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A new Social Contract

In recent history, the ongoing pro-democracy move-
ments in a number of Arab states and the fall of the
Berlin Wall have served as proof of the power and
dynamics of transformative processes. There are several
lessons to be learned from these upheavals for the tran-
sition to sustainability: firstly, unsustainable situations
can lead to dramatic collapse. Moreover, transformative
forces often remain hidden below the surface for quite
some time. This is evident today not least in the quan-
tifiable global change in values to embrace sustainabil-
ity. After all, the downfall of dictatorships whose main-
stay has been the extraction of crude oil and natural gas
(Soviet Union, Libya) also reveals the formerly hidden
costs of a ‘fossil” industrial metabolism.

Normatively, the carbon-based economic model is
also an unsustainable situation, as it endangers the cli-
mate system'’s stability, and therefore the natural life-
support system for future generations. The transforma-
tion towards a low-carbon society is therefore as much
an ethical imperative as the abolition of slavery and the
condemnation of child labour.

For quite some time now, the fossil economic system
has been changing all over the world. The WBGU views
this structural transition as the start of a ‘Great Trans-
formation’ into a sustainable society, which must inevi-
tably proceed within the planetary guard rails of sus-
tainability. Long-term studies show clearly that world-
wide, an ever-increasing number of people desire this
move towards sustainability and a long-term approach.
Moreover, the nuclear disaster in Japan makes it clear
that we must choose the fast lane towards a low-carbon
future without nuclear energy.

Now, it is first and foremost a political task to over-
come the barriers of such a transformation, and to
accelerate the change. In the WBGU'’s view, a long-term
oriented regulatory framework must be developed for
this to ensure that prosperity, democracy and security
are achieved with the natural boundaries of the Earth
system in mind. Above all, development paths must be

pursued which are compatible with the 2 °C climate pro-
tection guard rail agreed upon by the global community
at Canctn in 2010. This drastic change in direction must
be accomplished before the end of the current decade
in order to reduce global greenhouse gas emissions to
a minimum by 2050, and thereby to maintain the pos-
sibility of avoiding dangerous climate change. Hence,
time is of the essence here.

In its flagship report, the WBGU elaborates explic-
itly on the fact that the technological potential for
comprehensive decarbonisation is available, outlines
business and financing models for the transition, and
points out that the political instruments needed for a
climate-friendly transformation are widely known. The
council also describes how the requisite transformation
encompasses profound changes to infrastructures, pro-
duction processes, regulation systems and lifestyles,
and extends to a new kind of interaction between poli-
tics, society, science and the economy. Various multi-
level path dependencies and obstacles must be over-
come. Furthermore, the transformation can only suc-
ceed if nation states put global cooperation mechanisms
before their own short-term oriented interests, in order
to make a trend reversal, particularly as far as the glo-
bal economy is concerned, towards climate-friendliness
and sustainability possible. And not least, from a global
perspective, this is also about issues of fairness — issues
that need resolving.

This ‘Great Transformation’, then, is by no means
an automatism. It very much depends on ‘organising
the unplannable’ if it is to succeed within the available
tight timeframe. This is unique in history, as the ‘world’s
great transformations” (Jiirgen Osterhammel) of the
past were the result of gradual evolutionary change.

Adding together all of these challenges involved in
the transformation to come, it becomes clear that the
upcoming changes go far beyond technological and
technocratic reforms: the business of society must be
founded on a new ‘business basis’. This is, in fact, all
about a new global social contract for a low-carbon
and sustainable global economic system. It is based on
the central concept that individuals and civil societies,
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states and the global community of states, as well as
the economy and science, carry the joint responsibility
for the avoidance of dangerous climate change, and the
aversion of other threats to humankind as part of the
Earth system. The social contract consolidates a culture
of attentiveness (born of a sense of ecological respon-
sibility), a culture of participation (as a democratic
responsibility), and a culture of obligation towards
future generations (future responsibility).

One key element of such a social contract is the
‘proactive state’, a state that actively sets priorities for
the transformation, at the same time increasing the
number of ways in which its citizens can participate,
and offering the economy choices when it comes to act-
ing with sustainability in mind. The social contract also
encompasses new forms of global political will forma-
tion and cooperation. The establishment of a ‘UN Coun-
cil for Sustainable Development’, on par with the UN
Security Council, and the forming of international alli-
ances of climate pioneers between states, international
organisations, cities, corporations, science and civic
organisations, would be examples of this.

The WBGU has developed the concept of a new
social contract for the transformation towards sustain-
ability — not so much on paper, but rather in people’s
consciousness — as an analogy to the emergence of the
industrialised societies during the course of the 19th
century. Karl Polanyi (1944) referred to this process,
too, as a ‘Great Transformation’, and showed that sta-
bilisation and acceptance of the ‘modern industrialised
societies” were only successful through the embedding
of uncontrolled market dynamics and innovation pro-
cesses into a constitutional state, democracy and the
creation of the welfare state — i.e. through the emer-
gence of a new social contract.

The WBGU, by highlighting the technical and eco-
nomic feasibility of the transformation, by describ-
ing the change agents, by identifying barriers, and by
developing political and institutional approaches to
overcome these, illustrates the transition to climate-
friendliness and sustainability’s ‘conditions of possibil-
ity’ (Immanuel Kant). In doing so, the WBGU wants to
encourage policy-makers, but also the economy and the
social protagonists, to dare to make the change.

Low-Carbon Challenge

Climate protection plays a particularly important part
in the transformation towards sustainability, as it is
a conditio sine qua non for sustainable development:
although climate protection alone cannot guarantee
the conservation of the natural life-support systems on
which humanity depends, it is nevertheless foreseea-

ble that without effective climate protection, mankind
will soon have to do without some essential develop-
ment opportunities.

During the past few years, anthropogenic climate
change has become a central topic of social discourse.
There is a global political consensus that rapid global
warming by more than 2°C would overtax our socie-
ties” ability to adapt. The consequences would be envi-
ronmental crises with major social, economic and secu-
rity-political risks. The avoidance of dangerous climate
change has therefore become one of the biggest chal-
lenges facing humankind.

If restricting global warming to a mean temperature
change of 2°Cis to succeed with a probability of at least
two-thirds, then, by the middle of this century, no more
than around 750 Gt of CO, from fossil sources may
still be released into the atmosphere (WBGU, 2009).
This global CO, budget would already be exhausted in
around 25 years’ time if emissions were to be frozen at
current levels. We therefore need fast, transformative
counteraction. By the middle of the century, the global
energy systems must largely be decarbonised.

Search processes going in this direction can be
observed in many countries worldwide. Europe, South
Korea, China, Indonesia, India and some of the USA’s
states, amongst others, are endeavouring to decou-
ple prosperity growth from greenhouse gas emissions.
Many companies realise that in an increasingly pros-
perous world with soon-to-be 9 billion people, the
next global innovation cycle must be low-carbon and
resource friendly. Long-term investments, particularly
in renewable energy sources as well as in energy and
resource efficiency, not only serve atmosphere protec-
tion, but also reduce the numerous dependencies on
the import of fossil fuels, at the same time determin-
ing future innovation centres and the reordering of glo-
bal economic hierarchies. The remodelling process will
open up new prospects, including for European socie-
ties whose strength lies in innovation.

A Future without Nuclear Energy

The WBGU's analyses in this report show that ambitious
global climate protection is possible even without using
nuclear energy. At the centre of any decarbonisation
strategy must be the massive extension of the renew-
able energies, and the infrastructure they need. How-
ever, the move towards sustainable energy systems can
only succeed if, concurrently, the huge potentials for
efficiency increase are fully tapped, and changing our
wasteful lifestyles is no longer a taboo subject, particu-
larly in the industrialised and industrialising countries.



Several countries are currently planning to increase
their use of nuclear energy. The WBGU urgently
advises against this, above all because of the not neg-
ligible risk of serious damages, the still unresolved
issues concerning final storage, and the danger of
uncontrolled proliferation. Existing plants should be
replaced by sustainable energy technologies as soon
as possible, and, in the case of evident safety defi-
ciencies, be closed down immediately. However, the
phase-out of nuclear energy must not be compen-
sated by renewed or intensified brown or black coal
based energy generation.

Climate Protection in Three Key Transformation
Fields

The transition to climate-friendliness within the scope
of sustainable development mainly concerns the fol-
lowing three key supporting pillars of contemporary
global society. These pillars should be the starting
point for any political agenda: firstly, the energy sys-
tems, including the transport sector, which the entire
economy depends on, and which are currently facing
a new wave of growth due to the fast-paced dynam-
ics of the development of the industrialising coun-
tries. The energy sector causes around two-thirds of
today’s long-lived greenhouse gas emissions. Secondly,
the urban areas, currently responsible for three-quar-
ters of global final energy demand, and whose popula-
tion will double to 6 billion by 2050. Thirdly, the land-
use systems (agriculture and forestry, including defor-
estation), which are currently responsible for almost
a quarter of global greenhouse gas emissions. Land-
use does not just have to provide enough food for a
world population that continues to grow, and becomes
more demanding, but also has to deal with a growth in
demand due to the increasing use of bioenergy and hio-
based raw materials.

In all three of the fields described, the world is still
far away from setting a clear course towards sustain-
ability. The mitigation actions announced by the major-
ity of governments within the scope of the international
climate negotiations so far will certainly not be enough
to comply with the 2°C guard rail. Nevertheless, the
dynamics of a transformation that is already in progress
should not be underestimated. The debate on the lim-
its to growth, ongoing since the 1970s, and the quest
for low-carbon development paths have now taken
central stage in our societies. This opens up opportuni-
ties for extending the low-carbon experiments, indus-
tries, niches and efficiency islands that already exist in
many countries, and gives us the chance to speed up
the change in economic strategy, from dependence on

Summary for Policy-Makers

the use of fossil energy carriers to a low-carbon way of

doing business. Measures which, taken on their own,

appear not to be particularly ambitious can, in such a

dynamic situation of change, develop significant impact

as a whole, and trigger the tipping points of develop-

ment. Nevertheless, the transition to climate-friendli-

ness in all three fields is a great challenge.

> The transformation field ‘energy” is so significant
because the world is still continuing down a ‘high-
carbon growth path’ with rapidly increasing CO,
emissions. If the 2°C guard rail is to be observed,
though, the global emissions trend must be reversed
by 2020 at the latest, as the drastic reduction rates
which would otherwise be necessary later would
overtax societies. A global energy turnaround that
also takes global development dynamics into account
is what is required. More than 80% of the world-
wide energy supply is still based on environment
and climate damaging fossil energy carriers, whilst
around 3 hillion people still do not have access to
essential modern energy services. The challenge lies
in giving these people access to modern energy serv-
ices as soon as possible, whilst at the same time sig-
nificantly reducing global CO, emissions from the
use of fossil energy carriers. This can only succeed if
energy efficiency is drastically increased and life-
style changes are triggered, leading to a limitation of
the overall energy demand. The requisite decarboni-
sation of energy systems means that the pressure is
on to act, not just in the industrialised countries, but
also in the dynamically growing newly industrialis-
ing and developing countries. Even the poorer devel-
oping countries must veer towards a low-emission
development path in the medium-term. The era of
fossil energy carrier reliant economic growth must
be brought to an end.

> The transformation field ‘urbanisation” is so signifi-
cant because the urbanisation process is the major
driving force behind energy demand. Urban expan-
sion creates new, long-lived infrastructures that are
going to impact on the energy demand for a long
time to come. Currently, already around half of the
world’s population lives in cities. In Asia, the urban
population will double to 3 hillion people within the
next couple of decades. It is likely that by 2050, as
many people will be living in cities as there are on
Earth today. The current urbanisation wave must
therefore be redirected towards low-carbon urban
development very quickly indeed — and that in a
situation where we do not have one single, function-
ing, low-carbon model city that we might learn from.
The modification of existing urban structures is also
very important; it needs a lot of time, and therefore
a determined approach.
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> In the transformation field ‘land-use’, the conversion
of natural ecosystems (forests, grasslands, wetlands)
into agricultural land is one of the major sources of
greenhouse gas emissions. The main focus must
therefore be on stopping deforestation and forest
degradation as quickly as possible. Worldwide, for-
est areas are currently being reduced at a rate of
about 13 million hectares per year. According to pro-
jections by the Food and Agriculture Organisation of
the United Nations (FAO), in order to secure the food
supply for a growing world population, global food
output must increase by up to 70% by 2050. Agri-
culture’s challenge is covering the strong growth in
demand for agricultural produce in a sustainable
way, including biodiversity protection, and, at the
same time, to mitigate emissions along the whole life
cycle, from field to consumer. One particular chal-
lenge here is the change in eating habits in favour of
animal products in many regions of the world.

Conducive and Impeding Factors

One positive aspect is that many of the alternatives for
putting sustainable progress in the three transforma-
tion fields as described into action are already availa-
ble. The respective technologies are already in use or
under development. Thanks to modern communication
technologies and worldwide knowledge networks, cli-
mate-friendly innovation and learning processes can be
shared fast, even with countries where this is not polit-
ically wanted. The policy and economic steering instru-
ments are also well-known and could, assuming a cor-
responding public willingness to create the framework
conditions, soon be adapted to decarbonisation.

The financial challenges of the transformation are
significant, but controllable. Globally, the additional
investment required for transformation into a low-car-
bon society, compared with the cost of ‘just carrying on
as we are’, probably lies somewhere in the region of at
least US$ 200 to up to 1,000 billion per year by 2030,
and would significantly exceed this amount between
2030 and 2050. These investments will be offset by
later savings of a similar size, and the avoidance of the
immense costs of dangerous climate change. Through
innovative business models and financing concepts, we
can resolve these issues.

Not least, a positive fact in the WBGU's view is that
an ever-growing part of the world population is devel-
oping value systems that include focusing on the pro-
tection of the natural environment, or that this aspect
is at least gaining in significance. Policy-making should
acknowledge this trend, and show much more cour-

age when it comes to making pro-climate protection
decisions.

However, this positive development is hindered by
factors that impede a transformation.

Political, institutional and economic path depend-
encies, interest structures and veto players make the
change into a sustainable society more difficult. Annual
consumption subsidies for fossil-based energies are
estimated to range between US$ 300 to over 500 hil-
lion worldwide. However, this is not just about a lot of
money and the corresponding interests of the estab-
lished high-carbon sectors of the economy. The eco-
nomic model of the past 250 years, with its rules and
regulations, research environments, training and quali-
fication systems and social role models, and its foreign,
security, development, transport, economic and inno-
vation policies, was almost without exception geared
towards the use of fossil energy carriers. This complex
system must now be fundamentally modified with a
view to the decarbonisation of energy systems and rad-
ical increases in energy efficiency. John Maynard Key-
nes put it in a nutshell when describing one of the key
challenges of this kind of profound system change: ‘The
difficulty lies not so much in developing new ideas as in
escaping from old ones.’

Moreover, the transformation must be achieved
within a very tight timeframe, which, for complex soci-
eties, particularly in the context of international nego-
tiation systems, poses a significant challenge. At the
same time, our societies must be willing to act in an
anticipatory manner, on the basis of scientific findings.
For this to happen, politics, economy and society must
wholeheartedly embrace long-term orientation.

The urbanisation waves in the developing regions,
a significant proportion of which are caused by high-
carbon growth in many parts of the world, are a further
huge challenge for the transformation process, but also
a great opportunity. Particularly in the rapidly growing
economies of the newly industrialising countries, the
change into low-carbon cities has to be effected within
a very short period of time. On the one hand, this is
asking a lot in terms of the transformation and learn-
ing capacities of those countries. On the other hand, in
most of those countries, the prevailing tenet is that cli-
mate change has primarily been caused, and continues
to be caused, by the OECD countries, and that there-
fore, the presumably costly investments into climate
protection measures must, for the most part, be made
in the established industrialised countries. This issue
has so far not been resolved by a global burden sharing
agreement. The situation is made more difficult by the
availability of cheap coal in many of the newly indus-
trialising countries.



The WBGU analysis also shows that current glo-
bal governance institutions are not very well prepared
for the transformation. This applies in particular to the
three key transformation fields energy, urbanisation
and land-use. Furthermore, no truly assertive climate
pioneer alliances exist to accelerate the establishment
of post-fossil, transnational structures.

Overall, though, the WBGU'’s central message is that
the transformation into a low-carbon global society is
essential, and achievable. In some sectors, regions and
countries, it has already begun. Above all, we must now
refrain from preventing the transformation, and instead
forge ahead with initiatives that serve its acceleration.

Transformation Concept and Implementation
Strategy

Characteristics of Great Transformations

The WBGU views this worldwide remodelling of econ-
omy and society towards sustainability as a ‘Great
Transformation’. Production, consumption patterns and
lifestyles in all of the three key transformation fields
must be changed in such a way that global greenhouse
gas emissions are reduced to an absolute minimum
over the coming decades, and low-carbon societies can
develop. The extent of the transformation ahead of
us can barely be overestimated. In terms of profound
impact, it is comparable to the two fundamental trans-
formations in the world’s history: the Neolithic Revo-
lution, i.e. the invention and spreading of farming and
animal husbandry, and the Industrial Revolution, which
Karl Polanyi (1944) called the ‘Great Transformation’,
meaning the transition from agricultural to industrial-
ised society.

The WBGU'’s Transformation Strategy

The great transformations the human race has so far
experienced were, for the most part, the uncontrolled
results of evolutionary change. The challenge, unique
in history, with regard to the upcoming transformation
into a climate-friendly society is advancing a compre-
hensive change for reasons of understanding, prudence
and providence. The transformation must be antici-
pated, based on scientific insights regarding the risks of
continuing on high-carbon development paths, in order
to avoid the ‘standard historic reaction’, a change of
direction in response to crises and disasters. The quest
for suitable strategies has gained hugely in importance
for corporations, in politics, in science and for society
as a whole.
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Figure 1 illustrates a possible course the transforma-
tion could take. To achieve decarbonisation, misguided
incentives must be abolished, and the number of obsta-
cles must be diminished. Figure 2 illustrates the tempo-
ral dynamics of the transformation into a low-carbon
society, possible paths leading to failure to achieve the
transformation, and the different levels of action.

Europe and the whole world currently stand at a
crossroads. By now, there are change agents in all areas
of society; in many countries, they even hold positions
that can claim acceptance by the majority. The Ger-
man federal government, the EU, the governments of
the People’s Republic of China, India, the USA, South
Korea, Japan and Indonesia are all pro sustainable
development, and have presented corresponding strat-
egies, ‘green growth” models or energy sector remodel-
ling plans. In addition, all over the world, a number of
low-emission technologies have seen dynamic devel-
opment over the past few years. Renewable energies
have become an important economic and employment
factor. Globally, many cities have already implemented
climate-friendly future concepts, in some major corpo-
rations, formerly small departments for corporate social
responsibility have grown into ‘innovation centres for
sustainable markets’, and in science, research alliances
dealing with the transformation into a climate-friendly
society have been formed.

So there is a lot of movement, and in the right direc-
tion. Nevertheless, there is a very real danger that
the dynamics between change and dogged insistence
on the established will lead into a lock-in (fig. 2); the
transformation into a low-carbon society could also fail.
For example, the increasing energy efficiency of vehi-
cles could be overcompensated by a rebound effect,
e.g. the more rapid growth in their number. Or states
could agree on mitigating their greenhouse gas emis-
sions, but these could nevertheless be far below the
required ambition level. Renewable energies could gain
in significance, but they might only be an addition to
the still dominating fossil energy carriers, rather than
replacing them. If the transformation were to be imple-
mented in this kind of half-hearted and slow manner,
it could lead to a ‘3-4°C world” with the respective,
almost uncontrollable consequences for nature and
society. The important thing now is to set the course in
such a way that a result like this becomes improbable.

Historical analyses show that a ‘concurrence of mul-
tiple change” (Osterhammel, 2009) can trigger historic
waves and comprehensive transformations. The social
dynamics for a change in the direction of climate pro-
tection must therefore be created through a combina-
tion of measures at different levels:
> It is knowledge-based, based on a joint vision, and

guided by the precautionary principle.
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Social costs

Barriers

- Path dependencies
- Tight timeframe
- Barriers obstructing global cooperation
- Rapid urbanisation
- Easily available cheap coal supply

Favourable factors

Low-carbon technology development
- Financially viable

- Changing values towards sustainability
- Global knowledge networks
- Potential co-benefit of transformation

T
Status quo

Decarbonisation level

Figure 1

Complete decarbonisation

Topography of the transformation: the first step towards turning the global society’s status quo into low-carbon (complete
decarbonisation) is the overcoming of obstacles, shown here as an increase in social costs. This increase is currently intensified
through barriers (red): the social costs of the status quo appear to be lower than appropriate, due to, for example, misguided
incentives such as subsidies for fossil energy carriers, or environmental costs that are not internalised. At the same time, the
barriers to be overcome appear to be higher than they actually are: although overcoming various barriers requires a high degree
of effort, for example, the costly overcoming of path dependencies, this is compensated by favourable factors: many low-carbon
technologies are already available, and their deployment is financially viable. Aided by the favourable factors, barriers can be
diminished to pave the way for the transformation. Once the decisive barriers have been overcome, the move towards low-

carbon can be expected to develop its own dynamics.
Source: WBGU

> Tt relies heavily on the change agents, who can test
and advance the options for leaving behind an econ-
omy reliant on the use of fossil resources, thus help-
ing to develop new leitmotifs, or new visions, to
serve as guiding principles for social transition. Ini-
tially, the change agents are involved as marginalised
protagonists; they could, however, develop into an
effective force, greatly advancing the transforma-
tion (fig. 2).

> Itneeds a proactive state to allow the transformation
process to develop into a certain direction by provid-
ing the relevant framework, by setting the course for
structural change, and by guaranteeing the imple-
mentation of climate-friendly innovations. The
proactive state gives the change agents leeway, and
supports them actively.

> It also counts on the cooperation of the international
community and the establishment of global govern-
ance structures as the indispensable driving force for
the intended transformation momentum.

The Decarbonisation of Energy Systems is
Achievable

The most important starting point for the transforma-
tion towards sustainability is the reduction of CO, emis-
sions from the use of fossil energy carriers. Apart from
decarbonisation, a second major goal of a remodelling
of the energy systems is overcoming global energy pov-
erty.

The WBGU shows explicitly that the decarbonisa-
tion of energy systems on a global level is feasible,
both from a technical and an economic point of view.
The long-term economic costs of such a transformation
amount to just a few percent of the global GDP. For
the transformation to succeed, it is imperative that the
reduction of the carbon dioxide intensity of the glo-
bal GDP is greatly accelerated. Assuming an economic
growth of 2-3%, if a development path were to be fol-
lowed that would lead to not more than 750 Gt CO,
emissions from fossil sources by 2050, then, over the
next few years, the speed at which the CO, intensity of
the global economic output is reduced would have to be
at least twice as fast as it has been in the past.

However, there is more than one way to transform
energy systems in the direction of climate protection.
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The transformation’s temporal dynamics and action levels. The goal of the transformation is a low-carbon society. Central to the
transformation is the decarbonisation of energy systems. Left: The proactive state and the change agents are the key players.
As far as the change agents are concerned, they must move away from a marginalised existence and increase their impact
through widespread inclusion in social routines. Right: Decisive action for a change of course towards transformation must be
taken within the next decade if the conversion is to succeed within the next 30 years. The sustainable path (green) manages
the transition from high-carbon to low-carbon society in time. Overcompensation for decarbonisation advances (for example
through rebound effects) could lead to rendering climate protection measures ineffective, so that the transformation fails
(yellow). Moderate endeavours only carry the risk of path dependencies that will lead to a global climate crisis (red).

Source: WBGU, modified acc. to Grin et al., 2010

The actual energy paths followed will differ between
states and regions, depending on political, technological
and cultural circumstances and preferences, and indi-
vidual geographical features. The use of nuclear power
and the relevance of carbon capture and storage (CCS)
in particular could develop in very different directions,
both regionally and nationally - especially through
policy decisions. The WBGU advises against the use of
nuclear power. CCS, on the other hand, is a necessary
climate protection measure for countries that continue
to use fossil energies. In combination with the use of
bioenergy, CCS could also turn out to be an important
option for actively withdrawing CO, from the atmos-
phere during the second half of the 21st century. In
its recommendations, however, the WBGU focuses on
development paths where these two technologies play
only a marginal role. Rather, the WBGU recommends a
strategy that relies primarily on an accelerated use of
renewable energies, with a medium-term prospect of
covering 100% of demand. This goal requires a simul-
taneous pursuit of drastic improvements in energy effi-
ciency.

In the WBGU'’s opinion, a look at the various trans-
formative scenarios suggests that the global final
energy demand should not rise to more than 400-500
EJ per year by 2050; it currently amounts to approx.
350 EJ per year. Without a change in political direc-
tion, though, the final energy demand could more than
double. Hence, downsizing this demand in the industr-

ialised and the economically fast growing newly indus-
trialising countries is a crucial task.

