gas turbines have yielded efficiencies 
of close to 60 % and further technology enhancements are in the pipeline.

4.  Integrated gasification combined cycle
These plants have lower emissions than pulverised coal combustion facilities and can 
potentially reach the same levels of energy efficiency. The interest aroused by this technology 
in the nineteen seventies and eighties waned in the late nineties due to concerns around 
cost and operating reliability. Of the plants commissioned in the nineteen nineties, only 
four are presently in operation, two in Europe and two in the US, with installed capacities 
of from 250 to 300 MW and efficiency rates of 40 to 43 %. Nonetheless, a series of 
improvements developed for this technology, which could raise its energy efficiency to 
over 50 %, have restored some of its appeal.

5.  Combined heat and power plants
By generating both heat and electricity, combined heat and power plants can transform 
from 75 to 80 % of primary into usable energy, and some deliver efficiency rates of  
90 % or over. With an installed capacity generally ranging from 1 kW to 500 MW, they 
are usually designed for specific locations that sell their surplus power to the grid.

The table on the next page gives the present investment and operating costs, along with 
efficiency rates for the various technologies and forecasts for the future.
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INVESTMENT COST
USD/kW

O&M COSTS
USD/kW/yr

NET EFFICIENCY
(%)

2020 2050 2020 2050 2020 2050

SC PCC 2 100 1 650 42 32 42 42

USC PCC 2 200 1 700 44 34 46 52

IGCC 900 750 27 23 57 63

NGCC 2 400 1 850 72 56 42 54

Source: Energy Technology Perspectives 2010, IEA

B) Carbon capture and storage
Carbon capture and storage consists of three stages: CO2 capture, transport and 
geological storage. The implementation of this technology (which accounts for 22 % 
of the abatement in energy-related CO2 emissions in 2035 in the International Energy 
Agency’s 450 Scenario compared to its New Policies Scenario) calls for either a tax on 
CO2 emissions or some manner of public aid, given the rise in power generation costs it 
entails.  

1.  Carbon dioxide capture
The three technologies for capturing CO2 are post-combustion, pre-combustion and oxy-
fuelling. The experience acquired in the present decade will be crucial to the use of these 
technologies after 2020. According to the International Energy Agency’s carbon capture 
and storage roadmap (IEA, 2009), 100 large-scale projects using this technology will have 
to be in operation in 2020 if its use is to be extended in the decades to come. In 2008 
only five such large-scale projects were in place, and none in the energy industry. In 2010, 
worldwide, 240 CCS projects were in different stages of design, 80 of which are large-
scale projects that could test the full process (Energy Technology Perspectives 2010, IEA). 

2.  Carbon dioxide transport
CO2 has been transported in pipelines in the US and Canada for the last 30 years. Over 
30 Mt of natural or anthropogenic CO2 flow yearly through upward of 3 000 km of 
(normally high pressure) pipeline networks in those two countries.

3.  Carbon dioxide storage  
CO2 can be stored in saline geological formations, depleted oil and gas fields and 
unmineable coal seams. According to the Intergovernmental Panel on Climate Change, 
the world CO2  storage capacity is as described in the table on the next page. These figures 
should be viewed against the backdrop of the 30.4 Gt of CO2 emitted by energy facilities 
in 2010. 
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STORAGE CAPACITY FOR SEVERAL GEOLOGICAL  
STORAGE OPTIONS 

RESERVOIR TYPE LOWER ESTIMATE OF 
STORAGE CAPACITY (GtCO2)

UPPER ESTIMATE OF 
STORAGE CAPACITY (GtCO2)

Oil and gas fields 675 900

Unmineable coal seams 3/15 200

Deep saline formations 1 000 10 000

Source: Carbon Dioxide Capture and Storage, IPCC, 2005 

The estimated costs of carbon capture and storage per tonne of CO2 are shown below.
•	 CO2 capture

GAS COMBINED CYCLE PULVERISED COAL INTGRTD GASS.
COMBINED CYCLE

LOW HIGH PROBABLE LOW HIGH PROBABLE LOW HIGH PROBABLE

$/tCO2 37 69 46 42 66 57 20 55 33

Source: Carbon Dioxide Capture and Storage, IPCC, 2005 

•	 CO2 transport: $1-$8/t CO2 per 250 km 
•	 geological storage: $0.50-8.00/t CO2 in deep saline formations, plus a monitoring 

cost of $0.10-0.30/t CO2

C) Renewable energies
In the reference scenario in World Economic Outlook 2011, the International Energy 
Agency forecasts yearly growth in renewables to 2035 of 2.1 % for hydroelectric 
power, 1.7 % for biomass and waste and 7.8 % for other renewables. All these figures 
are considerably higher than the 1.3-per cent annual rise in world demand for primary 
energy envisaged for the same period. It also predicts that the share of renewable energy 
in total world primary energy demand will climb from the current 13 to 18 % in the 
reference scenario and to 27 % in the 450 Scenario. Most of the renewable energy would 
be used in electric power generation.

The seven technologies for generating electric power from renewable sources are 
described below.

1.  Hydroelectric
This is the major source of renewable electric power generation. Plants are classified as 
small or large hydro, with the upper limit for the former ranging from 10 to 50 MW. 
The potential for small hydro is still high in Africa, Asia and Central and South America. 
Many large hydro projects have yet to be undertaken, although the environmental impact 
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involved makes these endeavours invariably more controversial. One major conditioning 
factor for using this technology in future is climate change, which may induce substantial 
variations in rainfall patterns in certain geographic areas.

2.  Bioenergy
The term bioenergy includes solid biomass, wood, agriculture and paper plant waste, as 
well as energy crops, biogas, urban pruning waste and biofuels.

3.  Solar photovoltaic 
The existing market technologies can be divided into two groups: crystalline silica and 
thin film. Another presently emerging technology is solar or photovoltaic concentration. 
In the past, the learning rate (defined as the reduction in cost for each doubling of use of 
a given technology) has ranged from 15 to 22 %. Prices tumbled by 40 % in 2008/2009. 
At the same time, worldwide installed capacity has been growing at a rate of 40 % over 
the last 10 years.

4.  Concentrating solar power
A number of concentrators are in different stages of development: cylindrical parabolic, 
Fresnel reflector, and parabolic tower and receiver. Since with this technology the energy 
generated can be stored for several hours in molten salts, it is somewhat more flexible, 
although less fully developed, than photovoltaic solar systems.

5.  Wind
Wind energy is the second most productive source of renewable electric power worldwide, 
and the first in Spain. In the past, technological improvements have concentrated 
on the increase in turbine size. Technological innovation should improve rotor blade 
energy capture in complex topographies and turbulent weather to lower operating and 
maintenance costs, lengthen generator service life and reduce component costs.

6.  Geothermal
Electric power is generated from geothermal sources in the Pacific Ring of Fire (Indonesia, 
Philippines, New Zealand, Central America and US west coast), Iceland and some parts of 
eastern Africa. With recent technological improvements, electricity can now be generated 
from fluids at temperatures as low as 73 °C.

7.  Ocean
This technology, which is still in a very incipient stage compared to other renewables, 
consists of harnessing energy from tidal flows, waves, tidal currents, ocean currents, or 
thermal or salinity gradients.

The present and future cost estimates for generating electric power from renewable 
energies are given in the following table.
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INVESTMENT COST 
USD/kW

O&M COST
USD/kW/yr

2010 2050 2010 2050

Biomass steam turbine 2 500 1 950 111 90

Geothermal 2 400/5500 2 150/3 600 220 136

Large hydro 2 000 2 000 40 40

Small hydro 3 000 3 000 60 60

Solar PV 3 500/5 600 1 000/1 600 50 13

Solar CSP 4 500/7 000 1 950/3 000 30 15

Ocean 3 000/5 000 2 000/2 450 120 66

Wind onshore 1 450/2 200 1 200/1 600 51 39

Wind offshore 3 000/3 700 2 100/2 600 96 68

Source: Energy Technology Perspectives 2010, IEA 

D) Nuclear energy
Nuclear energy can generate enormous amounts of electric power with a very low level 
of emissions throughout a plant’s life cycle. It is in place in 30 countries and in 2009 
accounted for 13.5 % of worldwide electricity output. It was characterised by speedy 
growth until the late nineteen eighties, when it stagnated in the wake of the 1979 Three 
Mile Island and 1986 Chernobyl accidents. As discussed in earlier sections of this book, 
while the impact of the 11 March 2011 Fukushima accident on this type of power cannot 
be calculated at this time, at the very least it will induce substantial delays in the projects 
currently underway or in the planning, given the need for revision to meet stricter safety 
standards.

WORLD NUCLEAR GENERATING CAPACITY

Source: Energy Technology Perspectives 2010, IEA
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At year-end 2009, i.e., prior to the Fukushima accident, 56 new reactors were under 
construction around the world. China had the most ambitious programme, with 20 
underway. Russia was also building several large reactors. Of the OECD countries, 
Korea had the largest scale programme, while Finland, France, Japan and the Slovakian 
Republic were each building one or two units. A long nuclear moratorium was recently 
lifted in the US. In all, the units underway summed 50 GW, to be added to the 393 GW 
in place in 2009.

The latest technological improvements in plant design, known as Generation III+, aim 
to surmount the limitations and problems that plague the Generation II plants presently 
in operation. The new plants are designed for a 60-year service life, as opposed to the 
40-year design lives of the plants built in the nineteen eighties. The forecast investment 
and operating and maintenance costs for Generation III+ reactors are listed in the table 
below.

INVESTMENT COST 
USD/kW

O&M COST
USD/kW/yr

Net efficiency
(%)

2010 2050 2010 2050 2010 2050

Generation III+ 3 000/3 700 2 700/3 300 90/111 81/99 36 37

Source: Energy Technology Perspectives 2010, IEA

The above estimates are subject to considerable uncertainty, however, for the extra cost 
involved in the higher safety requirements stemming from the 2011 Fukushima accident 
are impossible to predict at this writing.

2.3.  THE THREE MAJOR ISSUES IN THE FUTURE OF ENERGY

The main issues that will affect the future of energy can be classified under the following 
headings:

•	 socio-economic factors, such as gross domestic product growth and its distribution, as 
well as population trends

•	 fossil fuel price variations, including the progressive de-coupling of oil and gas prices, 
induced primarily by both relatively larger gas resources (measured in years of present 
output) and the growing share of this commodity in the world energy mix

•	 the policies of the countries with the largest resources, where governments are exercising 
increasing control over extraction

•	 the location of new resources: one important question in this regard is the future 
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extraction of the large reserves in the rapidly thawing Arctic Ocean
•	 technological development in areas including:

•	 exploration and extraction
•	 renewable energies
•	 transformation of primary into usable energy
•	 carbon capture and storage
•	 nuclear power
•	 biofuel development
•	 coal to liquids and gas to liquids production
•	 fuel switching for given purposes (e.g., substitution of gas for gasoline in auto- 

mobiles or coal for gas in electric power generation)

•	 energy policies in consumer countries, in particular to maintain or enhance their energy 
independence, as well as policies in support of renewable energies

•	 development of a possible international climate agreement establishing some manner 
of CO2 tax or country-by-country emissions ceilings.

The aforementioned factors are not independent of one another, but inter-related. 
Oil prices, for instance, depend on resources, technological developments in several 
areas, producing and importing country policies and possible international climate 
agreements.

The future of energy, in any event, cannot be regarded as mechanistic (predictable 
based on accurate knowledge of present circumstances): rather, it depends heavily on 
policy decisions. Three specific questions that will have an enormous effect on the 
future of energy are discussed in greater detail in the pages below: non-conventional gas, 
conventional oil reserves and the development or otherwise of nuclear fusion energy.

2.3.1.  Non-conventional gas

A number of factors may spur a steeper rise in the share of gas in the energy mix than 
recorded in recent years, including the following.

1.  Natural gas reserves, which are widely distributed throughout the world, could 
provide for a 260-year supply at present output rates (3.1 billion cubic metres yearly). 
Around 50 % of the remaining resources, or 125 years of output at current levels, are 
non-conventional: tight sands and shale gas (the latter accounting for around 50 % of 
these resources) and coalbed methane. 
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REMAINING RECOVERABLE RESOURCES OF NATURAL GAS AND INDICATIVE 
PRODUCTION COSTS BY TYPE AND REGION, JANUARY 2010

CONVENTIONAL TIGHT GAS SHALE GAS CBM

tcm3 $/MBtu tcm3 $/MBtu tcm3 $/MBtu tcm3 $/MBtu
E. Europe & Eurasia 136 2-6 11 3-7 83 3-6

Middle East 116 2-7 9 4-8 14

Asia/Pacific 33 4-8 20 4-8 51 12 3-8

OECD North America 45 3-9 16 3-7 55 3-7 21 3-8

Latin America 23 3-8 15 3-7 35

Africa 28 3-7 9 29

OECD Europe 22 4-9 16

WORLD 404 2-9 84 3-8 204 3-7 118 3-8

Source: Are we Entering a Golden Age of Gas?, IEA, 2011 Special Reportt

EXTRACTION OF NON-CONVENTIONAL GAS

Source: Cinco Días (Spanish economic daily), 25 January 2012 
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2.  China is implementing an ambitious policy to expand gas use, which has been 
included in its twelfth Five-Year Plan.

3.  Gas is being used increasingly in transport, favoured by the lower price of gas than 
gasoline per kilometre.

4.  The growth of nuclear power has slowed as a result of the Fukushima accident and 
the stricter safety demands imposed on nuclear plants.

The US Energy Information Agency recently published an independent estimate of total 
and technically recoverable reserves in 48 large shale gas basins located in 32 countries, 
shown on the map below. 

MAP OF 48 MAJOR SHALE GAS BASINS IN 32 COUNTRIES

Source: World Shale Gas Resources, 2011
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The results of that study are as follows (see the table in the margin). 
•	 The basins analysed, plus the basins in the US, hold an estimated 640 trillion cubic 

metres (tcm) of gas.
•	 Applying suitable recovery factors to that figure yields 188 trillion cubic metres (tcm) of 

technically recoverable gas.

Those 188 tcm estimated by the US Energy Information Agency are fairly close to the 
204 tcm estimated by the International Energy Agency, although the former excludes vast 
areas of the world with potentially large reserves, such as the Middle East and Russia, and 
should therefore be regarded as a lower limit of technically recoverable resources.

One of the problems that may derive from shale gas extraction, however, is that it 
entails very high pressure hydraulic fracturing, which might induce methane pollution in 
the aquifers lying above the shale gas layers and in the atmosphere, where the greenhouse 
gas effect would be very intense. 

In its April 2012 report entitled “Golden Rules for a Golden Age of Gas”, the 
International Energy Agency estimated that the additional precautions to be taken to 
prevent any environmental damage would raise costs by 7 %.

The identification of increasingly large reserves of non-conventional gas, particularly 
shale gas, and the ongoing enhancement of exploration and extraction technology may 
have a substantial moderating impact on gas prices, contributing to their de-coupling 
from oil prices and mitigating the effects of possible rises in the latter. In addition, the 
share of gas in the global energy mix may rise faster than at present, perhaps overtaking 
first coal and then oil to become the future’s number one fossil fuel.

WORLD NATURAL GAS PRODUCTION IN THE NEW POLICIES SCENARIO

Source: WEO 2010, IEA 

The New Policies Scenario in the IEA’s World Energy Outlook 2010 envisages an increase 
in the share of non-conventional sources in gas output from the present 12 to 20 % of 
the total in 2035.

SHALE GAS PRODUCTION TECHNIQUES AND 
POSSIBLE ENVIRONMENTAL HAZARDS 

Source: “Golden Rules for a Golden Age”, IEA, 2012 

SHALE GAS RESOURCES IN 48 BASINS IN 32 
COUNTRIES, PLUS THE RESERVES IN THE US

Continent Technically recoverable 
reserves (tcm)

North America 54

South America 35

Europe 18

Africa 30

Asia 40

Australia 11

TOTAL 188
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2.3.2.  Oil resources

The International Energy Agency’s (IEA) World Energy Outlook 2011, both in the New 
Policies (or reference) Scenario and the 450 Scenario, predicts that oil will continue to 
account for the largest share of the world energy mix until 2035 (see the table entitled 
“World primary energy demand by fuel and scenario” in item 1.2 of this chapter.) In 
the Current Policies Scenario defined in the aforementioned report, oil demand, while 
continuing to grow, will be overtaken by coal in around 2020. In the 450 Scenario, oil 
consumption will remain flat until 2020 and then decline, although it will still head the 
world energy mix.

Consequently, before establishing a criterion for forecasting oil market stability, an 
analysis should be conducted of the documentation on present resources, a possible 
production peak in the years to come and the consistency of that information.

Any number of studies have been conducted to estimate the world’s conventional 
oil reserves. The two most prominent are unquestionably the US Geological Survey 
run in 2000 (USGS2000) and the International Energy Agency’s study performed in 
2008. Other sources regarded as highly reliable in this area are the OPEC, which uses the 
USGS2000 resource estimates, and the US Energy Information Agency (USEIA), which 
does not itself quantify reserves.

The findings of the various studies on oil resources or reserves can only be accurately 
compared if the terms used are precisely defined. The definitions of the most important 
terms are listed below.

•	 Reserves: “proved reserves” (1P or P90) are reserves with greater than 90 % likelihood 
of being economically recoverable, bearing in mind foreseeable variations in 
production costs, technological developments and selling prices; “proved and probable 
reserves” (2P or P50) are reserves in which that likelihood is at least 50 %; and finally 
“proved, probable and possible reserves” (3P or P10) are reserves with a likelihood of 
recoverability of over 10 %.

•	 Reserves growth is the estimate of growth of previously found reserves based on 
improvements in recovery factors and oil field enlargement.

•	 Undiscovered resources are an estimate of the oil yet to be discovered.

•	 Ultimately recoverable resources are the sum of the remaining reserves to be extracted, 
plus the amounts already extracted.

•	 Remaining recoverable resources are the amount yet to be extracted.

Some of the most reliable estimates of the proved (1P) reserves, i.e., with a 90-per cent 
likelihood of being recoverable, are in the chart below (see the bar graph on the next 
page).  
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ESTIMATED REMAINING WORLD OIL RESERVES, END-2007

Source: WEO 2008, IEA 
Notes: All estimates are for 1P reserves, except the IHS estimate which is for 2P reserves. Oil 

includes natural gas liquids

Since present (2012) demand is on the order of 33 billion barrels yearly (equivalent to 
around 90 million barrels daily), according to the above studies, the proved reserves (1P) 
suffice to cover demand for 34 (World Oil) to 40 (O&GJ) years at present output levels. 

In its World Energy Outlook 2008, the International Energy Agency published the 
findings of a very rigorous and conscientious study conducted to estimate ultimately 
recoverable resources, the results of which are summarised in the following table.

WORLD ULTIMATELY RECOVERABLE CONVENTIONAL OIL AND NGL RESOURCES, END-2007

Cumulative 
production

Reserves 
growth

Undiscovered 
resources

Ultimately recoverable 
resources

Remaining recoverable 
resources

OECD 363 27 185 670 307

Non-OECD 765 375 620 2 907 2 142

WORLD 1 128 402 805 3 577 2 449

Source: WEO 2008, IEA 

According to the IEA, the remaining oil and natural gas liquids yet to be extracted 
amount to 2 449 x 10 9 barrels, equivalent to 74 years’ demand at 2012 levels. The IEA 
estimates are very close to the findings of the other major independent study, the US 
Geological Survey 2000, which is what the OPEC uses in its publications (although it 
deems these estimates to be conservative). The IEA’s 2008 study found ultimately 
recoverable resources (including amounts already extracted) to amount to 3 577 Gb and 
the USGS2000 estimate tallied an amazingly similar 3 345 Gb.

Nonetheless, the studies of ultimately recoverable resources conducted in the last 70 
years have delivered very disperse results with a certain upward tendency, as Sorrell and 
Speirs showed in a paper published in 2009. Their findings are summarised in the chart 
on the next page. 
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ESTIMATE OF ULTIMATELY RECOVERABLE OIL RESOURCES (URR) IN 
1940 - 2010

Source: Sorrell y Spiers (2009)

Moreover, oil can be extracted from non-conventional resources, although the extraction 
costs are considerably higher than for conventional oil and natural gas liquids. In its 
2008 study, the International Energy Agency estimated that the ultimately recoverable 
conventional and non-conventional resources came to 9 trillion barrels (9 000 Gb),  
8 trillion of which have yet to be extracted, for reserves equivalent to 240 years’ demand at 
2012 levels.

LONG-TERM OIL SUPPLY COST CURVE

Source: WEO 2008, IEA 
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The not-yet recovered economically recoverable potential resources, according to the 
aforementioned 2008 IEA study, are as follows.

•	 Conventional resources: these come to 2.1 billion barrels and have an extraction cost 
of 10 to 40 dollars/barrel.

•	 Conventional resources using enhanced oil recovery (EOR) techniques: these are divided 
into two groups depending on whether they use CO2 or another recovery technology 
and cost from 30 to 80 dollars/barrel. The global potential using this technology would 
come to 400 to 500 billion barrels.

•	 Conventional deepwater and ultra-deepwater resources: these total around 160 billion 
barrels and cost 35 to 65 dollars/barrel to extract.

•	 Conventional reserves in the Arctic: these resources tally around 90 billion barrels and 
have a cost of 40 to 100 dollars/barrel.

•	 Non-conventional oil shales: the 1.3 trillion barrels of this resource has an estimated 
extraction cost of from 50 to over 100 dollars/barrel, although for a want of large 
commercial projects, the prospects for improving this technology are shrouded in 
uncertainty.

•	 Coal to liquids (CTL) and gas to liquids (GTL) resources: their potential is estimated 
at 2.4 trillion barrels, although they would have to compete with coal and gas in the 
possible applications. Their cost would range from 40 to 120 dollars/barrel.

One of the most meaningful questions for the future of energy is the timing of the oil 
production peak, which depends on three major factors.

•	 Pace of demand growth: for instance, the reference scenario in the IEA’s WEO 2011 
estimates that yearly demand growth from 2010 to 2035 will be 0.5 % (−0.7 % in 
OECD countries and 1.5 % in non-OECD countries).

•	 The quantification of ultimately recoverable reserves (URR), which in turn depends on 
technological developments and price, is the second factor.

•	 The third is the world post-peak decline rate.

The above three variables determine the date of the oil output peak. A high post-peak 
decline rate retards the production peak. Demand growth and the ultimately recoverable 
resources also affect the peak, which is delayed by both lower growth and greater 
resources. 

The date of the oil production peak will have a heavy impact on prices and its mere 
proximity will induce substantial rises and enormous volatility. The graph on the next 
page shows the findings of 13 studies on the subject. 
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THE EFFECT ON THE DATE OF PEAK OF VARYING THE URR AND THE POST-PEAK AGGREGATE DECLINE RATE

Source: UKERC, 2009

MAPPING GLOBAL SUPPLY FORECASTS ACCORDING TO THE IMPLIED URR OF CONVENTIONAL OIL, THE DATE 
OF PEAK PRODUCTION AND THE POST-PEAK AGGREGATE DECLINE RATE

Source: UKERC, 2009
Notes:  Assumes rate of increase of production prior to the peak is 1.3%/year.

All but three studies forecast a production peak prior to 2030. Those three strikingly 
similar forecasts, authored by the International Energy Agency, the US Energy 
Information Agency (USEIA) and the OPEC, estimate that the production peak will be 
reached after 2035. 
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2.3.3.  Nuclear fusion

At this time, humanity has two very ambitious and exciting projects in its physics and 
engineering pipelines. The first, the European Centre for Nuclear Research’s (French 
initials, CERN) recently commissioned hadron collider, may confirm the existence of 
the Higgs boson predicted by the standard model. This would complete the model and 
perhaps provide a deeper understanding of matter based, for instance, on supersymmetrical 
models. (In July 2012, CERN researchers confirmed the existence of a 125-GeV 
elemental particle which all the evidence suggests might be the Higgs boson, the particle 
that enables all the other sub-atomic particles to acquire mass; nonetheless, confirmation 
that the properties of this particle concur with the standard model predictions has yet to 
be forthcoming). The second, the International Thermonuclear Experimental Reactor 
(ITER) Project, is presently under construction at Cadarache, France.

The ITER Project will aim to prove the scientific viability of nuclear fusion. To do so, 
it must obtain 500 MW of power with an energy gain (ratio between energy generated and 
energy consumed) of 10 for 50 seconds and 5 for 1 500 seconds, and prove the suitability 
of both the ancillary facility technologies and materials used.

ARTISTIC VIEW OF THE ITER PROJECT

The investment planned at this time is 14 billion euros4, to be provided by the partners in 
proportion to their share in the project: 45 % is held by the European Union and the rest, 
in approximately aliquot parts (around 9 % each), by Japan, China, India, United States, 
Russia and South Korea. Construction on the experimental plant began in 2009 and is 

4 Sum provided by Carlos Alejaldre, Deputy Director-General of the ITER Project, in a speech delivered 
at the Fundación Ramón Areces on 7 February 2012.
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scheduled to be completed in 10 years. Trials will then be run for the next 20 years, followed 
by a 5-year decommissioning period.

The fusion reaction consists of combining deuterium and tritium, two hydrogen isotopes, 
to obtain helium and one neutron, along with 17.6 MeV of energy (see the diagram in 
the margin).

The sources of the fuel are listed below.

•	 Deuterium is found in seawater, at a concentration of 0.33 mg/L.
•	 Tritium is obtained from lithium, found in marine salts or salt mines the world over.

The reserves of deuterium and tritium would suffice to produce 15 000 GW of electric 
power, uninterruptedly, for over 10 million years. The 4 957 GW of installed capacity 
in power plants around the world in late 2009 generated 20 043 TWh of electricity. On 
average, then, they operated around 4 000 hours/year or slightly under 50 % of the time 
(for the purposes of comparison only, Spain’s nuclear fission plants normally operate for 
over 7 000 hours annually).

Generating 15 000 GW would produce around 6 000 tonnes of helium yearly, an 
element that is innocuous for both human beings and the environment. Moreover, since 
no CO2 would be emitted, the system would make a very effective contribution to the 
struggle against climate change, which is induced primarily by fossil fuel-fired energy 
generators. Depending on the materials used, the waste could be recycled in a 100-year 
time horizon.

FUSION PLANT SCHEMATIC

FUSION REACTION
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The reactor itself would be intrinsically safe, since the reaction is detained as soon as 
the system deviates from the optimal conditions. The greatest technological difficulty 
involved is the temperature of the plasma, which reaches up to 200 million °C. Ignition 
calls for an extremely intense magnetic field covering a volume of around 1 000 m3 (see 
illustration in the margin).

Another essential part of the project is the neutron source (IFMIF), which must be 
built and developed at the same time as the ITER itself.

14-MeV NEUTRON SOURCE (IFMIF)

Source: CIEMAT (Spanish Energy, Environmental and Technological Research Centre)

NUCLEAR FUSION DEMO PLANT

THE ITER REACTOR
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The fusion reaction (ITER) and neutron source (IFMIF) project findings will be used to 
begin research and development, design and construction of the first demo plant, which, 
depending on the technological difficulties encountered, may be operational around 
2040 (see the illustration on the preceding page).

The likelihood of project success is fairly high, inasmuch as no insuperable 
technological problems appear to exist that would prevent attainment of the planned 
results. The physics of nuclear fusion would not appear to pose huge difficulties either.

If the fusion project succeeds and is able to generate electric power at a cost reasonably 
competitive with other more conventional technologies (€30-60/MWh, including 
facility depreciation), the second half of this century would witness a gradual revolution 
in energy, with the advent of what for all practical purposes can be regarded as a non-
depletable resource.

2.4.  ENERGY IN SPAIN

As the reader will have gleaned from the above discussion, the present and future of 
energy involves many closely inter-related factors. Huge differences exist in this respect 
between OECD and emerging and developing countries, as well as among the countries 
in each of these groups, depending on the existence or otherwise of reserves of certain 
fossil fuels and the extent to which conventional and renewable energy technologies are 
implemented and developed.

This section is going to zoom in on the present situation and prospects for the energy 
industry in Spain, the author’s own country, in the full understanding that anything 
happening there will depend on events both on and beyond Spanish soil.

The Sankey diagram reflects the relationship between the sources of primary or 
total energy (oil, gas, coal, nuclear and renewables) and final energy use by transport, 
manufacturing, and the building and service sectors after it is transformed into heat 
or electric power. The difference between initial and final energy is attributable to 
transformation losses (in electric power generation, for instance), on-site use or the 
transport of energy sources. 

The Sankey diagram provides an overview of energy sources and usages (see the 
diagram on the next page). 
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SANKEY DIAGRAM FOR ENERGY IN SPAIN 2010 (AIE) 
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2.4.1.  Energy variations in recent years through 2010

Primary energy demand rose in Spain until 2007 and declined rapidly thereafter, from 
146.6 Mtoe at the peak to 131.9 Mtoe in 2010. That was due both to the economic 
slowdown and a substantial improvement in energy intensity. The most prominent 
features of this variation are:
•	 substantial growth in the share of renewable energies, from 5.8 % in 2005 to 11.3 % 

in 2010
•	 decline in the share of coal, which accounted for a mere 6.3 % of primary energy in 

2010
•	 considerable rise in the share of natural gas, from 5.6 % in 1990 to 23.5 % in 2010.

VARIATION IN PRIMARY ENERGY DEMAND (ktoe)

ktoe 1990 Share
% 2005 Share 

% 2010 Share
%

yrly var.
%

2005/1990

yrly var.
%

2010/05

Coal 18 831 20.9 21 183 14.6 8 271 6.3 0.8% -17.1%

Oil 47 741 25.9 71 765 49.4 62 358 47.3 2.8% -2.8%

Natural Gas 5 025 5.6 29 116 20.0 31 003 23.5 12.4% 1.3%

Nuclear 14 138 15.7 14 995 10.3 16 102 12.2 0.4% 1.4%

Renewable 
energies 4 545 5.0 8 371 5.8 14 910 11.3 4.2% 12.2%

Power balance 
(imp-exp) -36 0.0 -116 -0.1 -717 -0.5 8.1% 44.0%

Total primary 
energy 90 244 100.0 145 314 100.0 131 927 100.0 3.2% -1.9%

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

VARIATION IN PRIMARY ENERGY DEMAND (ktoe)

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade 



THE CITIES OF THE TWENTY-FIRST CENTURY

166

VARIATION IN PRIMARY ENERGY DEMAND

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

Moreover, while energy intensity declined in 2010, it was still up by 14.26 % over 2004 
(a mean yearly improvement of around 2.5 %). That value is substantially higher than the 
average for the EU-15, where energy efficiency began to improve in the early nineteen 
nineties.

VARIATION IN PRIMARY INTENSITY IN SPAIN AND THE EU

Source: Plan de Energías Renovables 2011-2020, Ministry of Industry, Tourism and Trade  
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The percentage of self-supply has also improved gradually since 2007, when it stood at 
20 %, compared to 26 % in 2010. This value is considerably lower than the 46-per cent 
European mean, however.

Greenhouse gas (GHG) emissions came to 367.5 million tonnes of CO2 equivalent  
(CO2-eq), down by 9.2 % on 2007 but still 26.8 % higher than the reference year, 1990. 
Energy (which includes the transport industry), accounted for 283.2 MtCO2-eq in 2009, 
10.4 % lower than in 2008 although 34.7 % higher than in 1990. Be it said here that 
under the Kyoto Protocol, Spain committed to keeping its emissions in 2008-2012 within 
15 % of the 1990 levels. An analysis of the distribution of energy processing industry 
emissions reveals a considerable increase in transport (+7 %); a 4-per cent decline in 
power generation; and a slight decline (−2 %) in industry.

DISTRIBUTION OF CO2 EQUIVALENT EMISSIONS BY INDUSTRY  
(IN PER CENT)

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade  

ENERGY INDEPENDENCE BY SOURCE (%)

2008 2009 2010

Coal 31.3 36.5 36.7

Oil 0.2 0.2 0.2

Natural gas 0.0 0.0 0.2

Nuclear 100.0 100.0 100.0

Hydro 100.0 100.0 100.0

Other renewable 
energies 100.0 100.0 100.0

TOTAL 21.7 23.0 25.9

Source: Planificación Sectores Electricidad y Gas 2012-
2020, Ministry of Industry, Tourism and Trade



THE CITIES OF THE TWENTY-FIRST CENTURY

168

DISTRIBUTION OF CO2 EQUIVALENT EMISSIONS IN THE ENERGY PROCESSING INDUSTRY  
(IN PER CENT)

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

Like primary energy demand, final energy demand rose from 1990 to 2007 (108.5 Mtoe), 
declining in 2008 and 2009 (97.6 Mtoe) and climbing slightly again in 2010 (99.8 Mtoe) 
The changes in the distribution of demand by source between 1990 and 2010 included 
a rise in gas, a decline in coal, a higher share for electric power and a slight slip in oil 
products.

VARIATIONS IN FINAL ENERGY DEMAND BY SOURCE

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade
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VARIATIONS IN FINAL ENERGY DEMAND BY SOURCE (ktoe)

ktep 1990 Share 
% 2005 Estr. % 2010 Share % yrly var. % 

2005/1990
yrly var. % 

2010/05

Coal 4 271 6.7 2 424 2.3 1 693 1.7 -3.7% -6.9%

Oil products 32 961 51.4 54 376 51.2 48 371 48.4 3.4% -2.3%

Natural gas 4 157 6.5 17 145 16.1 16 573 16.6 9.9% -0.7%

Electric power 10 975 17.1 20 836 19.6 21 410 21.4 4.4% 0.5%

Renewable 
energies 3 418 5.3 3 678 3.5 5 375 5.4 0.5% 7.9%

All energy 
uses 55 782 87.0 98 458 92.6 93 423 93.6 3.9% -1.0%

Non-energy 
uses 8 306 13.0 7 842 7.4 6 416 6.4 -0.4% -3.9%

Oil products 7 932 12.4 7 362 6.9 5 941 6.0 -0.5% -4.2%

Natural gas 374 0.6 480 0.5 475 0.5 1.7% -0.2%

All final uses 64 088 100.0 103 300 100.0 99 838 100.0 3.4% -1.2%

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

VARIATIONS IN FINAL ENERGY DEMAND BY SOURCE (ktoe)

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

The distribution of demand by industry reveals a decline in non-energy uses and a rise in 
the residential and other sectors such as transport.

Final energy intensity improved by 1.85 % yearly from 2004 to 2010. The 2010 value 
is higher than the EU-27 mean as well as than the figures for France, Germany and Italy, 
as the following figure shows.

VARIATIONS IN FINAL ENERGY DEMAND BY INDUSTRY (ktoe)
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VARIATION IN FINAL INTENSITY IN EU COUNTRIES

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

The share of renewable energies in final energy demand, for which the European Union 
prescribes a minimum value of 20 % in 2020, has been rising in recent years and in 2010 
stood at 13.2 %.

SHARE OF RENEWABLE ENERGIES IN FINAL ENERGY DEMAND (IN PER CENT)

Source: Informe Sostenibilidad Ambiental de la Planificación de los Sectores de Electricidad y Gas 
2012-2020, Ministry of Industry, Tourism and Trade

The share of electric power in final energy demand climbed steadily from the 17 % recorded 
in 1998 to the over 21 % reached in 2010.

The distribution of sources for power generation varied substantially between 2005 
and 2010. The most prominent changes were: 1) a decline in the share of coal, from 27.6 
to 8.2 %; 2) a substantial rise in renewable energies, from 14.5 to 32.3 %; and 3) a rise 
and subsequent decline in gas, from 18.4 % in 2005 to 29.2 % in 2008 and 22.2 % in 
2010 (see the graph on the next page).

VARIATION IN THE SHARE OF ELECTRIC POWER 
IN FINAL ENERGY
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DISTRIBUTION OF ENERGY SOURCES FOR GROSS ELECTRIC POWER GENERATION

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

Electric power demand measured by net output peaked in 2008 at 291.1 TWh, falling back 
considerably in 2009 (274.1 TWh). While it rose again slightly in 2010 (277.5 TWh), the 
final figure was still far below the 2008 peak.

VARIATION IN NET ELECTRIC POWER OUTPUT (GWh)

Source: Informe Sostenibilidad Ambiental de la Planificación de los Sectores de Electricidad y Gas 
2012-2020, Ministry of Industry, Tourism and Trade

One of the more prominent items on the national electric power balance sheet is the 
increase in the output from renewable energies, in particular hydro (2010 was an excellent 
year for rainfall), wind (15 % of gross output) and solar photovoltaic (practically non-
existent in 2006 and accounting for 2 % of gross output in 2010) (see table on next page).
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NATIONAL ELECTRIC POWER BALANCE SHEET (GWh)
Year

2006 2007 2008 2009 2010

Coal 69 850 74 666 49 842 36 894 25 493

- Conventional steam 69 343 74 203 49 018 36 136 24 730

- Combined heat and power 507 463 824 758 763

Nuclear 60 126 55 102 58 971 52 761 61 788

Natural Gas 94 706 98 272 122 964 109 565 96 216

- Combined cycle 63 506 68 139 91 286 78 279 64 637

- Conventional steam 3 467 1 321 1 570 1 656 1 986

- Combined heat and power 24 341 25 412 26 716 26 238 26 021

- Gas-based waste treatment (CHP) 3 392 3 400 3 392 3 392 3 572

Oil products 22 203 21 591 21 219 20 074 16 517

- Conventional steam 10 923 10 410 9 739 9 571 8 558

- Off-peninsula combined cycle 3 506 4 080 4 243 3 974 3 666

- Combined heat and power 7 173 6 364 6 308 5 624 3 630

- Non-renewable MSW 601 737 929 905 663

Renewable energies 51 772 58 205 62 049 74 362 97 121

- Hydro systems (unpumped) 21 389 23 064 18 614 21 031 35 632

- Other hydro 4 193 4 166 4 687 5 322 6 583

- Wind 23 297 27 568 32 496 38 091 43 708

- Wind offshore 0 0 0 0 0

- Thermoelectric solar 0 8 16 103 691

- Solar photovoltaic 119 501 2 541 5 939 6 279

- Biomass 1 573 1 553 2 136 2 347 2 820

- Biogas 600 608 632 624 745

- Renewable MSW 601 737 929 905 663

- Ocean energy 0 0 0 0 0

- Geothermal 0 0 0 0 0

Pumped storage hydro 3 940 3 289 2 817 2 831 3 106

Gross output 302 597 311 125 317 862 296 457 300 241

Plant demand 12 008 11 995 11 679 10 462 9 956

Net production 290 589 299 131 306 183 285 995 290 285

Pumping demand 5 262 4 349 3 729 3 735 4 439

Exchange balance -3 279 -5 751 -11 039 -8 106 -8 490

Demand (net output) 282 048 289 031 291 415 274 154 277 510

Transformer station demand 5 399 5 646 5 223 4 371 4 100

Transmission and distribution losses 26 512 27 649 27 438 25 830 224 456

Final power demand 250 137 255 735 258 754 243 953 248 954

Increment over preceding year 3.6% 2.2% 1.2% -5.7% 2.1%

Renewables as per cent of gross output 17.1% 18.7% 19.5% 25.1% 32.3%

Mean total hours of operation nationwide, CC 3 870 3 082 3 957 3 312 2 396

Mean total hours of operation nationwide, coal 5 811 6 253 4 130 3 042 2 080

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade
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In terms of total installed capacity, which stood at 103 961 MW in 2010, growth was 
strong in combined cycle (26 974 MW in 2010), wind (20 744 MW in 2010) and solar 
photovoltaic (3 787 MW in 2010) facilities.

INSTALLED CAPACITY AT YEAR END (MW)
Year

2006 2007 2008 2009 2010

Coal 12 064 11 996 11 999 11 999 12 020

- Conventional steam 11 934 11 866 11 869 11 869 11 890

- Combined heat and power 130 130 130 130 130

Nuclear 7 716 7 716 7 716 7 716 7 716

Natural gas 24 791 29 669 30 791 31 249 34 306

- Conventional steam 3 132 2 379 2 337 2 097 1 812

- Combined cycle 16 410 22 107 23 067 23 635 26 974

- Combined heat and power 5 249 5 183 5 387 5 517 5 520

Oil products 8 321 7 321 7 612 7 612 5 243

- Conventional steam 6 827 5 865 6 202 6 202 3 833

- Combined heat and power 1 494 1 456 1 410 1 410 1 410

Renewable energies 28 411 32 085 36 606 39 422 42 015

- Hydro systems (conv. and pumped 
storage, mixed) 14 112 14 112 14 112 14 112 14 112

- Other hydro 1 807 1 837 1 872 1 908 1 915

- Wind 11 722 14 779 16 546 18 992 20 744

- Wind offshore 0 0 0 0 0

- Thermoelectric solar 11 11 61 232 632

- Solar photovoltaic 146 690 3 397 3 418 3 787

- Biomass and renewable waste 643 656 618 760 825

- Biomass 388 374 374 492 533

- Biogas 160 149 149 173 177

- Renewable MSW (50% of total) 95 95 95 95 115

- Ocean energy 0 0 0 0 0

-  Geothermal 0 0 0 0 0

Non-renewable MSW 95 95 95 95 115

Pumped storage hydro 2 546 2 546 2 546 2 546 2 546

TOTAL INSTALLED CAPACITY 83 974 91 428 97 365 100 639 103 961

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade  
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Peak demand has remained relatively flat at 42 000 to 45 000 MW in the winter and 
39 000 to 41 000 in the summer.

VARIATIONS IN PEAK POWER DEMAND

Year Winter peak
(MW) Increment Summer peak

(MW) Increment

2006 42 153 3.1% 40 275 4.6%

2007 44 876 6.5% 39 038 -3.1%

2008 42 961 -4.3% 40 156 2.9%

2009 44 440 3.4% 40 226 0.2%

2010 43 588 -1.9% 40 934 1.8%

Source: Planificación Sectores Electricidad y Gas 2012-2020, Ministry of Industry, Tourism and Trade

2.4.2.  Energy balance in 2011 and forecast for 2012

The most prominent features of the energy balance for 2011 are:

•	 significant declines in final energy (−4.4 %) and electric power (−3.0 %) demands

VARIATIONS IN ENERGY DEMAND 2005/2011

Source: Balance Energético 2011 y perspectivas 2012, Ministry of Industry, Energy and Tourism 

•	 ongoing rise in the share of renewables in final demand, reaching 15.9 % in 2011 (see 
the graphs on the next page) 
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FINAL ENERGY 2011 PRIMARY ENERGY 2011

Source: Balance Energético 2011 y perspectivas 2012, Ministry of Industry, Energy and Tourism 

•	 atypical power generation behaviour in 2011 due to a rise in the use of coal pursuant to 
legislation establishing minimum coal consumption requirements; a change in rainfall 
trends; and a decline in wind output

GROSS ELECTRIC POWER OUTPUT 2011

Source: UNESA (Spanish electricity industry association)

•	 resumption of the downward trend in final energy intensity begun in 2004 and 
interrupted in 2010 (see the graph on the next page). 



THE CITIES OF THE TWENTY-FIRST CENTURY

176

•	 increased share of renewables and coal in the energy mix, reducing dependence to  
75.6 %, the lowest in 8 years.

FINAL ENERGY INTENSITY 2004-2011

Source: Balance Energético 2011 y perspectivas 2012, Ministry of Industry, Energy and Tourism 

Note: The final energy dependence figures differ slightly from the data shown in the table in 
item 2.4.1 entitled “Energy independence by source”, because they were taken from a 
different reference. The trend depicted is, however, consistent with those data.

The Ministry of Industry, Energy and Tourism’s forecasts for 2012 (made in June of 
that year) are shown below.

• Energy demand
Final energy: -3.7 %

Electric power: -1.7%

• Renewables
Gross final energy: 17.2 %

Power generation: 30.2%

• Energy intensity Ongoing improvement

• Energy dependence < 75% (improvement over 2011)

FINAL ENERGY DEPENDENCE 2004-2011
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2.4.3.  Energy planning 2012-2020

The conditioning factors and documents that govern energy planning in Spain at this 
writing are listed below.

a. The first is the so-called European “green package”, a suite of European directives 
and rules with very ambitious targets for 2020, discussed in detail in Chapter IV, 
item 1.2.

b. Another is a document entitled “Planificación de los Sectores de Electricidad y Gas 
2012-2020” (electricity and gas industry planning, 2012-2020). While this text 
is pending adoption, the respective environmental assessment was approved by 
the Ministry of Agriculture, Food and the Environment’s Directorate General of 
Quality and Environmental Assessment, which notified the Secretary of State for 
Energy accordingly on 28/6/2011.

c. Although the Renewable Energies Plan 2011-2020 was approved in 2011, 
application has been temporarily suspended in light of the need to curb the 
unbridled rise in the electricity deficit. Specifically, in early 2012, the Government 
approved a moratorium on new renewable energy facilities and in the following 
months took a series of related legislative measures, as explained above.

The situation is, then, characterised by absolute transience in which no reference 
documents for energy planning are in place but in which the country, as a member of the 
European Union, has obligations that must be met by 2020. In addition, by September 
2012 the electricity system deficit had climbed to over 4.0 billion euros and was expected 
to exceed 5.0 billion by year-end, a sum vastly higher than the 1.5 billion-euro legal 
ceiling. Nonetheless, the measures adopted by the Government do not necessarily 
guarantee that the deficit will be lowered to naught by 2013, as required by law. Only 
after finding a permanent solution to this problem will the Government be able to devote 
time and effort to formulating the two key reference documents needed by the industry 
to plan its investments, namely energy planning and renewables planning through 2020. 
Given the technical complexity and administrative procedures involved in both, however, 
neither is likely to be approved before the end of 2013. 
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3.  GLOBAL WARMING

Global warming is indisputably one of the century’s most crucial challenges. Both the 
factors generating warming and the possible approaches to the problem cut across an 
extraordinarily wide variety of issues. Multi-sectoral and multi-lateral strategies will 
therefore be needed to stabilise CO2 atmospheric concentration at levels that ensure that 
its impact on the Earth’s climate will be acceptable in future. Any earnest approach to the 
question must address at least the following:

•	 each country’s history of greenhouse gas (GHG) emissions
•	 their GHG emissions per capita
•	 each economy’s technological and financial capacity
•	 the symmetry of the impacts stemming from climate change, and most prominently: 

the variations in agricultural and forestry output resulting from rising temperatures and 
differences in rainfall; the impact of sea level rises on low-lying coasts, especially in large 
deltas and small islands; and the vulnerability of areas particularly sensitive to extreme 
meteorological events

•	 the uncertainty surrounding scientific accuracy of model predictions on climate and, 
to an even greater extent, on the impacts deriving from global warming and the costs 
of its mitigation

•	 the costs of strategies for addressing the necessary reduction of GHG emissions, which 
depend essentially on the warming targets proposed and technological advances.

The issue is, then, decidedly multi-sided and must be broached from a cross-disciplinary 
perspective. Approaches that neglect any of the aforementioned factors in just measure 
are doomed to failure.

This section describes the state of the art of global warming from several standpoints:

1.  scientific knowledge, condensed in the Intergovernmental Panel on Climate Change’s 
latest report (IPCC, 2007) and its thousands of references; 

2.  the grounds for negating climate change; 

3.  the debate on the cost of confronting climate change; 

4.  the International Energy Agency’s 450 Scenario, which would stabilise the Earth’s 
temperature at a 2-degree Celsius rise over the pre-industrial mean; 

5.  a few comments on the need for an international climate accord. 

The section will also zoom in on Spain for a more detailed analysis of the foreseeable 
impact of global warming on the author’s country. 
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3.1.  THE RELATIONSHIP BETWEEN ENERGY DEMAND AND GREENHOUSE GAS 
EMISSIONS

Burning fossil fuels (coal, oil and gas) to generate energy is the primary source of 
greenhouse gas (GHG) emissions. It accounts for around 66 % of emissions worldwide 
and a somewhat higher percentage in developed economies. In Spain, specifically, 
emissions attributable to energy processing came to 76 % of the total CO2 equivalent in 
2010.

Other sources that produce no emissions include nuclear and renewable energy, the 
latter covering biomass and waste, hydro power and others (the most prominent of these 
being the various wind and solar technologies). In 2009, of the 12 132 Mtoe worldwide 
demand for primary energy (WEO 2011, IEA), 9 820  Mtoe or 81 % was met with fossil 
fuels, 703 (6 %) with nuclear energy and 1 609 (13 %) with renewable energies. Of these, 
77 % consisted of biomass and waste, 17 % of hydro power and the remaining 6 % 
of other renewables. In 2011, 77 % of Spain’s primary energy demand of 129.34 Mtoe 
(Ministry of Industry, Tourism and Trade) was covered by fossil fuels, while nuclear energy 
and renewables provided 11 and 12 %, respectively.

For a given energy demand, emissions can be lowered by raising the nuclear or 
renewable share of the mix or changing the type of fossil fuels used. In electric power 
generation, for instance, which always entails transforming the energy contained in 
primary sources, natural gas emits less GHG than coal per kWh of output, although the 
difference depends on the specific type of fuel, the technology used and the efficiency of 
the transformation process.

Moreover, GHGs are also emitted by other sectors: in industry, the limestone 
decomposition inherent in cement manufacture; in agriculture, land use change (involving 
forests especially, which store huge amounts of CO2); and in services, waste processing 
and elimination all induce CO2 emissions.

The above clarification was deemed necessary early on in this discussion, for GHG 
emissions are often mistakenly identified with energy generation alone. That said, the 
three main ideas to be gleaned from the foregoing are as follows.

•	 Energy, with the combustion of fossil fuels, is the primary source of GHG emissions.
•	 Energy from nuclear or renewable sources produces no emissions.
•	 Emissions are also generated by other industrial processes, agriculture, deforestation 

and waste treatment.

Electric power is a key factor in understanding the relationship between the demand 
for primary energy and GHG emissions. This type of energy is generated from fossil fuels 
(gas, coal, and to a lesser extent, oil), nuclear energy and renewables (hydro, wind, solar 
and biomass). Energy from nuclear or renewable sources produces no GHG emissions. 
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Electric power, in turn, is used as a final energy in buildings, industry and, to a lesser 
extent, in transport with electrically driven trains or hybrid plug-in vehicles. 

The share of total (or primary) energy used to generate electric power rises with the 
degree of development. One example can be found in the United States, where electric 
power presently absorbs 40 % of total energy, up from 5 % in 1910. Worldwide, the 
percentage rose from 34 % in 1990 to 38 % today, while the International Energy 
Agency’s reference scenario predicts that it will come to 42 % by 2035 (WEO 2011, IEA). 
In Spain, 37 % of primary energy was devoted to electric power in 2010 (La Energía en 
España 2010, Ministry of Industry, Tourism and Trade) (see the graph in the margin).

3.1.1. Energy and emissions worldwide

The diagram on the next page illustrates world energy flows in 2004. The main elements 
are:

•	 the yearly demand for the various sources of primary energy: renewables (solar, 
wind, geothermal, hydro), nuclear, and fossil fuels (coal, gas and oil)

•	 the yearly use of final energy by industry: residential and commercial building, 
industry and transport

•	 the yearly CO2 equivalents for the various sources of primary energy (nil for 
renewables and nuclear energy)

•	 uranium, coal, gas and oil resources (the supply of renewables is obviously 
unlimited).

A caveat is nonetheless in order with respect to the aforementioned graph, for neither 
nuclear nor renewable energy are entirely emissions-free. The emissions generated during 
the manufacture, assembly, demolition and recycling of their components (motors, 
pipes, turbines, reactors, buildings and others) throughout the life cycle of the respective 
facilities should not be overlooked. Any such approach would call for a considerable 
number of assumptions, however, given the large number of components in each facility 
and their widely varying life spans. As a rule, the data provided by the most reliable 
references (such as International Energy Agency and IPCC reports) compute only the 
emissions from fuel and disregard the impact of generating and transmission facility life 
cycles. And indeed, that is the criterion applied in all the values cited hereunder, sourced 
largely from those references.

VARIATION IN THE ELECTRICITY/TOTAL ENERGY RATIO 
IN THE US FROM 1900

Source: Climate Change 2007, IPCC
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WORLDWIDE ENERGY FLOWS (in 2004, EJ) FROM PRIMARY TO FINAL ENERGY

1 EJ (Exajoule) = 1018 joules = 23.88 Mtoe = 2.388 x 108 Gcal = 277 800 GWh

Source: Climate Change 2007, IPCC
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GHG emissions can be classified by gas or by industry. The most prominent of the gases, 
converted to CO2 equivalent values based on their 100-year global warming potential 
(GWP), is CO2, followed by CH4 (methane), N2O (nitrous oxide) and a number of 
fluorinated compounds.

WORLDWIDE ANTHROPOGENIC GREENHOUSE GAS EMISSIONS (GtCO2-eq)

GtCO2-eq %

2004 2009 2004 2009

CO2 – energy 26.1 28.8 56.6 61.2

CO2 – other 1.3 1.4 2.8 3.0

CH4 (1) 6.6 7.7 14.3 16.4

N2O 3.6 3.2 7.9 6.8

F-gases 0.5 0.7 1.1 1.5

Land use + land use change + forestry 8.0 5.2 17.3 11.1

TOTAL 46,1 47,1 100% 100%

Source: author’s formulation from WEO 2011, IEA (for 2009) and Climate Change 2007, IPCC (for 2004)
(1) Around 35 % attributable to energy

According to the above table (given that around 35 % of the methane is generated in 
energy conversion processes: Climate Change 2007, IPCC), the share of energy in total 
worldwide emissions grew from 62 % in 2004 to 67 % in 2009, clearly converging on 
the share of energy in the more developed countries, where the percentages range from 70 
to 80 %. Obviously, then, any policy designed to lower GHG emissions must necessarily 
reduce energy-related emissions.

The distribution of emissions in CO2 equivalent values and their origin are shown on 
the next page. The data on emissions by gas and origin shown are fairly precise for energy 
processing, while uncertainty is high for the figures for CH4 and N2O (on the order of 
30 to 50 %) and even higher for the CO2 attributable to agriculture and deforestation.

GHG emissions can also be classified by sector, and within each by gas. The sectors 
include electric power, transport, residential and commercial building, industry, 
agriculture, land use, change of land use and forestry, and waste and wastewater. Emissions 
by sector and gas for 1990 and 2004 and the share of each sector in the total are shown 
in the bar graph on the next page.

To compute the total emissions attributable to residential and commercial building, 
the 7.9 % specified in the pie chart on the next page would have to be increased by the 
power consumed in construction, which is embedded in the 25.9 % shown for energy 
supply, plus the emissions generated during manufacture of construction materials 
(included in industry) and the transport of those materials to the worksite (included in 
transport). 
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GHG EMISSIONS BY GAS AND ORIGIN, 1970 TO 2004

Source: Climate Change 2007, IPCC

GHG EMISSIONS BY SECTOR AND GAS IN 1990 AND 2004

Source: Climate Change 2007, IPCC 

DISTRIBUTION OF GHG EMISSIONS BY SECTOR IN 2004

Source: Climate Change 2007, IPCC
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3.1.2.  Energy and emissions in Spain

Greenhouse gas emissions grew steadily in Spain until 2005, when they peaked at  
436 MtCO2-eq, to later slide rapidly to 356 MtCO2-eq in 2010, the last year for which 
the official statistics published by the Ministry of Agriculture, Food and the Environment 
are available. This decline is due in part to the economic crisis and in part to the 
improvements in the country’s energy intensity.

GREENHOUSE GAS EMISSIONS IN SPAIN, 1990 TO 2010 
(KtCO2-eq)

KP (1) Base 
year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

289 773 282 821 290 513 297 898 286 196 302 646 314 266 306 830 328 570 338 713 366 716

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

380 831 381 623 398 186 405 150 421 168 435 428 427 227 436 327 403 819 366 266 355 898

(1) Kyoto Protocol

Source: Inventario Emisiones GEI, Ministry of Agriculture, Food and the Environment, March 2012

The share of energy processing in total emissions ranged from 74 to 80 % in 1990-2010 
and came to 76 % in the last year of the series. 
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DISTRIBUTION OF GHG EMISSIONS BY SECTOR IN 1990-2010
(TOTAL = 100)

SECTOR 1990 1995 2000 2005 2006 2007 2008 2009 2010

Energy processing 74.30 76.13 75.85 79.35 78.45 78.60 78.34 77.40 75.82

Industrial processes 9.12 8.48 8.90 7.72 8.05 7.82 7.83 7.27 7.87

Use of solvents and 
other chemicals 0.64 0.74 0.66 0.63 0.66 0.64 0.66 0.72 0.83

Agriculture 13.27 11.63 11.56 9.38 9.74 9.79 9.61 10.57 11.24

Waste treatment and 
elimination 2.68 3.01 3.03 2.93 3.10 3.15 3.55 4.04 4.24

Total all categories 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Source: Inventario Emisiones GEI, Ministry of Agriculture, Food and the Environment, March 2012

The emissions generated by all five sectors listed in the tables (energy processing, 
industrial processes, use of solvents and other chemicals, agriculture and waste treatment 
and elimination) were higher in 2010 than in the base year 1990 (=100), although the 
rise was very uneven, ranging from 106.6 in agriculture to 199.5 for waste treatment and 
elimination. The value for energy processing in the final year of the series came to 128.4, 
slightly higher than the figure for the five sectors as a whole (122.8).

VARIATION IN EMISSIONS BY SECTOR IN 1990-2010  
(1990 = 100)

SECTOR 1990 1995 2000 2005 2006 2007 2008 2009 2010

Energy processing 100.0 113.9 137.5 164.4 159.5 163.2 150.6 134.9 128.4

Industrial processes 100.0 103.3 131.3 130.2 133.3 132.3 122.5 103.2 108.6

Use of solvents and other 
chemicals 100.0 129.3 139.8 151.5 156.0 154.2 147.8 146.5 162.4

Agriculture 100.0 97.4 117.3 108.9 110.9 113.8 103.5 103.2 106.6

Waste treatment and  
elimination 100.0 125.1 152.6 168.4 175.0 181.6 189.7 195.4 199.5

Source: Inventario Emisiones GEI, Ministry of Agriculture, Food and the Environment, March 2012

In terms of CO2 equivalent, CO2 itself accounts for about 80 % of total emissions, while 
around 10 % is attributed to CH4, 8 % to N2O and 2 % to HFCs. The presence of PFCs 
and SF6 is practically negligible. The share of CO2 has remained fairly stable at around 
80 %, while N2O has declined slightly and HFCs have risen moderately (although 
substantially, relatively speaking). 
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VARIATION IN EMISSIONS BY GAS IN 1990-2010  
(TOTAL = 100)

GREENHOUSE GAS 
1990 1995 2000 2005 2006 2007 2008 2009 2010

Per cent

CO2 79.84 80.68 80.51 84.21 83.59 83.57 82.95 81.15 79.02

CH4 9.21 9.10 8.62 7.88 8.12 8.10 8.61 9.57 9.84

N2O 9.76 8.44 8.51 6.53 6.74 6.75 6.54 7.13 7.76

HFCs 0.85 1.48 2.20 1.24 1.40 1.44 1.73 1.97 2.29

PFCs 0.31 0.26 0.11 0.07 0.07 0.07 0.08 0.08 0.09

SF6 0.02 0.03 0.05 0.06 0.08 0.08 0.09 0.10 0.10

Total emissions 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: Inventario Emisiones GEI, Ministry of Agriculture, Food and the Environment, March 2012

The total emissions in 2010 are broken down by sectors and greenhouse gas, expressed as 
CO2 equivalent, in the table on the next page.  
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INVENTORY OF GREENHOUSE GASES IN 2010

GREENHOUSE GAS /
CATEGORY

CO2 CH4 N2O HFCs PFCS SF6 Total

Kilotonnes (Gg) of CO2 equivalent

TOTAL (GROSS EMISSIONS) 248 450.27 35 011.70 27 626.49 8 144.86 303.33 361.06 355 897.71

1. Energy processing 264 763.11 2 641.26 2 430.86 269 835.23

A) Combustion 262 532.63 1 563.47 2 430.83 266 526.93
1. Energy utilities 71 706.36 125.61 585.75 72 417.72
2. Manufacturing and construction industries 62 260.96 606.53 566.97 63 434.46

3. Transport 90 421.90 96.93 903.98 91 422.81

4. Other sectors 38 143.41 734.40 374.12 39 251.93

5. Other 0.00

B) Fugitive emissions from fuels 2 230.48 1 077.79 0.03 3 308.30
1. Solid fuels 47.65 536.09 583.73
2. Oil and natural gas 2 182.83 541.70 0.03 2 724.56

2. Industrial processes 18 643.17 58.95 505.33 8 144.86 303.33 361.06 28 016.71

A) Mineral products 14 535.23 14 535.23

B) Chemical industry 730.83 44.77 504.39 1 279.99

C) Steel and iron 3 377.11 14.17 0.95 70 49 3 462.72

D) Other industries 0.00

E) Hydrocarbon and SF6 production 880.78 880.78
F) Hydrocarbon and SF6 consumption 7 264.07 232.84 361.06 7 857.98
G) Other 0.00

3. Use of solvents and other chemicals 1 037.78 1 900.43 2 938.21

4. Agriculture 18 480.69 21 533.07 40 013.76

A) Enteric fermentation 12 376.75 12 376.75

B) Manure management 5 406.52 2 616.97 8 023.49
C) Rice farming 300.39 300.39
D) Agriculture soil 18 843.64 18 843.64
E) Controlled grassland burning 0.00
F) Farm waste burning 397.03 72.46 469.49
G) Other 0.00

5. Change of land use and forestry NA NA NA NA NA NA NA

6. Waste treatment and elimination 6.21 13 830.80 1 256.79 15 093.80

A) Rubbish tips 2.28 11 436.54 0.57 11 439.39

B) Wastewater treatment 2 357.00 1 248.22 3 605.22

C) Waste incineration 3.93 0.52 7.97 12.43

D) Other 36.74 0.03 36.77

Source: Inventario Emisiones GEI, Ministry of Agriculture, Food and the Environment, March 2012
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Lastly, the diagram below shows the origin of the emissions generated in 2010 during 
energy processing and their attribution to end users (industry, buildings, services and 
transport). Note that neither nuclear energy nor renewables are shown, because they 
generate no emissions. The dotted line represents the Spanish border.

GHG EMISSIONS IN ENERGY PROCESSING AND ATTRIBUTION TO END USERS IN 2010

Source: Observatorio de Energía y Sostenibilidad en España, 2011, Pontifical University of Comillas
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3.2.  THE 2007 IPCC REPORT

The Intergovernmental Panel on Climate Change (IPCC) was created in 1988 by the 
World Meteorological Organisation and the United Nations Environment Programme 
(UNEP) to assess the scientific, technical and socio-economic documentation on climate 
change. One of the IPCC’s main activities is to routinely publish rigorous scientific 
evidence on the matter in reports and technical documents and to develop methodologies 
for the national greenhouse gas inventories envisaged in the United Nations Framework 
Convention on Climate Change (UNFCCC). Its four multi-disciplinary reports on 
climate change released to date, in 1990, 1995, 2001 and 2007, constitute a veritable 
store of scientific authority. The IPCC neither conducts nor coordinates research on 
global warming. Nonetheless, as the world forum for debate on the issue, it has often 
inspired new scientific research that has led to significant progress and breakthroughs. 
Moreover, the conclusions of its reports serve as a basis for the inter-country climate 
negotiations held under the auspices of the United Nations Framework Convention on 
Climate Change (UNFCCC).

The last report published, which refers to 2007, was authored by around 800 
contributors, nine of whom are Spanish, and approximately 2 500 expert reviewers from 
over 130 countries. The 19 000 references used to draft the 44 chapters are listed at the 
end of each. The report is divided into three distinct volumes: the physical science basis; 
impacts, adaptation and vulnerability; and the mitigation of climate change. The major 
ideas and conclusions are summarised below.

3.2.1.  The physical science basis

This section is divided into the following parts:

•	 changes in the human and natural drivers of climate
•	 observations of  changes in climate
•	 understanding and attributing climate change
•	 projections on future changes in climate
•	 robust findings and key uncertainties.

3.2.1.1  Changes in the human and natural drivers of climate
The Earth’s mean temperature is a balmy 14 rather than −19 °C thanks to the existence 
and composition of its atmosphere. Computed from the solar constant (at a mean 
distance from Earth of 1 370 W/m2), the planet’s rotation (50 % day and 50 % night 
in a year’s time) and its spherical shape, the Earth’s incoming solar radiation amounts to  
342 W/m2. Of that value, 77 W/m2 are reflected off the clouds and 30 W/m2 off the surface 
of the Earth (averaging the continental and oceanic values). The remaining solar radiation,  
235 W/m2, heats both the planet and its atmosphere to a temperature such that the radiation 
emitted and received balance out. Variations in the composition of the atmosphere, mainly 
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its carbon dioxide and water vapour content, but also the concentration of other gases such 
as methane or nitrous oxide, and changes on the terrestrial surface (variations in the snow 
and ice cover or deforestation, among others) affect the amount of solar radiation reflected 
off the clouds and the surface of the planet (presently 107 W/m2) and the amount emitted 
by both after absorption (presently 235 W/m2). The result, an equilibrium temperature that 
differs from the initial temperature, is the mechanism whereby the total radiation reflected 
and emitted by the Earth comes to the 342 W/m2 received.

ESTIMATE OF THE EARTH’S ANNUAL AND GLOBAL MEAN ENERGY BALANCE

Source: Climate Change 2007, IPCC

A.1  Greenhouse gas
The analysis of air trapped in Antarctic ice up to 650 000 years old shows that today’s 
CO2 and CH4 (methane) concentrations are considerably higher than they were at any 
time previous in those 650 millennia. More specifically, while the ice record shows CO2 

concentrations ranging from 180 to 300 parts per million (ppm), in 2005 the count 
was 379 ppm and in 2012, over 390, i.e., growth of over 2 ppm per year. Methane 
concentration in the atmosphere in the last 650 000 years ranged from 400 to 800 parts 
per million, while in 2005 the figure recorded was 1 774 parts per million.

An analysis of the data for the period since the Last Glacial Maximum, some 21 600 
years ago, reveals that the rise in the atmospheric concentration of CO2, NH4 and nitrous 
oxide (N2O) took place abruptly, at a much faster pace than the variations found for the 
preceding 20 000 years. The increased concentration of these three greenhouse gases in the 
atmosphere over the past 260 years has induced rises in radiative forcing (amount of solar 
radiation not reflected by the clouds or the Earth’s surface, presently standing at a value 
of around 235 W/m2) compared to the preindustrial age of 1.66 ± 0.17 W/m2 for CO2,  
0.48 ± 0.05 W/m2 for CH4 and 0.16 ± 0.02 W/m2 for N2O. 
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GLACIAL - INTERGLACIAL ICE CORE DATA

Source: Climate Change 2007, IPCC
Note: The variations in deuterium in Antarctic ice are a proxy for local variations in temperature.

CHANGES IN GREENHOUSE GASES FROM ICE CORE AND MODERN DATA

Source: Climate Change 2007, IPCC
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Part of the CO2 emissions attributed to the burning of fossil fuels is ultimately absorbed 
by the ocean. The flux between the land and the atmosphere, in turn, is the sum of 
two components: the flux from the land to the atmosphere due to land use change in 
deforestation, and the land’s role as a carbon sink, fixing CO2 in plants or the soil itself. 
While quantification of the land-atmosphere flux is cloaked in uncertainty (for accurate 
determination takes a considerable amount of time), the atmosphere-ocean flux is much 
more fully understood.

CARBON CYCLE (in GtC)

  1980s 1990s  2000-2005 

Atmospheric increase 3.3 ± 0.1  3.2 ± 0.1  4.1 ± 0.1 

Fossil carbon dioxide emissions  5.4 ± 0.3  6.4 ± 0.4  7.2 ± 0.3 

Net ocean-to-atmosphere flux -1.8 ± 0.8  -2.2 ± 0.4  -2.2 ± 0.5 

Net land-to-atmosphere flux -0.3 ± 0.9  -1.0 ± 0.6  -0.9 ± 0.6 

•	 Land use change flux  1.4 (0.4 a 2.3)  1.6 (0.5 a 2.7)  NA 

•	 Residual land sink -1.7 (-3.4 A 0.2)  -2.6 (-4.3 A -0.9)  NA 

Source: Climate Change 2007, IPCC 2007
Notes:   1 GtC = 3.67 GtCO2

The minus sign signifies decline and the plus sign a rise in atmospheric CO2.

An estimated 2/3 of the anthropogenic CO2 emissions since 1750 are attributed to 
fossil fuels and 1/3 to land use change. Around 45 % of that CO2 has remained in the 
atmosphere, while 30 % has been absorbed by the oceans and the remaining 35 % by 
the Earth’s biosphere. Some 50 % of the CO2 emitted is absorbed over a period of 30 
years and another 30 % in a matter of centuries, while the remaining 20 % stays in the 
atmosphere for thousands of years. Since 1980, the oceans have been absorbing about  
50 % of anthropogenic CO2 emissions. If it were not for that effect, the concentration of 
the gas in the atmosphere would be rising at a pace of around 3 to 3.5 ppm/year instead 
of the 1.9 ppm/year recorded between 1995 and 2005. The inference is that a distinction 
must be drawn between the short- and long-term views of carbon dioxide absorption by 
the Earth’s atmosphere, oceans and biosphere (see the graph in the margin).

The effects of other prominent greenhouse gases are listed below.

•	 The gases controlled by the Montreal Protocol (CFCs and HCFCs), despite the decline 
in emissions, contributed 0.32 ± 0.03 W/m2 to radiative forcing in 2005. CFC-12 was 
the gas with the third heaviest impact in this regard.

•	 The Kyoto Protocol gases (HFCs, PFCs and SF6) contributed 0.0017 W/m2 to 

CO2 EMISSIONS AND INCREASES

Source: Climate Change 2007, IPCC
Notes: 
a) The red line smooths the variations induced by the 
“El Niño” climate fluctuation in 1972, 1982, 1987 and 
1997.
b) The upper stepped line shows the annual increases 
that would occur if all fossil fuel emissions stayed in 
the atmosphere and there were no other emissions.
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radiative forcing in 2005, and while their atmospheric concentrations are low, they are 
rising rapidly.

•	 The radiative forcing induced by tropospheric ozone, scientific understanding of which 
is at an intermediate level, amounts to around 0.35 (0.25 to 0.65) W/m2.

•	 The radiative forcing attributed to the destruction of atmospheric ozone by the 
Montreal Protocol gases, an effect with a medium level of scientific understanding, is  
−0.05 W/m2.

•	 Lastly, the radiative forcing induced by CH4, which raises atmospheric water vapour 
as it condenses, is quantified at 0.07 ± 0.05 W/m2, although the level of scientific 
understanding of this effect is low.

A.2  Aerosols

Aerosols are particles in suspension in the atmosphere resulting from biomass, coal or 
mineral product combustion and have a significant anthropogenic component. They 
affect radiative forcing directly by lowering the solar radiation that reaches the Earth’s 
surface and indirectly by modifying the albedo (ratio between radiation reflected and 
received) and cloud duration, as well as by interacting with ice crystals in the clouds.

While considerable progress has been made in the scientific understanding of their 
direct effect in recent years, it remains at a low to intermediate level. The radiative forcing 
attributable to total aerosols is estimated to amount to 0.5 ± 0.4 W/m2, although unlike 
greenhouse gases, whose distribution across the terrestrial surface is fairly uniform, the 
concentration of these particles varies with geography and time and is higher where 
human activity is more intense. The results on direct radiative forcing by total aerosols 
obtained in several studies are rather widely scattered, as the bar graph on the next page 
shows.

Moreover, aerosols alter the cloud albedo effect, whose radiative forcing is estimated 
to be −0.7 (−0.3 to −0.8) W/m-2. This development is scantly understood and its scientific 
study has yielded widely scattered results. The other indirect effects (cloud duration and 
aerosol-cloud ice interaction) may be regarded more as climatic responses than radiative 
forcings (see the graph on the left on the next page).

TOTAL AEROSOL OPTICAL DEPTH

Source: Climate Change 2007, IPCC
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RADIATIVE FORCING FROM CLOUD ALBEDO EFFECT

Source: Climate Change 2007, IPCC

A.3  The effects of aviation contrails and land use
Aircraft contrails make a small contribution to radiative forcing: 0.01 (0.03 to 0.03), 
although scientific accuracy for the value is low.

Anthropogenic alterations in land cover raise the planet’s surface albedo, inducing −0.2 
± 0.2 W/m2 radiative forcing, for which the level of scientific understanding is medium to 
low. In addition, the black carbon aerosols deposited on snow reduce the surface albedo, 
which results in radiative forcing of 0.1 ± 0.1 W/m2, an effect for which the level of 
scientific understanding is low.

The impacts induced by land use change, although often locally significant, are minor 
globally speaking. While human-induced energy release leading to the urban island effect 
may be significant in large metropolitan conurbations, since cities cover a mere 0.046 % 
of the Earth’s surface, the global impact, at 0.03 W/m2, is negligible. 

AEROSOL DIRECT RADIATIVE FORCING

Source: Climate Change 2007, IPCC
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A.4  Radiative forcing due to solar activity and volcanic eruptions
Total solar irradiance began to be continually monitored in 1979. The data collected 
establish an 11-year cycle in which irradiance varies by 0.08 % from its lowest to highest 
values, with no perceptible long-term trend. The main known cause of variation in solar 
output is the presence of patches on the sun, which can be divided into sunspots where 
radiation is nil and feculae where it is high.

The radiative forcing due to variations in solar activity since 1750 is 0.12 (0.06 to 0.3) 
W/m2, with a low level of scientific understanding. Considerable uncertainty exists around 
the sun’s long-term behaviour for want of either direct observations or of an in-depth 
understanding of the physical mechanisms that induce variations in solar activity.

Another natural source of climate change is to be found in volcanic eruptions, which 
generate increases in the concentration of sulfate aerosols in the stratosphere. The two most 
consequential volcanic eruptions in the last century were the El Chichón and Mt Pinatubo 
events, in 1982 and 1991, respectively. Simulations of the latter estimate that the resulting 
radiative forcing peaked at 3 W/m2 and declined to negligible levels in 4 or 5 years.

A.5  Net radiative forcing and warming potentials
Radiative forcing attributable to human activity since 1750 comes to 1.6 W/m2, ranging 
(with 90 % likelihood) from 0.6 to 2.4 W/m2, i.e., one order of magnitude higher than 
attributed to the variation due to solar irradiance since that year.

