





Most urban growth would continue to occur in small- to medium-size urban
centers (between 100,000 and one million inhabitants) in the developing
world, which poses serious policy challenges. In these smaller-scale cities,
data and information to guide policy are largely absent, local resources to
tackle development challenges are limited, and governance and institu-
tional capacities are weak. Housing, infrastructure, energy and transport
services, and a better urban environment (especially urban air quality) are
the key sustainability challenges for urban poverty alleviation.

Several hundred million urban dwellers in low- and middle-income
nations lack access to electricity and are unable to afford cleaner, safer
fuels, such as gas or LPG. In addition to poverty and poor urban energy
infrastructures, poor people face political or institutional obstacles to
obtaining cleaner energy carriers.

Given capital constraints, daring new architectural and engineering
designs of ‘eco’ or ‘zero-carbon’ cities can serve as inspirational goals
and as field experiments, but they are unlikely to play any significant
role in integrating some three billion additional urban dwellers by 2050
into the physical, economic, and social fabric of cities. (Building ‘zero-
carbon’ cities for three billion new urban citizens along the Masdar
model in Abu Dhabi would require some US$1000 trillion, or some 20
years of current world GDP.)

Cities in OECD countries generally have lower per capita final energy
use than their respective national averages. Conversely, cities in devel-
oping and emerging economies generally have substantially higher per
capita energy use than the national average, primarily due to substan-
tially higher income levels than those in rural areas.

Urban systems are, however, by definition inherently open systems: they
are characterized by vast imports of resources and commodities and by
vast exports of goods and services to their respective hinterlands and
the rest of the world. ‘Embodied’ energy (and GHG emissions) is, as a
rule, several fold larger than the direct energy uses in urban settings, at
least for the handful of megacities for which data are available.

The overall design of cities and their components affect the energy use
to a large degree. For buildings, energy use for thermal purposes can
cost-effectively be reduced by 90% or more, as compared with current
standard practice (see Figure TS-15, Section TS-3.2.3). Not incentivizing
the adoption of available building-efficiency technologies and practices
will lock cities into a much higher energy-use level than necessary. Figure
TS-16 illustrates this for energy use in buildings. Next to buildings, urban
density, form, and usage mix are also important determinants of urban
energy use and efficiency, especially in transportation (see Figure TS-13).
Avoiding spatial lock-in into urban sprawl and ensuing automo-
bile dependence should, therefore, be another important urban policy
objective.

Significant potential co-benefits between urban energy and environ-
mental policies do exist. However, they require more holistic policy
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approaches that integrate urban land use, transport, building, and energy
policies with the more-traditional air pollution policy frameworks.

Urban energy and sustainability policies could focus on where local
decision making and funding also provides the largest leverage effects:

e urban form and density (which are important macro-determinants of
urban structures, activity patterns, and hence energy use, particularly
for urban transport);

e the quality of the built environment (energy-efficient buildings in particular);

e urban transport policy (in particular the promotion of energy-
efficient and "eco-friendly’ public transport and non-motorized mobility
options); and

e improvements in urban energy systems through cogeneration or
waste-heat recycling schemes, where feasible.

lllustrative model simulations for a ‘synthetic’ city suggest improvement
potentials of at least a factor of two each by buildings that are more
energy-efficient and by a more compact urban form (at least medium
density and mixed-use layouts), with energy system optimization
through distributed generation and resulting cogeneration of electricity,
heat, and air conditioning adding another 10-15% improvement in
urban energy use (see Figure TS-28).

Figure TS-28 | Policy integration at the urban scale. Simulated energy use for an
urban settlement of 20,000 inhabitants using the SimCity Model combining spatially
explicit models of urban form, density, and energy infrastructures, with energy sys-
tems optimization. Individual policy options are first simulated individually and then
combined in a total systems optimization. Baseline (index = 100) sprawl city corres-
ponds to a secondary energy use of 144 Gl/capita; energy use is shown by major
category: transport, buildings, and upstream energy conversion losses (which can be
eliminated by local cogeneration of electricity and heat or by on-site energy systems).
The potential for efficiency improvement of narrow energy sector-only policies (local
renewables, cogeneration) at the urban scale is smaller than policies aiming at min-
imizing buildings energy use or at higher urban density and mixed uses, which min-
imize transport energy use. The largest improvement potentials can be realized by
a combination of energy, building efficiency, and urban form and density policies.
Source: Chapter 18.



There are important urban size and density thresholds that are
useful guides for urban planning and policymaking. The literature
review identified a robust density threshold of 50-150 inhabitants
per gross hectare (5000-15,000 people per square kilometer) below
which urban energy use, particularly for transport, increases sub-
stantially. Note that there is little empirical evidence to suggest
substantial further energy efficiency gains at much higher densities.
Energy-wise, there are pronounced diseconomies of scale of low
urban densities (leading to lower efficiency and higher energy use),
but no significant economy-of-scale effects beyond intermediary
density levels.