Utilise Changing Values

Creating the relevant attitudes and preferences is an
indispensable premise for a successful transforma-
tion to a low-carbon society. Politicians must make
the intended transition agreeable to the vast majority
(acceptance), obtain their consent (legitimation), and
invite cooperation (participation). There is ample evi-
dence, such as the results of the international World
Values Survey, which has been conducted since 1981,
or the debate on alternatives to GDP as a prosperity
indicator, to suggest that the core values of a large part
of the world population include the protection of the
natural environment. There is a relatively broad, cross-
cultural consensus to transform the predominant eco-
nomic strategy so that it becomes embedded in sustain-
able environmental management. Political options that
pick up on post-materialistic values and sustainability-
oriented attitudes are therefore not antitheses to the
majority view in industrialised societies. They are also
popular amongst opinion leaders in the newly industri-
alising countries, seeking to catch-up in terms of eco-
nomic development. For all of the reasons mentioned,
it is clear that policy-makers can certainly be more cou-
rageous when it comes to making pro climate protec-
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tion decisions. People are far more willing to tackle this
issue than generally thought.

A New Global Social Contract

The idea of a new social contract refers to the necessity
of humankind taking collective responsibility for the
avoidance of dangerous climate change and other dan-
gers to the planet. For one thing, this needs a voluntary
capping of the usual options for economic growth in
favour of giving the people in those parts of the world
already suffering the consequences of our irresponsible
behaviour, and particularly future generations, room
to manoeuvre. For another, the transformation needs a
powerful state, counterbalanced by extended participa-
tion on the part of its citizens.

The idea of a social contract takes the original con-
cept found in the natural law theories of early mod-
ern history one step further, and today’s revised edition
must address four major challenges:

1. Because of progressive economic and cultural glo-
balisation, the nation state can no longer be con-
sidered the sole basis for the contractual relation-
ship. Its inhabitants must responsibly take transna-
tional risks and natural dangers, and the legitimate
interests of ‘third parties’, i.e. other members of the
world community, into account.

2. Traditional contract philosophy presupposed the
fictitious belief that all members of a society are
equal. Considering the disproportionate distribu-
tion of resources and capabilities in today’s interna-
tional community, we must have effective, fair glo-
bal compensation mechanisms in place.

3. The natural environment should be given increased
consideration when revising the social contract.

4. The contract has to bring two important new pro-
tagonists into the equation: the self-organised civil
society and the community of scientific experts.

The new social contract is an agreement to change: the

global citizenship consents to expecting innovations

that have a normative link to the sustainability postu-
late, and, in exchange, agrees to surrender the instinct
to hang on to the established. The guarantor in this vir-
tual contract is a proactive state that involves its citizens
in future decisions requisite to the agreement of sus-
tainability targets. This in turn is linked to a culture of
attentiveness (born of a sense of ecological responsibil-
ity), a culture of participation (as a democratic respon-
sibility), and a culture of obligation towards future gen-
erations (future responsibility). It is by no means the
case that the contract calls for a merely superficial or
even resigned acceptance on the part of civil society:
rather, the civil society is acknowledged as an active

partner with shared responsibility for the success of the
transformation process, and mobilised, thereby legiti-
mising the process. The concept of a proactive state is
therefore indelibly intertwined with the acknowledg-
ment of civil society, and the innovative forces in the
economy, in science and in administration.

Ten Measure Bundles with Major Strategic
Leverage: Recommendations for Action

Strategic Perspectives

The transformation into a low-carbon society means
nothing less than a paradigm shift from fossil to post-
fossil society that must take place in the form of a
societal search process. Although specific sustainabil-
ity objectives can be defined (like restricting anthro-
pogenic global warming to a temperature rise of 2°C,
or stopping deforestation globally), it is not possible
to provide an exact description of the ultimate desired
state of economy and society. However, the objectives
and direction of global economic development can take
their lead from globally established and, for the most
part, universally accepted standards (Human Rights,
UN Conventions, Rio Declaration, Millennium Develop-
ment Goals, etc.). Widely accepted, above all, is also the
imperative, voiced by Hans Jonas, amongst others, that
current actions should not result in irreparable dam-
ages for coming generations to deal with, i.e. that we
should not leave them worse basic conditions for sur-
vival, but rather improved conditions for survival, if at
all possible.

The global perspective also dictates that despite all
our differences and unique cultural characteristics, the
global societies” development opportunities should not
diverge too much. The principle of common but differ-
entiated responsibilities set down in the Rio Declara-
tion and the UN Framework Convention on Climate
Change (UNFCCC) means that for the time being, the
developing countries shall be given more leeway with
regards to the transformation than the newly industri-
alising or industrialised countries. The agreed parame-
ters allow plenty of room for a range of different strat-
egies. In accordance with each country’s specific condi-
tions, every sector and society should develop and fol-
low its own individual transformation path. The WBGU
sees two ideal, typical transformation options for this:
1. Polycentric strategy: The current climate protection

endeavours in the different sectors and at differ-
ent levels are bundled and considerably stepped up.

The WBGU is convinced that this strategy can be

implemented soon, and with the existing means,

and is reasonably realistic. Measures which, taken



on their own, have little transformative impact can,
through clever mixing and skilful combination, have
a far greater impact and generate unexpected move-
ment, far more than a simple addition might lead
us to believe. Taken in total, a societal tipping point
can be reached, beyond which resistance to the
transformation significantly decreases, the requis-
ite political willingness grows, and the acceleration
gains considerable momentum.

2. Focused strategy: Here, the focus is on concentrat-
ing on just a few major course changes that can
have high transformative impact — but which a
great number of the protagonists currently view as
unrealistic, because they would need to be pushed
through in the face of powerful forces insistent on
preserving the status quo. Some of these major
course changes are however necessary to achieve
the scale and speed the transformation into a low-
carbon society needs to reach.

Both polycentric and focused transformation strategy

are aiming for a ‘Great Transformation’, though, hence

both differ from the incremental politics of short-term
crisis management and the ever-procrastinating nego-
tiation of compromises.

In this report, the WBGU advocates an intelligent
combination of both strategies. There are concrete rec-
ommendations for the intensification of current climate
protection endeavours with regards to the three trans-
formation fields of energy, urbanisation and land-use.
The more small-scale measures show results, and the
more change agents become actively involved, start
networking, and start to initiate changes on different
levels, all working towards a transformation, the sooner
decision-makers will be encouraged to tackle the major,
supposedly unpopular course changes. In a societal
environment as dynamic as this, measures which are
still viewed as unrealistic today could certainly become
realisable tomorrow. The WBGU has therefore ranked
its recommendations according to ambition level, i.e.
according to their transformative impact and politi-
cal achievability. This provides for explicitly including
major course changes in our recommendations which
may still seem unrealistic from today’s point of view,
but which may well turn out to be inevitable in the long
term.

Practical Recommendations for Action: Ten
Transformative Measure Bundles

The scale and speed of the current transformation
endeavours are by far not enough to avoid a danger-
ous climate change, and the risk of an irreversibly
unsustainable global development. We are still a long
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way away from reaching the tipping point with regards
to sustainable global resource conservation and value
generation. In the following, the WBGU therefore out-
lines ten measure bundles with major transformative
impact to accelerate and spread the transformation to
sustainability.

Bundle 1: Improve the Proactive State with
Extended Participation Opportunities

A central element in a social contract for transformation
is the proactive state with extended participation in a
multilevel system of global cooperation. It entails two
aspects, frequently thought of as separate or contra-
dicting: on the one hand empowering the state, which
actively determines priorities and underlines them with
clear signals (for example with bonus/malus solutions),
and on the other hand, giving citizens more extensive
opportunities to have a voice, to get involved in deci-
sion-making and to take a more active role in politics.
A powerful (eco-)state is often thought of as restricting
the autonomy of the ‘man in the street’, whilst at the
same time, any meddling on the part of the citizen is
viewed with misgivings as a disturbance factor to polit-
ical-administrative rationality and routines. A precon-
dition for a successful transformation policy, though, is
the simultaneous empowerment of state and citizens
with regard to the common goal of sustainable policy
objectives.

The proactive state is firmly anchored in the tradi-
tion of a liberal and constitutional democracy, but it
develops this democracy further with a view towards
the future sustainability of democratic communities
and liberal civil societies, and takes into account the
boundaries imposed on economic and social develop-
ment by a finite planet. Whereas climate protection is
often regarded as a restriction and unreasonable dep-
rivation, a proactive and enabling form of government
has the explicit task of preserving available choices and
the current room to manoeuvre for future generations
and even, if possible, to extend these.

The WBGU recommends the approach of these goals
on four interconnected levels: substantive through pro-
vision of climate protection targets in climate protec-
tion legislation; constitutionally, through the setting of
a respective national objective regarding climate pro-
tection; procedurally, through extending the oppor-
tunities for citizens and civil society organisations for
public participation in decision-making, access to infor-
mation and legal protection; and institutionally through
mainstreaming the climate policies of government insti-
tutions (for example, by way of the establishment of
a joint ministry for environment, climate and energy).

9
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The level of ambition, and therefore the transforma-
tive impact of these elements, increases through combi-
nation, and a corresponding definition of content with
regard to the following elements: as a central meas-
ure, the WBGU suggests climate protection legisla-
tion with ambitious mitigation targets, to be reached
by 2050 (bundle 9), along the lines of the WBGU'’s
budget approach. Another important legislative meas-
ure would be the introduction of a comprehensive,
obligatory climate impact assessment scheme for any
legislative proposal. Contrary to the existing planning
and approval procedures, the public should be informed
at the earliest opportunity about projects that have a
major impact on climate protection and the transition to
sustainable energy systems, and be given the chance to
become actively involved in the planning and approval
process. Further avenues for legal redress in the form
of supra-individual collective actions should be opened
up, in addition to the existing legal remedies, to allow
judicial examination of planning and approval deci-
sions. The use of ombudsmen and ombudswomen with
a ‘right to remonstrance” and a ‘right to monitor’, as well
as prompt, iterative deliberation proceedings with the
corresponding inclusion of scientific expert knowledge
and non-professional expertise would, in the WBGU'’s
view, complete the procedural system for climate pro-
tection relevant decisions by administrative and legis-
lative authorities.

The German federal administrative bodies should
undergo a climate mainstreaming at federal, state and
local level. All of the measures described above that
are of a material, legal, procedural-legislative and
institutional nature (extended participation, climate
mainstreaming, climate protection legislation, climate
impact assessment, extended legal remedies) stand for,
and concretise, the national goal of climate protection.
Legislative, executive and judiciary bodies are legally
bound to act.

National policies have reached their limits, both in
terms of time and scope. We must therefore discuss
how the (supposed) interests of future generations can
be taken into account in contemporary elections and
polls, and how people beyond national borders can be
included, in accordance with transnational democracy.
The WBGU proposes an extension to parliamentary leg-
islative procedure in the form of a deliberative ‘future
chamber’ to provide an institutional anchor for future-
oriented interests. To avoid interest and party political
interference, chamber membership could, for example,
be decided by drawing lots.

Statehood transcends national borders and sover-
eignties, particularly as far as climate, energy and the
environment are concerned; this aspect also requires
new supra- and transnational institutions. One prime

example for such improvement, in the opinion of the
WBGU, is the European Union’s network of insti-
tutions, as the EU, after all, will also benefit from
impulses for a deepening of its integration through
joint, citizen-friendly climate, environment and energy
policies (bundle 3). Although it does not have a cen-
tral legal act on climate protection, it has set material
targets as far as renewable energies, energy efficiency
and climate protection are concerned. Further harmo-
nisation is required with respect to energy policy. The
EU obliges its member states to give its citizens access
to information on environmental issues, to give them
the chance to participate, and to make legal remedies
available to them. The recently established Directorate
General for Energy could be a first step towards future
climate mainstreaming, although so far, this directorate
has not been sufficiently committed to a transforma-
tive energy policy. Constitutionally, climate protection
is anchored in the Treaty on the Functioning of the
European Union; it could, however, certainly be codi-
fied as an explicit goal.

On an international level, central arenas for glo-
bal governance of energy, urbanisation and land-use
would have to be established for the transformation
(bundle 10). Exemplary for mobilisation of the global
community is the Aarhus Convention, so far limited to
Europe, which obliges its member states to advise their
citizens of environment-relevant projects, and provides
them with ways in which to participate, obtain informa-
tion, and legal recourse.

Bundle 2: Advance Carbon Pricing Globally

The WBGU believes that carbon pricing is the most
important political measure for decarbonisation, and a
necessary element of any regulatory framework for the
transformation into a climate-friendly society. How-
ever, the price of carbon has to be at a level that is high
enough to achieve the transformative impact called for,
i.e. it must be substantially higher than the current
European emissions trading price level. Price is a signal
which can be given either through taxation, or through
the introduction of a cap and trade system. Assum-
ing that the institutional capacities are given, and that
stringency can be guaranteed, the WBGU considers cap
and trade to be the more effective instrument.
The WBGU proposes the following steps, with
progressive ambition levels:
> Refine the European Emissions Trading System (EU
ETS) and reach a G20 agreement on carbon pricing
(low ambition level): The EU ETS should be contin-
ued, simplified in terms of administration, and sup-
ported by ambitious caps on emissions. The EU-wide



goal for emissions reduction should be increased to
at least 30% below 1990 levels by 2020, not least to
regain EU credibility in international climate politics.
A carbon price should also be introduced for sources
of diffuse emissions, such as transport, which so far
have not been included. At the same time, the EU
should lobby for the introduction of carbon pricing
policies in all G20 states.

> Pursue the linking of emissions trading systems
(medium ambition level): Parallel to this, linking of
current emissions trading systems should be encour-
aged. The more countries join a linked system, the
higher the chances that other countries will follow
their example. For countries that have not intro-
duced national emissions restrictions, sectoral
approaches should be considered. In countries that
are currently unable to introduce emissions trading
systems due to a lack of institutional capacity, the
introduction of a CO, tax would be a reasonable
measure.

> Establish an emissions trading scheme that is as global
as possible, with joint emissions restrictions (high
ambition level): The speedy and comprehensive inte-
gration of the major high-emission countries in a
global emissions trading scheme would ensure that
significant global emissions reductions can be
achieved. To send a price signal both for investments
and consumption, emissions trading should take
place at corporate level. Such an emissions trading
scheme requires a high level of international coop-
eration and must therefore be based on principles of
fair distribution, as, for example, suggested in the
WBGU'’s budget approach (2009).

Bundle 3: Promote a Common European Energy
Policy

Goal of a common European energy policy should be
the decarbonisation of the energy systems by the mid-
dle of the century. To achieve this, the WBGU recom-
mends consistent and strong support for renewable
energies, a coordinated, speedy extension of grid infra-
structures, grid access, as well as storage facilities, and
strong foreign and development EU policies on energy
to promote the integration of neighbouring states,
such as Norway or the North African countries. Such
a common European energy policy would have a great
symbolic effect, and would underscore Europe’s com-
mitment to joint action in key future-oriented fields,
strengthen the Union’s competitiveness, and serve as
an inspiration to the global economy. The WBGU pro-
poses the following three steps, with progressive ambi-
tion levels:
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> Strengthening of the objective ‘climate protection’,
and elaborating existing energy political measures
(low ambition level): To guarantee all-encompassing
consideration of decarbonisation in all areas influ-
enced by EU policies, climate protection should be
given symbolic and constitutional support by
being explicitly defined as an EU goal. Ambitious
goals that go further than the EU renewable energy
directive, which defines the targets to be reached by
2020, should be set, to be reached by 2050: climate
protection objectives must be elaborated, and bind-
ing energy efficiency targets must be agreed. The
financial support given to renewable energy carriers
should be better coordinated on an EU-wide level,
and, in the long-term, harmonised (bundle 4). These
material provisions should be procedurally accompa-
nied by extending monitoring scope, such as, for
example, the introduction of collective European
legal action.

> Realisation of a single European energy market
(medium ambition level): To ensure a continent-wide
sustainable energy supply, the WBGU strongly rec-
ommends pushing ahead with the realisation of a
single European energy market to provide better
support for renewable energies. Independent net-
work operators would guarantee unrestricted grid
access. Unrestricted grid access and cross-border
networks are indispensable for the efficient integra-
tion of renewable energies into the existing grid, and
for a guaranteed reliable supply. This is the only way
that allows the development of a single European
market for energy and gas with uniform prices.

> FEurope-wide energy strategy on union basis (high
ambition level): The EU should pool its continent-
wide renewable energy potentials and, taking the
differing geographical and economic conditions for
the production and storage of renewable energies
into account, drive ahead their cost-efficient exten-
sion. Apart from the harmonisation of existing pro-
motion schemes, this requires joint planning of grid
expansion, including the securing of the requisite
funds. The WBGU advises the German federal gov-
ernment to support augmentation of EU legislative
authority to allow for the definition and implemen-
tation of a European energy strategy, including the
determination of the respective energy carriers, and
the extension and rebuilding of cross-border infra-
structures, to achieve a decarbonised, EU-wide
energy system by 2050 based on the largest possible
share of renewables.

Procedurally, we recommend a division of labour

between the EU and its member states: the EU provides

the legal framework for the energy mix and the exten-

sion and rebuilding of infrastructural projects. The
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actual legal form and the implementation of planning
and application procedures for infrastructure-related
projects should be the member states” tasks.

Bundle 4: Accelerate Promotion of Renewable
Energies on a Global Level through Feed-In Tariffs

The transformation speed that needs to be reached to
protect the climate and avoid the imminent risk of path
dependencies on fossil energy technologies can only
be achieved by accelerating and increasing the use of
renewable energies. The WBGU therefore advises the
German federal government to strongly support, both at
EU and global level, the widespread use of feed-in tar-
iffs as a useful instrument. The most important accom-
panying measure, as it creates the one vital precondi-
tion an accelerated expansion of renewable energies
depends on, is extension of the infrastructure, above
all the construction of high-capacity transmission grids
and storage facilities. Simultaneously, subsidies for fos-
sil energy carriers should gradually be phased-out, as
they are currently several times higher than the sub-
sidies for renewable energy carriers. This ratio must be
reversed as soon as possible.
> Harmonise EU feed-in tariffs step by step: Initially,
the EU should strive for a binding EU-internal agree-
ment for the introduction of feed-in tariffs in all
member states, and for gradual harmonisation of the
various national feed-in tariffs. However, complete
harmonisation cannot be implemented immediately,
as the transport capacities of Europe’s electric power
grids are as yet far away from being capable of
allowing a limiting of the extension of renewable
energies to ideally suited locations only. A harmo-
nised, EU-wide feed-in tariff would be a sensible
option once the grids are in place, and should already
be prepared in advance. Renewable energies should
also enjoy a Europe-wide feed-in priority status. The
tariff should degress gradually to take into account
changing market conditions, in line with the cumula-
tive performance of each technology used. At an
early stage, the potential integration of North Africa
into this Europe-wide feed-in tariff system should
be explored.
> Drive ahead worldwide acceptance of feed-in tariffs:
Germany should, both as a pioneer of the feed-in
tariff system and on the basis of having already
gained practical experience, step up the knowledge
transfer with regards to a system implementation.
The International Feed-in Cooperation (IFIC) should
receive more support, both financially and in terms
of staffing, to allow further development into a cen-
tre of excellence that attracts international interest.

In addition, the German federal government should
suggest the founding of an initiative to encourage
global adoption of the feed-in tariff system. The UN
Conference for Sustainable Development (Rio+20
Conference) in 2012 would be a suitable occasion for
the launch. The UN General Assembly has declared
2012 the ‘International Year for Sustainable Energy
for All’. Within the scope of this initiative, bilateral
partnerships between industrialised and developing
countries could be proposed, including support in
terms of capacity and financing. An international
financing mechanism should also be established to
provide the (co-)funding needed for financing feed-
in tariff systems in developing countries. The fund-
ing required for the extension of the necessary infra-
structure, like grids and storage facilities, should also
be taken into consideration here. The International
Renewable Energy Agency (IRENA) could function
as a platform for initiative administration and coor-
dination. The initiatives and systems supporting
feed-in tariffs should gradually be phased out
towards the middle of the century, as in all probabil-
ity, renewable energy carriers will be competitive by
then, even without subsidies.

Bundle 5: Promote Sustainable Energy Supply
Services in Developing and Newly Industrialising
Countries

If the 2°C guard rail is to be complied with, there is very
little room for manoeuvre left for greenhouse gas emis-
sions intensive development paths in developing and
newly industrialising countries. These countries need
support with guaranteeing all of their people access
to the basic essentials of a modern energy supply by
2030. They need support that allows them to establish
a sustainable energy infrastructure (AGECC, 2010). If
they do not succeed, there is a risk of path dependen-
cies on high-carbon energy systems that would be very
difficult and costly to overcome, and it would take dec-
ades to do so. The WBGU proposes the following steps,
with progressive ambition levels:
> Adapt concepts and strategies (low ambition level):
The goal of overcoming energy poverty should be
anchored more firmly in all developmental policy
planning processes. The WBGU also proposes that
the World Bank should develop a measurable,
sophisticated strategy for low-carbon transforma-
tion, with the requirements of the 2°C guard rail as
the benchmark. During the implementation of a glo-
bal decarbonisation strategy, and in supporting the
establishment of a low-carbon infrastructure, the
regional development banks should also play a more



prominent role. Development cooperation should set
concrete energy political targets on this basis.

> Extend the use of modern energy in rural areas
(medium ambition level): Stepping up the use of
existing technologies is one way to quickly and inex-
pensively improve the quality of life for many hun-
dreds of millions of people. Efficiency optimisation
in bioenergy use and switching to electricity and gas
are crucial for overcoming energy poverty. Beyond
poverty reduction, the FEuropean Development
Cooperation should be guided systematically by the
goal of low-carbon growth. Particularly in sub-Saha-
ran least developed countries and in southern Asia,
it should contribute to the establishment of low-
carbon infrastructures, thereby supporting climate-
friendly growth in these countries, too.

> Commence large-scale implementation soon, and
accelerate it (high ambition level): The EU should
offer strategic ‘decarbonisation partnerships’ to
developing and newly industrialising countries for
low-carbon energy system establishment that go far
beyond the scope of current EU climate-related
cooperative partnerships. The WBGU recommends
rapid large-scale expansion of existing model
projects, and improvement of the preconditions for
expansion, acceleration and multiplication of further
pilot projects. One concrete measure is the major
extension of the Africa-Europe Energy Partnership,
and the potential expansion of Desertec further
south. The G20 should use the Rio+20 Conference to
set a clear signal for this.

Bundle 6: Steering the World's Rapid
Urbanisation towards Sustainability

Cities have a key function in the transformation pro-
cess, not least because around three-quarters of glo-
bal primary energy is used in urban areas — a rising
trend. For currently rapidly growing urban structures,
for example in Asia, high-carbon path dependencies
must be prevented, as they would hinder low-carbon
development for many decades. The issue of low-car-
bon urbanisation should therefore be as high up as pos-
sible on the international political agenda. The follow-
ing recommendations are important steps, but hardly
enough to overcome this challenge. The WBGU pro-
poses the following measures, with progressive ambi-
tion levels:
> Improve global communication and information (low
ambition level): Initially, scientific and methodical
foundations should be laid through the generation
of regular progress reports on global urbanisation
trends. Verifiable methods and standardised illustra-
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tions of greenhouse gas intensity in cities, including
all of the relevant protagonists and sectors, as well as
direct and indirect emissions, should be developed.
On the strength of these, UN Habitat should be
upgraded, its current role with regard to the setting
of standards should be expanded, and its staff sig-
nificantly increased, ultimately leading to further
development into a central organisation for issues
concerning sustainable urban development.