RADIATIVE FORCING OF CLIMATE BETWEEN 1750 AND 2005

Source: Climate Change 2007, IPCC

VOLCANIC AEROSOL TOTAL VISIBLE OPTICAL DEPTH

Source: Climate Change 2007, IPCC

PROBABILITY DISTRIBUTION FOR 
ANTHROPOGENIC FACTORS

Source: Climate Change 2007, IPCC
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Several significant conclusions can be drawn from the above chart with respect to both 
the causes of global warming and the degree of uncertainty around each at the present 
state of scientific knowledge.
•	 The contribution of long-lived greenhouse gases (GHG), at 2.63 ± 0.26 W/m2, 

constitutes the main cause of radiative forcing, and the level of uncertainty around that 
value is low.

•	 The two effects of aerosols (reduction of solar irradiance and alteration of cloud albedo) 
generate a negative radiative forcing of 1.2 W/m2, although uncertainty around that 
contribution is high.

•	 Total radiative forcing is higher in the Southern than in the Northern Hemisphere due 
to the higher concentration of aerosols attributable to human activity in the latter.

•	 The probabilistic function for radiative forcing is obtained from the sums of the 
functions of each of the factors involved. Its highest value, the sum of the most probable 
values, is not symmetrical due to the lack of symmetry in the probability distributions 
of some of the factors.

One practical way to compare different greenhouse gases is based on their global warming 
potentials (GWP), which compare their radiative forcings to the values for carbon dioxide 
across a given time interval (such as 100 years). The values for methane and nitrous oxide 
are listed below.

LIFETIMES, RADIATIVE EFFICIENCIES AND GLOBAL WARMING POTENTIALS FOR THE MAIN GHGs

GLOBAL WARMING POTENCIAL

GHG
Che-
mical 

formula
Lifetime Radiative efficiency  

W m-2 ppb-1  (1)
20  

years
100 

years
500 

years

Carbon dioxide CO2 See below 1.4 x 10-5 1 1 1

Methane CH4 12 3.7 x 10-4 72 25 7.6

Nitrous oxide N2O 114 3.03 x 10-3 289 298 153
(1) parts per billion

Source: Climate Change 2007, IPCC

The lifetime of carbon dioxide, with an atmospheric concentration of 378 ppm (in 2012 
it was 390 ppm), is defined by its rate of decay, computed from the Bern carbon model, 
as follows:

a aei
t

i
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+ −
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According to the above formula, 50 years after emission, 61 % of the CO2 remains 
undecayed in the atmosphere, ocean or biosphere; the percentage declines to 53 % after 
100 years, to 46 % after 200 and to 31 % after 900. These values are indicative of the very 
long time it takes to eliminate human-induced CO2 from the planet. 

where
a0=0.217 τ1 = 172.9 years

a1=0.259 τ2 = 18.51 years

a2=0.338 τ3 = 1.186 years

a3=0.186 t = 1.000 years
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3.2.1.2  Observations of changes in climate
The observations of the Earth’s climate are based on measurements taken systematically in 
the atmosphere, oceans and cyrosphere since 1850.

B.1  Changes in the atmosphere
Terrestrial warming in the period 1906-2005 came to 0.74 °C ± 0.18 °C. Eleven of the 
period’s twelve warmest years were recorded between 1995 and 2006 (the sole exception 
was 1996). Moreover, the pace of warming accelerated with time, especially in the latest 
years in the series. Recent studies confirm that the effects of urban development can be 
estimated at a negligible 0.006 °C/decade. Another very relevant fact to bear in mind 
when interpreting the measurements is that continuous recording of climate parameters 
for the entire globe began with the satellite age in 1979. Information gathered prior to 
that year is more fragmented.

GLOBAL TEMPERATURE TRENDS
Temperature anomalies relative to the 1961-1990 average and estimated actual temperatures

Source: Climate Change 2007, IPCC

Terrestrial warming is not uniform around the globe: it has been substantially more 
intense on the continents than in the oceans in the last two decades (around 0.27 and 
0.13 °C, respectively). It has also been greater in the upper latitudes of the Northern 
Hemisphere.

The scientific evidence available is insufficient to support a higher frequency of 
extreme events such as tornados, hail or storms. That notwithstanding, the heat wave 
that affected central and western Europe in the summer of 2003 was the most extreme 
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on record since data began to be recorded in 1780, and the mean temperature for the 
summer was 1.4 °C higher than the highest temperature on previous record (the high 
temperature for 1807).

Water cycle records, in turn, show that the total water column over the oceans 
rose by 1.2 ± 0.3 % per decade between 1988 and 2004. This is consistent with rising 
temperatures, for at constant relative humidity, each degree Celsius of air temperature 
raises the atmospheric water vapour content by 7 %. Consequently, precipitation in the 
world as a whole should be expected to rise with warming. And yet rainfall has been 
observed to decline across large areas such as in the Mediterranean, southern Africa and 
some parts of southern Asia. Substantial increases in episodes of intense precipitation 
have also been observed, while even larger areas, particularly in the tropics and sub-
tropics, have been affected by more intense and longer droughts since 1970.

ATMOSPHERIC WATER VAPOUR

Source: Climate Change 2007, IPCC 
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GLOBAL MEAN PRECIPITATION

Source: Climate Change 2007, IPCC
Note: The rainfall records for the areas shaded in grey are insufficient to establish trends.

B.2.  Changes in the cryosphere
Satellite observations show that the ice cover in the Arctic has shrunk by 2.7 ± 0.6 % 
per decade since 1978. The decline is much greater in the summer, when the rate is  
7.4 ± 2.4 % per decade. Technical studies estimate a mass loss in the Greenland ice sheets 
of 50 to 100 Gt/year (inducing a rise in sea level of 0.14 to 0.28 mm/year) from 1993 
to 2003, and in Antarctica, of +50 to −200 Gt/year (−0.14 to +0.55 mm/year increment 
in sea level). While ice cap and glacier studies conducted since the publication of the 
IPCC’s 2007 report have concluded that dynamic effects may take place with rises in 
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temperature, for the time being no global quantitative predictions on this development 
have been forthcoming.

B.3.  Ocean changes

Heat capacity is around 1 000-fold greater in the ocean than in the atmosphere. Since 
1995 the ocean has absorbed about 80 % of the change in energy content in the climate 
system.

ENERGY CONTENT IN THE CLIMATE SYSTEM 

Source: Climate Change 2007, IPCC

Absorption of anthropogenic CO2 since 1750 has acidified the oceans, whose pH has 
declined by 0.1 units in the interim. The result of this progressive acidification is a gradual 
decline in the oceans’ capacity to absorb part of the CO2 emitted into the atmosphere.

The variations in ocean temperature, which are not uniform across the surface, together 
with the melting of glaciers and ice sheets in Greenland and Antarctica, underlie the  
200-mm rise in sea level recorded since 1870. Between 1961 and 2003, the sea level rose 
by 1.8 ± 0.5 mm/year, while highly precise satellite measurements have estimated the 
variation between 1993 and 2003 to be 3.1 ± 0.7 mm/year. This latter pace of variation is 
very close to climate model predictions, which estimate sea level rises of 2.8 ± 0.7 mm/year 
in that period, 1.6 ± 0.5 mm/year due to thermal expansion and 1.2 ± 0.4 to inland surface 
ice loss. Geological observations indicate that in the last 2 000 years, the sea level varied by 
0.0 to 0.2 mm/year, while archaeological studies confirm that between 1 and 1900 CE, the 
level of the Mediterranean Sea fluctuated by less than 0 ± 0.25 m. 

GLOBAL OCEAN HEAT CONTENT (0 - 700 m)

Source: Climate Change 2007, IPCC

GLOBAL MEAN SEA LEVEL

Note: The bars denote 90-per cent confidence.
Source: Climate Change 2007, IPCC
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CONTRIBUTIONS TO SEA LEVEL RISE BASED UPON OBSERVATIONS COMPARED TO MODELS USED 
FOR THE PERIODS 1961-2003 AND 1993-2003

1961 – 2003 1993 - 2003

Causes of sea level rise Observed Modelled Observed Modelled

Thermal expansion 0.42 ± 0.12 0.5 ± 0.2 1.6 ± 0.5 1.5 ± 0.7

Glaciers and ice caps 0.50 ± 0.18 0.5 ± 0.2 0.77 ± 0.22 0.7 ± 0.3

Greenland ice sheet 0.05 ± 0.12ª 0.21 ± 0.07ª

Antartic ice sheet 0.14 ± 0.41ª 0.21 ± 0.35ª

Sum of individual climate contributions to 
sea level rise 1.1 ± 0.5 1.2 ± 0.5 2.8 ± 0.7 2.6 ± 0.8

Observed total sea level rise 1.8 ± 0.5
(tide gauges)

3.1 ± 0.7
(satellite 

altimeter)

Difference (observed total minus the sum 
of observed of climate contributions) 0.7 ± 0.7 0.3 ± 1.0

Source: Climate Change 2007, IPCC

B.4  A palaeoclimatic perspective

From a palaeoclimatic perspective, Milankovitch’s highly developed orbital theory furnishes 
an accurate explanation of the variations in climate taking place in the last 650 000 years, 
an era much more fully understood than earlier periods thanks to analyses of the air trapped 
in ice cores taken in Greenland and Antarctica.

In addition to translation, rotation and nutation (the third due to moon movements), 
the Earth is characterised by other types of movements: precession over an axis 
perpendicular to its elliptical orbit around the sun, with quasi-periodicities of 19 000 
and 23 000 years; variations in the tilt on its axis, from 22 to 24.5° (presently 23°27’), 
with two quasi-periodicities of around 41 000 years; and variations in the eccentricity of 
its orbit around the sun, with quasi-periodicities of 100 000 to 400 000 years (see the 
drawing in the margin).

When summer insolation is insufficient to melt the ice in the Northern Hemisphere, 
the cumulative effect ultimately produces an ice age. The analysis of orbital movements, 
which can be very precisely calculated today, indicates that the Earth will not enter another 
ice age for at least 30 000 years. At this time, climate models are able to simulate climate 
conditions over the last 650 000 years with increasing precision. In the last interglacial 
period, 125 000 years ago, the sea level was 4 to 6 metres higher than today. Moreover, ice 
cores show that the polar temperatures were from 3 to 5 °C higher than in the twentieth 
century due to differences in the Earth’s orbit.  

MILANKOVITCH CYCLES 

Source: Climate Change 2007, IPCC 



THE CITIES OF THE TWENTY-FIRST CENTURY

202

3.2.1.3  Understanding and attributing climate change
According to global models, the variation in certain climatic parameters during the twen-
tieth century can only be explained if both natural and anthropogenic forcing are taken 
into consideration. These models support the following assertions.
•	 The likelihood of the existence of an explanation for the pattern of global warming 

observed during the last century that rules out non-natural forcing is extremely low 
(<5 %).

•	 Anthropogenic greenhouse gases are very likely (>90 %) the cause of most of the 
temperature rises recorded since the mid-twentieth century. If the cooling afforded 
by atmospheric aerosols did not exist, greenhouse gases would probably (>66 %) have 
induced a higher rise in temperature than observed in the last 50 years.

GLOBAL AND CONTINENTAL TEMPERATURE CHANGE

Source: Climate Change 2007, IPCC 
Note: Pink band = 5 to 95-per cent range for 19 simulations with five climate models

 Blue band = 5 to 95-per cent range for 58 simulations with 14 climate models 

GLOBAL MEAN SURFACE TEMPERATURE ANOMALIES

Source: Climate Change 2007, IPCC 
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•	 The sea level rise is very probably (>90 %) a response to anthropogenic forcings.
•	 The pattern of tropospheric warming and stratospheric cooling are very probably 

(>90 %) due to human activity.
•	 The variations in climate observed in the seven centuries prior to 1950 were very likely 

due to volcanic eruptions and variations in solar irradiance, such as the seventeenth-
century Maunder Minimum.

Equilibrium climate sensitivity, i.e., the long-term rise in equilibrium temperature 
attendant upon a duplication in the concentration of atmospheric CO2, is attained 
several centuries after concentration stabilises. Transient climate sensitivity, in turn, is the 
increase in temperature when the concentration of CO2 doubles (measured as the mean 
over 20 years, centred on the point of duplication). Assuming a 1-per cent yearly rise, 
carbon dioxide concentration would double in year 70 of the series. Both equilibrium 
and transient climate sensitivity are instrumental to visualising the impact of the rise in 
the concentration of greenhouse gases in the atmosphere.

Exhaustive analyses conducted with models and applying observation-based constraints 
suggest that the likely value of equilibrium climate sensitivity (p>66 %) ranges from 2 to 
4.5 °C, with the most probable estimate being 3 °C. Due to the shape of the probability 
distribution, values lower than 1.5 °C are highly unlikely, but the possibility of a value 
upward of 6 °C cannot be ruled out (p>5 %). The transient climate sensitivity values, in 
turn, will in all probability (>90 %) range from 1 to 3 °C.

CUMULATIVE DISTRIBUTIONS OF CLIMATE SENSITIVITY

Source: Climate Change 2007, IPCC
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3.2.1.4  Projections on future changes in climate 

The reliability of climate forecasts depends on two factors.
a. The first factor, future anthropogenic emissions, is in turn dependent upon 

economic trends in various countries, population, energy intensity, the energy 
mix, technological progress, carbon intensity in energy generation, the relationship 
between sources of energy and their respective uses, land use, and industrial, 
agricultural and municipal waste. Forecasts can only be made after establishing 
emissions scenarios, specifying emissions values for the various greenhouse gases 
over time. The Intergovernmental Panel on Climate Change 2007 report envisages.
The six scenarios listed in the table in the margin assumed emissions for the main 
greenhouse gases for the six scenarios described are shown below.

MAIN GHG EMISSIONS UNDER DIFFERENT SCENARIOS

Note: IS92a is an emissions scenario used in preceding IPCC reports

THE SIX SCENARIOS

Code name Description
CO2-eq 
in 2100 
(ppm)

B1 Emphasis on the  
environment, global solutions 600

A1T
Emphasis on the economy,  
global, non-fossil fuel solu-
tions

700

B2 Emphasis on the environment, 
local solutions 800

A1B
Emphasis on the economy, 
global, balanced energy sour-
ce solutions

850

A2 Emphasis on the economy, 
local solutions   1 250

A1FI
Emphasis on the economy, 
global fossil fuel-intensive 
solutions

  1 550
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b. The second factor is the consistency of the climate models used. The grounds for 
trusting their predictions include: the fact that they are based on consolidated physical 
laws, such as conservation of mass, energy and momentum; their capacity to simulate 
the major parameters of today’s climate, such as temperature, precipitation and wind, 
as well as ocean current, temperature and ice distributions; and the precision with 
which they reproduce past climate conditions, particularly for the Holocene Epoch, 
6 000 years ago, and the Last Glacial Maximum, 21 600 years ago.

The IPCC’s 2007 report used 23 global climate models from research institutions in the 
following countries: US (7), Japan (3), United Kingdom (2), Germany (2, one shared 
with a Korean institution), China (2), France (2), Canada (2), Norway (1), Australia (1) 
and Russia (1). They all simulated the climate for the Earth as a whole, using from 12 to 
56 levels in the atmosphere, 16 to 47 in the oceans, and a latitudinal/longitudinal grid 
resolution of 1 to 5°. Of the 23 global models, 17 use no flux adjustments (to adjust 
model forecasts), while six continue to use them. This is a considerable advance with 
respect to previous IPCC reports.

One of the ways to analyse the capacity of a given model to simulate physical reality 
is to compare the observed data for climate parameters to model predictions. The map 
of mean planetary precipitation patterns reproduced below shows that the models can 
simulate the observed data with reasonable accuracy, despite the differences between 
forecasts and actual data. Nonetheless, models can only be calibrated against actual 
conditions within the margins of climate variability observed during the twentieth 
century, and in most scenarios the temperature variations forecast were much greater 
than the range in which the models were calibrated.

SEASONAL MEAN PRECIPITATION RATES 1980-1999

Source: Climate Change 2007, IPCC

The variations predicted by the climate models in the various scenarios for mean surface 
temperature and sea level are shown on the next page. 
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PROJECTED GLOBAL AVERAGE SURFACE WARMING AND SEA LEVEL RISE 
AT THE END OF THE 21ST CENTURY

Temperature change (°C at 2090-2099 
relative to 1980-1999)

Sea level rise (1)

(m) 

Best estimate Likely range 
(p>66%)

(2)

Constant year 2000 concentrations 0.6 0.3 – 0.9 NA

B1 scenario 1.8 1.1 – 2.9 0.18 – 0.38

A1T scenario 2.4 1.4 – 3.8 0.20 – 0.45

B2 scenario 2.4 1.4 – 3.8 0.20 – 0.43

A1B scenario 2.8 1.7 – 4.4 0.21 – 0.48

A2 scenario 3.4 2.0 – 5.4 0.23 – 0.51

A1F1 scenario 4.0 2.4 – 6.4 0.26 – 0.59

(1) at 2090-2099 relative to 1980-1999
(2) Model-based range excluding future rapid dynamical changes in ice flow
Source: Climate Change 2007, IPCC

The projected increments in surface temperature are not uniform, but rather exhibit 
considerable variations depending on geography and the emissions scenario.

PROJECTIONS OF SURFACE TEMPERATURES

Source: Climate Change 2007, IPCC



207

THE MAIN VECTORS OF CHANGE IN THE TWENTY-FIRST CENTURY

Although global warming will raise precipitation globally speaking, the models predict 
that rainfall will decline substantially in large areas, such as the entire Mediterranean 
region.

SEASONAL MEAN PRECIPITATION RATES

Note: In the bottom panel, changes are plotted only where more than 66 % of the models agree on the 
sign of the change.
The stippling indicates areas where more than 90 % of the models agree on the sign of the change.
Source: Climate Change 2007, IPCC

3.2.2.  Impacts, adaptation and vulnerability
The impact of climate change on human activity depends on three things. 1) For a given 
emissions scenario, the application of one climate model or another yields different 
results which are not fully uniform either region- or parameter-wise. For instance, model 
predictions on variations in temperature are fairly uniform for the various scenarios, even 
as regards geographic distribution, but their precipitation forecasts are more scattered. 
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The more important question is how close the models concur with reality, although this is 
obviously not verifiable: model outputs can only be compared to past climate realities, and 
even then, in some cases one or several of the climate parameters may lie outside the range 
for which the models are calibrated. 2) Geographically speaking, impacts are often highly 
asymmetrical, simultaneously acting to the benefit of some countries and to the detriment 
of others. 3) The third factor is nations’ technological and economic capacity to adapt.

The areas most heavily impacted are fresh water resources, ecosystems, food, low-lying 
lands, health and singular events. The magnitude of each impact varies with the emissions 
scenario and geographic area.

3.2.2.1  Main impacts by system and sector

Fresh water resources
•	 The smaller amounts of water in glaciers and snow cover will lower fresh water flows in 

areas inhabited by around one-sixth of the world’s population (p>80 %).
•	 Runoff and water availability will rise in high latitudes and decline in medium latitudes 

as well as in dry tropical areas (p>90 %).

CHANGE IN ANNUAL RUNOFF UNDER SCENARIO A1B

Source: Climate Change 2007, IPCC

Variations in water resource availability are attendant upon change in the spatial-temporal 
distributions of precipitation, temperature, cloud cover and land use (see the map on the 
next page).
•	 Water resources will decline in many semi-arid areas (the Mediterranean basin, western 

US, southern Africa and northeastern Brazil) (p>90 %).
•	 The population living in water-stressed areas could rise, for emissions scenario A2, from 

1.4-1.6 billion in 1995 to 4.3-6.9 billion in 2050 (p>80 %).
•	 The adverse impact of climate change on potable water resources will outweigh the 

benefits (p>80 %).
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FUTURE RETURN PERIOD OF DROUGHTS WITH AN INTENSITY OF TODAY’S 100-YEAR EVENTS

Source: Climate Change 2007, IPCC
Note: Changes in recurrence for the two thousand twenties and seventies based on ECHAM4 
and HadCM3, models, the IS92 emissions scenario and business-as-usual water-use scenarios.

Ecosystems
•	 In some emissions scenarios, by the end of this century, the surface ocean pH would 

be lower than it has been for the last 20 million years, with very significant impacts 
on plankton and coral formation (p>80 %). In Scenario A1F1, for instance, ocean pH 
could decline by 0.5 units in around 2100.

•	 CO2 will be rapidly released by carbon stocks, especially peatlands, tundra, frozen loess, 
permafrost soils and soils in tropical and boreal forests (p>99 %).

•	 Acidification will reduce the oceans’ effectiveness as a carbon sink (they presently absorb 
around 50 % of emissions). As a result, more emissions will remain in the atmosphere, 
accelerating climate change.
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•	 With a mean global surface temperature increase of 2 °C, net primary productivity 
would rise in high latitudes and decline in low latitudes, both on continents and in the 
oceans (p>80 %).

Food and forest products
•	 In medium and high latitudes, moderate warming will improve cereal and pasture 

yields, but even with slight upturns in temperature, output will fall in seasonally 
dry and tropical areas. Additional warming will have an increasingly adverse impact 
everywhere.

SENSITIVITY OF CEREAL YIELD TO CLIMATE CHANGE FOR MAIZE AND WHEAT

Source: Climate Change 2007, IPCC

•	 World food output will probably rise with temperatures of up to 3 °C, but will in all 
likelihood (p>90 %) decline with greater increases.

•	 Forest response to free-air carbon dioxide enrichment is likely to follow a downward 
pattern.
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Low-lying areas and breakwaters
•	 Ocean acidification will potentially have a heavy impact on coastal areas, but the 

understanding of these developments will require more extensive and intensive research.
•	 Cost-benefit analyses suggest that the impacts can be mitigated substantially by 

adaptation. They also suggest that developing countries will bear a disproportionate 
share of the impacts and costs of protection (p>66 %).

•	 Vulnerability is much greater in low-lying coastal areas, including:
•	 deltas, particularly Asian megadeltas (such as the Ganges-Brahmaputra Delta in 

Bangladesh)
•	 low-lying coastal urban areas, particularly in regions subject to tropical storms or 

where human activity induces settling below sea level (e.g., New Orleans, Shanghai)
•	 small islands, particularly coral atolls (e.g., the Falkland Islands).

RELATIVE VULNERABILITY OF COASTAL DELTAS

Source: Climate Change 2007, IPCC

•	 Sea level rise is subject to much greater inertia than other climate factors, and will in 
near total certainty (p>99 %) continue for many centuries after 2100.

Health
•	 Depending on the emissions scenario, the population at risk of contracting malaria in 

this century will increase: from 220 million under Scenario A1F1 to 400 million under 
Scenario A2.

•	 In 2085, an estimated 3.5 billion people will be at risk of contracting dengue.
•	 The population subject to extreme heat waves such as experienced in Europe in the 

summer of 2003 will rise. At special risk will be the aged, while the effects will depend 
on local preventive and adaptive measures.
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DISTRIBUTION OF EXCESS MORTALITY IN FRANCE AND INCREASE IN DAILY MORTALITY IN PARIS
DURING THE 2003 HEAT WAVE

Source: Climate Change 2007, IPCC

3.2.2.2 Main impacts by region

Africa
•	 Crop yields will decline due to drought and soil degeneration.
•	 Water stress will be exacerbated in many areas due to climate variability. Runoffs will 

be heavier in eastern Africa (possible flooding) and lighter in other areas, with increased 
risk of drought (such as in southern Africa).

•	 Mangrove and coral reef degeneration will continue, with adverse consequences for 
fishing and tourism.

•	 In the late twenty-first century, the rise in sea level will affect heavily populated low-
lying areas. Adaptation costs could exceed 5 to 10 % of GDP.

Asia
•	 A 1-m rise in sea level would flood 5 000 km2 of the Red River Delta and from 15 000 

to 20 000 km2 of the Mekong River Delta. Four million people in the former and from 
3.5 to 5 million in the latter would be affected.

•	 If the present warming rates continue, the Himalayan glaciers could shrink rapidly from 
the present 500 000 km2 to 100 000 in 2030.

•	 The amount of water available yearly per capita in India could decline from the present 
1 900 m3 to 1 000 m3 in 2025, due to a combination of climate change and rapid 
population growth.
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•	 Mid-twenty-first century harvest yields may be up to 20 % higher than at present in 
eastern and southeastern Asia, but up to 30 % lower in central and southern Asia.

Australia y New Zealand

•	 Vulnerability is greatest for natural ecosystems, security of water supply and low-lying 
coastal areas.

•	 Today’s security of water supply problems are likely to intensify in southern and eastern 
Australia and some parts of eastern New Zealand, with developments such as a 0- to 
45-per cent reduction in runoff in Victoria in 2030 or a downturn in the amount of 
water carried by the River Murray-Darling in 2050.

•	 Fire hazard is likely to rise as a result of climate change. In southeastern Australia, the 
frequency of very high or extreme fire hazard could grow by 4 to 25 % in 2020 and by 
13 to 70 % in 2050.

Europe

•	 The likelihood of extreme precipitation events, two standard deviations higher than 
the mean values, is expected to rise five-fold in some areas of the United Kingdom and 
northern Europe by 2080, and CO2 levels are expected to double.

•	 Yearly runoff forecasts for 2070 predict rises in northern Europe and declines in the 
south where, under Scenario IS92a, the descent will be 36 % yearly and 80 % in the 
summer months.

•	 Hydro power potential for Europe as a whole is expected to dip by 6 % by 2070, with 
wide inter-regional variations, from 20 to 50 % in the Mediterranean area to increases 
of 15 to 30 % in northern and eastern Europe.

•	 Mountain glaciers will disappear in several regions, while the volume of the largest 
glaciers will shrink by 30 to 70 % under several emissions scenarios.

•	 Comfort levels will fall in the Mediterranean region and rise in northern and eastern 
Europe, which could lead to lighter south-bound tourist flows.

•	 While highly unlikely in this century, the disappearance of the Gulf Stream would have 
very adverse consequences for Europe, particularly its coastal areas.

Latin America

•	 Hurricanes in the Caribbean are likely to be more frequent and intense in future.
•	 As a result of climate change, rice crop yields will drop beginning in 2020, while the 

rises in temperature and precipitation in southeastern South America will raise soya 
yields, if the effects of CO2 are taken into consideration.

North America

•	 In the first few decades of the twenty-first century, climate change will probably 
enhance forest yields.
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•	 The moderate changes in the first few decades of this century will lead to 5- to 20-per 
cent greater agricultural output.

•	 In the second half of the twenty-first century, higher summer temperatures could 
increase the size of the yearly high fire hazard window by 10 to 30 %, and the area 
burned in Canada may climb by 74 to 118 % in 2100.

Polar regions
•	 By the end of the century, the mean ice cover in the Arctic may have shrunk by 22 to  

33 %, depending on the emissions scenario. In the Antarctic, the projections range 
from a slight rise to a total loss of floating ice.

•	 The twenty-first century will see sizeable reductions in the thickness of glacial ice in the 
Arctic and the ice sheet in Greenland. Glaciers in the Antarctic Peninsula will shrink, 
along with part of the ice sheet in western Antarctica. These events will account for a 
large share of this century’s rise in sea level.

Small islands
•	 A sea level rise of 0.5 m in conjunction with a 50-year cyclone are likely to submerge 

the port facilities at Suva, Fiji and Apia, Samoa.
•	 If no adaptations are made, the costs of climate change for agriculture could range 

from 2 to 3 % of GDP for high elevation islands (such as Fiji) and from 17 to 18 % in 
low-lying islands (such as Kiribati), under Scenarios A2 (1.3 °C rise in 2050) and B2  
(0.9 °C increase in 2050).

•	 Outbreaks of climate-sensitive disease such as malaria or dengue could have very high 
costs in terms of human lives and economic impact.

3.2.3.  Mitigation

Mitigation consists of analysing possible strategies and their respective costs with a view 
to stabilising the concentration of GHGs in the atmosphere at certain predefined levels 
of CO2 equivalent. The climate system itself is subject to enormous inertia and may not 
stabilise until several decades or even centuries after atmospheric GHG concentrations 
have steadied. Mitigation entails the following:

1.  feasibility studies of emissions reduction in each of the following sectors: energy 
supply, transport, commercial and residential building, industry, agriculture, forestry 
and waste management

2.  analysis of foreseeable technological developments and their costs for each sector, 
which depend on the learning curve forecast for each, a variable in turn dependent on 
the assumed pace of use

3.  cost-benefit analysis for each mitigation strategy, which entails applying discount 
rates to estimate any necessary investment costs as well as operating and maintenance 



215

THE MAIN VECTORS OF CHANGE IN THE TWENTY-FIRST CENTURY

savings over time 
4.  analysis of each country’s technological and economic capacity, along with the 

distribution of the effort to reduce GHG emissions, essentially among industrialised, 
emerging and developing countries

5.  quantification of ordinary climate change-induced damage (e.g., reduction of farm 
yields in some areas or of water resources in others) as well as extraordinary damage 
resulting from the more than likely rise in the frequency of extreme events such as 
hurricanes, torrential rain or heat waves

6.  consideration of the effect of the foregoing and a given equivalent CO2 concentration 
scenario on: a) the price per tonne of CO2 to attain stabilisation at the desired 
concentration, which should not be the same for industrialised and developing 
countries (although the two should gradually converge) and which should vary over 
time; and b) the impact on GDPs with and without a mitigation strategy, bearing in 
mind that stabilisation of atmospheric CO2 levels, given the slow rate of assimilation 
of the gas, calls for a gradual, long-term decline in emissions to 5-10 % of the current 
levels.

A good many assumptions must be made to perform the above analyses, the foremost 
of which include: variations in countries’ economies and populations; technology 
development and cost; distribution of mitigation efforts among industrialised, 
emerging and developing countries; ordinary and extraordinary damage induced by 
climate change; and the discount rate for future expenditures and revenues. Inasmuch 
as all these assumptions are subject to some degree of uncertainty, the results (future 
cost per tonne of CO2 and economic cost of a given mitigation strategy) are similarly 
uncertain.

From 1970 to 2005, worldwide GDP measured in purchasing power parity (PPP) 
grew by a factor of three, while the demand for primary energy rose 2.1-fold. Moreover, 
CO2 emissions in 2005 were twice as high as in 1970, while the world population grew 
by 75 % in that same period. The deduction reached is that energy consumption grew 
less than the world economy (at a rate of around 70 % of the latter), while emissions rose 
by 5 % less than primary energy demand. The explanation is that energy patterns, based 
essentially on hydrocarbon combustion, have been reasonably stable and the advent of 
renewable energies in recent years have had only a minor effect on the decoupling of 
primary energy demand and CO2 emissions (see the graph on the next page). 
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GDPPPP, TOTAL PRIMARY ENERGY SUPPLY, CO2 EMISSIONS AND POPULATION,  
1970 TO 2005

Source:  IPCC, 2007

The OECD’s Economic Outlook for May 2012 estimates that world GDP will grow by  
3.4 % yearly in 2012-2017, 3.3 % in 2018-2030 and 2.4 % in 2031-2050. Assuming 
2.4-per cent growth for 2051-2061, world GDP in the latter year would be 3.9 times the 
2011 value (1.0346x1.03313x1.02431=3.9). If energy patterns were the same then as now, 
yearly emissions would be 2.3-fold larger than at present: (3.9-1) x 0.45+1 = 2.3. 

Since emissions in 2009 were 47.1 GtCO2-eq (see Chapter III, item 3.1), in 2061 the figure 
would be 108,3 GtCO2-eq (47.1 GtCO2-eqx2.3=108.3 GtCO2-eq), equivalent to 3.5 % 
of the amount of CO2 presently in the atmosphere (around 3 060 GtCO2 or 390 ppm) or  
4.9 % of the content over the last 10 000 years (around 2 200 GtCO2 or 280 ppm). 

The foregoing figures stand as proof of the imperative to change the energy model and 
replace hydrocarbons with other zero-CO2 emissions energy sources.  
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3.2.3.1.  Distribution of GHG emissions by country

Emissions distribution by country is highly asymmetrical. In 2004 developed and 
transition countries, which account for 19.7 % of the world population, generated  
46 % of all GHG emissions (including change of land use-related emissions), i.e.,  
16.1 tCO2-eq per capita per year. In contrast, the emerging and developing countries, home to  
80.3 % of the world population, generated 54 % of total emissions, or 4.2 tCO2-eq per 
capita per year.  

DISTRIBUTION OF GHG EMISSIONS: DEVELOPED/TRANSITION ECONOMIES AND
EMERGING/DEVELOPING COUNTRIES, 2004

Population/
world (%)

GDP (PPP)/
world (%)

GHG emissions/
population 

tCO2-eq/person

GHG emissions/
GDP (PPP) 

kgCO2-eq/US$

Developed + transition 
economies 19.7 56.6 16.1 0.683

Emerging + developing 
economies 80.3 43.4 4.20 1.055

Total 100.0 100.0 6.50 0.844

Source: Author’s formulation based on IPCC, 2007

Moreover, most (probably over 80 %) of the GHGs emitted since the industrial revolution, 
which may be on the order of 1 500 GtCO2-eq or around 410 GtC (1 tC = 3.67 tCO2), 
were generated by developed countries. The rise in the concentration of atmospheric CO2 
from 280 ppm to the present 390 ppm and the decline in oceanic pH by 0.1 unit can be 
directly attributed to these emissions.

Nonetheless, very wide gaps can be identified among developed countries as well as 
among emerging and developing countries, in terms of both emissions per capita and 
per unit of GDP measured in purchasing power parity. As the graph on the next page 
shows, US and Canadian emissions per capita, at 26 tCO2-eq/year, were substantially 
higher than the 16.1-tCO2-eq/year mean for developed countries and the 11 tCO2-eq/
year recorded in Europe. Wide gaps also exist among developing countries.  
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YEAR 2004 DISTRIBUTION OF REGIONAL PER CAPITA GHG EMISSIONS OVER 
THE POPULATION OF DIFFERENT COUNTRY GROUPINGS

Source:  IPCC, 2007

The mean emissions value per unit of GDPPPP for developed countries,  
0.683 kg CO2/US$, is lower than the 1.055 kg CO2/US$ found for developing countries. 
This is consistent with the fact that energy demand and CO2 emissions rise with economic 
development, but at a somewhat lower rate. Nonetheless, wide differences can be found 
in emission intensities among developed countries, for the US and Canada generate  
50 % more emissions per unit of GDP than both Europe and Japan-Australia-New 
Zealand. These variations are indicative of substantial differences in their respective 
development models.  
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YEAR 2004 DISTRIBUTION OF REGIONAL GHG EMISSIONS OF GDPPPP OVER THE GDPPPP 
OF DIFFERENT COUNTRY GROUPINGS

Source:  IPCC, 2007
- Transition economies in Annex I: Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, 
Lithuania, Poland, Romania, Russian Federation, Slovakia, Slovenia, Ukraine
- Europe Annex II and M&T: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, 
Italy, Liechtenstein, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United 
Kingdom; Monaco and Turkey
- JANZ: Japan, Australia, New Zealand
- Middle East: Bahrain, Islamic Republic of Iran, Israel, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, 
Syria, United Arab Emirates, Yemen
- Latin America and Caribbean: Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia, Brazil, 
Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, El Salvador, Grenada, Guatemala, 
Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Saint Vincent and the 
Grenadines, St Kitts and Nevis, St Lucia, Suriname, Trinidad and Tobago, Uruguay, Venezuela
- Non-Annex I, East Asia: Cambodia, China, Democratic People’s Republic of Korea, Lao People’s Democratic 
Republic, Mongolia, Republic of Korea, Vietnam
- South Asia: Afghanistan, Bangladesh, Bhutan, Comoros Islands, Cook Islands, East Timor, Federated States 
of Micronesia, Fiji Islands, India, Indonesia, Kiribati, Malaysia, Maldives, Marshall Islands, Myanmar, Nauru, 
Niue, Nepal, Pakistan, Palao, Papua New Guinea, Philippines, Samoa, Singapore, Solomon Islands, Sri Lanka, 
Thailand, Tonga, Tuvalu, Vanuatu
- North America: Canada, United States of America
- Other non-Annex I: Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Cyprus, Georgia, Kazakhstan, 
Kyrgyzstan, Malta, Moldavia, Republic of Macedonia, San Marino, Serbia, Tajikistan, Turkmenistan, 
Uzbekistan
- Africa: Algiers, Angola, Benin, Botswana, Burkina-Faso, Burundi, Cameroon, Cape Verde, Central African 
Republic, Chad, Congo, Democratic Republic of the Congo, Djibouti, Equatorial Guinea, Eritrea, Ethiopia, 
Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Ivory Coast, Kenya, Lesotho, Liberia, Libya, Madagascar, 
Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Namibia, Niger, Nigeria, Rwanda, Santo Tomé 
and Principe, Senegal, Seychelles, Sierra Leone, South Africa, Sudan, Swaziland, Togo, Tunisia, Uganda, 
Republic of Tanzania, Zambia, Zimbabwe   



THE CITIES OF THE TWENTY-FIRST CENTURY

220

3.2.3.2  Emissions stabilisation scenarios
The effect of mitigation on world GDP and the cost per tonne of CO2 is calculated for a 
number of assumed greenhouse gas stabilisation scenarios. According to the table below, 
to ensure, for instance, that the equilibrium temperature on the Earth’s surface rises to 
no more than 3 °C (2.8-3.2 °C) above the preindustrial age value (in 2012 that value 
was 390 ppm and rising at approximately 2 ppm/year), the atmospheric concentration of 
CO2 would have to be constrained to a range of 440 to 485 ppm. Taking all greenhouse 
gases together, that would be equivalent to 535-590 ppm of CO2-eq. To hit that target, 
emissions would have to peak between 2010 and 2030, and total emissions in 2050 
would have to be from −30 to +5 % of the values recorded in 2000. Such an effort would, 
moreover, have to be equitably distributed between developed and developing countries. 
Similarly, holding the rise in the Earth’s mean surface temperature to no more than 2.0 
to 2.4 °C above the preindustrial value would entail stabilising atmospheric CO2 at from 
350 to 400 ppm (445 to 490 in CO2-eq), reducing global emissions in 2050 to 50- 
85 % lower than the 2000 levels and reaching an emissions peak before 2015, a target 
that would no longer appear to be reachable. 

STABILISATION SCENARIOS FOR THE INCREASE IN THE EARTH’S SURFACE TEMPERATURE 
ABOVE THE RESPECTIVE PREINDUSTRIAL VALUE

Category 

Radiative
forcing

(W / m2 ) 

CO2
concentration

(ppm) 

CO2-eq 
concentration

(ppm) 

Global mean 
temperature increase
 above preindustrial T 

at equilibrium 
 (°C)

Peaking year
for CO2 

emissions  

Change in global CO2 
emissions in 2050 

(% of 2000 emissions)

I  2.5-3.0  350-400  445 - 490  2.0 - 2.4  2000 - 2015  -85 a -50

II  3.0-3.5  400-440  490 - 535  2.4 - 2.8  2000 - 2020  -60 a -30

III  3.5-4.0  440-485  535 - 590  2.8 - 3.2  2010 - 2030  -30 a 5

IV  4.0-5.0  485-570  590 - 710  3.2 - 4.0  2020 - 2060  10 a 60

V  5.0-6.0  570-660  710 - 855  4.0 - 4.9  2050 - 2080  25 a 85

VI  6.0-7.5  660-790  855 - 1130  4.9 - 6.1  2060 - 2090  90 a 140

Econometric models can estimate the impact of a given stabilisation scenario on world 
GDP and cost per tonne of CO2 equivalent. The results differ substantially depending 
on the assumptions inherent in each. The graph on the next page shows that mitigation 
costs and the scatter in the results rise with the time to the target year, a reasonable finding 
in light of the large number of assumptions involved. Some models even predict that 
mitigation would generate positive increases in world GDP. 
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IMPACT OF DIFFERENT STABILISATION SCENARIOS ON WORLD GDP AND PRICE OF CO2

Source: IPCC ,2007
Note: the shaded area indicates the 80 % percentile

In Categories II and III, which define temperature increases of 2.4 to 3.2 °C, the model 
results for the 80 % percentile predict an adverse impact on world GDP of 0 to 3 % and 
a price per tonne of CO2 of $20 to $150. Applying a price of $85/tCO2 to the emissions 
in 2050 (which should be 50 % lower than in 2000, i.e. on the order of 20 GtCO2-eq) 
would yield a price of $1.7 x 1012. That value, which is equal to around 45 % of the 
world’s present oil bill (90 Mb/day at $115/barrel), is a clear indication of the magnitude 
of the effort needed to stabilise the atmospheric concentration of CO2. 
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3.2.3.3  Technological contributions
The magnitude of the mitigation effort is so vast that all known technologies will have 
to be enlisted for the task: improvements in energy efficiency, fuel switch, renewables, 
nuclear energy, carbon capture and storage in geological layers, forest sinks and reduction 
of greenhouse gases. In this century, the three most important components of mitigation 
may be energy efficiency, renewable energies and carbon capture and storage, although the 
technological and economic viability of the third is subject to considerable uncertainty.

EMISSIONS REDUCTIONS BY TECHNOLOGY, STABILISATION SCENARIO AND HORIZON YEAR

Source: IPCC ,2007

3.2.3.4  Mitigation potential in terms of carbon price
The potential for mitigation, which varies with the price of CO2 and the industry 
concerned, can be estimated either with bottom-up or top-down economic models. The 
former simulate reality by aggregating activities and processes, and taking technological, 
engineering and cost details and developments into consideration. Top-down models 
apply macroeconomic and econometric theory and optimisation techniques to aggregate 
economic variables. When historical data on demand, prices, yields and cost factors are 
entered into these models, they estimate the final demand for goods and services and the 
supply of primary energy needed for sectors such as energy, transport, agriculture and 
industry. Some top-down models include data on technological developments, thereby 
narrowing the difference between the two approaches. 
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The mitigation potentials in 2030 found with various bottom-up and top-down 
economic models yield the following results:

ESTIMATED MITIGATION POTENTIAL IN 2030

Bottom-up models                                                                                 Top-down models

Source: IPCC ,2007

•	 Mitigation potentials grow with the price of CO2 in both types of models, but much 
more intensely in the bottom-up approach.

•	 For CO2 prices ranging from $20 to $50/tCO2, the two types of models yield similar 
results.

•	 The bottom-up models estimate a substantial mitigation potential even at nil CO2 

prices, which is strictly true in the commercial and residential building industry.

Moreover, the range of the mitigation potential varies widely depending on the sector and 
a country’s degree of development.

The general conclusion drawn from the studies conducted is that the mitigation 
potential is higher in developing than in developed countries. This is logical, both in light 
of their greater growth potential and of the use in the early stages of development of less 
advanced technologies that tend to be less energy-efficient and emit more CO2.

3.3.  THE PLANET’S BOUNDARIES

One of the most important questions about the consequences of climate change, and 
one that is shrouded in uncertainty, is how to identify the Earth’s thresholds, the lines 
that, if crossed, could lead to irreversible situations. There is a point at which it would 
become impossible to go back to the way things were, even if stimuli were reduced to 
below-threshold levels.

The four planetary thresholds that might be crossed as a consequence of global 
warming are:Source: Rocuström, Hansen et al., 2009
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•	 Dynamic phenomena at the polar ice caps: models describing the rise in sea level caused 
by climate change overlook how subglacial water and ice currents affect the dynamics of 
the polar ice caps. According to the 2007 IPCC report, one of the major uncertainties 
in climate predictions stems from the lack of accurate knowledge about polar ice cap 
behaviour, which could be much more dynamic than described by the models. The 
lubricating effect of subglacial water induces an enormous amount of instability in 
overlying ice motion. The discovery of subglacial lakes has changed the conception of 
subglacial water; lakes abound under the ice, occupying large areas. More than 160 
subglacial lakes have been located in Antarctica. Altogether, their volume is equal to  
30 % of the water in all the continental lakes. Understanding subglacial water is 
therefore very important for fine-tuning forecasts of future sea level rises.

ICE SHEET DYNAMICS

Source: Bell, Investigación y Ciencia, April  2008 

•	 Ocean acidification: the pH of the ocean’s surface has fallen 0.1 units below what it 
was in the pre-industrial era. In some emissions scenarios (A1B, A1 FI, IS92a) climate 
models predict an additional surface pH reduction of 0.3 to 0.4 units by the end of this 
century, which would reduce carbonate concentration in the ocean. When water falls 
below the calcium carbonate saturation level, marine organisms can no longer form 

VARIATIONS IN OCEAN SURFACE pH

Source: Climate Change 2007, IPCC 
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calcareous shells. The Southern Ocean would in fact dip below the overall saturation 
point by the end of this century for atmospheric CO2 concentration levels of 600 ppm; 
this threshold is largely independent of the emissions scenario.

•	 Changes in the Gulf Stream: climate models call for a reduction in Gulf Stream 
flows in the twenty-first century, ranging from 50 % of its current level to a decline 
indistinguishable from natural climate variability. None of the models anticipates a 
flow increase or abrupt shut-down of the current during this century. A characteristic 
common to all the most recent high-resolution (1°) models not including flow 
adjustment is a gradual reduction of the flow as the concentration of atmospheric CO2 
rises, followed by stabilisation or even recovery when the CO2 concentration remains 
constant at between two and four times pre-industrial levels (600 to 1 200 ppm). Even 
with this current weakening, Europe would still experience warming due to radiative 
forcing. Until simulations for thousands of years have been run, however, the question 
of whether a potential Gulf Stream shut-down would be reversible will go unanswered, 
although the possibility cannot be ruled out by any means.

VARIATION IN THE GULF STREAM AT LATITUDE 30°N

Source: Climate Change 2007, IPCC 

•	 The melting of Antarctica: in March 2008 J. Hansen, a researcher at NASA’s Goddard 
Institute, and eight fellow scientists published an article (“Target atmospheric CO2: 
Where should humanity aim?”) analysing the Earth’s climate throughout the Cenozoic 
Era, that is, for the last 65.5 million years. Early in the Cenozoic, the CO2 concentration 
in the atmosphere was between 1 000 and 2 000 ppm, peaking about 50 million years 
BP. From there it began to fall until the formation of the East Antarctic ice sheet about 
34 million years BP. Hansen et al.’s meticulous study, which is recommended reading, 
concluded that the Antarctic glaciation occurred at an atmospheric CO2 concentration 
of between 350 and 500 ppm and that CO2 concentration trends are reversible. Hence, 
the IPCC’s goal of 450 ppm (equivalent, albeit with some uncertainty, to an increase 
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of 2 °C above the pre-industrial temperature) is too high to ensure that the Antarctic 
ice cap will endure. Antarctica holds 24.7 million km3 of ice. Were it to melt, the sea 
level would rise by 56.6 metres. Moreover, the Greenland Ice Sheet (where NASA 
reported extreme melting in July 2012) holds 2.9 million km3 of ice. If it were to melt 
completely, it would raise the Earth’s sea level by 7.3 metres.

GLOBAL DEEP OCEAN TEMPERATURE FOR THE LAST 60 MILLION YEARS

Source: Hansen et al.,2008 

3.4.  THE FOUNDATIONS OF CLIMATE CHANGE DENIAL

The debate over whether climate change exists and how to tackle it has scientific, technical 
and economic components. The general consensus in the scientific community is that 
climate change exists and its fundamental cause is human activity, primarily activity 
spurred by the rapid economic development spawned by the Industrial Revolution. Even 
so, many dissenting voices have challenged that widespread scientific consensus to a greater 
or lesser extent. Some of these views are very well grounded and based on extraordinarily 
complex and meticulous experiments and analyses. Major interests are at stake in this 
debate, and many of the active participants quite legitimately stand to gain should society 
and governments accept or deny human responsibility for the planet’s indisputable 
warming over the last 100 years. Companies holding the technology for nuclear fission, 
renewable energy generation or unconventional gas extraction and companies owning 
large conventional hydrocarbon reserves would each have highly specific interests in the 
outcome of this issue. Within the scientific community, researchers too are stakeholders. 
Each has an interest in defending his or her own theories, often riding roughshod over the 
arguments of other experts who think slightly or entirely otherwise (as often happens in 
life). Since the majority trend defends the existence of global warming, it could admittedly 
be difficult to find funding for studies that question the majority-held belief.  
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In science as in knowledge, the best way to advance is to answer the questions raised by 
such dissenting voices. Only if their doubts can be unshakeably dispelled can knowledge 
be said to be built on solid ground. That is why research into the uncertainties of climate 
change must continue. Many uncertainties remain, some of which loom rather largely.

Before a philosophical or theological truth can be put forward, certain principles must 
be established around what truth is, how it is reached and what is meant by the human 
conceit (a deeply fascinating subject). But in contrast to such truths, an irrefutable, 
specific truth about the consequences of human activity for the climate would appear to 
be attainable, if only enough time lapses. After spending a great deal of time and effort 
examining the most meticulous documents about climate change, which often defend 
contradictory premises, your author has reached the firm conclusion that anthropogenic 
responsibility for climate change does exist, although areas of uncertainty and gaps in the 
knowledge available undeniably persist. Some thought is in order, then, about the firmest 
of the theories that cast doubt on human responsibility for climate change.

Allow me to repeat here that I have no private interest in the matter. As I am committed 
only to the truth, if new studies are published that temper or even change the conclusions 
of the studies released so far, I will be delighted to temper or change my ideas on the 
matter accordingly, even radically, if necessary in the light of fresh reports.

Climate forecasts contain three types of uncertainties.

1. Knowledge of past climate is riddled with uncertainties and discontinuities: events 
before the start of the satellite era in 1979; before quantitative measurements of 
atmospheric temperature, ocean temperature and precipitation began to be taken in 
the nineteenth century, becoming more accurate and far-reaching as time went on; 
before the existence of records written by ancient civilisations (Babylon, Egypt, India 
and China) around 2000 BCE; before the last glacial maximum, around 21.6 ka  
(21 600 years ago); before the last thermal maximum around 125 ka; before the 
events inferred by continuous ice core records from Greenland and Antarctica, around 
650 ka; before the Pleistocene, around 1.8 Ma; before the Cenozoic, around 65 Ma; 
before the Cambrian, around 550 Ma. There is no pre-Cambrian fossil record due to 
the near absence of multicellular life.

2. Uncertainties also stem from the quantification of greenhouse gas emissions, which 
depend on economic activity, applied technologies and land use changes.

3. Other uncertainties surround the accuracy of climate models themselves. The climate 
forecasts used in most scenarios lie outside the models’ calibration range. The model 
components that introduce the most uncertainty are: a) carbon feedback due to the 
biosphere; b) CO2 absorption by the ocean, which depends heavily on the relationship 
between the oceans’ uppermost layer, where most of the biosphere lies, and its deep-
sea layers; and c) indirect effects of aerosol particles on cloud formation. 
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The foregoing review of the main ideas and their details may serve as an introduction to a 
very brief description of the sturdiest grounds for denying climate change.

1. Climate change is held to depend fundamentally on the sun’s activity and the density 
of the cosmic rays travelling through the Earth’s atmosphere. The main exponent of 
this theory is Danish scientist Henrik Svensmark.

2. Palaeoclimatic approaches, roughly put, uphold that throughout the life of the Earth, 
and even since the human species has walked it, temperature has varied more widely 
than it does now. These theories claim that natural causes, such as changes in solar 
activity or the Earth’s orbit, are behind climate changes.

3. According to polar ice analysis, planet warming due to orbital variations, with a 
concomitant increase in the concentration of atmospheric CO2, induced the proven 
climate changes in the last 650 000 years. This process is now working the other way 
around: what is increasing is the concentration of atmospheric CO2. The impact of 
this development on rising temperatures is uncertain, given the complexity of the 
carbon cycle and the possible existence of hysteresis in the system.

4. The indirect effects of man-made aerosols on cloud formation and its climatic 
implications are poorly understood, as explained in item 3.2.1. of this chapter. 
Further to present knowledge, the respective radiative forcing has been shown (with 
90-per cent confidence) to range from −1.8 W/m2 to −0.3 W/m2. The complexity 
derives not only from the breadth of this range, but also from the fact that aerosols 
have a local effect. Aerosol concentration is higher where population density is heavy, 
magnifying the uncertainty of their global impact. By way of illustration of the extent 
of this uncertainty, suffice it to say that total anthropogenic forcing due to all causes 
is +1.6 W/m2 (from 0.6 W/m2 to 2.4 W/m2, at 90-per cent confidence), while total 
CO2-induced anthropogenic forcing is 1.66 W/m2 (from 1.49 W/m2 to 1.83 W/m2, 
at 90-per cent confidence).

5. The economic impact of global warming is subject to two types of uncertainty. One 
stems from the limited accuracy of economic forecasts themselves (which in turn 
depend on economic development), along with technological evolution, the damage 
inflicted by extreme events, societies’ differential ability to adapt to the effects of 
climate change, and fossil fuel reserves and extraction costs. The second surrounds 
the discount rate used to find the present value of estimated future economic flows 
(whose results depend heavily on the discount rate used).

The three uncertainties of climate forecasts (relating to past climate, future emissions 
and the results of climate models), together with the uncertainties about the indirect 
effect of aerosols on cloud formation and the economic effects of global warming (not 
including the debate over the discount rate of future flows, the first uncertainty in 5 
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above) are addressed in item 3.2 of this chapter. Anyone seeking a more detailed, first-
hand understanding of the uncertainties of knowledge based on what is necessarily 
fragmentary, partial information is warmly recommended to read the 2007 IPCC report 
(about 3 000 pages long and containing some 19 350 references for further exploration 
of some of the topics) and the last five years’ worth of articles in Nature and Science. Both 
these journals have published extremely interesting, meticulous papers that examine 
the question in depth. The same can be said for the reversal of the order of climate 
change events, in which the past pattern of Earth warming followed by an increase in 
atmospheric CO2 has given way to the present situation in which warming is subsequent 
to an increase in CO2 concentration. Climate predictions, which try to factor in record 
and model uncertainties, must be adjusted in future as a better understanding is gained 
of the operation and interaction between atmosphere/ocean and terrestrial biosphere.

This section will look a bit further into Henrik Svensmark’s theory about the 
interrelationship between cosmic rays and climate followed by a discussion of the planet’s 
palaeoclimate. The implications of discount rate variations are addressed in item 3.5 of 
this chapter.

3.4.1.  Svensmark’s theory about the influence of cosmic rays on the Earth’s climate

Henrik Svensmark directs the Danish National Space Institute’s Centre for Sun-
Climate Research. He has been a researcher at the University of California, Berkeley, 
the Nordic Institute for Theoretical Physics, the Niels Bohr Institute and the Danish 
Meteorological Institute. He explained his theory in a book entitled The Chilling Stars: 
A New Theory of Climate Change and in a great many highly interesting scientific papers, 
including “Influence of cosmic rays on Earth’s climate” (Physical Review Letters, 1998), 
“Cosmic rays and the evolution of Earth’s climate during the last 4.6 billion years” 
(2003), “Cosmic ray ionization low in the Earth’s atmosphere and implications for 
climate” (2007) and “Cosmoclimatology: a new theory emerges” (Royal Astronomical 
Society, London, 2007).

Essentially, Svensmark’s theory is that the muons generated by cosmic rays from exploding 
stars (or supernovas) that penetrate the Earth’s atmosphere contribute to cloud formation. 
Therefore, the greater the density of cosmic rays, the greater the cloud cover and the 
lower the Earth’s temperature. Cosmic ray density depends on three shields: the Sun’s 
magnetism, the Earth’s magnetism and the atmosphere itself, whose composition has 
changed over geological time (it was very oxygen-poor before the Cambrian, about 550 
million years ago). The density of cosmic rays also depends considerably on the Sun’s 
position in our galaxy; the density is much greater when the Sun lies inside the galactic 
disk than when it moves away from it.  

EFFECT OF COSMIC RAYS FROM EXPLODING STARS
ON THE EARTH’S CLIMATE

Source: Svensmark and Calder, 2007
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COSMIC RAYS COMING FROM EXPLODING STARS  
IN THE MILKY WAY GALAXY

Source: Svensmark & Calder, 2007

According to Svensmark’s studies, 3.8 billion years ago the Sun shone less fiercely but 
had a stronger magnetic field, which created benign conditions for the appearance of life, 
as shown by rocks discovered in Greenland. Moreover, the episodes of intense cold that 
hit 2.3 billion and 700 million years ago can be explained by an intense period of star 
formation and death caused by our galaxy’s brushing against a neighbouring galaxy. Over 
the last 3 million years, the Sun has crossed through several groups of hot stars with a 
succession of supernovas, intensifying the cosmic rays reaching the planet.

According to Professor Svensmark, the last 11 500 years have seen nine cold episodes 
that concurred with periods of low solar magnetic intensity. The latest of these episodes, 
known as the Maunder Minimum, took place around 1610, and left its mark on 
literature, history and painting, as well as on the Earth’s surface. In the twentieth century 
the intensity of the Sun’s magnetic field was twice its normal level, reducing the density 
of cosmic rays enough to explain a substantial fraction of the global warming observed 
by scientists. 

THE RAPID ACTION OF COSMIC RAYS IN CREATING THE 
BUILDING BLOCKSOF CLOUD CONDENSATION NUCLEI

Source: Svensmark and Calder, 2007 
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PATH OF THE SUN THROUGH THE SPIRAL ARM OF THE MILKY WAY

Source: Svensmark and Calder, 2007 

One of the things Svensmark’s theory fails to explain is the Laschamp event, an episode 
40 000 years ago when the intensity of the Earth’s magnetic field weakened considerably. 
According to the theory, that should have induced a higher density of cosmic rays and 
consequently a cooling of the Earth. It did not. 

AURORA BOREALIS OVER FINLAND  
IN LATE OCTOBER 2003

JETS OF HOT GAS POUR FROM THE STARBURST GALAXY 
M82, PRODUCED BY THE EXPLOSIONS OF MASSIVE STARS

 

COSMIC RAYS FROM CASSIOPEIA A

Note: Cassiopeia A is our galaxy’s youngest remnant 
of a supernova  

THE SUN’S POSITION IN THE MILKY WAY
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3.4.2.  Palaeoclimate on Earth

One of the arguments most frequently wielded by people sceptical about the anthropogenic 
causes of global warming is based on palaeoclimate. To put it briefly, they claim that the 
Earth has undergone wide variations in climate due to natural causes, variations much 
greater than those seen in the last 100 years. Hence, humanity has little influence on climate 
and needs to adapt to its changes, which so far have been considerably milder than the 
changes that took place in geologic time and milder still than the changes during the Middle 
and Upper Pleistocene, when the species already populated Europe, Asia and Africa.

Enormous strides were made in scientific knowledge about climate change between 
the publication of the IPCC’s 2001 and 2007 reports, rendering the conclusions of the 
latter considerably more specific. The most important advances seem to have been made 
in three fields of scientific knowledge: 1) coupled ocean-atmosphere climate models, 
many of which do not need to be flux-adjusted; 2) the attribution of causes for global 
warming; and 3) palaeoclimatic studies, which have made a qualitative leap forward from 
the 2001 IPCC report in terms of knowledge of the climate in earlier geologic time.

Palaeoclimatic knowledge has the following limitations:
•	 The only way to find the temperature in a given area before temperature recording (that 

is, prior to the mid-nineteenth century) is to estimate the temperature on the basis of 
proxy variables or climate indicators, such as tree rings and core samples.

•	 Using ice cores from Greenland or Antarctica only provides the temperature at the 
sampling site. These results cannot be extrapolated to the rest of the planet. Temperature 
variations in such places have generally been much higher (sometimes more than double) 
the Earth’s average fluctuations. Moreover, the window on how far back this technique 
can go closes at 650 ka.

•	 Atmospheric CO2 concentration prior to 650 ka can be estimated only by indirect 
methods, a procedure that introduces a considerable amount of uncertainty.

The most important conclusions in the chapter on palaeoclimate in the IPCC 2007 
report are set out below.
•	 Atmospheric CO2 concentration varied widely in magnitude over the last 400 million 

years, although the uncertainty about the range of possible values is high. For example, 
400 Ma the concentration of CO2 might have been 6 000 ppm, and between 250 and 
100 Ma, it could have been 2 000 ppm. Both figures are much higher than today’s 
(2012) 390 ppm. Periods of lower concentration (about 300 Ma, and from 35 Ma to 
the present) concurred with glaciation at lower latitudes. 
In the last 65 million years, since the Palaeocene epoch, the deep-sea temperature 
(estimated on the basis of analysis of the O18 isotope found in benthic fossil 
Foraminifera) has fluctuated considerably, with a high of 12 °C in the Eocene about  
50 Ma and a relatively recent low of around 0 °C. The conclusion is that previous 
periods, when atmospheric CO2 concentration was much higher than now, were likely 
(p > 66 %) to have been warmer than at present.
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VARIATIONS IN ATMOSPHERIC CO2 CONCENTRATION FROM 400 Ma 
AND IN SEABED TEMPERATURE FROM 65 Ma

Source: Climate Change 2007, IPCC
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•	 About 55 million years ago deep-sea temperatures warmed very abruptly by around  
5 °C, also measured on the basis of the O18 isotope in fossil Foraminifera at the 
bottom of the south Atlantic, Pacific and Antarctic oceans. This steep warming, 
which lasted about 100 000 years, may have been caused by the emission into the 
atmosphere of greenhouse gases CO2 and CH4 in quantities on the order of 2 000 GtC  
(equivalent to 2.5 times the amount existing in the atmosphere in 2012), triggering an 
increase in marine pH that caused the dissolution of seabed carbonates. Two interesting 
points of this analysis are the abruptness of the climate change once a certain threshold 
was crossed and the speed with which things returned to their initial, pre-threshold 
status.

EPISODE OF RAPID WARMING 
55 Ma

Source: Climate Change 2007, IPCC 
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•	 The Earth’s orbital parameters can be measured with great precision, as noted earlier. 
These measurements can be fine-tuned on the basis of minute observation of the 
exact moments when the edges of the Sun and the Moon touch in a total solar eclipse 
observed from the Earth, producing the astoundingly beautiful, spectacular Baily’s 
beads. According to these highly precise measurements, in nearly all certainty (p > 99 
%) the Earth will not be significantly affected by orbit-induced cooling in the next few 
centuries. Furthermore, it is highly unlikely (p > 90 %) that the Earth will naturally 
enter another glacial period for the next 30 000 years.

VARIATIONS IN INCOMING MEAN SOLAR RADIATION FROM 
THE PAST 500 000 TO THE FUTURE 100 000 YEARS

Source: Climate Change 2007, IPCC 

•	 One of the periods that has been most thoroughly analysed is the time between the 
last thermal maximum (125 ka) and the start of the current period, which began about  
11 000 years ago (with the Holocene). These are some of the findings.
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•	 At the last glacial maximum (21.6 ka), the Earth’s average temperature was 4 to  
7 °C lower than it is now. This is an output of climate models that attribute 3 to  
5 °C to the decline in radiative forcing and 1 to 2 °C to the increase in atmospheric 
dust and plant cover changes. In all likelihood (p > 90 %), this global warming of 
4 to 7 °C occurred at a pace around ten times slower than the warming recorded 
since 1990.

•	 At the last glacial maximum (21.6 ka), the ocean surface temperature in the 
tropics was 2 to 3 °C lower than it is now. On land, the difference with respect to 
present temperatures was 5 °C in tropical latitudes and greater at higher latitudes.

•	 During the last glacial period (between 125 and 21.6 ka) temperatures underwent 
local swings (reaching up to 16 °C in Greenland) caused by abrupt variations in 
the Atlantic current.

•	 In the last interglacial period (125 ka), sea level was between 4 and 6 m higher 
than it is now. The Greenland Ice Sheet accounted for 2 to 4 m of the difference 
and the Antarctic Ice Sheet for the rest.

VARIATIONS IN SEA LEVEL IN THE LAST 120 000 YEARS

Source: Climate Change 2007, IPCC
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•	 These are the conclusions for the Holocene period, which encompasses the last 11 000 
years.

•	 The reduction of orbital-related summer insolation over past millennia in the 
Northern Hemisphere should have favoured glacier growth. Exactly the opposite 
is happening, and at a speedy pace.

•	 Over the last 10 000 years the frequency of tropical cyclones, floods, droughts and 
the intensity of the Africa-Asian summer monsoon has shortened, by a full order 
of magnitude, from centuries to decades. The mechanisms behind these changes 
are not yet understood, nor have they been thoroughly researched using current 
climate models.

•	 The following conclusions may be drawn from an analysis of the climate over the last 
2 000 years.

•	 Cold or warm conditions at any specific site cannot be extrapolated to the Earth 
as a whole.

HETEROGENEOUS VARIATION OF CLIMATE BY REGIONS

Source: Climate Change 2007, IPCC

•	 Knowledge about climatic variability in the Southern Hemisphere over the last  
1 000 years is fairly scanty as a consequence of the very poor palaeoclimate record 
(see the map on the next page).

•	 The average Northern Hemisphere temperature in the latter half of the twentieth 
century was very likely (p > 90 %) higher than in any 50-year period in the last 
500 years (see the graph on the next page).
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EVOLUTION OF TEMPERATURE IN THE NORTHERN HEMISPHERE IN THE LAST 1 200 YEARS

Source: Climate Change 2007, IPCC

•	 Anthropogenic forcing must be factored in to explain the increase in land surface 
temperature in the last 100 years. Calibrating climate model data with observed 
temperatures shows that the contribution of solar radiation to radiative forcing 
has ranged from −0.5 W/m2 to +0.5 W/m2 over the last 1 000 years.

PROXY VARIABLE RECORD FROM THE YEAR 1000 CE

Source: Climate Change 2007, IPCC
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SIMULATED TEMPERATURES IN THE NORTHERN HEMISPHERE WITH NATURAL AND  
ANTHROPOGENIC RADIATIVE FORCING SINCE THE YEAR 1000 CE

Source: Climate Change 2007, IPCC

•	 Climate reconstructions for the last millennium indicate with a fair degree of 
confidence (p > 80 %) that spatial variation in climate teleconnections was greater 
over that period than observed in the instrumental record for the twentieth 
century.

3.5.  THE COST OF TACKLING CLIMATE CHANGE

Climate change can be classified into the following four areas or fields:
•	 knowledge of the climate up to today and its causes
•	 future climate forecasts on the basis of a given future emissions scenario
•	 the impact of climate on the biosphere, especially human activity
•	 the cost of tackling climate change.
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The amount of uncertainty inherent in each of the areas of knowledge listed above is one 
order of magnitude greater than in the area preceding it. When making climate forecasts, 
a specific emissions scenario needs to be established. This involves making a great many 
assumptions on such things as economic and technological developments, chosen 
adaptation strategy and distribution of effort among developed and developing countries. 
No item of climate knowledge in this procedure is more uncertain than estimating the 
cost of stabilising the concentration of atmospheric CO2 at a particular level.

The cost of carbon emissions depends on three factors:
1.  the length of time the CO2 remains in the atmosphere
2.  the damage done by a given concentration of CO2

3.  the discount rate of the wealth of future generations.

An effective approach to the first factor was described earlier. Around 50 % of CO2 is 
absorbed quickly (in a matter of a few decades) by plants and the upper layers of the 
ocean. Twenty-five per cent remains in the atmosphere for thousands of years, and the 
other 25 % has a half-life of several hundred years. As the concentration of atmospheric 
CO2 rises, the portion absorbed by plants and the ocean gradually dwindles, expediting 
climate change.

For the second factor, account must be taken of the fact that doubling the concentration 
of CO2 from current levels (390 ppm in 2012) induces a 2-°C rise in temperature when 
the doubled value is reached (provided that the rate of increase is 1 % of the annual 
concentration; this is called “transient climate sensitivity”) as well as a long-term rise of  
3 °C. Calculations must factor in the impacts continuously generated by climate changes 
(variations in agricultural productivity, available freshwater resources, sea level) and the 
damage done by variations in the frequency and intensity of extreme events (heat waves, 
floods, droughts, hurricanes).

The third factor, the discount rate, is an extremely sensitive component of mitigation 
cost estimation. Adopting a theoretical viewpoint, the great mathematician Ramsey 
defines the discount rate as the sum of two terms: 1) the sheer time preference or 
subjective discount rate, represented as the Greek letter ρ, which reflects the relative 
valuation presently placed on the wealth of future generations today compared to its 
valuation in future; and 2) the per-capita consumption growth rate, g (which in the long 
term is equivalent to the rate of per-capita GDP growth), multiplied by the elasticity of 
marginal utility (represent as the Greek letter σ). In mathematical language:

t = ρ + σ g
where:

t:  discount rate
ρ: discount rate for the wealth of future generations
g: consumption growth rate
σ: elasticity of marginal utility, which is normally taken to be 1.
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The possible strategies for mitigating climate change worldwide fall under four headings.

•	 The establishment of a tax per tonne of emitted CO2 would honour the “polluter 
pays” principle, but would require introducing two corrections. The first addresses 
the differences in countries’ technological capacities and resources. At least three 
different prices would have to be set: for OECD countries, for emerging countries 
and for developing countries. This market manipulation would make the system more 
complicated to manage; adjustments would have to be made over time to factor in 
national development progress. The second correction would be to make allowance for 
countries’ historic emissions. Of the 400 GtC emitted since the Industrial Revolution, 
roughly 200 GtC remain in the atmosphere. The distribution of these emissions is very 
uneven, country-wise, the highest percentage having been emitted by the countries 
that are industrialised today or belong to the OECD, which have not paid a cent to 
date. The developing countries could request a several-year moratorium on the tax 
until their accumulated emissions per inhabitant reach the same levels as existed in the 
industrialised countries at the time when the tax went into effect.

Another major issue would be how the carbon tax is managed (whether by national 
or multinational organisations) and how the revenue is applied. At least part of the 
revenue ought to go toward offsetting the impact of climate change and helping 
societies adapt.

•	 In the cap-and-trade system, countries are assigned an emissions quota and allowed to 
trade their surplus credits according to certain rules. This was the system set up in the 
Kyoto Protocol.

•	 Countries could also commit to quantitative improvements in CO2 emissions intensity 
per unit of their GDP. The drawback to this strategy is that when a country undergoes 
significant growth, even if it reduces its intensity considerably, its emissions may 
increase. That does not solve the problem. Total emissions are all that nature goes by.

•	 The fourth strategy would be to set caps on emissions by industries. For example, caps 
might be set on emissions per product unit for the iron and steel or the glass industry. 
The difficulty would be that differences would have to be established between countries 
according to their level of development, and a strategy would have to be found for 
improving and gradually replacing manufacturing facilities presently in place.

The most feasible of the four strategies for tackling mitigation worldwide would seem to 
be cap-and-trade for the first stage (assigning emissions caps to countries and setting rules 
for trading surplus emissions capacity among industries and countries) and a new tax on 
each tonne of CO2 for the second stage (factoring in each country’s development level and 
historically accumulated emissions debt).

W. Nordhaus (2008) has authored the most thorough, wide-reaching quantitative 
research done to date on the cost of climate change. Further to his studies, the greater 
the average temperature, the greater the adverse effects of marginal temperature on the 
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economy. This finding, combined with the findings in the climate science literature, 
means that the marginal damage done by emitting one tonne of CO2 is reasonably 
independent of the amount emitted prior thereto5. This simplifies the task of calculating 
climate externalities considerably. On the basis of these results, Golosov et al. (2011) 
showed that the marginal externality cost can be calculated with a very simple formula. 
The optimum tax in a period “t” is:

τ ρ γt t t
s

s

Y E d s= +( ) − ( )( )−

=

∞

∑ 1 1
0

Estimating γ from the climate damage paper by Nordhaus (2008) and d(s) on the basis of 
recent papers on carbon circulation, Golosov et al. found climate externality per tonne of 
emitted carbon in terms of the subjective discount rate.

The graph in the margin shows that, for a subjective discount rate of 1.5 % per year, 
the optimum value for the CO2 tax would be €11/tCO2, while for a rate of 0.1 % per year 
the optimum tax would be €100/tCO2.

A small number of European Union countries have introduced CO2 taxes payable by 
end consumers. In Sweden the tax is around €100/tCO2. Finland, Denmark and Ireland 
have also introduced CO2 taxes. In 2011 the European Commission proposed a uniform 
EU-wide tax of €20/tCO2 that has not yet been approved.

Two approaches may be adopted when quantifying the discount rate. The first 
advocates using market values such as financial interest rates or average returns on equity. 
Subjective discount rates are found, as noted earlier, by subtracting economic growth from 
market discount rates (t = ρ + σ·g = ρ + g). The subjective discount rate (ρ) is typically 
assumed to range from 1 to 2 % per year. This is the approach espoused by Nordhaus.

The Stern Report (2007) takes a completely different tack, advocating intergenerational 
solidarity as the moral basis for recommending a subjective discount rate of 0.1 %.

Therefore, given the current understanding of the consequences of climate change, the 
optimum tax per tonne of CO2 should lie between €10/tCO2 for a subjective discount 
rate of 2 % and €100/tCO2 for a subjective discount rate of 0.1 %. 

5 Considerable uncertainty exists around this finding. The climate system contains many non-linearities 
due to feedback mechanisms: witness the melting of ice in the Arctic, Antarctic and Greenland. Because 
ice reflects solar radiation better than land or sea does, the melting of ice strengthens the response to an 
initial temperature increase. Non-linearities such as this may be strong enough to trigger local instability. At 
some point, a small disturbance could give rise to a major change. Such thresholds have come under intense 
study in recent years, especially by Lenton et al. (2008), who concluded that, with scientific knowledge 
in its current state, the most important issue is the melting of the ice in Greenland and the Arctic. If a 
consensus is reached regarding certain thresholds, the argument over limiting warming to a particular 
figure becomes more important and invalidates the very simple formula shown here, which is based on 
gradual consequences for climate on the basis of a given temperature increase.

OPTIMUM TAX VS SUBJECTIVE DISCOUNT RATE

Source: Golosov et al., 2011

where:

τt : tax per unit of carbon emitted 

Yt : global GDP in period t

Et : indicates that due to the uncertainty involved, 
the expected result of the summation following 
this term must be used

ρ : subjective discount rate

d s( ) : fraction of one unit of carbon emitted  that 
remains in the atmosphere after S periods

γ : measurement of the intensity of the damage 
caused by climate change. 
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The four soundest assessments of the costs of climate change may be:
•	 the IPCC’s 2007 Report
•	 the Stern Report (2006), commissioned by the British government and directed 

by Nicholas Stern, former Chief Economist at the World Bank
•	 the study conducted in 2007 by the Institute for Prospective Technological 

Studies, a European Union agency
•	 an article written by Nigel Lawson, former Secretary of State for Energy and 

Chancellor of the Exchequer for Great Britain, and published in An Appeal to 
Reason: A Cool Look at Global Warming (2008).