Develop and implement technologies and planning for
low-carbon cities (medium ambition level): Technolo-
gies and different ways of using renewable energies
that are particularly suitable for use in urban areas
should enjoy strong support in the form of special
programmes (for example UN, World Bank or bilat-
eral governmental cooperation), within the scope of
an ‘emergency plan for sustainable urbanisation’.
Germany should become increasingly involved in
international technology cooperation. In addition,
the network of existing initiatives, cooperating cit-
ies, town twinning and protagonist associations
should be improved. The adaptation to the unavoid-
able aspects of climate change should be one of the
priorities here. Sustainable urban and regional plan-
ning are key issues that have so far been neglected
in transformation management; they should play a
bigger role in development cooperation and devel-
opment bank programmes (global training initiative,
capacity increase). Moreover, the World Commission
on Dams might be a role model for establishing a
‘World Commission on Low-Carbon Urban Plan-
ning’. At this ambition level, the WBGU proposes the
creation of a UN Specialised Agency for sustainable
urbanisation, with a strong mandate, which UN
Habitat would then become part of (bundle 10).
Large-scale launch of beacon projects and initiatives
(high ambition level): The World Bank should sup-
port the implementation of particularly ambitious
mitigation strategies that address the goal of ‘cli-
mate-neutral mega-cities’ to make investment sums
in the region of two-digit billions possible. The
WBGU also believes that Germany should call for a
bundled European initiative for the development of
actions with signal effect to promote low-carbon
urbanisation in Asia. In Europe and in Germany, too,
model regions and niches for change agents should
be created to test ambitious concepts for low-carbon
mobility and urban development. A model region
could be the Berlin metropolitan area, in particular
the area within the Berlin urban rail system (S-Bahn)
circle line or within the scope of the International
Building Exhibition 2020 (IBA).
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Bundle 7: Advance Climate-Friendly Land-Use

Priority of any globally sustainable land-use policy
must be securing the food supply for just under a billion
mal- and undernourished people. Furthermore, demand
for agricultural produce is going to rise because of the
growing share of animal products and the increase in
biomass production for energy and industry. At the
same time, competition for arable land, by now a rare
commodity, will become even fiercer due to soil degra-
dation, water shortages and increasing climate impacts.
The necessary mitigation of greenhouse gas emissions
from land-use is an additional challenge. For these rea-
sons, the transformation of global land-use is one of the
central tasks for the future.
> Establish a ‘Global Commission for Sustainable Land-
Use” (medium ambition level): Land-use must be
given a significantly higher priority on the interna-
tional political agenda, and given a firmer institu-
tional footing. The WBGU reaffirms its previous rec-
ommendation of establishing a new ‘Global Commis-
sion for Sustainable Land-Use’ for this purpose, with
extensive authority regarding integrated land-use,
that would have to go far beyond issues concerning
agriculture or food security (WBGU, 2010a).
Amongst others, it should have the following
responsibilities: determination of the current state
of scientific knowledge regarding global land-use,
setting objectives and launching initiatives to
encourage climate-friendly eating habits, developing
a minimum sustainability standard for all biomass
products, and exploring options for global land man-
agement.
Around a quarter of world-wide greenhouse gas emis-
sions can be attributed directly to agriculture and land-
use change. These emissions can be mitigated, but land-
use systems cannot become completely emissions-free,
not least because of the nitrous oxide resulting from
the use of nitrogen fertilisers. Without a significant
contribution from land-use, climate stabilisation cannot
succeed. Mitigation of greenhouse gas emissions should
therefore become another core element of new strate-
gies for global, integrated land-use management. The
most important starting points for this are forest man-
agement, agricultural production, and eating habits. In
each of these three categories, the respective ambition
level of the recommendations are noted:
> Stop deforestation and transition towards sustainable
forest management: A central goal of climate-
friendly land-use is stopping deforestation and
destructive forest-use. As an important platform for
international dialogue, the REDD-plus Interim Part-
nership should be used for advancing the application
of ecological and social minimum standards (low

ambition level). In addition, the WBGU reaffirms its
previous recommendation to extend the cooperation
in the field of forest management with the major
‘forest countries” with a view to forming strategic
alliances (WBGU, 2010b) for joint development and
testing of the technical and administrative frame-
work conditions for sustainable forest management,
and for REDD-plus-projects (medium ambition
level). Particular attention should be paid to the pro-
tection and renaturation of (frequently forested)
peatlands. The multilateral negotiations on a REDD-
plus regime within the scope of the UNFCCC should
be intensified to create the global framework for a
legally binding mechanism, and to provide the
required long-term planning security (medium
ambition level).

Support climate-friendly agriculture: Global agricul-
ture must cover the expected rapid growth in demand
for food, bioenergy and biomass as an industrial
feedstock in a sustainable manner, and at the same
time significantly reduce greenhouse gas emissions.
Development policy should address this challenge,
and encourage investment and incentive structures
aiming for a sustainable, climate-friendly intensifi-
cation of agriculture. One goal should also be the
halving of agricultural post-harvest losses by the
middle of the century. Equally, an international con-
sensus on a minimum standard for sustainable
bioenergy production should soon be reached
(medium ambition level; WBGU, 2010a). The WBGU
again emphasises not least the major significance of
a rapid and more extensive liberalisation of global
agricultural trade under the World Trade Organisa-
tion (WTO). The agricultural subsidies in the EU and
the other OECD countries should soon be reduced
further, and market access for developing countries
should be improved. Negative impacts of liberalisa-
tion on poorer developing countries should be offset
by international financial support (high ambition
level).

Promote climate-friendly eating habits: One priority
that demands critical attention, apart from food
wasted in households, are the changing eating habits
in favour of animal products. In total, around three-
quarters of agricultural land is already dedicated to
livestock production, seen as the most dynamic fac-
tor in land-use alongside population growth. Suc-
cessfully steering demand away from this would
have a major transformative impact, and is therefore
considered ‘high ambition level’. The WBGU recom-
mends stepping up education, together with food
labelling identifying the environmental impact, as
measures to be speedily implemented. Canteens run
by public authorities should schedule one or two



meat-free days a week by way of setting an example.
EU subsidies supporting livestock production should
be phased out as quickly as possible. Due to the sub-
stantial leverage of these impacts, the option of
including the emissions intensity of foodstuffs as a
criterion in the taxation of agricultural products
within the scope of a tax reform should be examined.

Bundle 8: Encourage and Accelerate Investments
into a Low-Carbon Future

The transformation into a climate-friendly society
needs substantial additional investments in sustain-
able energy and land-use systems (several hundred bil-
lion US$ per year). State policies must therefore aim
to make investment into low-carbon technologies more
attractive, and to abolish current misguided incentives
and investment barriers. The ambition levels of the rec-
ommendations in the following four areas depend on
the level of development of the respective countries
(industrialised, newly industrialising, or developing),
and on the stringency of their political implementation,
so ambition levels are not explicitly identified:
> Provide stable framework conditions for climate-
friendly investments: The most important precondi-
tion for investments into low-carbon technologies
and infrastructures are long-term, stable climate and
energy policy framework conditions with ambitious
targets, for example within the scope of climate pro-
tection legislation or a decarbonisation strategy.
Apart from carbon pricing and phasing out of subsi-
dies for fossil energy carriers (bundle 2), technol-
ogy-specific funding should be granted, and binding
efficiency standards for buildings, vehicles and
energy consuming products should be introduced, or
become more stringent. In the interim, tax incen-
tives, for example for investments in sustainabhility
and sustainable assets, should be an additional
measure for a certain period of time.
> Open up new financing sources at state level: Ambi-
tious carbon pricing and the phasing out of subsidies
are important financing sources for the transforma-
tion. Of further relevance for developing and newly
industrialising countries are financial transfers
within the scope of the UN Framework Convention
on Climate Change (UNFCCC). To make these avail-
able, the Green Climate Fund should immediately be
turned into a binding mechanism, which offers
grants without repayment. The fund should finance
mitigation measures in developing and newly indus-
trialising countries which are strategically integrated
into decarbonisation road maps. Grants for mitiga-
tion projects in developing countries funded by
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existing multilateral funds should also be increased.
The funds for mitigation, adaptation, technology
transfer and capacity-building that have already
been agreed by the industrialised countries as avail-
able from 2020 onwards should be in addition to
Official Development Assistance, and exceed US$
100 billion per year. Levies on international shipping
and aviation and the introduction of a tax on inter-
national financial transactions could generate fur-
ther funds. Potentially, a global emissions trading
system (bundle 2) could become an international
financing instrument for the transformation.

> Strengthen mechanisms to encourage private invest-
ment: A large part of the investments will have to
come from non-governmental sources. For many
countries, we can assume that, due to historically
low net investments but high private profits, consid-
erable private capital exists; for Germany, empiri-
cally sound data is available to prove this. The release
of these funds should be stimulated through suitable
framework conditions and government measures to
raise the rate of return for investments (for example
low-interest loans), and to minimise the risks (for
example credit guarantees). At national or EU level,
the WBGU advocates the establishment of national
Green Investment Banks to consolidate existing
grants. For institutional investors with a long-term
investment horizon (for example pension funds and
insurance companies) the Green Investment Banks
should offer attractive terms. To strengthen venture
and equity capital markets, favourable taxation
could be introduced, or the Green Investment Banks
could establish new Venture Capital Funds. The
development banks should extend their regular
lending in the field of renewable energies and energy
efficiency, and expand it through the jointly financed
climate investment fund, not least in order to
encourage additional, private investment through
leverage. Existing microfinancing approaches in Ger-
man development cooperation to promote decen-
tralised energy generation from renewable sources
should be increased. Concerning the Clean Develop-
ment Mechanism (CDM), the WBGU recommends
the future limiting of this mechanism to the Least
Developed Countries, enhancing the development
aspect, and the inclusion of programme-based and
sectoral measures.

> Encourage new business models: The high initial
investment burden for individual investors could be
shared if traditional seller-buyer business models
were turned into business models with new financ-
ing and ownership structures. These would allow
businesses to offer their customers combined pack-
ages in certain areas (for example mobility, housing,
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production and consumption) that include services
as well as real assets, instead of just tangible goods.
Car sharing and energy contracting provided by
energy service companies are examples of this.
Cooperative societies are also suitable for financing
larger investments. To have a major transformative
impact, new business models such as these must
become more widely accepted, and more widely
established.

Bundle 9: International Climate and Energy
Policy

As infrastructures for energy generation, transport and
production have a long lifetime, any current conversion
and extension projects must already be geared towards
climate protection. As most of the additional energy
infrastructures are expected to be built in develop-
ing and newly industrialising countries, a climate pro-
tection scheme that is limited to the more prosperous
countries cannot solve the problem. Global cooperation
is therefore necessary to ensure that the requisite funds
for climate-friendly development are also available to
poorer countries, and that all countries have access
to climate protection technologies and the respective
expert knowledge. International climate and energy
policy is the forum for achieving a global consensus
on transformation targets and ambitions. There is also
no better alternative for negotiations on balancing glo-
bal equity than the UN level. Although some opera-
tive goals like the sharing of climate protection related
knowledge and technologies can be advanced on a sub-
global level, the strengthening and institutionalisation
of the fragmented international energy policy, and a
convergence of climate policies, should nevertheless be
systematically pursued to accelerate the technological
shift.

International Climate Policy

The gap between the claims and the reality of interna-
tional climate policy is widening. In the agreements of
the Canciin Climate Conference, a restriction of global
warming to less than 2°C above the pre-industrial level
is recognized as the long-term goal, the urgent need for
action is identified, and a review process is initiated.
An effective regime with internationally binding obli-
gations on emissions targets, on the other hand, seems
to have been put on the back-burner. Currently, climate
protection depends on the voluntary pledges for limit-
ing emissions on the part of the states. These pledges
altogether are currently not enough to achieve compli-
ance with the 2°C guard rail. The WBGU proposes the
following steps for an international climate policy, each

with progressive ambition levels:
> Ambitious unilateral targets within a pledge and
review system (low ambition level): An absolute min-
imum should be higher mitigation target ambitions
on the part of the states within the scope of a pledge
and review system (voluntary, internationally veri-
fied climate protection measures and payments) to a
level that is compatible with observing the 2 °C guard
rail. The WBGU recommends that German and EU
mitigation levels should be more or less in line with
the budget approach proposed by the WBGU (2009).
Compliance with the 2°C guard rail requires global
greenhouse gas emissions of no more than 44 Gt CO,
eq per year by 2020. By 2020, in accordance with its
share of the global population figures, Germany
would have to reduce its emissions by 56% com-
pared to 1990. It could meet this demand through a
reduction of its own emissions, stocked up with
transferred funds. For example, domestic emissions
could be reduced by around 40%, offsets or CDM
could also play a small part in this, the remainder
would be covered by finance and technology trans-
fers amounting to at least € 4-8 billion annually,
which would allow an additional mitigation of
0.2 Gt CO,eq annually in other countries. The level
of reduction the whole of the EU is responsible for
would be around 40%, around 30% of which could
be realised within the region, plus annual financing
and technology transfers worth around € 11-22 hil-
lion for mitigation measures in other countries.
These amounts do not include finance and technol-
ogy transfers for adaptation to climate change or
compensation for climate damages. On the other
hand, to allow the global climate protection goal to
be met, countries where emissions are still low, but
which are currently on a dynamic growth path,
would have to aim for development paths with emis-
sions levels significantly lower than they would be if
the global budget were to be applied equally per-
capita, by as early as 2020. They should be sup-
ported in this in the form of the above mentioned
finance and technology transfers from high emission
countries. During this process, the physically
achieved emission reductions should always be in
line with the respective countries” mitigation poten-
tials. The development of appropriate decarbonisa-
tion road maps should be a precondition for access to
the Green Climate Fund. The technology mechanism
agreed in Canctn offers a very good starting point
for a global offensive to promote the spread of cli-
mate-friendly technologies, and should be put into
operation as soon as possible. All of the described
aspects of international technology transfers should
be taken into account here. Parallel to this, Germany



and the EU should become actively involved in
determining the vital long-term global emissions tar-
get.

> Pioneer codlitions for mandatory climate protection
(medium ambition level): Many states are prepared
to go beyond pledge and review. Through coalitions,
both within the framework of the UN negotiation
process and independent of it, the EU should con-
tribute to reaching ambitious partial agreements on
climate protection. These kinds of sub-global alli-
ances could, for example, play an important role in
forest protection, the establishment of climate-
friendly infrastructures, or help to establish accept-
ance of emissions trading systems. Beyond these
alliances, however, the EU should also increasingly
seek coalitions for a binding treaty within the scope
of the UNFCCC. Apart from unconditionally and
stringently raising its own mitigation targets, the EU
should also show a clear commitment to continua-
tion and further development of the Kyoto Protocol.

> Comprehensive mandatory global climate protection
regime (high ambition level): The ultimate goal of
international climate policy should be a comprehen-
sive, binding agreement for global emissions restric-
tion. In its budget approach, the WBGU (2009) out-
lined the basic elements of such a treaty: a 2°C guard
rail compatible maximum global budget for CO,
emissions from fossil sources would be allocated
across all countries on an equal per-capita basis. All
countries should agree to present internationally
verifiable decarbonisation road maps that clearly
state the planned national emissions path up to
2050. In the WBGU’s view, CO, from non-fossil
sources and other greenhouse gases should be gov-
erned by separate regulations to achieve a more
direct impact. The WBGU has repeatedly proposed
an independent international agreement for the pro-
tection of terrestrial carbon stocks (WBGU, 2004).
Priority should here be given to the stopping of
deforestation in the developing countries (bundle 7).
Mitigation of fluorinated greenhouse gases could be
accelerated and simplified through a special agree-
ment along the lines of the Montreal Protocol
(WBGU, 2009). As far as the as yet unregulated,
short-lived radiative forcing substances such as soot
particles and ozone-forming gases are concerned,
there could be separate agreements directly related
to national air pollution control.

International Energy Policy

The most important objectives of the transformation of
global energy use towards climate-friendliness are (1)
limiting final energy demand whilst at the same time
ensuring access to modern, sustainable energy services
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for all people, (2) the decarbonisation of the energy
supply, and (3) the introduction of new, low-carbon
technologies in the transport sector, in buildings tech-
nology, and in industry. One important starting point
for the relevant international energy and technology
policies is the agreement of norms and the setting of
standards. Beyond this, international cooperation can
also accelerate the development of key technologies for
the transformation. Ultimately, cooperation plays an
important role in breaking down the barriers obstruct-
ing a global diffusion of technologies for a low-car-
bon development. Currently, there is a lack of legal and
institutional foundations for an effective international
energy policy for the transformation. The WBGU rec-
ommends building upon existing organisations to grad-
ually establish global sustainable energy governance,
and proposes the following steps, with progressive
ambition levels:
> Open up IEA, consolidate and strengthen IRENA (low
ambition level): The International Energy Agency
(IEA) is an influential, international energy institu-
tion. However, membership, role and energy politi-
cal objectives regarding a sustainable energy policy
have so far been restricted. The IEA’s policies should
focus more on sustainable energy use and sustain-
able energy systems, methods should be made more
transparent, and access for non-OECD countries
should be accelerated. The International Renewable
Energy Agency (IRENA), established in 2009, can
take on the important task of acting as the global
voice for the diffusion of renewable energies and the
requisite industries in all country groups in future.
The WBGU recommends continuing to actively sup-
port the establishment of IRENA. In future, IRENA
should play a major role worldwide with regards to
energy issues to advance the increased use of renew-
able energies, on par and in cooperation with exist-
ing organisations in the field and the civil society.
> Upgrade UN-Energy and strengthen sustainable
energy policies within the UN system (medium ambi-
tion level): The link between energy policies and
development assistance policies on a global level has
long been neglected. The WBGU therefore recom-
mends to upgrade UN-Energy to the level of official
UN programme. The UN general assembly has
declared 2012 the ‘International Year for Sustainable
Energy for All'. This should be utilised to agree
access to modern energy services by 2030 for all
people as an additional Millennium Development
Goal.
> Make IRENA the central organisation for global sus-
tainable energy policies (high ambition level): IRENA's
mandate should be extended to encompass all
energy systems and low-carbon energy options,
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including issues regarding system integration and
energy efficiency on the demand side. Step by step,
IRENA could then be developed further into an
International Sustainable Energy Agency (WBGU,
2004). The federal government should actively sup-
port turning IRENA into one of the central organisa-
tions for energy policy in the long-term, that can
effectively advance the global transformation of
energy systems.

> Use the G20 as the driving force for a sustainable glo-
bal energy and climate policy (high ambition level):
Considering the urgency of the global energy shift,
political willingness to act must significantly
increase, and political leaders must be mobilised. As
an alliance of the economically and politically lead-
ing industrialised and newly industrialising coun-
tries, which together cause approx. 80% of global
greenhouse gas emissions, the G20 occupies a prom-
inent position. The German federal government
should encourage the G20 in their determined pur-
suit of a sustainable energy political agenda, and the
creation of the institutional foundations required for
effective global cooperation.

Bundle 10: Pursue a Revolution in International
Cooperation

The world desperately needs a higher level of inter-
national cooperation if climate- and environmentally-
friendly global development is to be achieved in the
long-term. Considering this aspect, the WBGU recom-
mends:

1. Using the Rio+20 Conference as a chance for set-
ting the course of international environmental and
developmental policy towards improved coopera-
tion and climate-friendliness.

2. The conference should therefore pave the way for
a comprehensive cooperative global governance
architecture, without which a worldwide transfor-
mation to sustainability cannot succeed.

International Environmental and Developmental
Policy in Context with the Rio+20 Conference

The UN Conference on Sustainable Development
(Rio+20 Conference) scheduled for 2012 provides an
excellent opportunity for elaborating international
environmental and developmental policies. In view of
the background provided by the two key issues defined
for the conference, ‘Green Economy in the Context of
Sustainable Development and Poverty Eradication’,
and ‘Institutional Framework for Sustainable Develop-
ment’, the least the WBGU would expect is the adop-
tion of a global ‘Green Economy Roadmap’, and pro-

found institutional reforms within the scope of the UN.

> Green Economy Roadmap and institutional reforms
(low ambition level): With the ‘Green Economy
Report” presented by UNEP in 2011, the interna-
tional community gathering in Rio has been pro-
vided with a suitable and timely basis for discussion
and decision-making with regards to binding agree-
ments. The WBGU believes that a binding “‘UN Green
Economy Roadmap” with specific targets in terms of
both content and timing should be decided in Rio, to
be implemented within the framework of national
Green Economy Strategies that include verifiable
indicators by 2030. The focus should be on low-car-
bon oriented, quantifiable targets and secondary
targets, as these have proven successful in the con-
text of the Millennium Development Goals for the
conversion of energy systems, and on issues of
urban development and sustainable land-use. Con-
currently, poverty eradication strategies and espe-
cially the further implementation of the MDGs
should be integrated into the higher-ranking Green
Economy Roadmap in a way that explicitly allows
direct focusing on the demands of the transforma-
tion. Key starting points for this are the securing of
access to modern forms of energy for all people, and
an improved food supply through the sustainable
intensification of agriculture. As of now, the multi-
lateral institutions involved in developmental pol-
icy-making should be coherently guided in their
operative strategies by the target systems serving
poverty reduction and low-carbon development.
The implementation of the UN Green Economy
Roadmap should also be supported by long over-
due institutional reforms. The WBGU reaffirms its
recommendation that UNEP should be politically
upgraded and expanded to a UN Specialised Agency
under particular consideration of the developmen-
tal dimension of international environmental policy.
The Rio+20 Conference is also an opportunity to lay
the groundwork for more fundamental reforms of
the UN’s development assistance political architec-
ture.

> Fundamental reform of multilateral environmental
and developmental policy (medium ambition level):
An ambitious summit result would be a comprehen-
sive modification of the multilateral environmental
and developmental architecture in line with the
transformation. In the context of the Rio+20 Confer-
ence, both the German federal government and the
EU should initiate a process aimed at prompt trans-
formation of the major operative international
development agencies (such as the World Bank,
regional banks, UNDP, UNIDO) into change agents
for low-carbon transformation. The WBGU takes its



inspiration here from the 2006 reform proposals
presented by the High-Level Panel on System-wide
Coherence, and also recommends that these are
geared explicitly towards an environment- and cli-
mate-friendly developmental policy.

In addition, system-wide coherence, taking the
transformation into account, demands closure of
the huge governance gaps in the key transforma-
tion fields of energy, urbanisation and land-use on
an international level (bundles 6, 7 and 9), and the
gradual abolition of transformation impeding and
expensive parallel structures. The Rio+20 Confer-
ence should task the standard multilateral organi-
sations with the drafting of concrete restructuring
plans, to be presented to the member states by 2014
for decision-making. The benchmark guiding all
these actions should be compliance with the inter-
national climate policy’s 2°C guard rail. New organi-
sations would only be established if the demand for
global regulation in the three transformation fields
could not be satisfied within the foreseeable future
through the reorganisation of already existing struc-
tures.

United Nations 2.0 (high ambition level): Considering
the scale of the described challenges of the transfor-
mation, the WBGU believes that there are plenty of
arguments for an even more radical approach that
would go beyond the existing UN architecture, a
fundamental restructuring of the organisation. Cur-
rently, this does not seem feasible in political terms,
as it would need a political leadership that is guided
by a profound realisation of vital global necessities,
for example, in the UN Security Council as well as
other industrialised and newly industrialising coun-
tries. If this were the case, a reform should start with
areview of the UN Charter, and aim for a completely
restructured United Nations organisation. Its pur-
pose would be to take the planetary guard rails into
account as a guiding principle that governs UN
actions, and the pursuit of which would guarantee
protection of climate and environment as much as
peace, security and development.

The Rio+20 Conference should at least admit to this
kind of vision, and initiate an intergovernmental
consultation process aimed at substantially extend-
ing the UN Charter. The drawing up of a "Charter
for Sustainable Development’ that codifies the joint
responsibilities and duties of all states and their (glo-
bal) citizens regarding the protection of the Earth
system would be a significant step towards a glo-
bal social contract. This could form the basis for a
contemporary review of the UN — for example the
establishment of a ‘Council for Sustainable Devel-
opment’, on par with the Security Council, reflect-
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ing a 21st century world of states — which would be
a formal expression of the normative need for a glo-
bal we-identity.