These four studies draw some rather different conclusions, depending on the methods 
and assumptions adopted. Readers are warmly recommended to examine all four to form 
a first-hand opinion on the uncertainties involved in weighing the costs of mitigation.

The findings of the 2007 IPCC Report on the cost of mitigation according to 
atmospheric CO2 concentration levels are shown below.

ESTIMATED GLOBAL MACRO-ECONOMIC COSTS IN 2050 FOR LEAST-COST TRAJECTORIES 
TOWARDS DIFFERENT LONG-TERM STABILISATION LEVELS

Stabilisation levels
(ppm CO2-eq)

Median GDP (1)

reduction (%)
Range of  GDP 
reduction(1) (%)

Reduction of average 
annual GDP growth rates 

(percentage points)(1)

590 - 710 0.5 -1 a + 2 <0.05

535 - 590 1.3 Slightly negative -4 <0.1

445 - 535 Not available <5.5 <0.12
(1) GDP values at market exchange rates
Source: Climate Change 2007, IPCC

The Stern Report compares the costs of inactivity in the field of climate mitigation which, 
according to the econometric models used, would come to 5 to 20 % of world GDP, to 
the cost of stabilising CO2 at 500 to 550 ppm CO2-eq, which it estimates to be 1 % of 
world GDP.

The report submitted to the European Commission by the Institute for Prospective 
Technological Studies in October 2007 takes as its point of departure an emissions 
reduction scenario that would entail a global equilibrium temperature 3.0 °C higher 
than in the pre-industrial era. Attaining that target would entail stabilising atmospheric  
CO2-eq at 535 to 590 ppm, which would in turn translate into reducing global emissions 
by 25 % between 1990 and 2050. The effort would be shared by developed countries, 
which would have to reduce emissions by 60 % from their 1990 level, and developing 
countries, which would be allowed to raise emissions by no more than 43 % of their 
1990 level. GEM-E3, the multi-sectoral general equilibrium model used in the study, 
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yielded the following results: 1) annual world GDP would decline by 0.19 %, and annual 
GDP for the EU-27 by 0.24 %; and 2) the price per tonne of CO2 would be €30 to  
€40/tCO2-eq in 2020 in developed countries (no emissions cost in developing countries 
until 2020) and €65/tCO2-eq in 2030 for all countries. 

Lastly, Nigel Lawson’s book concludes that the focus should be on adapting. The book 
is a delight to read and most meticulous, although the author’s arguments differ broadly 
from the ideas set out here. Lawson feels that future generations, who will be much richer 
than we, should deal with the effects of climate change. He estimates that in the absence 
of climate change, in the next 100 years annual growth of GDP per person would be 1 % 
in the developed world (which after a century would yield a per capita GDP 2.7 times 
greater than it is today) and 2.3 % in developing countries (which after a century would 
yield a per capita GDP 9.5 times greater than it is today). Building into the model the cost 
of climate change in a century’s time, estimated at 3 % of world GDP for industrialised 
countries and 10 % for developing countries (applied not annually, but at the end of the 
century for both industrialised and developing countries), the per capita GDP would be 
2.6 times greater than it is today in the former and 8.5 times greater in the latter. Lawson 
deems that the small magnitude of the effects in comparison with economic growth stands 
as proof that the most reasonable course is put off mitigation policies for the time being.

3.6.  THE INTERNATIONAL ENERGY AGENCY’S 450 SCENARIO

If the Earth’s equilibrium temperature is to be held down to 2 °C above what it was in 
the pre-industrial age, the concentration of atmospheric CO2 needs to be stabilised at  
450 ppm. In this calculation 2 °C is the median of the probability distribution of 
equilibrium temperatures found on the basis of current scientific knowledge.

Energy accounts for around 67 % of all greenhouse gas emissions in the world, 
expressed in CO2-eq. As noted earlier, in the industrialised countries the percentage of 
energy-related GHG emissions is somewhat higher, 70 to 80 %. Therefore, if a global 
warming goal of +2 °C is to be established, it is the energy industry that has to make 
the biggest effort. The International Energy Agency is aware of this, and in its latest 
annual reports has been analysing the strategies and costs of getting the energy industry 
to expend its fair share of effort. Until an international agreement on climate (which 
appears fairly elusive at this writing) has been reached, however, these analyses are simple 
mathematical exercises and are not binding even on IEA member countries.

Energy-related emissions amounted to 30.4 Gt of CO2-eq in 2010. In a visit to Madrid 
in September 2012, the IEA’s executive director, Maria van der Hoeven, announced that 
the provisional figure for 2011 was 31.5 Gt. The IEA’s forecasts for 2035 anticipate 36.4 
GtCO2-eq of emissions in the New Policies Scenario, 43.3 GtCO2-eq in the Current 
Policies Scenario and 21.6 GtCO2-eq in the 450 Scenario.  
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WORLD ANTHROPOGENIC GREENHOUSE GAS EMISSIONS BY SCENARIO (GtCO2-eq)

New Policies Current Policies 450

2009 2020 2035 2020 2035 2020 2035

CO2 energy 28.8 34.4 36.4 36.1 43.3 31.9 21.6

CO2 other 1.4 1.2 1.1 1.7 1.9 1.0 0.8

CH4 7.7 7.2 7.1 9.3 10.7 6.4 5.1

N2O 3.2 3.2 3.2 3.8 4.2 3.0 2.7

F - gases 0.7 0.7 0.9 1.4 2.3 0.5 0.5
Land use, land use change 
and forestry 5.2 4.3 1.9 4.3 1.9 4.3 1.9

Total 47.1 50.9 50.6 56.5 64.4 47.1 32.6

Source: WEO 2011, IEA

The Current and New Policies Scenarios differ in terms of energy-related carbon 
emissions in 2035 by about 7 Gt, around 71 % of which would be attributed to non-
OECD countries. The difference in emissions between the 450 Scenario and the New 
Policies Scenario comes to about 15 Gt, one-third of which would be accounted for by 
the OECD countries and two-thirds by the non-OECD countries.

WORLD ENERGY-RELATED CO2 EMISSIONS BY SCENARIO (GtCO2-eq)

Source: WEO 2011, IEA

The 450 Scenario would involve an adjustment of the primary energy demand at the levels 
reached by 2020. The amount of energy provided by coal would decline considerably 
(from 27 % in 2009 to 16 % in 2035) and oil-powered energy would also slide (from  
33 % in 2009 to 25 % in 2035). Renewable energy would rise (from 13 % in 2009 
to 27 % in 2035), as would nuclear energy (from 6 % in 2009 to 11 % in 2035). The 
share of gas in total primary energy in 2035 may very likely be much larger than the 
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IEA anticipates; unconventional gas is developing extremely fast and is revolutionising the 
industry. Moreover, in the wake of the Fukushima nuclear accident, the likelihood that 
nuclear energy will account for as much as 11 % of the total primary energy in 2035 is slim.

WORLD PRIMARY ENERGY DEMAND BY FUEL IN THE 450 SCENARIO

Demand (Mtep) Share (%)

2009 2020 2035 2009 2020 2035

Coal 3 294 3 716 2 136 27% 26% 16%

Oil 3 987 4 182 3 671 33% 29% 25%

Gas 2 539 3 030 3 208 21% 21% 22%

Nuclear 703 973 1 664 6% 7% 11%

Hydro 280 391 520 2% 3% 3%

Biomass and waste 1 230 1 554 2 329 10% 11% 16%

Other renewables 99 339 1 161 1% 2% 8%

Total 12.132 14.185 14.870 100% 100% 100%

Source: WEO 2011, IEA

An abatement in CO2 emissions in 2035 of around 15 GtCO2-eq relative to the New 
Policies Scenario figure would require putting a good deal of effort into improving energy 
efficiency (44 % of the emissions saved), increasing the share of renewable energy (21 % 
of the emissions saved), improving carbon capture and storage (22 % of the emissions 
saved), boosting nuclear energy (9 % of the emissions saved) and using biofuels (4 % of 
the emissions saved).

WORLD ENERGY-RELATED CO2 EMISSIONS ABATEMENT IN THE 450 SCENARIO 
 RELATIVE TO THE NEW POLICIES SCENARIO

Source: WEO 2011, IEA
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Around half the burden of the 15-GtCO2-eq emissions abatement relative to the New 
Policies Scenario value would be shouldered by two countries, China (5 Gt, equivalent 
to one-third of the total) and the USA (2.5 Gt, equivalent to one-sixth of the total). The 
remaining 7.5 GtCO2-eq would be spread across the rest of the world.

ENERGY-RELATED CO2 EMISSIONS IN THE 450 SCENARIO AND ABATEMENT 
RELATIVE TO THE NEW POLICIES SCENARIO BY REGION

Source: WEO 2011, IEA

In per-capita energy emissions, the United States would have to make a stellar effort to 
lower the figure from the current 17 tonnes per person per year to about 6 tonnes per 
person per year. The European Union would have to reduce its own emissions from the 
present 7 tonnes per person per year to about 3 tonnes per person per year.

The rest of the regions, too, would have to work hard.

ENERGY-RELATED CO2 EMISSIONS PER-CAPITA IN THE 450 SCENARIO BY REGION

Source: WEO 2011, IEA
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Viewed in terms of industries, the electric power industry (which includes power 
generation, combined heat and power generation and heat plants) would be responsible 
for lowering emissions by 7 Gt, nearly half the 15 GtCO2-eq that would have to be pared 
off the New Policies Scenario figure by 2035. Another 3 Gt of the abatement would 
come from reducing the power demand, and the remaining 5 Gt from transport and 
manufacturing, as well as the buildings and other sectors.

WORLD ENERGY-RELATED CO2 ABATEMENT BY INDUSTRY IN THE 450 SCENARIO 
COMPARED WITH THE NEW POLICIES SCENARIO

Source: WEO 2011, IEA

The electric power industry, which currently accounts for 41 % of all energy-related CO2 

emissions, is the most important target area for emissions abatement. The cumulative 
abatement anticipated for this industry in the 450 Scenario between 2010 and 2035 
comes to 99 GtCO2, approximately two-thirds of the total (141 Gt) established under 
this scenario. The ways emissions are to be lowered include switching to less-carbon-
intensive energy sources, improving energy efficiency and reducing the demand for 
electricity. The electric power industry plays an absolutely crucial role in the 450 
Scenario; it is called upon to reduce its emissions by 60 %, from 11.8 Gt in 2009 to 
4.8 Gt in 2035, slimming its share in total energy-related emissions down to 22 % (see 
the graph on the next page).

Adhering to the 450 Scenario would lead to fossil fuel prices considerably lower than in 
the Reference Scenario. International Energy Agency simulations estimate that in 2035 
fossil fuel prices would be 19 % lower for petroleum, 38 % lower for coal and 8 to 22 % 
lower for natural gas in the 450 than in the Reference Scenario (see the table on the next 
page).  
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CHANGE IN WORLD ENERGY-RELATED CO2 EMISSIONS FROM THE POWER GENERATION INDUSTRY 
IN THE 450 SCENARIO COMPARED WITH THE NEW POLICIES SCENARIO

Source: WEO 2011, IEA

FOSSIL FUEL IMPORT PRICES IN THE 450 SCENARIO (2010 $ PER UNIT)

Unit 2010 2020 2035 Change from 
NPS in 2035(1)

IEA crude oil imports (2) Barrel 78.1 97.0 97.0 -19%

OECD steam coal imports Tonne 99.2 93.3 67.7 -38%

Natural gas - Europe MBtu 7.5 9.8 9.4 -22%

Natural gas - Pacific MBtu 11.0 12.0 12.1 -15%

Natural gas - North America MBtu 4.4 6.5 7.8 -8%

(1) NPS: New Policies Scenario
(2) Price of IEA crude oil imports, which in 2010 was $1.50/barrel cheaper than the WTI and $2.50/

barrel cheaper than Brent
Source: WEO 2011, IEA

This decline in price would signify major savings for the leading importers, as shown in 
the graph below.

BILL FOR OIL IMPORTS IN SELECTED REGIONS BY SCENARIO

Source: WEO 2011, IEA
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A new country-by-country analysis reveals that 80 % of emissions from 2010 to 2035 
will come from plants in place today. That leaves very little room for manoeuvring. Unless 
coordinated international action is taken before 2017 (which seems a shaky prospect just 
at present: see section 3.7), all the emissions anticipated in the 450 Scenario will come 
from facilities existing in that year. All new facilities built after 2017 would therefore have 
to be zero-emissions plants.

Furthermore, putting off action would be a costly course to pursue. For each $1 not 
invested before 2020, an additional investment of $4.3 will be necessary after 2020 to 
offset the surplus emissions. Lastly, carbon capture and storage technology is key for 
cutting CO2 emissions, but its future is cloudy indeed due to technical, political and 
regulatory limitations.

3.7.  INTERNATIONAL POLITICAL AGREEMENT ON CLIMATE

On the grounds of the foregoing explanations, three assertions might be safely made. 
First, most of the responsibility for climate change can be attributed to anthropogenic 
greenhouse gas emissions, fundamentally emissions from the burning of fossil fuels, 
deforestation, agriculture and land use changes. Second, if things go on as is, especially 
in the light of the speedy economic growth of emerging and developing countries 
(which have been growing at an annual pace of roughly 7 % in recent years), the Earth’s 
temperature may rise in this century to more than 3 °C above the temperature recorded 
in 1900. That could have unpredictable consequences. Third, the energy model that has 
provided the basis for swift development in industrialised countries since the Industrial 
Revolution is unviable. It cannot be extrapolated to the whole world. Therefore, a deep 
transformation must be wrought, through the almost-total decarbonisation of energy 
production over the next 40 years.

Accordingly, a pressing need exists for an international political agreement on climate 
that sets specific quantitative targets and distributes the effort that must be made to reach 
those targets fairly across developed, emerging and developing countries. Such a political 
agreement must take account of a number of conditioning factors. The first is that historic 
emissions total about 400 GtC which, multiplied by a factor of 3.67, gives the number 
of tonnes of CO2. Of this amount, around 200 GtC are still in the atmosphere and the 
rest in ocean, plant or underground “stores”. This atmospheric CO2 has induced the  
0.8-°C increase recorded to date plus a committed increase (i.e., the temperature rise 
induced by systemic inertia even if all emissions were to cease immediately) of another 
0.6 °C by the end of this century. The second factor is the technological and economic 
divide. The gap between industrialised and developing countries is huge. Third, those 
same inter-country differences in degree of development determine substantial differences 
in per capita emissions. In 2004 developed countries emitted 16.1 tCO2-eq per capita, 
counting energy-related plus other emissions (led by the USA and Canada, with per capita 
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emissions of about 26 tCO2-eq), while developing countries emitted 4.2 tCO2-eq per 
capita (although this balance has shifted quickly in recent years; China recently surpassed 
the European Union in total emissions per capita). The fourth conditioning factor is that 
impact is vastly asymmetrical. Generally speaking, countries in the middle and northern 
latitudes benefit from minor temperature increases of up to 2 °C but are adversely affected 
by steeper rises. Countries at low latitudes, however, are adversely impacted in general 
by even the slightest temperature rises. Impact is especially detrimental in small, low-
lying islands as well as the Mediterranean and southern African countries. Fifth, scientific 
knowledge of the causes, forecasts, impact and costs of mitigation entail different levels of 
uncertainty for each endeavour. This must be factored into any hypothetical agreement.

Therefore, the climate change problem cannot be addressed without an international 
political agreement. The obstacles to reaching any such agreement are of an unprecedented 
magnitude. Even so, over the last 25 years some very significant steps have been taken to 
prepare the ground. 

•	 The Intergovernmental Panel on Climate Change (IPCC) was created in 1988 by the 
World Meteorological Organisation and the United Nations Environment Programme 
(UNEP). The IPCC has published four reports on climate change to date, for 1990, 1995, 
2001 and 2007, where it describes the state of the art in climate change understanding. 
These reports are a must-read for anyone wishing to form an independent opinion on 
the subject. The scientific rigour and depth of these reports has grown apace with the 
rigour and depth of scientific research and knowledge. Any climate agreement must 
absolutely be based on the conclusions of the most recent publication. 

•	 As a consequence of the IPCC’s 1995 report, most of the countries in the world met in 
1997 to draft the Kyoto Protocol, in which the 39 developed countries and transition 
economies (European countries formerly in the Soviet bloc) committed to reducing 
their greenhouse gas emissions by 5.2 % from the 1990 level between 2008 and 2012. 
The abatement was not distributed in aliquot shares across all countries. The abatement 
assigned to the EU-15 amounted to 8 %. The EU ratified the Protocol in 2002 and 
in turn distributed the emissions abatement effort among it member countries in 
accordance with their per capita emissions and economic development. Spain was 
accorded a maximum emissions increase of 15 % over the 1990 benchmark. Despite 
its role as a key driver of the protocol and the country with the highest emissions at the 
time (outpaced in recent years by China) the USA failed to ratify the protocol.

•	 With its unenthusiastic and ambiguous attitude toward international GHG emissions 
abatement commitments, the United States handed the European Union the indisputable 
lead position in the international struggle against climate change. Moreover, in 2009 
the European Council approved the Green Package, which sets some highly ambitious 
energy and climate objectives (see chapter IV, section 1.2).
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•	 Under the leadership of President Obama, in June 2009 the US Congress passed the 
American Clean Energy and Security Act (the Waxman-Markey Bill), in which the 
country committed to reducing emissions from a 2005 benchmark by 17 % in 2020, 
42 % in 2030 and 83 % in 2050. The bill made it through Congress by a hair-thin 
majority (219 votes for and 212 against), but in backroom negotiations failed to earn 
the necessary 60 % needed to prevent filibustering and hence never reached the Senate 
floor. The bill was not, then, enacted.

•	 At the 2009 Copenhagen Climate Summit (COP15), China announced its commitment 
(later built into the country’s economic programme) to reduce its economy’s energy 
intensity (units of energy demanded per unit of GDP produced) by 40 or 45 % in 
2020, compared to a 2009 benchmark. China’s position is increasingly important, 
because in 2007 it surpassed the USA in terms of energy-related GHG emissions, thus 
becoming the world’s foremost emitter of energy-related greenhouse gases. 

•	 Every year since 1995 a Climate Summit (COP) has been held, attended by most of 
the countries in the world with the objective of advancing toward an international 
climate agreement. In 2007 the Bali Summit, COP14, approved the Bali Action Plan, 
which called on the 2009 summit to reach an agreement on the system to be employed 
after 2012, the year when the Kyoto commitments were to expire. The high hopes 
inspired by the 2009 summit, held in Copenhagen, around the possibility of reaching 
the international agreement envisaged two years earlier at Bali were ultimately dashed. 
In fact, the chances of hammering out an agreement in Copenhagen were rather slim 
from the outset. The Obama Administration had not managed to get the Waxman-
Markey Act on emissions abatement through the Senate, and China, whose per capita 
and historic emissions were much lower than its fellow emitter’s, was not eager to make 
any commitments before the US did. Since, moreover, the United States and China 
had together released 12 121 GtCO2-eq in energy-related emissions in 2008, 41.4 % of 
the world total for the year, without their leadership and firm commitment, no world 
agreement was possible.

The Cancun Summit in December 2010 (COP16) advanced in a number of important 
areas. First, negotiations were helped along with the definition of the allowable mean 
temperature cap at 2 °C. Second, confidence was strengthened in the multilateral United 
Nations framework by establishing new institutions, such as the Green Climate Fund. 
Prior to that a series of countries, led by the United States, had initiated parallel meetings 
that threatened to undermine the multilateral process, which they regarded as overly long 
and drawn out. The US was in fact very ill at ease, for it was defending a position that 
contradicted the stance it had held until 2000, while the rest of the world was urging 
it to lead the struggle against emissions, just as it had in economic and technological 
development. (The US Government’s deep-rooted aversion to multilateralism between 
2000 and 2008 is a matter of record.) The third area where COP16 made progress 
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was in cementing new opportunities for cooperation with developing countries, with 
a commitment to mobilise 30 billion dollars in 2010-2012 and raise that figure to 100 
billion dollars yearly by 2020.

Three main issues were tabled at the latest Climate Summit to date, held in Durban 
in December 2011 (COP17). The first was to close the emissions gap. That will take 
worldwide efforts to which the major economies (developed and developing countries 
alike) will have to subscribe, and the inclusion of new industries and instruments for 
cost-efficient emissions abatement. The second issue was to define a legal framework for 
the new system, choosing between perpetuation of the system whereby each country 
undertakes to do what it can and advancement toward a legally binding agreement. The 
third issue was to set common rules on CO2 reporting and transparency for a meticulous, 
accurate knowledge of the effort countries have committed to and consequently the effort 
that remains to be made.

Three important landmarks were attained by the Durban Summit. It initiated a 
process, the Durban Platform for Enhanced Action, whose mandate is to develop a legally 
enforceable instrument for application to all countries. This instrument must be adopted 
before 2015 and enter into force in 2020. The Kyoto Protocol, which expired in 2012, 
was given a fresh lease on life as of 2013, although the decision of whether its second term 
would last until 31 December 2017 or 31 December 2020 was scheduled to be made 
sometime in 2012 (no agreement had been reached at this writing). Lastly, the Green 
Fund went into operational development. This fund, whose target is to reach 100 billion 
dollars in 2020, was designed as a tool to catalyse private investment and eventually 
will become the main channel for the financial resources that must be mobilised for 
developing countries.

Other key decisions were also made at Durban. A programme was set up to work 
on the damage associated with the impact of climate change in particularly climate-
vulnerable developing countries. New, more precise rules were adopted on forestry 
management reporting. Lastly, the summit launched the 2013-2015 revision process to 
assess the suitability of the environmental objective of +2 °C above the Earth’s average 
temperature in the pre-industrial age.

In a nutshell, forging an international agreement on climate is a very thorny issue, 
and headway can be made only an inch at a time. The United States is the world’s 
leading economic and technological power, the number-two country in terms of current 
emissions and number-one in terms of historic emissions. Until it assumes the leadership 
role incumbent upon it, no international agreement will be forthcoming. According 
to the IMF’s Fiscal Monitor for October 2012, the public deficit forecast for the US is  
8.7 % in 2012 and 7.3 % in 2013. After cyclical adjustment, the figures would still be  
6.8 % and 5.5 % (the primary deficit, i.e., without interest on the debt, would be 4.7 % 
and 3.4 % for the two years in question). According to the Fiscal Monitor, that would take 
the United States’ public debt from 103 % in late 2011 to 107 % in 2012 and 112 % in 
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2013. Such figures have not been recorded in the US since World War II. Clearly, one of 
the most pressing and at the same time most daunting challenges facing the US president 
elected in 2012 will be to achieve the budgetary consolidation required to guarantee the 
medium-term viability of the country’s public accounts. The process of consolidation 
must irremediably continue beyond 2020, given the magnitude of the debt and the high 
structural deficit.

Despite the rather dismal scenario described and the enormous difficulties ahead, 
this decade must produce an international, universally binding political agreement on 
climate, to ensure that the effort needed to stabilise atmospheric CO2 levels are fairly 
distributed. The uncertainties inherent in scientific knowledge must not be used as an 
excuse for inactivity. Otherwise, humanity will embark on an uncharted course where the 
risks will far outweigh the uncertainties.

3.8.  THE IMPACT OF CLIMATE CHANGE IN SPAIN

The climate forecasts for the Mediterranean Basin countries set out un the IPCC’s 2007 
report under the A1B Scenario call for a mean temperature increase of 4 °C and a mean 
decline in precipitation ranging from −4 % to −27 %. While the extent of the decline 
varies from model to model, practically all envisage lower rainfall on the Iberian Peninsula.  
The A1B Scenario is the average emissions scenario, in which, for example, CO2 emissions 
rise from 8 Gt/year in 2010 to 16 Gt/year in 2050 and then gradually subside to  
14 Gt/year in 2100.

TEMPERATURE CHANGE IN SOUTHERN EUROPE IN 2091-2100 RELATIVE  
TO 1901-1950 UNDER SCENARIOS A1B, B1 AND A2

Source: Climate Change 2007, IPCC  
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TEMPERATURE AND PRECIPITATION CHANGE FOR SOUTHERN EUROPE IN 2080 - 2099 
RELATIVE TO 1980 - 1999 UNDER SCENARIO A1B

Note: Results are the average of 21 climate models. 
Source: Climate Change 2007, IPCC

3.8.1.  Climate forecasts for twenty-first-century Spain

Four papers published in recent years analyse Spain’s twenty-first-century climate 
forecasts. Readers interested in something more in-depth than the thumbnail sketch 
offered here are warmly encouraged to take the time to read them carefully, as they are of 
extraordinary interest and provide first-hand information on the subject.



THE CITIES OF THE TWENTY-FIRST CENTURY

256

•	 Evaluación preliminar de los impactos en España por efecto del cambio climático (2005) 
(preliminary evaluation of the effects of climate change on Spain), coordinated by 
the Ministry of the Environment and the University of Castile-La Mancha under the 
leadership of José Manuel Moreno, who also contributed to the IPCC’s 2007 report. 
Some 400 experts from different institutions and companies participated in this study.

•	 The ENSEMBLES project’s Climate change and its impacts at seasonal, decadal and 
centennial timescales (2010), funded by the European Commission. The project had 
a price tag of €22.8 million and required an estimated 250 man-years of work. It was 
directed by the United Kingdom’s Met Office and brought together a consortium of 66 
institutions from 20 countries, including the following from Spain: Fundación para la 
Investigación del Clima, the Spanish Meteorology Agency, the University of Cantabria 
and the University of Castile-La Mancha. An additional 30 organisations participated 
as affiliates, the Agricultural Technology Institute of Castile-Leon and the University 
of Salamanca School of Physical Sciences’ Department of General and Atmospheric 
Physics among them.

•	 Clima en España: pasado, presente y futuro (2010) (climate in Spain: past, present and 
future), funded by the Ministry of the Environment and Rural and Marine Affairs, in 
which some 100 experts participated.

•	 Generación de escenarios regionalizados de cambio climático en España (2008) (generation 
of regionalised climate change scenarios in Spain), drafted by the Spanish Meteorology 
Agency.

The Ministry of the Environment’s preliminary evaluation (2005) consists of two parts. 
The first contains climate forecasts for several emissions scenarios throughout the twenty-
first century using the PROMES regional climate model, whose horizontal resolution is 
50 kilometres square. The thickness of its 35 vertical layers varies, growing much thinner 
in the lower layers of the atmosphere. This horizontal and vertical resolution is much 
higher than found in global climate models. PROMES’s 6 000 x 4 500-kilometre domain, 
which spans nearly all of Europe and northern Africa, is nested in global climate models.

The second part, which accounts for more than 90 % of the document, reviews impact 
on ecosystems (land, inland and marine waters), resources (soil, water) and sectors (forestry, 
farming, tourism, insurance, human health).

All in all it is an absorbing document, although its climate forecasts are in need of 
updating, since all the impacts are based on those projections.

The European Commission’s ENSEMBLES project uses regional climate models with 
a 25-kilometre-square spatial resolution nested in global climate models. It provides 
statistical interpretations of the results yielded by the various models and envisages the 
following emissions scenarios. 
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A1B EMISSIONS SCENARIOS: ∆ TEMPERATURE (°C) 2080-2099 RELATIVE TO 1961-1990

A1B EMISSIONS SCENARIOS: ∆ PRECIPITATION (%) 2080-2099 RELATIVE TO 1961-1990

Source: Ensembles Project, European Commission, 2009

The change in temperature and precipitation forecast for 2080-2099 relative to 1961- 
1990 under the A1B Scenario in the summer and winter months at 50 % confidence is 
shown in the above figures. 

According to forecasts for the A1B Scenario, the end of this century will witness a very 
substantial rise in temperature (more than 5 °C in summer) as well as a steep decline in 
summer precipitation (over 50 %) relative to 1961 to 1990.

In the A1B Scenario, for the year as a whole on the Iberian Peninsula, the arithmetic 
means of the regional climate models for 2071-2100 relative to 1961-1990 yield the 
following results: 1) increase in annual mean temperature, amounting to 3.5 to 4 °C in the 
inland 80 % of the peninsula and 3 to 3.5 °C for the remaining 20 % along the coast; and 

EMISSIONS SCENARIOS USED IN ENSEMBLES

Source: Ensembles Project, European Commission, 2009
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2) decline in annual mean precipitation by 16 to 20 % for nearly the entire peninsula, with 
the exception of some northern areas where the precipitation will decline by 12 to 16 %.

PROJECTED CHANGES IN MEAN YEARLY SURFACE AIR TEMPERATURE AND PRECIPITATION UNDER  
THE A1B SCENARIO: MULTI-MODEL ENSEMBLE MEAN FOR 2071-2100 RELATIVE TO 1961-1990

TEMPERATURE (Δ IN OC) 

 
Source: Ensembles Project, European Commission, 2009

The probability distribution for temperature and precipitation changes in 2080-2099 
relative to 1961-1990 under emissions scenarios A1B and E1 (a mitigation scenario) are 
shown below.

ANNUAL CHANGES IN TEMPERATURE AND PRECIPITATION IN THE MEDITERRANEAN BASIN  
BY THE PERIOD 2080-2100 RELATIVE TO 1961-1990

Source: Ensembles Project, European Commission, 2009

For the A1B Scenario, the study anticipates that by the end of the twenty-first century the 
Mediterranean Basin countries will see temperatures rise by about 4 °C and precipitation 
decline by around 15 % relative to 1961-1990. For the E1 Scenario, climate forecasts 

PRECIPITATION (Δ IN %)
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call for a temperature increase of about 2 °C and a welter of uncertainty as regards 
precipitation.

The Ministry of the Environment’s study on climate in Spain (2010) analyses 
variations in temperature and precipitation as of the baseline period and also puts forward 
regional climate projections for the Iberian Peninsula.

The study concludes that peninsular temperatures clearly rose during the twentieth 
century and that the trend was sharpest in the most recent period, growing at a rate of 
0.48 °C per decade between 1973 and 2005, nearly trebling the global value, 0.18 °C, 
for the Earth’s continental and oceanic surface. It is also considerably higher than the rate 
for the Northern Hemisphere as a whole, which is 0.32 °C per decade (IPCC, 2007). The 
seasons that contributed the most to this recent warming phase were spring and summer. 
The study also reports a decline in cold days and nights and a rise in warm days and nights.

ANNUAL CHANGE OF DAILY MEAN TEMPERATURE IN SPAIN IN 1850-2005 RELATIVE TO 1961-1990

Source: Clima en España: pasado, presente y futuro, 2010 
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Nonetheless, no widespread decline in precipitation was detected on the Iberian Peninsula 
in the twentieth century. The year-to-year variability was wide, making it harder to define 
possible trends. The trends that have been observed depend on the database used and 
the starting year in the series, as can be seen in the figure below. The figure draws from 
the two most consistent databases for the Mediterranean Basin, the University of East 
Anglia Climate Research Unit’s CRU TS 3.0 and the US National Climatic Data Centre’s 
E-OBS. It also defines two time series, beginning in different years: 1950 and 1960. The 
data in CRU TS 3.0 cover the entire twentieth century (1900-2006), while the E-OBS 
data go back no farther than 1950.

TRENDS IN ANNUAL MEAN PRECIPITATION USING E-OBS AND CRU TS 3.0 DATA  
FOR 1950-2006 (2008 FOR E-OBS) AND 1960-2006 (2008 FOR E-OBS)

Note: The black dots indicate significant trends with a confidence of 95%.
Source: Clima en España: pasado, presente y futuro, 2010

The differences between the precipitation values in the two databases are sizeable. The 
trend displayed by each also varies considerably depending on the starting year for 
the series. According to the E-OBS data, the trend was clearly downward in a large 
portion of the Iberian Peninsula in 1960-2008, attendant upon a widespread decline 
in precipitation throughout the Mediterranean region, particularly in northwest Africa, 
Italy, the Balkan region and Turkey. The CRU3 data reveal a similar pattern but with 
values of less magnitude, scope and significance. In both cases the downward trends for 
the Iberian Peninsula (and their statistical significance) are less intense if 1950 or 1970 
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(not shown in the figure) is taken as the first year in the series.
Although the series based on the two databases are very highly correlated (r=0.93), they 

disagree in quite a number of details, especially in the most recent years. The last 16 to 18  
are much drier according to the E-OBS. In this series the data for 2000-2008 are unusually 
low with respect to the mean, although account must be taken of the short duration of the 
reference period (50 years).

MEAN PRECIPITATION FOR THE IBERIAN PENINSULA. CRU AND E-OBS

Source: Clima en España: pasado, presente y futuro, 2010 

By way of summary, no widespread decline in twentieth-century precipitation in the 
Iberian Peninsula has been detected. The decade beginning in 2000 registered the lowest 
figures since 1950, which may suggest a change in the rainfall pattern in response to 
anthropogenic warming. In the precipitation forecast by climate models, however, the 
anthropogenic signal has not emerged clearly and unmistakeably above the natural 
background noise.

In the A2 Scenario, where the stress is on the economy and regional concerns, 
atmospheric CO2-eq reaches about 1 250 ppm in 2100 and CO2 emissions rise from 
today’s 8 GtC to about 29 GtC by the end of this century. In short, A2 is a highly 
emissions-intensive scenario. The average of all the regional models for the end of the 
century using A2 Scenario forecasts for temperature and precipitation change shows a 
considerable increase in temperature (by up to 5.4 °C in the summer months) plus a 
severe decline in precipitation, varying sharply by season (−48 % in summer, −30 % in 
spring, −19 % in autumn and −4 % in winter).



THE CITIES OF THE TWENTY-FIRST CENTURY

262

ANTICIPATED CHANGE IN TEMPERATURE AND PRECIPITATION IN 2071-2100 RELATIVE TO  
1961-1990 FOR THE A2 SCENARIO

Source: Clima en España: pasado, presente y futuro, 2010
Note: Simulations at a resolution of 25.12 km, obtained with the ECHAM5 atmospheric general 
circulation model.

In the fourth of the aforementioned studies, the Spanish Meteorological Agency’s 
regionalised scenarios (2008), forecasts for temperature highs and lows and precipitation 
are given for the A2 Scenario on the basis of several climate models, and these forecasts 
for 2071-2100 are compared with the means for 1961-1990.

CHANGE IN MEAN YEARLY MAXIMUM TEMPERATURE FOR 2071-2100 RELATIVE TO 1961-1990  
UNDER THE A2 SCENARIO FOUND WITH THREE CLIMATE MODELS

Source: Generación de escenarios regionalizados de cambio climático en España, 2008 
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CHANGE IN MEAN YEARLY MINIMUM TEMPERATURE FOR 2071-2100 RELATIVE TO 1961-1990  
UNDER THE A2 SCENARIO FOUND WITH THREE CLIMATE MODELS

Source: Generación de escenarios regionalizados de cambio climático en España, 2008 

CHANGE IN ANNUAL PRECIPITATION FOR 2071-2100 RELATIVE TO 1961-1990 
UNDER THE A2 SCENARIO FOUND WITH THREE CLIMATE MODELS

Source: Generación de escenarios regionalizados de cambio climático en España, 2008 

Examination of the figures suggests that the differences in outcome as a result of nesting 
regional climate models in different global climate models are not negligible. The fact 
remains, however, that under the A2 Scenario the models yield reasonably consistent 
forecasts in the following respects.
•	 The anticipated mean yearly maximum and minimum temperatures will rise 

considerably by the end of the century, the highs more than the lows. Moreover, the 
forecast increases will vary widely throughout the year.

•	 Precipitation will decline substantially by the end of the century, with large inter-
regional and inter-seasonal fluctuations. 
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3.8.2.  Rainfall and droughts in the Iberian Peninsula from the earliest records

Before embarking on water resource forecasts, the historical data should be examined 
in depth. Researcher José Ramón Témez Peláez of the Spanish Centre for Public Works 
Studies and Experimentation has published two articles, “Fluctuaciones pluviométricas 
en la Península Ibérica desde el año 1856 y su repercusión en los Planes Hidrológicos” 
in 2005 (Revista de Obras Públicas, November 2005, issue 3460) and “Sequías en la 
Península Ibérica: records históricos y leyes de frecuencia” in 2007 (Ingeniería Civil, 
145/2007). Interested readers may like to have a look at them. The key results of Témez 
Peláez’s research are outlined below.

The first of the articles, whose title translates as “fluctuations in rainfall on the Iberian 
Peninsula since 1856 and their impact on Hydrological Plans”, concludes that lengthy 
periods of either abundance or scarcity have been fairly frequent. Témez Peláez detected 
supra-decadal fluctuations in rainfall.
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•	 1856-1865: general abundance throughout the peninsula was 
recorded, a pattern that reappeared approximately a century later, 
in 1958-1980, although abundance was greater in the earlier period.

•	 1867-1879: an exceptional shortage of rainfall, largely in the 
southern and central regions, was due to the weakness of moisture-
laden Atlantic winds from the southwest. Similar circumstances 
were recorded in 1980-1995. These (1867-1879 and 1980-1995) 
were the two least favourable periods in the series, given the scope, 
duration and intensity of the water deficits.

•	 1881-1899: nothing even close to this period’s peculiar distribution 
pattern was ever recorded again in the history of rainfall records.

•	 1900/1901 to 1923/1924: beginning in 1900, reporting shifted from 
solar years (January to December) to hydrological years (October to 
September). These 24 years were average, on the whole.
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•	 1924/1925 to 1942/1943: rainfall was extremely irregular in 
southeastern Spain. Throughout the 19 years in this period, deficits 
of 25 % were recorded, while rainfall was average for the rest of the 
peninsula.

•	 1943/1944 to 1957/1958: several intense itinerant droughts lasting 
only a few years alternated with years of abundance. Rainfall was 
scarce overall, especially in the Pyrenees region.

•	 1958/1959 to 1979/1980: this was a period of lengthy abundance 
across the entire peninsula, similar to the 1855-1866 period.

•	 1980/1981 to 1994/1995: general shortfalls were recorded across 
the entire peninsula, except for a narrow band of coast in Catalunya 
and Valencia. The last five years, 1990/1991 to 1994/1995, were 
singularly critical, and 1994/1995 and 2004/2005 were the driest 
years from the earliest historical records to 2005.
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The second of Témez Peláez’s articles on drought on the Iberian Peninsula shows that 
drought intensity varied considerably within the peninsula, with the ratio between 
rainfall in the one hundred-year drought and the mean ranging from 0.30 in the south 
and southeast regions of the peninsula to 0.55 on the coast along the Bay of Biscay.

ON HUNDRED-YEAR DROUGHT PARAMETERS IN THE IBERIAN PENINSULA

Source: Témez, Ingeniería Civil, 145/2007 

The inter-regional variability of the Spanish water regime is clearly visualised in the map 
below, which gives the dates of the lowest minima since the time records first began to 
be taken.

DROUGHTS ON THE IBERIAN PENINSULA: HISTORIC RECORDS AND RETURN INTERVALS

Source: Témez, Ingeniería Civil, 145/2007 
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3.8.3.  Water resources under climate forecast scenarios

The changes envisaged in water resources depend chiefly on the changes forecast in annual 
precipitation. Other variables also have a bearing, however, such as:

•	 the distribution of annual precipitation over space and time
•	 mean temperature and its distribution over space and time
•	 the distribution of cloud cover over space and time
•	 the quantity of incident solar radiation
•	 changes in land use.

Declines in precipitation trigger much steeper declines in runoff. The chart below, from 
Libro Blanco del Agua en España (2000), the white paper on water in Spain, illustrates this 
relationship with data from 1940 to 1996.

RATIO BETWEEN PRECIPITATION AND RUNOFF IN SPAIN, 1940/1941 TO 1995/1996 

Source: Libro blanco del agua en España, 2000 

The white paper examines the impact on available water of the following two climate 
change scenarios:

•	 Scenario 1: 1-°C increase in annual mean temperature, no change in precipitation
•	 Scenario 2: 1-°C increase in annual mean temperature with a 5-% decline in 

precipitation.

These climate variations are quite mild in comparison to the results of the regionalised 
studies for the end of the century with mean emissions scenarios, as described earlier. For 
example, under the ENSEMBLES (2010) A1B Scenario for the Mediterranean Basin 
countries, temperatures are 4 °C higher and precipitation 15 % lower in 2080-2099 than 
in 1961-1990. Part of the discrepancy may be due to the fact that the white paper on 
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water in Spain adopts a pre-2030 planning horizon and uses the global climate models 
given in the 1995 IPCC report, which are somewhat obsolete.

The results for runoff in the scenarios defined above are a decline of 5 % in Scenario 
1 and 14 % in Scenario 2 for the country as a whole, although considerable differences 
between river basins can be identified. 

RUNOFF DECLINE BY BASIN UNDER SCENARIOS 1 AND 2
Scenario 1 (∆P = 0%, ∆T = +1°C)                                               Scenario 2 (∆P = -5%, ∆T = +1°C)

Source: Libro blanco del agua en España, 2000 

The runoff values by river basin for the two scenarios are given in the table in the margin.
The results on the change in runoff for 2060 under the two scenarios envisaged in the 

Ministry of the Environment’s aforementioned preliminary evaluation (2005), in turn, 
can be summarised as follows.
•	 In the scenario with an increase of 2.5 °C in mean annual temperature and a decline 

of 8 % in annual precipitation, water resources would decline by 17 % in Spain and 
the year-on-year variability of water resources would rise. These changes would be 
greater in the southern half of the country.

•	 The scenario envisaging an increase of 4 °C in annual mean temperature and a decline 
of 15 % in annual precipitation is reasonably consistent with the ENSEMBLES 
(2010) forecasts for the end of the century in the A1B Scenario. The reduction in 
total runoff would vary: 5 % in coastal Galicia, 22 % in Guadiana II, 20 % in the 
River Júcar Basin and 20 % in the Catalonian river basins.

In light of the foregoing facts and figures, climate change may be seen to impact Spanish 
water resources in three ways: 1) raising the water demand of terrestrial ecosystems 
and agricultural systems; 2) lowering the available water resources; and 3) very likely 
accentuating extreme events such as droughts and floods. Climate change poses a serious 
challenge to the establishment of sustainable water resource management.

Adaptive strategies can be classified into three groups: 1) raising resources, 2) managing 
demand and 3) improving the water resource system and its management.

Five key strategies for increasing resources may be pursued. The beneficial effects 

DECLINE IN RUNOFF BY BASIN  
UNDER SCENARIOS 1 AND 2

Source: Libro blanco del agua en España, 2000 
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of the first, reforestation, include an increase in precipitation as a result of greater 
evapotranspiration and a significant reduction in small-to-medium floods in minor river 
basins. A second approach includes projects for increased reservoir capacity and inter-
basin transfers, although the high social, economic and environmental costs of such 
undertakings must not be overlooked. Underground water, the third possibility, is already 
being tapped for approximately one-third of Spain’s irrigated cropland, which generates 
over half its farming revenues. More than 20 % of the aquifers, however, are already 
overused. Desalination, the fourth, has made huge technological strides in recent years, 
especially from the standpoint of economic costs. The main drawbacks to desalination 
are that it is highly energy intensive and generates brine that must be eliminated. One 
sustainable option might be to use renewable energy as the power source. Finally, water 
treatment plant effluent can be applied in irrigation, recreational uses and golf courses 
and even for home sanitation systems. The main problems are the potential public health 
risk (particularly in the longer term with respect to aquifer recharge with non-potable 
water), the high cost of the more intensive treatment processes required and the fact that 
the treated water would not be returned to natural watercourses.

Another adaptive strategy is demand-side management, which admits of four kinds 
of measures: installation of individual water metering systems, which can lead to 10 to  
25 % water savings; billing policies that penalise excessive water use; optimisation of 
water used in irrigation, Spain’s biggest water consumer; and upgrading water supply 
networks to minimise leakage.

The third and last adaptive strategy is to improve the water resource system and 
its management. That calls for improving the models that simulate how water moves 
through its natural cycle to the point that they can reproduce the water balance in the 
greatest possible physical detail, considering groundwater and differentiating between 
the evaporation of intercepted water and water from plant transpiration. Furthermore, 
management of water resources during periods of drought requires special attention. The 
use of long-term weather predictions and the possible correlation of periods of drought 
with global indicators such as the North Atlantic Oscillation and El Niño in the Pacific 
Ocean must be studied and incorporated into the detection system.  
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1.  UNDERLYING CAUSES OF CHANGE

The factors that are apparently going to influence the economy and society the most 
in the next few years are the factors discussed in chapters II and III of this book. In the 
really short term, that is, for about the next 10 years, the future will be shaped by a series 
of macroeconomic factors: the high level of developed economy indebtedness, the need 
to eliminate the structural deficit in the US, the decisions adopted by governments and 
multilateral institutions on budgetary consolidation or stimulus policy and the impact of 
the Fukushima accident on the future of nuclear energy.

Spain will have to deal not only with those factors, but also with endemic issues 
that are going to strain the country’s economy greatly in the next few years, due to 
its baseline situation and how it is dealing with changing that situation. The level of 
private indebtedness is one determining factor. The nation’s geo-political structure is 
another. Technological innovation in Spain is scarce, as is the kind of mind-set needed 
for technological innovation. The country is hard pressed to institute the sustainable 
economic growth that creates jobs. The financial system needs a thorough overhaul. 
Budgetary consolidation by 2020 has been promised, but how long it lasts and how solid 
it will be will ultimately depend on the level of public debt. Population forecasts are an 
issue, as is the need for a slimmer construction industry.

Those are the factors that are going to bear considerably on economic activity 
world- and nationwide over the next 8 to 10 years. Some, such as the US’s budgetary 
consolidation, could last a few years longer, depending on when and how vigorously 
they are dealt with. In addition, three factors are going to have a strong influence on 
world economic trends throughout the entire century. First, a multipolar economic and 
political order will emerge, led by the USA, the European Union and Japan (the current 
powerhouses), China (which will likely become the leading world power in terms of 
purchasing power parity by 2016), India and, to a lesser degree, depending on how they 
handle their own development issues, Brazil and Russia. Second, energy will be a factor. 
The big medium-term energy issues are the new golden age of gas (a probable outcome 
of the discovery of huge non-conventional –especially shale– gas reserves in recent years) 
and the location of fresh oil reserves. Third, climate change will have to be addressed. 
A serious, ambitious international agreement simply must be reached sometime in this 
decade, laying out the strategy that will be pursued and parcelling out the necessary effort 
between industrialised and developing countries.

Of the three major factors for the medium-term future, global warming is the 
most consequential and the most urgent. It affects every industrialised, developing and 
emerging nation on the planet, although its effects are highly asymmetrical, especially 

IV. IMPLICATIONS OF CHANGE FOR CITIES
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for temperature increases of up to 2 °C, beyond which the impact on human activity 
is highly uncertain. Moreover, enormous reserves of non-conventional gas have been 
located, and many countries have yet to be systematically explored. As a result, the link 
between the energy issue (in the sense of the future scarcity of reserves) and the climate 
issue may be starting to break down. The climate issue demands faster action than the 
energy issue, even though ultimately they share the same message: the need to reduce 
the economy’s energy intensity. To start combating climate change efficiently, the idea 
is to reduce atmospheric greenhouse gas emissions by 50 % worldwide by 2050 (which 
means that the industrialised countries will have to reduce theirs by around 80 to 90 %) 
and 90 % by the end of this century. These objectives require speedy and thorough-going 
economic change. Energy production, in turn, must be rendered nearly carbon-free, an 
ambitious target fathered by necessity whose attainability is uncertain, but less so than its 
ultimate price tag.

Throughout this chapter, the starting point will be the state of play of global warming. 
The uncertainties riddling current knowledge were discussed extensively in chapter III. 
What is known can be summed up in three points. First, the cause of the global warming 
experienced by today’s generations is fundamentally anthropogenic. Second, the Earth’s 
climate sensitivity (i.e., the long-term temperature increase caused by doubling the 
concentration of CO2 in the atmosphere) is about 3 °C, although this figure is shrouded in 
considerable uncertainty: it could lie anywhere between 1.5 °C and 6 °C. Third, the basis 
for debate is the forecasts delivered by climate models for different emissions scenarios, 
which envisage planetary temperature increases of 3.5 to 4 °C above current values and 
even higher rises for the future unless sweeping changes are made in the economy and 
energy production.

The uncertainty around climate forecasts cannot be used as an excuse for inaction, 
however. Failure to act will bring the planet nearer and nearer to situations that, in 
the current state of scientific knowledge, could wreak very serious, irreversible damage 
unevenly across countries and populations. Emissions must be reduced and at the same 
time research must be conducted on the three prongs of climate science (forecasts, impact, 
and the procedures and costs involved in mitigation) to ensure that the efforts made are 
in keeping with the foreseeable impact, as determined by ongoing predictions based on 
state-of- the-art scientific knowledge.

One development that could signify a substantial change in the situation as described 
would be the successful development of nuclear fusion technology. If the ITER 
(International Thermonuclear Experimental Reactor) Project findings are promising 
and are followed by demonstration plants that yield positive results as well, nuclear 
fusion technology would have three challenges to face in the approximate time frame 
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of 2050 to 2060. The first would be to become cost competitive: the technology must 
produce electricity at a cost of 30 to 40 euros/MWh including depreciation, and its 
own learning curve must be factored into this production cost. The second challenge is 
safety of operation. The third is radioactive waste. If everything were to go reasonably 
well, in another 20 to 30 years (that is, by 2070 to 2090), it should be possible to start 
gradually phasing out conventional power plants running on coal, gas or nuclear fission 
and phasing in fusion plants. Little by little fusion technology’s share would increase, 
and, if all obstacles could be overcome, it would spark a genuine revolution in the next 
century, as a source of more than 10 million years’ worth of energy. While that is the most 
favourable scenario, the outcome cannot by any means be guaranteed, for the possibility 
that fusion technology may never be viable cannot be ruled out. Should it prove to be a 
feasible route, however, the Earth’s population would have a practically unlimited, GHG-
free source of energy with no adverse impact on the environment. That could set off a 
chain of profound changes in the economy, perhaps even greater than the change ushered 
in by the Industrial Revolution that began in England in the late eighteenth century.

Everything discussed in this chapter is based on the premise that nuclear fusion 
will not meet with the kind of success needed to become a practically unlimited energy 
source in this century. If fusion technology were successful, the energy- and climate-
related factors that constrain the economy and cities would vanish, and the focus and 
contents of this book would have to be changed in their entirety. That is the reason why 
this book aims no farther afield than the twenty-first century, as evinced by its title. It 
seems foolish to make predictions beyond that point. That said, the successful and speedy 
development of fusion technology is to be fervently hoped for. It would obviate problems 
and challenges whose solutions can be seen only indistinctly, solutions that will demand 
unsuspected efforts from the population at large. In the interim, on the assumption that 
fusion energy will never be industrially feasible, or will take an inordinately long time to 
become a viable power source, the author feels it is his responsibility to contribute to the 
quest for alternatives.

1.1.  THE GROWING IMPORTANCE OF CITIES IN THE ECONOMY AND IN 
RESOURCE CONSUMPTION

Ever since the Industrial Revolution, human beings in developed and developing countries 
alike have been drawn to cities. The United Nations forecasts that the world population 
will continue to flock to cities throughout this century, raising the urban population from 
a global percentage of just over 50 % in 2010 to 70 % in 2050, with steep rises in both 
developed and developing countries.

The United Nations expects the percentage to rise in Europe from its current 75 % to 
85 % in 2050. The main reasons why people are clustering in cities include the growing 
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complexity of modern societies, which drives people into closer interrelationships and 
interdependence, and the need for larger populations for services such as specialised 
schools and hospitals to be practically and economically feasible.

URBAN POPULATION PER MAIN GEOGRAPHICAL REGION, 1950/2050
(PERCENTAGE OF TOTAL POPULATION)

Source: UNFPA 2011

GDP PER INHABITANT VS URBAN DEVELOPMENT RATE

Sources: Population Division of the United Nations, Angus Maddison, cited in Timetrics; Global 
Insight; census reports of England and Wales; Honda cited by Steckel and Floud, 1997; Bairoch, 1975  

PERCENTAGE OF PEOPLE LIVING IN URBAN AREAS, 1950/2050 

Source: UNFPA 2011
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In all countries the rate of urban development has risen along with economic growth, 
although unevenly from one country to the next. In densely population nations with good 
transport infrastructure such as Germany and the United Kingdom, after a certain degree 
of urban development was reached 60 or 70 years ago (70 % in Germany and 80 % in 
the UK), GDP per inhabitant grew while the urban development rate remained steady. 
Similar although less accentuated developments took place in Italy as well (see the graph 
on the preceding page).

The pace of growth in emerging countries today is considerably faster than it was in 
the countries that are now industrialised. That is no doubt due to the greater mobility of 
capital and technology. For example, once the United Kingdom’s rate of growth began to 
gather speed, it took the country 154 years to double its GDP per inhabitant. The USA 
needed 53 years, and Germany, 65. In contrast, South Korea, China and India, all of 
which doubled their GDP per inhabitant in the last 50 years, carried off that feat in 10, 
12, and 16 years, respectively.

EMERGING COUNTRY ECONOMIC GROWTH RATES

Sources: Angus Maddison; University of Groningen; Resource Revolution: Meeting the World’s Energy, 
Materials, Food and Water Needs, McKinsey Global Institute, 2011

In recent years two developments have been taking place simultaneously in both the 
developed and the emerging worlds. First, cities have been absorbing the population, 
and they have been doing so more rapidly in the developing countries, which began 
with comparatively low urban development rates. Second, wealth has been converging on 
cities even more swiftly than the population has. This process has also been more intense 
in emerging countries.
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The McKinsey Global Institute’s June 2012 report entitled Urban World: Cities and the 
Rise of the Consuming Class gives a detailed analysis of the development of and outlooks 
for cities’ contribution to economic growth. The procedure described in the paper is as 
follows. 

•	 Cities are defined as clusters with a population of over 150 000 in the developed world 
and over 200 000 in emerging countries, and estimated to number, in 2010, a total of 
2 657.

•	 The 600 most dynamic cities (actually metropolitan regions) were determined on the 
grounds of their contribution to economic growth. Four hundred of the chosen cities 
are located in emerging countries (250 in China, 36 in Southern Asia, 24 in Southeast 
Asia, 57 in Latin America, 37 in Eastern Europe and Central Asia, 27 in the Middle 
East and North Africa and 12 in Sub-Saharan Africa), and the other 160 in developed 
countries (88 in the United States and Canada, 42 in Western Europe, 21 in Northeast 
Asia and 6 in Oceania).

THE WORLD’S 600 MOST DYNAMIC CITIES

Source: Urban World: Cities and the Rise of the Consuming Class, McKinsey Global Institute, June 2012 

•	 World economic growth at market prices was estimated at 4-per cent per year, and 
broken down by country and city. The report’s 4 % annual growth estimate was a bit 
higher than the 3.4 % forecast by the OECD (OECD Economic Outlook, May 2012).

The conclusions drawn in the McKinsey report are summarised below.
1. Cities draw wealth even more strongly than people, especially in the early phases of 

development.
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For example, in the United States cities account for 80 % of the population and  
84 % of the country’s GDP in terms of purchasing power parity (PPP): i.e., the urban 
GDP/inhabitant is 134 % of the rural GDP/inhabitant. Similarly, the 58 % of the 
western European population that lives in cities generates 62 % of total regional GDP 
(PPP), bringing its GDP/inhabitant to 130 % of the rural population’s.

The GDP/inhabitant (PPP) of city dwellers over non-city dwellers is 258 % in Latin 
America, 383 % in China and 275 % in India. These differences are much greater 
than the differences in developed countries. In other words, cities spur a country’s 
development, giving rise to vast economic rifts between urban and rural areas that can 
reasonably be expected to narrow at later stages of development.

RELATIVE ECONOMIC WEIGHT OF BIG CITIES IN DEVELOPED AND DEVELOPING COUNTRIES

Source: Urban World: Cities and the Rise of the Consuming Class, McKinsey Global Institute, June 2012

2. Between 2007 and 2010, cities in emerging countries grew much faster economically 
than the world GDP, gaining significant ground in that respect, while the economies 
of cities in developed countries grew less than the world economy.

The economies of cities in emerging countries swelled from accounting for 19 % of 
world GDP in 2007 to 24 % in 2010, a truly sizeable increase in percentage that was 
particularly significant in the more dynamic cities, which zoomed from 14 to 18 % of 
world GDP in three short years. City economies in developed countries, in contrast, 
also grew but lost some of their share in world GDP, slipping from 51 % in 2007 to 
48 % in 2010. 
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DISTRIBUTION OF WORLD GDP AT MARKET PRICES IN 2007 AND 2010
(GDP IN TRILLION DOLLARS AT MARKET PRICES)

Source: Urban World: Cities and the Rise of the Consuming Class, McKinsey Global Institute, June 2012   

3. According to forecasts for 2010-2025, the world’s 600 most dynamic cities, which 
accounted for 54 % of world GDP in 2010 (developed cities, 36 %; emerging cities, 
18 %), will generate 64 % of growth in the next 15 years. Of that 64 %, 47 % is 
expected to originate in emerging dynamic cities and 17 % in developed dynamic cities.

DISTRIBUTION OF WORLD ECONOMIC GROWTH, 2010-2025

Source: Urban World: Cities and the Rise of the Consuming Class, McKinsey Global Institute, June 2012  
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4.  According to the forecasts for 2010-2025, 74 % of anticipated growth will take place 
in emerging countries and 26 % in industrialised countries. The subset of the world’s 
600 most dynamic cities located in China will generate 28 % of world GDP growth, 
while the subset located in the United States and Canada will contribute 10 %.

DISTRIBUTION OF WORLD ECONOMIC GROWTH IN 2010-2025 BY GEOGRAPHICAL AREA

Source: Urban World: Cities and the Rise of the Consuming Class, McKinsey Global Institute, June 2012 

5.  The projection for residential and commercial floor space in 2010-2025 is 82 000 km2 
(the equivalent of the area of Austria), 62 000 km2 (76 %) of which will be located in 
emerging countries and 20 000 km2 (24 %) in industrialised countries.

PROJECTED RESIDENTIAL AND COMMERCIAL BUILDING FLOOR SPACE, 2010-2025 (THOUSAND km2)

Source: Institute of Economic Affairs; Global Insight; McKinsey Global Institute Analysis 
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Of the total floor space to be built in 2010-2025, around 40 % (31 000 km2) will 
be in China. Demand in the 440 emerging dynamic cities is projected to come to  
35 000 km2 of residential floor space and 9 000 km2 of commercial floor space, which 
add up to more than 50 % of the total to be built in the target period. The estimated 
cumulative investment will be $80 billion (127 % of world GDP in 2010), of which 
some $35 billion will be hosted by the 440 emerging dynamic cities.

6.  For most of the twentieth century, commodity prices remained lower than they were 
in the early years of that century. Since 2000, however, spurred by the swift economic 
growth of emerging countries (especially China), prices have more than doubled and 
are not expected to slide in the next few years.

COMMODITY PRICES, 1900-2011

Source: Grilli and Yang; Stephan Pfaffenzeller; World Bank; International Monetary Fund; 
Organisation for Economic Co-operation and Development; UN Food and Agriculture Organization; 
UN Comtrade; McKinsey Global Institute Analysis 

Because standards of living are higher in cities, their energy and resource demand 
tends to grow more quickly than the economy as a whole. Furthermore, cities will 
have to draw on their capacity to achieve economies of scale both in energy efficiency 
and in resource consumption to avoid putting too much pressure on the climate or on 
commodity prices, which could cripple their own growth.

7.  The urban world has contributed to an increase in the world investment rate, which 
rose from 20.8 % of GDP in 2002 to 23.7 % in 2008, after which it fell off as a 
consequence of the global economic crisis. Emerging countries’ substantial investment 
needs could boost the investment rate to 25 % by 2025, which may well raise the cost 
of capital.
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GLOBAL INVESTMENT RATE VS GDP, 1970-203

Source: Economist Intelligence Unit; Global Insight; McKinsey Global Economic Growth Database; 
Oxford Economics; World Bank World Economic Indicators; McKinsey Global Institute Capital Supply 
and Demand Model; McKinsey Global Institute Analysis

In another vein, the three origins of the energy consumed and the emissions generated 
by human settlements are: 1) buildings, 2) communication and service infrastructure and 
3) urban mobility.

When weighing the energy demand and emissions attributable to buildings and urban 
development, account must be taken of the entire life cycle. In other words, the energy 
and emissions involved in construction materials manufacture and subsequent shipping 
to the worksite, along with their ultimate demolition and recycling (as appropriate) must 
be taken into consideration. Data based on meticulous studies can be found only for 
buildings. For urban mobility, comparative data focusing on modes of transport and 
specific cities are available, although the findings exhibit considerable scatter. Lastly, the 
energy and emissions associated with the life cycle of communications and urban services 
have not been the object of systematic studies, but here also the results may be expected 
to be widely dispersed, depending on the type of city.

A number of studies have estimated the energy consumed and emissions produced by 
buildings. The two listed below may be the most comprehensive and rigorous. They stand 
out because they refer to the full building life cycle and deal with all manner of buildings, 
not just the residential variety. That is to say, they cover wholesale and retail complexes, 
office buildings, hotels, warehouses and buildings put to other uses. Seventy-five to 80 % 
of Spain’s floor space is in housing. The percentage may be somewhat larger in emerging 
countries. The two studies and their findings are discussed briefly below.

•	 According to the Energy Performance of Buildings Directive, in the European Union 
buildings account for 40 % of final energy consumed and 36 % of greenhouse gas 
emissions.
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•	 According to the US Green Building Council, in the USA buildings account for 39 % 
of final energy consumed and 36 % of greenhouse gas emissions.

•	 According to a study conducted in 2005 by the United Kingdom’s Royal Institute of 
Chartered Surveyors (RICS), on a worldwide basis buildings account for around one-
third of all greenhouse gas emissions.

The figures quoted above refer solely to building use and operation. They do not cover 
building materials, which are usually attributed to the industrial sector (see item 2.2. of 
this chapter on the question of building materials). If the energy and emissions stemming 
from urban mobility (which is a part of transport) and the energy and emissions associated 
with the life cycle of communication and urban service infrastructure are added to figures 
for buildings, the sum would in all likelihood amount to between 50 and 60 % of the 
grand total in developed countries. For the developing countries the percentages would 
be on the order of 40 to 50 %, although with considerable scatter; these figures are 
posited only gingerly, because no systematic, meticulous studies on the subject could be 
found in the preparation of this book. Although the margins given here are wide, they 
would appear to provide an order of magnitude of the problem to be confronted.

In conclusion, the issue of lowering energy demand and, much more importantly, 
greenhouse gas emissions, cannot even be broached without first optimising building 
energy performance and emissions, along with the land use model that impacts mobility 
and urban infrastructure so heavily.

1.2.  THE EUROPEAN UNION’S ENERGY AND CLIMATE POLICY

Since the nineteen nineties, the European Union, alive to both its historical responsibility 
and its technological and financial capabilities, has clearly been playing the role of leader 
in the struggle against global warming. It has been filling this role practically by itself 
since 2000, when the Republican administration in power in the US, hounded by other 
problems that it deemed to be more urgent (such as military interventions in Iraq and 
Afghanistan, and later the economic crisis), relegated the issue of global warming to the 
bottom of its political agenda and failed to ratify the Kyoto Protocol. Nor did President 
Obama’s Democratic administration manage to make any headway on the topic, despite 
having seriously tried. Hence, the United States of America, which has the second-highest 
GHG emissions in the world and the highest per capita, has played only a secondary role 
and has sidestepped any commitments with a view to the future. When Japan, Russia 
and Canada recently gave notice that they were not going to sign onto the extended 
Kyoto Protocol as of 2013, they left the European Union standing practically alone with 
Australia to combat climate change, despite the Union’s profound economic and financial 
crisis.
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Since the energy sector is responsible for around 80 % of the EU’s GHG emissions, 
the Union must absolutely coordinate its energy and climate change policies. Both are 
addressed in the Third Energy Package and the Green Package. The scope of the changes 
driven by the European Commission in recent years is wide, and relies heavily on the 
liberalisation of the energy sector. Gas and power market liberalisation began over 10 
years ago in Europe, in the framework of the policies and legislation aimed at creating an 
internal energy market in the European Union. The 1996 Electricity Directive and the 
1998 Gas Directive, both expanded in 2003, were enacted to strengthen the conditions 
for regulated access to infrastructure and regulators’ role in rate setting and other access-
related matters. The measures proposed in the Third Package attempt to solve the 
problems and obstacles that have cropped up in connection with the European internal 
gas and electricity markets. The Third Package incorporates many changes, which may be 
grouped into the following five pillars:

1. effective unbundling of transmission networks from generation and retailing
2. demands for reciprocal conditions (unbundled generation and retailing) for companies 

from third-party countries wishing to acquire or hold interests in an EU transmission 
network

3. fostering of cross-border cooperation and investments in interconnections
4. creation of the Agency for the Cooperation of Energy Regulators (ACER)
5. enhancement of energy regulators’ role.

All the policies included in the Third Package will gradually find their way into Community 
legislation, which must eventually be transposed into Member States’ body of law.

1.2.1.  The 2009 Green Package

On 6 April 2009 the Council of the European Union approved the Green Package, a set 
of directives and rules containing ambitious, binding climate policy commitments. The 
Green Package objectives for 2020, commonly known as “the 20-20-20 targets”, are:

•	 to reduce greenhouse gas emissions by 20 % from 1990 levels, possibly raising the 
reduction to 30 % if a satisfactory international agreement on climate change is achieved

•	 to cover the final energy demand with at least 20 % of renewable energy, a binding 
commitment that includes using renewable resources (not just biofuels) for at least 10 % 
of transport fuel

•	 to enhance energy efficiency by 20 % with respect to projected trends.

The Green Package consists of six directives for creating the tools needed to reach the 
desired targets:

•	 promotion of the use of energy from renewable sources (Directive 2009/28/EC)
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•	 greenhouse gas emission allowance trading scheme (Directive 2009/29/EC)
•	 emissions from fuel use (Directive 2009/30/EC)
•	 geological storage of CO2 (Directive 2009/31/EC)
•	 shared effort to reduce greenhouse gas emissions (Decision 406/2009 of the 

European Parliament and of the Council)
•	 emission performance standards for new passenger cars (Regulation 443/2009 of 

the European Parliament and of the Council).

The measures envisioned in the Third Package and the Green Package are important for 
setting overarching climate and energy targets to reconcile energy policy objectives with 
anti-climate change objectives. 

The overall target of using 20 % renewable sources to cover the final energy demand 
is broken down into national targets based on GDP per capita and the share of renewable 
energy in each country’s total output in 2005 (the baseline year for these intents and 
purposes). Spain is assigned a target of nearly 20 %. Although renewable sources have 
made significant headway in Spain in recent years, a major effort must still be made if the 
20-per cent target is to be hit.

The directive on emissions trading is one of the key components of the Green Package, 
because it has an indirect effect on the achievement of all the other targets. More stringent 
emissions regulations and a more predictable system would provide incentives for the use 
of renewable energy, the development of new technologies, energy savings and energy 
efficiency.

The new emissions trading directive will begin to be applied in 2013, in the same 
timeframe as the extended Kyoto Protocol. The main characteristics of the new emissions 
allowance trading scheme are listed below.

•	 A twofold target is proposed to reduce emissions. First, the industries subject to the 
cap-and-trade system (energy, steel, chemicals, cement, glass, aluminium, ammonia 
and petrochemicals) must reduce their emissions 21 % below the 2005 baseline figure 
by 2020. The abatement target for the industries outside the emissions trading scheme 
(ETS), known as the non-ETS sectors (which include transport and building), must 
lower their emissions by 10 % from the 2005 baseline by 2020. The combined efforts of 
the two groups must bring emissions down by 20 % with respect to the levels prevailing 
in 1990.

•	 An overall cap on allowances is established for the entire EU, in lieu of the national 
allowance plans, which disappear.

•	 New allocation rules are set.
•	 Industries subject to the trading scheme must purchase all their allowances at 

auction.
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•	 Energy-intensive industries will gradually be required to purchase emission 
allowances at auction. The initial figure will be 20 % of their allowances in 2013, 
rising to 70 % in 2020 and 100 % in 2027.

•	 Subject to certain specific criteria, industries competing on the international 
marketplace and exposed to risks associated with an uneven playing field will 
receive emission allowances free of charge, but only the allowances they would 
require if they used the best technology available.

•	 The flexibility mechanisms will be limited to 50 % of the abatement.
•	 A Community registry will be established in 2013.
•	 The Member States must devote at least 50 % of their auction receipts to climate 

change-related endeavours, developing clean technologies, combating deforestation 
and assisting developing countries.

If the targets set in the European Union’s energy and climate policies are to be met, 
a smooth-running emissions allowance system is essential. On it largely depends the 
internalisation of environmental costs and therefore the incentive for the deployment of 
new, environmentally friendly technologies that help reduce GHG emissions.

1.2.2.  The European Energy Performance of Buildings Directive 

Within the framework of the energy and climate policies included in the Third and 
the Green Packages, on 19 May 2010 the European Parliament and the Council of the 
European Union approved Directive 2010/31/EU on the energy performance of buildings, 
which considerably strengthened the former legislation, Directive 2002/91/EU, on the 
same subject. The objective was to reach the EU’s 20-20-20 targets by 2020, as 40 % of 
the EU’s total energy consumption and 36 % of its emissions are attributable to buildings 
(these percentages include only the energy consumption and emissions of building use 
and operation, not the manufacturing, shipping or assembly of building materials). The 
main points of the directive are listed below.

•	 All buildings erected after 31 December 2020 must be nZEBs (nearly zero-energy 
buildings). That deadline is brought forward to 31 December 2018 for new buildings 
that are occupied and owned by public authorities.

•	 Member States must set intermediate targets for new buildings in 2015.

•	 Member States must meet the following requirements with regard to minimum energy 
efficiency requirements: 1) Member States may distinguish between new and existing 
buildings; 2) minimum requirements that are not cost-effective over the economic life 
cycle of the building will not be enforced; and 3) requirements will be revised at regular 
intervals of no more than five years.
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•	 Member States must calculate the cost-optimal levels of minimum performance 
requirements using the methodological framework established in the directive 
(explained later).

•	 A building energy performance certificate must be issued 1) for buildings built, sold or 
leased to a new tenant and 2) for buildings where a total useful floor area of 500 m2 or 
more is occupied by a public authority and open to the public. That 500 m2 threshold 
will be reduced to 250 m2 on 9 July 2015.

Application of the directive is expected to have certain effects: 1) savings of 5 to 6 % in 
the EU’s total energy demand in 2020; 2) a 5-per cent reduction of its emissions in 2020; 
3) creation of 280 000 to 450 000 jobs; and 4) low or zero costs of CO2 abatement.

Source: “EU Energy policy for building after the recast”, Directorate General for Energy and 
Transport, European Commission

On 16 January 2012 the European Commission passed a regulation establishing a 
comparative methodology to calculate the cost-optimal minimum energy performance 
requirements for buildings and building elements. According to the regulation, cost-
optimal methodology is technologically neutral; i.e., it does not favour any technological 
solution over others, nor is it confined solely to already-tried-and-tested technological 
solutions. Moreover, national minimum energy performance requirements may not be 
more than 15 % less demanding than the outcome of the cost-optimal results of the 
calculation taken as the national benchmark. The cost-optimal level must lie within the 
range of performance levels where the cost-benefit analysis is positive for the building’s life 
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cycle. Finally, cost calculations and projections involving a large number of assumptions 
and uncertainties must be accompanied by a sensitivity analysis to evaluate the robustness 
of the main parameters used in the calculation. For cost-optimal calculations, the analysis 
must cover at least the future variations in energy prices and the discount rate, plus any 
future price developments in the proposed technology.

The regulation itself establishes a detailed framework for the cost-optimal calculation 
methodology, in which each Member State must furnish the following information:

•	 the estimated economic life cycle of buildings and building elements
•	 the discount rate
•	 the costs of energy carriers, products, systems, maintenance, operation and labour
•	 the primary energy conversion factors
•	 estimated energy price developments for all energy carriers in the building’s life 

cycle.

The regulation establishes a fixed calculation period of 30 years for public and residential 
buildings and 20 years for commercial and non-residential buildings. It also establishes a 
detailed procedure for calculating the annual financial cost (for investors) and a different 
procedure for the macroeconomic calculation.

To find the overall cost of a measure/package/variant for the financial or investor 
calculation, the prices to be used are the prices paid by the customer, including all 
applicable taxes, VAT and charges. Although ideally the subsidies available for the 
different measures/packages/variants should be plugged into the calculation, Member 
States will be allowed to leave them out. In that case, however, they must ensure that any 
subsidies or support schemes for technologies and any possible subsidies for energy prices 
are removed as well. The overall cost of buildings and their elements will be calculated 
with the following mathematical expression:
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To find the global cost at the macroeconomic level, the regulation provides that the prices 
to be taken into account must exclude all applicable taxes, VAT, charges and subsidies, 
and will add in the cost of greenhouse gas emissions. The global cost is defined by the 
following expression:

where:

τ  means the calculation period

Cg τ( )  means global cost (referred to starting year τ0) 
over the calculation period

CI  means initial investment costs for measure or set of 
measures j

C ja i, ( )  means annual cost during year i for measure or 
set of measures j

V jf ,τ ( )  means residual value of measure or set of 
measures j at the end of the calculation  
period (discounted to the starting year τ0)

R id ( )  means discount factor for year i based on 
discount rate r to be calculated as
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where: p means the number of years from the starting 
period and r means the real discount rate.
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The Member States must calculate the accumulated carbon cost of measures/packages/
variants for the calculation period. In all cases the floor price will be at least 20 euros per 
tonne of CO2 until 2025, 35 euros until 2030 and 50 euros after 2030 (measured in real 
and constant 2008 prices). The Member States must determine the discount rate for the 
macroeconomic calculation and perform a sensitivity analysis for at least two rates, one of 
which will be 3 % expressed in real terms.

By way of indication only, the regulation furnishes a projection of the variations in 
energy prices in 2030 mapped on the basis of the PRIMES economic model, which 
simulates a market equilibrium solution for energy supply and demand in the EU-27 as 
a whole and in its Member States.

PROJECTED VARIATIONS IN FOSSIL FUEL PRICES IN THE BASELINE SCENARIO

Source: Energy trends to 2030 (Update 2009), European Commission  

where:

Cc i,  means carbon cost for measure or set of 
measures j during year i



289

IMPLICATIONS OF CHANGE FOR CITIES

1.2.2.1  Transposition of the European directive into Spanish legislation

When this chapter was written, the transposition status of the requirements laid down in 
the European Energy Performance of Buildings Directive into Spanish legislation was as 
shown in the table below. 

Source: updated from Heat Engineering Group, University of Seville 

Although a few months beyond the deadlines set in Directive 2002/91/EU on the energy 
performance of buildings, which predated Directive 2010/31/EU (now in force), the 
Spanish Government transposed the provisions of the Directive into law: on 5 April 2013 
it enacted Royal Decree 235/2013 on the approval of the basic procedure for certifying 
the energy efficiency of buildings. 

Moreover, article 9.3(b) of Directive 2010/31/EU requires Member States to set 
intermediate targets for improving the energy performance of new buildings no later 
than 2015, with a view to implementing the provision whereby all new buildings must 
be nearly zero-energy buildings as of 31 December 2020, and 2 years earlier for publicly 
owned buildings.

In essence, what Directive 2010/31/EU proposes is a process lasting until the year 
2020 whose goal is to gradually upgrade the energy performance of buildings. To that 
end, it calls for application of cost-optimal methodology (investment plus operating costs) 
over building and building component life cycles. That, in turn, will signify establishing 
three parameters: the building’s life cycle, the discount rate and the variations in energy 
costs over time. For Spain, the pathway to 2020 is schematically described in the graph 
on the next page:
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Source: Heat Engineering Group, University of Seville

As the figure shows, the idea is to shift the statistical distribution curve of certain parameters 
(for example, heating demand) for buildings as a whole toward more-demanding rating 
levels. For a rough understanding of the notion, the figure shows new-building heating 
demand through 2020; if buildings designed under CTE-2006 are mainly accorded 
energy ratings of C or D, the distribution curve will have to be shifted with time, so that 
the heating demand shrinks to lower and lower values. In the above example, all buildings 
are to have a C energy rating in 2012, a B energy rating in 2016 and an A energy rating 
in 2020, but the figure is merely a graph to illustrate the process. It is not the  roadmap 
for reaching the established targets.

The energy-related provisions of the Spanish Technical Building Code (CTE) are set 
down in five basic documents, HE1 to HE5. Unlike most EU countries, Spain has no 
overall requirement or building emissions level (known as Level 0), or even requirements 
for different energy uses (Level 1) such as heating, cooling, domestic hot water, lighting 
or electric power in general. Instead, the Spanish Technical Building Code sets indirect 
requirements on demand (HE1), system performance (HE2 or the building thermal 
services regulation, RITE) and the minimum solar contribution for domestic hot water, 
lighting and power generation (HE3, HE4 and HE5) (see table in margin).

All five basic documents on the energy-related aspects of a building address the 
following three types of parameters:

SPANISH BUILDING CODE STRUCTURE  
FOR ENERGY-RELATED ISSUES

Level 0 Level 1 Level 2 CTE

Total 
demand Heating

Demand  
performance

HE1
HE2

Cooling
Demand  
performance

HE1
HE2

Domestic hot 
water

Solar contribution 
performance

HE4
HE2

Lighting
Solar contribution 
performance

HE5
HE3

Electric 
power for 
general use

Solar contribution HE5

Source: Heat Engineering Group, University of Seville
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•	 quantification of requirements
•	 implementation
•	 verification procedures.

For example, for Basic Document HE1 (referred to as DB-HE1), the requirements are to 
shave 25 % off the energy demand allowed under the former code, NBE-CT79.

Code provisions are implemented by comparing the designed building to a benchmark 
building that meets certain quality standards. Lastly, the verification procedure is 
conducted either directly, by comparing construction quality to certain limit values 
(simplified option), or indirectly, by ensuring that the designed building has a smaller 
demand than the benchmark building (general option).

DB-HE1: VERIFICATION PROCEDURES

Source: Heat Engineering Group, University of Seville

Because it has been quite a while (2006) since the existing Spanish Technical Building 
Code (CTE 2006) entered into force and Directive 2010/31/EU has been published in 
the interim, the code is in need of an update. Since the directive was published in 2010, 
the Chair of Heat Engineering at the University of Seville (which conducted a series of 
studies that contributed to the creation of CTE-DB-HE) has been working on a new set 
of thorough, highly meticulous preliminary studies. The findings will provide the grounds 
on which CTE 2006 will be amended by the Directorate General of Architecture, a body 
under the aegis of the Spanish Ministry of Internal Development’s Secretariat of State for 
Housing.
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The scope and methodology of the preliminary studies may be described as follows.
•	 Studies are being conducted on 23 buildings (nine single family homes and 14 

apartment buildings) in 12 cities.
•	 A study on how to improve building enclosures is conducted for each building and city, 

in which the point of departure is an initial CTE 2006-compliant envelope.
•	 The study finds the option presenting the lowest cost over the building’s life cycle. 

Subtracting the energy demand associated with this option from the initial demand 
yields the savings (savings for the cost-optimal level).

EXAMPLE: SEMI-DETACHED SINGLE FAMILY HOME, MADRID

Source: Heat Engineering Group, University of Seville

•	 The outcome depends on the initial hypotheses used to find the life cycle cost. The 
main variations conventionally envisioned are:

•	 economic scenarios: energy prices and interest rates
•	 number of years in the life cycle
•	 inclusion or exclusion of averted CO2 emissions.

Further to the sensitivity studies performed, the results do not vary significantly when 
the values for the aforementioned variables deviate from the mean, within logical limits.

•	 One key aspect of the pursuit of optimal savings is the catalogue used to calculate 
energy savings. A catalogue is a set of well-documented measures for improvement and 
the level of each measure. Three catalogues have been analysed.
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•	 The basic catalogue envisages enhancing insulation in opaque portions of the 
building envelope, improving the quality of doors and windows and remedying 
cold bridges, except around doors and windows.

•	 The expanded catalogue adds to the basic catalogue the remediation of cold bridges 
around doors and windows, improvement of enclosure airtightness and a variable 
ventilation flow.

•	 The short catalogue, the catalogue used in CTE-HE 2006, calls for improved 
insulation in opaque portions of the building envelope and improving door and 
window quality.

COST-OPTIMAL LEVEL OF HOUSING IN MADRID BY CATALOGUE

Source: Heat Engineering Group, University of Seville

•	 A “usage factor” is envisioned, which measures the difference between the building’s 
actual use and standard use. If the difference is large, the changes in the return on 
investment are highly significant.

The following conclusions can be drawn from these preliminary studies and analyses.
•	 Analysis of the added cost and its depreciation period compared to energy savings 

has revealed some highly stable trends. The relationship between energy savings and 
envelope quality standards also displays highly stable trends when envelope quality is 
found in terms of:

•	 average thermal transmittance in opaque portions of the building envelope
•	 thermal transmittance in doors and windows. 
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EXAMPLE FOR AN ENTIRE BUILDING IN MADRID

Source: Heat Engineering Group, University of Seville

•	 The slopes on the added cost vs savings in demand and depreciation vs savings in 
demand curves change direction abruptly at the point where optimal savings are 
exceeded. The explanation lies in the saturation of the savings capacity of the catalogue 
in question. Consequently, if a building is required to save more than the optimal 
value, the result is very economically inefficient and sometimes technically unviable. 
The rational course of action in this situation is to expand the catalogue.

•	 Optimal savings are shown to depend heavily on building type. Thus, for most 
buildings, the required savings should not be greater than the optimal savings. 
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EFFECT OF BUILDING TYPE ON OPTIMAL SAVINGS

CSW: climate severity in winter
Source: Heat Engineering Group, University of Seville
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The criteria that will ultimately be applied in the studies on cost-optimal levels for 
attaining the required savings in heating demand are as follows.

•	 Life cycle cost calculations will be run with mean economic scenario values and 
mean values for the number of years in a life cycle. The cost of CO2 emissions 
avoided will not be included.

•	 Required savings will be found using the short catalogue.
•	 Savings will take building use factor into account.
•	 Savings will be set so that a significant percentage of buildings (initially 80 %) can 

attain the target savings with the short catalogue. The remaining buildings will 
have to resort to the basic catalogue or the expanded catalogue.

REQUIRED SAVINGS (ACCESSIBLE FOR 80 % OF BUILDINGS)

CSW: climate severity in winter
Source: Heat Engineering Group, University of Seville

•	 Savings are found by shifting the Pareto distribution until an acceptable 
compromise is found in terms of additional cost, depreciation term and the 
transmittance figures for opaque portions and doors/windows.

•	 The same savings will be required of single family homes and apartment buildings 
in the same climate zone, although requirements will differ from one climate zone 
to another.

In some respects, the scope is wider in the draft CTE than in CTE 2006, in that it:
•	 uses an improved method to factor in cold bridges
•	 includes door/window airtightness and demand-controlled ventilation as factors 

in infiltration/ventilation

REQUIRED SAVINGS BY CLIMATE ZONE
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•	 includes mechanical exhaust regulated by temperature as a factor in night-time 
ventilation

•	 includes special elements in the envelope: ventilated façades, solar walls and 
Trombe walls.

As this was being written (September 2012), the draft HE Basic Document on Energy 
Savings had reached the procedural stage at which comments, claims and proposals 
were being collected. (The author submitted a number of proposals in connection with 
the non-requirement of minima for solar hot water panels in residential buildings and 
photovoltaic panels in tertiary sector buildings. These items could be replaced by a CO2 
balance or a primary energy balance substantiating the higher energy performance of the 
solution implemented in the particular building at issue than of a building conforming 
strictly to the CTE. The viability of such an approach would entail establishing a precise, 
unified method for calculating such balances.) The savings gained by applying the draft 
provisions to new building heat demands would be around 30 % with respect to CTE-
HE 2006, which in turn means a savings of around 50 % with respect to its predecessor 
(CTE-HE 2006 reduced the allowable demand by around 25 % from the values set in 
the former NBE-CT 79).

COUNTRY-WIDE NOMINAL SAVINGS UNDER THE DRAFT CTE-HE 2012

Population 1 2 3 4 TOTAL

A - - 3 462 344 386 289 3 846 633

B - - 8 144 034 2 898 423 11 042 457

C 5 232 691 5 403 351 2 327 846 2 272 987 15 236 875

D 1 671 936 2 837 104 8 276 564 - 12 785 604

E 1 195 330 - - - 1 195 330

TOTAL 8 099 957 8 240 455 22 210 788 5 557 699 44 108 899

α A B C D E

Single family NA 32 % 32 % 32 % 28 % 25 %

Apartment building NA NA 32 % 32 % 28 % 25 %

Moreover, the transmittance figures given in the draft CTE are considerably lower than 
the figures now required under CTE-2006. For comparable climates, they are lower than 
the figures set in other European countries, which are, generally speaking, also in the 
process of adjusting their legislation to Directive 2010/31/EU. 
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OPAQUE ENVELOPE TRANSMITTANCE IN EUROPE

CSW: climate severity in winter

Source: Heat Engineering Group, University of Seville

WINDOW AND DOOR TRANSMITTANCE IN EUROPE

CSW: climate severity in winter

Source: Heat Engineering Group, University of Seville 
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1.2.3.  The roadmap for a low-carbon economy 

The need to contain global warming to under 2 °C (the limit set by the 2007 IPCC 
report) suggests that long-term policies should be laid down that look beyond the year 
2020. In order to achieve this objective, global GHG emissions must be reduced by 
around 50 % by 2050 (with respect to emissions in 2000), and by more than that in 
industrialised countries. To uphold its side in this commitment, in February 2011 the 
European Council confirmed that the European Union’s GHG emissions abatement 
target for 2050 is 80 to 95 % of the 1990 levels.

In March 2011 the European Commission consequently approved a roadmap for a 
low-carbon economy that stipulates that by 2050, internal emissions must be 80 % lower 
than in 1990. The route charted lays down abatement milestones for 2030 (40 %) and 
2040 (60 %). Furthermore, compliance with policies already approved in the 20-20-20 
package would enable the EU to overshoot its 2020 CO2 emissions target (20-per cent 
abatement) by an additional 5 %. To comply with its abatement target pathway, Europe 
will have to lower its emissions (with respect to 1990) by 1 % per year through 2020, 
1.5 % per year from 2020 to 2030 and 2 % in the last two decades of the period. A less 
ambitious roadmap would open the door to investments in carbon-intensive technologies, 
which would lead to higher carbon prices and significantly higher costs throughout the 
period remaining until 2050.

To reach these targets, investment in R&D and demonstration projects is imperative. 
Accordingly, the Strategic Energy Technology (SET) Plan must be fully implemented, a 
measure that will require an additional investment of €50 billion over the next 10 years. 

The effort required is applied evenly within each sector (power, industry, transport, 
residential and tertiary, agriculture and others), but varies across them, as the table shows.

ABATEMENT BY SECTOR

GHG reduction compared to 1990

Sector 2005 2030 2050

Total -7% -40 a -44% -79 a -82%

Electricity (CO2) -7% -54 a -68% -93 a -99%

Industry (CO2) -20% -34 a -40% -83 a -87%

Transport (incl. aviation, excl. maritime CO2) +30% +20 a -9% -54 a -67%

Residential and services (CO2) -12% -37 a -53% -88 a -91%

Agriculture (non-CO2) -20% -36% a 37% -42 a -49%

Other non-CO2  emissions -30% -72 a 73% -70 a -78%

Source: European Commission 

80 % GHG EMISSIONS REDUCTION IN THE EU BY 2050

Source: European Commission 
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•	 Power will play a central role in the low-carbon economy. The share of low-carbon 
technologies, which is now 45 %, is scheduled to rise to 60 % by 2020 to meet the 
Green Package targets and will have to be boosted to 75-80 % by 2030 and practically 
100 % in 2050. Smooth emissions trading system operation will be crucial to market 
penetration by a wide range of low-carbon technologies.

•	 In transport, technological investment will be needed in three fields. First, vehicle 
efficiency must be enhanced through new engines, materials and designs. Second, 
clean energies must be used, based on new fuels and propulsion systems. Third, the 
use of transport systems must be improved through information and communication 
technologies. The key factor for reversing the upward trend of greenhouse gas emissions 
through 2025 is fuel efficiency improvement.

•	 In the buildings sector, as of 2021 all new buildings must be near-zero-energy buildings. 
The European Commission’s 90-per cent emissions abatement estimates for 2050 will 
call for improving the energy performance of existing buildings.

•	 In industry, the Commission’s estimates for 2050 point to an 85-per cent reduction. 
Large-scale carbon capture and storage will be necessary at cement and iron and steel 
plants in particular.

•	 In agriculture, non-CO2 gas emissions must be cut back by 42-49 %. That will require 
measures such as additional energy performance enhancements, efficient fertiliser use 
and biogas production from organic manure. The forecast for 2050 is that agriculture 
will account for one-third of the EU’s total emissions, three times its current share. 
Therefore, if the anticipated abatements are not attained, other sectors that will have to 
make additional cutbacks, an option that could have a fairly high price tag.

Hitting the 80-per cent abatement target from 1990 to 2050 will call for a yearly mean 
investment of 270 billion euros over the next 40 years. That sum amounts to 1.5 % 
of the EU’s GDP and must be added to the current annual investment of 19 % of its 
GDP. A major share of that rise in investment costs will eventually pay for itself in the 
form of lower energy costs and higher productivity. Along those lines, the importance of 
establishing the legal and institutional framework needed for such investments cannot 
be overstated, because markets tend to discount future benefits and rule out long-term 
risks.

This 80-per cent emissions abatement scenario over the 40-year period between 2011 
and 2050 would save the EU 175 to 320 billion euros per year in fossil fuel, for not only 
would less fuel need to be imported, but its unit price would decline as well.  
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2.  THE VECTORS OF CHANGE IN CITIES

2.1.  LAND MANAGEMENT, TRANSPORT, URBAN MOBILITY, ENERGY, GHG 
EMISSIONS AND AIR QUALITY

Certainly one of the major reasons that the economy was able to develop so quickly 
after the Industrial Revolution was the availability of cheap, plentiful energy. Though 
energy consumption has grown less than has the world economy (on the order of  
30 % less since 1970; see chapter III, item 3.2.3.), it too has mushroomed. This model 
of development has created tight stress in the markets where the raw materials involved 
in power production (coal, oil and gas) are bought and sold, plus a swift rise in the 
concentration of atmospheric CO2. 

WORLD CO2 EMISSIONS VS WORLD ECONOMIC GROWTH

Source: WEO 2009

Speedy development in various emerging countries, including China and India, is 
creating a need for an approach to industrialisation unlike the model used in the past, 
based on cheap, abundant energy obtained from burning solid fuels. Its absence threatens 
to throttle economic growth. The only possible solution is to decarbonise the economy by 
reducing energy consumption or using non-fossil-fuel energy sources. According to the 
IPCC’s 2007 Report, to ensure a 50-per cent likelihood that the average temperature of 
the Earth’s surface will not increase by more than 2 °C beyond what it was prior to the 
Industrial Age, global emissions must be reduced by 50 % by 2050. That means that the 
industrialised countries have to slash their emissions by 80 to 90 %.

Efforts can be made in two areas to reduce energy use and CO2-eq emissions in 
cities. First, land management and urban mobility can be improved. Second, the energy 
performance of buildings can be upgraded with sensitivity to how buildings are used 
and operated and what energy is embedded in building materials. Spain faces another 
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issue of pressing importance, optimisation of water use, because climate models forecast 
considerable reductions in freshwater resources in all emission scenarios except those that 
envision very low emissions.

The 80- to 90-per cent reduction of emissions by 2050 in developed countries must 
not be parcelled out evenly across all sectors, because the relative difficulty involved in 
reducing emissions by the desired amount varies significantly among them.

The 2007 IPCC Report estimates, on the basis of a range of bottom-up economic 
models, that the mitigation potential in 2030 is:

•	 1.6 a 2.5 GtCO2 -eq/year for the transport sector
•	 5.3 a 6.7 GtCO2-eq/year for the buildings sector

MITIGATION POTENTIAL IN 2030 BY SECTORS AND COUNTRY GROUPS
ON THE BASIS OF BOTTOM-UP MODELS

Source: IPCC 2007

In the above graph, the mitigation potential stemming from energy performance measures 
is attributed to the end use sector (for example, buildings or industry), not the energy 
supply sector. For a price of up to €20 per tonne of CO2-eq, the mitigation potential 
estimated for the transport and buildings sectors by 2030 comes to 7.2 GtCO2/year, or 
53 % of the total (13.5 GtCO2-eq/year). The mitigation potential of these two sectors 
is characterised by a number of other significant features. First, it increases very little 
with rises in the price of CO2-eq. For example, as prices climb from €20/tCO2-eq to 
€100/tCO2-eq, the transport sector’s mitigation potential rises from 1.7 GtCO2-eq/year 
to just 2 GtCO2-eq/year, while the buildings sector creeps up from 5.5 GtCO2/year to  
6 GtCO2-eq/year. In most other sectors, including energy supply, industry, agriculture 
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and forestry, the mitigation potential is much more closely correlated to the price per 
tonne of CO2 emissions. Second, the potential for mitigation is far greater in the building 
than the transport sector and considerably greater than in all other sectors for any price 
per tonne of CO2-eq, but especially for prices of below €20/tCO2-eq. Lastly, transport is 
the only sector for which the IPCC’s 2007 Report does not distribute the 2030 mitigation 
potential among the developed or OECD member countries, the economies in transition 
(former Soviet Union countries) and the emerging or developing countries.

On the European roadmap for moving to a low-carbon economy in 2050 (the 
European Commission document is described in item 1.2.3. of this chapter), the emission 
targets for the transport, residential and services sectors with respect to the emissions 
registered in 1990 are the following:

•	 transport sector, including aviation but excluding maritime transport: in 2030 
between +20 % and −9 %, and in 2050, between −54 % and −67 %

•	 residential and service sector: in 2030, between −37 % and −53 %, and in 2050, 
between −88 % and −91 %.

The inference that can be drawn from the 2050 European roadmap is that the buildings 
sector has a greater mitigation potential than the transport sector, in both absolute and 
relative terms. Those calculations, which are consistent with the 2007 IPCC Report, call 
for the nigh-total decarbonisation of the energy supply sector.

2.1.1.  Some pertinent considerations

Energy consumption and greenhouse gas emissions depend essentially on three factors: level 
of development, economic model (service- or industry-focused) and land management. 
From this standpoint, developed countries (i.e., countries with a GDP per capita of over 
$30 000 per year) can be divided into two distinct groups, as shown in the set of figure 
and map on the next page:

•	  the USA, Canada, Australia and Scandinavia, whose primary energy consumption 
per capita is higher than 6 toe/year.

•	  the western European countries, that is, the EU-15 plus Switzerland and Austria, 
whose primary energy consumption per capita lies between 3 and 4 toe/year.

While these two groups have similar economic models and levels of development, they differ 
in several ways. What distinguishes them very sharply is their land management model. The 
first group (USA, Canada, Australia and Scandinavia) has a sprawling population, with low 
or very low density; the second group (the EU-15, Switzerland and Austria) has a much 
higher population density.  
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PER CAPITA PRIMARY ENERGY CONSUMPTION AND PER CAPITA GDP

Source: Cambio Global España 2020/2050; Energía, Economía, Sociedad (based on IEA 
and World Bank figures for 2009)

PER CAPITA PRIMARY ENERGY CONSUMPTION (toe/inhabitant)

Source: British Petroleum 2008
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The relationship between energy consumption and land model sprawl exists in cities as 
well, where three major groups can be distinguished.

MODAL BREAKDOWN VS ENERGY CONSUMPTION

Source: UITP 2005

•	  In very-low-density cities, where inhabitants number less than 20 per hectare, urban 
mobility is based on private vehicles (a modal share of 90 % or more) and people must 
regularly travel long distances to work and leisure activities. The cities of the USA form 
the paradigm.

•	  In medium-density cities, such as European urban centres, public transport, bicycling 
and walking together hold a share of 40 to 60 % of total travel. Population density is 
20 to 80 inhabitants per hectare.

•	  In high-density cities, such as in Asia (Tokyo, Singapore, Hong Kong), with more than 
80 people per hectare, public transport, bicycling and walking together account for 
over 70 % of all travel.

The International Association of Public Transport (UITP) is an organisation of practically 
all the public transport authorities of the world’s urban clusters, in industrialised as well 
as developing countries. The author had occasion to address the UITP’s biennial congress 
in Vienna in 2009, with a presentation entitled, “The Castellana extension project in 
Madrid: integrating urban design, mobility and building construction”. Based on a study 
of a large number of world cities, it concluded with the following relationship between 
population and job density and energy consumption in transport.

Population + jobs/Ha > 100 50 a 100 25 a 50 < 25

MJ/inhab. 12 200 13 700 20 200 55 000

Source: UITP 

URBAN DENSITY VS ENERGY CONSUMPTION

Source: Grimm, N.B. et al., “Global change and the 
ecology of cities” (2008)
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The decline in population and urban job density impacts energy consumption in two 
ways.

•	  The longer commutes entail greater energy consumption.
•	  The modal share of public transport, which consumes 2.2 times less energy per 

passenger than private vehicles (UITP, 2005), declines. According to Rudlin, the 
minimum density for a public transport system to be viable is 25 people/hectare 
for buses and 60 people/hectare for light rail.

Population sprawl in cities and land in general also leads to heavier energy consumption 
for the following.

•	  The distances involved in freight shipping and distribution and in intercity and 
urban passenger travel are longer.

•	  More energy is consumed in building and maintaining transport infrastructure 
(roads, railways, airports and ports).

•	  Low population densities generally go hand-in-hand with a very high share of 
detached single family homes. Such homes, in turn, consume more energy in 
material manufacturing and home use and operation, as discussed below.

One very significant factor that must be taken into account when examining data from 
official sources is that they include only the energy consumed in actual transport, not 
the energy consumed in its full life cycle. This is particularly important when estimating 
the mitigation potential of measures aimed at minimising transport-induced GHG 
emissions. An analysis of this type would require looking at emissions from an overall 
perspective, taking into account:

•	  emissions released in building and maintaining transport infrastructure (roads, 
railways, ports, airports)

•	  emissions stemming from transport vehicle construction, maintenance and 
recycling

•	  emissions related to energy consumption in transport activity, including the 
proportional share of emissions generated to build, maintain and run the plant 
where the energy is produced and the power transmission line.

Clearly, if such an analysis is to have accurate, comparable data to work with, a data 
collection methodology and procedure must be mapped out. Criteria need to be set 
for the depreciation of investments in infrastructure and transport vehicles. A 2009 
University of California study points to a number of conclusions about the different 
modes of passenger transport. 
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•	  In transport by road, energy consumption in the operating phase accounts for 65 
to 74 % of total energy consumption.

•	  In transport by rail, the percentage drops to 24 to 39 %.
•	  In transport by air, it ranges from 69 to 79 %.

All the data given in this book, which are drawn from official statistics, cover the energy 
expended or emissions generated during the operating phase, unless otherwise stated.

Another important point about official data is that they draw no line between urban 
and inter-city energy consumption.

The only breakdown is between data on passenger transport and data on freight 
transport. No meticulous, reliable studies splitting the passenger and freight data into 
urban and inter-city categories were found in the preparation of this book. That gap in 
the data makes it difficult to estimate the size of the savings afforded by any energy-saving 
measures that might be proposed.

Everything said so far about land management, transport, mobility, energy and 
greenhouse gas emissions is valid in a blanket sense. However, to reach a diagnosis of 
the state-of-play and propose specific action, it is absolutely vital to narrow the focus of 
the analysis. No umbrella approach can be applied to countries or areas of countries at 
different levels of development, under different economic and land management models. 
Although the focus of this discussion is Spain and its position with regard to either the 
European Union or significant EU member states, the proposals made are generally valid 
for its fellow European Union countries as well.

2.1.2.  Diagnosis of the transport in Spain today

The following is a portrait of the current situation of passenger and freight transport in 
Spain and its relationship to energy consumption and the emission of greenhouse gas.

2.1.2.1  Share of transport in final energy consumption
In 2006, Spanish transport accounted for 46 % of final energy consumption, a figure 
considerably higher than the 31 % reported by the EU-27.

2.1.2.2  Transport / GDP relationship
The figures on the next page show that Spanish passenger transport demand in passengers 
per kilometre grew faster than GDP between 1990 and 2007. Freight transport demand 
in tonnes per kilometre rose approximately in step with GDP in the same period. 
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FINAL ENERGY CONSUMPTION, BY SECTOR

SPAIN (2006)

Source: Informe anual 2007, Ministry of Internal Development (in Libro verde de Transporte y 
Cambio Climático, Spanish Professional Association of Civil Engineers)

TRANSPORT DEMAND AND GDP IN SPAIN BETWEEN 1990 AND 2007

FREIGHT

Source: Transport Research Centre. Madrid School of Civil Engineering

2.1.2.3  Passenger / freight modal breakdown

Analysis of the development of the modal breakdown between passenger and freight 
transport yields the following conclusions.

•	  Ninety per cent of passenger travel is by road, 5 % by rail and 5 % by air, trending 
slightly downward in rail travel and slightly upward in air travel

•	  Eighty-five per cent of freight is shipped by road, 10 % by sea and 3 % by rail, 
trending slightly downward in rail.  

EU-27 (2006)

PASSENGERS
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A comparison of the distribution of passenger travel by land (that is, all except air travel) 
for Spain with that of the European Union finds the following.

•	  Automobile numbers are rising in both Spain and the European Union. They have 
become the clearly predominant mode of transportation, with a share of over 80 % 
(80.9 % in Spain and 83.1 % in the EU in 2007).

•	  Coaches are losing a considerable chunk of their share in both Spain and the 
European Union. They are still a relatively important mode of transport in Spain 
(13.9 % in Spain and 9.4 % in the EU in 2007).

•	  Rail is losing share in both Spain and the EU. It is gradually and increasingly 
becoming a residual mode of transport (5.2 % in Spain and 7.4 % in the EU in 
2007).

An analogous comparison of the modal breakdown of freight transport in Spain and 
the rest of the EU reveals that road transport is much, much heavier in Spain than in 
practically all other nations.

MODAL BREAKDOWN OF FREIGHT TRANSPORT IN THE EU-27

Source: formulation by the Spanish Sustainability Observatory, based on Eurostat figures for 2011  

PASSENGER TRANSPORT BREAKDOWN IN SPAIN  
AND THE EU, 1970-2007

TOTAL LAND 1970 1990 2000 2007

SPAIN  100 100 100 100

Rail  15.0 7.5 5.7 5.2

Automobile  64.2  77.7 79.9 80.9

Coach 20.9 14.9 14.3 13.9

TOTAL LAND 1970 1990 2000 2007

UE (26) 100 100 100 100

Rail 14.4 9.5 7.4 7.4

Automobile 69.5 77.4 82.9 83.1

Coach 16.1 13.1 9.7 9.4

Source: OECD transport statistics

MODAL BREAKDOWN IN SPAIN, 1990-2007

PASSENGERS

FREIGHT

Source: Transport Research Centre. Madrid School 
of Civil Engineering
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2.1.2.4  Modal breakdown in the major Spanish metropolitan areas

Spain’s major metropolitan areas can be classified into the following four groups:
•	 two very large metropolitan areas, Madrid and Barcelona, the former the fourth-

largest metropolitan area in the European Union, outsized only by Paris, London 
and the Ruhr region, the latter billing itself as a new Mediterranean macro-port 
city for the European Single Market and the global economy

•	 three large metropolitan areas with more than 1 million inhabitants each: Valencia, 
Seville and Vizcaya/Gipuzkoa

•	 five medium-sized metropolitan areas with 500 000 to 1 million inhabitants each: 
Asturias, Málaga, Gran Canaria, Zaragoza and Bahía de Cádiz

•	 a further eight important metropolitan areas with less than 500 000 inhabitants 
each: Granada, Alicante, Pamplona, Vigo, A Coruña, Tarragona, Mallorca and 
Murcia.

This set of 18 metropolitan areas contains 53 % of Spain’s entire population and rising. It 
forms part of a mobility information authority, the Metropolitan Mobility Observatory 
(MMO).

The Metropolitan Mobility Observatory reported a ridership of 3.135 billion in 2010 
in the 20 metropolitan areas for which it had data.

•	 The metropolitan areas of Madrid and Barcelona together account for 75 % of 
all public transport ridership (Madrid 49 % and Barcelona 26 %). The remaining 
25 % is shared by the other 18 metropolitan areas. The number of trips in public 
transport in these 18 areas together is similar to Barcelona’s ridership or half of 
Madrid’s.

•	 The leaders in public transport ridership per inhabitant are Madrid (238 trips/
inhabitant/year) and Barcelona (185 trips/inhabitant/year).
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RIDERSHIP (IN MILLIONS) IN PUBLIC TRANSPORT IN 20 METROPOLITAN AREAS IN 2010 

Source: Metropolitan Mobility Observatory, 2010 

RIDERSHIP IN PUBLIC TRANSPORT PER INHABITANT BY MODE IN 2010 

Source: Metropolitan Mobility Observatory, 2010 

Madrid and Barcelona far outweigh the rest of the Spanish metropolitan areas in terms of 
the number of passenger-kilometres as well. Of the 18 metropolitan areas that reported 
to the MMO in 2010, Madrid accounted for 47 % of the passenger-kilometres travelled, 
and Barcelona, 31 %, while the other 18 metropolitan areas together barely brushed 22 %. 
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PASSENGER-KILOMETRES (MILLION) IN 18 METROPOLITAN AREAS IN 2010

Source: Metropolitan Mobility Observatory, 2010 

Lastly, when travel figures are broken down between public transport and private vehicles, 
Valencia, Zaragoza and Vizcaya (in addition to Madrid and Barcelona) show high levels 
of public transport ridership. One point to bear in mind when examining the next figure 
below is that the data for the various metropolitan areas included (MMO 2010) are for 
different years.

MODAL BREAKDOWN IN 13 SPANISH METROPOLITAN AREAS

Source: Metropolitan Mobility Observatory, 2008 

2.1.2.5  Transport and energy intensity
The energy intensity of transport in Spain held steady from the mid-nineties to the 
middle of the first decade of 2000, at which point it began to ebb gently. Furthermore, 
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Spain’s energy intensity is around 30 % higher than the European Union average because 
of Spain’s land use model, lower population density and higher rate of use of roads for 
shipping freight (see the graphs in the margin).

2.1.2.6  Energy performance by passenger transport mode
Two things should be borne in mind when examining the energy performance of different 
modes of transport. One is that energy performance depends directly on occupancy, and 
the other is that only the energy needed in operation counts. The energy required to 
build, maintain and recycle infrastructure and vehicles throughout their entire life cycle 
is not added to the tally.

Considering these facts, two conclusions may be drawn from the figure below.
•	 In inter-city transport, railways and standard coaches are about on a par in terms of 

energy efficiency, and both are much more energy-efficient than private vehicles.
•	 In urban transport, railway is the most efficient mode in terms of operating 

energy, followed by buses (whose efficiency depends largely on traffic conditions) 
and, lastly, private vehicles.

ENERGY CONSUMED IN PASSENGER TRANSPORT OPERATION
BY VEHICLE AND SERVICE TYPE

Source: Transport Research Centre. Madrid School of Civil Engineering 

2.1.2.7  Motor vehicle ownership rate
Motor vehicle ownership has skyrocketed in recent years in Spain. The fleet rose from 
17 million vehicles in 1990 to nearly 30 million in 2007, an increase from 400 vehicles 
per 1 000 inhabitants in 1990 to more than 650 in 2007. At the same time, the distance 
travelled per vehicle remained reasonably constant throughout the period at about 10 000 
to 11 000 kilometres/vehicle/year. As a result, the number of vehicles per kilometre has 
grown at just about the same rate as the fleet.

DEVELOPMENT OF THE ENERGY INTENSITY OF TRANSPORT, 
1990-2010 

SPAIN
(ktoe/millions of constant 2000 euros)

EUROPEAN UNION

Source: formulated by the Spanish Sustainability 
Observatory based on Institute for Energy 
Diversification and Savings figures for 2011 
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VEHICLE FLEET DEVELOPMENT                                                AVERAGE TRIP PER VEHICLE
IN SPAIN, 1990-2007                                                            AND INHABITANT IN SPAIN

Source: Transport Research Centre. Madrid School of Civil Engineering 

The number of all types of vehicles –passenger cars, heavy duty vehicles and buses, vans 
and motorcycles– increased considerably in number. The rise, however, was particularly 
sharp in vans, which more than doubled in this period, and cars, which increased by more 
than 70 % in the same time frame.

VEHICLE FLEET IN SPAIN BY TYPES, 1990-2006

Source: Ministry of the Environment, 2008 (Cambio Global España 2020, Transporte)

2.1.2.8  Relationship between transport and greenhouse gas emissions
In 2006 transport was responsible for 25 % of greenhouse gas emissions in Spain and  
21 % in the EU-27, according to the European Environment Agency (EEA). Worldwide, 
the IPCC’s 2007 Report estimated that in 2004 transport accounted for 13 % of total 
emissions, but this figure should be viewed cautiously, given the difference in the source. 
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DISTRIBUTION OF GHG EMISSIONS BY SECTORS

SPAIN (2006)

EU-15 (2006)

Source: EEA 2008 for Spain and EU-15, IPCC 2007 for World 
(in Libro Verde de Transporte y Cambio Climático, Spanish Professional Association of Civil Engineers)

In Spain, from 1990 to 2007 greenhouse gas emissions grew somewhat faster than GDP, 
reasonably in step with tonnes per kilometre transported and a bit slower than travellers 
per kilometre. Furthermore, while in 2007 GHG emissions from transport grew by 
around 70 % with respect to 1990, in the EU-15 they grew by around 40 %. Therefore, 
transport emissions and GDP growth in Spain appear to be tightly coupled.

TRANSPORT DEMAND AND GHG, 1990-2007

SPAIN                                                                                           EU-15

Source: Transport Research Centre. Madrid School of Civil Engineering  

WORLD (2004)

TRANSPORT DEMAND, GHG EMISSIONS, ECONOMIC  
AND DEMOGRAPHIC GROWTH IN SPAIN, 1990-2007

Source: Transport Research Centre. Madrid School of 
Civil Engineering  



THE CITIES OF THE TWENTY-FIRST CENTURY

316

2.1.2.9  Emissions by mode of transport

The graph below shows the greenhouse gas emissions in Spain between 1990 and 2008, 
the vast majority of which were generated by road transport. In 2010 transport emissions 
rose to 104 million tonnes of CO2-eq, or 29.4 % of all GHG emissions in Spain (353.9 
MtCO2-eq). Of this 29.4 %, 23.8% (84.2 MtCO2-eq) were attributable to road transport 
and the remaining 5.6 % (19.8 MtCO2-eq) to the other modes (data drawn from the 
preview published by the Ministry of the Environment and Rural and Marine Affairs on 
26 April 2011).

GHG EMISSIONS BY MODE OF TRANSPORT IN SPAIN, 1990-2008

Source: Transport Research Centre. Madrid School of Civil Engineering 

2.1.2.10  Emissions intensity by mode of transport
While the intensity of the CO2 emitted by the economy as a whole has declined consistently 
since 2005, transport-induced emissions have remained comparatively steady in recent 
years. To break the yoke between emissions and GDP is definitely going to require deep 
structural changes in the transport sector, changes that have not yet even begun.  
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TOTAL GHG EMISSIONS PER UNIT OF GDP IN SPAIN

GHG EMISSIONS IN THE TRANSPORT SECTOR PER UNIT OF GDP IN SPAIN

Source: Transport Research Centre. Madrid School of Civil Engineering 

The bar graphs show two things in regard to emission intensity.
•	 In passenger transport, rail is much more efficient than private vehicles, and 

private vehicles are much more efficient than airplanes.
•	 In freight transport, rail is much more efficient than lorries.

EMISSIONS INTENSITY BY MODE OF TRANSPORT IN 2005

PASSENGERS                                                                                         FREIGHT

Source: Transport Research Centre. Madrid School of Civil Engineering 
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2.1.2.11  GHG emissions by vehicle type in Spain
The trend in GHG emissions by vehicle type between 1990 and 2007 shows, worrisomely, 
that the share attributed to vans (weighing less than 3.5 tonnes) rose from 9.7 % of all 
road transport emissions in 1990 to nearly 15 % in 2007.

GHG BY VEHICLE TYPE IN SPAIN, 1990-2007

Source: Transport Research Centre. Madrid School of Civil Engineering 

Light-duty vehicle emissions
In recent years vehicles made in the European Union, Japan and South Korea have been 
reducing their emissions through continuous enhancement of engine energy performance, 
as can be seen in the graph below.

EMISSIONS GENERATED BY NEW LIGHT-DUTY VEHICLES MADE IN THE EU, JAPAN AND SOUTH KOREA

Source: COM (2006) 463 Communication from the Commission to the Council and the European 
Parliament. Implementing the community strategy to reduce CO2 emissions from cars.
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Moreover, on 23 April 2009 the European Parliament and the Council passed a new 
regulation on car manufacturing, setting the following requirements.

•	 The average emissions from vehicles manufactured in 2015 must be 130 grams of 
CO2 per kilometre. Milestones are set up along the way: drops of 65 % by the year 
2012, 75 % by 2013 and 80 % by 2014.

•	 Automakers must pay penalties or fines for overstepping emission limits starting 
in 2012.

•	 The 2020 target is set at 95 gCO2/km and a procedure for reaching that target 
must be in place before the end of 2013. 

2.1.3.  The use of biofuels for transport: state-of-play
Biofuels are liquid or gaseous fuels used by the transport sector and produced from 
biomass. Using biofuels reduces GHG emissions and energy dependence. Another 
theoretical advantage is that biofuels sow diversity in the agricultural sector, because they 
engender a demand for a new product, although there has been a good deal of controversy 
of late about the impact that biofuel use may have on grain prices.

In 2008, when the price of the prime materials for food more than doubled (see 
chapter III, item 1.19), various international organisations, including the Food and 
Agriculture Organisation and the World Bank, ran studies to pinpoint the responsibility 
of biofuels in the price spike. Their conclusions were that biofuel use was accountable for 
5 to 10 % of the price increase, and the rest was due to the rise in the demand for raw 
materials (as a consequence of the changing eating habits in emerging countries) and poor 
crops in some of the producing countries. 

The controversy is far from over. For example, the USA’s 2012 grain crop was very 
poor due to severe drought. The USA produces around 40 % of the world’s maize, and 
maize is a raw material in biofuel production (around 40 % of the maize grown in the 
USA is used to make biofuel). The crop shortfall and competition from biofuel could 
combine to make prices soar, although at this writing it is too soon to say. Furthermore, 
EU legislation was amended to require emission savings with respect to conventional 
fuels in the total manufacturing process (gathering of agricultural products, shipping to 
biofuel plants, manufacturing and distribution of biofuels), and the savings must grow 
with time (in 2012 the savings must be at least 35 %). 

This dispute is driving the development of second-generation biofuels, which do 
not use the same raw materials as food. Instead, they consume agricultural waste, wood 
waste and similar matter. In addition, their yield per hectare is much higher than for 
biofuels, although the technology is hardly ripe and its development will require time 
and investment in R&D.

The types of biofuels established in European Directive 2003/30/EC are:
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•	 bioethanol, ethanol produced from biomass or the biodegradable fraction of waste
•	 biodiesel, a methyl-ester produced from vegetable or animal oil, of diesel quality
•	 biogas, a fuel gas produced from biomass and/or the biodegradable fraction of 

waste
•	 biomethanol, methanol produced from biomass
•	 biodimethylether, dimethylether produced from biomass
•	 bio-ETBE (ethyl-tertio-butyl-ether), ETBE produced from bioethanol, where the 

percentage by volume of bio-ETBE that is calculated as biofuel is 47 %
•	 bio-MTBE (methyl-tertio-butyl-ether), a fuel produced from bioethanol, where 

the percentage by volume of bio-MTBE that is calculated as biofuel is 36 %
•	 synthetic biofuels, synthetic hydrocarbons or mixtures of synthetic hydrocarbons, 

which have been produced from biomass
•	 biohydrogen, hydrogen produced from biomass and/or from the biodegradable 

fraction of waste
•	 pure vegetable oil, oil produced from oil plants but chemically unmodified.

Foremost among all these types of biofuels are biodiesel and bioethanol, which scoop 
almost the entire biofuel market domestically and internationally. Other biofuels do 
exist, however, such as biogas and biohydrogen, which are making headway and seeking 
a market niche, although they are not expected to become significant until at least after 
2020.

First-generation biofuels use maize, soya beans and sugarcane as the raw materials to 
produce bioethanol or biodiesel.

The first second-generation biofuel plant in Spain, located at Cañete de las Torres, 
in the province of Córdoba, was commissioned in March 2011. The plant’s potential 
output amounts to 10 000 tonnes of fuel per year from olive waste. Some of the other 
noteworthy second-generation biofuel initiatives in Spain include the following.

•	 A pilot plant located in Salamanca is making bioethanol from lignocellulose; the only 
other similar pilot plant in 2012 was in Sweden.

•	 The Catalonian University Institute of Science and Technology has synthesised IUCT- 
S50 from glycerine, one of the main by-products of biodiesel manufacture. 

•	 The ATENEA Project, a joint effort by the Valencian Region and the Spanish Energy, 
Environmental and Technological Research Centre, seeks to use citrus industry waste 
to make bioethanol.

•	 The PERSEO Project, in Alcudia, Valencia, involves a pilot plant that makes bioethanol 
from the organic fraction of solid urban waste (paper, plant matter, food and wood).
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According to the International Energy Agency (IEA), in 2010 biofuels covered 2.1 % 
of the total demand for oil. World bioethanol production in 2010 amounted to 85.63 
million m3. The main producers were the USA, with 49.1 million m3, Brazil, with 26.2 
million m3, the EU, with 4.5 million m3, and China, with 2.1 million m3.

Biodiesel production in 2010, according to the IEA, amounted to 16.57 million m3. 
The main producers were the EU (8.9 million m3), Brazil (2.07 million m3), Argentina 
(1.85 million m3) and the USA (1.08 million m3).

The European countries producing the most bioethanol were France (1.05 million m3), 
Germany (0.9 million m3) and Spain (0.58 million m3). In biodiesel the leaders were 
Germany (2.35 million m3), France (1.8 million m3) and Spain (1 million m3).

Biofuel has developed thanks to the support of governments keen on boosting their 
energy independence. In the EU the 2009 Green Package requires biofuels to make up 
10 % of transport fuels by 2020. Both the USA and China have passed legislation along 
those same lines in recent years.

The demand for fuel in Spain in 2010, according to the Corporation of Strategic Reserves 
of Oil-based Products, was 29 253 kt, 5 670 kt of which as gasoline and 23 583 kt as diesel 
fuel. According to the Spanish National Energy Commission, biofuel consumption in that 
year accounted for 4.79 % of the total, falling short, therefore, of the 5.83-per cent target 
laid down in Spanish Act 12/2007. The replacement rate for diesel by biodiesel came to 5 
% and for petrol by bioethanol, to 3.88 % (Spanish National Energy Commission). The 
use of biofuels in 2010 enabled GHG emissions to be reduced by 2.8 million tonnes of 
CO2.

The 47 biodiesel plants in operation in Spain in late 2010 had a combined installed 
capacity of 464 Mtoe. Despite that impressive potential output, many of the plants are 
either shut down or operating at far below capacity. The main cause is heavy imports of 
biofuels due to competition from countries such as the United States and, more recently, 
Argentina and Indonesia.

The 2011-2020 Renewable Energy Plan calls for biofuels to make up 11.3 % of all 
transport fuels by 2020.

2.1.4.  Air quality in Spanish cities  

Air quality is evaluated in all Spanish cities and towns with populations of over 100 000. 
The mean yearly and daily/hourly concentration of the following three atmospheric 
pollutants is measured:

•	 nitrogen dioxide (NO2)
•	 particulate matter: PM10 and PM2.5

•	 tropospheric ozone.
Pollution comes from the emissions given off by the transport sector, industries and heating 
facilities. Automobile traffic is primarily responsible for atmospheric pollution in big cities.
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The 2009 data for these pollutants are described on the next page.
A)  PM10

. Annual mean concentration levels of PM10 particulate matter were down on the 
year before in all the population ranges analysed, with the exception of cities of 
between 250 000 and 500 000 inhabitants, where a slight rise was recorded. In 
2009 the number of days when the concentration was over the 50-µg/m3 limit 
declined in cities with populations of over 500 000.

. Annual mean concentrations surpassed the legislated limit (40 µg/m3) in the 
cities of Zaragoza and Torrejón de Ardoz. The limit established for the daily PM10 

indicator was passed in nine cities: Albacete, Granada, Jaén, Alcalá de Henares, 
Leganés, Torrejón de Ardoz, Murcia, Bilbao and Zaragoza.

B)  NO2

(See the graph on the next page.)
. Motor vehicles are the main source of NO2 emissions. Annual concentrations 

above the limit were reported in several cities of the Madrid Region and Catalunya: 
Madrid, Barcelona, Hospitalet de Llobregat, Leganés, Getafe, Tarrasa, Santa 
Coloma de Gramanet, Sabadell and Badalona. The hourly NO2 indicator shows 
that the city of Madrid exceeded the legislated value.

C)  Tropospheric ozone
(See the graph on the next page.)

. In 2009 the cities that reported mean eight-hour concentrations of above 120 µg/m3 
more than 25 days per year were mainly in Andalusia: Córdoba, Dos Hermanas, 
Marbella, Jaén, Huelva and Granada. Badajoz, Torrejón de Ardoz and Murcia also 
overstepped the legal limit. 

D)  Evaluation
(See the graph on the next page.)

. In 2008 and 2009 the indicators for PM10, NO2 and O3 (ozone) showed that the 
air quality situation in some Spanish cities had improved in comparison to previous 
years, but not yet enough. In 2009 these particular pollutants stayed, by and large, 
below the limits set in European legislation (Directive 2008/50/EC). Nevertheless, 
the limits were exceeded in some urban areas.   
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PM 10
Mean yearly concentration

(limit = 40 µg/m3)
Number of days per year when the

50 µg/m3 limit was exceeded

NO2
Mean yearly concentration

(limit = 40 µg/m3)
Number of hours when the 

mean hourly concentration exceeded 200 µg/m3

TROPOSPHERIC OZONE

Source: Spanish Sustainability Observatory 2011
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AIR QUALITY IN 2009 BY ZONES FOR PM10, NO2 AND O3

Source: Formulated by the Spanish Sustainability Observatory 2011, based on Ministry of the 
Environment and Rural and Marine Affairs figures 

. This slight improvement in pollution levels can be traced to three factors. First, 
some local and regional governments had instituted air quality improvement plans. 
Second, the weather was more unstable. Third, economic activity was sluggish, 
resulting in less traffic, lower energy consumption and less industrial activity.

2.1.5.  Measures taken in the Spanish transport sector to reduce GHG emissions and 
improve energy performance

Three measures have been taken that have repercussions on transport:
•	 the Spanish Strategy for Climate Change and Clean Energy
•	 the Spanish Strategy for Sustainable Mobility
•	 the Ministry of Industry, Tourism and Trade’s 2008-2012 Action Plan on the 

Strategy for Energy Savings and Energy Performance.
The models included in each of these programmes are described in the tables below. 
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SPANISH STRATEGY FOR CLIMATE CHANGE AND CLEAN ENERGY 

TITLE OBJECTIVE MEASURES

Infrastructures and land 
management

To further greater coordination between land man-
agement / urban planning and transport • High performance railway system

• Freight railway able to guarantee interoperability
• Enactment of sustainable mobility legislation
• Coordination of a system of indicators to track transport trends

To mainstream environmental criteria into the devel-
opment and subsequent follow-through of strategic 
infrastructure and transport plans, programmes and 
actions

Modal change

To rebalance the modal breakdown, favouring the 
most sustainable modes

• Encouragement for railway infrastructure investment
• Invigoration of the railway transport market
• Launch of sea-bound expressways
• Development of intermodal connection infrastructure for passengers and freight
• Stronger support for collective urban and metropolitan transport
• Furtherance of a new framework for coordinated action to encourage non-motor  

mobility in urban and metropolitan areas

To encourage measures that support freight trans-
port by rail 

To enhance intermodal transport integration

Energy efficiency

To limit the consumption of non-renewable resourc-
es and raise the energy efficiency of  
transport service facilities

• Use of bioclimatic architecture and solutions that reduce energy demand in in trans-
port service facilities

• Use of the most efficient electric power and heat generation technologies in transport 
facilities

• Installation of low power demand, high performance lighting
• Improvement of air transport operability through modernisation of control systems, 

navigational aids, smart systems and surface movement management
• Gradual integration of energy performance criteria in  

administrative contracts concerning vehicles in public vehicle fleets and service  
concession holders’ fleets

• More effective energy labelling for vehicles
• Training programmes for efficient driving

To improve the energy efficiency of all modes of 
transport

Environmental quality To reduce the emission of specific GHG and other 
pollutants by unit transported

• Development of land management and transport policies that contribute to combat-
ing climate change

• Development of plans and programmes to improve air quality
• Furtherance of environmental management systems
• Use of clean vehicles in urban public transport fleets
• Expansion of the use of clean vehicles in ancillary airport ground fleets
• Furtherance of energetically efficient and clean vehicles

Demand  
management

To develop demand-side management measures, 
particularly geared to furthering the rational use of 
private vehicles in urban environments

• Inclusion of sustainable mobility objectives in urban planning
• Implementation of mobility plans for large corporations, governments and other  

organisations
• Encouragement of higher occupancy rates in private vehicles
• Inclusion of environmental criteria in vehicle licensing fees
• Development of policies for inner city parking management and rates
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SPANISH STRATEGY FOR SUSTAINABLE MOBILITY

AREA MEASURES

Land management, transport planning and  
infrastructure

• Furtherance of proximity planning in urban design
• Coordination of urban planning and the public transport offering
• Logistics platforms
• High performance railway system
• Priority rail itineraries for freight
• New railway terminals for freight
• Sea-bound expressways and short-range maritime transport
• Adaptation of transport systems to demand in low population density areas
• Assessment of the mobility generated
• Guidelines for readjustment on the urban and metropolitan scale: implementation of sustainable 

mobility plans
• Local trains
• Public transport services for access to transport terminals
• Corridors reserved for public transport and high occupancy vehicles
• Non-motor modes of transport
• Sustainable urban mobility plans
• Mobility plans for corporations and industrial or business estates
• Low speed limits in access routes leading into large cities
• Smart transport systems
• E-government, telecommuting, e-commerce

Climate change and reduction of energy  
dependence

• Prioritisation of public transport
• Public passenger transport services
• Operational measures for air transport
• Clean and efficient private vehicles
• Energy efficiency and public transport services
• New drive system technologies and alternative engines and fuels
• Biofuels
• Furtherance of eco-efficient driving
• Energy labelling

Air quality and noise

• Areas with vehicle speed limits
• Establishment of low emissions areas in cities
• Noise mapping
• Formulation of action plans to reduce environmental noise

Health and safety

• Improved traffic safety
• Improved rail safety
• Improved maritime safety
• Improved civil aviation and airport safety
• Improved safety common to all modes of transport
• Improvement of accessibility for people with limited mobility 

Demand-side management

• Park-and-ride hubs
• Development and implementation of coercive measures to improve transport sustainability
• Furtherance of economic incentives for the use of public transport
• Furtherance of EU-wide taxation that favours environmentally sustainable behaviour
• Support for the introduction of sustainability considerations in  EU-wide vehicle and fuel taxation
• Multi-user cars and carpooling
• Citizen awareness
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2008-2012 ACTION PLAN ON THE STRATEGY FOR ENERGY SAVINGS AND ENERGY PERFORMANCE

OBJECTIVE MEASURES ELEMENTS

Modal change

Urban mobility plans

• Multi-modal transfer hubs
• Regulated, paid parking
• Payment for use of infrastructures
• Restricted traffic areas
• Furtherance of walking and cycling
• Higher quality collective transit offering
• Flexible  transport services, adaptable to demand
• Logistics centres for merchandise loading and unloading
• Telecommuting
• Carpooling

Transport plans for companies and 
workplaces

• Company coaches or shuttle buses to multi-modal transfer hubs 
or underground or train stations

• Carpooling
• Furtherance of walking and the use of bicycles
• New parking policies
• Upgrading of collective transport systems

Higher share of collective transport 
in inter-city road transport

• New multi-modal transfer hubs
• Specific corridors for collective transport

Greater share of railway in intercity transport

Greater share of maritime means in freight transport

More efficient use of transport 
resources

• Transport infrastructure management
• Road transport fleet management
• Aircraft fleet management
• Efficient driving of private vehicles, lorries and buses
• Efficient piloting in the air 

Upgraded vehicle energy 
performance

• Renovation of road transport fleets
• Renovation of the air fleet
• Renovation of the maritime fleet
• Renovation of the passenger car fleet

Although some of the proposed measures may prove very advantageous, new measures 
are nonetheless needed in view of the current situation as diagnosed earlier, and their 
introduction must go deep indeed if passenger and freight transport is to be freed from its 
yoke to GDP and especially GHG emissions. The measures proposed to break both ties 
are described in the next item.



THE CITIES OF THE TWENTY-FIRST CENTURY

328

2.1.6.  Transport-related proposals to improve environmental conditions and energy 
performance

As noted above, the energy needs and emissions generated by passenger and freight 
transport are closely correlated to GDP. This is true not only in Spain, but in other 
countries of the EU and all over the world. The bond between transport and emissions 
must be severed, but doing so will require profound changes that will be undeniably 
difficult and perhaps costly as well.

According to the French report “Pour une régulation durable du transport routier 
de marchandises: transport routier de marchandises et gaz à effet de serre” (2008), two 
kinds of measures can be entertained for reducing freight shipment by road. The short-
term measures espoused by the report aim mainly at enhancing vehicle performance, 
boosting user awareness and education and persuading the automobile sector to enter into 
voluntary agreements. If implemented, a CO2 emission reduction of 20 to 30 % could be 
reached by the 2025 horizon. The report posits another set of measures with long-term 
impact, focusing on land management policy to regulate transport, the development of 
alternatives to road transport, the development of alternative fuels and the optimisation 
of logistics operations. These measures would reduce CO2 emissions by 25 to 35 % by 
2025. The report further contends that the fuel taxation and infrastructure tariff measures 
that would be necessary to achieve a 40- to 60-per cent emissions abatement by 2025 
would have a heavy economic and social impact on citizens’ way of life. 

The French report speaks to the importance of studying the economic impact of 
future measures, especially in today’s globalised economy. Reducing the amount the 
economy consumes and, above all, reducing greenhouse gas emissions, are overmastering 
objectives, but the repercussions of measures must be known in advance if any attempt is 
to be made to sustain economic growth.

The proposed action is discussed below, divided into two parts: the objectives to be 
reached and the actions required to do so.

2.1.6.1  Objectives

These are divided in turn into passenger transport objectives and freight transport 
objectives.

A) Passenger transport
1. Urban travel:
•	 increase in the share of public transport, which is less energy-intensive
•	 increase in the share of non-mechanised travel (on foot or by bicycle)
•	 reduction of distance covered in unavoidable travel
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2. Inter-city travel:
•	 increase in the coach and/or rail share, to the detriment of airplanes and private 

vehicles
3. Vehicles:
a) Passenger cars:
•	 reduction of the fleet and/or mean distance travelled yearly
•	 better engine energy performance
•	 development of biofuels using non-food raw materials (second-generation 

biofuels) with a higher yield per hectare, and inclusion of the full cycle of biofuel 
production and distribution

•	 development of plug-in hybrid or electric vehicles, where a) the electricity is 
practically carbon-free; and b) vehicle life cycle analysis proves the vehicle to be 
more efficient than a conventional vehicle

b) Coach, plane and ship:
•	  better energy performance
•	  development of second-generation biofuels with a greater yield per hectare, 

including life cycle analysis

c) Railway:
•	 electrification
•	 better energy performance

B)  Freight transport

1. modal shift from lorry to rail or, even better, maritime
2. better distribution:
•	 logistics platforms close to major consumer centres
•	 better facilities for inter-modal transfer (port, rail and road)

3. better energy performance
4. development of second-generation biofuels with a higher yield per hectare, 

including life cycle analysis
5. electrification of railways carrying freight trains

2.1.6.2  Proposed action for achieving the objectives
The list on the next page states the measures proposed for achieving one or more of the 
stated objectives.
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A)  In transport demand management
The demand for passenger and freight transport must be reduced.
1. Smart fleet management and logistics systems are advisable.
2. E-government, telecommuting and vehicle electrification should be encouraged.
3. Land management and public transport should be coordinated.
•	 Functional urban regions and metropolitan areas must have a single organisation 

that handles all planning, management and enforcement involved in urban design 
and land use. That means amending urban planning legislation under which 
planning power belongs solely to municipal authorities, as that makes no sense in 
large metropolitan areas.

•	 Land planning and management must be implemented within a framework of 
cooperation when the competencies incumbent upon different governments or 
levels of government overlap in the same area.

•	 Public transport consortiums that integrate and regulate the different modes and 
services must be encouraged.

•	 Land and its area of influence must be subjected to integrated planning, with the 
goal of facing the challenges of the twenty-first century: climate change, energy 
problems, economic/financial problems, business relocation, competitiveness vis-
à-vis the rest of the world.

•	 Sector-specific action is to be avoided, because the factors that condition 
metropolitan areas are so complex that they require multi-sectoral, holistic 
approaches and solutions, in which synergies are fostered among actions targeting 
the environment, urban planning, society, the economy and the field of transport.

B) Tax measures
Changes are required in the tax system to adjust the costs of all kinds of transport 
to the real costs involved (including infrastructure investment and operating costs, 
environmental costs and accident-related costs).
1.  Fuel, vehicle and infrastructure taxation must be modified to favour means that 

are more economically, environmentally and energy-efficient.
•	 One such measure was taken by the Spanish government when it rolled out a new 

vehicle registration tax on 1 January 2008. Cars emitting less than 120 gCO2/
km are now exempt from vehicle registration tax, while vehicles that emit 120 to  
160 gCO2/km pay 4.75 %, those that emit 160 to 200 gCO2/km pay 9.75 %, and 
those that emit more than 200 gCO2/km pay 14.75 %.

•	 The tools for fixing prices for infrastructure use must link prices to trip length, 
vehicle energy and environmental performance, traffic congestion, the smoothness 
of the terrain and the type of zone or period when the trip takes place. The European 
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directive known as Eurovignette is one example of this measure.
•	 Elimination of tax exemptions for air transport, especially fuel tax cuts.

2.  Establishment of a price for transport CO2 emissions, to be incorporated into the 
cost of fuel

C) Infrastructure policy
Policies must aim to reaccommodate the modal breakdown so that a larger share goes 

to more economically, environmentally and energy-efficient means.
1.  Investments are needed in railways:
•	 electrification of sections of the freight shipment system where potential demand 

is significant
•	 establishment of a system of “express-railways for freight”
•	 creation and/or improvement of intermodal terminals/logistics platforms 

connecting seaports, dry ports and major cities.
2.  Priority must be given to investments in consolidation and extension of “sea-

bound motorways” to foster coastal and international marine shipping.
3.  Priorities for investment in transport infrastructure must be shifted in accordance 

with the following criteria: first, freight transport by rail and sea; second, urban 
and intercity public transport; and third, intercity passenger transport by rail and 
coach. The following specific action must be taken.

•	 Bus-only lanes must be set up to favour urban transport by bus.
•	 The modal split for intercity passenger travel must be actively changed to give 

priority to rail and sea. In rail, a) priority should go to improving conventional 
rail (running at speeds of up to 220 km/hour); and b) the policy aiming to have  
lines running at over 250 km/hour available to all provincial capitals should be 
reconsidered from top to bottom. A cost-benefit study must always be conducted 
to test any fresh investment before it is made. All decisions on investing in new 
high-speed lines have been entirely political so far, unsupported by rigorous, 
thorough cost-benefit studies. In some cases decisions have even been propped up 
by studies conducted after the fact, simply to justify a political decision bereft of 
any cost-benefit data.

•	 A moratorium must be placed on the construction and expansion of fast motorways 
(especially those with daily mean traffic of under 10 000 vehicles), high-speed 
railways and airports without the demand to make them economically viable. 
Cost-benefit studies have one sacred principle, to which any new infrastructure 
must be held before contracts are signed: the infrastructure’s operating profit must 
outweigh its operating and maintenance costs. Wherever a new investment fails 
to live up to this principle, only technical and economic arguments free of any 
political bias can be used to justify the investment.
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•	 Priority must be given to investments in enhancing transport safety through the 
implementation of a “zero risk” policy.

D) Land management
1.  Transport needs must be included as a deciding factor in the location of sites for 

activities and land use, internalising all costs generated by automobiles and heavy-
duty vehicles.

2.  Solutions that minimise compulsory mobility needs in urban planning, land use 
and activity site location must be encouraged.

3.  Public transport must be regarded as a requirement for any new urban development. 
Therefore, the economic viability of public transport in that context must be 
ensured. This requires coordination between planning and public transport, plus: a) 
establishment of higher minimum construction densities than those Spain has been 
using in planning for the last 20 or 30 years, and never less than 60 or 70 housing 
units per hectare; and b) locating the activities that will generate the most mobility 
per m2 of floor area next to public transport stations.

E) Transport management
1.  Quality public transport must be guaranteed.
2.  High-priority use of public resources to ensure quality public transport must be 

guaranteed. Public resources have been quite scarce for the last 10 to 15 years due to 
the need to slim the public sector, to consolidate the budget with a zero public deficit 
and to reduce the public deficit of the three levels of government to 60 % of GDP. 
Both these latter targets have been promised to the European Union and addressed in 
Spain’s Constitutional Act on Budget Stability.

3. Perception must be shifted gradually to make private transport a last resort, used only 
when there is no smooth public transport available.

4.  Top speeds must be established with the environmental objective of reducing 
emissions, in addition to other fundamental objectives related to reducing traffic. One 
example of this measure in action is the application of a top speed of 80 km/hour in 
the Barcelona Metropolitan Area, which has resulted in a decline in the average speed 
from 98 to 82 km/hour. Six months after the measure went into force, nitrogen oxide 
emissions had dropped by 5 to 7 % and particle emissions by 2 to 4 %, although both 
fell far short of the 20 % initially forecast

5.  Transport must be restricted in sensitive areas, according to environmental capacity 
or tolerance. Measures of this type have been applied in Austria, which has limited 
the number of lorries allowed through Brenner Pass, and in France, which has set 
limitations on the number of flights at Orly Airport.

6.  Airport landings and take-offs that generate noise levels of over 55 dB in built-up 
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areas must be banned between 11:00 PM and 7:00 AM.
7. Plans for sustainable mobility in the urban environment must be developed and 

subsequently maintained. These are integrated plans for greater environmentally 
and energy-efficient mobility. Urban mobility plans must include not only policies 
for offering better means of collective transport, but also the regulation of private 
vehicle use, especially low-occupancy vehicle use. The items featured in a mobility 
plan include:
- intermodal transfer facilities
- park-and-ride facilities
- regulated, non-gratuitous parking
- payment for infrastructure use
- restricted traffic areas 
- flexible transport services that change to meet demand
- logistics hubs
- telecommuting
- carpooling centres.
8.  Transport plans should be established for companies and hubs of activity, such as 

industrial estates, hospitals and schools.

9.  Air traffic management must be improved. The Single European Sky programme 
and SESAR (Single European Sky ATM Research Programme) could result in up 
to a 12-per cent increase in energy performance. Another European initiative is 
the European Commission’s Greening Transport strategy, which calls for the use of 
shorter routes that are often under-travelled due to lack of real-time information, 
and reconsideration of military needs to optimise air space.

10. The following high-priority transport management issues should be handled by 
an independent, supra-municipal organisation.

•	 Public surface transport must travel faster than private vehicles, or at least at a 
similar speed.

•	 Policies must be established on the traffic and pollution rates charged to private 
vehicles entering the city centre, and these vehicles’ externalities must be 
internalised.

•	 Private traffic must be shunted along routes that avoid residential areas.
•	 Private vehicle use in residential areas must be restricted, and traffic intensity 

throughout the urban area must be adjusted in response to air quality.
•	 Non-resident parking must be greatly restricted.
•	 Use of bike lanes (and connections with other means of transport, such as 

underground, local rail and buses), bike rental and cost-free supervised bicycle 
parking must be strengthened.
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F)  Improvements in the environmental and energy performance of private vehicles
One possible future solution would appear to be plug-in hybrid vehicles or, later 
on, electric vehicles. Before that can happen, however, two requirements must be 
met: 1) electricity has to be decarbonised; and 2) the life cycle of electric vehicles has 
to be assessed to ensure sustainability. Nonetheless, the fact that improving vehicle 
performance does not solve the unsustainability of the land use model should not be 
overlooked, because it encourages urban sprawl.
Other measures to be adopted include the following.
1.  The objective ought to be to progressively reduce transport vehicles while gradually 

raising the standards the industry must meet.
2.  Energy and emission labelling must be mandatory, for an informed citizenry.
3.  Speed limiters and tachometers to ensure compliance with existing speed limits must 

be built into all vehicles.
4.  New technologies and intelligent transport systems (ITS) must be developed for 

vehicles and for fleet, infrastructure and mobility demand management.

G)  Fuels
1.  Biofuels that do not use food products as raw materials must be developed. The overall 

energy balance involved in biofuel production and distribution must be analysed.
2.  Alternative fuels must also be developed, such as natural gas and hydrogen (which can 

be obtained through the electrolysis of water, using electricity generated by nuclear or 
renewable power sources, that is, without CO2 emissions). In both cases considerable 
technological development and investments are required before conventional fuels 
(gasoline and diesel fuel) can be replaced.

H)  Other important proposals
1.  Measures must be implemented to raise public awareness and inform public opinion, 

for a better understanding of and stronger support for the gradual restriction of 
private vehicle use.

2.  Political and organisational measures should include the following.
•	 The national government must create two forums. The first must pool all the 

available information about plans, programmes, strategies, projects and activities 
being prepared or actually under way in Spain that gather meticulous data on the 
main transport indicators with very little lag time. The other forum must bring 
together transport officials and experts for open discussion about these issues by 
organising seminars and conferences, publishing a specialised journal and other 
initiatives.

•	 All political parties must reach a compromise stating that the main transport 
guidelines will not be changed in the healthy democratic practice whereby parties 
alternate in office.
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2.2.  BUILDING ENERGY PERFORMANCE

Buildings generate energy demands and greenhouse gas emissions during the following 
stages of their life cycle:

•	 construction material manufacture
•	 transport: prime materials to factories, semi-processed products between factories, 

construction materials to construction sites and building debris to rubbish tips or 
recycle factories

•	 building construction
•	 building use and operation
•	 maintenance, which in turn entails new materials
•	 demolition and recycling.

Precise information is available on only one of the above factors, the energy consumed 
and produced during building use and operation, for which a wide variety of sources 
and generation and distribution arrangements is available: thermal, electric, renewable, 
CHP, geothermal and centralised environmental control. Although the energy embedded 
in construction materials and the associated GHG emissions have been quantified by a 
number of studies, the widely scattered results stemming from the inter-country diversity 
of construction techniques, material manufacturing technologies and legislation are not 
liable to extrapolation.

No reliable statistics on the proportion of transport attributable to the various stages 
of building life cycles have been compiled. Nor is the energy used in building construction 
and demolition a known quantity, although it may be deemed negligible compared to the 
energy consumed during building use and operation. Lastly, maintenance entails the use 
of new materials, whose maximum energy demand is attributable to their manufacture, 
although energy is also consumed in their transport to and assembly on site, as well as in 
the demolition and transport of the elements replaced.

With a view to estimating the approximate magnitude of building-induced emissions 
in Spain with respect to the overall total, in October 2007 the Ministry of Housing 
(now Internal Development) conducted a study published under the title Sobre una 
estrategia para dirigir al sector de la edificación hacia la eficiencia en la emisión de gases 
de efecto invernadero (a strategy for guiding the building construction industry toward 
low greenhouse gas emissions). The conclusion was that the emissions associated with 
construction material manufacture and building use and operation rose from 24 % of 
the nationwide total in 1990 to 33 % in 2005. The study also estimated that emissions 
attributable solely to building use and operation (i.e., excluding material manufacture) 
had grown in the same period from 16 to 21 % of the country’s total output. It quantified 
the emissions associated with material manufacture at 49 % of the use and operation-
related emissions in 1990, and 56 % in 2005.  
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Source: Ministry of Housing, 2007

The above values exclude the emissions attributable to construction material transport, 
given the difficulty in calculating that figure. They imply that to reduce overall emissions in 
developed countries, Spain among them, by 80/90 % in 2050 in an attempt to limit global 
warming to +2 °C above pre-industrial temperatures, emissions associated with building 
construction, use and operation will have to be reduced substantially. Indeed, the European 
roadmap for moving to a competitive low-carbon economy in 2050 envisages a 90-per cent 
reduction in building use and operation-induced emissions (see item 1.2.3 of this chapter).

2.2.1.  Energy and GHG emissions in construction material manufacture

As noted earlier, energy and GHG emissions in construction material manufacture 
depend heavily on the construction technology in place in each country; in Spain, for 
instance, clay-based materials and structural concrete are commonly used, whereas in 
the United Kingdom steel and concrete blocks are the materials of choice. At the same 
time, the transmittance requirements for enclosures and openings vary widely from one 
construction code to another, largely due to differences in climate. The combination of 
these factors explains the diversity in inter-country energy demand and emissions values 
per square metre.

Energy demand and GHG emissions related to construction material manufacture 
have been quantified by four studies published fairly recently in Spain, none of which 
addresses the energy and emissions involved in transporting prime materials or semi-
processed or finished products.

The studies in question are:
•	 Ministry of Housing (now Ministry of Internal Development) report entitled Sobre una 

estrategia para dirigir el sector de la edificación hacia la eficiencia en la emisión de gases 
de efecto invernadero (GEI) (a strategy for guiding the building construction industry 
toward low greenhouse gas (GHG) emissions) dated October 2007, co-authored by 
Albert Cuchí and Anna Pagés of the Polytechnic University of Catalunya

BUILDING-INDUCED EMISSIONS IN SPAIN, 1990-2005
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•	 paper entitled “Cambio global España 2020/2050, sector edificación” (global change 
Spain 2020/2050, building construction industry), dated April 2010, by Albert Cuchí, 
Gerardo Wadel and Paula Rivas

•	 article entitled “Cuantificación energética de la construcción de edificios y el proceso 
de urbanización” (quantification of building construction and urban planning energy 
demand) by Mikel Cepeda and Iker Mardaras, published in Conarquitectura in October 
2004

•	 communication by Luis Irastorza delivered in December 2007 at the Congress on Low 
Carbon Urban Built Environments, entitled “GHG emissions in the building and 
transport sectors; overview and proposals for reduction”, which summarises the results 
of studies conducted by the author and Jesús Arellano on energy demand and CO2 

emissions in Spanish building and urban development.
The construction material-induced energy demand and emissions set out in those studies 
are listed below.

ENERGY DEMAND (MJ/m2)

M. HOUSING
(2007) (1)

CUCHÍ  et al.
2020/2050

(2010) (2)

 CEPEDA/ 
 MARDARAS

(2004) (3)

IRASTORZA/
ARELLANO

(2007)

MULTI-DWELLING UNITS
5 834 6 000/6 900

2 944 3 574

SINGLE FAMILY UNITS 5 873 5 470

CO2 EMISSIONS DE (kgCO2/m2)

M. HOUSING
(2007) (1)

CUCHÍ  et al.
2020/2050

(2010) (2)

IRASTORZA/
ARELLANO

(2007)

MULTI-DWELLING UNITS
555 500/700

336

SINGLE FAMILY UNITS 498

Source: author, based on the studies cited
(1) Source cited: Societat Orgánica
(2) Sources cited: Informe MIES, A. Cuchí, 1999; Parámetros de sostenibilidad, F. Mañas et al, ITEC 
(Catalonian Construction Technology Institute) 2002; La sostenibilidad en la arquitectura industrializada, 
G.Wadel, PhD. dissertation, 2009
(3) Authors’ analysis of 14 designs for single family and multi-dwelling units built between 1997 and 
2003 in three Spanish provinces: Navarre (11), Cantabria (2) and La Rioja (1). Energy demand was 
computed for all the construction materials used to erect the buildings as well as the machinery for 
handling and transporting the materials on site. The authors estimated that quantitative information 
was at hand for approximately 85 % of the materials. The energy data for construction materials were 
taken from the “Guía de la edificación sostenible, IDEA, 1995”.
(4) Nine types of multi-dwelling and nine types of single family units were analysed. The 2007 edition of 
the ITEC (Catalonian Construction Technology Institute) database on construction material energy and 
emissions was also used.
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The conclusion drawn from the aforementioned data are listed below.
•	  The wide scatter among the findings reported by the various studies identifies a need for 

developing a common methodology.
•	 The energy demand and emissions per square metre in single family houses were 

substantially higher than for multi-dwelling units. Measured in terms of type of 
housing (rather than m2), these differences are much greater, inasmuch as single family 
houses are considerably larger than multi-dwelling units.