Extensive Global Governance Architecture for the
Transformation
A generally high level of international cooperation, glo-
bal coordination and political pro-activeness are cen-
tral conditions for the success of the transformation.
The global development dynamics trend reversal that is
needed will therefore not be achievable without com-
prehensive, long-term oriented international regula-
tory policies with an equitable world order as its goal. In
the following, the WBGU outlines three steps with pro-
gressive ambition levels on the path towards the neces-
sary ‘revolution in global cooperation’.
> Revitalised multilateralism (low ambition level): Inev-
itably, non-cooperation regarding central issues of
global environmental and climate change leads to an
escalation of conflicting interests and distributional
conflicts. To prevent this, the key actors of world
politics must find a new mode of international diplo-
macy as soon as possible. In the view of the WBGU,
the G20 are generally suitable for handling this task,
as they not only carry a high level of climate political
responsibility, but also have correspondingly high
potentials for transformation. The WBGU therefore
recommends working towards the goal of a global
transformation road map within the scope of the
G20, or a comparable sub-global constellation. The
benchmark for the practical decisions this kind of
plan might include should at the very least be a G20
crisis management in the context of the global finan-
cial crisis. The interests of smaller and poorer devel-
oping countries would have to be taken into account
in a plausible way to allow for a gradual pro-trans-
formation mobhilisation across the international com-
munity as a whole. The German federal government
and the European Union should, through credible
leadership, also aim for a high level of ambition as far
as this joint cause is concerned, and meet the other
states with a committed and mediating attitude. The
G20 could then even become the driving force
behind modernising the entire UN system.
> Transformative global infrastructure development
(medium ambition level): The transformation focuses
on three fundamental national and global economy
‘infrastructures’: the energy systems, urban areas,
and land-use systems. Compliance with the 2°C
guard rail is only possible if we have changed our
course towards low-carbon in all three of these
transformation fields by 2020. However, all three
fields lack problem-adequate global governance
mechanisms to coordinate global and national trans-
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formation goals, develop the corresponding indica-
tors and routes for transformation, and define suit-
able incentive systems.
Accordingly, the WBGU recommends that suitably
capableinternational organisations are either author-
ised to act, or newly established and provided with
adequate resources. One important point of refer-
ence is provided by the UNFCCC, particularly in view
of the emissions restrictions that have been negoti-
ated there. The mechanisms that were additionally
agreed upon, for example on the transfer of technol-
ogy or forest protection, should be developed and
implemented quickly (bundles 7 and 9). In the trans-
formation field of energy, the German federal gov-
ernment should actively support a shift in the objec-
tives of the IEA towards sustainable energy policies,
the improvement of organisation accessibility for
developing countries, the strengthening of IRENA as
the driving force behind the international diffusion
of regenerative energies, and the upgrading of the
status of UN-Energy (bundle 9). Regarding urbani-
sation (bundle 6) and global land-use (bundle 7), the
WBGU initially recommends the establishment of a
‘World Commission for Low-Carbon Urban Devel-
opment” and a ‘Global Commission for Sustainable
Land-Use’. On the strength of the findings of the
latter commission, the FAO should then develop a
suitable range of instruments to ensure the climate
friendliness of national and global land-use paths.
Due to the impact of the rapid urbanisation on cli-
mate protection, and the fact that the UN-Habitat
programme is not adequately equipped to deal with
this aspect, the WBGU also recommends the estab-
lishment of a UN Specialised Agency for sustainable
urbanisation with a strong mandate (bundle 6).

> FEquitable new global system (high ambition level): In
accordance with the global social contract for sus-
tainability, the ultimate goal of a revised global gov-
ernance architecture must be the creation of a new,
equitable global system. Its institutions must put the
international community in a position that leaves
them capable of appreciating the complex interde-
pendencies of the global society within the scope
determined by the limits imposed by our planet, as
soon as within the first half of the 21st century, to
allow for timely and adequate response. This
demanding process is comparable with the embed-
ding of market dynamics in constitutional states,
democracies and welfare states during the last great
transformation into an industrialised society, which
led to the stabilisation and acceptance of this new
form of society in the first place.
Politically, this requires a historically unprecedented
transcending of established sovereignty concepts

and purely power-driven global politics in favour of
ensuring the long-term availability of global com-
mons. Sustainable strategies and concepts must be
developed for this in order to embed sustainable glo-
bal development in transnational democratic struc-
tures, to formulate answers to the 21st century
questions regarding global equity and distribution of
resources, and, not least, to be able to claim world-
wide legitimacy.

This means concrete academic search processes, for
example by global governance theoreticians, inter-
national law experts, cosmopolitans, transnational-
ists and philosophers of justice to formulate legit-
imate and realisable norms, rules and procedures
which, all together, could form the basis of an ideal
global social contract. This would be something of
a quantum leap for civilisation, on par for example
with the transition of the feudal systems to consti-
tutional states and democracy. Comparably to the
Universal Declaration of Human Rights, however, it
should in principle also be possible to reach a univer-
sal consensus regarding human civilisation’s ability
to survive within the natural boundaries imposed by
planet Earth. This necessarily presupposes an exten-
sive ‘Global Enlightenment’, which must be aimed
towards promoting cooperative behaviour and accel-
erating the formation of relevant global social stand-
ards and debate. The WBGU strongly advises the
use of the coming Rio+20 Conference as a historic
chance for such an enlightenment process. A corre-
sponding summit declaration could serve as a future
reference framework and point of reference for glo-
bal enlightenment, and help to initiate an effective,
long-term paradigm shift.

Synthesis of Measures

In the face of the imminent challenge, policy-making
should pave the way for several of the steps with a high
level of ambition, even if these currently still appear to
be of a rather visionary nature. For example, a climate
policy that focuses primarily on measures with the low-
est level of ambition is hardly likely to comply with the
2°C guard rail. Ultimately, a great number of demand-
ing measures will be required to make it possible for the
transformation to succeed.

The bundles of measures must also be put together
wisely. The combination possibilities describe a contin-
uum across different operating levels: at one end, there
are polycentric transformation approaches at different
levels of ambition, with an initially limited geographical
or sectoral extent, that rely on a ‘concurrence of mul-
tiple change’ to create an irreversible general momen-



tum. At the other end are strategies aimed at the highest
level of ambition, and ultimately at the establishment
of a comprehensive global architecture for the transi-
tion into a low-carbon society. In particular, the global
approach is aimed at the enforcement of a legally bind-
ing world climate agreement to establish an upper limit
for global emissions and instruments for global emis-
sions trading, and at multilateral mechanisms for the
climate-friendly transformation of urbanisation, land-
use, and the energy systems. Along this continuum,
there is a wide range of choices. Particularly ambitious,
polycentric transformation policies can work in differ-
ent ways:
> Geopolitics - forming sub-global alliances: To acceler-
ate the transformation, the forging of intergovern-
mental alliances between climate pioneers should be
increased. For Germany and the EU, the major newly
industrialising countries China, India and Brazil are
particularly important in this respect. Suitable topics
would be the promotion of renewable energies or
emissions trading, areas in which pioneer partner-
ships could set standards and establish structures
that should gradually be ‘globalised’. These alliances
should also serve the discussion on a fair burden-
sharing of decarbonisation measures.
> Establish incentive systems for dynamic protagonists
in the transformation fields: In the transformation
fields, positive incentive systems for dynamic pro-
tagonists could speed up the low-carbon transforma-
tion. Thus, generously funded programmes for low-
carbon investment projects by the World Bank and
by regional development banks could provide con-
siderable incentives for leaving the established fossil
development path. Substantial loan programmes for
a competition to identify and support the 10 or 20
most visionary models for the building of low-car-
bon cities in developing or industrialising countries
could initiate or accelerate search processes in that
direction. This path could be followed independent
of the progress of geopolitical alliances.
> Focus on transformation barriers: One particularly
difficult obstacle the transformation must overcome
is presented by the global annual subsidies for fossil
energy carriers in the region of three-digit billion
figure amounts. A politically supported international
alliance of change agents in economy, civil society
and science could contribute to breaking down this
barrier impeding progress towards sustainability.
This outline of polycentric transformation strategies
clearly shows the extensive scope of options for inno-
vative paths. The ten bundles of measures presented by
the WBGU are representative of the wide spectrum of
strategies available to us. The 2°C guard rail is the most
important benchmark any measures have to consider.
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To stay credible, the European Union should, as far as
emissions reductions are concerned, agree on the rais-
ing of its own reduction target to at least 30% for the
year 2020, complemented by substantial, legally bind-
ing international climate protection financing commit-
ments.

The Role of the Knowledge Society in the
Transformation Process: Recommendations for
Research and Education

Social Renewal by Comprehension

Research and education are going to play a central
role during the requisite transformation process, as
the realisation of the necessity for restructuring the
world economy has been triggered mainly by scientific
knowledge. Society should therefore decide on actions
that are not a direct response to recently experienced
events, but motivated by foresight and precaution. For
this purpose, the debate between science, politics and
society should be far more structured, more obligatory,
and livelier, to ensure a constructive discourse about
the best ways to achieve sustainability. Research and
education that assume participation can make a deci-
sive contribution to this.

The transformation is a societal search process that
should be supported by experts. In collaboration with
politics, the economy, and society, research and educa-
tion are tasked with developing visions for a low-car-
bon society, exploring different development paths, and
developing sustainable technological and social innova-
tions. Concurrently, the social framework for a culture
of participation should be strengthened. To this end,
education should enable people to develop an aware-
ness of current problems, to learn systemic thinking,
and to act responsibly. Promoting research and educa-
tion is therefore a key task for the modern, proactive
state, which should provide targeted support for the
integration of the scientific expert community into the
social contract.

The Four Transformative Pillars of the Knowledge
Society

To clarify the different roles research and education
play in the transformation process, the WBGU sug-
gests differentiation between ‘transformation research’
and ‘transformation education’ on the one hand, and
‘transformative research’ and ‘transformative educa-
tion” on the other hand. The subject of transformation
research or transformation education is the transforma-
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tion as such, and the conditions needed for realising it.
Transformative research or transformative education is
tasked with advancing the transformation process with
the aid of specific information, methods and technolo-
gies (fig. 3).

Transformation Research

The WBGU proposes the establishment of a new sci-
entific discipline, ‘transformation research’ (Tr), which
specifically addresses the future challenge of transfor-
mation realisation. This discipline explores transitory
processes in order to come to conclusions on the factors
and causal relations of transformation processes. Exam-
ples from history could provide the basis for analys-
ing observed transformative moments. One such exam-
ple would be the integration of the steam engine into
the mechanisation of cotton processing around 1785.
This one, seemingly innocuous step led to a rapid rise
in textile production efficiency, which in turn led to a
rise in the demand for raw materials, thus (co-)trigger-
ing the Industrial Revolution. It was, though, embed-
ded in a complex causal network of further factors and
historically evolved framework conditions. This equally
applies to transformations at another level, for example
the normatively motivated abolition of slavery. Trans-
formation research should draw conclusions for the
transformation to sustainability based on an under-
standing of the decisive dynamics of such processes,
their conditions and interdependencies. It is important
here to learn how to anticipate acceleration moments
in order to create the relevant favourable framework
conditions. One particular challenge for transforma-
tion research is the creation of a network of social, nat-
ural and engineering sciences in order to understand
the interaction between society, the Earth system, and
technological development.

Transformative Research

The WBGU uses the expression transformative research
(tR) to describe research that actively advances the
transformation. Transformative research supports
transformation processes with specific innovations
in the relevant sectors. It encompasses, for example,
consumer research, which is needed for the develop-
ment of new business models such as the shared use
of resource-intensive infrastructures, and research for
technological innovations like efficiency technolo-
gies. Transformative research can have a wider trans-
formative impact if, as of a certain development stage,
development activities for low-carbon innovations are
embedded into a systemic context, their impact on cli-
mate and sustainability is verified, and they reflect

transformation
education (Te)

transformation
research (Tr)

transformative
education (tE)

transformative
research (tR)

Figure 3
Typification of transformation research and education.
Source: WBGU

the conditions required for transformative impact.
So although achieving higher degrees of efficiency in
photovoltaics — for example through development of
new, different material combinations — is necessary,
the aspect of global usability should also be taken
into account at the earliest possible stage. This also
applies to the development of new investment mod-
els for energy efficient technologies. Their intercultural
transferability should also be considered at an early
stage, yet equally, attention should be paid to measures
against rebound effects and potential path dependen-
cies. Transformative research therefore encompasses
a spectrum that reaches from purely discipline-based
to system-based research. This means that the appli-
cation-oriented exploration of highly-efficient stor-
age technologies can have as much of a transformative
impact as an interdisciplinary project for the develop-
ment and implementation of SuperSmart Grids.

The ongoing exchange of information between both
types of research leads to ‘cross-fertilisation’, and in
turn with society, the economy, and politics, thus offer-
ing the best possible support to the transformation.
Absolutely crucial for this is a higher level of science
communication, including the targeted utilisation of
the new media. This provides a wide range of opportu-
nities for interactive, participative shaping of the social
dialogue.

In this context, the education sector must also take
on more responsibility. As an important channel of
knowledge communication, education provides the
foundations for each individual’s knowledge-based
self-concept, thereby creating the social preconditions
needed for the transformation. Transformation research
should be linked closely to transformation education.
Categories and interaction are described in the follow-
ing.



Transformation Education

Transformation education (Te) makes the scientific
findings of transformation research available to soci-
ety. As ‘education for participation’, it critically reflects
on the requisite basic requirements - like a thorough
understanding of the pressure to act, and a global sense
of responsibility — and generates a systemic awareness
of the different action paths. It is especially about com-
munication of knowledge at the interface of engineer-
ing, social and Earth system sciences. Suitable narra-
tives of change should be developed, so that these
can be fed into everyday discourse through creative
forms of knowledge communication, and develop fur-
ther scope there. Through a focus on change agents, an
awareness of the preconditions for the transformation
can be firmly ensconced in education. Change can only
be imagined through a dynamic view of the world. In
view of this, educational institutes should increasingly
teach sustainability-oriented knowledge, and the skills
necessary for lifelong learning and systemic thinking.
This also includes a better understanding of the scien-
tific research process, its possibilities, and its limits.

Transformative Education

Transformative education (tE) generates an under-
standing of action paths and possible solutions. Related
educational content would, for example, be innovations
that are likely to have transformative impact, or that
have already had a transformative impact. The cur-
rent stage of research should be made understandable,
and should be actively shared with society. To facilitate
this, education should, if possible, attempt to establish
a relation to the key factors of the transformation. For
example, renewable energies could be a topic in phys-
ics lessons, whilst concurrently, international energy
partnerships are discussed in the social science sub-
jects. Geography lessons might be about, for exam-
ple, low-carbon cities. Transformative education should
also be responsible for creating a basic general prob-
lem awareness, which is also reflected in theme-spe-
cific educational opportunities. In accordance with this,
the boundaries between the different disciplines should
be less strict, and comprehension of the broader, inter-
disciplinary and global contexts should be strived for.
In economics, for example, global material flows, from
resources to waste products such as CO,, could be ana-
lysed. So the lesson would be about embedding the
economy into the planetary boundaries.

Both types of education should regard society as a
stakeholder in the transformation process, with the aim
of also allowing participation in the education process
itself in the future. People can only comprehend the
transformative power of their actions if they see them-
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selves as an active factor. Respective educational struc-
tures are an essential precondition for this.

Current Research Programmes

Currently, a number of programmes with implicit trans-
formation relevance are running both at German fed-
eral republic and EU level. The WBGU analyses relevant
programmes in its report. Certain criteria are applied,
such as, for example, ‘international scope” and ‘inter-
disciplinarity’, to show the positive trends apparent in
the different research programmes, but also to iden-
tify their weaknesses. On the basis of this analysis, the
WBGU concludes that research policy in the individ-
ual areas, like urbanisation and land-use, is already
addressing the challenges posed by the transforma-
tion through innovative research agendas and pro-
grammes, frequently in a low-carbon context, even
though funding is inadequate. In many cases, interdis-
ciplinarity, too, has already been admitted into research
programmes, although overall, incentive structures to
encourage interdisciplinarity are as yet insufficient. As
far as the factors that are needed for transformation
acceleration are concerned, many research grants are
already focusing on innovation, which is a very wel-
come sign. Nevertheless, the emphasis is too much on
the purely technical side, in comparison with social
conditions and the corresponding systemic approaches,
which is also why too much attention is paid to supply
rather than demand.

Recommendations

Considering the identified challenges for research and
education and the analyses carried out, the WBGU has
reached the following conclusions in terms of recom-
mendations.

Research

> Science and research should dedicate themselves
even more to the low-carbon transformation within
the context of sustainability. Research should focus
more on transformation-relevant issues and subjects
and the new field of transformation research. At the
same time, it should increasingly meet a number of
structural demands, such as, for example, a systemic,
long-term, cross- and transdisciplinary direction. It
should develop technological and social low-carbon
innovations, evaluate these, and assess the required
conditions for their global diffusion. This also
includes the development, evaluation, and public
discussion of strategies and policy options. Accord-

23



24

Summary for Policy-Makers

ingly, research programmes should reflect these
demands.

The WBGU calls for the establishment of a new field
of studies, ‘transformation research’, which exam-
ines transformation processes and the social precon-
ditions within the scope of planetary boundaries. To
develop this new field of inquiry, the WBGU pro-
poses a joint societal search and discussion process.
This process could be overseen by The Alliance of
Scientific Organizations in Germany.

Overall, in order to face the current challenges suc-
cessfully and accelerate the transformation, sub-
stantial additional research and development fund-
ing is required. Concurrently, research should be
consolidated both at EU and international level, as
no country can develop all the solutions required on
its own.

Funding for the central transformation field energy
should be substantially increased. The WBGU
emphasises its 2003 recommendation to increase
direct public spending in the industrialised countries
on research and development in the energy field
tenfold, largely through reallocation. Grants for
energy generation through nuclear fusion could be
stretched across a longer term to release funds for
higher priority tasks.

The current funds for the German Federal Ministry
of Education and Research (BMBF) sustainability
research, particularly the framework programme
‘Research for Sustainable Development’, and ‘Socio-
Ecological Research’ (SOF) should be significantly
increased, and SOF’s global perspectives should be
considerably extended.

Interdisciplinary research should be supported by
concrete measures. This requires changing the exist-
ing incentive systems, and introducing new ones.
The WBGU proposes that the German Rectors” Con-
ference, the Joint Science Conference, the German
Research Foundation and the Academies of Sciences
meet to consult on recommendations and directives
for the implementation and rating of interdiscipli-
nary transformation research.

In the course of drawing up the 8th EU Framework
Programme for Research, the German federal gov-
ernment should lobby for a stronger focus on the
transformation; environment and energy research
should be given particular weight.

Internationally, Germany and the EU should forge
stronger research alliances with research centres in
emerging economies. In the scope of its development
cooperation, Germany should step up the promotion
and support of education, science and research
capacities in the less developed countries.

> The WBGU suggests that a coming Initiative for

Excellence should focus thematically wholly on the
subject of research in the context of the transforma-
tion for a resource friendly, sustainable and liveable
society.

The current evaluation of the Consultative Group on
International Agricultural Research (CGIAR) is an
opportunity to direct their activities towards climate
friendliness and sustainability.

Education
> Transformation education should be given a higher

priority in the German sustainability strategy. It
should also be integrated into school and university
curricula, vocational qualification, and further stud-
ies. This encompasses exchange programmes, new
combinations of bachelor and masters courses,
teacher training modules for transformation-rele-
vant systemic education, and degree programmes for
transformation sciences.

Through coherent policies, subject-relevant educa-
tion and vocational qualification systems should be
redesigned in such a way that they can dedicate
themselves to the demands of sustainable develop-
ment. At the same time, opportunities for life-long
on-the-job learning should be extended through
publicly funded further education courses and post-
graduate qualifications, for example in the form of a
‘sabbatical” with regard to transformation for
employees.

The WBGU also suggests the establishment of low-
carbon business schools and interdisciplinary facul-
ties for low-carbon land-use, energy science, urban-
isation and transformation-specific management in
order to support the transformation process.

During the UN ‘Decade of Education for Sustainable
Development’, institutional mechanisms should be
developed to ensure that sustainable development
education continues once the decade has passed.
The UNESCO could initiate a process that could be
designed similar to the continuation of the Interna-
tional Decade for Natural Disaster Reduction
(IDNDR). That way, successful activities could be
continued through local and national institutions.

Field of Interaction Education-Research
> In view of the overriding importance of the issue,

the WBGU further suggests the establishment of a
German federal university with a research and edu-
cation profile that focuses on the transformation
towards sustainability. Research and teaching should
be inter- and transdisciplinary.



> The WBGU proposes an extensive education and
research programme ‘Participation in the Science for

Transformation’, aimed at education and knowledge

for the benefit of the environment and sustainabil-

ity, achieved through participation of non-scientists.

> Science policy and science should initiate interdisci-
plinary and society-wide dialogues on subjects such
as visions for a ‘decarbonised society’, requirements
for transformation research, stepping up inter- and
transdisciplinary research, or priority research
issues. The dialogue could also be stimulated in a cul-
tural and artistic form, for example in museums, at
future exhibitions or music and film festivals.

> To increase the involvement of social actors, the
establishment of participative formats should be
promoted. Appropriate would be, for example, net-
worked biodiversity, environmental and climate

‘stations’, or participation in model participation

projects on subjects such as electromobility, alterna-

tive agriculture, or new forms of housing.
> The WBGU suggests the introduction of a voluntary

social year in ‘education and research’.
A reform of research and education towards sustain-
ability not only paves the way to a knowledge-based
social contract for this ‘Great Transformation’, but also
opens up specific future opportunities for those who
participate. In accordance with the social contract, edu-
cative opportunities that encompass the communica-
tion of a sense of responsibility, a sense of justice and
the skills needed for proactiveness should be encour-
aged. School education should also not just endeavour
to instigate cross- and transdisciplinary approaches,
but also an understanding of the scientific process as
a whole.

Science and research policy can serve as a role model
on an international level if it continues to expand in the
direction it is in part already heading, towards systemic,
transformation-relevant research.

Therefore, the social contract addresses future gen-
erations in two ways, as it is they who will participate
in bringing about the change in future. Above all, how-
ever, it is also in our young citizens” interest to rapidly
accelerate the transformation and to stop impeding it
— NOW.

Conclusion

The ‘fossil-nuclear metabolism” of the industrialised
society has no future. The longer we cling to it, the
higher the price will be for future generations. How-
ever, there are alternatives which would at least give
all people access to the chance of a good life within the
boundaries of the natural environment. Without a glo-

Summary for Policy-Makers

bal agreement to actually dare to experiment with these
alternatives, we will not manage to find our way out
of the crisis of late modernity. So nothing less than a
new social contract must be agreed to. Science will play
a decisive, although subservient, role here. Ultimately,
sustainability is a question of imagination.

‘Imagination is everything. It is the preview of life’s
coming attractions.” (Albert Einstein)
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It’s not because things are difficult that we
dare not venture. It’s because we dare not
venture that they are difficult.

Seneca (1 BC-AD 65)

Action for a Low-Carbon and Equitable Future

In 2009, sixty Nobel Laureates published a memo-
randum appealing to the global public to take ‘Action
for a Low Carbon and Equitable Future’, highlighting
the fierce urgency with which we must transform our
high-carbon economies into sustainable and equitable
systems (The St. James’s Palace Memorandum, 2009).
This states that ‘decarbonising our economy offers a
multitude of benefits, from addressing energy secur-
ity to stimulating unprecedented technological inno-
vation. A zero carbon economy is an ultimate neces-
sity and must be seriously explored now. In view of
everything we know, the Nobel Laureates are abso-
lutely right, and what they are describing is a challenge
of a dimension never before experienced by humanity.
In order to avoid dangerous climate change, the great
transformation into a low-carbon society must start —
or rather, must be accelerated — as soon as possible.
This means: in the coming decade, we must trigger
serious production process, infrastructure and life-
style changes to be able to reduce global greenhouse
gas emissions to a minimum by 2050. In addition, the
disconcerting events in Fukushima make it absolutely
clear that the path towards a low-carbon future must
be nuclear energy free. The avoidance of dangerous
climate change is a key element in the transformation
towards sustainability: climate protection alone cannot
guarantee the conservation of humanity’s natural life-
support systems; however, without climate protection,
the essential development opportunities that mankind
needs will soon be erased.

There have been plenty of ‘great transformations’ in
the history of mankind. The two most significant, and
also the two best-known, are the Neolithic Revolution,
i.e. the transition from hunter-gatherer society to agri-
cultural society, and the Industrial Revolution. Whilst
the historical transformations were on the whole evo-

lutionary and occurred gradually, developing in stages,
humanity must now, for the first time ever, actively
bring about and accelerate a great transformation, as
otherwise the 2°C guard rail will soon be broken.

The WBGU has taken this as its starting point, and
examines what form a societal search process for the
transformation could take, and how the transforma-
tive development ‘corridor” may be widened. On the
one hand, it must be shown how existing measures can
have a transformative effect through intensification
and bundling. On the other hand, the WBGU also iden-
tifies innovative instruments with immediate trans-
formative effect. Overall, conclusions are reached as to
what the German federal government, as an important
player on the international stage, can do. Equally, the
public and society as a whole are also addressed — on
a national, European, and even global level; all citizens
can make important contributions to the achievement
of this Herculean task.

Contribution to the 2012 UN Conference on
Sustainable Development in Rio de Janeiro

The WBGU examines the options for a low-carbon
transformation from a global perspective, differenti-
ating between developing, newly industrialising, and
industrialised countries, and considers the challenges
in terms of international cooperation. The forthcoming
2012 UN Conference on Sustainable Development in
Rio de Janeiro offers the next opportunity of focusing
appropriately, at a UN level, on this issue of the chal-
lenges humankind faces. This report is intended as a
contribution to this: policy-makers and society shall be
supported in the debate on the transformation, and in
its accomplishment. The report aims to reassure eco-
nomic, political and social decision-makers and (future)
change agents that the transformation can be success-
fully realised.