Only one of the studies cited, the congress communication, analysed the sensitivity of 
the findings to the use of different materials. The results of that analysis are shown below.

Source: Irastorza and Arellano, 2007

Further to the above data, with today’s systems and technologies, energy and emissions 
may fluctuate by ±20/25 % around the mean, depending on the materials chosen.

Only two of the aforementioned studies quantified or furnished data with which to 
estimate the emissions induced by the energy demand for building use and operation.
•	  According to the Ministry of Housing (2007), total GHG emissions from building 

use and operation in Spain amounted to 93 MtCO2-eq in 2005. The 2011 edition of 
the Pontifical University of Comillas’s Energy and Sustainability Observatory, in turn, 
reckoned that residential sector emissions account for 61 % of total building emissions. 
The percentage for 2006, for which no information is available, may be assumed to be 
fairly similar. In 2005 the country had a total of 15.1 million households (National 
Statistics Institute), to which the equivalent housing occupied by foreigners (sum of days 
times number of foreign households divided by 365), estimated to come to 10 % of the 
figure for Spanish nationals, would have to be added. On those grounds, the emissions 
per home in Spain can be estimated to be:
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•	  The paper “Cambio global 2020/2050, sector edificación” estimates that dwelling use 
and operation entail the emission of 3 tonnes/CO2 per year, and 6 tonnes per year 
where electric power is the sole source of energy. The source cited is “Parámetros de 
sostenibilidad”, F. Maña et al., ITEC 2002.

In the discussion below, the energy demand (in number of years, based on the 
aforementioned 2004 study by Cepeda and Mardaras) and emissions (based on the other 
three studies) attributable to material manufacture are compared to the values for those 
same parameters associated with building use and operation.

•	  The Cepeda and Mardaras study concludes that the energy demand for construction 
material manufacture is equivalent to:

•	 the energy consumed by a multi-dwelling unit in 8.16 to 13.63 years
•	 the energy consumed by a single family unit in 16.31 to 27.15 years

•	  Adopting the value of 3 tCO2/dwelling⋅year as the mean GHG emissions value for 
Spain, the ratios between the embedded and use/operation energy calculated by the 
aforementioned studies are shown below.

•	 Ministry of Housing (2007)

555 kg CO2/m2 x 100 m2/ dwelling x 1.2 (1) 

= 22.2 years3 000 kg CO2 / dwelling per year 

•	 Global Change 2020/2050 (2010)

600 kg CO2/m2 x 100 m2/ dwelling x 1.2(1) 

= 24 years3 000 kg CO2 / dwelling per year 

•	 Irastorza and Jesús Arellano study (2007)

(336 x 0,8(2) kg CO2/m2 x 100 m2 /dweling x 1.2(1)+ 498 x 0.2 (2) kg CO2/m2 x 180 m2/dweling x 1.2 (1)

= 16.1 years3 000 kg CO2 / dwelling per year

(1) Assuming 20 % of the floor space is used as a storeroom or garage
(2) Assuming 80 % multi-dwelling (100 m2/unit) and 20 % single family (180 m2/unit) units

Despite the dispersion, the results illustrate the scale of the energy demand and emissions 
generated in construction material manufacture, which, depending on the study, are 
equivalent to 10 to 25 years of housing use and operation.

The variations over time in this value depend in turn on two foreseeably antagonistic 
factors: on the one hand, the number of new units to be built, which in Spain will 
be substantially lower than in recent years; and on the other, the reduction in use and 
operation energy demand required by the European Directive on the Energy Performance 
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of Buildings. Unless material manufacture-related energy demand and emissions are 
reduced, the effect of the directive will be to raise the proportion of both with respect to 
the values associated with building use and operation. (By way of example, as discussed 
in item 1.2.2.1 of this chapter, the new technical building code for structural concrete, 
which is to come into effect in 2013, will entail a 30-per cent energy savings in building 
use demand, raising the ratio between manufacture and use by a factor of 1.4.).

The conclusions to be drawn from the foregoing are as follows.

1.  A pressing need exists for both a methodology with which to calculate these parameters 
and an official energy and emissions database on construction material manufacture 
to eliminate the existing scatter in the results.

2.  The magnitude of the energy demand and emissions associated with construction 
material manufacture relative to the respective values for building use and operation 
calls for their inclusion, firstly, in the European Directive on the Energy Performance 
of Buildings, and subsequently in Member States’ building codes. That in turn will 
require systematic, in-depth studies that should be undertaken as soon as possible, in 
light of the large number of products involved.

2.2.2.  Energy demand and GHG emissions associated with building use and operation

Of the various stages of a building’s life cycle (material manufacture, transport, construction, 
use and operation, demolition and recycling), use and operation carries the heaviest weight 
in the energy demand and greenhouse gas emissions generated, followed by construction 
material manufacture and, at a considerable distance, transport, demolition and recycling.

In the EU27, the final energy demand associated with building use and operation 
accounted for 40 % of the total in 2009, with 27 % attributed to the residential and the 
remaining 13 % to the tertiary sector (sources: Buildings Performance Institute Europe, 
Europe’s Buildings under the Microscope, October 2011, and the European Directive on 
the energy performance of buildings). In Spain the final energy demand for residential 
and tertiary building use and operation accounted for 29 % of the total in 2010 (source: 
Pontifical University of Comillas, BP Chair on Energy and Sustainability, Energy and 
Sustainability Observatory in Spain, 2011 edition). Residential buildings accounted for 
64 % (18.5 % of total final energy demand) of the total for buildings, and the tertiary 
sector for 36 % (10.5 % of total final energy demand). Neither the EU nor the Spanish 
data include the energy demand attributable to construction material manufacture.

Building use and operation, in turn, accounts for 36 % of total EU27 greenhouse gas 
emissions (European Directive 2010/31/EU on the energy performance of buildings); no 
reliable data were found on the EU-wide emissions associated with construction material 
manufacture. In Spain, 33 % of total emissions are attributable to construction material 
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manufacture and building use and operation (Ministry of Housing, Sobre una estrategia 
para dirigir el sector de la edificación hacia la eficiencia en la emisión de GEI, October 
2007), with the latter ranging from 21 % (Ministry of Housing, aforementioned report) 
to 24 % (“Cambio global España 2020/2050, sector edificación”, April 2010) and the 
remainder accounted for by material manufacture.

DISTRIBUTION OF FINAL ENERGY DEMAND BY SECTOR

Source: Buildings Performance Inst. Europe, 
October 2012 

Source: Energy and Sustainability 
Observatory, P.U. Comillas, 2011

Along these lines, the European roadmap for moving to a competitive low-carbon 
economy in 2050 provides for reducing GHG emissions in 2050 by 80 % relative 
to 1990, and for a 90-per cent decline in emissions associated with building use and 
operation by that year.

The foregoing reveals a need for a thorough overhaul of building design and 
construction to hit such ambitious targets. The buildings sector has never before been 
confronted with the need for such a profound change in such a short period of time.

The imperative for a swift turnaround in building energy performance is directly 
related to their long service life and the difficulties and costs involved in retrofitting.

2.2.1.1  Present energy performance in European buildings

The building net floor space in the EU27, Switzerland and Norway amounts to  
25 000 km2 and is growing at a rate of around 1 % yearly (BPIE, 2011). The building 
gross floor space is comparable to the total land area of a country of the size of Belgium 
(30 528 km2).
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BUILDING GROSS FLOOR SPACE IN EU27, SWITZERLAND AND NORWAY

Population (2010) Land area  (Km2) Building floor space  (Km2)
EU 27 501 million 4 324 782 24 000
US 309 million 9 826 675 25 000
China 1 338 million 9 598 080 35 000

The distribution of floor space by European region (north & west, south and central & 
east) is shown in the map below.

FLOOR SPACE DISTRIBUTION IN EU27, SWITZERLAND AND NORWAY

North/west AT, BE, CH, DE, DK, FI, FR, IE, LU, NL, NO, SE, UK Population:  281 million
Central/east BG, CZ, EE, HU, LT, LV, PL, RO, SI, SK Population:  102 million
South CY, GR, ES, IT, MT, PT Population:  129 million

Source: BPIE, Europe’s Buildings under the Microscope, October 2011
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Spain, along with Italy, Greece, Portugal, Malta and Cyprus, lies in the southern European 
group of countries. The distribution of the building net floor space by country shows that 
Spain, with a total of 2.6 billion square metres, 2.250 billion of which are residential and 
380 million non-residential, has the fifth highest number, after Germany, France, United 
Kingdom and Italy. 

Note that the residential floor space in Spain is somewhat higher than in the United 
Kingdom and slightly lower than in France and Italy. As all three countries have much 
larger populations, floor space per capita is much greater in Spain. The same conclusion 
can be drawn from a comparison of Spanish and German residential floor space. These 
findings are down to the large number of second homes in Spain, many owned by foreign 
citizens, and the large number of vacant dwellings. 

The opposite is true, however, of the non-residential floor space per capita in Spain 
compared to Germany, France and the United Kingdom, where the values are much 
higher.

FLOOR SPACE DISTRIBUTION BY COUNTRY

Source: BPIE, Europe’s Buildings under the Microscope, October 2011

In the EU27, Switzerland and Norway, 75 % of the 25 Mm2 of building total floor space 
is residential and the remaining 25 % non-residential. In Spain the percentages are 86 
and 14 %, respectively.

Europe-wide, 64 % of the dwellings are single family houses, and 36 % apartments. 
This distribution is very different in Spain, where 34 % are single family homes and 66 % 
apartments. 
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DISTRIBUTION OF RESIDENTIAL FLOOR SPACE IN THE EU27, SWITZERLAND AND NORWAY

Source: BPIE, Europe’s Buildings under the Microscope, October 2011

The distribution by use of the non-residential buildings in the 29 countries is shown in 
the table in the margin. The distribution of non-residential buildings by country and 
purpose is shown below.

BREAKDOWN OF NON-RESIDENTIAL FLOOR SPACE

Source: BPIE, Europe’s Buildings under the Microscope, October 2011 

Wholesale & retail 28%

Public and private offices 23%
Educational 17%
Hotels and restaurants 11%
Hospitals 7%
Sport facilities 4%
Other 11%
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The distribution of residential buildings by age varies substantially by region and country. 
In Spain, for instance, 32 % of the units were built before 1960, 41 % between 1961 
and 1990 and 27 % between 1991 and 2010. Changes were introduced in the country’s 
energy requirements for buildings in 1979 (NBE-CT-79) and 2006; in the latter year, the 
studies that served as the grounds for the 2006 Technical Building Code estimated a 25- 
per cent reduction in heating demand for comparable buildings with comparable energy 
facilities built after the code came into effect.

AGE PROFILE OF RESIDENTIAL FLOOR SPACE

Source: BPIE, Europe’s Buildings under the Microscope, October 2011 

Housing ownership, tenure and location in Spain at this writing are as follows.
•	 One hundred per cent of dwellings are privately owned.
•	 A total of 84 % of dwellings are owner-occupied, 14 % are leased to private 

tenants and 2 % to public tenants.
•	 In all, 67 % of the units are urban and 33 % rural.



THE CITIES OF THE TWENTY-FIRST CENTURY

346

Housing ownership, tenure and location in the countries analysed exhibit substantial 
differences, as the graphs below show.

TENURE OF RESIDENTIAL BUILDINGS IN EUROPE BY NUMBER OF DWELLINGS  
(EXCEPT FRANCE, GIVEN IN m2)

Source: BPIE, Europe’s Buildings under the Microscope, October 2011 

LOCATION OF RESIDENTIAL BUILDINGS (URBAN VS RURAL) BY NUMBER OF DWELLINGS

Source: BPIE, Europe’s Buildings under the Microscope, October 2011  

OCCUPATION OF RESIDENTIAL BUILDINGS IN EUROPE BY NUMBER  
OF DWELLINGS (EXCEPT FRANCE, GIVEN IN m2)

Source: BPIE, Europe’s Buildings under the Microscope, October 2011  
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CO2  EMISSIONS PER USEFUL FLOOR AREA 

Source: BPIE, Europe’s Buildings under the Microscope, 
October 2011 

Building energy demand has followed two very clear trends since 1990: a 50-per cent rise 
in gas and electric power consumption and a decline in the use of oil and solid fuels by 
25 and 75 %, respectively.

FINAL ENERGY DEMAND SINCE 1990 IN THE EU27, SWITZERLAND AND NORWAY

Source: BPIE, Europe’s Buildings under the Microscope, October 2011 

Buildings are responsible for 36 % of emissions in Europe. On average, emissions generated 
by building use and operation amount to 54 kgCO2 per m2 of net floor space, with country 
means that fluctuate from 5 to 120. In Spain, the mean value is 30 kgCO2/m2 of building 
net floor space (see graph in the margin).

In 2009, 68 % of the final energy demand generated by buildings in Europe was 
attributed to the residential and 32 % to the non-residential sector. Since housing 
accounts for 75 % of building floor space in Europe and other uses for 25 %, the energy 
intensity of residential buildings is somewhat lower, on average, than found in other types 
of buildings.

Energy is used in housing for heating, cooling, hot water, lighting, and kitchen and 
other household appliances. Electric power demand has risen by 38 % in the last 20 years, 
while fuel demand has remained essentially flat (see the graph on the next page).

Heating generated 55 % of the final building-related energy demand in the southern 
countries, 66 % in central and eastern Europe, and 67 % in the north and west.

The electric power demand in non-residential European buildings, in turn, has grown 
by 70 % since 1990, while the demand for fuel has remained fairly constant (see the graph 
on the next page).
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FINAL ENERGY USE IN THE RESIDENTIAL SECTOR  
IN THE EU27, NORWAY AND SWITZERLAND

Source: BPIE, Europe’s Buildings under the Microscope, October 2011 

The breakdown of final energy demand by use in the residential sector is shown in the 
margin. In the non-residential sector, energy demand, which is higher on average than 
the demand associated with housing, varies widely by use and country (as shown below).

SPECIFIC ENERGY BY USE IN NON-RESIDENTIAL BUILDINGS IN SELECTED COUNTRIES

Source: BPIE, Europe’s Buildings under the Microscope, October 2011

FINAL ENERGY USE IN THE NON-RESIDENTIAL SECTOR  
IN THE EU27, NORWAY AND SWITZERLAND

Source: BPIE, Europe’s Buildings under the Microscope, October 2011

FINAL ENERGY USE IN NON-RESIDENTIAL BUILDING TYPES 
IN SELECTED EUROPEAN COUNTRIES

Source: BPIE, Europe’s Buildings under the Microscope, 
October 2011
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2.2.2.2  The need for building renovation in Europe

The information on the pace of building renovation across Europe is divergent, to put it 
mildly. In Spain in particular, no reliable data or papers have been found that provide a 
quantitative description of this sub-industry broken down by use. Only macroeconomic 
information is available. Another important item in this connection is the depth of 
renovation, which, in highly simplified terms, could be measured as investment cost per 
square metre. And yet even less is known about this parameter

Building renovation rates in several European countries are shown in the table below.

RENOVATION RATES ACROSS EUROPEAN UNION MEMBER STATES

Country Residential Non-residential Unspecified Comment

Austria 1.20 %

Cyprus 0.9 % Mean 1980-2009

Czechoslovakia
2.4 % (single family)
3.6 % (multi-family)

Estimated by 
SEVEn

Finland 1-1.5 %

Germany 0.7%

Hungary 1.30 %

Italy 1.20 %

Lithuania 0.36 % 2.75 % Average 2005-10

Netherlands 3.5 % 1.6 % (offices)

Norway 1.5 % 1.5 %

Poland 2.5 % (multi-family)

Portugal 1.5 %

Slovakia 2 %

Switzerland 0.8-1 %

Other sources*

Novikova (2008) 1 %

Janssen (2010) 1.2-1.4 %

Petersdorf (2004) 1.80 % EU15

Lechtenböhmer 
(2009)

1 % EU27

Source: BPIE Europe’s Buildings under the Microscope, October 2011; * quoted by Urge-Vorsatz et al., 
Central European University 
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According to the preceding table, the European building stock is presently being renovated 
at a rate of around 1 % yearly, although the values vary widely from one country to 
another. Assuming that this rate remains constant until 2050 and the new build rate is 
also 1 % yearly, the percentage of the stock neither renovated nor built to the stricter 
building codes enacted with the transposition of the European Energy Performance of 
Buildings Directive (EPBD) (and assuming also, for the sake of simplification, that the 
national codes are applicable from 2011), would be as follows:

renovation rate

(1-1%)40/(1+1%)40 = 45%

new build rate

In other words, in that scenario (which takes no account of the depth of renovation and 
assumes that no building is renovated twice between now and 2050), 45 % of the stock 
existing in 2050 will remain unrenovated. All the buildings comprising that 45 % will 
have been built prior to 2010, i.e., to more lenient building codes than imposed by the 
EPBD and consequently with a mean energy demand of 54 kgCO2 per square metre 
of floor space. Therefore, even if all the buildings erected after 2011 had nil emissions 
(which is impossible), the emissions from the existing unrenovated stock in 2011 would 
bring the mean emissions in 2050 to 24.3 kgCO2/m2 (=54 kgCO2/m2x0.45), a figure 
much higher than the 3 kgCO2/m2 necessary to reduce building emissions by the 90 % 
called for in the European roadmap for moving to a competitive low-carbon economy 
(see the item below for an explanation of the 3-kgCO2/m2 figure).

In other words, the building stock must clearly be renovated at a higher rate to meet 
the carbon-free economy target set for 2050. Moreover, the depth of renovation must be 
intensified, and that in turn will call for implementing the measures described at the end 
of this item.

One of the greatest weaknesses of the Energy Performance of Buildings Directive 
(EPBD) may be its scantly ambitious renovation targets. It requires the application of 
the cost-optimal (i.e., cost calculated across the life cycle) method only where major 
renovation is concerned, but in fact no effective measures are envisaged to require the 
market to increase the in-depth renovation rate. One way to address this issue might 
be to require defining the depth of renovation in cost-optimal terms. Provisions that 
encourage in-depth renovation in Member States’ national codes are consequently of 
strategic importance.

Moreover, a series of obstacles exist on the Member State scale that hinder any 
increase in renovation rate or depth, including: 1) the landlord-tenant dispute over who 
funds and who benefits from renovation; 2) the many actors who intervene in the process 
and their (often conflicting) interests; 3) the conditioning factors for renovating certain 
buildings (historic buildings, for instance); and 4) the difficult access to financing or 
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scantly attractive interest rates and the existence of subsidies for energy generation.
A few key recommendations that might enable the European Union and its Member 

States to advance in the right direction in terms of renovation are listed below.

A) Key recommendations for the European Union
1.  Political measures
•	  The existing legislation must absolutely be reinforced with a roadmap for 

renovating the present building stock. Such a roadmap must include binding 
energy renovation targets for buildings.

•	  EU legislation must require Member States to prepare national renovation plans 
that should include regulatory, financial, informative and educational measures.

•	  The European Union should harmonise the information furnished by the Member 
States relating to building energy performance.

2.  Financial measures
•	  EU spending to renovate the building stock (from the Structural or Regional 

Development Funds, for instance) must be restricted to projects achieving cost-
optimal levels (as defined in Directive 2010/31).

B) Key recommendations for Member States
1.  Practical measures
•	  National governments should eliminate the market barriers and administrative 

bottlenecks that obstruct building renovation. Improving building energy 
efficiency or performance will generate significant economic benefits for society 
and contribute to economic recovery.

•	  Member States should establish long-term regulatory, financial and educational 
measures.

•	  The requirement to comply with building codes will be instrumental to countering 
the general opinion that energy efficiency measures entail extra cost. Legislative 
requirements must be monitored and enforced.

•	  The public sector must assume a leadership role in the necessary renovation 
revolution. This is envisaged in the draft energy performance directive (not in 
effect in October 2012) which provides that, beginning in 2014, governments 
must renovate 3 % of their building stock yearly.

•	  Energy utilities may play an essential role in in-depth renovation programmes by 
furnishing the necessary technological capacity and financing.

•	  An effective and accurate information system on the existing building stock 
is absolutely imperative. Member States must cooperate in the creation and 
maintenance of such information, which must be harmonised across Europe.
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2.  Financial measures
•	  The success of in-depth renovation programmes will depend on the creation of 

suitable funding schemes, which should cover all types of buildings.
•	  Renovation programmes must be based on a prior macroeconomic analysis to 

ensure the sustainability and durability of the measures proposed by integrating 
all benefits, minimising costs, earmarking budgetary allocations and proposing 
the most suitable market instruments.

•	  Convincing private capital to invest in building renovation is a key item in any 
programme aiming to spur the economy, and to turn energy efficient measures 
into a sustainable business activity.

3.  Training and promotional measures
•	  Building professionals’ know-how will have to be expanded substantially to 

achieve effective and high quality renovation.
•	  Promotion should form an essential part of renovation programmes. The German 

KfW experience shows that one important element for success is the creation of a 
well-known and reputed energy performance label.

2.2.2.3  Principles for nearly zero-energy buildings (nZEB)

The contents of this item are based, among others, on a report published in November 
2011 by the Buildings Performance Institute Europe (BPIE) entitled Principles for nearly 
zero-energy buildings, coordinated by Bogman Atanasiu and drafted in conjunction with 
Ecofys Germany GmbH and the Danish Building Research Institute. 

The BPIE is an operationally independent, not-for-profit research and think tank 
whose objectives are: 1) to define cost-optimal levels for minimum requirements; 2) to 
certify energy performance; 3) to promote nearly zero-energy buildings; and 4) to finance 
large-scale renovation.

As noted above, the European Energy Performance of Buildings Directive (EPBD) 
stipulates that by 2019 all new public buildings and by 2021 all new private buildings 
must comply with nearly zero-energy provisions. The directive defines a nearly zero-
energy building (nZEB) to be a building with very high energy performance. It likewise 
stipulates that any energy required in such buildings should to a very significant extent be 
covered by energy from renewable sources, including energy produced on-site or nearby.

The EPBD prescribes no uniform methodology for implementing nearly zero-energy 
building (nZEB) provisions, nor does it establish any method for calculating the energy 
balance. Member States are left considerable room for manoeuvre, although required to 
lay down clear and precise definitions of what is meant by nZEB. The Directive does, 
however, impose the use of cost-optimal methodology (costs spread across a building’s life 
cycle), which entails taking into consideration both the initial investment and all operating 
and maintenance costs. As discussed in detail earlier (see item 1.2.2 of this chapter), this 
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method also calls for discounting the expenditures and revenues accruing after the initial 
investment, and for formulating long-term forecasts of variations in energy prices.

The definition of nearly zero-energy buildings (nZEB) must necessarily be compatible 
with the European Union’s objective to reduce emissions by 80 % in 2050 relative to the 
1990 values. That in turn will require lowering the emissions associated with the building 
stock by 90 % by that date (see item 1.2.3 of this chapter). Further to BPIE forecasts, 
in 2050 the building net floor space in the EU will amount to 38 billion square metres, 
approximately one-third of which will be built after 2011.

A)  Main challenges and implications for nearly zero-energy buildings (nZEB)
The ten major challenges discussed below, along with their respective implications, will 
have to be addressed to establish a consistent and precise definition of nearly zero-energy 
buildings.

Challenge 1: How do present EU policies and targets for CO2 emissions, energy 
performance and renewable energies affect the definition of nearly zero-energy buildings?

Given that in 1990 the buildings in the EU emitted 1 100 MtCO2 (direct and direct 
emissions deriving from heating, domestic hot water and cooling), and assuming a 
building net floor space of 38 billion square metres in 2050, if emissions are to be 
lowered by 90 %, the mean value per square metre and year at that time would have to 
be 3 kgCO2/m2 x year (1 100 MtCO2/year x 0.1 / 38 x 109m2 = 2,89 kgCO2/m2 x year).

Since this 3-kgCO2 /m2 per year emissions ceiling would be applicable to the entire 
building stock in 2050, new builds’ (constructed primarily after 2021, when the 
Energy Performance of Buildings Directive will be in full effect) emissions will have to 
be smaller. That would allow the renovated buildings some, but not much, room for 
manoeuvre, for in 2050 they will account for nearly two-thirds of the total building 
stock. In other words, if all the buildings erected in the EU in the next 40 years 
were zero-energy buildings (which would not appear to be possible), all the buildings 
presently in place would have to be renovated to lower their emissions to no more 
than 4,5 kgCO2 /m2 x year).

That the present building stock emits 54 kgCO2/m2 x year in the EU as a whole 
and 30 kgCO2 /m2 x year in Spain (BPIE, 2011) ) is eloquent proof of the magnitude 
of the effort required.

Challenge 2: What are the differences between nearly zero-primary energy building 
solutions and nearly zero CO2 emissions solutions?

The Energy Performance of Buildings Directive aims to lower CO2 emissions by 
lowering energy demand. The inference is that even if energy were not an important 
issue, CO2 emissions would be.

The relationship between a building’s energy demand and the emissions it generates 
depends on the energy mix used and generation and distribution arrangements: oil, 
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gas, district heating, renewable energies and electric power.
Minimum building energy performance requisites should apply an energy indicator 

able to suitably represent both energy and CO2 emissions, and the latter should 
decline in proportion to the former.

As a rule, a building’s primary energy demand suitably reflects fossil fuel depletion 
and is sufficiently proportional to CO2 emissions. That proportionality is only 
distorted by the use of nuclear energy. If only one indicator is to be applied, the most 
suitable parameter is the building’s primary energy demand, although supplementary 
information should also be provided on emissions.

Another relevant matter is the factors used to convert final to primary energy, which 
should not be influenced by political considerations or erroneous calculations, and 
must be continuously adapted to actual energy system values.

Challenge 3: What choices should be made in connection with time disparities (daily or 
yearly balance) and local disparities (on- or off-site production) between energy produced 
and consumed?

The most practical solution for dealing with local disparities when calculating the 
primary energy used in a building is to include all the demand sourced by renewables, 
whether produced on-site, nearby or off-site. Allowing only the energy from renewable 
sources produced on-site or nearby to be included in the equation would constitute 
a sizeable barrier to enforcing the legislation on nZEBs. Connection to a centralised 
environmental control system should be mandatory when plans are in place for building 
a centralised renewable energy plant that can supply power at a reasonable price.

Time-related disparities in energy supply may affect the associated GHG emissions 
when off-site energy is deployed to compensate shortfalls between the energy supplied 
by on-site renewables and building energy demands. Monthly energy balances are 
sufficiently accurate for calculating a building’s emissions.

Challenge 4: How can the definition of nearly zero-energy buildings (nZEBs) be worded 
to ensure it will be expandable to energy-positive buildings?

Nearly zero-energy buildings should not be regarded as an ultimate goal, but as an 
intermediate step toward a future with better buildings, the so-called energy-positive 
buildings.

A building’s energy performance pattern should be based on a yearly balance, but 
that unit of measure should evolve toward monthly balances in future.

The use of renewable energy from the grid should be an option when sufficient 
renewable energy is not available on-site or nearby due to building spatial or geometric 
constraints or climate conditions.

The energy balance should take the quality of energy into consideration and assess 
heating and electricity separately. A single family unit, for instance, that consumes 
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500 kWh/year of electric power for a heat pump and produces 500 kWh/year of 
low temperature energy from solar panels should not be regarded as a zero-energy 
building. Consequently, energy quality should be an important factor to prevent 
mistaken conceptions about nearly zero consumption and to allow for the future 
development of energy-positive buildings.

Challenge 5:  How can the definition be shaped to be applicable to different climates, 
building types and construction traditions?

The definition of nZEB must address climate, geometry and building use.
- Climate: 
Two options can be considered.
a.  The energy requirements could be calculated for an average European building 

located in an average climate to meet the EU targets for 2050. Such requirements 
could then be corrected nationally or locally based on the use of heating and cooling 
degree-days. This option entails the implementation of different requirements for 
different climates.

b.  A set value could be established for all countries, regardless of climate. Such an 
option would favour areas with more benign climates, such as Spain.

- Geometry: 
For new buildings, requirements should be unrelated to geometry. In existing 

buildings, however, geometric factors should be analysed to avoid placing an excessive 
burden on building owners.

- Use: 
All residential buildings should be subject to the same requirements. Non-residential 

buildings with use patterns similar to residential buildings should likewise be subject 
to the same requirements. All other non-residential buildings should be classified into 
the smallest possible number of categories, each of which should have specific energy 
requirements.

Challenge 6: Should zero-energy buildings and their respective thresholds include 
household electric power demand (plug load) and, if so, how should this be done?

Further to the EPBD, the definition of nearly zero-energy buildings (nZEBs) covers  
heating, domestic hot water, cooling, ventilation, lighting (for non-residential 
buildings only) and related ancillary energy (electricity for pumps, for instance). The 
demand generated by electrical appliances, lifts and fire protection systems is excluded. 
Future recasts of the EPBD should include plug load, for instance, by stipulating a 
pre-established value per person or square metre, as is done for domestic hot water.

A sustainable definition of nearly zero-energy demand buildings must include the 
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building’s entire demand for the following reasons.
•	  In today’s low-energy or passive dwellings, the plug load is of the same order of 

magnitude as the energy required for heating, cooling and domestic hot water.
•	  On average, electric power demand in Europe involves the consumption of 

comparatively large amounts of primary energy and related carbon dioxide 
emissions. This would be equally applicable to material manufacture and transport, 
as well as building demolition and recycling.

Challenge 7: Should building construction, demolition and recycling be included, and 
if so, how?

Building life cycle analysis is clearly not addressed in the EPBD’s aims, but should be 
in any future amendment. The following considerations should be borne in mind for 
the near future.
•	  The relative energy demand attributed to building construction, demolition and 

recycling grows as the energy consumed in its use and operation across its life cycle 
declines.

•	  Due to the inconsistency of the results obtained with different life cycle analysis 
tools, it is too early to establish a consumption threshold for a building’s entire 
service life.

•	  One practical solution for the near future would be to estimate the energy 
consumed in construction, demolition and recycling and include this information 
together with the indicators reflecting a building’s energy performance.

Challenge 8: Analysis of single vs groups of buildings

The focus in the EPBD is clearly on the energy performance of individual buildings. 
Nonetheless, powerful reasons may be identified for considering groups of buildings 
and calculating their joint energy balance. This issue should be addressed from both 
the demand- and the supply-side.
•	  From the demand-side perspective, no consistent reasons would appear to justify 

eliminating the thresholds set for individual buildings.
•	  From the supply-side perspective, the EPBD clearly envisages the possibility of 

using centralised environmental control and domestic hot water systems, which 
could replace the systems in the host buildings. The benefits of such centralised 
systems would include lower investment and operating costs, higher performance, 
greater adaptability to technological improvements and greater storage capacity.

Challenge 9: Balance between energy demand and renewable energy

Today no-one knows how much renewable energy will be available for buildings in 
2050. Consequently, to maximise the likelihood that 100 % of the supply will be met 
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by renewables and to ensure a sustainable future, the most logical solution is to minimise 
the demand for renewable energy by implementing energy efficiency measures.

That, in turn, calls for establishing a maximum energy demand and a minimum 
percentage of renewables, both of which measures are in keeping with the EPBD.

The energy demand threshold could be established for each country within a given 
corridor, based on a global, EU-wide top-down analysis compatible with long-term 
climate targets, adjusted by country or region in terms of heating or cooling degree- 
days (see Challenge 5).

The minimum proportion of renewables for meeting the rest of a building’s demand 
should be in the 50-90 % range to ensure consistency with the EU’s energy and 
climate objectives.

Challenge 10: Convergence between nearly zero-energy buildings and the buildings 
defined using the cost-optimal procedure

The cost-optimal methodology laid down in the EPBD is also suitable for estimating 
the optimal cost of nearly zero-energy buildings in 2021. In fact, cost-optimal 
methodology can be used to design financial support (soft loans, subsidies) and 
market development (reducing the cost of certain technologies, for instance) measures 
to provide for a smooth transition from the present levels of energy performance to 
the nearly zero-energy demand to be attained in 2021.

Consequently, when the primary energy demand threshold is established for nearly 
zero-energy buildings, each country should be afforded the freedom to set the value 
within a given range, which might be defined as follows
•	  The (less ambitious) upper limit would be established by applying the cost-optimal 

method set out in Article 5 of the EPDB.
•	  The (more ambitious) lower limit should require the application of available 

and well-established market technologies, such as triple glazing for windows, for 
instance, if the limit were in effect today.

Each Member State could determine its national requirements depending on the 
conditioning factors in place.

By 2021, differences will very likely arise in some countries between cost-optimal 
levels and the levels defined for nearly zero-energy buildings. Conversely, the two may 
well converge in other Member States, essentially due to energy cost patterns and the 
expected decline in the cost of certain technologies. 

B)  The way forward for successfully implementing nearly zero-energy building policy

The steps required to successfully implement nearly zero-energy building policy are listed 
below, along with the parties responsible for each.
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STEP PARTY RESPONSIBLE

1. To agree to a specific outline for a definition of nearly zero-energy 
buildings based on the EPBD

EU Member States, 
European Commission, 
European Parliament,
stakeholders

2. To establish benchmarks for nearly zero-demand buildings in various 
Member States as a basis for comparison

EU Member States, 
European Commission, 
stakeholders

3. To decide on a range for a global nearly zero-energy building 
threshold, such as: 0-3 kgCO2 /m2 x year

EU Member States, 
European Commission, 
European Parliament

4. To establish a common reporting format for Member States to 
be used in national plans for moving towards nearly zero-energy  
buildings

EU Member States, 
European Commission

5. To favour and support the construction of nearly zero-energy 
buildings by helping investors with the up-front investment, drafting 
a schedule and actively encouraging the development of new know-
how for new energy efficiency technologies

EU Member States, 
European Commission

6. To draft a definition for building renovation at nearly zero-energy 
levels. Such a definition would be similar to the definition for new 
buildings, albeit less demanding in certain respects and acknowled-
ging the limitations inherent in renovating existing buildings

EU Member States, 
European Commission, 
European Parliament,

stakeholders

Given the long service lives of buildings (>30 - 40 years), there will clearly be no second 
chance if action to design and suitably implement effective measures is not taken now.

2.2.2.4  Study of office building optimisation in Madrid

At this writing, the author is undertaking a very ambitious study on the optimisation of 
office buildings in Madrid, whose two main objectives are set out below.

The first is to ascertain the reasonable limits to the performance requirements (and 
their respective investment + operating and maintenance costs) for office buildings to 
be built or renovated in future, bearing in mind:
•	  the foreseeable evolution of construction technology and building design and the 

respective costs
•	  costs across a building’s full life cycle: construction, operation and maintenance, 

in which a comparison of different solutions will require making assumptions 
about both variations in energy prices and discount rates for future costs

•	  the existing building codes and future trends, in which context the details (many 
of which have yet to be fully fleshed out, as mentioned earlier) of the nearly zero-
energy building requirements laid down in the European Energy Performance 
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of Buildings Directive and its transposition to national building codes will be of 
particular consequence.

The second is to establish a consistent working document and methodology to: 

•	  be able to put forward documented proposals for amending building code 
requirements in the years to come (at least two revisions are envisaged for the 
Spanish building code between now and 2020, the first in 2013)

•	  to have a nimble updating tool to adjust parameters or assumptions to changing realities 
or to trends different than the evolution foreseen when this study was conducted.

One of the reasons for undertaking this research is to acquire a deeper understanding 
of office building facilities, which must meet requirements that differ greatly from the 
demands made of residential buildings. While most of the lengthy and rigorous research 
conducted as background for revising Spain’s Technical Building Code addressed 
residential buildings, systematic studies of office buildings are practically non-existent.

Another powerful reason for conducting this research is that most of the office buildings 
designed and built in the last 15 years have transparent glazed façades. Initially at least (with 
the exception of very advanced and costly technological solutions, such as mechanically 
ventilated double skin façades), the energy performance of such architectural solutions 
in the city’s Mediterranean climate is lower than in buildings with a certain proportion 
of opaque façades. Energetically speaking, these 100-per cent glazed façade solutions are 
highly suitable around the year in countries at higher latitudes, but that is less true in 
Spain. The country has apparently imported yet another fad (this time in architectural 
design) while neglecting to adapt it to local specifics. This is a long-running debate that 
has generated a need for consistent data on the costs, spread across a building’s life cycle, 
of different types of façades, without which no debate can be sensibly held on a building’s 
aesthetic and functional elements and the need to strike a balance between them.

Both Spain’s 2006 Technical Building Code and its draft amendment, which 
is expected to enter into effect in 2013, are based on the use of an energy model 
(CALENER) and a vast number of simulations for different climates and building types. 
Actual building demand has not been monitored to determine whether the results of 
the energy simulation are reasonably concurrent with the real numbers, although the 
CALENER model output has, naturally, been compared to the data obtained with other 
verified energy models such as DOE, ENERGY PLUS and TRNSYS.

While monitoring renders analysis of the information more complex because it 
introduces an additional variable, namely, the use to which the building is put by the 
tenant, it enhances the reliability of the results when used to calibrate the simulation 
model and certain of its parameters. For that reason, the first step in the present energy 
optimisation study of office buildings in Madrid was to monitor six buildings for 7 
months before embarking on a long series of energy simulations. Future revisions of the 
Technical Building Code would also benefit from studies that validate model results by 
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monitoring buildings, instead of using simulations as the sole basis for the conclusions 
that underlie technical specifications.

This study is also being conducted in the knowledge that energy intensity is much 
greater in office than in residential buildings. The total (thermal and electrical) energy 
demand in residential buildings in Spain in 2009 was 16 581 ktoe, while in the services 
sector (offices, hospitals, retail, restaurants, lodging and education) the figure for that year 
was 9 308 ktoe (source: Spanish Institute for Energy Diversification and Savings, Ministry 
of Industry, Tourism and Trade, December 2011). Since office buildings account for 52 % 
of the total service sector demand, the value for that sub-sector was 4 800 ktoe.

ENERGY INTENSITY IN HOUSEHOLDS

Source: National Statistics Institute (INE) / Ministry of Industry, Tourism and Trade (MIT y C) / 
Institute for Energy Diversification and Savings (IDAE)

ENERGY DEMAND IN THE SERVICE SECTOR

Source: INE / MIT y C / IDAE 
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Moreover, as noted earlier, Spain has a stock of 2.25 billion square metres of residential 
buildings, and just 360 million square meters of non-residential buildings, 80 million 
of which are offices (BPIE, Europe’s Buildings Under the Microscope, October 2011). 
Consequently, office buildings have an energy intensity eight times greater than housing.

2 250 x 109 m2

/
16 581 ktoe

= 8.14 times
80 x 109 m2 4 800 ktoe

This inordinate difference in energy intensity between the two uses explains why in the 
aggregate, housing, with a floor space 28 times greater than offices, only consumes 3.5 
times more energy. The reasons include the higher comfort levels required of offices and, 
very likely, their lower energy performance due to their 100-per cent glazed façades.

This research was also inspired by the results of an optimisation study on office 
buildings located in Barcelona funded by the Spanish Ministry of Science and Research 
and conducted in 2008-2010 by AIGUASOL (engineering consultants), CIMNE (a 
Technical University of Catalunya engineering centre), ALIA (architectural studio) and the 
Barcelona Duty-Free Area Consortium. It was distinguished with the European PALENC 
2010 award and has been published in a number of specialised journals. Its analysis 
of the energy costs of office buildings with glazed façades is divided into four parts: 1) 
monitoring of seven recently built office buildings and calibration of the energy simulation 
models used in each; 2) definition of the theoretical scenarios analysed by defining the key 
variables and parameters (windows, façades, orientation and indoor space) and ranges of 
analysis; 3) energy and economic analysis of building use and operation and the comfort 
conditions in 1 260 scenarios; and 4) energy / economic optimisation scenarios involving 
variations in lighting systems.

ZEPI Building, Barcelona  
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NEXUS II Building, Barcelona 2002

BP Building, Barcelona NEXUS Building, Barcelona 1995

El Pla Service Centre, Barcelona  Customs Building, Barcelona
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This is indisputably the most complete and ambitious analysis of office building energy 
demand ever conducted in Spain, and one of the most comprehensive conducted in 
Europe to date. Its main conclusions can be summarised as follows.
•	  The energy demand in the office buildings analysed was divided approximately into: 

40-50 % lighting, 40-50 % cooling and 10-15 % heating. These percentages varied 
somewhat with façade type and building volume.

•	  Energy demand can be reduced by up to 30-40 % by optimising building orientation 
and volume.

•	  The best energy performance was observed in façades that had either the smallest 
percentage of openings or mechanically ventilated double skins, although the latter are 
much more costly than the former.

•	  In any manner of façade, the best strategy for reducing energy demand is to maximise 
natural lighting by using light sensors. Another performance-enhancement strategy 
consists of using fixed or mobile shading devices, which optimise visual (although not 
thermal) comfort.

The main conclusion drawn by the authors was that “leaving aesthetic considerations 
aside, transparent building design for office use is normally associated with higher energy 
demands and higher costs”.

One of the major questions in energy demand relates to ventilation and infiltration, 
which may account for a substantial portion of an energy-efficient building’s total 
demand (with a weight of 20-50 % of total environmental control-induced demand, 
although the range of variation between buildings is wide and depends on use –residential 
or office– and climate). This is explained in detail in the following item. Here it is merely 
mentioned to emphasise the need to address the matter rigorously and in depth in 
energy optimisation studies for buildings in light of its importance in lowering energy 
demand (ventilation and infiltration carry considerable weight in building environmental 
control). This is a novel feature of the study underway and is hoped to lead to relevant 
conclusions for office building design, inasmuch as, to date, no infiltration trials have been 
conducted in Spanish office buildings. The trial in question is conducted by pressurising 
and subsequently de-pressurising all or part of the building with fans (to +50 and −50 Pa, 
respectively) to estimate the effective leakage area.

Scope, implementation and methodology
In light of the need for and timeliness of this research, sponsors were sought to afford 
it sufficient scope and ensure that a broad spectrum of the players, philosophies and 
interests involved in office building construction and operation would be represented, in 
the understanding that such a focus would enhance the quality, depth and utility of the 
study. The sponsors enlisted were: the Spanish Institute for Energy Diversification and 
Savings, the City of Madrid, ASPRIMA (developers’ business association), Gas Natural 
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(a private energy utility), TYPSA and Jones Lang Lasalle (both engineering consultants), 
REMICA and LKS (service companies), and ARMN and DUCH (developers).

AIGUASOL and ALIA were chosen to perform the study, given their technical 
expertise and experience accumulated in the aforementioned study of office buildings in 
Barcelona, in conjunction with Servando Álvarez, full professor of Heat Engineering at 
the Seville School of Mechanical Engineering and one of the key contributors to the basic 
energy documents on which both the present Technical Building Code and the revision 
underway are based.

The three phases of the study are described below.

Phase 1: Office building monitoring and tool calibration
This phase aims to quantify present scenarios and problems and gather data with 

which to calibrate and link up the simulation tools used. 
Of the six buildings (see photographs) chosen, all are located in Madrid and all but 

one recently built. Together they represent a wide range of architectural and construction 
solutions.

Each building is being continually monitored for 7 months to collect data by 
continuous logging in the summer, winter and intermediate season to ascertain building 
behaviour throughout the year. The outdoor conditions (temperature, relative humidity, 
wind, solar radiation), envelope conditions (enclosure surface temperature) and conditions 
prevailing at environmental control vents (flow and temperature) are being monitored. A 
weather station has been installed on the roof of one of the buildings to record official 
meteorological data during the monitoring period.

In addition, surveys will be conducted among building users and managers and data 
will be collected from recent energy bills.

Finally, fan pressurisation infiltration trials will be run in three of the six buildings.  
That test consists of sealing off an area, a storey or the entire building and using fans to 
pressurise or depressurise the volumes to be analysed to +50 or −50 Pa .

(see photos on next page)

Phase 2: Scenario (envelope and services) design and simulation of energy and economic 
performance

The various scenarios to be analysed will be determined in accordance with the variables 
and parameters defined and ranges established. The main objectives in this phase are to 
determine energy, economic and comfort level performance in all the simulated scenarios, 
identify problems and draw preliminary conclusions.

The scenarios will be defined by varying orientation, indoor load, ventilation, façade 
type, shading device, and venting and environmental control systems. 
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(left to right and top-down): Ortiz Building, Madrid 2010; Telefónica Building, Madrid 2009; Tripark Building, 
Las Rozas, Madrid 2009; IDOM Building, Madrid 2010; Santiago de Compostela Building, Madrid 1992; 
Trasluz Building, Madrid 2005.

Dynamic simulations will be conducted for the various scenarios with TRNSYS and 
DaySIM (RADIANCE) software. TRNSYS is one of the eight dynamic simulation engines 
for buildings that passed the most recent editions (2002 and 2008) of the IEA/NREL best 
test (world-scale reliability test for dynamic simulation tools for buildings, on which software 
certification is based). It is recognised by the Spanish Ministry of Internal Development 
and the IDAE as an alternative simulation engine or official certification tool. It is also 
acknowledged by the worldwide academic community as benchmark modelling software 
(used in over 60 % of the International Building Performance Simulation Association 
articles on simulation published in 2009).

DaySIM (RADIANCE), in turn, developed by the US Department of Energy and 
the Federal Government of Switzerland, is modelling software for analysing the behaviour 
of indoor lighting. It is the sole tool of its kind that limits neither the geometries nor the 
materials to be simulated in lighting analysis.
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Phase 3: Optimisation, sensitivity analysis, results and final conclusions

-  The objectives of this phase are: 
1.   to identify economic and energy improvements and building modi operandi
2.  to determine the weight of each variable and parameter studied in the economic and 

energy results for buildings.
-  The cost-optimal methodology (across the building’s life cycle) described in detail 

in item 1.2.2 of this chapter will be used. This entails taking all costs into consideration: 
investment, use, operation and maintenance. All costs will be updated to the date 
construction was concluded, which implies establishing assumptions on the discount rate 
as well as on the variations in energy costs and the costs of the technologies involved. 
Cost-optimal levels will be determined for all sets of values across each building’s life 
cycle, and sensitivity analyses will be conducted for the three parameters.

The study was launched in October 2011 and is scheduled to be completed in late 
2013. At this writing monitoring has been concluded on the six buildings selected and 
the infiltration test has been run on three of them. This latter constitutes a landmark 
(involving considerable practical difficulties: sealing leaks, determining fan flow rates and 
so on), inasmuch as it was the first time a trial of this nature was conducted in office 
buildings in Spain. The monitoring data and infiltration test findings are presently being 
analysed.

The energy simulation models for the six buildings are also presently being developed 
to be able to calibrate the models with the values actually logged.

2.2.2.5  Building ventilation and infiltration

Ventilation, the intentional inflow of air into a building from outdoors, can be divided 
into natural and mechanical ventilation. Natural ventilation is the air that flows into 
a building through windows, doors and other openings intentionally designed for that 
purpose and takes place due to the differences between the (natural or artificial) indoor 
and the outdoor pressure. Mechanical or forced ventilation consists of using fans to drive 
air into or out of a building across inlet and exhaust vents.

Infiltration, in turn, is the flow of outside air inward into the building through cracks 
or other unintentional openings and the normal use of building entrance and exit doors. 
Exfiltration consists of the uncontrolled outflow of air through the same type of openings. 
As in natural ventilation, the cause of infiltration and exfiltration is the difference in 
pressure inside and outside the building.

Pressure differences are caused by wind and air density, in turn the result of the 
differences between indoor and outdoor temperatures (also known as the stack effect). 
These differences in pressure may likewise be generated by mechanical ventilation systems 
and combustion devices.
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Effect of ventilation and infiltration on building energy demand
Building codes normally establish certain minimum ventilation values for different parts 
of a building, which vary with building use. Section 3, Indoor air quality, of the Basic 
Document on “Healthfulness”, which forms part of Spain’s 2006 Technical Building 
Code, for instance, lays down the following minimum ventilation flows for housing.

MINIMUM VENTILATION REQUIREMENTS FOR HOUSING, 2006 TECHNICAL BUILDING CODE

Area Minimum ventilation flow required, qv (L/s)

Per occupant Per usable m2 Other parameters

Bedrooms 5

Living and dining rooms 3

Toilets and bathrooms 15 per room

Kitchens 2

50 per room
Storerooms and communal 
areas 0.7

Car parks and garages 120 per bay

Rubbish bin room 10

Source: Spanish Technical Building Code 2006 (CTE-2006)

The 2006 Code likewise establishes a series of design and maintenance and upkeep criteria 
for ducts, openings and vents.  

The air flows deriving from the aforementioned requirements for a 100-m2 (gross area 
= 88 m2 usable area) dwelling with the distribution shown in the margin are estimated 
below by way of illustration.

According to the aforementioned basic document from the 2006 Technical Building 
Code, the minimum volume to be provided for each room is as shown in the table below.

Use Per  
occupant

Per usable 
m2 

Per  
room Inflow Outflow

l/s
Bedrooms 4 people 5 20
Living 4 people 3 12

32
Kitchen 9 m2 2 50 15.8 (1) or 50
Baths (2) 2 units 15 30

80

	9 m2 x 2 l/s x 0.88 = 15.8 l/s
	% of usable area over total built area

Source: author

USE AREA (m2)

3  Bedrooms (15+10+10) 35

Living 25

Kitchen 9

2  Baths 8

Other (lobby, hallways, partitions) 23

TOTAL 100

Source: author



THE CITIES OF THE TWENTY-FIRST CENTURY

368

Since housing in Spain is not generally fitted with mechanical ventilation or presence 
control systems (which could adapt the ventilation flow to actual occupancy in each room), 
the statutory minimum flow must be guaranteed by permanent, natural ventilation. This 
example assumes that the kitchen has a separate ventilation system and that the inflowing 
air enters in the bedrooms and living room and outflowing air exits from the bathrooms. 
On those grounds, the ventilation flow would be:

(20 L/s + 12 L/s) x 3 600 s/h = 115.2 m³/h

bedrooms              living room

Assuming that the clearance height in the dwelling is 2.5 metres, the air change rate per 
hour would be:

115.2 m³/h / 88 m² usable x 2.5 m = 0.52 air changes/hour

In other words, the minimum flow required by the 2006 code for a standard 100-m2 
dwelling with three bedrooms, two baths, a living room and a kitchen comes to an air 
change rate of 0.5/hour.

In the absence of mechanical ventilation or environmental control in the building, 
which is the case in most Spanish homes, the ventilation and infiltration flows must be 
estimated together to calculate energy performance. If such a mechanical system exists, 
the ventilation flow is the system design flow. For infiltration calculations, inflow values 
can be set at either a constant yearly rate or varied seasonally if high performance energy 
simulation models such as TRNSYS, ENERGY PLUS or DOE are used, although in 
the latter case the time profile must be entered from an external module. In contrast, the 
CALENER energy simulation model used in the energy ratings for Spanish buildings 
accommodates constant infiltration values only.

Physical reality, however, is much more complex. Briefly, as discussed below, natural 
ventilation and infiltration depend on the differences between indoor and outdoor 
pressure, which in turn depend on the wind and variations in air density induced by 
differences between indoor and outdoor temperature. They also depend on building 
airtightness, which can be characterised as the effective leakage area.

Since, however, wind speed and the difference between indoor and outdoor temperatures 
vary considerably over time, ventilation and infiltration flows fluctuate accordingly. In fair 
weather, for instance, when the indoor/outdoor temperature difference is small, natural 
ventilation and infiltration flows are likewise small.

A simulation conducted with the TRNSYS energy model, explained above, for a 
10-storey, 18-m deep, U-shaped residential building located in Madrid, with a maximum 
allowable above-grade area under roof of 42 000 m2 (see figure) yielded the results 
discussed below.  
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ENERGY DEMAND IN A 40 000-m2 BUILDING IN MADRID
BASED ON THE AIR CHANGE RATE

Source: author

The simulation showed that the energy demand for heating and cooling would rise from 
30 kWh/m2 year for an air change rate of 0.5/hour to 60 kWh/m2 hour for a rate of  
1.5/hour. The structure of the demand would also vary considerably, with cooling 
prevailing at a rate of 0.5/hour and heating at 1.5/hour.

The American Society of Heating, Refrigerating, and Air Conditioning Engineers 
(ASHRAE) estimates that ventilation- and infiltration-induced air change is responsible 
for 20 to 50 % of the thermal load in a standard building.

Finally, the US National Institute of Standards and Technology (NIST) conducted 
a study of 25 office buildings constructed in the US between 1908 and 1986 to analyse 
the impact of infiltration on heating and cooling demands. That study, authored by 
Emmerich, Persily and McDowell, was sponsored by the US Department of Energy 
(US DOE).

The study linked CONTAM multi-zone airflow software for the AIRNET air flow 
simulation model to the TRNSYS energy simulation tool for buildings. The main 
characteristics of the 25 office buildings analysed are shown on the next page.

The most systematic study for determining the range of effective leakage area values was 
conducted on office buildings in the US by Persily (1998). His findings showed that at 
a pressure of 10 Pa, the effective leakage area ranged from 1 to 40 cm2/m2 of envelope. 
The mean value found for the 25 buildings in the table below was 9 cm2/m2. On the 
whole, airtightness was greater in newer buildings and buildings with over 10 storeys: 
the modern high rises with double glazing listed in the table exhibited leakage values 
of 3.33 cm2/m2. 
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SUMMARY OF CHARACTERISTICS OF 25 OFFICE BUILDINGS (BUILT IN 1908-1986)  
MODELLED IN THE US BY NIST

Source: Impact of Infiltration on Heating and Cooling in US Office Buildings, NIST

PER CENT OF SPACE LOADS DUE TO INFILTRATION

Source: Impact of Infiltration on Heating and Cooling in US Office Buildings, NIST
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The simulations did not include the models of the heating and cooling facilities and 
consequently represented zone loads rather than energy demand. Nor did they cover 
fan loads. Infiltration was estimated to account for 33 % of the heating demand, but to 
reduce cooling demand by 3.3 % on average in the 25 buildings analysed. Infiltration 
may raise or lower cooling demands, depending on climate, the existence or otherwise of 
an energy recovery system and other building features. 

According to the studies and analyses conducted by other authors, from the standpoint 
of the envelope, low energy demand buildings clearly need to be very airtight and must 
be fitted with mechanical ventilation, including a very efficient heat recovery system. This 
would limit infiltration-induced energy loss (a parameter that varies widely over time and 
has not been quantified) to a minimum and guarantee the indoor air quality.

The foregoing reveals the need to analyse building ventilation and infiltration much 
more systematically and rigorously than at present. This conclusion led to including 
infiltration analysis (based on an infiltration trial in three office buildings) in the form 
of a fan pressurisation test in the energy optimisation study of office buildings in Madrid 
described in item 2.2.2.4 above.

Mechanisms that cause ventilation and infiltration

Three mechanisms govern building ventilation and infiltration: the stack effect, the pressure 
generated by wind and mechanical ventilation.

•	  Stack effect
The stack effect is the hydrostatic pressure generated by the mass of a column of 
indoor or outdoor air. It may also appear inside an element such as a duct or chimney 
in which the air inlet is separated vertically from the outlet. Air hydrostatic pressure 
depends on the density and height over a reference point.

Air density, in turn, is determined by the local barometric pressure, temperature 
and relative humidity. Density should not, then, be calculated from standard 
conditions. Since the effects of humidity on air density are usually negligible, the dry 
bulb temperature can be used except in humid climates when the air is warm and near 
saturation. At 40 °C, for instance, saturated air is around 5 % less dense than dry air.

The differences between indoor and outdoor temperature prompt pressure 
differences due to the stack effect, inducing air flows across the building envelope: the 
stack effect is an upward force generated by differences in air temperature.

Disregarding vertical density gradients, the difference in pressure due to the stack 
effect for a horizontal opening in a given vertical position is: 
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where:
To: outdoor temperature, °K
Ti: indoor temperature, °K
ρO: outdoor air density, kg/m3

ρi: indoor air density, kg/m3

HNPL: height of the neutral pressure level over the reference plane in the absence of 
other forces

In the absence of other driving forces, the location of the neutral pressure level (NPL) 
is affected by the air leakage distribution and indoor compartmentalisation. 

•	  Wind pressure
When the wind blows against a building, the resulting pressure distribution on its envelope 
depends on wind speed and direction, air density, building geometry and surrounding 
conditions. Wind pressure is normally positive windward of the building and negative leeward. 
Wind pressure is found with the Bernoulli equation:

p C
U

w p= ρ
2

2

where:
Pw: pressure generated by the wind, Pa
ρ: outdoor air density, kg/m3

U: wind speed, m/s
Cp: wind pressure coefficient (dimensionless)

The value of the wind pressure coefficient, Cp, depends on building geometry. For 
buildings of up to three storeys, for instance, Walker and Wilson (1994) proposed the 
following expression to find the Cp on each side of the building:
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where:
Cp(1): pressure coefficient when the wind is at 0°
Cp(2): pressure coefficient when the wind is at 180°
Cp (3): pressure coefficient when the wind is at 90°
Cp(4): pressure coefficient when the wind is at 270°
φ: clockwise angle formed between the wind and the plane normal to side 1

The coefficient values measured by Atkins et al. (1979) and Wiren (1985) for this 
harmonic function are: Cp(1) = 0.6, Cp(2) = -0.3, Cp(3) = Cp(4) = -0.65. These values are 
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valid for buildings with up to three storeys and a rectangular floor plan in which the 
ratio between the long and short sides is less than 3, but not for buildings with other 
geometries.

The wind speed normally used is the value furnished by the local weather station. 
METEONORM data may also be applied, for they provide information on wind speed 
or direction at a given location by statistically processing historical series data.  Weather 
stations furnish wind speed for a single altitude (normally 10 metres off the ground), from 
which wind speed distribution must be estimated for the entire height of the building.

Another issue that should be borne in mind when estimating the speed of the wind 
impacting a building is the shielding effect afforded by plant cover or other buildings in 
the surrounds. Wilson and Walker (1991) recommended using the following expression 
to calculate the shielding effect provided by a building’s surrounds.
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where:
s: shielding factor for wind direction φ
s (i): shielding factor when the wind is perpendicular to wall “i” (i = 1 to 4, for the four sides 
of the building)

The values recommended by ASHRAE for the shielding factor (“s”) are as follows:

VALUES FOR SHIELDING FACTOR (“s”)

Shielding class No canyon effect
1 storey with
canyon effect

2 storeys with
canyon effect

3 storeys with
canyon effect

1 1.00 1.10 1.07 1.06
2 0.90 1.02 0.98 0.97
3 0.70 0.86 0.81 0.79
4 0.50 0.70 0.64 0.61
5 0.30 0.54 0.47 0.43

Source: ASHRAE

Given the wind speed at height H of the building and the shielding effect generated by 
the surrounds, the wind speed impacting the building would be:

U = sUH

Wind speed and the wind pressure coefficient can be used to calculate the pressure exerted 
on each side of the building. 
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Mechanical ventilation and environmental control systems

DISTRIBUTION OF INDOOR AND OUTDOOR PRESSURE ACROSS THE HEIGHT OF THE BUILDING

Source: ASHRAE, Ventilation and infiltration

Mechanical ventilation and environmental control systems affect the pressure differences 
between the two sides of the building envelope.

The inflowing air must be in equilibrium with the outflowing air. System design and 
implementation, along with building compartmentalisation, generate depressurisation, 
pressurisation or equilibrium between the various indoor areas and the outdoors. This 
must be borne in mind when calculating infiltration or exfiltration. Modera et al. (1991) 
reported that the indoor/outdoor pressure differentials induced by mechanical systems 
measured in their study were on the order of 3 to 6 Pa. Air flow systems balanced by 
suitably distributed return ducts and vents reduced these values significantly.

Moreover, envelope airtightness and the resistance to air flow between the various 
areas of the building can affect mechanical system operation. Leaks from supply and 
return air ducts must be taken into consideration when estimating the pressure differences 
between each indoor area and the outdoors. Duct sealing is highly recommended as part 
of facility upkeep.

Indoor air quality

Both the intentional (ventilation) and unintentional (infiltration) air change rates in a 
building have a substantial impact on its energy performance, as noted earlier. Indoor 
air quality also depends on the ventilation rate and sources of pollutants, which include: 
the outdoor air itself; indoor sources such as occupants, furnishings and equipment; 
ventilation system ducts and filters; the ground adjacent to the building; and building 
materials, especially when new.
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The indoor air quality in an office affects comfort, health, productivity and energy 
demand. Three studies relating the ventilation rate (litres/second x person) to the percentage 
of dissatisfied occupants have been conducted, one with Danish (Fanger et al.), one with 
US (Cain et al.), and one with Japanese (Tanabe) workers. The findings were similar in all 
three.

Source: Olesen, B.W., Technical University of Denmark

The ratio of personnel to building rent and to energy costs is on the order of 100 to 10 
and 100 to 1, facts that should be borne in mind when considering the relationship 
between air quality (closely correlated to the ventilation rate) and occupant productivity 
and energy demand. In other words, a small decline in worker productivity due to poor 
indoor air quality has a much greater economic effect than the monetary cost of the 
energy needed to improve air quality and prevent such a decline.

The Fanger, Cain and Tanabe studies show that regardless of the indoor air change 
rate, a certain percentage of people will always be dissatisfied with air quality (different 
people may express dissatisfaction for different change rates). Consequently, once the 
absence of adverse effects for health is guaranteed and a majority of the people concerned 
are reasonably satisfied, energy issues acquire particular significance.

In Spanish legislation, the 2006 Technical Building Code’s basic document on 
Healthfulness only stipulates minimum ventilation flows for housing. The values for 
other types of uses are subject to the Regulation on Building Thermal Services. The 
requirement for housing is 5 litres/second and occupant in bedrooms and 3 litres per 
second and occupant in living and dining rooms. European standard CEN CR 1752 
“Ventilation of Buildings. Design Criteria for the Indoor Environment” requires  
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14 litres/second person in office buildings (minimum value for Category B and low 
pollution level buildings). Lastly, ASHRAE recommends a somewhat lower 10 litres/
second person in office buildings. Values lower than laid down in the CEN and ASHRAE 
codes may lead to more acute sick building symptoms.

Methods for estimating building infiltration
A number of methods are in place for estimating building infiltration. The most common 
are described briefly below.
•	  Constant infiltration rate is the simplest. It normally establishes a constant air change 

rate over time, depending on building airtightness. Most energy simulation software 
for buildings use this method. To date, architects and engineers have been establishing 
infiltration rates without knowing how close they are to the actual values.

•	  In the air change rate method, constant infiltration for the entire building is replaced 
by a rate per room or area, determined on the grounds of the number and type of doors 
and windows in each room.

•	 The crack method is the first true attempt to estimate leakage across a building’s 
envelope. It assumes that infiltration is proportional to “crackage” and the indoor/
outdoor pressure difference raised to an arbitrary power.

Q c p n= ( )∆
where:

Q: infiltracion
c: crackage
∆p: difference in pressure
n: exponent (normally 0.65)

The difference in pressure should be calculated from the stack effect and wind pressure. 
The “crackage” around doors and windows is found from the values assigned to these 
openings, depending on type. The two major drawbacks to this method are: 1) it 
delivers not an instantaneous infiltration value, but a mean design value; and 2) door / 
window installation practices and building age may each double the infiltration value.

•	 Linear regression: since the two preceding methods do not address instantaneous 
pressure across the entire envelope, they cannot be used to predict how infiltration 
will vary over time. With linear regression, infiltration is assumed to vary linearly with 
temperature and wind speed.

Q a b T cv= + +∆
where:

Q: infiltration
∆T: difference between indoor and outdoor temperature
v: wind speed
a,b,c: regression constants.
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Once the regression constants are estimated, the forecast infiltration values are fairly 
accurate. If the same constants are used for another site, however, or if weather 
conditions change, the results are scantly reliable. Moreover, since only meteorological 
variables are shown, the effect of envelope airtightness is unclear and the impact of 
improvements in that regard is consequently impossible to ascertain.

•	 Detailed models: these methods require information on the location and geometry of 
each crack. While they may be highly accurate, neither the architect nor the engineer 
can determine the location and geometry of each and every crack.

The Sherman-Grimsrud infiltration method
None of the aforementioned models can be validly used to find infiltration in any given 
building. M.H. Sherman and D.T. Grimsrud developed a physical model that yields a 
reasonably accurate estimate of infiltration from a series of readily measureable variables:

1.  the effective leakage area: obtained with the fan pressurisation test, i.e., by pressurising 
and depressurising all or part of a building to +50 or -50 Pa, respectively

2.  building geometry: height and other known parameters
3.  the difference between indoor and outdoor temperature, which determines the 

magnitude of the stack effect
4.   building surrounds, consisting of obstacles in the form of other buildings or elements 

that may modify the speed at which the wind impacts the building
5.   wind speed, which is needed to determine the infiltration attributable to wind 

pressure.

The Sherman-Grimsrud method, which is described in detail below, has been recommended 
by ASHRAE for calculating building infiltrations.

Infiltration is divided into its two components, one induced by wind speed and the 
other by the stack effect:

Q f A Vwind w= 0

Q f A Tstack s= 0 ∆

where:
A0: total leakage area in the envelope (m2)
Q wind: infiltration induced by the wind (m3/s)
Q stack: infiltration induced by the stack effect (m3/s)
fs: reduced stack parameter
fw: reduced wind parameter
V: wind speed at the weather station (m/s)
∆T: difference between indoor and outdoor temperature (°K)

The reduced wind parameter, fw, is defined as follows:
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where:
C: generalised shielding coefficient
R: vertical leakage fraction (i.e., leakage across the bottom deck slab 

and the roof with respect to the total)
α,γ: parameters that define the building surrounds
H: building height (m)
H’: height where the wind speed is measured (m)

The values for the total infiltration area in the envelope (A0) and the vertical infiltration 
fraction (R) are obtained with the fan pressurisation test. Where the pressurised zone 
defined for the test cannot be wholly sealed off, zone pressure diagnostics (ZPD) 
methodology can be used to estimate the leakage area from the pressurised zone to the 
rest of the indoor area relative to the outward leakage area in the same pressurised zone. 
This procedure involves simultaneously measuring the pressure in the pressurised zone 
and the pressure in the indoor area into which part of the air leaks during the pressure 
test. The size of the building’s inward leakage area relative to the outward leakage area is 
subsequently found from the table below.

Zone pressure ratios
Relative size of 

leakage area

p (ZB-ZA)/p (ZB-outdoor) ZB-ZA ZB-outdoor

0.32 2.00 1
1.00 1.00 1
2.85 0.50 1
4.56 0.33 1
9.00 0.25 1

24.00 0.13 1
49.00 0.08 1

ZB: pressurised zone
ZA: adjacent indoor zone

Source: The Energy Conservatory, 2004 

According to the table, if the ratio of the difference in pressure between the pressurised 
zone (ZB) and the adjacent indoor zone (ZA) to the difference in pressure between the 
pressurised zone (ZB) and outdoors is 2.85, the leakage area between the pressurised zone 
(ZB) and the adjacent zone (ZA) is 50 % of the leakage area between the pressurised zone 
(ZB) and outdoors.
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The results of fan pressurisation testing in areas of buildings that cannot be completely 
sealed off (due to ducts, service shafts, “crackage” between façade and deck slab or similar) 
from the rest of the building can be used thanks to zone pressure diagnostics (ZPD) 
methodology. Given the magnitude of the variations in the values shown in the table, 
however, to obtain the most reliable results every attempt should be made to completely 
seal off the area where fan pressurisation testing is to be conducted from the rest of the 
building.

The generalised shielding coefficient (C) and the parameters that define the building 
surrounds are defined in the tables below.

GENERALISED SHIELDING COEFFICIENT

Shielding class C Description

I 0.324 No obstructions or local shielding

II 0.285 Slight local shielding with few obstructions

III 0.240 Moderate local shielding, some obstructions up to two-storeys 
high

IV 0.185 Heavy shielding, obstructions around most of perimeter

V 0.102 Very heavy shielding, large obstructions around perimeter up to 
two storeys high

Source: Sherman & Grimsrud

BUILDING SURROUNDS PARAMETERS

Class Y L Description

I 0.10 1.30 Ocean or other body of water along at least 5 km

II 0.15 1.00 Flat terrain with a few isolated obstacles

III 0.20 0.85 Rural areas with low buildings, trees

IV 0.25 0.67 Urban, industrial or forest areas

V 0.35 0.47 Centre of large city

Source: Sherman & Grimsrud

The reduced stack parameter, fs, is defined as follows:
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where:
g: gravitational acceleration (9.8 m/s2)
H: building height (m)
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T: indoor temperature (≅ 295 °K)
fs: stack parameter (dimensionless)
β: (dimensionless) neutral pressure level (height off the ground divided by the 

building height)

A formula developed by Sherman and Grimsrud themselves, accurate to the fourth order 
in “x”, can be used to avoid the complex and time-consuming calculation of β. It is 
obtained from the difference between the leakage areas for the roof and ground storey 
floor.

X
A A

A
roof ground=

−

0

The stack parameter is then obtained:
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The Sherman and Grimsrud method assumes that the total infiltration can be computed 
by combining the stack effect- and wind pressure-induced infiltrations found separately 
as in the following expression:

Q Q Qstack wind= +2 2

where:
Q: is the total building infiltration

This approach is valid when one of the two effects, stack or wind, clearly predominates 
over the other (there is no Qstack . Qwind  type term in the above expression). Moreover, this 
simplified model is no less accurate when the infiltrations due to the stack effect and the 
wind are similar.

The accuracy of the Sherman and Grimsrud model was verified by measuring infiltration 
in 15 buildings in the US with tracer gas analysis and comparing the findings to the 
model forecasts.

The graph on the next page shows that the infiltration flow values predicted with 
the Sherman and Grimsrud simplified method were very similar to the values actually 
measured in tracer gas analysis. More specifically, the mean flow concurred and the 
likelihood of a difference of less than ±20 % between the model and real values was high, 
indicating that the method yields a reasonably good estimate of the physical events.  
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VERIFICATION OF THE SHERMAN AND GRIMSRUD MODEL WITH 
ACTUAL INFILTRATION MEASUREMENTS IN 15 BUILDINGS IN THE US

Source: Sherman & Grimsrud

The model could be improved in a number of respects, listed below.
•	  Wind directionality: in the presence of prevailing winds, building orientation and 

crack distribution may affect infiltration.
•	  Exhaust ducts, such as chimneys or extraction ducts: the flow in these ducts may 

be powered or unpowered. If the duct is fan-driven, the flow can be assumed to be 
determined by the fan curve itself. Where flow is unpowered, it is determined as 
shown below

Q A v
gh

v

T

T
duct duct= +

′
1

2
2

∆

where:
Q duct: flow through the duct
A duct: inner duct area
v: air velocity inside the duct
h’: height of the duct over the neutral pressure level
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Once it is calculated for all the ducts, the flow in exhaust ducts must be divided into 
balanced and unbalanced. The flow from ducts in equilibrium has no effect on the indoor 
pressure, whereas the flow in unbalanced ducts does, given the lack of a compensatory 
air flow. Therefore

Q Q Q Q Qtotal wind stack= + + +balanced unbalanced
2 2 2

Balanced and unbalanced flows can be expressed as follows:

Q min Q Qduct ductbalanced = ( )+ −∑∑ ,

Q max Q Q Qduct ductunbalanced balanced= ( ) −+ −∑∑ ,

where:
Q+ duct: duct infiltration
Q- duct: duct exfiltration

This approach needs to be validated with physical tests, however.
•	  Occupancy effects are among the most difficult issues to deal with, for they call for 

a physiological model of human comfort and behaviour.
•	  Multi-chamber effects: in an office building or large home, the assumption that 

indoor conditions in the building are uniform and that the air is well mixed may 
not reflect the actual situation. In such cases, the amount of outdoor air that flows 
into each area of the building and the amount of air exchanged between areas 
must be calculated.

•	  Linear leakage: based on the measurements made, Sherman and Grimsrud 
concluded that leakage may be suitably represented as the square root of the pressure 
difference, which defines the effective leakage area. In some cases, however, the 
dependence of leakage on the square root of pressure is not sufficiently accurate 
and this parameter must be described linearly.

Final considerations for estimating infiltration

Lastly, to simulate a building’s energy performance, the infiltrations calculated must be 
linked to the TRNSYS simulation model, as follows.

1.  The fan pressurisation test is conducted to estimate the effective leakage area in the 
envelope. The leakage areas for the roof and first deck slab (which bound the heated/
cooled area of the building) must also be estimated, inasmuch as they affect the 
neutral pressure level inside the building.  
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50-Pa FAN PRESSURISATION TEST

Source: author

2.  A wind data base such as METEONORM or data from a nearby weather station 
must be used. Possible wind directionality must be analysed, since in its presence the 
reduced wind parameter would have to be qualified by an additional parameter.

3.  The building must be modelled with the TRNSYS building energy performance 
model and DaySim solar radiation software, using the wind data for the period to be 
simulated. The existence of mechanical ventilation or environmental control systems 
and exhaust ducts must also be taken into consideration. Once the effective leakage 
area is defined and distributed across the envelope, the infiltration value at any given 
time is found by linking the energy and wind modules.

VARIATIONS IN INFILTRATION OVER TIME

Source: author  
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2.2.2.6  Centralised environmental control systems
In centralised environmental control systems, heating and cooling are generated in 
a central plant and subsequently distributed to residential or public or private tertiary 
buildings across a distribution grid. These heating and cooling systems entail greater service 
concentration than the boilers or air conditioners in individual buildings, which are in 
turn more efficient than separate heating and air conditioning units for each dwelling. 
Due to their complexity, services in tertiary buildings are usually centralised, whereas 
in residential buildings the debate over the suitability of individual or joint facilities is 
still ongoing. The latter are steadily gaining ground, however, given the more and more 
demanding energy performance requirements laid down in the legislation (this is true for 
the usual place of abode but not for second homes, where individual facilities, which can 
be used only when the dwelling is occupied, are normally a more logical choice).

The earliest centralised heating systems for which archaeological evidence has been 
found date from Roman times, when in some cities hot water circulated in open canals 
to heat homes or public baths.

In the fourteenth century, an urban heating system (whose wooden pipes are still in 
use today) fed by water heated to over 80 °C was built in Chaudes-Aigues, a city in the 
French department of Cantal.

The first modern facilities were built in the early nineteenth century, when heat grids 
were commissioned at Lockport, US (1877) and Hamburg, Germany (1893). In the first 
half of the twentieth century a large number of facilities were installed in the United States 
and, somewhat less intensely, in Europe (in 1930 in Paris by the Compagnie parisienne 
de Chauffage urbain).