Core Questions

In the following report, the arguments and viewpoints
held by the WBGU are laid out on the basis of the
core questions cited below. Attempts are made to find
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answers to these core questions, and to highlight paths
for overcoming conflicting aims.
> Is the transformation technologically feasible?
> Are the costs of the transformation financially feasi-
ble?
> What are the measures, processes and instruments
that are necessary for the transformation into a low-
carbon society?
> Which concrete political measures should be intro-
duced immediately?
> What are the roles played by nation state and EU in
shaping the searching and transformation process?
Do nation states, particularly the democracies, have
the strength for huge fundamental changes? Are we
seeing the beginnings of cross-border governance
and trans- or supranational democracy?
> What is the significance of the social actors in the
transformation process?
> What are the opportunities that should be used for
bi- and multilateral cooperation?
> What should be achieved at the 2012 UN Confer-
ence on Sustainable Development in Rio de Janeiro?
> What are the current knowledge gaps? How can sci-
ence accompany this process of searching; how
would the scientific community have to adapt to the
existing challenges?
The recommendations developed by the WBGU, with
their different levels of ambition, are intended to be
options for policy-makers. The recommended measures
are designed to indicate a fundamental pattern for the
reversal, in full awareness of the fact that long-running
processes such as these are hardly predictable and are
therefore inherently searching processes. These search-
ing processes should be initiated and shaped by the
state, and accompanied by research. Some of the rec-
ommended measures are of a very high level of ambi-
tion, so that, from a current point of view, they may
still seem unrealistic in political terms; they could, how-
ever, become realisable only a few years from now. One
example for the ‘unthinkable” is the moratorium on
Germany’s seven oldest nuclear power plants as a con-
sequence of the nuclear catastrophe in Fukushima in
March 2011. The temporary shutdown of these nuclear
reactors for three months, ordered by the CDU/FDP
coalition government, and their vote for an accelerated
nuclear phase-out in Germany would have been unim-
aginable prior to Fukushima. And who would have been
able to predict the success of Eastern Europe’s ‘Vel-
vet Revolution” in 1984; who could have foreseen the
2010/11 revolutions in the Arab world?

Increasing Knowledge
In the past few years, there have been numerous pub-
lications on ‘low-carbon transformation” or the ‘green

economy’; however, these studies have frequently

focused only on specific elements of the issue (for

example technical measures, financial, or governance

aspects), and many examined them primarily from a

national point of view. In several respects, this report

has followed a completely new approach:

1. The transformation into a low-carbon society is
examined in its entirety. The technical, social, eco-
nomical, and legal feasibility is investigated, includ-
ing currently existing obstacles and barriers.

2. The transformation into a low-carbon society is
examined from a global point of view, differenti-
ating between developing, newly industrialising
and industrialised countries.

3. Apart from the lessons to be learnt from historical
experiences, the findings of transition research are
also taken into account.

4. The role of social actors in transformation processes
is examined to reveal that they can fulfil a whole
range of important functions, for example as cata-
lysts, and that ultimately, the transformation is sup-
ported by them.

5. Apart from energy systems, a field which has
already enjoyed frequent examination, further
central transformation fields such as land use and
urbanisation are investigated.

6. All of these recommendations have been developed
under consideration of the fact that there is enor-
mous pressure in terms of time: global greenhouse
gas emissions must exceed their maximum within
the next decade if the avoidance of dangerous cli-
mate change is to stand a chance.

7. These elements are the inspiration for the WBGU'’s
guiding principle, and its understanding of the
transformation when considering the design of the
requisite searching process. This guiding principle
is also intended as a foundation for further social
debate.

The transformation is feasible!

In terms of dimension, the transformation into a low-
carbon society is on par with a new Industrial Revolution
in fast motion. Particularly in view of this, it represents
an unprecedented challenge in the history of human-
kind, as it must be based on scientific research and
knowledge, and must be accomplished under great time
pressure. It should be mentioned here that the WBGU,
in the face of this epochal task, faced a dilemma: on
the one hand, concrete and implementable, managea-
ble, science-based recommendations for policy-makers
and society to facilitate urgently required changes were
to be developed; on the other hand, the issue seemed
far too complex at times, difficult to grasp, hardly
limitable, and teeming with social obstacles and path



dependencies that are difficult to overcome. In short:
the problem seemed almost unsolvable. Subsequent
to some very difficult and controversial — particularly
with regard to numerous conflicting aims — as well as
constructive debates and (also) interdisciplinary learn-
ing processes, the WBGU has reached the ultimate con-
viction that the great transformation into a low-carbon
society is not just necessary, but really feasible. Not
least because the required transformation already con-
forms to the population’s predominant value systems
in many countries, and can therefore justly, and posi-
tively, be regarded as an addition to the subjective life
satisfaction of large parts of the population. It is desired
by opinion leaders and large parts of the population -
and not just in rich countries, either. Because the great
transformation offers the chance, as many governments
have already recognised, to transform the energy and
economic systems whilst at the same time accelerating
the catch-up development of the developing and newly
industrialising countries, thus advancing global equal-
ity. Concurrently, because of the shared responsibility
of states and societies, and the responsible interaction
of all social actors in this process, the transformation
can contribute not only to overcoming the legitimation
crisis in democracies, but even also to a strengthening
and a revitalisation of democracy.

Preamble
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World in Transition

A New Age - The Anthropocene

The extent of environmental changes caused by
humankind has altogether reached another dimension
since the industrialisation. The population has grown
from just under 1 billion then to almost 7 billion today.
Energy use, around 600 W per person in agricultural
societies, rose to 4,750 W per person in the highly
industrialised nations of the north. One important driv-
ing factor of this expansion has been the use of fossil
energy carriers, which has made possible both inten-
sive agriculture and the huge increase in material flow,
amounting to around 10-30 t per person per year in
industrial societies (Box 1-2).

Humankind has also reengineered around half of
the world’s land surface. Humans already use almost a
quarter of the biomass produced globally each year on
all land (IPCC, 2007a), and over 40 % of the renewable,
accessible water resources (MA, 2005b). Collectively,
various anthropogenic global material and energy
fluxes by now far exceed any natural flows. As a con-
sequence, developments in many of the vital environ-
mental dimensions are reaching a crisis stage: water
resources, soils, forests and oceans have been overex-
ploited or are being destroyed, biodiversity is undergo-
ing a drastic reduction, and important biochemical flow
patterns have been radically changed by humankind,
for example the carbon and nitrogen cycles. The Board
of the Millennium Ecosystem Assessment has reached
the following conclusion: ‘Human activity is putting
such strain on the natural functions of the Earth that
the ability of the planet’s ecosystems to sustain future
generations can no longer be taken for granted.” (MA,
2005d). Without a doubt, humankind has become the
Earth ecosystem’s dominating force (Vitousek et al.,
1997b).

A great number of scientists therefore support
Nobel prize winner Paul Crutzen’s proposal of view-
ing the current industrial age as a new geological epoch
(Crutzen and Stoermer, 2000; Crutzen, 2002; Steffen
et al., 2007). This geological epoch, called the ‘anthro-
pocene’ (also ‘Menschenzeit’ or ‘The Age of Man’,
Schwiégerl, 2010), not only refers to the effects human-

kind has had on the Earth system, but also to the cogni-
tive changes undergone by a global civilisation with an
increasing awareness of itself as a driving force. Inter-
national research therefore initiated relevant, globally
coordinated programmes as early as the 1950s (for
example the International Geosphere-Biosphere Pro-
gramme, Man and the Biosphere Programme, etc.) in
order to better understand the interdependencies in the
Earth system.

Sustainable Development

The beginning of the anthropocene also marks the
beginning of a new era of responsibility, as in terms
of technology, humankind has by now advanced so far
that it could unbalance the Earth system to an extent
that would have dire consequences for human socie-
ties and ecosystems. The megatrends of a dynamic, glo-
balised economy, together with a population which will
in all probability continue to increase up to the mid-
dle of the century, are on a collision course headed for
the planetary guard rails (Box 1-1). We are currently
risking the Earth system’s capability of continuing to
provide human civilisation with the stable life-sup-
port system which made its development over the last
10,000 years possible in the first place.

For the past few decades, international environmen-
tal policy has addressed these issues. The Rio de Janeiro
Earth Summit in 1992 hailed an important turning point
on this relatively new political stage. The concept of
sustainable development, debated and further defined
since then at environmental conventions and by civil
society organisations, has been, at least rhetorically,
recognised as the guiding principle that should govern
all actions, even if not consistently implemented. Poli-
cies for combating global environmental problems are
gaining in importance; nevertheless, apart from a few
exceptions (for example with regard to stratospheric
ozone; Section 1.1.5.3) they have so far failed: nega-
tive trends have not abated, on the contrary, in many
cases, they have even intensified (Section 1.1.6).

This chapter relates to the agenda of the United
Nations Conference on Environment and Develop-
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Box 1-1

The WBGU'’s Concept of Planetary Guard Rails in
the Context of Sustainable Development

Certain Earth system conditions must be avoided at all costs.
The concept of the Earth system’s planetary guard rails has
been developed by the WBGU since 1994, with regard to
climate change and other areas of global change (soils, bio-
diversity, etc.; WBGU, 1995a, 2005, 2006). Rockstrom et al.
(2009a, b) adopted the concept, using the term ‘planetary
boundaries’. International environmental policy even accept-
ed the ‘2°C climate protection guard rail” as a political target.
The WBGU describes planetary guard rails as quantitatively
definable damage thresholds, whose transgression either
today or in future would have such intolerable consequences
that even large-scale benefits in other areas could not com-
pensate these (WBGU, 2006). Once the guard rails have been
transgressed, global environmental change becomes a socially
intolerable risk for human civilisation.

However, keeping within the limits of all guard rails by
no means implies that all socio-economic deficits or ecologi-
cal damages can be averted, as global guard rails can under
no circumstances take all of the widely differing regional and
sectoral impacts of global change into account. Furthermore,
knowledge about global environmental change is limited and
bears the potential for misjudgements. From this perspective,
observance of the guard rails is a necessary, but not sufficient,
premise for the sustainability of future development.

Guard rails do not demarcate exactly defined system lim-
its, within which there is hardly any risk at all, and beyond
which we can immediately expect serious damages or even
disasters. The changes which occur are frequently creeping
changes, which cumulatively, over decades or generations,
will ultimately have extremely negative effects, but which
are difficult to perceive and comprehend (the ‘shifting base-
line” phenomenon; Pauly, 1995). Particularly in view of this
gradual systemic change, guard rails can serve as an orienta-
tion aid. Nevertheless, especially with regard to the 2°C guard
rail, it should be emphasised that the avoidance of Earth sys-
tem tipping points — for example the irreversible melting of
Greenland’s ice sheet, the collapse of tropical coral reefs due
to global warming, and other non-linear processes — plays a
central role in defining the scope. Against this background,
scientists are advising policy-makers to establish certain
guard rails on the basis of scientific reasoning. Determining
the point at which these burdens become intolerable must
then take place on the part of the politicians in the form of a
democratic decision-making process.

Compliance with the guard rails ensures that the Earth
system'’s resources and services, the precondition for secur-
ing humankind’s natural life-support systems and sustain-
able development, can be preserved. In analytical terms, the
term ‘sustainable development’ can be defined as a vector

[

ment (Rio de Janeiro, 1992) and attempts to deter-
mine the current status quo of a ‘world in transition’,
not only with reference to global environmental prob-
lems (Section 1.1), but also with regard to the dynamic
global economic and social megatrends defining an
increasingly globalised civilisation (Section 1.2). In this

—

of the respective welfare dimensions (for example, meeting
basic needs like food and medical care, criteria for individual
qualifications such as education and collective qualifications
like institutional legitimacy or benchmarks for a ‘good life’,
such as access to experiencing nature), whose norm increas-
es with time. Temporary increases in some dimensions, for
example caused by the consumption of finite resources, must
not hinder long-term development opportunities. Guard
rails delimit the scope in which development can take place
sustainably; transgression of these limits must therefore be
avoided.

A timely gradual course adjustment avoids the drastic
measures that would be necessary if we were to suddenly
‘slam on the brakes” once we reach the guard rail, or rather,
once a sudden severe change of course would be the only
remaining option. An abrupt change such as this is usually
not only associated with tremendous costs, it can also trigger
social shifts and crises.

It is therefore paramount to pre-empt and avoid any trans-
gression of the guard rails. Any path on collision course with
a guard rail should be changed through suitable policies in
such a way as to prevent transgression. The use of appropriate
policy instruments, but also self-propelling social processes
are major factors for gradually exerting influence over the
development path. Anticipatory sustainability policies should
aim at a timely achieving of changes, so that the social adap-
tation to the course change can be managed without exces-
sive breaks and costs. Forward-looking implementation of a
policy to prevent climate change is a sensible measure, and
also makes far more economic sense than later costly, drastic
emissions reductions and adaptation measures.

The setting of guard rails and the subsequent skilful
implementation of suitable steering instruments can serve to
accelerate a positive pace of development, rather than imped-
ing it. Awareness of planetary guard rails and the appropriate
action to be taken can drive humankind’s progress. A major
‘co-benefit” of the decarbonisation of the energy systems,
for instance, is an energy supply that is clean and does not
depend on finite fossil resources. Moreover, a fair burden-
sharing in terms of decarbonisation efforts also opens up
new development prospects, particularly for many poorer
countries. Reduced conflict potential, and better conditions,
for example with regard to education, diet, medical care, but
also more scope for cultural and artistic development, could
emerge to give human development a new impetus.

Guard rails and social progress are therefore by no means
a contradiction in terms; on the contrary, they are mutually
supportive. This certainly applies in the long run, as guard rail
transgression endangers the basic requirements for sustain-
able development. However, even in the short-term, inevita-
ble transformation processes bear the potential for impacting
catalytically for advancing human development.

report, the WBGU focuses on the dynamics of the glo-
balisation, reflected in the various megatrends, or the
way these dynamics act as drivers. Contemporary crises
such as, for example, food and crude oil price spikes,
and, not least, the financial and economic crisis (Box
1.2-1) can be regarded as symptoms of an overtaxation



of the world’s institutional structures in a globalised
world, in which cross-linking and critical interde-
pendencies have dramatically increased. Viewed as an
entity, these megatrends are a perfect illustration of the
necessity of sustainable development, and the required
framework conditions. They pose a considerable hin-
drance to reaching the development goals: not only is
a large part of the global population still excluded from
the dynamic wealth increase, but in fact, almost 1 bil-
lion people actually continue to live in life-threatening
poverty (Section 1.2.1).

Some of the major environmental issues, for exam-
ple climate change (Section 1.1.1), have by now
become so urgent that they are generally referred to as
a ‘task for humankind’. Even if not all of the causes and
consequences of the different global environmental
change issues or development problems can be elabo-
rated individually here, the final balance sheet not only
clearly shows that despite some major successes, the
actual challenge of sustainable development remains
unsolved, but moreover, that the remaining timeframe
for action is fast becoming shorter.

One single WBGU report can hardly provide the
extensive analysis and solution search that compre-
hensive global sustainable development requires. The
following chapters focus on climate and energy issues,
as climate change mitigation is a central element of
sustainability. Anthropogenic climate change is closely
interlinked with other environmental issues, frequently
creating feedback dynamics (Section 1.1.6). The more
extensive the impacts of climate change become, the
more difficult it will be to solve other global environ-
mental changes, and to master the challenge of achiev-
ing sustainable development in the newly industrialis-
ing and developing countries. Moreover, climate change
has a ‘long braking distance’, and must be restricted
very quickly indeed if significant negative impacts are
to be avoided. For these reasons, this report focuses
primarily on the question of how to achieve the change
into a low carbon society without undermining sustain-
ability efforts in other essential areas, such as sustain-
able land use or the conservation of biodiversity.

To bear the context of a more comprehensive sus-
tainability agenda in mind, this chapter briefly summa-
rises the extensive correlation of the various issues. The
message is clear: economy and society must urgently
undergo a fundamental change to ensure the preserva-
tion of humankind’s natural life-support systems and
the future prospects of humankind. Climate change
mitigation is a necessary element; however, alone, it is
not sufficient.

Earth System Megatrends 1.1

1.1
Earth System Megatrends

1.1.1
Climate Change, Climate Impact

By now, there is a scientific consensus on the elemental
issues in connection with anthropogenic climate change
which has also found acceptance at all political levels.
Both IPCC reports (most recently IPCC, 20074, b, c),
and the WBGU'’s policy advice reports (2003, 2008,
2009a) extensively illustrate and elaborate the scien-
tific basis for anthropogenic greenhouse gas emissions,
the consequences for the global mean temperature, the
changes in the Earth system, and the effects on ecosys-
tems and human societies.

Rapidly progressing, unabated climate change will
constitute a crisis for humankind, as it means that the
relatively stable climatic era since the last Ice Age in
which human civilisations have developed will come to
an end (Figure 1.1-1a). In the past 2,000 years, fluc-
tuations in mean global temperature amounted to less
than 1°C. Neither our agriculture and forestry nor our
culture, society, infrastructures, etc. are prepared for a
rapid and significant climate change of several degrees
Celsius.

Some aspects of climate change are impacting faster
than anticipated by science. The deglaciation rate of sea
ice, ice sheets and glaciers has been underestimated, for
instance (Figure 1.1-1c). Current estimates (Allison et
al., 2009) have revised the sea-level rise rate to at least
double the rate stated by the IPCC (2007a). The 1m sea-
level rise guard rail recommended by the WBGU (2006)
could therefore already be broken before the end of the
century (Figure 1.1-1b; Rahmstorf, 2007; Vermeer and
Rahmstorf, 2009). CO, emissions are also responsible
for another global environmental problem: ocean acidi-
fication (Box 1.1-2).

By now, avoiding global warming of more than
2°C has not only become the generally declared aim
of scientists, but also that of politicians. Global warm-
ing of more than 2°C would probably have dangerous,
irreversible and hardly controllable consequences for
nature and human society (WBGU, 1995b, 2007a). As
yet, it is still possible to comply with this limit, but the
technical, economic and political challenges are consid-
erable (UNEP, 2010a).

The 16th Conference of the Parties to the United
Nations Framework Convention on Climate Change
(UNFCCQC) in Canctn not only made it perfectly clear
that climate change is one of the greatest challenges
of our time, but also that the climate change mitiga-
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Box 1-2
The Concept of Industrial Metabolism

For consumers, household waste is an obvious result of mod-
ern life. Each inhabitant of an industrialised country with
a typical lifestyle generates around 400-600 kg per year,
largely due to consumer goods packaging, for example around
food. The environmentally friendly disposal of this waste
continues to inspire heated social debates. Less obvious for
the consumer, on the other hand, is the prior environmental
impact ‘upstream’ in a product’s lifecycle (Figure 1-1).

In total, these often by far exceed the resource invest-
ment ultimately evident to consumers in the form of house-
hold waste. To manufacture an aluminium can containing fruit
juice, for instance, bauxite must first be extracted, the elec-
tricity for the melting process must be generated, crude-oil
based coatings and packaging also have to be produced, etc.
Moreover, all upstream input and processes are connected by
transport networks which themselves are resource-intensive.
Fruit production, drinks manufacture, cold chains and distri-
bution to retailer and, ultimately, consumer also contribute
to the environmental impact. Process chain analysis meth-
ods (‘lifecycle assessment’) have been developed to illustrate
the environmental impact of the entire lifecycle of a product
‘cradle to grave’. This strategic approach to environmental
reporting allows, for example, comparisons between a circu-
lar economy, which continues to recycle the same material
resources, from ‘cradle to cradle’, and conventional ‘linear’
resource use. It also allows the linking of consumption pat-
terns, production processes and resource consumption, and
highlights alternative action choices (UNEP, 2010c).

At a higher aggregation level, it also serves to describe
the cumulative social-industrial metabolism for individual
industrial sectors, region and countries, and at global level
(Ayres and Simonis, 1994; Figure 1-2). In this account, the
social activity based anthroposphere is viewed as an integral
element of the global biosphere. This perspective serves to
describe environmental impact not only on the output side (as
an overload of the sink capacities of environmental systems,
for example through nutrient-rich waste waters, greenhouse
gases, etc.), but also on the input side as resource scarcity or
overuse of renewable or non-renewable sources.

From this perspective, a typical inhabitant of an industr-
ialised country directly consumes around 10-20 t of mate-
rial every year (excluding water and air, and indirect material
consumption, for instance through induced soil erosion) to

Figure 1-2

Socio-economic metabolism
as a component part of the
global environment.
Source: based on

Odum, 1971
Energy +

material

Figure 1-1

Industrial metabolism: schematic illustration of material use,
production, consumption and emissions.

Source: based on EEA, 2010a

sustain themselves and their livestock, and support the tech-
nical infrastructure (assets, commodities, buildings, trans-
port networks, etc.). In the industrialised countries, these
material flows consist of around a third each of fossil energy
carriers, biomass (food, feed, wood and fibres) and mineral
resources (construction and industrial minerals). This entire
process, just like the biological metabolism concept, can be
represented as an energetic process, and also in the form of
a material balance (input = output + net stock changes). Out-
put can be differentiated according to target medium: into the
atmosphere (such as greenhouse gases, dust or aerosols), into
soils, or rather, the geosphere (for example landfills), or into
the hydrosphere (as waste water). In industrialised countries,
emissions are usually dominated by CO,.

Figure 1-3 illustrates current material consumption trends
and global freight traffic volume in the 20th century. Direct
material extraction rose from around 7 to around 59 billion t
annually (or from 4.5 to 9 t per person per year). At the same
time, the transport of goods has increased since 1850 to about
10,000 t km per person per year. The global market integra-
tion is leading to ever longer distances between raw material
extraction, production and consumption. Integrated methods
for the analysis and illustration of the environmental impacts
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of consumption are therefore called for. Such balances make
it possible to connect environmental impact with the driving
forces of social activity (OECD, 2008). They not only serve to
illustrate how the environment is changing, but why, making
strategic and preventative policy decisions easier.

Numerous industrialised countries and international
organisations such as the OECD and the EU now record the
national direct material consumption, and the resource inten-
sity of their economic activities, as part of national environ-
mental statistics. The Statistical Office of the European Com-
munities has developed basic methodical principles for the
generation of such an accounting system as part of the overall
economic balance (Eurostat, 2001). Achieving sustainable

[

tion guard rail must not be transgressed, and that deep
cuts in global greenhouse gas emissions are required
(UNFCCC, 2010). In fact, there is some debate on
whether this maximum damage threshold should be
lowered only 1.5°C.

CO, accumulates in the atmosphere due to its long
life-span, so further global warming can only be pre-
vented if the CO, emissions from fossil sources are
stopped almost completely. The extent of anthropo-
genic climate change depends largely on how quickly
global CO, emissions can be successfully reduced. Anal-
yses of plausible emissions pathways show that a maxi-
mum of around 750 Gt CO, from fossil sources may be
released into the atmosphere up to the middle of the
century to allow a two-thirds probability of compliance
with the 2°C guard rail (Box 1.1-1). Post-2050, only a
small, remaining amount of CO, may be emitted. The
era of the fossil energy driven economy must therefore
end as soon as in the first half of this century (WBGU,
2009). Global emissions should peak as soon as possi-
ble; at the latest, however, by 2020, as otherwise, the
reduction rates that would be necessary by 2050 would

consumption patterns through green growth strategies
requires an increased decoupling of resource consumption
and economic growth and, in the long term, a circular econo-
my for material resources. Relevant programmes to encourage
environmentally friendly production strategies with slogans
such as the ‘3 R Principle: Reduce, Reuse, Recycle’ are being
supported by a number of UN organisations, for example
UNIDO and UNEP, within the scope of the Marrakech Process.
To improve the knowledge base and scientific policy consulta-
tion in this field, UNEP has established an International Panel
for Sustainable Resource Management (for example UNEP,
2010d).

be so drastic as to overburden the technical, economi-
cal and social capacities of our societies (Figure 1.1-2).