In the United States after World War II, heat grids gave way to hydrocarbon and 
electric power grids, whereas in Europe, and in particular in the Nordic countries, urban 
grid technology continued to advance due to the scarcity of fossil fuels and electricity.

After the nineteen seventies oil shock, environmental control grids regained popularity 
in the United States, northern Europe (Denmark, Sweden), Russia, Japan and, somewhat 
later, China and South Korea.

In Spain, centralised heating/cooling grids have been scantly installed, with the earliest 
dating from 1985. The major reasons for the paucity of such urban grids in the country 
are: 1) unawareness of their existence among governments, citizens and building service 
installers; 2) the large initial investment required; and 3) user tendency to distrust the grid 
operator, which is viewed as being too far removed from each building’s decision-making 
body (normally the commonhold association).

Energy efficiency, emissions and energy costs are going to carry much greater weight 
in the future than they have to date, however. Furthermore, given that the energy loss 
from a suitably dimensioned district grid may be on the order of 5 %, a large-scale facility 
for a city neighbourhood or district would obviously be much more efficient than a 
host of small facilities for individual buildings for the following reasons: 1) a large-scale 
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facility is more efficient than a suite of smaller ones; 2) large facilities lower operating and 
maintenance costs; 3) for reasons relating to coincidence of use, the power required for a 
centralised plant is smaller than the sum of the power required for all the buildings on the 
grid; 4) fuel costs (gas, biomass) may be lower for a centralised facility.

For the aforementioned reasons, district-scale systems may gradually gain ground in 
Spain. Many difficulties will naturally have to be overcome. Foremost among them are the 
lack of experience and expertise in this technology on the part of service installers and many 
energy supply companies, as well as some degree of initial user wariness toward the idea.

ECOENERGY DISTRICT GRID AT BARCELONA

Source: DALKIA

Technical features of urban grids
. The main elements of an urban grid are:

- steam generating plant
- storage system
- distribution grid
- pumping system
- user connection substations

Main Data:

- Barcelona South district, Free Zone and 
L’Hospitalet (15 000 000 m2 area under roof)

- Commissioning date: 2011
- Three generating plants
- Operating company shareholders: 

- City of Barcelona (17,5%) 
- Grupo Dalkia (72,5%) 
- Copisa (10%)
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Source: DALKIA

The main energy sources are gas, biomass, waste incineration, recovery of residual energy 
from industrial processes, and geothermal or solar thermal with natural cooling provided 
by cold sea, river or lake water. If biomass is used, the fuel supply must be stably and 
reliably sourced through long-term agreements. In Spain, biomass has become the most 
common energy source, particularly for small urban heating grids.

DISTRICT GRID COMPONENTS

Source: DISTRICLIMA 

Generating plants can be classified by the thermal or steam generating system and type 
of demand met. 
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Steam generators may consist of:
•	  gas or biomass boilers
•	  low or medium and high temperature solar plants
•	  combined heat and power (also known as cogeneration, generally delivered to the 

grid)
•	  geothermal facilities with heat pumps
•	  use of residual heat from industrial processes
•	  electrically- or thermally-powered coolers.

The plants, in turn, may be base load or peak power facilities, depending on the type 
of demand covered. Peak power plants are generally fired by natural gas, in light of the 
greater flexibility afforded by this fuel.

Storage systems are designed to decouple output from demand. Heat is usually stored 
in steel tanks with water as the sensible heat storage medium, although for very high 
temperatures other stable fluids such as thermal oil are needed. Water, or to reduce the 
volume, ice, is also the medium for storing cooling power.

Source: DALKIA

The distribution grid normally consists of polyurethane-insulated steel pipes. The grid 
must be designed to minimise head and energy loss. The carrying fluid is usually water at 
90 to 150 °C in Europe, or around 170 °C in the US, where higher pressure is used. The 
thermal step changes for hot water are from 20 to 60 °C and for cold water from 4 to 7 °C, 
for which reason the cooling grid pipes generally have a larger diameter. 

ICE STORAGE BANK

Source: DISTRICLIMA
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DISTRIBUTION GRID

Source: COFELY

Three types of pumping systems may be used:
•	  centralised pumping, with a single booster set
•	  primary/secondary pumping, with pumps also in the secondary distribution 

circuits
•	  distributed pumping, with pumps at each substation, enabling each building 

connected to the grid to operate independently. The third is the optimal system, 
for energy demand is around 20 % lower than in centralised pumping systems.

Substations are facilities where heat or cooling are exchanged between the distribution 
grid and the building.

Improving energy performance and lowering GHG emissions
Below is a list of factors that underlie the higher energy performance and lower GHG 
emissions in centralised than in individual building systems.

1.  Centralised generation
Improvements are down to the use of more efficient heating and cooling equipment and 
to better plant operation and maintenance. 
In the case described in the figure, for instance, primary energy is 17 % lower in the 
centralised than in individual building systems.
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ENERGY PERFORMANCE: CENTRALISED VS CONVENTIONAL SYSTEMS

Source: Informe sobre la Climatización Urbana en las Ciudades Españolas, Red Española de 
Ciudades por el Clima (2012)

2.  Co-generation or CHP
In conventional generation part of the energy is dissipated into the atmosphere in the 
form of combustion gas. In contrast, cogeneration produces both heat and power, which 
is delivered to the grid, and performance is much higher than in conventional generation. 
CHP may require up to 30 % less primary energy than conventional systems.

Source: Ente Vasco de la Energía
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3.  Use of residual heat
The industries most commonly involved are metallurgy, paper and chemicals. Another 
possible source is municipal waste incineration.

4.  Storing heating and cooling power
Decoupling generation from demand lowers the generating plant investment needed. 
Where heat is involved, energy from discontinuous sources such as solar thermal can 
be stored. Cooling power can also be stored during low demand times, which normally 
concur with off-peak power times and hence lower rates.

5.  Renewable energies
These sources lower CO2 emissions by replacing fossil fuels. Moreover, their lower cost 
and more localised generation constitute substantial advantages.

The Informe sobre Climatización Urbana en las Ciudades Españolas (report on urban 
environmental control in Spanish cities) published by Red Española de Ciudades por el 
Clima (Spanish network of cities for climate) (2012) estimates the reduction in Spanish 
residential and office building CO2 emissions that could be attained in several centralised 
environmental control scenarios. These systems are assumed to be powered by renewable 
energies only. The estimates set out in the report are summarised below.

SPANISH RESIDENTIAL AND OFFICE BUILDING EMISSIONS IN DIFFERENT SCENARIOS

Centralised system penetration 

Heating Cooling

Conventional system 10% 25% 10% 25%

Residential building 27.2 25.0 21.7 26.7 25.9

emissions (MtCO2) (100 %) (-8 %) (-20 %) (-2 %) (-5 %)

Office building 13.0 12.6 12.0 12.1 10.7

emissions (MtCO2) (100 %) (-3 %) (-7 %) (-7 %) (-18 %)

Source: Informe sobre la Climatización Urbana en las Ciudades Españolas, Red Española de Ciudades 
por el Clima (2012)

According to the above table, if 25 % of Spain’s residential sector had centralised heating 
(a penetration rate vastly higher than at present), emissions could be lowered by 20 % 
with respect to conventional systems. That same penetration rate in office building heating 
and cooling would bring emissions down by 25 %, 7 % for heat and 18 % for cooling. 
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EXPO ZARAGOZA 2008 URBAN GRID

Source: COFELY 

State-of-play (2012) of centralised systems in Spain

The Asociación de Empresas de Redes de Calor y Frío (Spanish association of heating and 
cooling companies, ADHAC) has identified a total of 56 facilities in Spain, whose main 
characteristics are described below.
•	  They span across four million square metres with a 180-km long distribution grid 

connected to 54 000 dwellings. To place this in context, the total area under roof in 
Spain amounts to 2.510 billion square metres (2.250 billion in residential and 360 
million in tertiary buildings), or 26 million dwellings (including normal place of 
abode, second homes and vacant units). The technology is, then, only incipient, with a 
penetration rate of far below 1 %.

•	  The total installed capacity is 200 MW for cooling and 400 MW for heating.
•	  In large-scale grids, steel pipes are used, whereas polyethylene prevails in micro-grids. 

Water is the main carrying fluid. 
•	  Of the 56 grids listed, 35 are for heating only, two for cooling and 19 for heating and 

cooling.
•	  The regions with the largest number of such grids are: Catalunya (11), Basque Country 

(7), Madrid (6) and Castile-Leon (6).
•	  Customer type varies with grid capacity: tertiary (50 %), residential (31 %) and 

industrial (19 %).
•	  Counting all the grids, 54 % of energy demand is met by biomass and residual energy, 

33 % by natural gas and 13 % by electric power. Counting only the grids where 
consumption is highest, the percentages are 73 %, 7 % and 20 %, respectively.

Main data:

Designed to supply 180 000 m2 of under roof 
area, expandable to 250 000 m2

Operating company shareholders:
- Grupo SUEZ: 60 %
- Ibercaja: 20 %
- CAI: 15 %
- IDAE: 5 %
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In the larger grids, the shareholder structure usually includes municipal and regional 
governments and an energy supply company. This is the formula most commonly found 
in Catalunya. The smaller facilities are generally municipally owned and operated by the 
city itself or an energy utility. A few wholly private grids have also been commissioned. 

Most of the grids built in the last 4 or 5 years have drawn from national or European 
financing and subsidies. Small municipal grids usually supply municipal buildings only, 
whereas the larger facilities service private and public buildings.

CHP is used in large-scale facilities only. Cooling power is generated with high-performance 
mechanical compression chillers cooled with river or sea water or cooling towers.
Key considerations and factors for centralised system viability
Although the technology used in centralised environmental control systems is reasonably 
well known, its uptake in Spain to date has been exceptionally slow. Nonetheless, 
requirements for considerable improvements in energy performance and the need to 
drastically lower building-induced emissions in the very short term may encourage its 
development. The main advantages of centralised over building-by-building environmental 
control systems are summarised below.
•	  CO2 emissions are lower, particularly if renewable sources are used in the centralised 

system. Leakage of greenhouse-intense cooling gas from individual units would also 
decline drastically.

•	  Urban pollution would drop with the use of NOx, filters for SOx and particle emissions, 
which are prohibitively expensive in small facilities.

•	  Energy dependence would also decline with improved energy efficiency and the local 
use of renewable fuels.

•	  Jobs would be created and local business activity spurred, particularly if biomass fuels 
are used.

•	  The total investment would be smaller thanks to economies of scale and coincidence of 
use, for it is less expensive to build one 10 MW-plant than ten 100 kW-plants, and the 
coincidence factor could lower the installed capacity required to 5 or 6 MW.

•	  Centralised facilities have lower total operating and maintenance costs.
•	  Adaptation to technological change is more flexible, for in building-by-building 

arrangements, the decision is adopted by each commonhold association. The need to 
adapt to future loads and demands would also be met more flexibly.

•	  More usable area would be left on building roofs if the solar thermal panels required for 
all buildings and photovoltaic panels for tertiary buildings could be eliminated, although 
that would call for amending present (2006) building code provisions. The space 
earmarked in each building for environmental control would also be liberated, although 
such areas should be left in reserve so as not to compromise the building’s future.

•	  In the event of incidents or outages, service quality and security of supply would be 
enhanced. By way of example, in Finland in 2008, the total interrupted supply time 
per connected customer was 1 hour and 45 minutes: i.e., a percentage availability of 
99.98 % (District Heating in Buildings, Euro Heat and Power, 2011).  
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The main drawbacks to these systems with respect to conventional arrangements are as 
follows.
•	  Investment outlays are brought forward, because in new developments service must be 

provided from the time the first building is occupied. Building part of the distribution 
grid and the generating plant entails a substantial investment, bearing in mind that the 
grid generally accounts for 40 to 60 % of the total cost of a centralised facility.

•	  Buildings are less independent, which may be troublesome if the service quality is 
judged to be wanting, for long-term agreements are inherent in the system. Once a 
building is connected to an urban grid, disconnection and installation of a separate 
system calls for a unanimous decision by all homeowners, as well as a major investment. 
It may, moreover, be constrained by building design (want of space for a boiler and 
cooling units, for instance).

FORUM AND 22@ URBAN HEATING AND COOLING GRID (COFELY / GDF SUEZ)

Illustration furnished by DISTRICLIMA 

Lastly, the key factors that will affect urban grid development are listed below.
1.  Variation in the price of gas, electric power and biomass: the age of cheap energy 

appears to have come to an end, although developments around unconventional, and 
primarily shale gas, may retard possible energy price hikes in the medium term.

2.  Changes in the premiums for renewable energy, particularly CHP, will have an impact.
3.   Building code requirements for new and existing buildings must also be taken into 

consideration.
. Higher energy performance requirements will reduce the cost-effectiveness of 

centralised environmental control facilities due to declining energy demand. In the 
draft for the new Spanish building code (publication pending), for instance, the 

Grid data for July 2012

Installed heating capacity: 20.4 MW in exchangers + 
20 MW in gas boiler
Installed cooling capacity: 29.2 MW + 
5 000-m3 tank 

Heating power committed: 48.8 MW
Cooling power committed: 71 MW

Energy sales: 2011: 31 388 MWh heat
 63 358 MWh cooling

Total area heated/cooled: 631 000 m2

Grid length: 13.4 km
Total investment: €47 M

Reduction in fossil fuel consumption: 52 %
Emissions abatement (2011): 10 961 t CO2
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new requirements reduce heating needs by 30 % with respect to the existing code. 
These requisites will become more and more demanding in future to comply with 
the European Energy Performance of Buildings Directive, according to which after 
2021 all new construction will have to meet nearly zero-energy building standards. 

. Consequently, to avoid regulatory obstacles that would (illogically) obstruct 
centralised system viability, the provisions requiring a minimum number of solar 
panels for domestic hot water and photovoltaic panels for the tertiary sector must 
be repealed. Legislation should require substantiation that a centralised system 
entails lower primary energy consumption or CO2 emissions than a conventional 
system that conforms strictly to code requirements. That, in turn, would call for a 
precise and rigorous method for calculating the primary energy balance and the CO2 
balance applicable to any facility.

4. The freedom to connect to a centralised system or otherwise may well be the highest 
barrier to implementing this technology, inasmuch as it generates investor uncertainty 
over system viability. In Spain, more specifically, the roll-out of a new technology 
so scantly implemented in the country meets with reluctance. One way to address 
this difficulty might be to ensure municipal, regional or central government capital 
holdings in the operating company. That would help overcome developer and user 
wariness. In this context, an option might be left open for public entity or body 
divestment after a certain percentage of service connections are in place or a given 
profitability is reached.

5. In the early phases of centralised system development in countries such as Spain 
where the technology is incipient, special financing or subsidies may be required for 
its consolidation. Nonetheless, in Spain at least, the short-term need to balance public 
accounts and gradually lower the debt from the present levels to 60 % of GDP in this 
decade will constitute a sizeable obstacle to the use of public funds for this sort of 
projects.

2.2.2.7  Economic cost-effectiveness of green buildings
Common sense would have it that green buildings should entail higher construction costs 
than buildings that conform strictly to the respective building codes and that their selling or 
rental price should likewise be higher, to ensure a return on the over-investment. Conversely, 
green buildings should logically bear lower operating costs than conventional buildings.

According to McCartney (2007) and Nelson (2008), the characteristics that define a 
green building are:

•	  efficient use of natural resources
•	  waste minimisation
•	  eco-friendly construction materials
•	  incorporation of local climate conditions
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•	  low impact on surroundings (e.g., lower emissions, less noise and odour)
•	  consideration of life cycle costs
•	  health
•	  siting near population centres and near public transit networks and facilities
•	  efficient building management and commissioning
•	  social capacity and building users’ comfort
•	  convenient indoor environment.

Some of the aforementioned features are readily quantifiable, while others are more 
qualitative. The most logical approach to quantifying building “greenness” is to establish 
minimum values and relative weights for the above or other similar characteristics and 
find the sum. This is the procedure used by the various certification tools on the market, 
as discussed later.

Despite the importance of certain characteristics of green buildings, such as energy 
demand and GHG emissions, the property market has proven to be incapable of self-
regulation, at least at the pace required to tackle the energy and climate challenges at 
hand. That explains the acknowledgement of a need for governmental intervention in the 
sector in the form of increasingly demanding technical requirements.

In property or real estate contexts, the terms “green building” and “sustainable 
building” are often used indistinctly. Nonetheless, a considerable difference exists between 
a focus on energy efficiency or emissions (which while not equivalent, are closely related 
conceits) and a more holistic analysis of buildings that in addition to energy performance 
addresses considerations such as operability, health, socio-cultural factors, life cycle costs, 
cost-effectiveness, technical quality and aesthetics. Depending on the method used, 
buildings may be rated very differently.

The approaches adopted and priorities defined around building requirements in the 
European Union and the United States have diverged considerably in recent years. The 
European Union has been leading the worldwide struggle against climate change. It ratified 
the 2002 Kyoto Protocol (which called for reducing mean emissions in 2008-2012 to  
8 % below the 1990 levels) and has included vey ambitious energy and emissions targets 
in its policies and legislation, as explained in earlier sections of this book. Moreover, in 
the 2011 Durban summit it ratified the extension of the Kyoto Protocol beyond 2012, 
despite the withdrawal of other key actors such as Japan (whose decision must have been 
influenced by the Fukushima nuclear accident), Canada and Russia. In other words, it 
was left practically alone, with the exception of Australia (whose economy is less than 
10 % the size of the EU’s), which ratified the protocol a few years back in the wake of 
massive droughts which, attributed by public opinion to climate change, led the country 
to change its position on the matter. 

The United States, in contrast, has not ratified the Kyoto Protocol to date (2012) and 
is unlikely to do so after the first phase expires.

The differences in approach to energy and climate in the EU and US have been directly 
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mirrored in building requirements. In keeping with its international commitments, the 
EU approved a Directive on the energy performance of buildings in 2002, amended in 
2010 to require all privately owned buildings to have nearly zero energy demand by 2021 
(by 2019 for public buildings).

In the US, in turn, building codes have established much more lenient energy 
requirements than in the EU, but speedier progress has been made in building certification 
procedures: 1) LEED, which analyses building sustainability holistically; and 2) the 
Energy Star Programme, implemented by the US Environmental Protection Agency, 
which measures building energy performance.

In a nutshell, the penetration of certification tools for building sustainability (to be 
discussed in greater detail below) is low but growing in the EU, while the continent 
is engaging in an extraordinarily ambitious regulatory effort that will in all likelihood 
continue after that date. In the US, in contrast, building certification tools have attained 
a much higher penetration rate, which continues to grow at a strong pace.

Sustainability certification tools for buildings
A very brief description of the world’s most popular building certification tools follows.

•	 BREEAM (Building Research Establishment Environmental Assessment Method)
. The world’s first building certification procedure, BREEAM, was developed in 1990 

in the United Kingdom by the Building Research Institute, which was a public body 
until it was privatised 12 years ago. It has served as a model for subsequent tools.
•	 LEED (Leadership in Energy and Environmental Design)

. LEED was developed in 1996 by the US Green Building Council, a non-
governmental organisation which runs the system. It has become the standard tool 
for sustainable buildings in the US and has since spread to many other countries.
•	 Sustainable Building Tool (SBTool) 

. A group of SBE researchers developed this tool in Canada in 1996. It establishes 
a general framework for adaptation to local conditions, which is achieved by 
adjusting the weights of the parameters analysed. The “Verde” tool, developed by 
the Green Building Council Spain, and the Ithaca Protocol, adapted in Italy, are 
two examples of the application of this framework tool.
•	 DGNB

. Germany did not develop its own certification tool until 2009, when it created 
its Sustainable Building Certificate. The system, one of the most comprehensive 
in place, was designed by the German Ministry of Transport, Building and Urban 
Development.
•	 HQE

. France established its own system, known as haute Qualité environmentale, in 
1996. It is run by the Association pour la HQE. 
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BUILDING CERTIFICATION SYSTEMS

LEED BREEAM DGNB HQE SB Tool

Basic Information
Origin USA UK GERMANY FRANCE CANADA

Name
Leadership in Energy 
and Environmental 

Design

Building Research 
Establishment  
Environmental  

Assessment Method

German Sustainable 
Building Certificate

Haute Qualité  
environmentale

Sustainable  
Building Tool

Established 1998 1990 2009 1996 2002

Entity responsible US Green Building 
Council BRE DGNB Association pour la 

HQE iiSBE

Criterion
Energy

Low emissions + + +
Renewable energy + + + +
Efficiency + + + +
Electrical demand + + + + +
Low carbon + + +
Refrigerant management + + +

Water
Re-use/Recycling + + + +
Water consumption + + + +

Site/Location
Public transportation + + (+) + +
Site selection + + (+) + +
Grace/Elegance +
Cyclist facilities + + +

Indoor environment
Air quality + + + +
Daylighting + + + +
Acoustics + + + +
Thermal + + + + +
Odour +
Hygiene + +

Materials
Materials re-use + + + +
Waste management + + + +
Robustness + +

Process and management
Planning + +
Construction phase + +
Commissioning + + + +

Economic issues
Costs + +
Life cycle consideration +
Value stability +

Functionality/Comfort
Flexibility/Adaptability + +
Access disabled persons +
Safety and security + + +

Innovation
Innovation issues considered + +

Minimum requirements
Yes + +

Grades

LEED certified
LEED silver
LEED gold

LEED platinum

Pass
Good

Very good
Excellent

Outstanding

Gold
Silver

Bronze

Basic level
High level

Very high level

Minimum

Good practice

Best practice

Based on information from the websites of the respective certification systems (September 2009)

Source: DB Research  
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A number of certification systems are in place but none is very well known outside the 
country where it was created. The two most common tools are LEED and BREEAM, used 
primarily in their countries of origin. While LEED has nonetheless been spreading across 
Europe in recent years, building certification has only attained significant penetration in 
the US and the United Kingdom.

A comparison of the number of tertiary buildings certified in the United Kingdom and 
the US reveals that LEED outpaced BREEAM in 2009, but that is down at least in part 
to the larger size of the tertiary market in the latter country. BREEAM, in turn, has been 
used to certify many more residential buildings, over 100 000 in 2010.

NUMBER OF LEED- AND BREEAM-CERTIFIED COMMERCIAL BUILDINGS

Source: RREEF Research

No standardisation of certification tools would appear to be in the offing in light of the 
commercial battle for market share being waged by the two major systems.

Research findings on economic efficiency in green buildingss
In Europe, developers, builders and investors focus their attention and efforts on developing 
building technologies that enable them to meet increasingly demanding building code 
requirements. Some countries, such as Denmark, have established a roadmap with 
the tentative requisites for buildings through 2020. Others, such as Spain, have yet to 
approve the building code that transposes the cost-optimal methodology established in 
the European Energy Performance of Buildings Directive (2010). (The huge regulatory 
effort that lies ahead for Spain can be inferred from one key shortcoming of the draft code 
pending approval: it fails to make the qualitative leap entailed in replacing component-
based limitations with building performance requirements in the form of primary energy 
or CO2 emissions per m2 of building floor space and year.)

With this regulatory uncertainty and increasingly stringent EU requirements (which 
constitute an unprecedented challenge in the recent history of the industry that no-
one knows how to address, despite the need for such provisions), scant room is left for 
authorities to encourage the use of sustainability certification tools for buildings. One 
exception to this rule, which seems to reflect the situation in the EU’s building industry 
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fairly well, is the United Kingdom, where the BREEAM system is in good health. This 
is the sole country that has managed to adapt its legislation to ever more demanding 
European requirements while raising the penetration rate for building sustainability 
certification. Since, however, energy requirements and building sustainability are not 
exactly the same thing, although energy efficiency is a major component of sustainability, 
the foregoing does not necessarily rule out a future change in the situation presently 
prevailing in the EU.

As very few European buildings have been certified with tools that measure their 
sustainability, very few studies have been conducted in the EU on the economic efficiency 
of green buildings. Several very comprehensive analyses have been published on the 
situation in the US, however. The two best known systematic and in-depth analyses, are:

- “The economics of green building”; Eichholtz, P., Kok, N. and Quigley, John M.; 
January 2011; University of California, Centre for Energy and Environmental Economics

- “Do green buildings make dollars and sense?”; Miller, N.G. and Pogue, D., November 
2009; Burnham Moores Centre for Real Estate, University of San Diego; CB Richard Ellis.

A) Eichholtz, Kok and Quigley study (January 2011)
Description of the study
The survey covered a sample of 26 794 office buildings (20 801 leased and 5 993 sold 
since 2004), 2 687 of which (1 943 leased and 744 sold) can be regarded as green. For 
these intents and purposes, a green building is any certified under the US EPA’s Energy 
Star Programme or under LEED, irrespective of their rating under either of the two 
procedures. The buildings studied are located all across the United States.

The authors analysed the differences between green and non-green buildings in terms 
of rent, effective rent (taking both rent per se and occupancy levels into consideration) 
and operating costs.

The study findings are summarised below.
•	 Rents for buildings with LEED or Energy Star certification are 3 % higher than 

for similar uncertified buildings.
•	 Effective rents (i.e., taking occupancy levels into consideration) for buildings with 

LEED or Energy Star certification are 8 % higher than similar uncertified buildings.
•	 One dollar of yearly savings per m2 in building operating costs translates into 3.5 % 

higher rent and a 4.9 % higher selling price.
•	 With LEED certification, the increase in rent depends on the rating. A building 

with a rating of 40 points, for instance, leases at 2.1-per cent higher rent (mean 
of all certified buildings less one standard deviation) than a similar uncertified 
building; with a 60-point rating, the difference is 20.1 % (mean of all certified 
buildings less one standard deviation).  
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B) Burnham Moores / CBRE study (November 2009)/ 
Description of the study
The survey covered 154 buildings in the US, all certified under the US Energy Protection 
Agency’s Energy Star Programme. Six buildings also had LEED certification. All are 
managed by CB Richard Ellis. Of the 2 000 tenants to whom the questionnaire was sent, 
534 returned it unprompted and an additional 221 did so after receiving a reminder. 
The aim was to compare productivity, rent and operating expenses for certified and non-
certified buildings. The paper was published in November 2009.
Results:

•	 Productivity
. Office worker productivity depends on the working environment and building 

quality. The most important factors in the latter, which was the question addressed 
in the study, include ventilation, lighting, environmental control, acoustics and 
indoor air quality.

. The survey compared both subjective productivity and the number of days of sick 
leave in the buildings studied and in non-certified buildings. In all, 43 % of the 
respondents believed that employee productivity was higher in certified buildings, 
12 % were absolutely sure that it was, 43 % thought productivity was unaffected by 
building certification and 2 % that it was lower in certified buildings.

. The mean rise in productivity estimated by the 55 % who found workers to be more 
productive in certified buildings was 4.88 %. Given that workers’ average salary in 
the buildings analysed was $106 644/year and that each employee occupied 23 m2, 
the expected improvement would be $224/m2⋅year.

. The findings for the other variable, the number of days of sick leave (eliminating 
from the survey the 10 % who replied that the number rose), also revealed higher 
productivity in energy-certified buildings, where the number of days per employee 
and year was 2.88 days lower. Applying the same mean yearly salary and area per 
worker as above yielded a gain of $53/m2⋅year.

. The sum of these two items gives an increase in productivity worth $277/m2⋅year, 
which should be compared to the higher rent paid for occupying an energy-certified 
building.
•	 Rent

. Although 82 % of the tenants replied that they were not willing to pay extra for 
renting space in an energy-certified building, comparisons of the mean rent in non-
certified buildings to the rent in the buildings in similar locations analysed showed 
the latter to be 3 to 5 % higher, while effective rent (factoring in occupancy) was 
on the order of 10 % higher.
•	 Operating expenses

. No significant differences were found between certified and non-certified buildings, 
for while the former had lower gas and electricity costs, other operating costs were 
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higher, evening out the total for the two types of buildings.

The aforementioned studies for US buildings reveal that the extra cost incurred in 
building a green or sustainable building is comfortably recovered during its service life. 
Nonetheless, two questions must be borne in mind when applying these findings to 
other countries: 1) they cannot be directly extrapolated to Europe, where building energy 
requirements are substantially stricter than in the US and the penetration of holistic 
building sustainability certification systems is lower; and 2) they constitute a snapshot of 
the situation, which should vary with building code requirements and tenant demands, as 
well as energy prices and the penetration of green or sustainable buildings.

Author’s final remarkss
In March 2011 I was invited to participate in the Cannes MIPIM (the MIPIM is the 
Davos of the property industry: i.e., a forum in which all the industry actors participate) 
on a round table on the present and future of green buildings. The panel speakers were: 
Craig Smith, Chairman of the Asia Pacific Green Building Council, headquartered in 
China; Frank Billard, member of the German Real Estate Investment Union’s Executive 
Committee; Andries van der Walt, sustainability manager with Cushman Wakefield 
consultants, and myself.

The debate drew an audience of around 100 people, an indication that the subject 
arouses interest despite the depth of the structural crisis in the European property market. 
Briefly, the conclusion reached in the debate (which can be viewed in its entirety in a 
video published on the MIPIM 2011 website) was that since the date (2021) when nearly 
zero-energy building requirements are to enter into effect in Europe is looming very close, 
those requirements must be borne in mind when erecting new buildings as well as when 
purchasing existing buildings, which will foreseeably need to be renovated to conform to 
the energy legislation in force.

In June 2012 I had a second opportunity to discuss this same issue on the occasion 
of the World Office Forum held at the Madrid Chartered Institute of Architects. The 
other speakers were representatives of several large companies whose business includes the 
purchase of office buildings in Spain. At that time, I did not perceive the same sensitivity 
to the need to include energy renovation costs (to render them comparable to nearly 
zero-energy buildings) as a criterion for property investments. I deem this to be a mistake.

I am of the conviction that, given its huge potential for lowering emissions, in the 
very short term the buildings sector in developed, developing and emerging countries 
must assume responsibility for drastically reducing energy demand and greenhouse gas 
emissions. Consequently, the debate on the cost-effectiveness of energy-efficient buildings 
appears to me to be necessarily provisional and with a limited time horizon, inasmuch as 
all buildings, new and existing, are going to have to be efficient within a very few years. The 
major difficulty will indisputably lie in improving the energy performance of the existing 
stock, a feat that is going to call for substantial doses of determination and ingenuity.
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2.3.  OPTIMISING THE WATER CYCLE

As shown in earlier sections of this book, in medium or high emissions scenarios (such 
as A1B in IPCC 2007), climate models consistently predict a substantial decline in 
rainfall and a rise in temperatures in Mediterranean countries, particularly in the summer 
months. Since the combination of these two effects may lower the available water resources 
considerably, avenues for reducing the net water demand in cities need to be explored.

One such approach is sustainable urban drainage systems (SUDS), which are based 
on the principle of emulating the natural water cycle prior to urban development as 
accurately as possible.

2.3.1.  Possible water savings in cities

The focus of this part of the discussion is on Spain, because the problems involved, the 
legislation in force and water demand vary considerably from one country to another, 
even among developed Mediterranean countries, where reducing the demand may 
become an absolute priority within a few years.

2.3.1.1  Legislation in Spain
Europe-wide, Directive 2000/60/EC on a framework for water policy lays down the 
basic principles for the sustainable use of and long-term protection for this resource. It 
stipulates that water rates should be set at a price that ensures full cost recovery, including 
environmental costs and any others associated with resource depletion, further to 
economic analysis and the polluter pays principle. Member States must adopt measures to 
encourage effective and sustainable water use so as not to compromise the attainment of 
environmental objectives.

The most prominent piece of national legislation in Spain is Royal Decree 1620/2007 
of 7 December on the reuse of reclaimed sewage, which lays down the legal provisions 
regulating such reuse. It envisages the following possible ways to reuse wastewater 
generated by urban use.

Quality 1.1. Residential
- private gardening
- toilet flushing

Quality 1.2. Municipal services
- municipal landscape irrigation
- street hosing
- fire extinguishing
- industrial car washing  
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The table below gives the ceiling values for water quality parameters set out in R.D. 
1620/2007 for residential and municipal service uses.

WATER QUALITY STANDARDS LAID DOWN IN R.D. 1620/2007

Parameter 
Maximum allowable value  (MAV) 

Quality 1.1 urban use
Residential

Quality 1.2 urban use
Municipal services (5) 

Intestinal nematodos 1 egg/10 L 1 egg/10 L

Escherichia coli 0
CFU (1)/100 mL

200
CFU/100 mL

Suspended solids 10 mg/L 20 mg/L

Turbidity 2 NTU (2) 10 NTU (2)

Legionella (4) 100 CFU/L 100 CFU/L

NT
(3) - -

NO3 - -

(1) CFU = colony forming units
(2) NTU = nephelometric turbidity units
(3) total nitrogen, sum of inorganic and organic nitrogen present in the sample
(4) in the event of risk of aerosolisation
(5) The aerosolised use of water is subject to compliance with the standards laid down by the health 

authorities.
Source: Sara Perales 

The table below lists the tests required by the royal decree for the urban use of reclaimed 
water (including both private and public landscape irrigation and toilet flushing), 
the timing and the cost tendered by three National Accreditation Entity-accredited 
laboratories (the cost of testing has been included because it is relevant to the discussion 
that follows).

TRIALS AND TESTING INTERVALS REQUIRED BY R.D. 1620/2007  
FOR THE MUNICIPAL USE OF RECLAIMED WATER AND ESTIMATED COSTS

Trial Timing as per 
R.D. 1620/2007

Unit price/test

Laboratory 1 Laboratory 2 Laboratory 3

Intestinal nematodes Quincenal €42.20 €56.56 €30

Escherichia coli Twice weekly €8.20 €16.30 €8.00

Turbidity Twice weekly €6.50 €13.70 €5.16

Suspended solids Weekly €15.50 €12.78 €10.32

Microbiological preparation - €0 €7.26 €0

Sample collection Twice weekly €0 €197.9 €75

Source: Sara Perales  
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2.3.1.2  Estimating water demand
Before estimating the savings that might be obtained by using reclaimed water, the 
demand for the various uses to which it is put (housing, hotels, offices, irrigation and 
street hosing) must first be quantified.

Two of the sources in Spain with the most consistent water demand estimates are the 
National Statistics Institute (Spanish initials, INE) and Canal de Isabel II, the country’s 
largest water supply utility, which serves practically the entire population in the region of 
Madrid (6.4 million).

According to an INE publication dated 17 July 2009, the mean water demand in 
Spanish households is 157 L/inhabitant⋅day, or 424 L/dwelling⋅day (mean family size in 
Spain = 2.7 people).

Canal de Isabel II, in turn, published a paper in 2008 entitled “Microcomponentes y 
factores explicativos del consumo de agua en la Comunidad de Madrid” (water demand 
in the Madrid region: microcomponents and explanatory factors, Cubillo, F. et al., 2008) 
that went a long way toward identifying the end uses of residential water. The data for the 
study were gathered in 2001-2003 and 2006. The demand in Madrilenian households 
was found to be 291 L/day, considerably less than the 424 L/day estimated by the INE as 
the national average. The breakdown by use is shown below.

RESIDENTIAL WATER DEMAND IN MADRID

Use Percentage of total use  
(multi-dwelling units)

Mean use  
(multi-dwelling units)

Toilets 23 % 66.5 L/dwg/day

Showers 27 % 77.2 L/dwg/day

Taps 35 % 103.1 L/dwg/day

Dishwashers 1 % 3.1 L/dwg/day

Washing machines 11 % 32.9 L/dwg/da

Leaks 3 % 8.3 L/dwg/day

TOTAL 100 % 291.1 L/dwg/day

Source: Canal Isabel II, Cubillo at. al (2008)

For the intents and purposes of estimating the potential water savings to be gained by 
using reclaimed water, in the present analysis residential water demand was assumed to 
be on the order of 400 L/dwelling∙day. That figure, based on INE and Canal de Isabel II 
data and information from other sources not listed above (such as Hansgrohe, German 
manufacturer of facilities for reusing grey water), may be borken down as follows:  
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BREAKDOWN OF ESTIMATED RESIDENTIAL WATER DEMAND

Use Percentage of total use  
(multi-dwelling units)

Mean use  
(multi-dwelling units)

Toilets 20 % 80 L/dwg/day

Showers 30 % 120 L/dwg/day

Washing machines 10 % 40 L/dwg/day

Others 40 % 160 L/dwg/day

TOTAL 100 % 400 L/dwg/day

Source: Sara Perales 

For the water demand in hotels and offices, in turn, the Canal de Isabel II rules for 
drainage systems assume 8.6 L/m3∙day for tertiary use. Those same rules adopt a value 
of 18 m3/ha⋅day and a yearly ceiling of 2 500 m3/ha for municipal landscape irrigation.

2.3.1.3  Analysis of possible water savings and legal, economic and technical 
conditioning factors
Water savings can be made in three possible ways, which are not mutually exclusive. Each 
can be deployed in both consolidated and new developments, although the investment 
cost is substantially lower in the latter. The three alternatives are:
Alternative 1: Use of rainwater harvested on private roofs or in private yards
Rainwater could theoretically be used for private gardening or toilet flushing. The 
following conditioning factors must be borne in mind.

•	 A water tank is required to store the rainwater.
•	 To calculate the size of the tank, information is required on the amount of water 

needed for landscaping in the dry season (summertime). The amount needed for 
flushing toilets is reasonably constant year round (80 L/dwelling⋅day).

•	 The amount of rainwater that can be harvested in this manner is generally 
insufficient for either use. Given rainfall irregularity throughout the year and the 
need for uninterrupted service, provision would have to be made for supply from 
the mains for both uses. That would call for duplicate piping both inside dwellings 
(to the toilets) and in landscaped areas.

•	 R.D. 1620/2007 on reuse of reclaimed water establishes the strictest quality 
standards (Quality 1.1: residential) for both toilet flushing and private gardening. 
It also requires semi-weekly sampling for both. Those requisites, in conjunction 
with the cost of the testing envisaged and the need to enforce water quality 
standards at a great many service connections (all buildings where rainwater is 
collected and used), renders this alternative unfeasible.Source: ASEPMA
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In a nutshell, given the existing legislation and the competent authorities’ actual capacity 
to enforce water quality standards, this alternative must be ruled out.

Alternative 2: Reuse of grey water in residential and tertiary buildings
Grey water is water from sinks, bathtubs and showers: the proposal is to use this water 
for refilling toilet tanks and private gardening. Since, as noted above, showers account for  
30 % of the 400-litre daily mean water demand (120 L/dwelling∙day) and toilet flushing 
for only 20 % (80 L/dwelling⋅day), the surplus in primarily residential areas would come 
to 40 L/dwelling∙day. That excess could be used for private gardening, and any remainder 
dumped into the combined drainage system. Around 80 % of Spanish homes are multi-
dwelling units, in which each apartment building has its own community facilities. 
Under these circumstances, the factors conditioning the design and use of this alternative 
are set out below:

•	 The facility consists of the following elements: 1) sink and shower grey water 
collection and piping to a storage tank; 2) grey water storage tank: 3) grey water 
treatment system; and 4) booster sets to pump reclaimed water to all the toilets 
in the building.

•	 The entire plumbing system must also be able to operate with the municipal 
system. That would entail duplicating sink and shower drainage, with the 
concomitant rise in investment costs.

•	 As in the case of Alternative 1 above, Royal Decree 1620/2007 requires the water 
to be used for flushing toilets to meet the highest quality standards (Quality 
1.1, residential). It also calls for semi-weekly sampling and testing to determine 
Escherichia coli and turbidity indices. Consequently, given the testing costs 
involved and the need to enforce water quality standards in numerous facilities, 
this alternative is as unviable as alternative 1.

GREY WATER TREATMENT FACILITY FOR A BUILDING

1. Electronically controlled back-flushing filter unit
2. Pre-recycling and main recycling chambers for the 

second stage of biomechanical treatment
3.  Automatic extraction system to eliminate sediment 

and conduct it to the drain
4. Back-up supply for automatic drinking water on 

demand
5. UV lamp to disinfect and de-odourise water, 

rendering it apt for long-term storage
6. Processed water chamber where water is stored 

until reused
7.  User-friendly control unit with self-test and energy 

savings functions
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This alternative is only viable if the following two conditions are met.
•	 The water quality standards for toilets and private gardening are amended or the 

frequency or the cost of statutory testing is lowered.
•	 The water quality control authority is structured to enable it to enforce quality 

standards building-by-building.
If these conditions could be met, yearly water demand could be reduced by 20 to 30 % 
(20 % if grey water is used for toilets only). An analysis of the economic viability of this 
alternative would entail comparing the investment in grey water facilities and installation 
costs to the difference between the water savings and the operating, maintenance and 
laboratory testing costs involved.

Given the current legal provisions, the resources available to the water quality control 
authorities and the present cost of water in Spain, this alternative is not presently viable.

Alternative 3: Use of treatment plant water
Municipal treatment plant water piped through a specific system could be used for the 
following applications:

•	 private use: toilet flushing and private gardening, for which R.D. 1620/2007 
requires Quality 1.1. (residential water)

•	 public use: public landscape irrigation, street hosing and fire extinction, for which 
R.D. 1620/2007 requires Quality 1.2 (municipal service water).

The advantage of this alternative is that control is conducted at the treatment plant itself, 
greatly facilitating the task, and by the authority in charge of guaranteeing water quality. 
A dual piping system would be required, one for potable and the other for reclaimed 
water, from the source to the tap. The reclaimed water supply operator would have to 
establish a lower price than applied to potable water (as the water is reused, no new 
consumption is involved), to ensure that the extra investment cost in building and 
grounds, as appropriate, could be amortised. Such a system could lower the total demand 
for potable water by up to 35 %, a very substantial portion of which (80 L/dwelling ∙ day) 
would be generated by the use of reclaimed water to fill toilet tanks.

2.3.2.  Sustainable urban drainage systems

In conventional collection and drainage systems, the primary aim is to evacuate the 
runoff generated by rainwater to the recipient stream channel as quickly as possible. The 
progressive growth in urban areas as a result of population concentration in cities has 
given rise to the following two problems, however.

•	 The growing number of impermeable areas has altered natural flows substantially, 
raising runoff volumes and shortening response times, both of which lead to a 
higher risk of flooding. 
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SUSTAINABLE DRAINAGE SYSTEMS

Source: Sara Perales

•	 Human activity generates a wide range of pollutants on urban surfaces: sediments, 
organic matter, nutrients, hydrocarbons, pathogens (bacteria and viruses), metal 
and pesticides, to name a few. Since the origin of such pollutants is difficult to 
identify and their attribution uncertain, they are collectively known as diffuse 
pollution. During rainfall events, the pollution accumulated during dry periods 
is carried by the collection system to the recipient stream, where its exerts a 
severe impact in the form of lower dissolved oxygen levels, higher nutrient 
concentrations (with the concomitant risk of eutrophication), pathogen pollution 
or the accumulation of toxic elements.

2.3.2.1  Alternative approach to rainwater management  
In recent years an alternative approach to drainage, indistinctly known as sustainable 
urban drainage systems (SUDS), best management practices (BMP) or water-sensitive 
urban design (WSUD), has been developed to tackle the problems faced by conventional 
collection and drainage.

These systems seek to emulate the natural water cycle in place prior to urbanisation or 
human action as accurately as possible. Their aims can be summarised as follows:

•	 to defend natural systems by protecting and improving the water cycle in urban 
environments

•	 to protect water quality in the stream channels that receive urban runoff
•	 to reduce runoff volumes and peak flows generated in urbanised areas by minimising 

the area with an impermeable cover and installing retention and soil infiltration 
elements

•	 to reduce the cost of drainage infrastructure
•	 to use temporary ponds to integrate rainwater treatment into the cityscape.
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Reducing runoff volumes and peak flows may solve the problems posed when an urban 
development outgrows the existing collection system (or the capacity of water collectors 
underneath new urban developments is overrun or where the aim is to lengthen the return 
period for certain intense rainfall episodes), while redounding to improved operation of 
treatment plants, thanks to:

•	 the smaller amounts of water that reach the plant
•	 the decline in costs due to less frequent changes in pollutant patterns
•	 the smaller numbers of discharges that flow into the plant.

2.3.2.2  Typologies

SUDS can be divided into structural and non-structural measures.
Non-structural measures prevent water pollution both by reducing the potential 

sources of pollutants and by keeping part of the runoff from flowing downstream where 
it may come into contact with pollutants. The most popular of such measures include:

•	 education and citizen awareness programmes
•	 incorporation of one or several SUDS objectives in legislation and planning
•	 control of herbicide and fungicide use
•	 frequent cleaning of impermeable surfaces to reduce pollution
•	 careful clean-up at worksites to avoid sediment rainwash
•	 control of illegal connections to the drainage system.

Structural measures entail the use of construction elements or the adoption of certain 
urban planning criteria. The most common are , depicted on pages 410 and 411, are:

•	 green roofs
•	 permeable surfaces
•	 bio-retention areas
•	 filter strips
•	 infiltration pits and ditches
•	 filter drains
•	 green gutters
•	 detention-infiltration tanks
•	 retention ponds
•	 wetlands.



THE CITIES OF THE TWENTY-FIRST CENTURY

410

 



411

IMPLICATIONS OF CHANGE FOR CITIES

 



THE CITIES OF THE TWENTY-FIRST CENTURY

412

2.3.2.3  General SUDS design criteria
SUDS experts should be involved in all the links of the water management chain in any 
attempt to reproduce a basin’s natural water cycle:

•	 prevention: application of non-structural measures
•	 management at the source: reduction of runoff at or around the source
•	 management in urban environments: local water management
•	 basin management: regional runoff management.

SUSTAINABLE DRAINAGE SYSTEMS

Source: Sara Perales 

Hydrology and hydraulics are the two disciplines most directly involved in sound 
infrastructure dimensioning. To take both quality and quantity matters into consideration, 
a design must address the entire spectrum of rainfall events, from frequent and low 
intensity to rare and high intensity episodes. Whereas countries such as the United 
Kingdom and the United States have legislated the return periods and duration of rainfall 
to be used to attain given objectives, in Spain the criteria vary widely, even between areas 
with similar climates.  
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CHOICE OF RECURRENCE INTERVAL FOR DESIGN OBJECTIVE

Design objective
Rainfall return period (years)

0.01 0.1  1 10 100

Infiltration techniques

Pollution control

Control of recipient channel erosion

Flood control

Source: Sara Perales and Ignacio Andrés-Doménech

One very important hydraulic parameter for SUDS design is the determination of the 
useful storage volume of the infrastructure involved. Climate conditions are likewise very 
important, which explains the wide range of volumetric ratios (storage volume per unit 
of impermeable area) in place.

In Spain, most of the methods in use are based on obtaining storage ratios from the 
continuous simulation of historical rainfall series. The results differ considerably depending 
on the environmental target set. In Barcelona, the optimal value is the storage volume that 
reduces the number of yearly discharges to 1/3 of the number necessary if no deposits 
existed. The criteria recommended for the North Water Management Board range widely, 
from 4-10 to up to 120 m3/ha of impermeable area; in Asturias, in the north-northwest, 
the most common criteria is for deposits to be able to retain rainfall at an intensity of 10 
L/minute•ha	for	20	minutes,	i.e.,	13	m3/ha of impermeable area.

Another important feature of design refers to pollutant treatment and elimination, 
which includes:

•	 sedimentation: one of the most essential mechanisms
•	 filtration and biofiltration: with plant cover, geotextiles or natural filters
•	 adsorption: pollutant retention via contact with certain soil particles
•	 biodegradation: biological degradation processes
•	 volatilisation: for oil derivatives and certain pesticides
•	 precipitation: used to eliminate heavy metals
•	 plants: to eliminate the phosphorous and nitrogen they use as nutrients
•	 nitrification: to convert ammonia into nitrite and nitrite into nitrate, which can 

be taken up by plant species.

2.3.2.4  Degree of implementation
In the United States, the diffuse pollution problem was recognised as early as the nineteen 
seventies and addressed in the 1987 Clean Water Act, which led to specific action 
programmes to solve the problem. One of the most prominent of these plans was devised 
by the city of New York and entitled the “NYC Green Infrastructure Plan: a Sustainable 
Strategy for Clean Waterways”. In it, the city broached water drainage from the standpoint 
of a comprehensive and very ambitious plan which involved applying SUDS techniques. 
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Similar plans were adopted by other cities such as San Francisco and Chicago.
Australia began to deal with improvements in the quality of the water discharged into 

natural streams in the nineteen nineties and now has standards, legislation and design 
manuals of its own.

In Europe, where urban runoff management has focused on flood control, awareness 
of diffuse pollution arrived much later, in the last ten years. SUDS techniques are more 
extensively used in central and northern than in southern Europe, where scant experience 
has been acquired in countries such as Spain, Italy, Greece and Portugal.

Nonetheless, in Spain SUDS techniques and criteria are gradually finding their way 
into the legislation and technical papers. A few examples are listed below.

•	  The Ordinance on the Efficient Use of Water in the City of Madrid (2006) 
establishes certain minimum values for the amount of walkway, street, central 
reserve, square and park area that must be permeable.

•	  The Libro Verde del Medio Ambiente Urbano (green paper on the urban environment, 
2007) lays down recommendations on how to lower ground impermeability in 
urban planning designs, and lists the beneficial effects of green roofs and rainwater 
harvesting for use at the source.

•	  The Ministry of the Environment’s paper entitled “La sequía en España: Directrices 
para minimizar su impacto” (drought in Spain: guidelines for minimising its 
impact) identifies the need for permeable urban surfaces and storing rainwater in 
tanks and deposits.

•	  The Centre for Public Works Studies and Experimentation (Spanish initials, 
CEDEx) paper entitled “Gestión de las aguas pluviales: implicaciones en el 
diseño de los sistemas de saneamiento y drenaje urbano” (rainwater management: 
implications for the design of urban collection and drainage systems) establishes 
criteria for using SUDS techniques such as tanks, wetlands, infiltration, plant 
biofilters and filters.

•	  The regional Government of Galicia’s paper entitled “Instrucciones técnicas 
para obras hidráulicas en Galicia, serie saneamiento” (technical instructions for 
waterworks in Galicia, drainage series), in which rainwater pollution control is the 
first priority, the use of SUDS techniques is defined as the most suitable approach.

•	  The paper “Cambio Global España 2020-2050: Programa ciudades” (global 
change, Spain 2020-2050: cities programme) identifies the need to further the 
use of green roofs and increase pavement permeability.

The most prominent projects undertaken in Spain with SUDS techniques include:
•	  MR-10, Elche Marina at Alicante
•	  Torre Baró urban development, Barcelona
•	  Marina, Free Zone, Barcelona
•	  Soterranyes industrial estate, Vinaroz
•	  The “Castellana” extension project, Madrid, described later in this chapter.
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The demo project for southern Europe known as AQUAVAL (LIFE+) merits separate 
comment. This project, geared to the formulation of sustainable rainwater management 
plans using SUDS in a context of climate change, is underway in the Spanish province 
of Valencia. The 1.2-million euro budget is co-funded by the EU and the provincial 
government. The expected duration is 42 months, from 1/1/2010 to 30/6/2013. The 
project is being coordinated by the xátiva municipal government. Other partners include 
the municipal government of Benaguasil, PME Enginyeria, the University of Abertay 
Dundee (Scotland) and the Fundación Comunidad Valenciana Región Europea. The 
project objectives include:

•	  aversion of sewage discharge into the recipient stream
•	  prevention of the flooding to which the urban core is frequently subject
•	  lowering of energy demand and CO2 emissions
•	  use of natural rainwater for landscape irrigation and street hosing
•	  reduction of the heat island effect in cities
•	  furtherance of the use of SUDS in southern Europe
•	  mainstreaming of environmental protection into urban scale water policies.

The actions planned by this demo project are:
•	  modelling of the present collection systems and proposals to determine SUDS 

facility location
•	  construction of six SUDS demos
•	  drafting of two sustainable rainwater management plans
•	  drafting of municipal ordinances and standards
•	  dissemination of information on this innovative approach to efficient rainwater 

management.

2.3.2.5  Conclusions
Clearly, then, the conventional approach to drainage must be modified and replaced by 
sustainable urban drainage systems in both new urban developments and consolidated 
cities. The benefits include:

•	  lower downstream flooding risks due to the reduction of peak flows and volumes 
drained

•	  lesser urban interference in the natural water cycle 
•	  improved operation of treatment plants due to a decline in flow and pollutant load
•	  lower demand for potable water and smaller volumes of polluted water
•	  less intense “heat island” effects in cities
•	  lower energy demand due to water treatment in plants and the decline in residential 

heating and cooling needs 
•	  improvement in the quality of the landscape in city surrounds.  
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3.  URBAN TRANSFORMATION: CRITERIA AND PRACTICAL APPLICATION 
IN REAL-LIFE PROJECTS

3.1.  CASTELLANA ExTENSION PROJECT, MADRID

The Castellana Extension Project, to be implemented in northern Madrid, stretches from 
the city’s Castilla Square to ring road M-40 at the Colmenar Junction. The land to be 
developed is 63-per cent owned by the country’s railways (i.e., ADIF, the infrastructure 
authority, and RENFE, the operator), 19-per cent by the Government or State-controlled 
companies and 18-per cent privately. The 3 120 000 square metres involved will be used to 
build 17 300 dwellings, 1 650 000 square metres of tertiary use buildings (primarily offices, 
but also retail and hotels) and 550 000 square metres of private and public facilities.

The project is characterised by two main features. On the one hand, Castellana 
Boulevard (Madrid’s main artery, hereafter “Castellana”) will be extended by 2.6 km in 
what will be its first enlargement since the nineteen fifties (at that time it was lengthened by 
the 2 km running from the government building complex known as Nuevos Ministerios 
to today’s Castilla Square1). And on the other, it closes a deep wound inflicted by over 

1 While in the nineteen sixties extension north of Castilla Square, concomitant with development on 
both sides of the road to France, the artery’s 80-m breadth and the name Castellana were maintained, 
that section has never been more than a high-capacity, high-speed, stoplight-free road connecting into 
the M-30, N-I and Colmenar expressways. The Castellana Extension Project aims to imbue that stretch 
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5 km of railway facilities that flank both sides of railway tracks, ensuring cross-track 
connectivity, integrating the multi-modal transport hub at Chamartín Station into the city 
and guaranteeing ready access to the station from the surrounds.

The project was approved after highly controversial urban planning proceedings, 
which lasted 15 years. Its sub-divisional plan was authorised in February 2011 and its 
Urban Planning Agreement was signed in November of that year by the three competent 
public authorities, Ministry of Internal Development, Region of Madrid, City of Madrid, 
and by ADIF, RENFE and DUCH (the main developer, which is assigned all ADIF and 
RENFE land use rights by virtue of a three-way agreement among them). Nonetheless, 
the country’s unfavourable economic and financial environment and precarious real 
estate market are obstacles to establishing a hard-and-fast timetable for the project, whose 
infrastructure (with an estimated of cost of €1.9 billion at 2011 prices) must be self-
financed by the sale of the real estate product.

Assuming, however, that the Spanish economy returns to positive growth in 2014 
(or perhaps even in the last quarter of 2013, according to the IMF’s October 2012 
report, which predicts +0.2 % inter-quarterly growth) and thereafter approaches its 
potential growth of around 2 % fairly rapidly (in no more than 2 or 3 years), project 
implementation could begin in 2015. Actual building could get underway two years later 
and continue for another 15 to 20, depending on demand, which will be largely governed 
by economic buoyancy.

The Castellana Extension Project was on display at the 2010 Shanghai World’s Fair as 
the most emblematic scheme for Madrid’s future. It was the object of a standing exhibit 
throughout the event, during which it was presented on numerous occasions to Chinese 
political, academic and economic authorities. The project was chosen to represent Madrid 
at the Shanghai World’s Fair because of the enormous transformation it will mean for the 
city and because it has been designed from the outset to the strictest sustainability criteria 
in areas such as mobility, energy and water use. Moreover, the author of this book was 
invited to speak at the Association of Public Transport’s (UITP) 2009 World Congress 
entitled “Public transport: making the right mobility choices”. In his address to the UITP 
membership, which includes most major world cities’ public transit authorities, entitled 
“The Castellana Extension Project: integrating urban design, mobility and building 
construction”, the author described the design criteria applied to coordinate urban 
planning and public transport.

The following pages provide a rough sketch of the project and its background, followed 
by a more detailed discussion of the sustainability criteria applied to its design. 

of Castellana with the urban personality so readily perceived between Atocha and Castilla Squares. The 
northward extension of Castellana for both vehicle and pedestrian traffic, required to attain that objective, 
will call for a full overhaul of the existing North Junction
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3.1.1.  History of Castellana Boulevard

As its name infers, the Castellana Extension Project purports to lengthen Madrid’s main 
artery for the first time since the nineteen fifties. Development of this thoroughfare has 
been closely associated with Madrid’s growth since 1837. Some of the milestones in the 
history of both are listed below.

Madrid 1562. Drawing by Antoon van den Wisngaerde

•	  Madrid was founded in the twelfth century by King Alfonso VII of Leon over a former 
Muslim fortress belonging first to the Caliphate of Cordoba and later to the Taifa (or 
emirate) of Toledo. The initial twelfth-century core was built between the fortress and 
the first wall; by the fourteenth century, it had grown to the second wall. In 1562 King 
Philip II moved the court and with it the Spanish capital to Madrid, whose ancient 
fortress was converted for use as the royal palace. From then onward, Madrid’s growth 
was patterned around the existence of a perimetric wall and the east-west axis that 
crossed the city. The population gradually occupied the land inside the wall, whose 
gates marked the starting point for the roads northward (San Bernardino, Nuestra 
Señora de las Nieves, Santa Bárbara and Recoletos Gates) and southward (Atocha and 
Toleda Gates).

•	  In 1630 King Philip IV had a recreational complex built on Madrid’s east side, which 
was named Buen Retiro Palace (today Retiro Park: all that is left of the former palace 
is the Buen Retiro Mansion, which forms part of the Prado Museum, and the Salón de 
Reinos, a building that for many years housed the Army Museum). 
When the fortress-royal palace burned down in 1734 and the Buen Retiro Palace became 
the royal family’s official residence, the nobility and aristocracy soon began to locate 
around it, uplifting the urban environment. The origins of today’s Prado and Recoletos 
Boulevards, which were to become a meeting place for high society and would later sire 
Castellana, can be traced back to that period. 



419

IMPLICATIONS OF CHANGE FOR CITIES

Buen Retiro Palace in 1637. Painting attributed to Jusepe Leonardo

Madrid 1635 (population 30 000) 
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C. M. de Castro’s enlargement plan (1860)

•	  In 1837, Recoletos Boulevard was extended first to Cisne and later to Castellana 
Fountains. The reason was the need to enlarge Madrid, which could only grow 
northward, given that it was hemmed in on the east side (along what is now Serrano 
Street) by the wall built during King Philip IV’s seventeenth-century reign, and on 
the southwest by the River Manzanares and very fertile farmland. This proposal was 
to determine Madrid’s urban future, for two reasons. First, it sought to define the 
city’s expansion based not on an orthogonal lattice, but on an axis (later to become 
Castellana) that would be flanked by the new city. And second, the new axis was drawn 
to suit the urban topography, swerving to connect into the squares housing Cisne and 
Castellana Fountains.

•	  In 1860 engineer Carlos María de Castro proposed an urban plan to enlarge Madrid 
with three new districts, Chamberí, Salamanca and Arganzuela, which was approved and 
nearly entirely implemented in the years following. That plan proposed an orthogonal 
lattice bordering the entire historic city, except along the river on the west. To some 
extent, this detracted from Castellana’s role as the urban backbone, although the artery 
was extended to what was then the race track (and is now Nuevos Ministerios), a 
formidable obstacle to any future expansion.
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C.M. de Castro’s preliminary enlargement plan

•	  In the early twentieth century, when Madrid’s growth rate was especially high, 
settlements were going up outside the area defined in de Castro’s enlargement, despite 
the existence of empty buildable space within its perimeter. The densest growth, along 
the roads to France (today’s Bravo Murillo Street) and Barcelona (extension of Alcalá 
Street), posed severe health problems, for these areas had no urban infrastructure. Such 
swift and anarchic development had necessarily to be rationalised and organised. Núñez 
Granés proposed a solution in 1910, which called for expanding the city along the lines 
of de Castro’s orthogonal pattern that afforded Castellana no particular prevalence. 
But that proposal failed to meet the needs deriving from the economic and social 
transformation taking place in the city or to solve the problems posed by the de Castro 
plan, inasmuch as it consisted of little more than a change of scale. It was consequently 
rejected in 1919. 
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Núñez Granés’s preliminary design to extend the Castellana in 1929

Nonetheless, in that same year another project authored by Núñez Granés envisaged 
extending Castellana and restoring its role as the main axis for the city’s expansion. 
That approach was included as one of the conditions for the international competition 
organised that very year to enlarge Madrid.

•	 On 26 June 1929, an international competition was called for a preliminary street 
layout and urban planning design for the area between the outer limit of the previous 
enlargement and the city limits. These designs were to include a sketch of the remodelled 
layout of the inner city core and a drawing depicting ideas for the general extension of 
the city limits. They were also to propose a system to seamlessly connect the new urban 
centres and the existing city. Although the competition was declared void, the highest 
score was awarded to the preliminary project co-authored by Secundino Zuazo, from 
Bilbao, and Hermann Jansen, from Germany, which was to ultimately serve as the basic 
design for extending Castellana. By 1929 Madrid’s population had grown to 1 000 000.

•	 Some of the most prominent elements of the Zuazo-Jansen Plan are set out below:
1. It envisaged expansion in terms of the city’s north-south axis, which entailed extending 

Castellana.
2. The Núñez Granés project for extending Castellana, which had been approved, would 

need to be rounded out with a description of the alignment for the future dwellings 
that would flank the new boulevard.

3. The vital role assigned to this major north-south axis in inter-connecting Madrid’s 
various historic quarters called for extending it northward, beyond the Royal Race 
Track (on land now housing several ministries) that stood in the way.

4. The scheme proposed a railway line along the Prado-Recoletos-Castellana thoroughfare, 
with one station at each end: Atocha on the south and Chamartín on the north. This 
second station would be built where the extended artery was to converge with Bravo 
Murillo Street, and an underground line would connect the two.  
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Zuazo and Jansen’s preliminary street layout to extend Castellana. 1930

Madrid 1929 (population, 1 000 000)

Railway line proposed by Zuazo, stretching all 
along Castellana Boulevard from Atocha Square
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Three-dimensional drawing of the Nuevos Ministerios complex and the Castellana extension (1932)

•	 On 22 December 1932, the Council of Ministers approved a Finance Ministry decree 
whereby use of the State-owned land housing the race track was assigned to the Ministry 
of Public Works. That enabled Indalecio Prieto to undertake the Castellana extension 
and connect the artery to the road to France. Zuazo was commissioned to design the 
new ministry complex (still known in Madrid as “Nuevos Ministerios”).

•	 After the Civil War, Bidagor took over the project to extend Castellana, based on Zuazo’s 
proposal. This new approach viewed the boulevard as a space that should represent 
the imperial capital, an area that would be home to the regime’s most emblematic 
buildings.

•	 In 1945, when Madrid’s population had grown to 1 450 000, work was begun to 
extend Castellana from Nuevos Ministerios to what is now Castilla Square. The works 
were concluded in 1950. In 1947, the new Chamartín Stadium, built alongside the 
former facility (see photograph on the the following page), was officially opened to the 
public by Real Madrid football club president Santiago Bernabéu. 

•	 In 1950 Madrid swallowed twelve smaller municipalities, including Fuencarral and 
Chamartín de la Rosa. The country was characterised by heavy domestic migratory flows 
in those years. By 1955, Madrid had a population of 2 100 000, i.e., 45-per cent growth 
in just 10 years. Bidagor plan (1940)
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Madrid 1946-1947 (pop. 1 450 000). Grading works, Castellana extension
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Madrid 1952 (pop. 1 800 000). Castellana extension, final stretch

•	 The land on both sides of the road to France north of Castilla Square began to be 
developed in the late nineteen fifties. The Real Madrid sports compound (commissioned 
in 1963), La Paz Hospital (in 1964) and a whole new quarter, Virgen de Begoña, were 
among the new developments.

•	 Studies undertaken in the nineteen sixties to build an expressway to ring Madrid, the 
M-30, gave way to construction in the nineteen seventies. North Junction, commissioned 
in 1975 alongside La Paz Hospital to connect that expressway to Castellana north of 
Castilla Square, has effectively prevented the boulevard from expanding any further 
ever since.

•	 Madrid’s 1997 General Zoning Plan proposes developing all the municipal land not 
subject to environmental protection (i.e., excepting areas such as El Pardo Forest) or 
occupied by consolidated landscaped areas (the Casa de Campo and Retiro Parks, for 
instance). This was a radical change from the 1985 Plan, whose aim to limit the size 
of the country’s capital prompted substantial growth in metropolitan Madrid. The 
1997 Plan envisages new developments at Montecarmelo, Las Tablas, Sanchinarro and 
Arroyo del Fresno. The studies that served as a basis for that Zoning Plan proposed the 
possible extension of the city’s north-bound artery, which would entail eliminating the 
railway facilities that constitute a 5-km long urban barrier and, as a result, restoring 
east-west continuity in the area. Such an extension (beyond North Junction) would 
mean using the land occupied by those facilities and redesigning the junction adjacent 
to La Paz Hospital.

Madrid, nineteen fifties. Castellana Boulevard and 
its extension
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 Madrid 1976 (population 4 000 000)Madrid 1963 (population 2 700 000)
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Castellana Boulevard, Madrid, 1976 Madrid north, 2007
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3.1.2.  Brief description of the project
The scale of the project is comparable to others undertaken in western Europe, such as 
La Défense and Austerliz in Paris and Broadgate and Canary Wharf in London, as the 
table below shows.

MADRID PARIS PARIS LONDON LONDON

Castellana 
extension Le Défense Austerlitz Broadgate Canary Wharf

Total area (m2) 3 120 658 1 300 000 1 300 000 106 013 420 000
For-profit gross floor area 
(m2) 3 276 691 3 750 000 2 050 000 410 000 2 250 000

Allowable built area/total 
area ratio (m3/m2) 1.05 2.88 1.58 3.87 5.36

Use Residential /
offices Offices Residential / 

offices Offices Offices

Year begun 2015 1958 1993 1987 1987
Year concluded 2030-2035 2005 2013 1992 2010

Management model Private  
company

State controlled 
company

State controlled 
company

Private  
company

Private  
company

Four points can be gleaned from the comparison. The built area-to-land area ratio in the 
Castellana extension is perceptibly smaller than in the other urban developments. Austerlitz 
and Castellana are mixed-use projects, whereas the other three are for office use only. Like 
Broadgate and Canary Wharf in London, Castellana is under private management, while 
State-controlled companies were founded for the two Parisian projects. And lastly, the size 
of the Castellana project relative to the size of the city is much greater than in the London 
and Paris developments, for while the absolute scale is similar, Madrid is considerably 
smaller than those two cities.

3.1.2.1  Objectives
The project’s six objectives are listed below.

1.  Extension of the Castellana artery by 2.6 km
Over and above the street’s role as a communication channel and a mainstay of the nearby 
urban fabric, it is the city’s backbone and one of the key elements for an orderly and 
comprehensible mental map. 

The history of the construction of Castellana shows that this distinctive landmark is 
the result of a long and fractionated process involving initiatives and projects based on 
a consistent approach that unites the artery’s dimensional, topographic and functional 
characteristics, as well as its role in municipal planning.

The Castellana extension project is the final stage of that process. It symbolises the 
dual determination to extend and complete Madrid’s main artery (to connect it to the 
second ring expressway, the M-40, which borders the city limits and runs alongside
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undeveloped areas of great ecological value, making this the boulevard’s final extension); 
and to reinforce its personality as one of the city’s characteristic components and with it, 
its drawing power for the highest quality tertiary and institutional facilities: a space of 
privilege, therefore, for architectural innovation.

2.  Remodelling of Chamartín Station and approaches
Since its design and construction in the early nineteen seventies, Chamartín Station has 
been poorly integrated in the city fabric because it was built primarily for automobile 
access. The enlargement required to handle growing traffic (essentially local and high 
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speed trains resulting in part from the new tunnel that connects it to Atocha Station 
for exclusive high-speed use) has generated a need for greater permeability to all kinds 
of traffic: pedestrian, bicycle, underground, bus, taxi and private vehicles, along all four 
façades.
The new multi-modal station will house 32 tracks, 11 more than at present, which should 
suffice to accommodate the traffic generated by the 22 million high-speed passengers 
expected in 2030. The works on the station are to be financed with the proceeds from the 
national railways infrastructure authority’s (Spanish initials, ADIF) urban land and land 
use rights (under assignment arrangements).

3.  Recovery of a run-down area of the city

The operation will transform and recycle developed but blighted areas: railway grounds 
(yards for rolling stock and warehouses); large-scale infrastructure facilities in a once 
peripheral but now a central location (bus depot, water deposit); and obsolete industrial 
facilities (Fuencarral-Malmea estate). As a development, then, it entails no new land use 
and is a continuation of the consolidated urban fabric, in keeping with the guidelines set 
out in the European Spatial Development Perspective and the general cross-disciplinary 
consensus on enhancing urban system sustainability.

Aerial view of the target area

New Chamartín station and approaches
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4.  Elimination of the urban barrier created by the railway and the M-30 ring road

The project contributes decisively to reorganising northern Madrid, for it entails covering 
over all the Chamartín Station (south of the M-30) and part of the Fuencarral Station 
tracks. Over 600 000 square metres will be roofed over. The M-30 will also cross the entire 
site underground, eliminating that barrier as well. In addition, covering the tracks in 
Chamartín Station and the M-30 will considerably lower the noise levels in the buildings 
to be built alongside these facilities. New east-west cross streets will connect the districts 
on the two sides of the tracks (west: Barrio del Pilar, Colonia Virgen de Begoña, historic 
quarter of Fuencarral, Tres Olivos and Montecarmelo; and east: Avenida de San Luis, Isla 
de Chamartín and Las Tablas), healing the historic wound inflicted by the railway facility. 
Up to six such arteries will contribute to the urban lattice, as illustrated in the drawing 
above. 
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5.  New tertiary and social facility hub
The project envisages the creation of a new civic and tertiary hub, spatially and 
functionally integrated into the surrounding residential growth areas, the historic quarter 
of former Fuencarral village, Chamartín district and, with Castellana Boulevard as the 
natural channel, into the rest of the city. With the Castellana extension, a city within the 
city, Madrid counters the existing trend to relocate central facilities in autistic campuses 
on the outskirts of cities, and generates a new space for typological research in which 
high-rises are not mere icons, but proof of a determination to respond intelligently to the 
organisational demands of contemporary cities.

6.  Application of very strict sustainability criteria
The technical aspects of the sustainability criteria for mobility, energy efficiency in 
buildings and optimisation of water use are discussed in a later section. In urban planning, 
rather than geometric, formal or merely coincidental criteria, public transport nodes 
(underground and commuter trains) determine the areas where tertiary uses should be 
clustered, for these activities generate more intense mobility per square metre of building 
space than residential quarters.

3.1.2.2  Urban planning and zoning

The key features of urban planning for the project are set out below.
•	  Land use

The land use breakdown is shown on the next page.
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A considerable share, nearly 1/3, of the total is earmarked for streets, primarily the new 
Castellana, with its 83-m breadth, and its cross streets. Both handle more through than 
local traffic. Publicly-owned land, i.e., lots for facilities and landscaped areas, amount 
to 27 % of the total, while the for-profit lots account for only 17.5 %.

•	 Public use land
The operability of community uses, which cover 31 ha, has been the object of meticulous 
study. Different types of lots are distributed consistently across the entire site to ensure, 
on the one hand, the presence of metropolitan and institutional uses, with large lots 
to which no use has been permanently assigned, and on the other of basic facilities for 
residents, positioned on lots integrated in the urban fabric.
A variety of solutions are also envisaged for the 55 ha of landscaped ground, from a 13-ha 
central park over the tracks north of Chamartín Station, to small neighbourhood parks 
that lighten the density of the street lattice and generate synergies with other facilities. 
The operation envisages planting around 18 000 trees to flank roads and walkways and a 
similar number in landscaped areas to create a sense of nearness to plant life.
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Green belts and landscaped areas

•	 Integration in the cityscape
The consistent and high quality design for public spaces and their interaction with 
built areas is guaranteed by the implementation of five Landscape Master Plans for 
the most emblematic spaces: Castellana Boulevard, the tree-lined avenue covering the 
water supply mains (Vía del Agua), the Civic Axis, the green belts flanking the railway 
grounds and the Central Park north of Chamartín Station. In addition, the Special Plan 
for the new Chamartín Station will include landscaping guidelines.

•	 Zoning
The 3 276 691 square metres of allowable for-profit, above-grade gross floor area are 
located on the 548 074 square metres of land classified as residential in the figure on the 
next page. Similarly, the 309 000 square metres reserved for facilities can accommodate 
up to 450 000 square metres of allowable gross floor area.
A total of 17 320 housing units are envisaged, 3 900 (22.5 %) of which will be subject 
to conditions for eligibility for some manner of government subsidy. 



THE CITIES OF THE TWENTY-FIRST CENTURY

436



437

IMPLICATIONS OF CHANGE FOR CITIES

Three-dimensional perspectives of this part of the city upon conclusion of 
development, from three vantage points.
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3.1.3.  Economic impact and job creation

Investment in the project is expected to amount to 11.1 billion euros, 4.3 billion of which 
for infrastructure and the 6.8 billion remaining for building construction. These amounts 
are in 2010 euros, although the prices prevailing in 2012 may vary very little. Inflation 
is offset by the declining prices resulting from the steep slump in construction activity at 
present and, according to forecasts, for the next 10 years. This is an outcome of the need 
for consolidation among the various levels of government and the foreseeable downturn 
in housing construction. In any event, the prices here are given in constant 2010 euros.

Of the 4.3 billion euros earmarked for infrastructure, 1.9 billion, the estimated cost 
of the external works, are to be assumed by the owners. The City of Madrid will build 
the M-30 north by-pass from Ilustración Avenue to Pío xII Street and its connection to 
the road to Burgos, budgeted at 1.4 billion euros (although no final solution has been 
chosen). The Ministry of Internal Development-ADIF will defray the cost of constructing 
a series of railway infrastructures inside the site (the most prominent being the new 
Chamartín Station) and connections between the railway facilities and their surrounds, 
for an estimated cost of 1.0 billion euros.

The project will generate from 16 to 20 thousand direct and indirect jobs over the 12 
to 15 years that the works are expected to last, divided approximately equally between infra 
structure and building construction.