The world is still a long way away from this vital
trend reversal. Despite 2008’s financial and economic
crisis, global CO, emissions from the use of fossil fuels
only fell by 1.3% in consequence; 2009 was still the
year with the second-highest emissions in the history
of humankind, with 2008 in the lead. The preliminary
results for 2010 show that this emissions decline has
probably already been overcompensated and emis-
sions are continuing on their pre-crisis growth path
(Friedlingstein et al., 2010). The 2010 average con-
centration of CO, in the atmosphere already amounted
to 389 ppm (Tans, 2011), compared to approx. 280
ppm before the Industrial Revolution (IPCC, 2007a).
Limiting climate change requires the immediate decou-
pling of economic growth from greenhouse gas emis-
sions. These do not only include CO,, which is prima-
rily released through the combustion of fossil energy
carriers (Section 1.2.3), but also other climate-impact-
ing gases (CH,, N,0O, and industrial gases). Other sec-
tors in which emissions must also fall drastically include
land use and industry (WBGU, 2007a).
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Figure1.1-1

Earth System Megatrends 1.1

Development over time of temperature, sea-level and Arctic sea ice extent.

a) Past (Mann et al., 2008) and future (IPCC, 2007a) global temperature curve. Three different emission scenarios are shown
(B1, A2 and A1FI); the coloured areas are the associated climatological uncertainty spans. Without successful climate change
mitigation measures, the 2°C guard rail would be transgressed even in the most optimistic scenario (B1; green). Inset:
recorded temperatures to 2010 (NASA, 2011). The measured data shows annual values for global temperature relative to the

1880-1920 average, and an adjusted climate trend line.

b) Current projections of global sea-level rise up to 2300 (relative to 1990). Red: WBGU guard rail of 1m above the pre-
industrial level (WBGU, 2006). As the sea level has risen by around 15 centimetres between the beginning of industrialisation
and 1990, the line is here shown at less than 1 m. Data: Sea-level data based on Church and White (2006). Projections: grey
area and dotted lines based on Rahmstorf (2007); orange bar based on Delta Committee (2008); light blue bar based on
WBGU (2006). The differing assumptions underlying these projections are explained in the sources cited. Inset: orange: sea-
level data based on Church and White (2006); blue: satellite data up to 2010, updated based on Cazenave et al. (2008); grey
area and dotted lines: projections from the IPCC Third Assessment Report (IPCC, 2001).

) Extent of Arctic sea ice at the summer minimum (September), according to observed data, reconstruction (Walsh and
Chapman, 2001) and a series of model calculations by the Max Planck Institute for Meteorology, Hamburg (based on

Jungclaus et al., 2010).
Source: based on WBGU, 2009, amended

The negotiations for a global climate treaty com-
menced in 1990, and led to the UNFCCC in 1992. Today;
with 192 signatories, it enjoys almost universal mem-
bership. Its most important achievement is the formu-
lation of a common climate change mitigation goal, to
succeed in stabilising the greenhouse gas concentra-
tions in the atmosphere at a level that would prevent
dangerous anthropogenic interference with the climate
system (UN, 1992). Its framework convention charac-
ter, however, means that complementing decisions for
implementation are needed. Since 1995, many such
decisions have been agreed in 16 Conferences of the
Parties (COP) to date, including the Kyoto Protocol in
1997. It contains binding emissions targets for indus-
trialised countries for the period 2008-2012, and was
designed to allow for subsequent commitment periods.
However, the protocol was never ratified by the indus-
trialised countries” largest emitter, the USA, and the
negotiations on further commitment periods in Canciin
in 2010 were also fraught with difficulties. Although
only moderately ambitious (the industrialised countries
committed to reducing their emissions by 5%, com-
pared to 1990 levels, for the period 2008-2012), the
Kyoto Protocol has frequently been viewed as a trial
run for climate change mitigation instruments (such as
the trading of allowed emissions between parties, and
the Clean Development Mechanism), and has certainly
contributed much to testing these. Negotiations on
long-term international cooperation have been ongo-
ing since COP 13 in 2007 on Bali. So far, however, the
hope that these will ultimately lead to a comprehensive
and legally binding agreement that can be operational-
ised has not been fulfilled. The negotiations do not only
concern climate change mitigation, but also increas-
ingly adaptation to climate change. Central unresolved
issues are aspects of equity, particularly with regard
to the industrialised countries’ responsibility to sup-
port the developing countries’ climate change mitiga-

tion and adaptation efforts both financially and with
technology transfers. Progress has been made, how-
ever, with regard to a consensus on the overall ambition
level of climate protection efforts; the view that the rise
in temperature must be limited to 2°C or even 1.5°C
has become prevalent in the debate (UNFCCC, 2010).
However, the resultant consequences with regard to
the required measures have so far been ignored. The
‘Cancin Agreements’ that have been passed at COP 16
could make the further negotiation process somewhat
easier as some aspects have been preliminarily agreed;
however, the important question of future emissions
reductions is by and large excluded.

To summarise, it can be stated that although the
UNFCCC and its decisions currently provide adequate
goals in terms of the general aspiration level, these are
not acted upon and remain abstract, nor are they sup-
ported by appropriate concrete measures. Currently,
nothing would support the expectation that the sum
total of the climate change mitigation measures and tar-
gets planned by the states themselves, and reported to
the convention, will be enough to avoid global warming
of more than 2°C. A binding agreement which would
oblige the states to develop and keep to adequate plans
does not appear to be on the horizon.

1.1.2
Loss of Ecosystem Services and Biodiversity

Humankind has also had a dramatic impact on the bio-
sphere. At a rapidly increasing speed, forests, savan-
nahs and grasslands are being cleared to make way for
agriculture. Globally, more than three-quarters of the
ice-free landmass is showing signs of anthropogenic
change, and around a third of this area is used for agri-
culture, this looks likely to increase (Ellis and Ram-
ankutty, 2008; Ramankutty et al., 2008). A growing
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Box1.1-1
The Global CO, Emissions Budget

Recent studies have shown that in the long run, CO,’s already
major impact in terms of climate change, compared to more
short-lived greenhouse gases and aerosols, will become even
more dominant due to its long life-time in the atmosphere
(Allen et al., 2009; Meinshausen et al., 2009). The WBGU
focused on this fact in its special report ‘Solving the climate
dilemma: The budget approach” (WBGU, 2009). As more
recent emissions data has now become available, the fol-
lowing reviews the still permissible CO, budget. According
to Meinshausen et al. (2009), the emission of 1,160 Gt CO,
from anthropogenic sources between 2000 and 2050 leads
to 2°C guard rail transgression with a probability of 33%.
Based on data from CDIAC (2011), Le Quére et al. (2009) and
GCP (2011), the WBGU estimates that for the period 2000—
2010, CO, emissions from fossil sources and cement produc-
tion amounted to 314 Gt CO,, and emissions from land-use
changes to 45 Gt CO,; i.e. according to this estimate, anthro-
pogenic CO, emissions for the period 2000-2010 amounted
to approx. 360 Gt CO, in total. This would leave a permissible
budget of approx. 800 Gt CO, for emissions from anthropo-
genic sources between 2011 and 2050 if compliance with the
2°C guard rail is to carry a probability of two-thirds. What
does this mean in terms of emissions from fossil sources?
Friedlingstein et al. (2010) cite an average 4.0 Gt annual CO,
emissions from land-use changes for the period 2000-2009.
The Parties to the Convention on Biological Diversity have
set themselves the target of at least halving the natural eco-

_

system loss rate, including forests, by 2020 (CBD, 2010b). If
therefore the respective emissions were successfully halved
by 2020, and would subsequently continue to sink at the
same rate down to zero, CO, emissions from land-use change
between now and 2050 could be limited to 40 Gt. However, if
these emissions were not halved until 2030, and not reduced
to zero until 2050, it would mean emissions of 80 Gt CO,.
Therefore, depending on how successfully CO, emissions
from land-use change are contained, i.e. above all by reduc-
ing deforestation in the tropics (Section 4.1.7), 720-760 Gt
CO, from fossil sources could still be emitted by 2050. Rais-
ing the probability of limiting anthropogenic global warming
to 2°C to 75% would reduce the permissible budget for CO,
from fossil sources to 560-600 Gt CO,. If deforestation is not
successfully contained, this budget will shrink even further.

Particularly due to new, significantly lower estimates of
land-use emissions since 2000 (Friedlingstein et al., 2010),
the 750 Gt CO, estimate cited in the WBGU budget for 2010-
2050 therefore still applies as a rough guideline for the per-
missible 2011-2050 budget. Figure 1.1-2 depicts three sche-
matic pathways of global CO, emissions from fossil fuels that
would be compatible with such a budget. It becomes clear
that the evident consequence of a temporal shift in the global
emissions peak is that the required reduction rates in order to
comply with the budget are substantially higher in later years.

Although the dominant warming effect originates from
CO, emissions, these calculations also include the impact of
the other greenhouse gases regulated by the Kyoto Protocol.
It is assumed that the cumulated emissions of these other
greenhouse gases for the period 2010-2049 will amount to
approx. 500 Gt CO,eq (Meinshausen et al., 2009).

Figure 1.1-2 40
Examples of global emission
pathways with emissions of
750 Gt CO, between 2010
and 2050.

Source: WBGU, 2009
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global population, which also becomes more demand-
ing (for example concerning the consumption of animal
products), increased bioenergy production and biomass
use, and an expanding infrastructure are major reasons
for growing land-use pressures (WBGU, 2010a; van
Vuuren, 2009; PBL, 2010; Section 1.2.5). Moreover,
coral reefs and mangrove forests are being destroyed,
lakes over-fertilised, rivers dammed, and fish resources
overexploited (WBGU, 2001b, 2006, MA, 2005b;
CBD, 2010b). All this leads to a massive loss of biodi-

2020 2025 2030 2035 2040 2045 2050
Year

versity: compared to the natural background rate, the
current rate of extinction of floral and faunal species
has already increased by a factor of between a hun-
dred and a thousand (MA, 2005b). In the extensively
studied species groups, a large proportion is considered
endangered or already extinct (22 % of mammals, 14%
of birds, 31 % of amphibians, 28% of conifers and 52 %
of cycads; Vié et al., 2008), current conservation meas-
ures appear to be inadequate (for example Hoffmann
et al, 2010).



Box 1.1-2
Ocean Acidification

CO, emissions not only lead to climate change, but also direct-
ly impact ocean chemistry. So far, around a third of anthropo-
genic CO, emissions have been absorbed by the oceans, and
turned into carbonic acid in the ocean water, thus leading to
a measurable acidification (The Royal Society, 2005). This has
already led to an approx. 30% rise in the concentration of
hydrogen ions, equalling a reduction of around 0.11 units of
pH value compared to pre-industrial levels (WBGU, 2006).
Acidification is progressing at least 100 times faster than
ever before in the past 20 million years (Rockstrom et al.,
2009b). The fact that the atmospheric CO, concentration has
already been higher in earlier ages is not a counterargument,
as the acidification is particularly caused by the pace of the
CO, increase, which decouples it from natural chemical buffer
processes (WBGU, 2006).

Unabated continuation of this trend would lead to acidifi-
cation of the oceans that is unparalleled over the past millions
of years, and irreversible for thousands of years. Acidifica-
tion impedes the growth of calcifying organisms (for exam-
ple corals, mussels, snails and certain groups of plankton),

—

Human societies need resources which nature deliv-
ers: food, fibres, building materials and industrial raw
materials are just some examples. We also depend on
ecosystem services: coastal protection, freshwater sup-
ply, pollination, soil fertility, unpolluted air, etc. (MA,
2005¢). Not least, we need floral and faunal species
because their genetic and physiological blueprints are
vital for the further development of useful crops to
safeguard global food security, or for medical and tech-
nical research (WBGU, 2001a; Chivian and Bernstein,
2008).

As biodiversity and ecosystem services have the
character of public goods which are not traded on mar-
kets, and which do not carry a specific price tag, the
economic system hugely underestimates their impor-
tance (Sukhdev, 2008; TEEB, 2010). In consequence,
the degradation and destruction of natural ecosys-
tems and the diversity of their species and gene pools
continues, so that considerable loss of biodiversity
can be expected in this century (Pereira et al., 2010).
The 6th extinction crisis of species in geological his-
tory is an imminent danger, irreversible and, this time
round, caused by humankind (Leakey and Lewin, 1996;
Chapin III et al., 2000). This new mass extinction can
only be avoided through strict protection of the endan-
gered species (Barnosky et al., 2011).

The disappearance of species and genes renders the
remaining ecosystems more vulnerable to disturbances
(Suding et al, 2008). In addition to the large-scale
land-use changes mentioned above, climate change
(Section 1.1.1), the considerable intensification of
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leads to biodiversity loss, can create anoxic death zones in
oceans (Hofmann and Schellnhuber, 2009), changes the
biogeochemical dynamics in sea water (for example of cal-
cium carbonate, organic carbon, nitrogen and phosphorus;
Doney et al., 2009), and generally endangers the existence of
marine ecosystems (for example coral reefs; Hoegh-Guldberg
et al., 2009). These fundamental changes can have far reach-
ing consequences for the millions of people who, directly or
indirectly, depend on the ocean (Doney et al., 2009).

The WBGU has proposed the following guard rail: the pH
level of the near-surface ocean layer should not fall in any
major ocean region by more than 0.2 units against pre-
industrial levels (WBGU, 2006). Rockstrom et al. (2009a, b)
have chosen a different indicator and suggest that the calcium
carbonate saturation (of aragonite) should amount to at least
80% of the pre-industrial value Q = 3.44, so that the near-
surface layers are not undersaturated, enabling most coral
systems to survive. The acidification issue alone is reason
enough to restrict CO, emissions. Climate policies should
therefore ensure that anthropogenic CO, emissions are
restricted independently of the reduction of other green-
house gas emissions. So far, the special role of CO, has not
been adequately taken into account in UNFCCC negotiations.

nutrient cycles (Section 1.1.5), and the global disper-
sal of invasive alien species through increasing inter-
continental traffic (Figure 1-3b) constitute further glo-
bal disturbances which have greatly increased since the
industrialisation, straining the ecosystems even further.
Unabated climate change alone means risking the irre-
trievable loss of 20-30% of floral and faunal species
(IPCC, 2007b). This increases the risk of sudden, non-
linear and unforeseeable changes in ecosystems (Schef-
fer et al., 2001; Hastings and Wysham, 2010), which
can even affect ecosystem structures of continental
dimensions and extensive oceanic regions (Scheffer,
2009; for example collapse of cod stocks off the shore
of Newfoundland, Hutchings and Myers, 1994, Ama-
zonas region: WBGU, 2008). The ability of the planet’s
ecosystems to provide the natural life-support systems
needed to sustain future generations can therefore no
longer be taken for granted (MA, 2005d).

In economic terms, as with climate change, the
timely avoidance, or at least limiting, of the problem is
considerably more viable than a later repair of the dam-
ages (TEEB, 2010; Table 1.1-1).

A planetary guard rail for the loss of biodiversity
is particularly difficult to define, due to the diversity
of species, their extremely varied importance for the
functioning of the ecosystems, and the huge knowledge
gaps. As nature reserves are one of the most important
instruments for the conservation of biodiversity and
ecosystem services, they are suitable as a rough indica-
tor for biosphere protection. The WBGU proposed the
following guard rail for biosphere conservation (2006):
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Table 1.1-1

Estimates of cost and benefits of restoration projects in different biomes.

Source: Sukhdev, 2008

Biomes or ecosystems Typical cost
of restoration

(high scenario)

[USs$/ha] [USs/ha]
Coral reefs 542,500 129,200
Coastal ecosystems 232,700 73,900
Mangroves 2,880 4,290
Inland wetlands 33,000 14,200
Lakes and rivers 4,000 3,800
Tropical forests 3,450 7,000
Other forests 2,390 1,620
Woodland and shrubland 990 1,571
Grasslands 260 1,010

Estimated

annual benefits
from restoration
(average scenario)

Net present Internal Benefit/
value of rate of cost ratio
benefit over return
40 years
[USs/ha] [2]
1,166,000 7 2.8
935,400 11 4.4
86,900 40 26.4
171,300 12 5.4
69,700 27 15.5
148,700 50 37.3
26,300 20 103
32,180 42 28.4
22,600 79 75.1

10-20% of the global area of terrestrial ecosystems,
and 20-30% of the area of marine ecosystems should
be designated as parts of a global, ecologically repre-
sentative and effectively managed system of protected
areas. At the 10th Conference of the Parties in Nagoya,
the Convention on Biological Diversity (CBD) defined
its targets by 2020 as increasing protected areas on
land to 17 %, and marine areas to 10% (CBD, 2010a).
Although officially, around 12% of global land areas
are already under protection (BIP, 2010), the existing
protected area systems are neither adequately repre-
sentative, nor sufficiently well planned, financed or
managed (CBD, 2004). Moreover, even a perfectly
functioning system of protected areas cannot halt the
loss of hiological diversity alone. This needs sustainable
land use of cultivated areas, the linking of protected
areas with the surrounding countryside, and the restric-
tion of climate change and ocean acidification. Rock-
strom et al. (2009a, b) base their planetary boundary
on the species extinction rate, and believe that a rate
ten times that of the natural background rate of species
extinction is a limit beyond which adverse large-scale
system changes cannot be excluded. However, the cur-
rent extinction rate of floral and faunal species is today
already 100-1,000 times higher than the natural back-
ground rate, and this rate is set to increase further (MA,
2005b), so in essence, using this parameter, humankind
has already broken this boundary and is deep within
the danger zone (Rockstrém et al., 2009b).

The CBD is viewed as the most important interna-
tional agreement on biodiversity. There are also fur-
ther intergovernmental agreements, focusing on cer-
tain aspects of biodiversity. The CBD has endeavoured

to improve implementation of the agreed targets in the
Parties to the Convention since 1993, with the aid of
work programmes, standard setting and finance trans-
fers for developing countries. The international commu-
nity’s target of significantly reducing the biodiversity
loss rate by 2010 has not been reached: since then, the
loss rate has even gained momentum. Not one of the
21 sub-targets agreed has been achieved, and signifi-
cant progress has been made in only four of these sub-
targets. Of the 15 indicators included, two are pointing
upwards, three show no clear trend, and eleven indi-
cate a worsening of the situation (CBD, 2010b). Models
show that without a fresh political approach, the loss of
biodiversity will continue (PBL, 2010). A new strategic
plan was drafted at the Conference of the Parties in
Nagoya. It intends to stop the loss of biodiversity and
to establish the basis for this by 2020 (CBD, 2010a).
However, despite some ambitious target setting on the
part of the existing global institutions, a trend reversal
in the area of biodiversity has not yet been achieved.

1.1.3
Land Degradation and Desertification

Land degradation is caused primarily by deforestation,
overgrazing, the expansion of non-sustainable agri-
cultural production, soil salinisation, soil sealing, and
urban growth (IAASTD, 2009; UNEP, 2002, 2007).
According to UNEP, around 20,000-50,000 km? of pro-
ductive land are lost annually, mainly through soil ero-
sion (UNEP, 2007). Assessments regarding the extent
of land degradation vary, depending on the methodical



approach used. However, the consensus in the scientific
community is that unabatedly progressing land degra-
dation and desertification represent global problems
which will considerably limit the scope for action with
regard to agricultural production, nature conservation,
water catchment areas and forests, and not least cli-
mate change mitigation in the coming decades (Eswaran
etal.,, 2001; MA, 2005e¢).

The first global assessment of land area degradation,
based on expert opinions, was the Global Assessment
of Human Induced Soil Degradation (GLASOD) pre-
sented by the International Soil Reference and Infor-
mation Centre in 1990, which included changes over
the past centuries (WBGU, 1995a). GLASOD estimates
that globally, between 1940 and 1990, slightly less than
2 billion hectares of land (the equivalent of 15% of glo-
bal land area) were subjected to anthropogenic degra-
dation, with all countries being affected (Oldeman et
al., 1990, 1991). Subsequently, 65% of agriculturally
used land showed signs of degradation, of which 25%
were moderate, and 40 % strong, or very strong. Recent
research also including satellite data concludes that glo-
bally, degradation has affected around a third of the
arable land (TAASTD, 2009). Drylands are seen as par-
ticularly prone to soil degradation, especially desertifi-
cation (MA, 2005e; Hutchinson and Herrmann, 2008).

Unlike GLASOD, the latest interim findings report by
the Land Degradation Assessment in Drylands (LADA;
Bai et al., 2008) shows that over a fifth of global arable
land is affected by degradation. This report is based on
satellite data on net primary production, and empirical
in situ analyses between 1981 and 2003. According to
LADA, improved soil canopy can also be observed in
almost 16% of global terrestrial land areas: 18% on
arable land, 23 % in forests, and 43 % on pastures. Two
factors which have led to a partial improvement of the
vegetation canopy, or biomass production, are addi-
tional irrigation, and large-scale reforestation projects.

However, from a global perspective, in comparison
with soil improvement, land degradation is the domi-
nating trend: in many developing countries, land deg-
radation threatens food security and the development
potential of rural areas (WBGU, 2010a).

A sensible measure to support the avoidance of fur-
ther land degradation would be the agreement of a
planetary guard rail for global soil protection. Rock-
strom et al. (2009a) propose that a maximum of 15%
of the total global terrestrial area should be used for
agriculture. To date, slightly less than 12% has already
been converted. The WBGU has suggested the stabilisa-
tion of the natural yield potential in 300-500 years as a
planetary guard rail for anthropogenic soil degradation
(WBGU, 2010a). Soil loss should not exceed soil refor-
mation. Depending on soil properties, a tolerance limit
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could be set to achieve this. In the temperate zone, the
WBGU envisages a tolerance limit of 1-10 t soil loss per
hectare per year.

The United Nations Convention to Combat Desertifi-
cation (UNCCD) addresses land degradation and deser-
tification, important areas for development cooperation
for many decades now. Effective climate change miti-
gation can hardly be achieved without sustainable land
use. To date, desertification has caused the release of
an estimated 18-28 Gt C (the equivalent of 66-103 Gt
CO,) of soil carbon (FAO, 2009d). Grasslands and pas-
ture are major potential carbon sinks: through the sus-
tainable management of grassland areas and the resto-
ration of degraded grassland, 100-800 Mt CO, could be
stored globally each year (FAO, 2009d).

Considering the importance of soil protection and
sustainable land use, the global institutions dealing
with these areas do not have a very high profile. Of the
three ‘Rio conventions’, the desertification convention
has always been somewhat neglected in international
environmental policy-making. Whilst there is at least
an international agreement on combating land degrada-
tion in drylands, there is still no sign of any comprehen-
sive, global, legally binding regulation addressing this
issue beyond drylands or forest protection.

1.1.4
Water Shortage and Water Pollution

Overall freshwater use has increased almost eight-fold
over the last century (Shiklomanov, 2000), and is con-
tinuing to grow by about 10% each decade. A grow-
ing global population with rising demands will also lead
to a considerably increased future water demand, par-
ticularly because of the continued growth in irrigation
agriculture.

Humankind’s impact on the global water balance
increases every year (Shiklomanov and Rodda, 2003);
currently, over 40% of renewable, accessible water
resources are subject to anthropogenic use or control
(MA, 2005b). Increasingly, the problem is not simply
overuse, but also water pollution. Agriculture (salini-
sation, nutrient and sediment contamination), indus-
try and households (nutrients and pollutants) pollute
lakes, rivers and coastal waters, causing considerable
ecological, health and development problems (IWMI,
2007). Groundwater tables are falling in many water
catchment areas, many large rivers are overused, badly
polluted and biologically depleted, a quarter of these do
not reach the sea any more due to massive water use
(for example the Yellow River in China; the Colorado in
North America).
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In some regions, water crises have already exacer-
bated serious social conflicts (WBGU, 2008). A third
of the world population is affected by water scarcity;
approximately 1.1 billion people do not have access
to clean drinking water. Water pollution is an equally
critical problem: 2.6 billion people do not have access
to basic sanitation facilities, posing a serious threat to
human health (UNDP, 2006). A lack of clean water
causes diseases and is one of the most common causes
of child mortality in developing countries. At 17 %, gas-
trointestinal infections were the most common cause of
death of children under 5 in developing countries, kill-
ing 1.8 million globally in 2000 (UNESCO, 2009). Cli-
mate change exacerbates these problems. It will nega-
tively impact the water balance in many regions, affect-
ing the amount of water available, or impair its seasonal
distribution (IPCC, 2007b; WBGU, 2008).

This inspired the agreement of one of the Millen-
nium Development Goals, to halve the number of peo-
ple without access to water by 2015, compared to 1990
levels (Millennium Development Goal 7, Target 10; UN,
2010). This goal is achievable if the appropriate efforts
are made, even though it is unlikely that the situation
will improve in some regions, for instance in sub-
Saharan Africa or Oceania (UNICEF and WHO, 2004;
WBGU, 2005).

Rockstrom et al. (2009a) propose a planetary
boundary for global freshwater use. Removing more
than a total of around 4,000 km3 of water from all riv-
ers, lakes and ground water (‘blue water”) per year har-
bours a significant risk of non-linear system responses
(major shifts in water balance, collapse of ecosystems),
both on a regional and continental scale. Although cur-
rent usage of around 2,600 km3 per year, with a rap-
idly rising tendency, leaves some room to manoeuvre,
this will in all probability not be the case anymore by
2050 due to the necessary agricultural expansion and
intensification.

A globally agreed framework for a sustainable fresh-
water policy along the lines of the three Rio conven-
tions has so far not been set by the international com-
munity. Other than climate, freshwater is an environ-
mental good whose protection and sustainable use can
often be achieved most efficiently locally, in the respec-
tive water catchment areas. In view of this, regional or
national solutions appear more sensible. However, as
water scarcity and pollution of freshwater resources are
also a trend that can be observed on a global level, there
is also a need for a global regulation or agreement. Con-
trary to the three Rio conventions, global water policy
is a dialogue process, organised by a non-governmen-
tal organisation, the World Water Council. Every three
years, a World Water Forum is held in which all stake-
holders participate (UN, states, NGOs, private sector,

science, etc.) to advance the dialogue on sustainable
freshwater use.