Upon conclusion, the Castellana Extension Project will be home to around 50 000 
people and the place of work for about 88 000.

3.1.4.  Application of sustainability criteria

The author of this book is fully aware of the substantial effect of urban layout and buildings 
on energy demand and greenhouse gas emissions, and that the vectors of change discussed 
in detail in earlier sections will induce profound change in both these parameters. 
Moreover, the fact that the Castellana Extension Project is the most ambitious urban 
development ever undertaken in Spain imposes on its authors the obligation to explore 
new land use, architectural and technical solutions able to respond to the challenges facing 
society, for possible application in future projects. Given the lengthy project duration, 
the profound changes taking place in the fields of energy and climate, and their speedy 
translation into urban planning and building legislation such as the European Energy 
Performance of Buildings Directive, it would be senseless to adopt an approach that 
would be technically obsolete from the outset. Lastly, all the alternatives and proposals 
put forward have been subjected to exhaustive economic feasibility analysis, and any 
found not to be cost-effective have been set aside. Since the future cost patterns of the 
various technologies involved (such as biomass boilers, CHP or photovoltaic energy) 
cannot be accurately predicted, those analyses will be continuously updated as work on 
the development progresses.
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In light of the foregoing, this project is being designed to the strictest sustainability 
criteria, implemented in the following areas:

•	  mobility, public transport and urban planning
•	  building energy performance
•	  optimisation of the water cycle
•	  other sustainability criteria.

3.1.4.1  Mobility, public transport and urban planning
The urban layout is designed in conjunction with mobility and the accessibility of public 
transport considerations. Specifically, office and retail areas (the uses that generate greatest 
mobility demand per square metre under roof ) are located alongside public transport 
nodes. Provision is made for bike lane access to all underground and local train stations, 
which will be fitted with bike parks.
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A mobility study was conducted to estimate the effect of the project on private and public 
transport in metropolitan Madrid and to develop an interactive tool that will support 
urban planning decision-making. The following information or working assumptions 
were adopted as the basis for the study.

•	 Data were drawn from the 2004 Household Mobility Survey conducted by 
the Madrid Transport Consortium, based on an analysis of 100 000 residents’ 
commutes on an average business day. The study quantified the number of 
inter-area trips across the entire region of Madrid, the transport mode used 
(underground, bus, private vehicle, motorcycle, bicycle, walking) and the purpose 
(work, leisure, shopping).

•	 Private and public transport around Madrid’s entire metropolitan perimeter was 
estimated using the following transport models: 1) for private vehicles, EMME/2, 
in which trips are assigned based on a criterion of minimised travel time; and 2) 
for public transport, the Madrid Transport Consortium model.

•	 Mobility in the future Castellana extension area was estimated from the data for 
similar consolidated areas built on both sides of the boulevard, between Doctor 
Marañón Square and the North Junction adjacent to La Paz Hospital.

•	 Individual mobility in 2020 was estimated to be 10.1 % higher than in 2004, as 
follows: 0.75 % growth yearly until 2010, 0.68 % until 2015 and 0.50 % yearly 
until 2020. Yearly individual mobility grew by 33.5 % between the 1996 and 
2004 Household Mobility Surveys.

•	 The percentage attributed to private vehicles was assumed to follow a downward 
trend as a result of active policies stemming from mobility plans that should 
be implemented to reduce both energy demand and traffic congestion. Public 
transport was assumed to take a 4-per cent higher share in the city centre and a 
2-per cent higher share in northern Madrid for inbound traffic. The figure for 
outbound traffic was 2 % for the entire metropolitan area, except in northern 
Madrid, where it was 4 %.

The features of mobility taken into consideration in the urban planning design included: 
1) increase in the public transport share of inbound and outbound traffic in the site; 
2) bike lane connectivity with public transport stations and off-site bike lanes to make 
cycling a feasible form of transport within its boundaries; and 3) mobility improvements 
in neighbouring areas based on a sufficiently sized permeable design.  
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The main planning criteria adopted in connection with mobility are described below.

Public transport
Further to 2004 Household Mobility Survey data, the number of trips per 100 square 
metres of gross floor area on an average business day can be broken down by land use 
as shown below:
Trips/100 m2 of built area on an average business day

Residential 7
Office  11
Retail  16

Hence the importance of locating tertiary clusters alongside public transport nodes, 
an arrangement that would also reduce private vehicle traffic. More specifically, these 
clusters have been positioned in essentially three areas, all serviced by the underground 
and local trains, as shown in the drawings on the next page.

With the general layout proposed for the site, over 70 % of the population and jobs 
are located within less than 300 metres of an underground or local train station, and 
over 95 % within less than 500 metres. These percentages are higher than prevailing 
in the city centre (defined for these intents and purposes as the area lying inside the 
M-30, the city’s innermost high capacity ring road), where the density of underground 
lines is high.

D ≤ 300 m D ≤ 500 m

Castellana 
extension City centre Castellana 

extension City centre

Population (%) 76 55 99 88

Jobs (%) 75 59 92 60

Bicycle mobility
A very dense, 18-km bicycle network has been designed with connections to all seven 
underground and all three local train stations inside the site, as well as to Chamartín 
Multimodal Station. All these facilities will be fitted with bicycle parks. In addition, 
this cycling network connects into the Green Bike Ring that circles Madrid, and the 
bike lane on the M-607 motorway.

Roadway infrastructure and connectivity between the site and the rest of the city
The urban layout proposed improves urban permeability and east-west connectivity 
in all of northern Madrid, with five new cross streets.
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The Castellana extension constitutes a new route into the city, with two lanes per 
direction in the central carriageways from Herrera Oria Circle northward, to prevent it 
from absorbing too much traffic, and three in each direction south of that point. Both 
north and south of Herrera Oria, the boulevard has two, 2-lane side carriageways, one in 
each direction. The total annual travel time throughout the entire city with the Castellana 
extension development and its public transport and roadway infrastructure in place was 
compared to journey time without the development or its transport infrastructure, using 
the private and public transport models described earlier. The findings are described 
below. 

•	 The estimated savings in travel time generated by the Castellana extension and its 
infrastructure (including the M-30 north by-pass, to be built by the city of Madrid) 
comes to 8.7 million hours yearly. At €12/hour, that savings translates into 104.3 
million euros.

•	 The Castellana Extension Project envisages additional transport capacity much higher 
than needed to accommodate area residents and workers, to the considerable benefit 
of all of northern Madrid. Specifically, the time savings amount to more than 10 % for 
journeys whose origin or destination is Tres Olivos or Montecarmelo, and from 5 to  
10 % for trips with origin or destination in the rest of the neighbouring quarters, or 
nearby towns Alcobendas and San Sebastián de los Reyes.

Reduction in travel time (in %).  
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3.1.4.2  Building energy performance

Building energy performance was analysed on the grounds of a three-way study addressing:
•	 solar exposure
•	 building volume, envelope and service analysis
•	 feasibility of centralised environmental control for the entire site.

A)  Solar exposure  
A volumetric design was sought that ensures the greatest possible solar radiation on 
buildings throughout the year. That entailed incorporating the sunshine exposure of all 
the building façades in the site as one of the conditioning factors for the volumetric 
proposal.

The work consisted essentially of the following three activities:

•	 three-dimensional modelling of all the buildings in the site
•	 study of general solar exposure during the summer and winter solstices and the 

equinoxes
•	 individualised study of solar exposure for all the south façades of the buildings in 

the least favourable locations.

WINTER SOLSTICE
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AREAS WITH LEAST FAVOURABLE SOLAR EXPOSURE

The study identified the least favourable lots for each selected building type on 22 
December, based on a prior individualised analysis.

The layout of the buildings in the development was adjusted on the grounds of the 
solar exposure findings and certain volumetric conditions were established, both as regards 
each building’s maximum footprint and the maximum heights of some of the buildings.

The solar radiation findings for the south façades of the six least favourable buildings 
in the site are compared to the daily sunshine hours, i.e., the maximum exposure assuming 
they would not be shaded by any other building, are given in the table in the margin. 

SOLAR EXPOSURE FOR THE SIX LEAST  
FAVOURABLE BUILDINGS

AREA 01

DATE Daily sunshine hours Solar exposure time

22 Jun 7 h 31 min 6 h 28 min

22 Sep 11 h 22 min 7 h 16 min

22 Dec 9 h 17 min 4 h 63 min

AREA 02

DATE Daily sunshine hours Solar exposure time

22 Jun 7 h 31 min 6 h 47 min

22 Sep 11 h 22 min 8 h 52 min

22 Dec 9 h 17 min 5 h 46 min

AREA 03

DATE Daily sunshine hours Solar exposure time

22 Jun 7 h 31 min 7 h 31 min

22 Sep 11 h 22 min 8 h 15 min

22 Dec 9 h 17 min 4 h 53 min

AREA 04

DATE Daily sunshine hours Solar exposure time

22 Jun 7 h 31 min 7 h 17 min

22 Sep 11 h 22 min 8 h 6 min

22 Dec 9 h 17 min 4 h 54 min

AREA 05

DATE Daily sunshine hours Solar exposure time

22 Jun 7 h 31 min 6 h 41 min

22 Sep 11 h 22 min 3 h 20 min

22 Dec 9 h 17 min 3 h 15 min

AREA 06

DATE Daily sunshine hours Solar exposure time

22 Jun 7 h 31 min 7 h 17 min

22 Sep 11 h 22 min 7 h 39 min

22 Dec 9 h 17 min 2 h 26 min

In all the buildings except one (located north of 
several tall buildings), solar exposure at the winter 
solstice is over 3 hours.
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B) Building volume, envelope and services 

A study was conducted of the energy efficiency of building envelopes and services with 
a view to establishing the design criteria for the development. Legislation on building 
energy performance is presently, and in the years to come will all likelihood continue 
to be, a work in progress. Hence the need to develop methodologies adaptable to the 
increasingly stricter energy demands that will be laid down in building codes.

The study in question was run on four lots, two designed for residential and 
two for tertiary use. As these lots house buildings highly representative of all the 
buildings in the development, the conclusions drawn in the study are applicable to 
many others. The analysis consisted of the following three phases.

•	 In the first, alternative building shapes and orientations were studied, bearing in mind 
the volumetric limits imposed by the zoning, in pursuit of the building volumes that 
would ensure optimal energy performance.

•	 Once the optimal volume was determined for each lot, the elements comprising 
the building envelope (façades, glazing and roof ) were assessed to criteria of energy 
efficiency and investment cost.

•	 That done, the environmental control and energy generation systems were analysed. 
The energy performance of the solutions proposed for all four buildings was likewise 
determined.
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In this study, building ventilation and infiltration were assumed to conform to the values 
laid down in the existing Spanish building code (CTE 2006), which stipulates minimum 
flows depending on use, although sensitivity analyses for larger numbers of air exchanges 
were also performed.

Phase 1:  Optimisation of building shape and orientation
A series of volumetric alternatives were analysed, all compliant with both municipal 
ordinances and the specific urban rules in force for the development with respect to 
maximum allowable area under roof, maximum height and alignments. Each alternative 
entailed a different combination of building characteristics, including layout, orientation, 
depth, façade orientation and the inclusion or otherwise of light wells.

A pre-selection of the most suitable options yielded four alternatives for the two 
residential lots (orange in the illustrations) and three for each office lot (blue).

Building energy performance, i.e., heating and cooling demands, was subsequently 
simulated under all the alternatives using ENERGY PLUS software.
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YEARLY HEATING AND COOLING DEMANDS FOR RESIDENTIAL BUILDING “A”

The conclusions drawn in this phase of the study were as follows.
•	 As a general rule, the narrower the building depth, the higher its performance, 

particularly in residential buildings.
•	 Light wells should be avoided as far as possible in residential buildings, for the 

simulations found that they tend to behave like energy sinks.
•	 Volume design should maximise south-facing façades, which are readily protected with 

horizontal shading elements, and minimise east- and west-facing orientations.
•	 The predominant loads vary depending primarily on building use: heating loads are 

higher in residential buildings and cooling loads higher in tertiary buildings.
•	 Therefore, the measures for attaining maximum performance vary with use: priority 

should be given to infiltration control in residential buildings and to solar gains and 
internal loads (office equipment, lighting) in tertiary buildings.

Phase 2:  Building envelope optimisation
The aim of this phase of the study was to assess the thermal performance of the various 
construction solutions for the building envelope, analysing different options for technical 
and construction suitability, market availability and installation costs.

A series of envelope solutions were therefore defined and classified on the basis of the 
following building members and components:

•	 deck slabs over unheated areas (1st storey slab)
•	 façades
•	 flat roofs
•	 joinery.
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All the possible solutions for each member/component were then characterised in terms 
of their thermal behaviour, assessing various insulation thicknesses, with the materials 
best suited to each situation.

The solutions were subsequently applied to the volumetric alternatives identified as 
optimal in the first phase simulations (lot D, alternative 3 for residential buildings and 
lot C, alternative 2 for tertiary buildings) to simulate building demands and determine 
which solution delivered the highest performance. Parallel embedded energy and cost 
analyses for the solutions were also conducted.

Lastly, the solutions were combined to create simulation scenarios under three criteria: 
1. strict compliance with Spanish building code CTE 2006
2. optimal energy performance
3. optimal economic performance, for which only the construction solutions whose 

extra investment costs could be amortised by energy savings over less than 15 years 
were considered.

The conclusions of this phase of the study for the envelope elements are discussed 
below.

Deck slab over unheated areas
- The material that afforded the best energy performance was 14- and 10-cm 
polyurethane for residential and tertiary uses, respectively, although the best economic 
results were obtained with expanded polystyrene (Styrofoam), 8 cm thick in residential 
buildings and as specified in the CTE for tertiary buildings. All the solutions were 
based on one-way concrete deck slabs. The indoor finish on the slab was found to be 
of scant significance in this regard.

Façades
- In residential buildings, thermo-clay ventilated façade solutions with extra thick (16-cm) 
polyurethane insulation were found to be the option of choice, energetically speaking, 
whereas economic benefits (total investment plus operating costs) were maximised 
over 40 years with precast concrete façades and medium-thick (8-cm) polyurethane 
insulation. Thick (14-cm) polyurethane was likewise the most energetically suitable 
option in tertiary buildings, but the period for recuperating the investment was much 
longer. Here, the most economically advisable option was to comply strictly with the 
minimum insulation thickness prescribed in the Spanish building code.

Roofs
- Given the heavy impact of solar radiation on roofs, the analysis was the same for 
both types of use. Optimal energy performance called for 16-centimetre extruded 
polystyrene, while the most cost-effective solution was the minimum thickness laid 
down in the Spanish building code (8 cm), since with the former solution, the initial 
investment would not be justified by the 40-year savings earned.
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Openings
- For residential joinery, the most beneficial solutions were based on low-emissivity 
(low-E) double glazing (SGG Climaplus N 4/12/4), which improves on conventional 
glazing transmittance without overly affecting solar gain. Framing accounted for the 
minor variations in efficiency between the options providing the best energy (PVC) 
and economic (steel) performance.
- In tertiary buildings, the steel joinery studied delivered the highest performance. The 
lowest energy demand was obtained with a low-E, solar control glass (SGG Cool-Lite 
SKN 154 4/12/4), which combines thermal transmittance with solar gain control. 
The economic solution that ranked highest was based on the same type of glazing, 
although with somewhat lower performance (SGG Climaplus 4S 4/12/4).

Other conclusions were also drawn in this phase of the study.
1.  Inasmuch as infiltration has a significant impact on a building’s energy demand, 

which grows as the energy performance of the building envelope rises (improving 
insulation, for instance, has no effect on infiltration, and consequently the better the 
former, the greater the impact of the latter), an in-depth analysis of this question is 
of particular importance. Such an analysis would entail quantifying the air-tightness 
of the building once erected by conducting fan pressurisation trials to measure both 
in-and ex-filtration.

2.  In a climate such as Madrid’s, insulation is an energy demand determinant for 
residential buildings, given their round-the-clock use and typology. Such buildings 
must, then, be insulated as well as possible within the bounds of cost optimisation.

3.  Since tertiary buildings, by contrast, are exposed to other types of thermal stress 
(discontinued use, higher thermal gain), building demand can be optimised with 
thinner insulation layers than required in residential buildings.

4.  Solar gain is the parameter that can potentially best be used to modulate seasonal 
demand. Openings must be sized in accordance with building orientation and the 
functional needs of each room. The use of the most suitable glazing may enhance 
building energy performance substantially.

5.  Heating and insulation are the key issues in residential buildings, whereas in 
tertiary buildings cooling and ventilation play a more vital role in building energy 
performance. 

Phase 3:  Assessment of environmental control facilities
A number of environmental control options (heating and cooling) and renewable energy 
generation systems were selected and assessed for the residential and office building 
volumes and envelopes defined.

More specifically, of a series of 26 alternative heating and cooling facilities for the 

ENERGY DEMAND IN A RESIDENTIAL BUILDING

ENERGY DEMAND IN AN OFFICE BUILDING
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residential building, eight were pre-selected, while twelve alternatives were defined for the 
office building. These facilities were sized to the thermal demands calculated above and 
studied in terms of the heating seasonal performance factor (HSPF) or the percentage of 
useful energy derived from the primary energy used, as well as of CO2 emissions and the 
full (amortisation, operation and maintenance) cost.

The eight alternatives for the residential building selected (lot D, alternative 3) are 
described below.

solution 1
. Use of natural gas-fired, 50-per cent combination condensing and watertight boilers 

with radiators and solar support (75 % of the output for DHW or domestic hot 
water and the rest as support for heating).

solution 3 
. Use of natural gas-fired, 50-per cent combination condensing and watertight boilers 

with radiators and microgeneration for DHW and heating.
solution 5
. Use of natural gas-fired, 50-per cent combination condensing and watertight boilers 

with radiators and solar support (50 % of the output for DHW and 50 % for 
heating).

solution 7
. Use of natural gas-fired, 100-per cent condensing boilers with radiators and 

microgeneration for DHW and heating.
solution 9 
. Use of natural gas-fired, 50-per cent combination condensing and watertight boilers 

with radiators and water/water chillers and cooling tower plus solar support (75 % 
of the output for DHW and the rest as support for heating).

solution 15 
. Use of natural gas-fired, 100-per cent condensing boilers, water/water chillers with 

cooling tower, fan-coil distribution of cooling and heating, plus solar support (50 % 
of output for DHW and 50 % for heating).

solution 21
. Use of natural gas-fired, 50-per cent combination condensing and watertight boilers 

with radiators and water/water chillers and cooling tower, geothermal heat pump, 
fan-coil distribution of heating and cooling, and solar support (75 % of the output 
for DHW and the rest as support for heating).

solution 24
. Use of natural gas-fired, 100-per cent condensing boilers, water/water chillers and 

cooling tower, geothermal heat pump, fan-coil distribution of heating and cooling, 
and microgeneration for DHW and heating.
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The costs, seasonal performance factor (HSPF) and emissions for the eight alternatives 
are shown below:

Office building (lot C, alternative 29) performance was simulated with the facilities 
described below.

solution 1
. System that meets cooling, heating and DHW (domestic hot water) demands 

respectively with air/water chillers and condensing boilers with solar energy support. 
Perimetric fan-coil distribution and air diffusion; primary air supply; energy recovery. 

solution 2
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Perimetric fan-coil 
distribution and air diffusion; primary air supply; energy recovery.

solution 3
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Geothermal energy 
support covering 20 % of total cooling and heating demand. Perimetric fan-coil 
distribution and air diffusion; primary air supply; energy recovery.

solution 4
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Geothermal energy 
support covering 30% of total cooling and heating demand. Perimetric fan-coil 
distribution and air diffusion; primary air supply; energy recovery.

solution 5
. System that meets cooling, heating and DHW demands respectively with air/water 

chillers and condensing boilers with solar energy support. Perimetric cassette type 
fan-coil distribution and air diffusion; primary air supply; energy recovery.

RESULTS FOR RESIDENTIAL BUILDING

COST DEMAND HSPF EMISSIONS
€/net m2 kWh/year % kgCO2/year

S1 43.19 3 439 370 152 460 128
S3 35.95 3 439 370 152 460 128
S5 54.61 3 439 370 200 350 816
S7 40.93 3 439 370 200 350 816
S9 75.76 4 436 289 143 644 985
S15 87.03 4 436 289 180 535 673
S21 84.87 4 436 289 145 632 052
S24 82.14 4 436 289 182 522 774
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solution 6
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Perimetric cassette 
type fan-coil distribution and air diffusion; primary air supply; energy recovery. 

solution 7
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Geothermal energy 
support covering 20 % of total cooling and heating demand. Perimetric cassette type 
fan-coil distribution and air diffusion; primary air supply; energy recovery.

solution 8
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Geothermal energy 
support covering 30% of total cooling and heating demand. Perimetric cassette type 
fan-coil distribution and air diffusion; primary air supply; energy recovery. 

solution 9
. System that meets cooling, heating and DHW demands respectively with air/

water chillers and condensing boilers with solar energy support. Overhead fan-coil 
distribution and air diffusion; primary air supply pumped through perimetric linear 
grids; energy recovery. 

solution 10
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Overhead fan-coil 
distribution and air diffusion; primary air supply pumped through perimetric linear 
grids; energy recovery. 

solution 11
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Geothermal energy 
support covering 20 % of total cooling and heating demand. Overhead fan-coil 
distribution and air diffusion; primary air supply pumped through perimetric linear 
grids; energy recovery.

solution 12
. System that meets cooling, heating and DHW demands respectively with water/

water chillers and condensing boilers with solar energy support. Geothermal energy 
support covering 30% of total cooling and heating demand. Overhead fan-coil and 
air diffusion; primary air supply pumped through perimetric linear grids; energy 
recovery.

The costs, heating seasonal performance factor (HSPF) and emissions for the twelve 
facilities studied are shown on the next page.
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C) Feasibility study for a centralised environmental control system 
While centralised environmental control facilities are fairly common in central and 
northern Europe, very few large-scale systems are in place in Spain. The feasibility of a 
centralised system depends essentially on how the following factors vary over time:
•	  building code requirements and compliance costs, particularly against the backdrop of 

the transposition of the European Energy Performance of Buildings Directive, which 
will require increasingly higher performance in future

•	  the generation premiums for renewable energies, including gas-fired combined heat 
and power (CHP)

•	  energy prices, in particular electric power, gas and biomass.

Another significant feature affecting centralised system feasibility is that buildings may 
be free to either connect to the grid or have their own HVAC system. That means that 
the price of the energy sold by the centralised system must be lower than the full cost, 
including amortisation, operation and maintenance, of the most efficient building-
specific environmental control system. A further condition that must be met is that the 
cost of erecting a building with a centralised system should be lower than installing one 
facility per building, for that condition will guarantee that developers will favour such 
systems. Sight should not be lost of the fact, however, that some buildings may ultimately 
not connect into the centralised system despite the economic benefits.

In the analysis conducted, the centralised environmental control system was designed 
to deliver heating and cooling to office buildings but only heating to residential buildings. 
The reason is that cooling is required in housing during only two months of the year, 
one of which is August, when a substantial fraction of the dwellings are vacant. This use 
pattern fails to justify the increased grid costs that would be required to cool residential 
buildings.

The assumptions on which the study is based are below.

RESULTS FOR OFFICE BUILDINGS

 COST DEMAND HSPF EMISSIONS

 €/m2 útil kWh/year % kgCO2/year

S1 131.79 1 641 739 114 259 363

S2 129.25 1 641 739 141 188 425

S3 178.34 1 641 739 146 180 543

S4 203.07 1 641 739 148 176 602
S5 136.2 1 641 739 114 259 363
S6 134.36 1 641 739 141 188 425

S7 182.75 1 641 739 146 180 543

S8 207.48 1 641 739 148 176 602

S9 131.96 1 641 739 114 259 363

S10 130.12 1 641 739 141 188 425

S11 178.51 1 641 739 146 180 543
S12 203.24 1 641 739 148 176 602
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Baseline energy tariffs
The tolls used were the values which according to the Official State Journal of 31 
December 2011 would be applicable beginning in January 2012. The free market 
price of electric power for high volume consumers was taken as €0.08/kWh.
The gas price used was the price on the high volume consumer market, which is on 
the order of €0.03/kWh. The price of biomass, €44.34/tonne, was drawn from the 
report of a technical study conducted as part of the Renewable Energies Plan 2011-
2020, entitled “Evaluación del potencial de energía de la biomasa” (assessment of 
the potential of biomass energy).

Variations in energy prices
- Reference scenario
. electric power: 15-per cent rise over the prices prevailing in April 2012 and 

subsequently a one-per cent yearly rise in real terms (i.e., excluding inflation)
. gas: real rise of 2 % yearly
- Sensitivity analysis
. electric power: real yearly growth of 0 to 2 %
. gas: real yearly growth of 1 to 3 %

CHP premiums
- gas-fired CHP: decentralised electric power generation, such as in CHP, to save 

transmission costs, which amount to around 10 %; wholesale electricity market 
marginal price assumed to be around €50/MWh, although acknowledging its 
substantial fluctuations. 

MARGINAL WHOLESALE MARKET PRICE FOR ELECTRIC POWER (€/MWh)

Source: Operador del Mercado Ibérico de Energía (OMIE)
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For the study, this price was raised by the 10 % not lost in transmission (since 
generation is close to the end user), bringing it to €55/MWh. Compared to the 
present €112/MWh for CHP generated in facilities governed by the aforementioned 
legislation, that proves to be a very pessimistic assumption.

- Biomass-fired CHP: the premium price used was €85/MWh, calculated as follows:
Mean wholesale power market price 2011: €50/MWh
Transmission and distribution losses: 10 %
Estimated price per tonne of CO2: €60/MWh
Costs avoided per MWh of biomass (at 0.5 kg CO2/kWh): €30/MWh
Total price per MWh: 50 x 1.10 + 30: €85/MWh

Building standards for the intents and purposes of energy performance
The standards assumed were much higher than required in the existing Spanish 

building code (which is undergoing revision, with the new code expected in mid-
2013), and close to what might be the qualities in near zero energy buildings:  

- openings in enclosures
 - housing: 40 % south, 30 % east and west, 25 % north
 - offices: 50 % north and south, 30 % east and west
- envelope transmittance

(W/m2 x oK )
Housing Offices

Deck slab over unheated area 0.38 0.38
Façade 0.21 0.21
Roof 0.18 0.12
Opening 1.35 1.35

The relevant investment design and programming issues are listed below.
- Distribution losses range from 5 to 8 % for distances of up to 3 km from the 

environmental control plant.
- Investment has been scheduled in the latest possible timeframe to shorten the term 

between capital outlay and incoming revenues as much as possible, bearing in mind 
that when construction is concluded on each building, both the plant and the grid 
must be able to deliver environmental control services.

- The first such plant, to be located in Chamartín, will be gas-fired, while the second, 
to be sited in Fuencarral, is expected to run on biomass, presently an incipient 
technology. The biomass plant will be CO2-neutral. Once the entire development 
is operational, the gas plant will be used to handle peak demand and the biomass 
plant base demand.
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TOTAL HEATING AND COOLING DEMANDS

• Total heating demand: 65 334 MWh
• Total cooling demand: 24 276 MWh

• Maximum heating power: 47.16 MW
• Maximum cooling power: 30.16 MW

MONOTONE FUNCTION FOR HEAT 

MONOTONE FUNCTION FOR COOLING

The total planned investment amounts to 76 million euros, 50 % of which for environmental 
control plants and the other 50 % for the distribution grid. Under the reference scenario, 
project IRR would be 7.4 % in real terms. The expectation is that a power operator will 
participate in the project  in future, to both build and to manage the grid.  
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CENTRALISED ENVIRONMENTAL CONTROL FACILITY
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DISTRICT GRID

3.1.4.3  Optimisation of the water cycle

Water cycle optimisation consists of two very distinct components:
- reduction of the demand for potable water
- use of sustainable urban drainage systems (SUDS).

A) Reduction of the demand for potable water

The technical and economic feasibility of the following three systems was analysed.
1. Reuse of the grey water (from showers, bathtubs and wash basins) generated in each building 

in the toilets in that building and for private landscaping
This system would deliver water savings in residential buildings of around 80 litres/
dwelling⋅day (about 20 % of the total demand), and in hotels of around 36 litres/
room⋅day (about 1/3 of total hotel demand), i.e., a yearly savings of 480 000 m3 of 
water. The savings attained with the use of this water for private landscaping would 
come to an additional 20-30 km3 yearly. Since the volume of water from showers, baths 
and wash basins (around 120 litres/dwelling⋅day) is greater than needed for toilets (see 
item 2.3.1 in this chapter), system feasibility from the standpoint of the water balance 
would be ensured. The system would call for a water treatment facility and a storage 
tank as well as dual plumbing in each residential building and hotel.
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The ordinance on the management and efficient use of water in the city of Madrid, 
approved on 21 June 2006, limits the use of reclaimed water to landscape irrigation. 
Nonetheless, Royal Decree 1620/2007 on the Reuse of Treated Water, whose scope is 
national, allows the use of this type of water for private gardens and toilet flushing, 
subject to compliance with maximum quality standards (quality 1.1). The Madrid 
ordinance may consequently be expected to be adapted to the requirements laid down 
in the aforementioned nationwide royal decree.
Despite the sizeable water savings this system would deliver (nearly 0.5 hm3 per year), 
its use was ruled out for the following reasons:
- firstly, for economic considerations, inasmuch as the savings in water is insufficient to 

finance the investment in facilities (water treatment and storage and dual plumbing in 
each building) and, more importantly, the tests required by Royal Decree 1620/2007, 
which involve sampling twice weekly and a series of laboratory trials with different 
periodicities 

- secondly, because of the difficulty involved in controlling water quality, which would 
oblige the competent authority to provide for enforcement in the 100-plus buildings 
in the development.

2. Re-use of rainwater from roofs and unbuilt areas on private lots
This water could be used for private landscaping and toilets. The system would have 
to be fitted with one water deposit and one booster facility per lot. It was ruled out for 
reasons of economy, inasmuch as the savings in the cost of water would not come even 
close to financing the facilities required. Moreover, according to the existing ordinance 
on the management and efficient use of water in the city of Madrid, this water can be 
used for landscaping (subject to obtaining the respective permit from the competent 
environmental authority) but not for toilets.

3. Use of reclaimed water from municipal treatment plants
This water could be applied to 1) public uses, such as public landscaping and street 
hosing; and 2) private uses, such as toilets and private landscaping.
Its enormous advantage over building-by-building treatment is that water quality is 
controlled at the (municipally owned) plants themselves, which simplifies the logistics 
considerably. It calls for specific municipal reclaimed water piping and dual plumbing 
in each building. In addition, reclaimed water would have to be billed separately from 
potable water. Lastly, for this solution to be feasible, the water ordinance of the city 
of Madrid would need to be amended and adapted to national R.D. 1620/2007, for 
under its present provisions, reclaimed water may not be used for residential toilets.

The city of Madrid plans to build a reclaimed water grid across the northern arch 
of the city to connect the Valdebebas and Viveros treatment plants, approximately 
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following the layout of its second ring road. The development plans to connect into 
this grid.

The savings in potable water that could be gained with this solution are given in the 
figure below. As the figure shows, this solution would deliver savings of around 1.1 hm3 
of water yearly, lowering demand from a total of 3.8 hm3/year without reuse to the 2.7 
hm3 estimated under the proposal, i.e., a savings of 20 % in the demand for potable 
water in the development. This, naturally, was the solution adopted in the design.

Supply per ut Occupancy
Days/yr Total water

(m3/year)
Potable water

(m3/year)

Reclaimed
 water

(m3/year)w/o recl. wtr %

Housing (units) 17 320 400 320 90 330 2 057 616 1 646 093 411 523

Hotels (rooms) 3 300 108 72 60 365 78 052 52 034 26 017

Offices (employees) 66 920 60 48 90 225 813 078 650 462 162 616

Retail + industrial (m2) 174 000 0 0 0 0 117 452 117 452 0

Private and public community (m2) 341 500 0 0 0 0 230 516 230 516 0

Priv landscaping (m2) 86 000 250 250 0 0 21 500 0 21 500

Pub landscaping (m2) 552 600 250 250 0 0 138 150 0 138 150

Street hosing (m2) 1 000 000 4 4 80 100 320 000 0 320 000

TOTAL 3 776 364 2 696 557 1 079 806
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B) Use of sustainable urban drainage systems
The use of sustainable urban drainage systems (SUDS) is planned, among other reasons, 
to lower the volume of treatment plant inflows and to reduce the peak flows discharged 
into the collection system, which is heavily loaded at present because the development lies 
at the head of the various basins into which the system drains.

The components of such systems include permeable surfaces, infiltration pits and 
ditches, green roofs, bio-retention areas, infiltration tanks and detention ponds.

- Several types of permeable surfaces can be used, including pervious concrete, porous 
hot mix asphalt, modular pavements with open inter-paver joints through which water 
can seep, permeable pavers, and modular, usually polyethylene, modules filled with gravel 
or grass. All these permeable surfaces have a number of common elements: a granular 
sub-base for structural support, runoff water storage, and pollutant elimination through 
filtering and adsorption. Several very rigorous studies conducted in the United Kingdom 
have shown that long-term permeability values, which are lower than the initial values, 
should be used for calculations.

- Infiltration pits and ditches into which the runoff from adjacent impermeable 
surfaces flows are shallow and filled with granular or synthetic draining materials. They 
reduce runoff and treatment volumes and contribute to groundwater recharge.

- From the water management standpoint, green roofs aim to filter and retain storm 
water, lengthening the runoff time and with it the period of concentration.

- Bio-retention areas are areas sunken in the landscape and fitted with underlying 
drainage facilities. Their purpose is to capture and treat the runoff generated during 
episodes of especially heavy rain.

- Infiltration tanks are plant-covered depressions in the terrain designed to store 
the runoff generated on adjacent surfaces. This water gradually seeps into the ground, 
converting surface flow into underground flow and eliminating pollutants in the process.

- The purpose of detention tanks is to temporarily store upstream runoff, flattening 
peak flows. By favouring sedimentation, they reduce pollution.

The following three levels of SUDS were analysed:

Level 1:
SUDS are used on public roadways only and consist of a given percentage of permeable 
pavements on walkways and bike lanes, as well as bio-retention areas in tree wells and 
central reserves.

Level 2
In addition to level 1 SUDS in public roadways, other solutions such as green roofs, 
detention tanks and infiltration ditches are implemented on private property and 
grounds housing public facilities.
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Level 3
In addition to the level 2 SUDS features, larger detention tanks and infiltration 
ditches are installed on grounds with public facilities.

MICRO DRAINAGE software was used to simulate drainage grid values for the 
following conditions:
- peak flows assuming: 1) t = 10 years, 2 hours; Imax = 67.8 mm/hour; and  

2) t = 20 years; 10 minutes; Imax = 78.6 mm/hour
- volume evacuated for rain with t = 2 years, 24 hours

The findings are summarised in the following tables.

PEAK FLOW

RAINFALL CONDITION CONVENTIONAL SYSTEM
Q (L/s)

SUDS
Level 1
Q (L/s)

Level 2
Q (L/s)

Level 3
Q (L/s)

t = 10 years, 2 h
lmax = 67.8 mm/h

30 026
(100 %)

16 901
(56 %)

11 126
(37 %)

9 145
(30 %)

t = 20 years, 10 min
lmax = 78.6 mm/h

31 354
(100 %)

16 660
 (53 %)

8 924
(28 %)

7 844
(25 %)

VOLUME DISCHARGED

RAINFALL CONDITION CONVENTIONAL SYSTEM
V (m3)

SUDS

Level 1
V (m3)

Level 2
V (m3)

Level 3
V (m3)

t = 2 years, 24 hours
32 155
(100 %)

20 805
(65 %)

14 284
(44 %)

14 284
(44 %)

The tables show that under the rainfall conditions studied, with the lowest level SUDS 
(level 1), peak flows decline by around 45 % and the volume discharged to the treatment 
plant by 35 %. At the highest SUDS level (level 3), peak flows decline by 70/75 % and 
the volume flowing into the treatment plant by over 50 %. One question that should not 
be overlooked, however, is that levels 2 and 3 call for SUDS facilities on private property 
and grounds housing public facilities. 
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3.2.  OTHER ExAMPLES OF APPLICATION IN CITIES AND BUILDINGS

The problem encountered when selecting other urban projects or buildings that aim to 
rise to the challenges discussed in this book is that updated and reliable information 
is not readily accessible. In fact, the only truly valid source of such data would be an 
independent expert or entity able to monitor the parameters involved after the project is 
up and running.

Large-scale urban projects entail an added difficulty, namely the completion time, 
which is usually measured in decades. For buildings, the most widely used certification 
tools (LEED, BREEAM, SBTool) analyse sustainability-related aspects but are scantly 
applied outside the US and UK, feeding suspicions that ranking criteria may not be 
comparable across countries.

Moreover, what information is accessible on urban projects or building designs is 
published by the developers or designers themselves in articles in the specialised press that 
address objectives, design parameters or the methodology used to determine the solutions 
deemed most suitable. While such considerations are of great interest, they would be 
much more so if they were provided alongside the real numbers for the finished project 
based on long-term independent monitoring. Sustainable transport projections in urban 
projects, for instance, are seldom verifiable until the construction is concluded and all the 
buildings are occupied, which is when future inhabitants’ behaviour can be compared 
to the patterns that necessarily had to assumed by the designer. Briefly then, analyses of 
both buildings and urban projects should ideally be based on a comparison of design 
assumptions to after completion ex-post realities.

Furthermore, in recent years all the issues around sustainability or green buildings 
have become fashionable. Consequently, many a developer, investor and designer have 
claimed sustainability for their projects, irrespective of whether they conform to certain 
strict and objective yearly power demand standards or effectively reduce water demand. 
Sustainability has been used as a marketing tool, whose targets have grown increasingly 
sceptical and weary of such messages.

The present selection, which is subject to the author’s own intellectual and temporal 
limitations as well as to the scant precision and reliability of the information generally 
available, does not necessarily include all the best projects. Rather, the designs or ideas 
discussed below are based on unquestionable and at times direct evidence of the authors’ 
determination and capacity to confront the challenges ahead. In other words, while not 
necessarily the best, they are exceptional and extraordinarily ambitious, and based on 
premises that can serve as a guiding light and a model to be emulated. In any event, the 
urban projects in particular are subject to implementation periods far too long to assure 
that the resolve that makes them so outstanding and has determined their inclusion here 
will be maintained. The strategy that informs such macroprojects often changes under 
the weight of circumstances, needs or new leadership. The hope is that no such change 
will affect these specific endeavours, because the world needs models to follow in a sector 



467

IMPLICATIONS OF CHANGE FOR CITIES

short on the kind of innovation that has become absolutely pivotal to confronting the vast 
challenges involved in decarbonising the economy in a very limited period of time.

The exceptional projects or ideas selected are:
.  Urban projects: new cities: MASDAR (Abu Dhabi), DONGTAN (Shanghai) and 

the new “smart city” concept
.  buildings: either new, such as the Abengoa headquarters at Seville or NASA’s 

sustainable base in California, or rehabilitated, such as the Deutsche Bank head- 
quarters at Frankfurt.

3.2.1.  MASDAR Project, Abu Dhabi

The MASDAR Project at Abu Dhabi was chosen because in it the issues generated by and 
around cities are tackled holistically from the very outset. It adopts an overarching rather 
than a sectoral approach in its attempts to lower energy demand, GHG emissions, water 
demand and the volume of non-reused waste. In a nutshell, it aims to solve problems from 
the joint perspectives of urban planning, architectural design, transport, energy, water and 
waste.

The city of MASDAR came into being in April 2006 as part of the MASDAR 
Initiative led by the Abu Dhabi Future Energy Company, a subsidiary of the Government’s 
investment vehicle, Mubdala Development Company. In 2010, in the wake of the 
international economic and financial crisis, which in the United Arab Emirates had a very 
heavy impact on the real estate sector, part of the aspirations were diluted (allowing, for 
instance, for the purchase of off-site renewable energy and scaling back the personal rapid 
transit system), although the spirit, ambition and exemplary nature of this endeavour 
were maintained.

The project is headed by English architect Norman Foster, whose ideas and capacity 
to address energy and environmental issues from the vantage point of architecture and 
urban planning are well known (he has been outspoken in the defence of his opinions 
on these matters for some time and famously seeks the support of technology and 
multi-disciplinary teams, an approach particularly well-suited to this new age). Very 
significantly, Foster himself has said about this project that it is an initiative that mirrors 
the Gulf countries’ engagement with this type of urban planning and architecture.

MASDAR (in Arabic the word means source or origin) is both an experimental and 
an emblematic project. It is Abu Dhabi’s very strong bid to become the worldwide capital 
for the millennium’s energy revolution, based on renewable energies. More specifically, 
the city of Abu Dhabi, with MASDAR as the flag bearer, was recently designated as the 
seat for the International Renewable Energy Agency (IRENA) in a highly competitive 
tender whose other participants included renewable energy majors such as Germany, 
Denmark and Austria.
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Computer re-creation of an overview of the MASDAR Project (www.masdarcity.ae)

MASDAR Project - master plan over a Google orthophotograph  

MASDAR PROJECT: MAIN PARAMETERS

MASDAR CITY PHASE 1

Total site area  700 ha 59.2 ha

Residential 52% 39%

Commercial 38% 38%

Retail 2% 2%

Community 8% 21%

Resident population 42 500 8 600

Projected commuters 50 000 11 800

Residential density 140 people/ha 145 people/ha

Peak daily density 245 people/ha 344 people/ha

Year of completion 2021-2025 2015

Source: Business Wire, October 2010  
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Further to the terms of that award, the United Arab Emirates will put up 136 million 
dollars between 2011 and 2016, in addition to perpetually covering IRENA’s operating 
costs.

In addition, the Abu Dhabi Development Fund has earmarked 50 million dollars 
through 2016 to support renewable energy projects in developing countries.

MASDAR will thus be the world’s first sustainable city, designed for a population 
of 42 500, with 53 500 jobs and 50 000 commuters daily. The total investment budget 
comes to $22 billion and the planned completion date is 2025. Phase 1, in turn, which 
covers 59.2 ha and envisages 997 000 square metres of gross floor area, is scheduled to be 
completed by 2015.

The main parameters of this project are given in the table on the preceding page.

The sustainable features of this project are discussed below.
A) Architectural planning and design

The aims in this regard can be summarised as follows:
•	to create a site with a GHG-neutral, zero waste balance lifestyle
•	to reduce inhabitants’ ecological footprint
•	to implement an urban planning and architectural design inspired by traditional 

Arab architecture, capitalising on solutions that help lower energy demand and 
improve the quality of the surrounds

•	to mix private and public, as well as residential, office and retail uses, resulting in a 
city where most of the jobs are held by residents and the need for long commutes 
consequently reduced to a minimum

•	to establish a compact city, with a residential density of 140 people/ha and a combined 
resident plus worker density of 245 people/ha, i.e., based on high rises (4 to 6 storeys, 
with a maximum height of 40 metres) to optimise energy demand and ensure the 
feasibility of the transport system

•	to design narrow streets, using the shade from buildings to mitigate solar heat, with 
one main avenue just 25 metres across, main streets 14 metres and side streets 8.5 
metres wide, aiming to lower in-site temperatures by 20 °C relative to the surrounds

•	to create buoyant public areas, in particular public squares and parks, enhancing 
their appeal with water elements and landscaping

•	to generate a suitable environment for clean technology companies and organisations, 
encouraging science and the economy to participate in sustainable technologies in an 
ideal scientific setting that inspires development and excellence

•	to reduce building energy demand and GHG emissions with passive solutions and 
renewable energies.
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Computer re-creation of a city street (www.masdarcity.ae)

Computer re-creation of a city square (www.masdarcity.ae) 

Computer re-creation of a retail area  
(www.masdarcity.ae)
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B) Mobility and transport

Here the aims are as follows:
•	to improve the quality of life in terms of air and vehicle quality based on an 

automobile-free street map
•	to keep intra-site distances sufficiently short for most travel to be on foot
•	to devise a transport system around the following modules:
. personal rapid transit: initially, an automatic taxi service powered by photovoltaic 

cells to discourage the use of private vehicles, with 24/7 service year-round; scaled 
back, in the 2010 project revisions undertaken in the wake of the world economic 
and financial crisis and the local real-estate bust, to a pilot project within the 
MASDAR Institute facility

. light train that will cross the city and run from it to the airport, connecting MASDAR 
and Abu Dhabi Island, with six stations in the areas of densest use

. freight rapid transit: a system designed to ship and distribute food and merchandise

. electric buses inside the city.

C) Energy

Although the MASDAR Project initially aimed to be 100 % energetically self-sufficient, 
with the 2010 revision this objective was relaxed somewhat, allowing for the use of off-
site renewable energy. Other project targets in this regard are:
•	to explore new sources of energy such as geothermal energy and solar thermal cooling
•	to design residential buildings where:

. electric power demand is 51 % lower than the mean in the United Arab Emirates 
(UAE), and eventually 66 % lower with the deployment of photovoltaic energy

. cooling demand is 55 % lower than the mean in UAE housing
•	to implement passive and renewable energy solutions to attain such reductions.
 



THE CITIES OF THE TWENTY-FIRST CENTURY

472

ENERGY SYSTEM

Total output is to be distributed as follows:
. 88 % provided by thin film monocrystalline as well as polycrystalline photovoltaic 

modules, for a total of 380 000 MWh/year
. 9 % from concentrated solar power (CSP) using evacuated tube solar collectors, for 

37 000 MWh/year
. 3 % from waste treatment plants, for 14 000 MWh/year
. 15 % of building energy demand from solar collectors for domestic hot water 

(DHW)
. 8 % of building energy demand from geothermal sources (gas), for  

500 000 MWh/year.

D) Water
A wide variety of measures will be deployed to lower water demand, including:
. recycling grey and waste water, meeting 100 % of the demand for gardening and 

landscaping with reclaimed water
. landscaping with indigenous species that require very little water
. dew harvesting
. rain water harvesting

TRANSPORT SYSTEM

WATER SYSTEM
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. desalination as required, drawing the power needed from evacuated tube solar 
collectors

. smart irrigation devices

. high-energy performance, low water demand systems in toilets, showers and 
appliances in offices and houses.

Using all these measures, the goal is to lower demand to 80 litres/person.day, or 75 % 
below the mean demand in the UAE, which presently stands at 340 L/person.day.

E) Waste
MASDAR aspires to zero waste.
. Of the estimated 352 t of waste/day or 128 540 t/year to be generated in the city, 50 

% will be recycled, 17 % will be made into compost and 33 % will be non-recyclable.
. Waste will be collected by means of a vacuum pneumatic system, which will classify 

the rubbish into compostable, recyclable and non-recyclable.
. All biodegradable waste will be composted for use as fertiliser. The non-recyclable 

waste will be used as fuel in an incineration plant. The entire process will take place 
underground, to ensure minimal surface impact.

The MASDAR project is presently underway, although somewhat behind schedule as 
a result of the economic, financial and real estate crises. The first construction phase, 
which was completed in 2010 at an approximate cost of €1.1 billion, comprises six main 
buildings plus 100 housing units and the Masdar Institute.

Overview of the works (www.masdarcity.ae) 

WASTE RECYCLING

Source: www.masdarcity.ae
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Project overview (www.arup.com)

Partial view of the project (www.arup.com) 
Dongtan site map - Bridge and tunnel connection to 
Shanghai
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3.2.2.  DONGTAN Project, Shanghai

Another very ambitious project is the new city of DONGTAN outside Shanghai, China. 
It was launched in 2005 as one of the Chinese Government’s emblematic projects for 
display on the occasion of the Shanghai World Fair in 2010. The world crisis and local 
political events have retarded its construction, however.

In October 2009, tunnel and bridge connections were completed between Chongming 
Island (86 km2, comparable to Manhattan) and the city of Shanghai. The preliminary 
external works, after having been suspended for several years, were resumed in 2011 in 
keeping with the original plan, under the supervision of Shanghai’s Mayor.

Project development is presently subject to such uncertainty that information cannot 
even be obtained on whether or not it will be rolled out to the initial design.

In 2004 the municipal government of Shanghai commissioned preliminary studies 
for the possible location of a sustainable city on Chongming Island near Shanghai from 
ARUP, engineering consultants headquartered in London. Chilean architect Alejandro 
Gutiérrez heads the project for the engineering firm.

Recent years have seen, and the years to come will continue to see, migration in China 
from rural areas to the eastern (Pacific) seaboard cities, similar to the shift that took place 
in Europe in the nineteenth and early twentieth centuries. Nearly 200 million people are 
expected to move from inland China to the coastal cities in the next 20 years, generating 
10 billion square metres of gross floor area, around four times Spain’s total GFA for all 
uses (residential, tertiary and community).

Chinese political leaders are well aware that the conventional model for cities based 
on high energy demand and private vehicles will not be possible as the two Eastern giants, 
China and India, develop. In fact, in the run-up to the Copenhagen Climate Summit in 
2009, the Chinese Government officially committed to lowering its energy intensity in 
2020 by 40/45 % (the exact percentage was not specified) relative to 2009. Moreover, the 
cities and buildings to be constructed in the years of speedy growth ahead are going to 
strongly condition energy demand and emissions throughout their service lives, i.e., 50 to 
100 years for buildings, but much longer for the land use model adopted to house such 
a vast number of new arrivals.

For all the foregoing, the implementation of a pioneering project to explore fewer but 
more efficient city models from the standpoint of energy and resource demand and CO2 
emissions appeared to be highly promising. Unfortunately, at this writing no one seems 
to know whether this splendid project will ever be carried through, and therefore whether 
the occupancy models proposed, which would constitute a learning experience on how 
to confront the century’s challenges, will actually be explored. Despite the uncertainty 
surrounding its implementation, given the inherent interest it holds, the project is Dongtan site map - Bridge and tunnel connection to 

Shanghai
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described here in the ambitious terms in which it was conceived, in the fervent hope that 
it will one day be followed through in keeping with the original resolve and aspirations.  

DONGTAN, planned as a satellite city on the outskirts of Shanghai, will accommodate 
a population of 500 000, 80 000 in the first phase. The four main objectives are: 1) all 
buildings must be ZEBs (zero energy); 2) the transport system is to be GHG-neutral; 3) the 
city must have a self-sufficient water supply; and 4) 100 % of the energy must be provided 
by renewables. The key ideas applied in the DONGTAN design are set out below.

•	 City design is inspired by Chinese tradition, culture and architecture. According to 
Alejandro Gutiérrez, project leader, the construction principles traditionally accepted 
in Chinese culture have been incorporated in the design. That includes, for instance, 
the absence of closed communities, direct outdoor access from all housing and shops, 
and buildings averaging four to eight storeys. That connection between the outdoor 
and indoor space creates a system of passive watch. Knowing that if they call for help 
they will be heard, people feel safer in the city.

•	 DONGTAN envisages an ecological footprint of around 2.5 hectares per person. 
The global 2.2 hectares per person, which according to the methodology used is all 
the planet can bear, could not be attained because DONGTAN is on the outskirts of 
Shanghai. Consequently, all its infrastructure must be built from scratch before the 
first house can go up. That footprint value will in all likelihood decline as the city is 
consolidated, however, in response to the falling demand for infrastructure relative to 
the land area occupied.

•	 All the energy used in DONGTAN is from renewable sources: 60 % from biomass, 
30 % from wind and 10 % from photovoltaic transformation and organic waste. The 
biofuel, which is the main source, is rice husk: farming waste that is presently stockpiled 
in sanitary landfills, will be processed to produce heat for heating and cooling the city 
as well as electric power.

•	 Urban design ensures optimal building orientation relative to the sun and wind. 
DONGTAN is expected to consume only one-third as much energy as a conventional 
city. Hence, this eco-city adopts a “sunflower” strategy, capturing the summer sun and 
taking refuge in the winter.

•	 The city’s compact design envisages 73 housing units or around 240 people per 
hectare. The buildings will have from three to no more than eight storeys. According to 
Alejandro Gutiérrez, taller buildings would be geotechnically inefficient, and residents 
would find scant appeal in living under the same conditions as in Shanghai, but 40 
minutes away. Thirty per cent of the first phase units will comprise social housing, 
while the remaining 70 % will be sold at market prices.
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Computer re-creation of a pedestrian street and partial project overviews (www.arup.com)
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•	 All units will be at a mean of just 7 minutes from public transport and facilities such as 
schools and hospitals. The existence of one job per person of working age is proposed to 
ensure economic and social sustainability by aligning the residential with the employ- 
ment offering. This would enable DONGTAN residents to limit their mean daily 
commutes to just 6 km, compared to the 44 km in conventional cities.

•	 The entire public transport system will be powered with renewable energies: electricity 
or hydrogen produced with biomass-generated electricity. Private and public vehicles 
driven in DONGTAN will be powered by renewable sources. Only zero emission 
vehicles will be allowed inside the city. Building standards will be much stricter 
than the ones presently in place in China: double or triple glazing, lower envelope 
transmittance and green roofs are some of the solutions considered. That would lower 
CO2 emissions in the city as a whole to around 750 000 tonnes yearly, 350 000 t from 
savings in energy and 400 000 t in transport.

•	 Planned water demand is 150 litres/person.day, on the order of 50 % of demand 
in cities with a similar standard of living, which will be attained with pressure 
control systems and dual piping. Drainage will have to accommodate the area’s fairly 
high 1 117 mm/year of rainfall. Eighty-five per cent of the rain will be harvested 
with sustainable urban drainage systems (SUDS) in courtyards and meadows and 
subsequently delivered to a sub-grid for gardening and toilet water.

•	 In the first phase, with a population of 80 000, 80 % of the waste will be recycled. 
Once the city has grown to its full size, a more sophisticated treatment plant is 
envisaged to handle 100 % of the waste generated.

•	 The feasibility of the DONGTAN Project is based essentially on a renewable energies 
act approved by the Chinese Government. Since under that act, which is inspired by 
a European directive, all renewable energy generated can be delivered to the grid at a 
subsidised price, DONGTAN can source its entire energy demand with renewables.

This author fervently hopes that the DONGTAN Project for an eco-city is followed 
through, for it would serve as a reference for cities in emerging countries and in future for 
African cities, where country-to-city migration will be somewhat later in coming.  
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3.2.3.  Smart cities

The term “smart city” has been gaining popularity of late, although it continues to be 
somewhat vaguely defined and open to multiple interpretations. It is nonetheless used in 
research and marketing by both public and private bodies.

The three characteristics that define smart cities are:
•	 the absence of environmental harm
•	 the use of information and communication technologies (ICTs) as (smart) 

management tools
•	 sustainable development as the ultimate goal.

The European smart city initiative focuses on sustainability in existing cities and more 
specifically on energy systems. In this case, “smart cities” are cities that improve quality of 
life and the local economy while working toward a low carbon future. Attainment of that 
goal is sought with energy efficiency measures, the use of local renewable energies and the 
reduction of fossil fuel-induced CO2 emissions.

The main areas of action identified are mobility; logistics and technology; human 
resources and human capital development; smart economy to enhance competitiveness; 
urban planning and housing sustainability; sustainable environs, renewable energy and 
other resources; and lastly, “e-democracy” and smart government.

Examples are listed below.
Mobility, logistics and technology
•	 analysis of traffic flows to prioritise public transport
•	 development of mathematical models and simulations to compare roadways and 

transport scenarios
•	 transport rate-setting based on environmental impact
•	 encouragement of the development of more sustainable and less polluting transport 

such as electrical vehicles and renewable fuels

Human resources and human capital development
•	 medical consultations by telephone, inclusion of fire extinguishing alarms in building 

automation systems 
•	 mobility assistance for the elderly and prevention of social exclusion
•	 creation of debate panels, working teams and meeting points
•	 on-line learning systems

Smart economy to enhance competitiveness
•	 development of business incubators to foster think tanks and meeting points in 
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universities and research centres, public bodies and private companies
•	 furtherance of “shared work” to enable professionals from different disciplines to 

share the same work space, fostering collaboration and multidisciplinarity to rise 
more efficiently to the challenges ahead

Urban planning and sustainable housing
•	 in general, all the issues covered in Chapter IV of this book: urban planning, 

energy efficient buildings and optimisation of the water cycle, which call for intense 
technological development and effective monitoring with ICTs to compare the 
planned and actual results

Sustainable environs, renewable energy and other resources
•	 development of a centralised environmental control model
•	 efficient indoor and outdoor lighting and the furtherance and development of LED 

technology
•	 use of distributed renewable energy generation: solar thermal power, geothermal 

heating and photovoltaic systems and mini-wind turbines

E-democracy and smart government
•	 direct communication with public institutions, use of on-line surveys to gauge public 

opinion
•	 streamlining of administrative processes with features such as digital signatures and 

other on-line resources
•	 tools that enable unemployed workers to access job opportunity information
•	 electronic integration of patients’ medical records for use in the event of emergencies

Two of the most representative technological features of smart cities are smart grids 
and smart buildings.

The use of smart grids is a key, but not the only, component for the satisfactory use of 
energy resources and sustainable mobility in an urban context. 

A few examples are listed below:
•	 distributed renewable generation technologies: solar photovoltaic, solar thermal, 

geothermal and mini-wind turbine
•	 energy storage: electrical batteries, hydrogen, salt deposits
•	 electrical vehicles and recharging infrastructure
•	 virtual electric power plants
•	 smart meters for electricity, gas and water.

The future development of smart buildings is based on the following pillars:
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•	 remote control
•	 communication technology that favours information transfer between devices and 

facilities
•	 interactive and accessible user interfaces to make the household system as user-

friendly as possible
•	 smart building management systems (BMS)
•	 smart building energy management systems (BEMS)
•	 economic efficiency and its impact on energy savings.

3.2.4.  ABENGOA headquarters building, Seville

Indisputably, the ABENGOA headquarters at Seville is one of the most outstanding 
“green” buildings erected in Spain in recent years. Designed and built between 2005 and 
2009 under the authorship of Rogers Stirk Harbour and Partners / Vidal y Asociados, 
the building has 47 000 m2 of gross floor area for offices. Its structural design, building 
services, façades and sustainability were engineered by ARUP.

ABENGOA, a business group that has spearheaded the implementation of innovative 
environmental and energy-efficient solutions for the sustainable development of 
infrastructure, was particularly keen on constructing its headquarters to the highest 
environmental standards. The architects and engineers worked interactively, aware that 
such a multi-disciplinary approach is imperative to optimal handling of habitability 
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and sustainability requirements. That working methodology is one of the reasons for 
including this splendid building, which has been awarded a LEED (Leadership in Energy 
and Environmental Design) platinum rating, in the present discussion. It has also been 
distinguished with the Royal Institute of British Architects’ (RIBA) prize for architectural 
excellence and the Institute of British Architects’ (AIA) prize for environmental excellence.

From the standpoint of sustainable development, the approach was structured around 
three strategies:

•	 minimisation of energy requirements by limiting the solar thermal gains and reducing 
the heating and cooling loads with smart enclosures

•	 control of energy use to optimise efficiency and minimise demand
•	 use of the highest possible proportion of energy from renewable sources.

Passive measures
The starting point was an analysis of forms and typologies and their distribution on the 
property.

FORM FACTOR / COMPACTNESS

Source: ARUP

SUSTAINABLE ENERGY STRATEGY DESIGN PRINCIPLES

Source: ARUP

TYPOLOGIES

Source: ARUP
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Two alternatives were initially identified on the grounds of that analysis: the compact 
and the fingers models. Comparative studies of the two solutions were subsequently 
conducted to determine their thermal behaviour, ability to harness daylight, and use of 
natural ventilation and thermal inertia.

That exercise showed the compact block model to be the most suitable for this project, 
for the following reasons.
•	 It minimises energy demand.
•	 It increases inter-building shade.
•	 It optimises daylight.
•	 It arranges the buildings around a “closed box” shape, protected from the sun.
•	 It establishes a microclimate with courtyards interconnected by water elements, 

creating a traditional Andalusian ambience. 
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Source: ARUP

The conclusions drawn from the passive design are set out below.
•	 The thermal inertia effect was quantified at about 20 °C.
•	 Natural ventilation was ruled out.
•	 Compact typology was found to be 10-fold more efficient, energetically speaking, 

than the fingers solution.
•	 The increase in natural lighting would not offset the higher thermal demand.
•	 Façade transmittance proved to be 25 % higher than the values set out in the 2006 

Spanish building code. (Be it said here that the draft for the new code, which is 
scheduled to come into effect in 2013, is 30 % more demanding than the 2006 
version. This is an indication of how quickly technical requirements are evolving. 
Since even those specifications, however, are a far cry from the nearly zero-energy 
buildings required by the European Energy Performance of Buildings Directive, 
further short-term legislative change will be necessary.)

Active measures
The identification and analysis of passive strategies were followed by an exploration of 
the active strategies that would optimise system energy efficiency and enhance building 
habitability for users.

The analysis of the possible environmental control systems compared the following 
four solutions: fancoils, variable air flow, underfloor air distribution and chilled beams.

Of the four, the chilled beam system was found to be the most energetically efficient. 
Chilled beams are beams fitted with tube and finned convectors fed with cold water 
to cool the space below via natural convection. At Abengoa, the water is supplied at 
a temperature of around 16 °C to prevent condensation. The chief advantages of this 
system are: substantial energy savings (water distribution and improved COP); the 
optional use of chillers in free cooling (forced circulation of unconditioned air) or direct 
mode; compact size of the central units; precise control of conditions with individual 
thermostats for small numbers of pipes; and low noise levels.  
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ENVIRONMENTAL CONTROL SYSTEMS ANALYSED

Source: ARUP

Other M&E services analysed for environmental suitability were as follows.
•	 A hot water heating system was chosen to harness trigeneration heat, supplemented 

with direct electric heating whose demand and emissions would be more than offset 
by self-generated power.

•	 A variable-flow booster system was installed instead of a more traditional constant- 
flow system because the higher investment cost would be amortised in just 3 years.

•	 Heat recovery systems based on enthalpy exchangers with 75-per cent energy 
efficiency make use of hot air accumulating in the building.

•	 The 500-lux fluorescent luminaires that constitute the lighting system have a mean 
uniformity of 0.75 and are fitted with regulators to harvest daylight as well as presence 
sensors.

COMPARISON OF ENERGY DEMAND
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Renewable energies
The ultimate goal was to attain energy self-sufficiency and net near-zero CO2 emissions 
for building operation. The following forms of renewable energy were chosen.
•	 Trigeneration, centralised HVAC
•	 This system will generate electric power with a natural gas engine for delivery to the 

external grid or use in Abengoa’s own offices. The residual heat from the engine will 
be used to chill and heat water for absorption-based air conditioning and heating and 
domestic hot water, respectively.

•	 Solar photovoltaic energy
•	 Stirling dish and fuel cell
•	 An 8.5-metre diameter, 10-kW Stirling dish feeds an electrolyser to produce hydrogen 

for the fuel cell.
•	 Solar collectors 
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3.2.5.  Sustainable NASA base, California

Another building recently designed and built to very demanding sustainability criteria 
is NASA’s Ames Research Center at Moffett Field, California, authored by William 
McDonough & Partners.

The building, which houses 4 465 m2 of office space, was awarded the Best Green 
Project prize in the 2010 edition of the Silicon Valley Business Times’ Structures Awards. 
The building also has LEED platinum certification.

The five strategies deployed to construct buildings with substantial environmental 
features are: user comfort; energy; renewable energies; water; and construction materials.

User comfort
The two components of user comfort are indoor lighting and fresh air. Lighting design 
(whether artificial or natural) distinguishes between environmental lighting in communal 
areas and corridors (at 325-375 lux); and lighting for workspaces (535 lux). During 
normal working hours, artificial light is only needed, on average, 40 days a year.

The design ensures acceptable indoor contrast ratios, even on the sunniest days. 
Natural lighting is supplemented by individually adjustable, low-power LED lighting 
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at each workspace. In the afternoon, lighting from hanging lamps provides low intensity 
light, minimising total lighting demand. These strategies for regulating and coordinating 
natural and artificial lighting reduce energy intensity from 12.9 to 5.38 W, with the 
concomitant savings in cooling demand, given the lower heat generated.

Since fresh air is a particularly important component in what many define as pleasant 
working conditions, the façade was designed with windows that can be opened or shut 
in periods when neither heating nor cooling is required. Moreover, employees may adjust 
their workspace environment and temperature with underfloor air.

Energy
According to a simulation conducted to California Building Standard Code conditions, 
the facility’s initial energy demand is 2 300 Gigajoules/year (GJ/y). If all the strategies 
envisaged in building design (daylight harvesting, high efficiency lighting, regulation of 
natural and artificial lighting, high-performance insulation, night-time ventilation and 
roof insulation) are used, yearly demand can be reduced to 1 100 GJ/y. If radiant heating 
and cooling connected to a geothermal system are used, demand can be lowered even 
further, to 600 GJ/y, or just 26 % of the ceiling stipulated in the California building code.

The main strategies to improve the building’s energy efficiency are explained briefly 
below.

•	 Maximisation of passive strategies
The design envisages a number of passive solutions, including natural lighting and 
ventilation, integration of shading technologies in the building and a very carefully 
engineered cladding system. These measures account for 19 % of the reduction in 
energy demand.

•	 Smart control systems
•	 Electric lighting is controlled by a Lutron EcoSystem module connected to a 

Quantum facility.
•	 Windows are fitted with sensors that turn the HVAC system off when opened.
•	 To prevent condensation, humidity sensors control chilled beam operation when the 

windows are open.

•	 High performance air conditioning
•	 This hydronic radiant heating and cooling system is supplemented with an underfloor 

air ventilation system.
•	 The radiant system is connected to a heat pump as well as to a geothermal grid to 

harness the constant ground temperature to dissipate heat.
•	 On summer evenings, air circulates across the raised floor to cool the concrete deck 

slab, thereby lowering the daytime cooling demand.
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•	 Comfort
Occupants were assumed to accept temperatures ranging from 25 to 26.7 °C, which 
while fairly high, are tolerable given the mean temperature in the area: 23.3 °C. This 
peak temperature was raised to 29.5 °C in the areas with lowest occupancy, although 
for only 1.5 % of the hours they are actually occupied.

•	 Heat pumps connected to geothermal wells
The temperature in the ground underneath the building remains constant at 15 °C 
year-round. One hundred wells have been dug to a depth of 43 metres.

•	 Air distribution 
Ventilation is primarily provided by windows that will be opened or closed during 
periods when neither heating nor cooling is required.
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Renewable energies
•	 The building is fitted with a 170-kW photovoltaic facility and solar thermal panels that 

meet 60 % of its hot water demand.
•	 The long-term strategy is to attain a positive power balance, i.e., to generate more 

power than the building consumes. With all the solutions envisaged up and running 
now that construction on the building is concluded, the facilities envisaged should 
generate 22 % more energy than demanded by the building.

•	 If the building’s initial power demand cannot be met by renewable resources locally 
available, supply may be sourced from other areas, subject to certification of its 
renewable origin.

Water
The key management aim pursued is to eventually close the water cycle. The strategies 
that deployed are as follows:
•	 High performance fixtures

Double flush and low water toilets, no-flush urinals, taps and showers with low-flow 
aerators and built-in sensor-controlled flows are installed to reduce water demand by 
42 %.

•	 Reuse of grey water
Dual piping has been installed throughout the building to reuse rain and grey water in 
landscaping and toilet tanks, for a further 12-per cent reduction in demand.

•	 Rainwater harvesting
Rainwater collected on the roof is discharged into a 37 800-litre deposit for use in 
landscaping during dry periods.

•	 Use of off-site reclaimed water
The San Francisco water utility supplies reclaimed water for gardening and landscaping.

•	 Reverse osmosis system for recycling water
This technology delivers potable water, although to comply with legislation in 
California, its use is restricted to treating grey water from wash basins for recycling in 
toilet tanks and landscaping.

Assessment of materials
The “cradle to cradle” philosophy developed by William McDonough, author of the 
design, and Michael Braungart, furthers the use of materials and products that can be 
healthfully returned to the earth as nutrients or safely incorporated in the industrial cycle 
for reuse to the same or higher quality standards.

The main strategies followed in the project with respect to materials are listed below.
•	 Wherever available, only materials with cradle-to-cradle certification were used.
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•	 Preference was given to materials with recycled components.
•	 A number of materials were identified as unsuitable for this project, including: 

polyvinyl chloride (PVC), hydrochlorofluorocarbon (HCFC)-blown foam, bromine 
flame retardants, steel cladding bearing residual lead, hexavalent chrome, cadmium or 
mercury, particles with formaldehyde additives, paint containing organic halogens, and 
heavy metal-stained or chemically etched glass.

3.2.6.  Deutsche Bank headquarters, Frankfurt

In developed countries, the rate of new building construction is around 1 % of the 
gross floor area of the existing stock. Hence, even if all new construction consisted of 
zero-emissions buildings, a still distant goal, that effort would not suffice to lower CO2 

emissions by 90 % in 2050, as called for in the European Commission’s road map for a 
low carbon economy by that year. Hence the need to renovate the vast building stock in 
place in accordance with provisions as ambitious as the specifications established for new 
construction, which are presently being transposed into national law.
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Renovation or rehabilitation solutions must be tailored to each building: one-size-fits-all 
arrangements are not feasible. Nonetheless, two considerations stand out over all others as 
determinants in the feasibility of the possible alternatives: financial viability and the need 
that frequently arises to conduct rehabilitation without vacating the building. 

One example of exceptionally ambitious and successful office building renovation, 
from the standpoint of sustainability, is the modernisation of the two towers that house 
Deutsche Bank’s headquarters at Frankfurt.

This building was erected in 1979-1983 to a “tube-in-tube” design, with outer bearing 
walls, a new approach for skyscrapers at the time, and the latest building technologies 
available. A thorough overhaul was performed in 2007-2010, under the leadership of 
architect Mario Bellini. The towers measure 155 metres high, have a gross floor area 
of 120 000 square metres between the two and prior to renovation were occupied by 
1 750 employees. Bank management decided to renovate the bank’s headquarters to green 
building status. It has been awarded LEED (Leadership in Energy Environmental Design) 
platinum and DGNB (Deutsches Gütesiegel für nachhaltiges Bauen) gold certification, 
the highest ratings in both systems.

The main criteria used to design this building include:
•	 Use of recycled materials: 98 %
•	 The materials used were selected pursuant to environmental requirements.
•	 These requirements were likewise applied to demolition works, in which the rubble 

was separated further to sustainability criteria.
•	 Seventy-four per-cent savings in water
•	 A new water management facility was installed: use of recycled water in toilets, rainwater 

harvesting and use, and low-flow fixtures to reduced the demand for potable water.
•	 Rain and grey water are harvested for treatment and use in toilets and landscaping.
•	 Over 50 % of the hot water is heated with solar thermal panels.

•	 Fifty-five-per cent savings in electric power
•	 Lighting is controlled by a system that measures the daylight available and the 

luminaires used have a performance rating of 86 %.
•	 The use of water-based heating and cooling lowers the number of hourly air exchanges 

needed from 6 to 1.5, leading in turn to a 50-per cent decline in ventilation system 
power demand. The cooling system power demand, in turn, is significantly reduced 
by free cooling.

•	 An entirely new lift technology is in place: a new traffic control system optimises travel 
distance and waiting times, and depending on the direction of travel and the load, 
power is generated and delivered to the grid, lowering power demand by over 50 %.

•	 Green information technology solutions including power-saving PCs, multi-purpose 
devices, shared printers and off-site servers lower power demand and the need to 
dissipate the heat generated by such hardware.

BUILDING SPECIFICATIONS

- Year of construction 1979-1984
- Initial workspaces 1 750
- Rehabilitation  2007-2010
- Height  155 m
- Storeys:

4 at the base
34 storeys in Tower A
36 storeys in TowerB
three underground parking storeys

- Gross floor area  121 522 m2

- Net floor area  103 354 m2

- Certification 
. LEED platinum
. DGNG gold
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Source: Deutsche Bank

•	 Reduction of CO2 emissions
•	 Emissions are lowered by 89 % in terms of primary energy. The 55-per cent reduction 

in power demand and the use of renewable energies renders the building nearly 
carbon-neutral.

•	 Sixty-seven-per cent savings in heating and cooling power
•	 Triple-glazed windows and improved insulation prevent heat inflows in summer and 

outflows in winter. Every second window can be manually opened and closed for 
lesser use of mechanised ventilation and higher indoor air quality.

•	 The highly energy-efficient system allows for the simultaneous use of heating and 
cooling, as often required in spring and autumn.

•	 Free cooling is used to cool air in intermediate seasons and eliminate excess heat in 
summer.

•	 A connection to a centralised HVAC system during peak periods avoids having to 
produce heat in the building.

•	 Radiant ceiling heating and cooling, in which concrete deck slabs are used for thermal 
storage, significantly enhance the performance of the joint heating/cooling system.

•	 With such compact heating/cooling technology, the ceilings on each storey could be 
raised from 2.65 to 3.00 metres.

•	 Twenty-per cent higher occupancy
•	 The new approach to the use of space and new compact technology have led to 

higher building occupancy.
•	 Modern equipment and improved office infrastructure make more versatile use of 

office space and create optimal working conditions.
•	 The building technologies used reduce the amount of space required for building 

service facilities, for an 850-m2 space gain. 
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The most outstanding innovations deployed in the rehabilitation of the Deutsche Bank 
headquarters building were as follows.

•	 The optimised radiant ceiling heating and cooling system is 20 % more efficient than 
conventional systems.

•	 Motorised window opening parallel to the façade can provide natural ventilation 
even in winds of up to 180 km/h.

•	 The tubular luminaires specially designed for office use have a performance rating 
of 86 %.

•	 The installation of a smart meeting room reservation system has nearly doubled the 
occupancy rates.

•	 High performance sanitary ware reduces water demand by 30 %. 

Lobby
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3.2.7.  Other projects of interest

The following is a list2, by no means exhaustive, of projects or ideas which, while less 
innovative or ambitious than the foregoing, exemplify the directions that city design may 
foreseeably take in the short and medium term. 

The four projects chosen and briefly described are BedZED in London, Malmö in 
Sweden, Curitiba in Brazil and the Madrid Transport Consortium.

BedZED, London

BedZED (Beddington Zero Energy Development) is a project begun in 2001 at Sutton (southeast 
London) and now completely finished. As its name implies, its aim is zero energy demand in an 
urban development. It consists of 82 housing units and 20 small businesses.

The main objectives pursued include zero greenhouse gas emissions, low water demand 
and renewably sourced self-generation to meet 100 % of the development’s power needs. 
Fifty per cent of the units are privately owned while the other 50 % are reserved for 
community workers (such as nurses and teachers) and public housing.

The most outstanding features of this eco-neighbourhood are listed below.

•	 Sustainable building construction
Only recycled materials were used to construct the buildings and the sustainable 
origin of all the wood was duly certified. In addition, all the materials used and all the 
workers involved were located at no farther than 50 km from the worksite.

2  A detailed, up-to-date and extensive report of the eco-city projects underway in the world today can 
be found in: ECO-CITIES, A Global Survey 2011. Simon Joss, Daniel Tomozeiu and Robert Cowley, 
September 2011 / University of Westminster. That report describes the main characteristics of 180 eco-city 
projects around the world and their completion status in September 2011.
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•	 Energy savizngs in buildings
With the use of cross-ventilation, combined with natural convection fireplaces, solar 
panels, south-oriented greenhouse-like enclosures and good window and façade 
insulation, the indoor winter temperature can be kept at 17 °C. Supplementary 
biomass-based heating using nearby trees and a water treatment plant were originally 
envisaged, although both systems were later ruled out due to the high operating costs 
involved.

•	 Transport
The use of private vehicles is discouraged by providing alternative bike and pedestrian 
routes and minimising public parking space.

In 2007, once BedZED was consolidated, its residents were consuming 45 % less energy 
and 50 % less water than the mean recorded for Sutton.

MALMÖ (Suecia)

In the late nineteen nineties, after severe economic decline and subsequent evolution toward 
a service economy, the Swedish city of Malmö, with a population of 285 000, undertook a 
project entitled “Bo01: the city of tomorrow” in the port area. This urban renewal project 
consisted of 600 housing units, enlargeable to 1 500 by 2010, for sale or rent.

According to Trevor Graham, Head of the Malmö Environmental Department, the 
idea was to create a city of the future, a sustainable city able to combine quality of life 
with good architecture and good urban and environmental planning.
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Some of the environmental considerations addressed by the project are described below.
•	 Energy

One hundred per cent of the energy is sourced locally from renewables. Heating 
and air conditioning systems are powered by biomass harvested from the sea and 
underground water. Aquifers are used to store cold and hot water. The existing 
housing units were renovated to improve energy performance by 35 %. 

•	 Transport
Bicycle and public transport are accorded priority. A sizeable portion of the 
automobiles run on gas or electricity. Biogas service stations are in place.

•	 Waste
Seventy per cent of domestic waste is recycled. Organic waste is vacuum-carried to a 
facility where it is converted to biogas, in turn used to heat homes and other buildings.

In 2009 Malmö received a United Nations Habitat Programme Scroll of Honour Award. 

CURITIBA, Brazil

The project launched at Curitiba in the nineteen seventies under the leadership of Mayor 
Jaime Lerner is a paradigmatic example of in-depth city transformation deploying scant 
economic resources. Curitiba has a population of 1 700 000 and with its hinterland, 
nearly 3 000 000. The two pillars on which its transformation was based were mobility 
and sustainability.

A system established in 1974 that prioritises bus traffic with an exclusive bus lane 
today carries over two million passengers daily. It is one of the few public transit systems 
in the world that pays for itself, with no subsidies needed. The decision to use buses 
was based on cost, for the alternative, underground rail (metro) solutions, have a similar 
capacity but cost around 100 times more. Today, the system is fully coordinated with land 
use management and urban density to ensure that housing developments are provided 
with public transport.

Another mobility solution consisted of building 120 km of bike routes that interconnect 
city quarters and link into approaches to general transport hubs.

The solutions applied have raised the share of public transport considerably and 
reduced traffic congestion.

Sustainability, in turn, was broached bearing in mind the following five principles: 
less intense automobile use, especially for daily commutes; separation of waste for greater 
energy savings; siting housing near the workplace or the workplace near housing; maximum 
savings and minimum waste; furtherance of multi-purpose and multi-use principles, for 
the centre of a city must not remain empty 16 hours a day. Public awareness of these five 
principles has been raised with sensitisation campaigns and inclusion in school curricula.Bus stop on bus-only lane
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Curitiba is presently analysing the viability of an underground rail system. In 2010, the 
city received Globe Forum’s Globe Sustainable City Award.

Madrid Transport Consortium

The Madrid Transport Consortium has been included in this discussion for its outstanding 
achievements since its inception in 1985 and splendid coordination (from the standpoints 
of both operation and new infrastructure planning) of the various modes of transport in 
the interim. 
This has endowed the city with services that compare favourably with the facilities in 
place in others of its size and raised the share of public transit in the total to around 50 % 
in the metropolitan area and over 70 % in the city core.

The Madrid Transport Consortium, a joint venture between the municipal and regional 
governments, directly coordinates and supervises the operation of the underground, light 
trains, the municipal bus company, city buses in other cities, intercity buses and local 
trains.

While the operators do not form part of the consortium, they fall under its aegis 
by virtue of the participation of the government body that owns the service rendered. 
Thus for instance, Renfe, the national railways operator that is owned by the Ministry 
of Internal Development, does not lie within the consortium’s competence, although as 
system co-funder, the Central Government is represented on the consortium’s board of 
directors.  
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In 2010 the system handled 1.4881 billion journeys, down 2.4 % on the preceding year. 
That figure translates into 239.4 journeys/inhabitant ∙ year, making Madrid a model for 
public transport use both in and outside Spain. 

The supply-side breakdown by transport mode is given in the table below.

PUBLIC TRANSPORT OFFERING BY MODES IN MADRID

Source: Madrid Transport Consortium

One of the most innovative and successful of the Madrid Transport Consortium’s 
initiatives was the construction of five large-scale underground transport hubs located 
within the most central area of the transport system, which concurs largely with the 
innermost underground metro ring (circular line 6). These hubs are: 

•	 Castilla Square (A-1)
•	 América Avenue(A-2)
•	 Elíptica Square (A-42) 
•	 Príncipe Pío (A-5)
•	 Moncloa (A-6)

The mean number of passengers on a business day in 2010 was as shown below.

NUMBER OF PASSENGERS IN TRANSPORT HUBS ON A BUSINESS DAY (2010)

Source: Madrid Transport Consortium  

INSTITUTIONAL FRAMEWORK FOR PUBLIC TRANSPORT 
IN THE REGION OF MADRID
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The work performed over the years by the Madrid Transport Consortium and its 
professional staff merits special acknowledgement. Transport in Madrid and its 
metropolitan area is planned very analytically based on a Household Mobility Survey 
conducted from time to time, most recently in 2004 (this basic tool for rationally 
planning public transport is now in need of an update, which should be undertaken in 
the near future), in which 97 000 respondents participated. Since its creation in 1985, 
the consortium has proven its ability to reverse the downward trend, initiated in the 
nineteen seventies, in the number of public transport passengers, which may well have 
ultimately strangled the city’s growth and detracted from the quality of life of its citizens. 
It is directly responsible for the penetration of public transit in the transport market and 
the high quality of public transport in Madrid’s metropolitan area.
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SITE MAP FOR THE FIVE TRANSPORT HUBS
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KEYS TO INTERPRETATION

Before I delve into the subject matter of the book, I think I should give the reader three keys to a correct interpretation 
of what is put forward in it. Firstly, after the patient study of thousands of authoritative and comprehensive reports, 
I am left with the strong intuition that we are living a moment of discontinuity with the past. I am fully aware that 
we change much faster than the world around us and we all tend to view certain events occurring during our lifetime 
as extraordinary. This, most –if not all– of the time is due to our lack of awareness and sensitivity towards other 
situations, similar to those perceived by us as extraordinary, that occur or have occurred elsewhere or at another 
time; most of the time these latter situations even go completely unnoticed by history or by the rest of humanity. 
That is probably the price we pay for our own limited and contingent nature against which man frequently rebels, 
for example, when he yearns for knowledge or truth or, simply, the deep feelings of love and friendship, all of which 
render the notion of eternity more proximate or, in any case, more necessary. Despite all of this, I do not believe 
there is any correspondence with reality in the claim that history is a continuum with constant progress, a kind of 
continuous function without sudden changes in gradient.

I believe that in history (I am not referring to the history recounted to us or written history, which is no more 
than a partial view of a comprehensive and multifaceted reality; I mean the latter) there have been moments of 
discontinuity, the most important examples of this being the discovery of fire, the Neolithic period, the development 
of writing and, more recently, the industrial revolution; or the ideas of Buddha, Confucius, Zoroaster, the radical 
ideas in the genesis of Judaism before and after the Babylonian exile, Jesus and Muhammad; or, lastly and closer 
to our Western culture, the ideas –or their consequences– of Descartes, Newton, the Enlightenment, Kant, Hegel, 
Darwin, Marx, Nietzsche, Frege, Freud, Wittgenstein, Einstein, Husserl, Heidegger, Gödel (with his famous 
theorem) and, finally, postmodernism or the ideological confusion and relativism in which we live. 

And, going a step further, matter is merely a discontinuity of nothingness. Quarks, leptons and bosons do not 
appear to occupy space and most likely are not the ultimate components of matter (do preons really exist or are 
they a mere human construct for the purposes of understanding it?). Strings are far from providing a consistent or 
hard-and-fast explanation. In our tiny unique time-space Universe, the key moment was the initial expansion –the 
Big Bang– and the explosion of supermassive stars with a mass six or more times greater than that of our Sun, which 
created very many of the heavy chemical elements –especially those heavier than iron– without which it is hard to 
imagine life. Although the multiverse –the existence of multiple universes simultaneously to the one we perceive 
(if they exist, would there be time inside them?)– links up well with the strings that potentially make up matter, 
with up to 13 dimensions of space, it is currently no more than a very speculative theory, albeit an exciting and 
fascinating one. 

That said and aware that my own personal limitations and those of my experience itself can lead me –in the 
same way as others– to overvalue my life experience, I am now fully convinced that we may be living one of those 
moments of discontinuity in the history of humankind, which will require new approaches and in turn will open 
up new opportunities in the broadest possible sense, not just economically. I hesitate to calibrate the importance of 
the historical discontinuity that we face, mainly due to lack of perspective, but I do have the strong intuition that 
is of considerable size, that it will demand great personal and social effort and that it will shape our lives –and those 
of our children and grandchildren– in a way that is different from what we have been accustomed to up to now.

SUMMARY, CONCLUSIONS AND PROPOSALS
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The second key to interpreting the book is so important to me that I wanted it to be reflected in the title. Indeed, 
I am speaking of the essential elements or conditioning factors that will shape the future of cities, not the future 
itself. I am not, neither do I desire to be, an oracle; nothing could be further from my wishes. This is something 
that readers ought to bear firmly in mind if, after reading these words, they remain undaunted and still intend to 
explore the contents of this book. All discourse, written or spoken, contains a series of implied values without which 
any communication becomes non-viable. Without getting into unnecessary depths in the philosophy of language 
–which might even make what I mean indecipherable by virtue of the desire for precision–, I am not mechanistic 
but instead believe in humanity's freedom and capacity to influence its own future. The future of individuals and of 
humanity as a whole depends on conditioning factors and also, in large part, on the volition and actions of human 
beings. The conditioning factors are changing in a very profound manner –that is at least my intuition– but our 
future depends also, and a great deal so, on how we face up to this.

The third and last key to the interpretation of this book is the author's lack of self interest in presenting his 
opinions as true, in the sense of having any personal agenda. I believe, in fact I am convinced, that what I have 
written is the truth, within the limitations of the information available and my ability to assimilate it. I am fully 
aware that future research and knowledge may lead me to qualify or even reformulate some of these opinions –and I 
would be delighted to do so–. I even wish that some things were different from what I understand them to be: such 
is the case of global warming, which we have yet to determine precisely how to tackle and which is going to demand 
a huge effort from us all. It is my belief that reality is a steamroller, and to confront it head on is a senseless waste 
of time and effort. It is also clear that powerful –often legitimate– economic interests have a voice in the sectors of 
energy, construction and town planning, and these need to be regulated by the appropriate authorities. In any case, 
one thing the reader should not forget is that a degree of uncertainty is present in all understanding. It has been 
desire of this author to strive to reach the truth insofar as possible, in the firm awareness that the truth, wherever it 
does exist, might nonetheless never be fully apprehended.

GEOGRAPHICAL SCOPE

One important aspect to bear in mind when delving into this book is the geographical framework in which each 
of its chapters has been written. It has been my intention to give them the widest possible framework at all times, 
since the agents of change in the twenty-first century are the same for all countries, although each may be affected 
differently depending on its starting point and capabilities. I have also provided a more detailed analysis of Spain 
since it has its own specific characteristics and because this will enable the reader to become more familiar with 
certain implications, which, otherwise, might remain as excessively vague ideas divorced from their reality.

Nonetheless, it is an incontrovertible fact that the world is divided (it is obvious that any classification generates 
tensions at the edges) between the industrialized or developed countries –those belonging to the OECD– and the 
developing countries –the remainder–, which can be subdivided into emerging and those actually still developing. 
Although there is no official and unanimous classification among the latter two groups, everyone understands the 
emerging countries to be, among others, Brazil, China, India and South Africa –the latter, undergoing a significant 
growth crisis– and the developing countries to be, among others also, those in Sub-Saharan Africa. Where in the 
book I write about developing countries I am referring to these last two groups as a whole. Nonetheless, there are 
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profound differences between the emerging countries –all of which are undergoing a process of rapid transformation 
and accelerated growth that, were it to continue, would lead them to become industrialized countries in a relatively 
short period of time– and the countries that are still strictly developing, which will need considerably more time 
for their metamorphosis into industrialized nations. This change in classification has already occurred on many 
occasions in recent years, with the OECD going from 24 members in the early nineteen nineties to the 34 countries 
that belong to it in 2012.

In Chapter II (Economy and society in this decade - key factors), when I write about the world I have focused 
my discussion essentially on the developed countries and have gone into certain detail with regard to those 
items characterizing, in my opinion, the specific nature of Spain which is undergoing a rapid and necessary and 
transformation.

In Chapter III (The main vectors of change in the twenty-first century), I set the focus on the world, given that 
the same factors will affect us all, as much in developed as in emerging and developing countries. I "zoom in" on 
China and India because of the importance that they will acquire during this century, imminent in the case of China  
–this decade will see it become the largest economy in the world– and India in the longer term. Lastly, I examine 
in greater detail the specific aspects of energy and climate change in our country.

To conclude, in Chapter IV (Implications of change for cities) it is not possible to write with the same 
generalizations as in Chapters II and III given the large economic, technological and regulatory differences between 
countries. For that reason I focus on the European Union, as far as this is possible, and on Spain, wherever I consider 
that the differences among the countries of the European Union do not permit the development of a rigorous and 
shared discourse for all. In any case, many of the ideas developed in this chapter (especially those concerning energy 
efficiency in buildings and optimization of the complete water cycle) apply outside the borders of the EU and, in 
particular, the developed countries. As regards urban or city projects, wherever the ideas advocated in this book 
apply, I have chosen those that best represent them, taking into account the limitations of the information to which 
I have had access as well as, often, an incomplete knowledge of the project from the available information.

TRANSITORY FACTORS

In Chapter II, I develop the economic and social conditioning factors in the short term, generally for the next 8 
to 10 years although in certain cases some of the factors could be longer-lasting (e.g. population or debt). In the 
industrialized world one of the most important factors for the immediate future is the extremely high level of 
government debt in most countries, historically the highest since the conclusion of the Second World War. For 
example, the gross debt forecast by the International Monetary Fund –in its October 2012 report and for the end 
of the said year– is 107 % of GDP in the US, 237 % in Japan, 94 % in the Eurozone, 89 % in the UK and 88 % in 
Canada; similarly, the primary balances –that is to say, discounting interest on the debt– forecast for 2012 amount 
to -6.5 % of GDP (US), -9.0 % (Japan), -0.5 % (Eurozone), -5.6 % (UK) and -3.2 % in Canada. In other words, 
in general, these public debts will continue to rise at a high rate with the exception of the Eurozone, which is in 
recession due to the explicit policy of containing debt growth.

Furthermore, these high debt levels coincide with an aging population where the positive effect of increasing 
labour force participation (ratio between the economically active population and the total population) has been 
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exhausted, where the birth rate is dropping and where the population pyramid is narrowing at the base: a few years 
after that has happened the pyramid develops a bulge until over time, as is starting to happen now, more people 
retire than enter the labour market, which decreases the labour force participation of the country. Additionally, the 
increasingly aging population is entitled to collect a pension and requires health services that need to grow in real 
terms and that, in a pure transfer system such as exists in most countries, must be supported by an ever-narrowing 
population base.

With varying intensity, what was described above is taking place in most developed countries where, starting in 
the 1970s, birth rates fell below the replacement level (2.1 children per woman of child-bearing age). Probably the 
most extreme case is Japan, with an extremely aging population; this in large part explains the economic downturn 
during the last 20 years, when it fell from 18 % of world GDP in 1990 to 8 % in 2010. In the US the situation is 
far less dramatic than in most of the other advanced countries thanks to stronger immigration as well as their greater 
capacity for integration. Lastly, in Spain, spending on pensions increases each year by 2 to 3 % simply due to this 
demographic effect, that is, without taking into account the appreciation of the amounts received.

In light of the above, the need to reduce debt levels in advanced countries seems indisputable. The only academic 
debate there is concerns the pace at which budgetary consolidation ought to occur and this is leading to completely 
antagonistic positions between US policy to implement a slow deficit reduction –personified by Krugman and 
US Federal Reserve– and European Union policy to cut the deficit at a very fast rate –personified by Alesina, 
the Bundesbank and the ECB. In any case, it should not be forgotten that debt has increased very rapidly as a 
consequence of the financial and economic crisis since 2007, when it was 67 % of GDP in the US and 66 % in the 
Eurozone.

Another relevant issue, whose influence on the near future is still difficult to assess, is the consequences of the 
severe nuclear accident that occurred in Fukushima (Japan) on 11 March 2011. With the majority of the Japanese 
population favouring the closure of all nuclear power plants in the medium term, Japan's government in September 
2012 pledged a full nuclear shutdown by 2030. Only two of the 54 reactors are currently in operation with the 
remainder –except of course those in the accident-struck plant– undergoing a thorough safety review in light of the 
accident. Similarly, the German government has agreed to the closure of all nuclear power plants by the year 2022. 
In summary, it is still too early to know the full implications of the Fukushima accident but, under the best case 
scenario, it will result in considerable delay to the nuclear renaissance that was beginning to take shape before it.

With regard to Spain, the most important issues for the coming years are: 1) the private debt of households and 
companies that must be reduced from the peak levels attained of more than 220 % of GDP to around 160-170 % 
of GDP, requiring 4 to 5 years from 2012; additionally, the balancing of public finances –pledged to the EU and 
implemented in the organic law on budgetary stability– will require a major effort in the coming years and will be 
very difficult to achieve without growth; finally, public  debt could exceed 100 % in 2014 (IMF, October 2012) –
although this figure includes the €100 billion bank bailout that ultimately may prove to be lower–, which will require 
many years of strong budgetary consolidation to get back down to the 60-per cent commitment to the EU; 2) the 
State model created from the 1978 Constitution has proven to be very inefficient in having created about 800,000 
additional civil service posts between 2000 and 2010 (EPA). In any case, it is necessary to address the new structural 
position of Catalonia within Spain, which will require some type of asymmetry regarding the other autonomous 
communities; 3) while innovation has improved considerably in Spain in recent years (the investment in R&D has 
increased from 0.91 % of GDP in 2000 to 1.35 % in 2008), it is insufficient in an increasingly globalized world 
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with sharp differences in labour costs between developed and developing countries. The only solution to maintain 
the welfare states of the latter is through continuous and highly efficient technological innovation. Innovation is 
also needed to increase the weight of the private sector, which is considerably lower than in other countries like 
Germany, France and the UK; 4) all that has been mentioned about population in the developed world is directly 
applicable to our country, even more so as for many years we have been below the replacement rate of 2.1 children 
per woman of child-bearing age; there is no doubt that a certain amount of immigration is required –for which 
the necessary institutions should be properly organized– if we wish to sustain economic growth; 5) following 
the tsunami on the financial system that could mean combined losses for all entities of over €200 billion (€183 
billion in the base scenario and €270 billion under the adverse scenario –according to the Oliver Wyman report, 
September 2012–, to which the losses from assets that are no longer on the balance sheets and, also, the losses due to 
the low prices at which the real state assets will be transferred to the “Bad Bank” would need to be added), it seems 
that the foundations have already been laid to start the recovery and gradually get it running properly; in any case, 
to assess the magnitude of the strain that this poses on our financial system –and as a result on our whole economy– 
it is necessary to compare previous losses with annual profits for the whole system, which total €20 billion in terms 
of pre-provision earnings from Spanish operations and €7 billion in terms of post-provision, post-tax earnings from 
international activities (Oliver Wyman report); 6) it is necessary to consider a new electricity law that ensures the 
economic viability of the power companies, lower electricity prices and an incentive for technological innovation in 
renewable energy; as regards the electricity deficit –amounting to €24 billion in late 2011 and during 2012 growing 
at a rate of €450 million per month–, in one way or another it will have to be addressed by the State and perhaps 
to some extent by the power companies themselves, since it is unreasonable to place the burden on customers who 
pay for electricity at a higher price than in other countries; and 7) the construction sector will have to restructure 
radically because in the future it will not have the same importance that it has enjoyed in recent years. It must focus 
much more on operation, maintenance and renovation and also be significantly more innovative.

STRUCTURAL FACTORS

All these factors will very considerably shape our economy and our work over the coming years. However, in my 
opinion, there are other factors that are much more far-reaching and important, which will affect all of Earth's 
inhabitants in a considerable way and which will remain with us much longer, at least throughout this century. In 
fact, at the present, I think that we could only free ourselves if nuclear fusion can successfully be developed –without a 
doubt the project that if reaching fruition would have the greatest impact on our lives by providing access to a virtually 
inexhaustible source of energy in terms of humankind's existence–. In any case, it is likely that over the course of a 
century new factors will emerge that we cannot even imagine, as has been the case with unconventional gas in the last 
6 or 7 years. That said, the main structural agents of change for this century that are known are, in my opinion, the 
following three: 1) the new multipolar economic and political world order, 2) energy and 3) global warming.

THE ADVENT OF A NEW MULTIPOLAR ECONOMIC AND POLITICAL ORDER

As for the new world order, since the year 1990 and at a much more accelerated rate since 2005, we have been 
seeing rapid growth in the weight of the developing countries within the global economy; by 2020 these countries 
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are likely to overtake the advanced economies (for their part, mired in a deep crisis of growth for reasons explained 
previously).

This rapid development of certain emerging countries is creating considerable tension in the commodity markets 
for energy, food and minerals. Food commodities have undergone price increases of greater than 100 % on average 
prices recorded in the period 2000-2006 on two occasions –specifically, in 2008 and 2011– although there are other 
causes, such as the focus on biofuels in some countries (e.g. the US, EU and China), which take some responsibility 
for this. The McKinsey Commodity Price Index is peaking at the highest values since World War 1, considerably 
higher even than during the oil crisis of the 1970s.

As for the energy commodity par excellence, oil, it seems to have been set for some time above $100/barrel 
Brent, although in a report published in October 2012 the International Energy Agency estimates that the price for 
the 2012-2017 period will be cheaper as a result of a slowdown in demand and a robust supply. Nonetheless, if the 
emerging countries were not growing at their current pace the price would be much lower, enabling a faster recovery 
of the industrialized economies (for example, if the price of oil were at $50/barrel instead of the $100-$120/barrel it 
has been at during 2012, the saving for Spain –which imports about 400 million barrels/year and has its gas prices 
indexed to oil– would be: $60/barrel x 400 M barrels x 1.6 = $38.4 billion = €29.3 billion, an amount equivalent 
to the order of 3 % of GDP in net saving, thereby facilitating economic recovery in less time).

Another important aspect of the growing weight of emerging economies is that of wages being considerably 
lower there than in industrialized countries in addition to longer working hours and less social conflict, which has 
led to a shift of production centres to them as large companies are forced to compete in a global market. In the 
future, two antagonistic movements can be envisioned. On the one hand, the development of robotics with its 
enormous technological complexity might see certain production centres moving back to the developed countries, 
since at present they have greater technological capacity than the emerging countries. On the other, emerging 
countries, so far fully devoted to exports, are gradually developing increasingly bigger domestic markets for which 
it would be important to position factories nearby.

The economic development of emerging countries should hearten us, as it will lift many millions of people out 
of poverty, something which would be impossible to achieve through the actions of charities or NGOs financed, in 
some way or another, by the rich world. The author of this book is fully aware this.  He has lived for some time in 
the Far East, and has thought very hard about this issue both while there and ever since: getting out of poverty can 
only be achieved from the inside, by means of economic development and through fair and efficient institutions. 
Therefore, it gives him infinite satisfaction to contemplate how certain countries are developing, although he 
remains fully aware of the problems that this is creating and will create for the developed world.

I am certain that the reader will be able to understand the licence taken by the author in this sense, which is in 
fact, in my opinion, necessary to understand the content of this book. The last thing that I would want is to convey 
the message that I consider the development of the emerging countries solely as a problem when, in fact, I am fully 
convinced that it is an incredible opportunity to gradually lift out of poverty the majority of individuals who share 
our planet, all this despite the difficulties that they are creating and are going to create for the inhabitants of the 
industrialized countries.

In any case, the expected population increase –up to 9.3 billion by 2050 and 10.1 billion by 2100, according to 
the 2010 UN medium projection– and the rapid development of emerging countries makes it non-viable to apply 
the economic model that today's developed countries have followed since the Industrial Revolution, essentially 
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based on cheap and abundant energy derived from fossil fuels. Were that to occur, the limits of the planet would 
be exceeded. The content of this book attempts to analyse to what extent the above statement is true through the 
most rigorous information available as well as to propose ideas and lines of action to address it in terms of the 
regulation of land and town planning, urban transport and buildings, which are responsible for more than 50 % 
of the problem.

ENERGY

Economic growth has always been closely linked to energy consumption. Thus, for example, between 1970 and 
2005 worldwide GDP grew by a factor of 3 while primary energy consumption rose by a factor of 2.1; that is to say, 
the expansion of the latter was 55 % that of economic growth: [(2.1-1)/(3-1) = 0.55]. If we estimate that the world 
will grow steadily at 3 % over the next 50 years (as estimated by the OECD report, May 2012), worldwide GDP 
would increase to a level 4.4 times the current one, which –if we use the 55 % growth in energy demand on GDP 
growth that we have just looked at– would give us a primary energy demand of 2.9 times higher than at present: 
[(4.4-1)x0.55+1=2.9]. 

It follows that if we are to ensure global economic growth on terms that we currently consider reasonable (3 % 
annual rate for 50 years), it will be necessary to have available large amounts of energy, in the order of three times 
the annual consumption. Of the 12.132 billion tons of primary energy consumed worldwide during 2009, 81 % 
was attributable to fossil fuels, 6% to nuclear energy and 13 % to renewable sources. At the same time we should 
be mindful that both nuclear and renewable energy (mainly biomass, hydro, wind and solar) do not generate 
CO2 emissions, in contrast to fossil fuels. Another issue is the large amount of investment and time needed to 
significantly change the structure of energy sources.

Of the fossil fuels consumed in 2009, 41 % was attributable to oil, 26 % to gas and 33 % to coal. Given that 
there are abundant coal reserves to last for several centuries, the most important issue in the short term relates to 
oil and gas reserves.

With regard to conventional oil reserves, the International Energy Agency, the US Energy Information 
Administration and OPEC (probably the three most important players in this sector) believe –in recent reports– that 
oil production is likely to peak around 2040, although there is considerable uncertainty about the timing.

As far as gas is concerned, a number of highly relevant events have occurred. Huge reserves of unconventional 
gas (shale gas, coal bed methane and tight-sands gas) have been discovered in various parts of the world (the 
US, Canada, Brazil, Argentina, China, Australia and, to a lesser extent, other countries), which has produced a 
doubling of world gas reserves in recent years (according to the 2011 edition of the IEA World Energy Outlook, 
worldwide gas reserves total 810 billion cubic meters of gas, equivalent to 260 years’ supply at current demand 
levels). Furthermore, there are many  countries where exploration has hardly begun, such as Russia, the Middle East 
and Sub-Saharan Africa (in Spain there may be unconventional gas in the north of the country –Burgos, Palencia, 
Cantabria, Basque Country, La Rioja and Navarre–, where a great deal of mineral exploration permits were issued 
in 2011 and 2012). It seems, therefore, that we may be entering a golden age for this hydrocarbon. 

The large abundance of gas reserves in the world is capable of producing three effects of great significance: firstly, 
it could result in a decorrelation between gas prices and oil prices, the latter currently serving as the reference for 
gas and coal. Secondly, it could result in an increased share of gas in the energy mix, for example in the automotive 
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sector, leading to profound changes in the economy. Lastly, and probably the most important implication for the 
future, it could lead to a divorce in the discourse on energy and on climate, since the fear of an early termination 
of reserves of fossil fuel becomes implausible. In this respect, it is worth pointing out that gas produces GHG 
emissions, these being considerably less (around 50 %) than those produced by coal in electricity generation, and 
therefore in my opinion it is a temporary solution to cutting emissions, but not to the extent necessary, which is 
50 % for the entire world by 2050 (80 to 90 % for the developed countries) and 90 % for all countries by the end 
of this century.  

Another issue of great relevance for the future of energy, although in the longer term, is the potential development 
of nuclear fusion. There is a pilot plant in Cadarache (France) called the ITER project, which is under construction. 
It utilizes the magnetic confinement of a plasma at a temperature of about 200 million °C, about 20 times the one 
at the Solar core. If this technology proves successful, there would be sufficient reserves of raw material –deuterium 
and tritium– for over 10 million years. The tests will start towards 2020 and are expected to last until around 
2040 after which, if shown to be viable, demonstration plants would need to be built. The potential success of this 
technology, which is extremely desirable in my opinion, together with a certain amount of caution when viewing 
the future –which is no more than  mere speculation– have led me to limit to the twenty-first century this essay on 
cities.

GLOBAL WARMING

The third and last of the major agents that will shape our future very significantly is global warming, which has three 
dimensions: the scientific basis of the physical phenomenon itself, the impacts on human activity and the way and 
the cost of dealing with it.

Despite considerable uncertainty when analysing a phenomenon as complex as the Earth's climate, there seems 
to be no doubt as to the responsibility of human beings for climate change as a result of the burning of fossil fuels, 
deforestation, changes in land use and agriculture. Notwithstanding this and given the magnitude and impact of 
the decisions necessary to confront it, it is absolutely necessary to continue with rigorous and systematic scientific 
research. Aspects such as the influence of aerosols on solar radiative forcing –and especially their influence on the 
formation of clouds–, the fine-tuning of climatic models and the palaeoclimate undoubtedly require greater study 
in depth.

To get some idea of the magnitude of what we are talking about, man through his various activities –energy and 
others– emits about 47 Gt (billions of tons) of CO2 equivalent into the atmosphere. Whereas there has been a total 
of 2,200 Gt CO2 over the last 10,000 years until the start of last century, today there are about 3,000 Gt CO2. In 
other words, we annually emit 2.1 % of the CO2 in the atmosphere until the year 1900 and about 1.6 % of what 
exists there today.

If uncertainty exists over the physical basis of climate change, it is much greater in terms of the impacts on 
different countries and activities, which are very asymmetric and depend largely on the financial and technological 
capacity of the country in question. Agricultural societies where there is reduced rainfall and increased evaporation 
due to rising temperatures are the most affected. In general, temperature rises of more than 2 °C above the 
temperature in the pre-industrial era result in significant damage to a large percentage of the global population, for 
which reason it has been set as the target limit on temperature increase.
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Among the different aspects of climate change, the one that is least certain undoubtedly relates to the way and 
the cost of dealing with it. To be able to produce an estimate, it is necessary to predict the trends, among others, 
in population, economic growth and its distribution by country, energy intensity and emissions of the different 
technologies, the costs of the technologies, the cost of CO2 and the damage caused by extreme events. In any case, 
probably the parameter on which any economic analysis depends most is the discount rate of future monetary flows. 
A reduced rate creates an incentive for immediate action whereas a high rate –in the order of the rate of Treasury 
bills and bonds of a country with a high credit rating– minimizes future damage when translating it to its present 
value, which is a disincentive for mitigation action. It is a heated debate where there are opposing views, like those 
advocated by Nicholas Stern, a supporter of immediate action, and Nigel Lawson who favours future generations 
addressing the consequences of climate change as they will be much richer than us.

Although, as we have seen, there is a certain level of uncertainty about climate change, its impacts and how to 
mitigate it, I believe that it cannot stand as an obstacle to immediate action and to continuing research to bring 
us closer to a deeper and more precise understanding of the phenomenon and its consequences. This is for several 
reasons. Firstly, I see that we have sufficient elements to be able to attribute the large share of responsibility for the 
climate change we are experiencing to human activity. Secondly, the climate system has a high inertia and, according 
to current knowledge, we can state that even if, as from today, all CO2 emissions from human activity were to cease, 
the Earth would stabilize in about 100 years at a temperature of 0.6 °C above the current level. Thirdly, a great deal 
of time, investment and effort is required to develop alternative technologies that produce lower emissions than the 
current ones. Fourthly, a thermal power plant or industrial plant represents a significant investment and has a very 
long service life such that, once installed, it would be necessary to wait a long time before replacing it with a better 
one in terms of emissions or energy efficiency.

Given all of the above, it is imperative to address global warming as soon as possible, especially if we wish to 
avoid exceeding the 2 °C temperature increase on the corresponding level in pre-industrial times. In any case, we 
ought not to forget that the energy sector requires enormous investments, which means it is fundamental to have 
a road map and a stable framework which allows the various economic agents to be clear at all times as to the 
objectives they are pursuing and the means to comply with these objectives so that they may act accordingly.

Another very important aspect of climate change is the need to achieve an international agreement on climate, 
in which regard the following issues should be considered: 1) both developed and developing countries must be 
involved, since the latter's emissions have been higher than those of the former since the early two thousands (with 
Kyoto, the emission reduction commitment affected only the developed countries and the economies in transition 
–the European countries of the former Soviet bloc; 2) industrialized countries have a historical debt towards the 
developing countries given that they have been responsible for most of the 400 GtC (1 GtC is equivalent to 
3.67 GtCO2) emitted since the beginning of the Industrial Revolution up to the present date; 3) the agreement 
must provide for the economic development of developing countries, and therefore there should be transitional 
arrangements for them. For example, when introducing a tax per ton of CO2 –the only viable medium to long-term 
solution– its cost should be a function of a given country's level of development with the aim that the amount of 
such tax will converge over time for all countries, both developed and developing.

Although the difficulties of arriving at an international agreement on climate are immense because of the 
asymmetry of development, the impacts and the cost for each country, and above all due to the large number of 
stakeholders with very different interests, this decade may prove to be decisive in securing this objective. Many 
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readers will recall that the 2007 Bali Conference established the goal of achieving a binding agreement at the 2009 
Copenhagen Conference, which proved impossible due to there being too many unresolved issues at that time 
(among others lack of political will to reach an agreement on the part of the US and China when, between them 
both, they account for over 40% of emissions from energy). This failure led to a certain pessimism and scepticism 
regarding the possibility of reaching a world agreement, and even questioned the global and multilateral negotiation 
framework itself. The last two Climate Conferences (Cancun, 2010, and Durban, 2011) saw gradual progress with, 
firstly, the multilateralisation of negotiations being restored, followed by the establishment of a target consisting of a 
2-°C long-term maximum temperature rise on Earth compared to the pre-industrial level. The most recent Climate 
Conference (Durban, 2011) established the objective of achieving world agreement by the year 2015 when legally 
binding conditions should be established for each country and applied from 2020. 

Oe of the countries most affected by climate change would undoubtedly be Spain. Recently, a series of very 
rigorous studies have been carried out embedding regional climate models into global models, allowing for greater 
accuracy and a higher number of simulations. These studies have been: the "ENSEMBLES Project" (2010), funded 
by the European Commission, "Climate in Spain: Past, present and future" (2010), funded by the Ministry of 
Environment and Rural and Marine Affairs, and finally, "Generation of regionalized climate change scenarios in 
Spain"(2008), carried out by the Spanish Meteorological Agency.

Results from the above studies are fairly consistent and provide climate predictions for temperature and 
precipitation throughout the twenty-first century in terms of the different scenarios of emissions, which are taken 
to be the external variable. These predictions estimate, for a scenario with average emissions (A1B), a temperature 
increase of about 4 °C, greater in summer, as well as a reduction in rainfall of about 15 % (the decrease in run-off 
would be significantly higher), with significant variations by region and also much more pronounced in summer.

IMPLICATIONS OF CHANGE FOR CITIES

Finally, Chapter IV develops the potential impact on cities of the agents of change detailed in Chapters II and III.
Before dealing with the contents of this chapter, it is worth considering the following two points: 1) a 

concentration is taking place of the world's population in cities; specifically, towards 2005 the worldwide urban 
population exceeded the rural population and it continues to grow at a faster rate. This phenomenon of concentration 
is faster in developing countries than in industrialized economies, although it has been picking up pace in the latter 
during recent years; 2) there is a concentration of wealth in cities, a much more marked phenomenon in emerging 
countries than in developed countries (e.g., the ratio between GDP per capita in Western Europe in cities and its 
corresponding value in rural areas is 130 % while this ratio is 258 % in Latin America, 383 % in China and 275 % 
in India); 3) economic growth occurs essentially in cities, such that they are  gaining increasing importance in the 
global economy. Thus, the McKinsey Global Institute estimates that the 600 most highly-powered global cities in 
2010 accounted for 54 % of world GDP and predicts that their economic growth during the period 2010-2025 will 
be 64 % of the overall total, giving them a share, by the end of this time, of 58 % of the world economy.

As for the significance of buildings in terms of energy consumption and the production of greenhouse gas 
emissions, in the European Union the use and operation of buildings accounts for 40 % of final energy consumption 
and 36 % of emissions; in the US these percentages are, respectively, 39 % (energy) and 36 % (emissions). It must be 
kept in mind that the above amounts do not include those corresponding to the manufacture of building materials, 
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which in Spain during the period 1990-2005 (a period encompassing many years when from about 1998 onwards 
there was a property "boom" and therefore is not entirely representative given the high level of construction taking 
place) amounted to around 50 % of those arising from the use and operation of buildings; in any event, these figures 
for our country should not be extrapolated to others due to the different speed of renovation of building stock and, 
also, to the different construction techniques used.

As far as transportation is concerned, this may be divided into passenger and freight. In turn, passenger 
transportation may be classified as urban or interurban, each of which is subdivided into modes: bus, rail, bicycle, 
private car, aircraft. Freight transportation, for its part, can also be divided into modes: truck, rail, ship and aircraft; 
it may also be divided into long distance and distribution within the metropolitan areas.

Although the regulation of land and urban planning has a major influence on transportation as a whole, urban 
planning directly affects urban transport and distribution of goods in urban areas. No authoritative studies exist to 
calculate the relative importance of both types of transport with regard to the total.

Transportation and buildings in Spain represent about 74 % of final energy consumption and 72 % of GHG 
emissions produced. Similarly, in the EU-27 both sectors represent 75 % of the total final energy consumption. The 
above figures do not include energy or emissions from the manufacture of building materials, which are accounted 
for in the industrial sector.

From the foregoing, we can confidently estimate that in Spain and the EU energy and emissions from buildings 
(including building materials) and urban transport (movements of people and distribution of goods, which depend 
directly on urban planning) account for between 50 and 65 % of total energy and emissions. In the developed 
countries with dispersed urban distributions –like the US, Canada and Australia– urban transportation has a bigger 
share of the total than in countries with a more compact urban design, as in most European countries.

In any case, I believe that the range from 50 to 65 % of total energy and emissions is sufficiently broad and is 
valid for all developed countries in terms of the importance of buildings –including the manufacture of materials– 
and urban transportation in cities. Therefore, it is not possible to address any policy to reduce the energy intensity 
of the economy or to reduce emissions without addressing these same objectives rigorously in the construction and 
renovation of buildings as well as in urban planning.

THE EUROPEAN UNION’S ENERGY AND CLIMATE POLICY

Over recent years, the European Union has adopted a leading role in combating climate change. Implementation 
of this policy has been through the Green Package,  approved in April 2009 and establishing the so-called 20-20-
20 targets for the year 2020, which consist of: 1) reducing GHG emissions by 20 % from 1990 levels, raising this 
target to 30 % if there is satisfactory agreement on climate; 2) renewable energy accounting for 20 % of final energy 
demand; this objective also includes that 10 % of transport fuels should be renewable; 3) achieving an efficiency 
improvement of 20 % over the baseline scenario.

In order to meet the ambitious commitments made in the Green Package, in 2010 the EU updated the Energy 
Performance of Buildings Directive, currently being transposed to the technical regulations of the Member States. 
This Directive establishes the requirement that all buildings constructed from 2021–the year 2019 for all publicly–
owned buildings- must have nearly zero-energy consumption, which has to be defined by each country using 
a highly accurate and detailed framework known as the cost-optimal methodology. In short, this methodology 
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stipulates the technical requirements to minimize the full cost of buildings –investment, operation and maintenance 
– throughout their entire life cycle; it does not set a static target but rather one that must keep adapting over time 
as technologies, their costs and energy prices all evolve. Spain has completed the groundwork to revise the Technical 
Building Code (CTE) of 2006 and it is expected that the new CTE –which reduces energy demand by 30 % from 
the requirements of the previous code– will be applicable by mid-2013. 

One of the great open questions for the future is to what extent the cost-optimal methodology will allow us to 
approximate the goal of 3 kg CO2/m2 necessary to comply with the requirements of the European road map for a 
low-carbon economy by 2050, which aims to cut buildings emissions by 80 %. This is not possible to ascertain and 
will depend on many factors such as trends in technology, construction costs and energy prices –and, furthermore, 
there are very likely to be significant differences between countries. To imagine the difficulty in achieving this goal, 
which undoubtedly will profoundly shape the building sector over the next 40 years, current emissions (in 2010) 
of the building stock in the EU are 54 kg CO2/m2 of net floor area and in Spain 30 kg CO2/m2, both values a long 
way from the required 3 kg CO2/m2.

THE VECTORS OF CHANGE IN CITIES

In urban planning, one of the most important objectives should be to improve the quota of public transportation. 
In the debate between compact cities and dispersed cities the following four aspects should be considered: 1) public 
transport becomes viable, from an economic viewpoint, only after a certain population density is reached; 2) the 
energy efficiency of public modes of transport, bus or rail, is much higher than for private vehicles; 3) the distances 
travelled in a compact city are lower than those in a dispersed city; and 4) air quality in a dispersed city is better 
than in a compact city.

When analysing the energy consumption of a building, it is essential to consider its entire life cycle, which 
comprises: 1) the manufacture of building  materials, 2) the transport of raw materials to factories, semi-finished 
products between factories, building materials to the construction site and demolition materials to landfill or factory 
for recycling, 3) the construction of the building, 4) the use and operation of the building, 5) maintenance, which 
in turn incorporates new materials into the building when it is renovated and 6) the demolition of the building and 
recycling of its materials.

The two most intense phases of the life cycle in terms of energy consumption are the manufacture of materials 
(which must take into account whether the raw materials are recycled or not) and the use and operation over 
the service life of the building. Between them both, they represent over 90 % of total energy consumption and 
emissions during the life cycle of the building.

The few studies that estimate energy and GHG emissions for building materials are of limited scope (they have 
merely analysed a series of buildings in a particular geographical area) and are fairly inconsistent. In our country, 
there is a study by the Ministry of Housing –currently, the Ministry of Public Works and Transport– published  
in 2007, which estimates that the emissions produced in the manufacture of building materials during the period 
1990-2005 increased from 49 % (in 1990) to 56 % (in 2005) of total emissions from the use and operation of 
buildings. Therefore, it seems clear that it is necessary to incorporate the manufacture of building materials into 
both the technical regulations and the energy certification for buildings, so that it is taken into consideration at the 
time of design. 
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The most important part of energy consumption and emissions output over the life cycle of a building 
undoubtedly concerns its use and operation. It is referred to by both the European Directive on the Energy 
Performance of Buildings and the Spanish Technical Building Code. Clearly we have a long way to go to ensure that 
all new buildings from 2021 –2019 in the case of public ones– are nearly zero-energy, as required by the Directive. 
And we ought not to forget that this target is only an intermediate milestone in achieving an 80 % reduction in 
buildings emissions established by the European road map mentioned above.

Three aspects of great importance that must be taken into account in improving the energy efficiency of a 
building are: 1) it is necessary to address thoroughly the issue of ventilation and infiltration in buildings, since by 
improving the energy performance of the latter, they could account for a significant part of consumption. If the 
intention is to obtain highly energy-efficient buildings, they need to be hermetically sealed and have mechanical 
ventilation to ensure indoor air quality as well as recover heat from outbound air flow, while at the same time 
warming the air introduced into them; 2) district heating and cooling systems powered by biomass installations 
can be a solution to achieving carbon neutrality, and also are much more readily adaptable to technological changes 
than single-building facilities; and 3) it is necessary to address the renovation of the entire building stock since 
the replacement rate in the EU is around 1 %, which does not guarantee that ambitious targets for reducing GHG 
emissions will be met, as the majority of the stock has been built in accordance with much less stringent codes than 
current and, above all, future ones.

To envision the importance that renovation of buildings is likely to have in the future, let us take the case of Spain. 
The residential sector accounts for about 90 % of the total floor area in Spain in 2010 (about 2.25 billion m2 of a 
total of about 2.5 billion m2). Of the approximately 26 million dwellings, about 17.1 million are main residences and 
the rest, second homes or empty housing (approximate data since the 2011 census data has not yet been published). 
When our economy is growing at a rate of 1.5 to 2 %, for which we will have to wait a few years –I hope that no 
later than 2015–, the most solid and well-founded estimates find that the number of main residences required (the 
rest are not of interest for this purpose since they are outside the requirements of the European Directive) will be 
about 150,000 dwellings/year, less than 1 % of the existing stock. Therefore, even if all these new homes were to 
benefit from zero-energy consumption (which will not be the case because this is not possible), the consumption 
per square metre of housing stock in our country would decrease by about 1 % a year, which would achieve after 40 
years –that is, by 2050– a reduction of about 33 % in energy consumption and the production of greenhouse gas 
emissions compared to existing levels, well below the 80-per cent target established by the European road map for a 
low-carbon economy by 2050.

In light of the above, which would yield very similar data in other EU countries, it is clear to me that it is 
absolutely necessary to systematically address the issue of the renovation of existing buildings. One instrument to 
achieve this might be the development of a long-term road map for the renovation of building stock. We should also 
implement strategies with ambitious goals (such as the renovation of an annual percentage of building stock), that 
have the necessary financial instruments and apply the cost-optimal methodology over the life cycle of buildings, 
the only way such a strategy would have any chance of success. The draft European Energy Efficiency Directive 
(EED), not yet approved at the time of writing, is worded along these lines and requires administrations and public-
sector entities to renovate buildings that they own at the annual rate of 3 %, from 1 January 2014.  

A matter of great importance to our country –that takes on even greater relevance due to climate forecasts– 
concerns the optimization of the complete water cycle. This, in turn, involves two different aspects: 1) the potential 
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for water savings and 2) Sustainable Urban Drainage Systems (SUDS).
It is possible to save a certain amount of water by employing recycled water for uses not requiring the highest 

levels of quality that would be necessary, for example, in the case of drinking water. Such uses may include residential 
toilets, irrigation of private and public green areas and street cleaning. The above uses represent around 30 % of 
total consumption, which would be the amount of water savings obtainable.

Recycled water can come from sewage treatment plants or grey water from homes themselves, in other words, 
from sinks or showers. If the water comes from a sewage treatment plant, it is necessary to pump and distribute it 
through a distribution network which is independent from the drinking water supply and to install a dual network 
in each building; nonetheless, it is a much easier way for the competent authority to control water quality as it only 
has to do so in the sewage treatment plant prior to pumping.

Moreover, it is possible to reuse the grey water from each building to refill toilets, but it must first pass through 
a treatment facility located on the premises. This would spare the distribution network recycled water but would 
create the following two problems: 1) the competent authority for monitoring water quality would have to check 
the quality of recycled water in each building instead of at the sewage treatment plant, making it enormously 
more difficult and complicated to do so; and 2) in Spain, Royal-Decree 1620/2007 on the reuse of recycled water 
requires a very high frequency of testing for this type of water (for example, twice weekly for "Escherichia coli" and  
turbidity), which is hugely expensive and, at the current price of water in Spain, rarely justifies installation in terms 
of the savings in consumption.

Therefore, in Spain while legislation on recycled water remains unaltered, the only way to save water consumption 
is by using water from municipal sewage treatment plants, which requires a dual water distribution network in each 
building.

The other way to optimize the water cycle is through the use of Sustainable Urban Drainage Systems (SUDS), 
whose philosophy is to reproduce as faithfully as possible the hydrological cycle prior to construction of the 
development, which is achieved by on-site rainwater infiltration. This enables, among others, the following: 1) the 
protection of water quality in the urban run-off collectors; 2) the reduction of peak flows and volumes sent to the 
treatment plant, allowing savings in the diameters of the drainage network and the plant's operation; and 3) the 
integration of the treatment of precipitation into the urban landscape.

The principal technical solutions provided by SUDS are: vegetated roofing, permeable surfaces, bio-retention 
areas, infiltration pits and trenches, holding and infiltration tanks, soakage drains and retention ponds.

URBAN TRANSFORMATION: CRITERIA AND PRACTICAL APPLICATION IN REAL-LIFE PROJECTS 

Finally, with the aim that the ideas and proposals outlined in this book should not merely remain vague, imprecise 
and difficult to apply, I explain a number of urban projects and buildings where the designers and developers have 
attempted to apply at least one of these criteria. They serve as examples to understand how certain ideas can be 
brought to fruition or how to apply a methodology that ensures an optimized solution from the point of view of 
energy and GHG emissions. In short, these are not examples to imitate but rather simply examples to understand. 
The author cannot vouch for how in the future some of the longer-term projects that are presented in the book will 
evolve but considers some of their ideas to be, in any case, of great current interest.
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The projects chosen for the above purpose are as follows:

The Extension of La Castellana (Madrid), which the author knows well having directed it for many years; it has 
served to formalize the discourse and ideas contained in this book and to attempt to implement them taking 
into account existing conditioning factors as a whole.
Masdar City (Abu Dhabi), already underway, and Dongtan City (Shanghái, China), in its infancy. Both projects 
have been chosen for their extraordinary ambitious objectives, although the second has hardly yet begun.
The concept of "Smart Cities" needed to implement many of the ideas contained in this book.
Two newly constructed buildings, both completed recently: the Abengoa corporate headquarters in Seville and 
the NASA Sustainability Base in California. Both are implementing an energy optimization methodology that 
I consider of great interest.
The renovation of Deutsche Bank's headquarters in Frankfurt, an example that illuminates how to proceed with 
the renovation of an office building.
Other projects or entities where, at least partially, some of the ideas in this book are being applied: BedZED 
(London), Malmö (Sweden), Curitiba (Brazil) and the Transport Consortium of Madrid.

CONCLUSION

In summary, I believe that we are facing a new era marked by a profound need to reduce energy consumption 
and the production of greenhouse gases. The urban planning of cities and buildings is responsible for over 50 % 
of energy demand and GHG emissions in developed countries. This means that both must be reformulated very 
thoroughly in order to cope with the challenge we have set. We know what goal needs to be achieved –the almost 
complete decarbonisation of the economy– but not the precise path to follow nor the distribution of effort to be 
carried out across sectors and countries. I wish everybody luck!
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LUIS IRASTORZA RUIGÓMEZ 
(Bilbao, 1956) Luis Irastorza Ruigómez earned his degree in civil engineering at Madrid Technical University in 
1978 and his degree in business administration at Comillas Pontifical University in 1983.

In 1997 he was designated CEO of DUCH, a private company created to implement an ambitious development 
project in Madrid. The Castellana Extension Project  aims to reclaim for the city an urban area primarily occupied 
by railway and industrial facilities and city bus depots. Plans call for some 17 000 housing units and around 1 
600 000 square metres of tertiary facilities, essentially offices, to be built on the project site. The project has four 
basic objectives. The first is to close the deep gash in the urban fabric created by more than 5 kilometres of railway 
facilities, by burying a portion of the tracks and building a series of flyovers over the tracks that remain exposed.  
The second is to enlarge Chamartín Train Station and improve its approaches. The third is to breathe fresh life 
into a very worn-down part of Madrid that is hemmed in by consolidated city, and the fourth to create a new 
residential/office hub with high quality urban services and green spaces. Analysis is underway of the application 
of very strict sustainability criteria to aspects of the project where urban planning and building construction can 
contribute to the overall result: maximum use of public transport, solutions for maximum energy performance in 
buildings (including energy embedded in materials, biomass-powered centralised HVAC systems and ventilation 
and infiltration control) and water cycle optimisation (use of reclaimed water for WCs, irrigation of private and 
public green spaces and street hosing). The planning documents have now been approved, and construction is 
scheduled to start in 2015, provided that Spain returns to positive economic growth in 2014, as anticipated. It was 
working on this project that Luis Irastorza came to know and admire Joaquín Sánchez-Izquierdo, José Luis Laso 
and José María Ezquiaga. Joaquín Sánchez-Izquierdo is an economist, an endearing person well liked by anyone 
who has had the privilege to meet him and a whirlwind in social issues. José Luis Laso is a lawyer specialising in city 
planning and a land registrar. His contribution to the project, navigating through a number of extremely prickly 
technical points of the law such as the stratification of property ownership, has proved decisive. José María Ezquiaga 
is the author of the planning documents and has engaged in very fruitful dialogue with Luis Irastorza about how to 
thread sustainability ideas throughout the project.

Before the project Luis Irastorza worked in property development (1994-1997), where he participated in a 
number of projects for the construction of logistics parks, housing complexes and shopping centres. From 1998 to 
1994 he was employed in the cement industry as head of the Cement By-product Division at Uniland, a Barcelona-
based firm that accounts for roughly 40 % of cement sales in Catalunya. The division’s strategy was to protect the 
parent company by channelling part of its cement production through other firms in its group, which Luis Irastorza 
founded, developed and managed. In that effort he assumed the responsibility for opening quarries and building 
several precast and conventional concrete plants across Catalunya.

From 1983 to 1998 he was employed at Dragados y Construcciones, where he participated in a fair number 
of projects. One, funded by the World Bank, involved the design, construction and commissioning (on a turnkey 
basis) of a fertiliser plant in Leyte, the Philippines, to make ammonium sulfate and NPK products for Philphos, a 
company owned by the Philippine nation (51 %) and the Republic of Nauru (49 %). With an output capacity of 
roughly 150 tonnes/hour, it was the highest-capacity plant in the world when it came on stream. It took an average 
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of 10 000 workers 3 years to build the plant. The civil engineering side of this project was not enough for Luis 
Irastorza; he became engrossed in an in-depth study of the core issues: instrumentation and the manufacturing 
process. That led him to pore over the 70 volumes and 4 000 drawings containing all the relevant information 
and eventually to assume responsibility of its commissioning, undeniably the trickiest phase in the project. The 
intellectual effort deployed in that task is comparable only to the mental exertion it took: a) to pass his second 
course in engineering (1974-1975) and b) to write this book.

In 2012 he received first-hand information about the plant from his 19-year old son Samir, who had secured 
a summer internship in Manila. Samir spent a few days visiting the area where the plant is located, on about 
800 kilometres south of Manila on a different island. His son’s visit afforded Luis Irastorza one of the greatest 
satisfactions of his career. Philippine citizens who had worked with him to build and commission the factory and 
who now hold senior management positions (one is vice-president and another operations manager) told his son 
that, since the plant was commissioned in December 1985, it had run extraordinarily well and essentially incident-
free. After having laboured for over a year to commission the plant to the contract’s very strict specifications (which 
necessitated a raft of major changes in both design and process), Luis Irastorza’s satisfaction on learning that it was 
still running like clockwork nearly 30 years later can be readily understood.

From 1986 to 1998, while at Dragados y Construcciones, he worked on the design, construction and 
commissioning of facilities to double the output of a Statoil refinery in Mongstad, Norway. About 150 modules 
were manufactured in workshops in Puerto Real, Cádiz, shipped by sea to Mongstad and assembled on the refinery 
grounds.

From 1980 to 1983, while he was pursuing his business degree at Comillas Pontifical University, he worked 
for Peat Marwick & Mitchell (now KPMG). He spent a year in the auditing department, where he participated in 
audits of a number of firms (Cyanamid Ibérica, Banco Internacional de Comercio, Caja de Ahorros de Plasencia 
and Armour Iberia). In the consultancy department he worked on projects including rate-setting methods for 
the Water Consortium of Oviedo, Avilés and Gijón, frozen product distribution optimisation for Pycasa and the 
automation of La Caixa’s loan and clearing department processes.

Between 1978 and 1980 he complied with his 15 months’ compulsory military service in the Air Force’s 
University Militias. He also co-directed the draft of the plan to adapt urban zoning in Los Barrios, Cádiz, to the 
nationwide Land Act of 1976.

While he was a civil engineering student, he won two internships from the International Association for the 
Exchange of Students for Technical Experience; in the summer of 1977 he worked on the construction of a tunnel 
under the Gouwe River near Gouda, Holland, and in the summer of 1978, on the design of jetties for harbours 
in Kabelvag, Norway. Both proved to be exceptional experiences, both professionally and personally. In Holland 
the project site was semi-swampy peat. Luis Irastorza recalls it as an incomparable endeavour, involving low-
bearing-capacity terrain, settling issues and work below the water level with steel sheet piles and bentonite. The 
Norwegian internship in 1978 was even more challenging. That year he had learned from Professor Suárez Bores 
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(now deceased) to use the SMB method to calculate wave height. By the time he reached the National Harbour 
Authority in Kabelvag, he was able to calculate in one or two days what Norwegian engineers were taking several 
weeks to calculate using much older methods. Soon he was asked to do all the calculations pending at the Harbour 
Authority and even to check the figures for seawalls under construction. By his second month, he was receiving 
work from other harbour authorities. Suddenly realising the benefits of what he had learnt from Professor Suárez 
Bores, he was overcome with gratitude. The chief engineer of the Harbour Authority in Kabelvag, Ove Jonsen, 
astonished at Luis Irastorza’s ability to calculate in one day what others needed weeks to do (thanks largely to the 
SMB method), offered him a job there. Luis Irastorza had to decline, because he was scheduled to comply with his 
military duties two weeks later. Deeply grateful for his services, Ove Jonsen paid him the wages of a full-fledged 
engineer, approximately three times an intern’s rightful pay. 

Over the last few years Luis Irastorza has delivered a sizeable number of lectures and presentations on city 
planning, energy efficiency in buildings, full water cycle optimisation and climate change. The foremost of the 27 
conferences given between 2006 and 2012 include: 

•	 at the World Congress of the International Association of Public Transport (Vienna, 2009) 
“The Castellana Extension Project in Madrid. Integrating urban design, mobility and building construction”

•	 at the MIPIM international real estate show (Cannes, 2011)
“Updating to create value: renovating and greening property”

•	 at Menéndez Pelayo University, an international course (Santander, 2012) 
“Sustainability criteria to be applied in the Castellana Extension Project. Sustainability in buildings”

•	 at Madrid Technical University, two summer courses (La Granja, 2011 and 2012) 
“Energy and climate change as driving forces behind the transformation of engineering and economics in the twenty-
first century. Influence on water resource distribution” in 2011 and “The vectors of change in the cities of the future” 
in 2012

•	 at the European Conference on the Low-Carbon Built Urban Environment (Madrid, 2007) 
“The need for sustainability in city planning and building construction”

•	 at the Fine Arts Circle (Madrid, 2010) 
“Engineering and climate dilemmas”

•	 at the Professional Association of Civil Engineers (Madrid, 2010)
“Climate change. Attitudes, certainties, uncertainties and action proposals”

•	 at the Professional Association of Civil Engineers (Barcelona, 2012) 
“Keys to the city of the future”

•	 at the School of Architecture (Alicante, 2008)
“The need for a new model in land management and building construction”

•	 at the San Pablo CEU School of Architecture (Madrid, 2012) 
“The need for a deep paradigm shift in city planning and building construction. Causes and consequences”.

He currently sits on the Steering Committee of the Urban Land Institute of Spain, a not-for-profit organisation 
where senior city planning and land management operators discuss and share their ideas.
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He and Miguel Aguiló, José Luis Manzanares, Javier Rui-Wamba, Eugenio Oñate and Alfredo Irisarri were the 
six engineers portrayed by César Lanza in Seis ingenieros vivos, published in 2011. César Lanza gave Luis Irastorza 
page space in the book to comment on what had been written about his approaches and concerns, an opportunity 
he seized to outline some of the ideas that are explored in much greater depth and scope here. 

Being immortalised in Seis ingenieros vivos in the company of two genuine trailblazers in his profession, César 
Lanza (a prolific man of many talents whom Luis Irastorza has known since his military service days) and Javier 
Rui-Wamba (member of the Spanish Royal Academy of Engineering and a leading light for the entire sector) was 
one of the happiest moments in Luis Irastorza’s life.

As a member of his profession, he is of the deep conviction that city planning and building construction 
must undergo profound change if they are to rise to the challenge of enhancing energy performance and slashing 
greenhouse gas emissions. That conviction and the opportunity to put his ideas into writing, provided by Javier 
Rui-Wamba, are the reasons essentially underlying the authorship of this book.

The personal side of life is no less, and most likely much more, important than the professional side, although 
the two are as deeply interconnected as reason and feeling. Luis Irastorza’s interests lie in astronomy and cosmology, 
mathematics, palaeoanthropology, particle physics, history (especially as viewed through the most scientific, 
objective lens possible) and the closely intertwined disciplines of philosophy and theology. 

One of Luis Irastorza’s personal highs in the field of astronomy and cosmology came on 11 August 1999 with the 
total eclipse of the sun, one of the greatest, most intense experiences possible. He and his whole family (plus another 
40 people who wanted to tag along) went to Laon in Champagne, France, to view the event in the path of totality. 
Another was the Leonid meteor shower of 18 November 1999 (his birthday), which was probably the most intense 
meteor shower since 1932; the zenithal hourly rate was roughly 15 000 meteors per hour entering the atmosphere 
at a speed of about 72 kilometres per second, something absolutely unique. Other great moments, though less 
spectacular, were the annular eclipse of October 2005, whose path of totality passed over the city of Madrid, and the 
comet Hyakutake, which on 26 March 1996 brushed by our planet at a mere 15 million kilometres. In recent years 
Luis Irastorza has been spending more time on cosmology than on observation, especially after the discovery and 
measurement of the acceleration of the universe. In the wake of this landmark event (one of the greatest scientific 
findings of the last 40 years, albeit admittedly a rather unsettling one) and the ensuing theorisation of “dark energy” 
to explain it, Luis Irastorza has taken several courses, read a number of books and attended a multitude of lectures 
by leading physicists (including several Nobel Prize winners Brian Schmidt, George Smoot, David Gross, Sheldon 
Glashow, Subrahmanyan Chandrasekhar and Carlo Rubbia) at the Spanish Academy of Sciences, Cosmo Caixa, the 
BBVA Foundation and the Ramón Areces Foundation. To his practical engineer’s mind it appears that, if baryonic 
matter makes up only 4 % of the universe’s total mass (of which around 0.5 % are stars and therefore partly visible 
and the remainder is invisible cosmic dust) and the rest is dark matter and dark energy, every effort needs to be 
made to come as close as we can to understanding the other 96 % that physics today fails to explain. A goal that 
Luis Irastorza is obviously far from achieving.
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In the field of mathematics, Luis Irastorza has been intrigued by the evolution of mathematical thought (what 
we now call “history of mathematics”). He has studied Egyptian, Babylonian and Arab mathematics, the latter 
through, among other things, the development of mathematical thought on the Iberian Peninsula, which took 
place fundamentally through contact with the Arabs. He is also deeply interested in the great unresolved issues 
of mathematics, such as the seven Millennium Prize Problems (of which only six remain since Grigori Perelman 
demonstrated the Poincaré conjecture in 2002). Lastly, he is also highly interested in the possibility of establishing 
the grounds for mathematical proofs themselves (Frege, Russell, Gödel), topology (the Poincaré conjecture is pure 
topology) and non-Euclidean geometries (although he is greatly comforted by the thought that the universe is, very 
roughly speaking, Euclidean).

Lastly, he has taken such a sharp interest in philosophy of late that he has spent the four years from 2008 to 
2012 in intense systematic study at the Escuela de Filosofía in Madrid. For two years he studied thinkers from 
pre-Socratic times to the twentieth century, and then decided, together with his group, to look more closely at 
the twentieth-century philosophers. During the 2011-2012 academic year, he studied the possibilities of finding 
the foundations of knowledge and truth. From this latter time comes his acquaintance with Miguel García-Baró, 
phenomenological philosopher and highly prolific author whose teachings he has always found delightful.

Philosophy and theology are absolutely intertwined, since the question of the existence or non-existence of God 
is a recurring theme in philosophy, even in contemporary philosophy, such as, for example, in Richard Swinburne 
and John Mackie. Luis Irastorza believes it is highly probable that a syncretism of sorts will occur sometime in 
this century to meld Western cultures, traditions and religions (Christian and Muslim) with Oriental cultures, 
traditions and religions (Buddhism and Hinduism). A shining light for him in this field is his uncle, José Ángel 
Ubieta, coordinator for many years of the translation of the Jerusalem Bible and also translator of some of its books. 
It was José Ángel Ubieta who guided Luis Irastorza in Bible studies with a firm hand, unflagging enthusiasm and 
expert knowledge and with whom he has over many years kept up a deep personal dialogue about these and other 
topics. José Ángel Ubieta declined the invitation to write an article for the book on the grounds of failing health and 
strength, but Luis Irastorza believes that in strict fairness it should also be dedicated to José Ángel Ubieta.
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JOSE Mª EZQUIAGA DOMINGUEZ
PhD. in architecture, sociologist and professor at the Madrid School of Architecture, José María Ezquiaga Domínguez 
has devoted his career to cities and urban design since the outset. He has held positions of high responsibility in local 
and regional urban planning in Madrid. He has been honoured with a number of awards and acknowledgements of 
distinction throughout his career, including the 2005 National Urban Design Award and the 2006 European Gubbio 
Award for the Minorca Island Zoning Plan. 

Recently, his academic and professional interests have veered toward research into the theory behind the various 
geographic and social dimensions involved in land use and cities and their integration into urban planning. His designs 
have been a laboratory for experimentation and research into the creation of the contemporary landscape. 

MIGUEL GARCÍA-BARÓ
Madrid, 1953. Miguel García-Baró studied philosophy at the Complutense University of Madrid and philosophy, the 
classics and theology at Johannes Gutenberg University in Mainz, Germany. In chronological order, he studied under 
Juan Miguel Palacios, Gerhard Funke, Walter Nicolai and Juan Martín Velasco. He earned his PhD. in philosophy at 
the Complutense University in 1983 and taught there until 2000, in the Departments of Logic, Theory of Knowledge, 
Philosophy of Religion and Ontology. After spending three years as a researcher at the Spanish National Research 
Council’s Institute of Philosophy, he took his present position at Comillas Pontifical University, lecturing in the history 
of ancient philosophy, contemporary philosophy and the classical moral philosophers. He is the Head of the Philosophy 
Department and directs the master’s degree programme in philosophical research.

He has published a score of books. His most personal works are Del dolor, la verdad y el bien (2006), De estética 
y mística (2007), Filosofía socrática (2006), La compasión y la catástrofe (2007) and Sentir y pensar la vida (2012). He 
edits Ediciones Sígueme’s philosophy collection entitled Hermeneia, is vice president of the Société internationale Michel 
Henry, a member of the scientific committee responsible for publishing the complete works of Emmanuel Levinas in Paris, 
and guest lecturer at many universities, especially in Mexico, Chile, Peru, Colombia, Argentina, El Salvador and Brazil.

CÉSAR LANZA
César Lanza was born in León (his parents’ doing) in August 1955, and there he lived until he went to university. He 
earned his civil engineering degree at Madrid Technical University, his MS at the University of California and his degree 
in business administration at the IESE University of Navarra. He has been a private sector employee, a civil servant and, 
since 1989, an entrepreneur, founder and current head of two businesses, Tecnova and TIPO.

He is a member of the American Society of Civil Engineers, the IEEE (Institute of Electrical and Electronics 
Engineers), and the not-for-profit organisations Engineers without Borders, ADENA (the Spanish section of the World 
Wildlife Fund), the Fine Arts Circle and the Association of Friends of IVAM (the Valencian Institute of Modern Art). In 
addition to these activities, he supports the INTIC Network of new ideas and trends in civil engineering, an independent 
not-for-profit forum for discussion about topics of public interest in civil engineering.

He has no pets because he plainly prefers human company. 
He has been Luis Irastorza’s friend and admirer since time immemorial.
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JOSE LUIS LASO MARTÍNEZ
A legal scholar specialising in city planning and real estate in general, José Luis Laso Martínez was a land registrar until 
1986, when he took a voluntary leave of absence to practice law as a founding partner in Laso & Asociados.

He is the author of a three-volume overview of urban planning law entitled Derecho urbanístico, published in 1981 
and 1982. He has since published another four books and any number of papers in the leading legal journals dealing 
with civil, administrative and zoning law. He has also participated in conferences, seminars, lectures and courses at public 
and private universities and institutions. In his private law career he has acted in a variety of capacities, including legal 
consultant, counsel in civil and administrative action and author and executor of city planning documents and projects. 
He has likewise worked with government authorities in the drafting of national and regional legislation in his areas of 
expertise, particularly the adaptation of the registration system to the urban planning procedure. He is a corresponding 
member of the Spanish Royal Academy of Legislation and Jurisprudence and recipient of the San Raimundo de Peñafort 
Cross of Honour and the gold medal of the Professional Association of Registrars.
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Born in Gernika in 1942, Javier Rui-Wamba Martija earned his civil engineering degree at Madrid Technical University. 
His initial jobs as a civil engineer were Valencia’s South Urban Zoning Plan and a post at Freyssinet’s office in Paris (1969). 
He founded the Esteyco engineering company in 1970, heading a multidisciplinary team that currently boasts 120 people, 
with offices in Barcelona, Madrid, Bilbao, Bogotá, México and Chile and a professional presence in many other countries. 
He has authored over 800 designs, acting as site supervisor in the respective works, and signed many an R&D+I project. 
For 17 years (until 1991) he taught a course on steel structures and bridges at the Madrid School of Civil Engineering. 
He is honorary professor at Catalunya Technical University. He has been a guest speaker in Argentina, France, Uruguay 
and Spain. He has presided the Spanish Association of Engineering Consultants. He is honorary member of ATEP (the 
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Towers, which hold a prominent place in the wind energy industry.
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Joaquín Sánchez-Izquierdo was born in Bilbao in 1947. He took his degree at the Sarrico School of Economics and has 
spent his entire career in the banking industry. Among other responsibilities, he was general manager of Banco de Vizcaya, 
BBV, Banco Exterior and Caja Postal. He was later designated CEO of Banco Hipotecario just at the time of the prior real 
estate crisis. In an effort to address the difficult economic situation, he participated directly in the creation of Gesinar, the 
banking industry’s first large-scale real estate management firm, and of Grubarges, a hotel management company whose 
shareholders also included Grucycsa and the Barceló Group. Joaquín Sánchez-Izquierdo was the first chairman of both. In 
the late nineteen nineties he was named chairman of Desarrollo Urbanístico de Chamartín (DUCH), where he met Luis 
Irastorza. In 2000 he left the banking industry and accepted positions on several boards of directors in a number of 
industries. He participated in the foundation of various companies, including Legálitas, and worked with several firms, 
primarily as a consultant. He continues to do consultant work to this day, but focusing on the Asociación Norte Joven, 
a non-governmental organisation that he chairs. The mission of Asociación Norte Joven, which has been officially listed 
as an organisation of public interest, is to foster the social and occupational integration of young people in a socially 
disadvantaged situation by providing them with training and raising social awareness of their plight.
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The model that has shaped economic development in a number of countries (the so-called 
industrialised nations) since the Industrial Revolution is based on an unlimited supply of 
inexpensive energy from fossil fuels: oil, gas and coal. As that model appears to have reached 
the end of its tether, it cannot be extrapolated to emerging countries, whose speedy growth 
calls on all of us to seek energy-efficient alternatives able at the same time to decarbonise 
our economies.

Our present use of land and the buildings where we live, work and spend our leisure 
time account for 50 % of the world’s energy demand and greenhouse gas emissions. The 
philosophy underlying their design draws from an economic model that is longer valid. A 
new paradigm is needed, built on substantial improvements in the energy performance of, 
and the achievement of carbon neutrality in, our cities and buildings.

This book identifies the immediate and structural factors that will condition the economies 
of industrialised and developing countries throughout this century. It also contains a series 
of reflections on the course that needs to be charted to attain an urban and building model 
in which development, which must be a priority objective, is compatible with respect for 
the planet’s limits.  
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FOREWORD: JOSÉ MARÍA EZQUIAGA
ARTICLES: MIGUEL GARCÍA-BARÓ · CÉSAR LANZA · JOSÉ LUIS LASO · JAVIER RUI-WAMBA, AND JOAQUÍN SÁNCHEZ IZQUIERDO

T H E  C I T I E S  O F  T H E  T W E N T Y - F I R S T  C E N T U R Y
E S S AY  O N  T H E  S O C I O - E C O N O M I C ,  T E C H N O L O G I C A L ,  E N E RG Y 

A N D  C L I M AT E  F U N D A M E N TA L S  O F  U R B A N  S E T T L E M E N T S

LUIS  IRASTORZA

FUNDACION
ESTEYCO

f u n d a c i o n
e s t e y c o

BABILONIA (600 BCE) MASDAR CITY, ABU DHABI (2040 CE)

FUNDACION
ESTEYCO

f u n d a c i o n
e s t e y c o

FUNDACION
ESTEYCO

f u n d a c i o n
e s t e y c o

T
H

E
 C

IT
IE

S
 O

F
 T

H
E

 T
W

E
N

T
Y

-F
IR

S
T

 C
E

N
T

U
R

Y
E

SS
AY

 O
N

 T
H

E
 S

O
C

IO
-E

C
O

N
O

M
IC

, T
E

C
H

N
O

LO
G

IC
A

L,
 E

N
E

R
G

Y 
A

N
D

 C
LI

M
AT

E
 F

U
N

D
A

M
E

N
T

A
LS

 O
F 

U
R

B
A

N
 S

E
T

T
LE

M
E

N
T

S