1.1.5
Raw Materials, Nutrients, Pollutants

For around the past 150 years, mineral material flows
have increased drastically. Coal and ores, crude oil, and
natural gas are the best-known examples of the extrac-
tion of finite raw materials fuelling the global economy
since the Industrial Revolution. Some of these resources
are now becoming scarce (Section 4.1.2; Figure 1-3a).

However, artificially manufactured nitrogen ferti-
lisers and the extraction of mineral phosphor depos-
its (Box 1.1-3) are also vital for providing the grow-
ing global population with food, and for agriculture in
general. Effective climate change mitigation requires
the conversion of large parts of the economic system,
not least in terms of energy supply and mobility (Sec-
tion 4). In this context, the focus is now on other min-
eral resources, which will be required in considerably
large volumes in future, and which are relatively rare,
or whose deposits are distributed extremely dispropor-
tionately; Section 1.1.5.1 cites some examples of these.

Anthropogenic pollutant emissions have led to
numerous global environmental problems and adverse
effects on people’s health: greenhouse gases change the
Earth atmosphere’s radiation balance (Section 1.1.1);
nutrients enter the biosphere and provoke changes in
ecosystems on a large scale; stratospheric ozone layer
depleting substances are still being released into the
atmosphere (Section 1.1.5.3); regionally, aerosol par-
ticles sometimes have an extremely adverse effect on
both people and ecosystems; toxic chemicals which
are hazardous to health are released into the environ-
ment. Not least, in consequence, water pollution is
becoming an increasingly critical development problem
(Section 1.1.4).

The following is limited to outlining only a few of
these problems by way of examples.

1.151
Increasing Scarcity of Strategic Mineral Resources:
Examples

Lithium

Almost a third of the globally extracted lithium is used
in modern batteries, found in, for example, mobile tel-
ephones and notebook computers. Even today, lith-
ium batteries already exhibit an annual growth rate of
around 20%. The massive expansion of electromobil-
ity would increase lithium battery demand even fur-
ther (USGS, 2010a). There has been some controversy



Box1.1-3
Peak phosphorus

Besides nitrogen and potassium, phosphorus is one of the
three main components of artificial fertilisers. Whilst nitrogen
can be obtained from the air in practically unlimited quanti-
ties using the energy-intensive Haber-Bosch process, phos-
phorus is a scarce finite resource which, unlike for example
crude oil, is irreplaceable by other energy carriers or sub-
stances. Phosphorus is indispensable as a crop nutrient to
ensure the required increase in productivity per crop area to
maintain the food security of a growing world population,
and to meet the rising demand for bioenergy and bio-based
products from land use (Section 1.2.5). Almost 60% of phos-
phorus reserves of approx. 16 billion t are in Morocco and

(T

on whether lithium scarcity could actually prevent
the large-scale use of electric cars (for example Tahil,
2007; Meridian International Research, 2008; Evans,
2008). According to US Geological Survey calcula-
tions (USGS, 2010b), current economically exploitable
reserves amount to 9.9 million t, identified resources
total around 25.5 million t, and global production in
2009 is estimated at 18,000 t; therefore, scarcity does
not appear to be an issue in the medium-term, partic-
ularly if effective recycling measures are implemented
(Angerer et al, 2009b). The latest research by the
US Ministry of Defence has shown significant, as yet
uncharted lithium reserves in Afghanistan.

Rare Earths, Rare Metals and Semimetals

Gallium and indium are used in the photovoltaic indus-
try, neodymium is an important element used in the
manufacture of permanent magnets, for example for
electric engines and wind power stations, germanium is
used in optoelectronics, scandium in fuel cells, tantalum
in micro capacitors (for instance for mobile telephones),
and platinum for fuel cells and various catalytic con-
verters. These elements are at the top of a list of those
relevant for future technologies, where in some cases,
the expected demand in 2030 will considerably out-
strip current production levels (Angerer et al., 2009a).
Demand for all of these raw materials is expected to
rise, for some significantly; the use of rare earths could
triple between 2000 and 2014 (Service, 2010). Accord-
ingly, rare earth prices have already shown significant
increases. There is therefore some concern that raw
material shortages could limit large-scale solar energy
expansion, or the expected strong demand for elec-
tric engines and generators. Not least for reasons of
cost-efficiency, over 90% of the currently available
rare earths are extracted in China; however, in 2010,
China’s export volume fell by 29%, compared to 2008
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China (although China does not export); South Africa and the
USA are next on the list (USGS, 2010c). Cordell et al. (2009)
estimate that the extraction maximum (peak phosphorus)
could already be reached in 2030; according to Déry and
Anderson (2007), the peak has even already been exceeded
in 1989. As with crude oil (peak oil), the quality of the
remaining phosphate minerals subsequently declines, leading
to rising production costs. Unlike oil, however, phosphates
cannot be substituted, but they can be recycled. Important
coping strategies are the more efficient use of phosphate fer-
tiliser, the completion of nutrient cycles in agricultural pro-
duction, particularly through the use of organic fertilisers,
and the reclamation of nutrients from waste water. Despite
the future major importance of this problem in terms of food
security, it is still not on the international political agenda
(Vaccari, 2009; Cordell, 2010; Craswell et al., 2010).

levels (Schiiler et al.,, 2011). Higher export duties for
these strategic raw materials were introduced, so scar-
city could become exacerbated (Service, 2010). In
response, there are plans to open, or reopen, alterna-
tive extraction sites (for example Mountain Pass mine
in California, Mount Weld mine in Australia; Schiiler
etal, 2011).

Conclusions
The EU has presented a raw material initiative (EU COM,
2008c), and also developed a list of the 14 raw mate-
rials critical for the EU (EU COM, 2010h). The German
federal government introduced its raw material strategy
in October 2010 (BMWi, 2010d), which focuses prima-
rily on raw material supply security from the German
perspective. The WBGU believes that this strategy is a
step in the right direction. However, it is mainly con-
cerned with securing the supply of strategic mineral
raw materials in the short to medium term. There is not
enough emphasis on the fact that in the long term, the
course should be set towards a circular economy, par-
ticularly towards recycling and usage efficiency. The
international long-range and secondary effects with
regard to sustainable development in export countries
play only a marginal role in the raw material strategy.
Although environmental and development political
aims are mentioned, it seems that these are superseded
by the primary aim of securing the raw material supply.
A raw material strategy should integrate the avoid-
ance of negative impacts on environment and develop-
ment from the start, and should also be more expansive
by combining the following elements for each respec-
tive raw material and application: securing and expand-
ing the supply, usage efficiency, recycling, and substi-
tution. Particularly the significant potential for effi-
ciency optimisation and recycling of the listed strategic
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minerals has been examined only marginally (Schiiler
etal, 2011).

In the case of imminent, permanent price increases
for certain raw materials, substitution seems the obvi-
ous choice. For example, neodymium scarcity, about
which concerns are frequently voiced, could lead to an
increase in the price of permanent magnets, which are
also used in the construction of modern wind power sta-
tions. However, electric generators, such as those used
in wind power stations or engines for electric vehicles,
could also be realised without the use of permanent
magnets. There are also sufficient alternatives available
which could be used in photovoltaic technology to gen-
erate solar energy, rather than relying on materials with
limited availability. Comparable alternatives also exist
for the catalytic converters used in hydrogen electroly-
sis or fuel cells. In principle, the WBGU therefore does
not consider the limited availability of rare materials
to be a risk endangering the rapid conversion towards
low-carbon energy systems.

1.1.5.2
Nutrient Cycles
Nitrogen (N) and phosphor (P) are — besides CO, and
water — the two vital plant nutrients whose glohal
cycles are relevant for the Earth system. Anthropo-
genic change and acceleration of both cycles has been
significant in order to increase agricultural production
through the use of mineral fertilisers (Vitousek et al.,
1997a; Mackenzie et al., 2002; Section 1.2.5). Over-
supply with these nutrients can change ecosystems to
such an extent that threshold values are exceeded, trig-
gering fundamental structural changes or collapse. This
pattern can be observed at all dimensional scales, from
small local ecosystems (meadows, lakes) to large-scale
anoxic marine environments (for example dead zones
in the Gulf of Mexico or the Baltic Sea; Diaz, 2001).
The anthropogenic production of reactive nitrogen
(fertilisers, combustion processes and the cultivation
of nitrogen-fixing legumes) has increased tenfold since
industrialisation (from approx. 15 to approx. 156 Mt N
per year), today exceeding natural flows. Over half of
all synthetic nitrogen fertiliser ever produced has been
applied post-1985 (MA, 2005a). Its use is expected to
increase even further to approx. 267 Mt per year by
2050 (Galloway et al., 2004; Bouwman et al., 2009).
As a planetary boundary, Rockstrém et al. (2009b) rec-
ommend limiting nitrogen input to around 35 Mt N
per year, roughly the equivalent of a quarter of cur-
rent amounts, to prevent the slow erosion of ecosys-
tem resilience through eutrophication and acidification.
The use of phosphor as a fertiliser has tripled
between 1960 and 1990 (MA, 2005a). Today, around
20 Mt P per year are extracted for use as mineral ferti-

liser; however, the easily accessible resources will soon
become scarce (Box 1.1-3; Rockstrom et al., 2009a).
Ultimately, around half of this ends up in the oceans
(8.5-9.5 Mt P per year). For comparison: prehistorical
input into the oceans amounted to merely approx. 0.2
Mt P per year (Mackenzie et al., 2002). Such a huge
input increase of phosphor into the oceans could, in
the long term, lead to expansive anoxic zones, or dead
zones, in the oceanic deep seas, as has been the case
before in the history of the Earth (Handoh and Len-
ton, 2003). Despite the massively increased anthropo-
genic phosphor flow, Rockstrém et al. (2009a) believe
that a planetary boundary of 11 Mt P per year should
be sufficient to prevent critical load limits from being
reached. In view of the increasing demand for agricul-
tural products (Section 1.2.5), this boundary has almost
been reached.

1.1.5.3

Depletion of the Stratospheric Ozone Layer

Over the past few years, the annual seasonal strat-
ospheric ozone hole over Antarctica has continued to
reach record dimensions, fluctuating slightly from year
to year. Recovery can not be expected as yet, despite
the successes of the Montreal Protocol that led to the
reduction of emissions of ozone-depleting substances,
as the processes are still in saturation. This also applies
more or less to the Arctic stratospheric ozone deple-
tion in the spring; again there has been no measura-
ble trend reversal. In the global mean, the ozone layer
has also not yet recovered to pre-1980 levels, however,
over the past few years, total column ozone has stabi-
lised at around 3.5% (northern hemisphere), and 6%
(southern hemisphere) below pre-1980 levels. Accord-
ingly, clear-sky UV radiation levels in mid- and higher
latitudes are still higher than they were pre-1980.

The atmospheric concentration of the ozone-
depleting substances regulated by the Montreal Pro-
tocol (measured in terms of their stratospheric ozone
depletion potential) is expected to fall to 1980 levels
by the middle of the 21st century. Nevertheless, the
ozone layer is not expected to fully return to its pre-
1980 condition but to remain permanently altered due
to the impact climate change has on atmospheric circu-
lations. Total ozone columns in the tropics are expected
to remain lower than they were in 1980, whilst out-
side the tropics, they are expected to increase (Li et
al., 2009). Without the regulation of ozone-depleting
substance emissions as stipulated by the Montreal Pro-
tocol, the globally-averaged column ozone could have
been expected to decrease by 17% by 2020, and by
67 % by 2065, which by then would have led to a dou-
bling of skin damaging UV radiation levels during the



summer months in the northern mid-latitudes (New-
man et al., 2009).

The Montreal Protocol, in force since 1989 and con-
tinuously reviewed and tightened over the years, can
therefore be seen as successful. Beyond protecting the
ozone layer, it has also contributed to climate change
mitigation, as many of the ozone-depleting substances
regulated in the Montreal Protocol are also strong
greenhouse gases. Velders et al. (2007) estimate that
the global climate change mitigation effect of the Mon-
treal Protocol through avoided emissions in the period
1990 to 2010 considerably exceeds that of the Kyoto
Protocol.

However, particularly in Antarctica, an effect in the
opposite direction is to be expected: the annual forma-
tion of the ozone hole influences the local climate via
lower atmospheric flows. In the past decades, the warm-
ing in Antarctic summer which otherwise would have
been expected due to anthropogenic climate change
has been reduced in this way. In a future where the
ozone hole does not develop anymore, a corresponding
increase in warming can be expected in Antarctica (for
example Son et al., 2009).

1.1.54

Pollutants: Examples

This report would like to mention only two groups of

globally significant pollutants by way of example:

> Persistent organic pollutants: One group of toxins
presenting a particular health hazard for people and
the environment are the synthetically produced per-
sistent organic pollutants (POPs), characterised by
their great toxicity, strong mobility, and persistence
(long life). Their number and volume has signifi-
cantly increased, they are spreading globally, and,
not least, they are particularly dangerous because
they can accumulate in the food chain (UNEP, 2007).
In her 1962 book ‘Silent Spring’, considered an
important trigger for the environmental movement
by many, Rachel Carson highlighted this issue (Car-
son, 1962; Kroll, 2006). Ten years later, the pesticide
DDT was banned in the US, and as of 2004, the
Stockholm Convention is effective, aimed at initially
banning ‘the dirty dozen’ (nine pesticides, PCBs,
dioxins, and furans). Some of these substances are
intentionally produced synthesised products for a
particular use, for example as a pesticide; others are
unintentionally created pollutants, such as, for
example, dioxins, which are the result of combustion
processes. These are a major source of POPs in devel-
oping countries (UNEP, 2003).

> Heavy metals: Another important example is pro-
vided by toxic heavy metals that are released into
the environment, such as lead and mercury. These
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substances also have a long life-span, disperse glo-
bally and accumulate: in the Arctic, for example,
high concentrations of mercury and POPs can now
be found in both people, and animals living in the
wild (Hansen, 2000). Whilst the conversion to lead-
free petrol has mitigated lead contamination, mer-
cury continues to increase, and still remains inade-
quately regulated (UNEP, 2007).

1.1.6
Interaction of Global Environmental Changes

Global environmental changes are complexly inter-
linked (Table 1.1-2). In some instances, for example
with regard to the avoidance of summer smog, goals
run parallel, leading to win-win measures: mitigating
toxic tropospheric ozone also mitigates the greenhouse
effect (Section 1.1.5.3). Most of these interrelations,
however, are intensifying effects; the overall impact
of global environmental change is therefore likely to
exceed the sum of the individual effects.

An example of this kind of pronounced positive
feedback loop is the conversion of natural ecosystems
(forest, grasslands, peatlands) for agricultural or for-
estry use. Deforestation and drainage release the major
carbon reserves stored in biomass and soils into the
atmosphere as CO, emissions (partly with a delayed
effect). Moreover, sink efficiency also often decreases,
if the secondary ecosystems have a lower CO, absorp-
tion capacity than the original vegetation. As cli-
mate change also contributes to biodiversity loss, and
impedes ecosystems function, these two major envi-
ronmental changes lead to mutual intensification (Sec-
tion 1.1-2).

On the other hand, these interrelated impacts can be
used for synergistic environmental policies. An effec-
tive policy for the protection of forests and peatlands
would not only have a positive effect on climate change,
but would also slow down biodiversity loss. Current
forest protection efforts within the scope of the climate
convention (Sections 4.1.7.1, 7.3.7.2) are therefore of
outstanding strategic importance (WBGU, 2010b).

Climate change is characterised not only by the great
number of intensifying feedback loops leading to other
environmental problems, but also by the dimensions
of these intensifying effects. The WBGU has analysed
these links, and concluded that people and society may
expect considerable effects (WBGU, 2008). Unabated
climate change would, for instance, cause vegetation
zones to shift, meaning not only that forestry and agri-
culture have to be expansively adapted, but also that
20-30% of floral and faunal species might become
extinct (IPCC, 2007b). The global water balance would
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Table 1.1-2

Interaction of Global Environmental Changes. Red: cumulative intensifying effect; green: cumulative alleviating effect; black:
neutral or unknown effect, or impact to be analysed individually.

Source: WBGU

Impact of Climate change Biodiversity loss

on

Climate change CO, emissions
through the loss of
natural ecosystems
(stocks and sinks);

albedo change

Biodiversity Overtaxation of
loss ecosystems” and
species” ability to
adapt (e.g. coral
bleaching)
Freshwater Altered precipi-  Altered local hy-
scarcity and tation volumes drological balances,
pollution and patterns e.g. through defor-
estation, increased
sediment load in
rivers
Soil Desertification Increased erosion
degradation, as a consequence through loss of

desertification of less precipita-

tion in arid areas

plant cover

Less air filtration;
decelerated pollut-
ant degradation

Pollutants and
nutrients

Freshwater Soil degradation, Pollutants and
scarcity and desertification nutrients
pollution
Loss of CO, stock  Impact of
and sink function: aerosols:
albedo increase CFCs; ground-
level ozone;
stratospheric
ozone
Degradation Ecosystem Accumula-
of limnic degradation; tion of pollut-
ecosystems; species loss ants in natural
species loss ecosystems;
eutrophication;
species loss
Increased Contamination of
pollutant and water resources
sediment burden  (e.g. through
mercury, pesti-
cides); sediment
burden
Salinisation Soil burden-
ing through
heavy metals
and organic
substances
Decelerated More dust
pollutant through wind
degradation erosion

also be severely affected. A tendency towards less pre-
cipitation in drylands, and increased rainfall in the wet
areas of the upper latitudes, can already be observed.
At the same time, more extended dry periods and
heavy rainfalls can be expected, increasing the risk of
droughts and flooding, respectively. Without decisive
climate change mitigation, these interrelated environ-
mental impacts could overload many societies” ability
to adapt over the next few decades, ultimately even
leading to national and international security threats
(WBGU, 2008).

One implication of this analysis is that international
environmental policies should increasingly focus on
integrative approaches which address several envi-
ronmental problems concurrently, or concentrate on
interactions and points where environmental prob-
lems meet. However, so far, these are the exception,
and must be accorded a far higher degree of attention
(Section 1.3).

1.2
Global Economic and Social Megatrends

In view of the Earth system megatrends, and the eco-
nomic and social megatrends, it becomes clear that a
transformation into a low-carbon, sustainable society
is essential (Section 3). Without a change in direction,
the natural life-support systems of humankind are in
danger, drastically limiting future social development.
The transformation is accompanied by the dynamic
megatrends of a globalised economy and society, as
evidenced by the global financial and economic crisis
(Box 1.2-1).

The transformation is of key relevance particularly
for the dynamics of the socio-economic development
of the developing and newly industrialising countries
(Section 1.2.1). If the required development advances
are to be made in a sustainable way, they must be
achieved without collision with the planetary guard
rails. This is a major challenge, especially in view of the



Box1.2-1

Impacts of the Global Financial and Economic
Crisis

The 2007 to 2009 financial and economic crisis, which ini-
tially affected US finance markets, then spread on to Euro-
pean and, ultimately, global markets, directly impacted the
real economy and led to the biggest global recession since the
late 1920s. Unlike the 1997 /98 Asia crisis, which was region-
ally restricted, it threatened the stability of the entire global
financial system. An immediate breakdown was only averted
through massive liquidity extension on the part of the cen-
tral banks, coupled with coordinated key interest rate reduc-
tions and expansive state guarantees for defaulted loans. In
addition, debt-financed economic stimulus packages helped
to stahilise demand in the large national economies, and to
prevent a negative spiral of diminishing economic perform-
ance and growing unemployment.

The immediate and determined response of the interna-
tional community proves that under severe pressure to act,
transformative turnarounds are possible. Despite the fact
that the crisis has been temporarily contained, however, the
world is faced with considerable structural challenges to set
the course towards a sustainable and stable economic system.

The crisis should also be used as an opportunity to accel-
erate sustainable development. National economic stimulus
packages provide an opportunity for a targeted redirecting
of investment flow in the sense of a ‘Green New Deal’, to
promote sustainable growth — or ‘green growth’ (Edenhofer
and Stern, 2009). Key areas for investments into the future
are, for example, the switch to energy systems based on low-
carbon technologies, and the increase of energy efficiency
on the demand side (Chapter 4). Nevertheless, active policy
measures to support the business agenda cannot be main-
tained indefinitely. The spiralling national debt, particularly
the USAS, but also of other OECD countries, limits the room
for manoeuvre in terms of further public investments.There-
fore, consumers and companies must become more involved
in global climate financing. China, on the other hand, appears
to have emerged from the crisis stronger, and has the financial
resources to redirect growth specifically towards sustainabil-
ity, and to leapfrog a large part of the established high-car-
bon development path. This opens up huge opportunities for
a managed transformation; however, as yet, a fundamental
change of course still remains to be set.

At a global level, the crisis-related slump in economic per-
formance in 2009 merely meant a breather in terms of emis-
sions growth: at 1.3%, global CO, emissions decreased less
drastically than originally anticipated, and they are expected
to rise again by 3% in 2010 (Friedlingstein et al., 2010).
The room for manoeuvre gained by global climate protec-
tion through the temporary emissions decline is threatening
to be lost again through two effects: on the one hand, the
large newly industrialising countries are undergoing a rapid
catch-up process, which currently still relies largely on fossil-
based energy systems. CO, emissions attributed to China and
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India rose in 2009 despite the global economic crisis by about
8% and 6.2 % respectively (Friedlingstein et al., 2010), and
a trend reversal is not in sight. On the other hand, the cur-
rent economical dynamics in many developing countries is
based primarily on expanded resource extraction for export,
particularly also to the emergent newly industrialising coun-
tries, increasing the pressure on the ecosystems even further.
Therefore, in the sense of acceleration of sustainable develop-
ment, the economic crisis was by no means a catalyst.

From a forward-thinking perspective, far reaching con-
clusions regarding the future structuring of global govern-
ance mechanisms can be drawn from the crisis. Globalisation
consequences and dynamics at an economic level are clearly
disproportionate to the current opportunities for institutional
monitoring — and control — of the process at global level. Not
least, the outbreak of the global financial and economic crisis
has served to prove that the existing structures of national
regulations constitute an inadequate global regulation frame-
work for coping with systemic risks. The development of effi-
cient global institutions is therefore of major importance to
manage the globalisation process, and to reduces the vulner-
ability of the system to further crises (UN, 2009a).

Apart from the blatant failure of existing warning and
control mechanisms to avoid global crises, the financial and
economic crisis has above all revealed the degree of global
integration and interdependencies. These have meant that a
problem originally limited to the US real estate market was
able to trigger sudden consternation on international finance
markets through the global trade with inadequately collater-
alised, certificated mortgages, with the resultant shockwaves
subsequently affecting the real economy. Newly industrialis-
ing and developing countries are also affected by the crisis, as
it led to less demand for export goods, for instance, negative-
ly impacting development and employment opportunities.
Potential financing problems are also a consequence of the
crisis; developed countries are blocking capital seekers from
other regions through new issues of government securities
(World Bank, 2009a). These added difficulties with regard
to the financing situation, in conjunction with, at least tem-
porarily, lower growth rates, hold huge challenges for devel-
oping countries and impede achievement of the Millennium
Development Goals (World Bank, 2010a). Particularly for the
poorest countries, which do not benefit from the economi-
cal dynamics in the newly industrialising countries, there
are now fewer development opportunities. OECD countries’
cutbacks of official development assistance could also have a
particularly drastic effect in this regard. The risk remains that
the global financial crisis means a setback for some parts of
the world, particularly in terms of socio-economic develop-
ment. The negation of recent economic progress is a serious
threat, especially in Africa (Debiel et al., 2010).

The far-reaching feedback effects, which have merely
been outlined here, illustrate that systemic thinking and act-
ing under adoption of a long-term perspective are the funda-
mental premises for avoiding future economic, social and
ecological crises.
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dynamic growth of greenhouse gas emissions in these

countries.

One positive factor is the apparent trend towards
democratisation, which allows broad and liberal dis-
course, thereby promoting the establishment of a
social consensus for the necessary transformation
(Section 1.2.2).

Ultimately, the imminent radical changes to the
industrial metabolism focus particularly on three main
pillars of today’s global society:

1. The energy systems, also including the transport
sector, which the entire economy depends on. These
are currently faced with a new surge of growth, due
to the accelerated development dynamics in the
newly industrialising countries (Section 1.2.3). The
energy sector causes around two-thirds of today’s
long-lived greenhouse gas emissions.

2. The urhan areas, currently responsible for three-
quarters of globhal final energy demand. Their popu-
lation will double to 6 billion by 2050 (Section
1.2.4).

3. The land-use systems (agriculture and forestry,
including deforestation). They are currently respon-
sible for almost a quarter of global greenhouse gas
emissions (Section 1.2.5). Land use does not only
have to provide enough food for a world popula-
tion that continues to grow, and to become more
demanding, but also has to deal with a growth in
demand due to the increasing use of bioenergy and
bio-based raw materials.

1.2.1
Development

Substantial Progress

Over the past 20 years, there has been substantial
progress in many areas of human development. Today,
most people live healthier and longer, are better edu-
cated, and have improved chances of covering their
basic needs (UNDP, 2010). One indicator for this is the
Human Development Index, which illustrates the three
dimensions of health, education and standard of liv-
ing through life expectation at birth, literacy and school
entry rates, and a weighted per capita income. Coun-
tries with the most significant development progress
not only include emerging economies such as China,
Indonesia and South Korea, but also poor countries
such as Nepal, Oman and Tunisia, where great progress
has been achieved in the non-income related areas
of human development (UNDP, 2010). However, the
development progress made by these countries var-
ies greatly. Whilst a quarter of the developing coun-
tries has achieved only moderate improvements over

the past 40 years, a further quarter has managed great
development progress (UNDP, 2010). The effects of
improved health care, however, are currently counter-
acted mainly by the fact that in 19 countries (nine of
these sub-Saharan African countries), the general state
of health has again changed for the worse, and life
expectation gone down, particularly due to HIV infec-
tions and a higher adult mortality in countries in tran-
sition. Simultaneously, the socio-economic disparities
within and between states have frequently increased.

New Geography of Global Growth

The majority of people living below the poverty line
no longer live in the poor developing countries. This
initially surprising fact stands for the growing heter-
ogeneity in the development dynamics of countries,
such that the classical categorisation into industrial-
ised, newly industrialising and developing countries
cannot reflect this adequately. The OECD report on the
‘shifting of wealth’ reveals the global structural changes
that have occurred in the past decade (OECD, 2010c).
This new ‘4-speed world’ (James Wolfensohn) there-
fore includes affluent, converging, struggling and poor
countries (Figure 1.2-1; measure: income and per cap-
ita growth in comparison to the industrialised coun-
tries). Between the 1990s, still viewed as a lost decade
in terms of development, and the 2000s, there has been
significant global development progress, and shifts in
geographical diffusion patterns. A ‘new geography of
global growth” (OECD, 2010c) has become apparent:
whilst some countries continue to suffer from absolute
poverty, and no development progress at all is on the
horizon, there are developing countries which are on
the path to the middle-income group of countries; this
also includes some sub-Saharan states in Africa. Finally,
there are countries that are catching up economically,
coming close to the prosperity level of wealthy coun-
tries. Between the 1990s and the 2000s, the number of
countries where per capita growth has doubled, com-
pared to the OECD countries, has increased from 12 to
65 (‘converging’). Over the same period, the number
of poor countries has fallen from 55 to 25. However,
a number of countries have not benefited from these
growth dynamics (‘poor”).

Regional Shifts of Absolute Poverty

An analysis by the Institute for Development Studies,
distinguishing between low- and middle-income coun-
tries and fragile or conflict-affected states, showed sim-
ilar results (Sumner, 2010). Thus, the number of low-
income countries (based on World Bank classifica-
tion), following a rise in the 1990s, fell from 60 to 39
between 2000 and 2009. Correspondingly, the number
of middle-income countries has greatly increased (Sum-
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Figure 1.2-1

Dynamics of national wealth development: the ‘4-speed world’; a) 1990s; b) 2000s. Between the 1990s and the last decade,
there has been considerable wealth progress, causing shifts in geographical patterns of countries with differing rates of growth
and GDP per capita. Today, four distinct country groups can be differentiated according to their growth dynamics: poor,
struggling, converging and affluent countries. Whilst some countries continue to suffer from absolute poverty (red), and no
wealth progress at all is in sight, there are developing countries which are on the path to the middle-income and high-income
group of countries, albeit struggling to keep up sustained growth rates (orange, this also includes some sub-Saharan states in
Africa). And finally, there are countries that are catching up quickly due to sustaining high rates of growth; coming close to
middle-income and high-income countries (light blue).

Source: OECD, 2010c
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ner, 2010). Whilst 1.81 billion people were still living
below the poverty line of US$ 1.25 a day in 1990, this
went down to only 1.38 billion people in 2005 (Chen
and Ravallion, 2008). These dynamics have led to the
following new global distribution of absolute poverty
structure (Sumner, 2010):
> Almost three-quarters of the people suffering from
absolute poverty, i.e. almost 1 billion people, or the
‘bottom bhillion’, today live in middle-income coun-
tries (mainly India, China, Nigeria, Indonesia, Paki-
stan, South Africa).
> Only around a quarter of people suffering from
absolute poverty, i.e. around 370 million people, are
living in low-income countries.
Around 300 million of these live in fragile and con-
flict-affected states, including low- and middle-income
countries. Even if, in the wake of the global financial
and economic crisis (2009-2010), the number of people
globally living in absolute poverty has again increased
by 65 million people (Ravallion and Chen, 2010), it
can be assumed that the observed structural and geo-
graphical shifts will largely remain unaffected by this.
Although the global financial and economic crisis con-
tinues, many countries are back on a growth path (for
example middle-income countries in Latin America).

Consequences of these Dynamics for Climate
Change Mitigation

At first glance, the fact that in future, around three-
quarters of people living in absolute poverty will be
doing so in middle-income countries, and that many
developing countries are enjoying economic growth,
and therefore also progress in terms of welfare, are very
positive trends. However, the problem, from a climate
change mitigation perspective, is that fact that these
countries are on a growth path that is based on fos-
sil fuels. This particularly applies to the fastest growing
countries (China, India, Brazil, etc.).

Many low-income countries (for example sub-Saha-
ran African countries), and middle-income countries
(for example in Latin America) are also pursuing a
resource-based export model (mainly agricultural com-
modities), which usually exacerbates the degradation
of the natural environment (for example deforestation,
soil degradation, water scarcity).

These growth trends are not only unsustainable from
an environmental and climate perspective, they are
also going to impede or prevent the achievement of the
Millennium Development Goals (MDG). Both Human
Development Report 2010 and Global Development
Report 2010 conclude that non-sustainable production
and consumption patterns represent the biggest threat
to development progress, and that a transition towards

low-carbon development paths is therefore necessary
(UNDP, 2010; World Bank, 2010b).

For climate change mitigation to succeed, it is of cen-
tral importance that emissions are reduced not only in
industrialised countries, but also in low- and middle-
income countries, which may already be on a devel-
opment path today, or will soon be. They must change
course, from fossil energy use to climate and environ-
mentally friendly development paths. Above all, this
applies to China and India.

1.2.2
Democratisation

Particularly since the 20th century, fundamental
changes to political systems and social orders can be
observed at a global level; this is characterised by the
transition from an authoritarian to a democratic system
(Merkel, 2010). Samuel P. Huntington described this
transition, which has continually also inspired coun-
ter movements, as three major waves of democratisa-
tion (Huntington, 1991). The first wave from 1828 to
1926 was triggered by the American and French rev-
olutions. By the early 1920s, general, equal and free
elections, the minimum requirement for democratic
systems, had become established in around 30 coun-
tries. The second wave lasted from 1943 to 1962, and
brought the democratisation of the political post-war
systems in West Germany, Italy and Japan, and some
Latin American countries. The third democratisation
wave, as of the mid-1970s, started with the Portuguese
‘Carnation Revolution’, and continued during the early
1980s across Latin America, where a number of military
regimes were toppled by a democratic regime change.
Further African and East Asian countries followed suit.
A “fourth wave’ between 1989 and 1991 led to the col-
lapse of the Eastern European socialist systems and the
former dominions of the Soviet Union. Since then, glo-
bal democratisation has progressed further, seemingly
also gaining a foothold in the Arabic-Islamic world with
the Jasmine Revolution” in Tunisia in 2011 (Freedom
House, 2010; Leggewie, 2011). The global democratisa-
tion trend has been confirmed by the quantitative Pol-
ity study, started by political scientist Ted Robert Gurr
(Gurr and Eckstein, 1975; Figure 1.2-2). If it were to
transpire that only the granting of liberties allows per-
manently stable societies, the current wave of democ-
ratisation (always with distinct politico-cultural differ-
ences) could also engulf further autocratic regimes such
as that of the People’s Republic of China. In that case,
democracy would have established itself as a model for
political order worldwide.
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Changing global government types 1946-2009. Within the scope of the Polity IV project, a combined democracy-autocracy
scale was developed, which records the institutional governance form of states and ranges from +10 (= fully institutionalised
democracy) to -10 (= fully institutionalised autocracy). States reaching a value of +6 or above on the scale are recorded as
democracies; states with -6 or less points are autocracies, all states in between (i.e. from -5 to +5) are mixed forms, and are
referred to as anocracies. For the period of 1946 to 2009, the figure shows the number of states (with a total population figure
of more than 500,000) with democratic, autocratic and anocratic forms of governance. The dotted line refers to the rapid
democratisation wave during the early 1990s, when the number of democracies rose by more than 50%, from 48 in 1989 to 77

in 1994.
Source: Marshall and Cole, 2009

Principles of Democracy

Even if globally and historically, varying forms have
emerged, the core element of democracy remains the
congruence of rulers and ruled. Democracy, to quote
Abraham Lincoln, is ‘government of the people, by the
people, for the people’. Its most important achievement
is therefore the requirement of legitimation for all acts
of governance, which in democratic systems is guaran-
teed by the political equality of all. Democracies put
their trust in the (political) ‘wisdom of crowds’; that
is why it works with different variants of the major-
ity rule, which, however, also allows minorities to have
their say, effectively and fairly, and protects them.
Democratic political systems are also embedded in legal
orders and the rule of law, and are subject to a sys-
tem of checks and balances. Effective decision-making
advantages such as the reversibility of decisions and
effective stakeholder participation on the part of the
citizens, instigated through direct and indirect involve-
ment in the decision-making process and through pub-
lic multi-level communication, go hand in hand with
these principles. Improved consolidation of preferences
and interests, best-possible use of widespread knowl-
edge, and the highest input legitimation of any politi-
cal system therefore represent the rationality and com-

parative advantage of democracies. No democratic sys-
tem has ever achieved the absolute optimum (Schmidt,
2006). There are also many ‘defective democracies’
(Merkel et al., 2003), that continue to show elements
of autocratic forms of governance. Moreover, over the
past few years, the established liberal democracies are
exhibiting signs of a crisis, as described in the ‘post-
democracy’ thesis, for example, which assumes an
internal hollowing out of formal democratic institutions
which continue to exist, through a decline in (elec-
tion) participation and the increasing importance of
democratically non-legitimised groups (Crouch, 2004;
Section 5.3.2). Despite these by all means serious prob-
lems and developments, the outlined general democra-
tisation trend continues worldwide, beyond the west-
ern core countries.

Democracy as an Important Premise for
Transformation

In recent years, the climate change has given rise to
the question of whether democratic political systems
can actually overcome this and other planetary chal-
lenges, or whether autocratic systems are not bet-
ter equipped to deal with the great transformation
(Chapter 3) by simply ordering it. The WBGU is con-
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vinced (Sections 5.3.2, 6; Box 5.3-1) that the great
transformation is about the finding of legitimate, fair,
creative and permanent problem solutions for a sus-
tainable life. In doing so, the citizens” inherent right to
actively participate in shaping and working towards the
vision of a climate-friendly society cannot be ceded.
Increasingly, demands for the right to get involved in
decision-making are also being made, as recent cit-
izens’ protest campaigns, for example with regard to
the ‘Stuttgart 21’ railway station or nuclear power have
shown (Sections 5.3.1.4, 5.4.1.3). The aims of a ‘good
life” must be discussed globally by citizens, in line with
the changing values across all social environments, and
with the inclusion of the scientific community (Sec-
tions 2, 8). In the WBGU's view, only a democratic pub-
lic allows this kind of debate, to make the required self-
restrictions and the chances of a better life for all peo-
ple plausible, and to form the basis for the necessary
political decisions. Transformation is a societal search
process, and therefore requires more, rather than less,
democracy (Sections 5.3.2 5.4.2).

Against the background of the current debate on
democratic systems’ ability to perform, this conclusion
may not be the obvious one. It is certainly true that
as yet, democracy has not proven its future capacity
to deal with the described challenges and the immi-
nent great transformation (Section 5.3.2). However,
this does not imply that democracy as such should be
questioned, but that further development in terms of
its content, and its modernisation, should be pursued,
including at a global governance level (Section 5.3.5.2).
Not least, the great transformation is therefore a test
of the future viability of democratic systems (Leggewie
and Welzer, 2009).

1.2.3
Global Energy Trends: Demand and Production

Energy Demand

Energy is a basic premise for human development. It is
essential for the socio-economic activities of all soci-
eties, in the form of light, heat, mechanical power or
electricity. At the same time, energy use is responsible
for the largest share of anthropogenic greenhouse gas
emissions (Section 1.1.1). The distribution of energy
use is currently distinctly uneven. Around half of glo-
bal primary energy demand originates in OECD coun-
tries, which make up merely 20% of the population,
but generate around three-quarters of global GDP (Fig-
ure 1.2-3). Concurrently, 2.8 billion people still prima-
rily rely on traditional biomass as their primary energy
source for cooking, and 1.4 billion people do not have
access to electricity. In non-OECD countries, where the

current per capita consumption is still low, the demand
for energy is rising particularly fast. This is due to the
rapid development progress since the 1990s described
in Section 1.2.1, and their increasing market integra-
tion as a consequence of globalisation. OECD country
demand, on the other hand, is satisfied. In 2009, China
superseded the USA as the country with the highest
energy demand, for example (IEA, 2009b).

If only existing and already planned government
policies related to the energy sector were implemented
(New Policies Scenario), the IEA estimates that the glo-
bal primary energy demand would rise by 1.2% annu-
ally, so that by 2035, the energy demand would already
exceed 2008 levels by 36%. 93% of this expected
increase can be attributed to non-OECD countries,
driven by the faster growth of the economy, industrial
production, the population and urbanisation in these
countries (IEA, 2010c). China alone is responsible for
36% of this expected increase in global energy demand
by 2035, India for 18%. The OECD countries” energy
demand increases only slowly in this scenario; however,
in 2035, the USA is still the second-largest energy con-
sumer after China (IEA, 2010c). A generally expected
trend is the relative increase of electricity in the final
energy demand mix.

In the Global Energy Assessment’s baseline scenario
(GEA, 2011), it is assumed that the global primary
energy demand will more than double by 2050, from
approx. 470 EJ in 2010 to around 1,100 EJ per year
(Figure 1.2-4).

The global economy’s energy intensity, i.e. the
amount of energy used in relation to the gross domes-
tic product, has steadily decreased over the past few
decades. As responsible factors, the IEA cites improved
energy efficiency, change of energy carriers, and struc-
tural changes in the global economy away from energy-
intensive industries. Again there are marked differ-
ences between the OECD and non-OECD countries
(Figure 1.2-3). Without the energy intensity improve-
ments achieved between 1980 and 2008, today’s glo-
bal energy demand would be 32% higher (IEA, 2010c).

Energy Production

Today’s global energy supply relies overwhelmingly
on the use of fossil fuels (Figure 1.2-4). They stead-
ily gained in importance, from the beginning of indus-
trialisation up to the 1970s, when their share in the
global primary energy supply peaked at 87% (Grii-
bler, 2008a). Since then, it has varied between 84 %
and 86%. However, the relative significance of the
respective individual fossil fuels has clearly changed. In
1925, coal dominated the fossil energy supply, contrib-
uting 45% to the global energy supply. Subsequently,
its share dropped to around 25% by the 1970s. At the
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Figure 1.2-3

Trends in major drivers of anthropogenic climate change. Stated are the CO, emissions from the use of fossil fuels per capita (a)
and in relation to economic output (b), the primary energy use per capita (c) and in relation to economic output (d), and the
economic output per capita (e), respectively divided according to OECD and non-OECD countries, plus global values. In addition,
the share OECD or non-OECD countries contribute to the global population, global GDP, global primary energy demand and

global CO, emissions from the use of fossil fuels is shown (f).

Sources: WBGU, based on IEA (2010e, f) and World Bank (2011b) data)

same time, crude oil, the fossil fuel dominant since the
mid-1960s, peaked at over 46% of primary energy. As
a consequence of oil price fluctuations in the 1970s, the
energy supply resource basis was intentionally diver-
sified further; the proportion of natural gas in the pri-
mary energy mix, for example, has risen from less than
16% to over 22 % since then. Since the early 2000s, the
relative significance of coal has increased again, partic-
ularly through the rapid economic growth in China and
India. Overall, this has led to a rise in the global signif-
icance of coal as primary energy, from around 24 % in
2000 to 28% in 2008.

Nuclear energy has been commercially produced
and expanded since the 1950s, although it did not start
to make major contributions to the electricity supply
until the 1970s. Most nuclear power plants were built

between 1970 and 1990, a period during which the glo-
bal capacity expanded from around 50 to around 350
GW,. In 2008, 2,731 TWh electricity, or 13% of glo-
bal electric power, were generated by nuclear power
plants. In the early 1990s, nuclear power already
contributed 19% to global electricity generation, it is
therefore declining. As yet unpredictable is the extent
to which the dispute regarding the risks of nuclear
energy, reignited in many countries in the aftermath
of the reactor accidents in Fukushima, will impact on
its global use.

Renewable energy carriers have been used for a
number of purposes since the beginning of civilisation,
and were indeed the only source of energy until the
advent of the Industrial Revolution. These included,
for example, firewood for cooking, heating and light-
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Development of global primary energy demand (business as usual) between 1800 and 2050. For the period 1800-2008,
actual primary energy demand is shown, and from 2010, demand according to the GEA baseline scenario is presented. With
a probability of around 99 %, the emissions that would be associated with a scenario like this would lead to transgression of
the 2°C guard rail. Temperatures would rise by approx. 5°C. The development illustrated here should therefore be avoided at
all cost. Contrary to this scenario, the primary energy demand must be significantly restricted, and the energy mix must be

changed in order to protect the climate (Section 4.6).
Source: WBGU, on the basis of GEA 2011 data

ing, solar energy for heating and drying, hydro-energy
or wind power for pumping or irrigation. The traditional
bioenergy carriers are still the primary energy source
for a great number of people in many developing coun-
tries; however, their use can be associated with adverse
effects on health and environment, and is by no means
always sustainable (WBGU, 2010a). It is often predom-
inantly the task of women and children to collect fire-
wood, limiting their chances of taking part in educa-
tion measures or other productive activities. They also
frequently suffer disproportionately from respiratory
problems through particle pollution from inefficient
hearths.

Modern renewable energies today deliver 19% of
the global electricity supply, and meet 10% of the heat-
ing needs of industry and buildings (IEA, 2010c). The
expansion of renewable energies enjoys worldwide
political support, leading the IEA to expect that their
share in the energy mix will increase. In the [EA's ‘New
Policies’ Scenario, they achieve a global share of a third
of the electricity supply by 2035, and 16 % of heat gen-
eration. Although this anticipated increase in the use of
renewable energies leads to the relative decarbonisa-
tion of energy generation, it is by no means sufficient
to reduce energy-related greenhouse gas emissions. On
the contrary, in this scenario, emissions continue to rise
up to 2035.

Energy-Related Emissions

95% of anthropogenic CO, emissions (excluding land-
use emissions) can currently be attributed to the energy
sector; the remaining 5% originate from industrial pro-

cesses. Electricity and heat generation cause 45% of
these emissions, 20% can be attributed to transport
systems. A further 20% are generated through the use
of fossil fuels in industry and construction (WRI-CAIT,
2011). Energy-related emissions are currently funda-
mentally developing in the wrong direction: between
1990 and 2000, global CO, emissions rose by 1.1%
per year; in the subsequent seven years, this figure
has already risen to 3% annually (IEA, 2010a). As
the most important factors for this, the IEA cites the
increasing energy demand in coal-based economies, as
well as an increasing use of coal in response to rising oil
and gas prices. Whilst emissions from the use of coal
grew by 0.6 % yearly between 1990 and 2000, this rate
increased to 4.8 % per year in the period between 2000
and 2007 (IEA, 2010a). Coal, whose deposits are far
more evenly distributed around the world than those
of crude oil, for example, is promoted in most coun-
tries (including Germany) for reasons of strategic sup-
ply security, and globally attracts subsidies amounting
to billions.

Energy Infrastructure and Path Dependencies

A particular cause for concern is the fact that the long
life-span of energy generation infrastructures means
that current energy sector investments will impact
upon the energy mix, and thereby one of the decisive
factors in terms of emissions, for decades to come. The
energy sector therefore relies on timely and future-
oriented political course changes, as otherwise there
is a risk of path dependencies that would make ade-
quate climate change mitigation impossible. Even if the



growth in final energy demand will primarily take place
in non-OECD countries, and the overall energy demand
in the OECD countries is not going to rise significantly,
the OECD countries must still make considerable invest-
ments in the energy generation infrastructure, as the
old infrastructure must be replaced. The IEA New
Policies” Scenario assumes that 35% of the cumulative
global energy investments between 2010 and 2035
will have to be made in OECD countries, even though
their energy demand will only grow by 3% over this
period in this scenario (IEA, 2010c). So in terms of cli-
mate change mitigation, the important aspect is steer-
ing investments all over the world in the right direction:
the OECD countries” existing high-carbon energy infra-
structure must be replaced by low-carbon energy gen-
eration capacities, whilst at the same time, the increas-
ing energy demand from non-OECD countries must be
met through the expansion of the capacities of climate-
friendly energy forms.

1.2.4
Urbanisation

Trends
Even though urban settlements have existed for thou-
sands of years, limited agricultural yields meant that for
a very long time, the proportion of people living in cit-
ies was less than 5% of the total population. Historically,
societies in China, India and the Middle East were at the
top of the urbanisation charts; even in 1800, Peking
was probably still the most populous city in the world
(Chandler, 1987; McNeill, 2002). In just a few gener-
ations, since the early 20th century, the global urban
population has grown from around 165 million people,
or approx. 10-15% of the total population, by a factor
of 20 to currently 3.5 billion. Around half of the glo-
bal population now lives in urban areas, although these
are not always distinctly separate from rural regions,
with various local statistics applying different defini-
tions. This dynamic urbanisation process continues at
great speed, leading to a population growth in urban
areas of more than 1 million people a week. The average
global population growth in rural areas, on the other
hand, is expected to stagnate even before 2020, and
the remaining net population growth will mainly occur
in cities. Migration is one major factor for this. By 2050,
the urban population will almost double to approx. 6.4
billion people, or an expected 69% of the global popu-
lation, which will by then exceed 9 billion (Box 1.2-2;
UN DESA, 2009b).

Today, the majority of the overall global urban popu-
lation lives in Asia. Their number will double over the
next two decades; Asian cities therefore have a key
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role to play in the transformation. The highest relevant
urban growth rates, however, can currently be observed
in African countries, also due to the comparatively low
initial basis. Africa is the least urbanised continent,
not least because of the colonial past and its economic
structures, which focus on the extraction sector (UN-
Habitat, 2010a; Figures 1.2-6, 1.2-7).

Over the past few years, many regions of the world
have rapidly become wealthier: in the past decade, the
number of countries with a per capita income growth
rate that is, in comparison, double the rate of growth
in OECD countries has increased considerably. Over the
same period, the number of poor countries has consid-
erably fallen (Section 1.2.1).

Currently, five of the worldwide 21 megacities with
more than 10 million inhabitants are located in ‘devel-
oped’ global regions. In 15 years’ time, due to economic
development progress, there will be 29 megacities with
approx. 470 million inhabitants in total, of which 23
will be located in ‘less developed” global regions. How-
ever, the highest proportion (>50%) of urban inhabit-
ants, currently 1.8 billion people, in 2025 2.4 hillion,
lives in settlements with less than 500,000 inhabitants.
The exact number of these settlements and their names
or geographical locations are currently not included in
official UN statistics; further research is needed in this
respect. As these settlements are as yet less restricted
in terms of infrastructure than the megacities, they
could potentially play an important role in cost effec-
tive climate stabilisation.

The challenge in terms of climate change mitigation
is that without a redirection into climate-friendly chan-
nels, this combination of rapid urbanisation and increas-
ing wealth can have an extremely negative impact on
climate change. The positive trend of increased wealth
also means increased energy and resource consump-
tion. For this reason it is vital that the urban densifica-
tion process, particularly in the up-and-coming newly
industrialising and developing countries, is made cli-
mate-friendly.

This rapid urbanisation is primarily taking place in
countries with only insufficient capacities for orderly
urban planning (UN-Habitat, 2009; Figure 1.2-6). One
visible result takes the form of the rapidly expanding
slums found particularly in the