5.3 Policies for Key Energy System

Building Blocks

The GEA pathways describe the various combinations of transform-
ations in energy systems required to meet the GEA's various goals and
objectives simultaneously (see Section TS-4.) While they differ in terms
of their relative proportions and the magnitudes of the various changes
they involve, all of them include a dramatic increase in energy end-use
efficiency, larger and more rapid deployment of renewables, decarbon-
ization and modernization of fossil fuel systems, and the judicious use of
nuclear energy. Policies to address the changes required in each of the
building blocks are described below.

5.3.1 Energy Efficiency

Progress in accelerating the rate of energy efficiency improvement world-
wide is critical to an energy system for sustainability. Quickly improving
energy efficiency requires more focused and aggressive policies that:
support rapid innovation; significantly tighten efficiency regulations in
energy supply and demand; increase energy prices; create a culture of
conservation among consumers and firms; change land use zoning to
increase urban density; and integrate mixed land uses so that transpor-
tation needs decline and low-energy transportation modes flourish. In
some cases, these policies will involve subsidies for new technologies,
but these will not be effective unless they are combined with pricing of
GHG emissions via taxes and/or cap-and-trade plus well-designed effi-
ciency regulations.

Regulations, especially standards, are essential elements of energy
policy portfolios of the transition. Building codes, appliance stand-
ards, fuel economy standards, and industrial energy management
standards have proven to be very environmentally sound in improv-
ing efficiency and should be adopted globally. The combination
of regulations, incentives (e.g., fiscal incentives), and measures to
attract attention, (e.g., information, awareness, or public leadership
programs) has the highest potential to increase energy efficiency.
Policies encouraging the use of multi-generation and renewable

energy in each end-use sector are important further components of
energy policy portfolios.

The GEA analysis provides considerable evidence for the ability of
such policy packages to deliver major change. However, the results
from three decades of experience with energy efficiency policies in
industrial countries also show other effects. For example, the adop-
tion of energy efficiency devices has both a direct rebound effect
(more-efficient fridges, with lower operating costs, encourage the
adoption of larger fridges) and an indirect rebound effect (sometimes
called a productivity rebound) that relates to the apparent causal link
between energy efficiency breakthroughs and the development of
new devices and new energy services (fridge efficiency improvements
foster the development of new refrigeration devices, such as beer and
wine coolers, water coolers, desk-top fridges and freezers, portable
fridges, etc.). Evidence also shows that when estimating costs it is
important to take into account all transaction costs and differences in
technology risks and technology quality. Ideally, beyond transaction
costs, all other indirect costs and benefits, including monetizable co-
benefits, need to be integrated into cost-effectiveness assessments
related to policy choices, as these can both be substantial and funda-
mentally alter final cost-effectiveness outcomes and thus instrument
choices.

These cost factors and rebound effects mean that subsidies to encour-
age acquisition of energy-efficient devices are unlikely, on their own, to
cause the dramatic energy efficiency gains called for in the GEA analysis.
For these gains to be realized, a portfolio of stronger, carefully targeted
policies is needed. Examples include: strong efficiency regulations that are
updated regularly (say, every five years); incentives to reward manufactur-
ers to push the technology design envelope toward advanced efficiency;
increases in energy prices (because of direct or indirect emissions pric-
ing); electricity tariffs that give high rewards to efficiency investments and
behavior; land use planning and zoning that fosters efficient urban devel-
opment and renewal; and public (and private) investments in efficient
infrastructure such as mass transit, cycling paths, and CHP systems.

In the buildings sector, to be able to reduce final thermal energy use by
over 40%, the goal in the GEA efficiency pathway, all jurisdictions need
to introduce and strictly enforce building codes that mandate very low
specific energy-use levels, equal or similar to passive-house levels. They
also need to extend these requirements to renovations, and building ret-
rofits will need to significantly accelerate the present rates. The remain-
ing building energy needs can be met from locally generated renewable
energy sources, where feasible, and economically and environmentally
optimal — typically, low-density residential neighborhoods. Achieving the
needed transformation in the buildings sector entails massive capacity-
building efforts to retrain all the trades involved in the design and con-
struction process, as well as the building owners, operators, and users.

Influencing energy use in the transport sector involves affecting trans-
port needs, infrastructure, and modes, as well as vehicle energy efficiency.
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Table TS-8 | Regulatory policies potential contribution to transport and GEA multiple goals.
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Policies for urbanization will have a large impact on transport needs, infra-
structure, and the viability of different transport modes on the local scale.
Both the decision to travel and the choice of how to travel affect fuel
consumption. With a focus on urban transport, a transition to sustainable
transport can follow the framework known as ‘avoid—shift-improve’. This
considers three major principles under which diverse policy instruments
are grouped, with interventions assuming different emphasis in industrial
and developing countries. They need to focus on improving technological
options, not only with respect to climate mitigation, but also with respect
to local environmental conditions and social concerns. The other two com-
ponents — modal shift and avoiding travel — influence the level of activity
and structural components that link transport to carbon emissions.

This approach to urban transport would include policies and measures
for developing alternatives to car use, reducing the need for travel,

improving existing infrastructure use, and setting a clear regulatory
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framework (alternative fuels and efficient vehicles). In addition, policies
targeting freight and long-distance travel (shipping, trucks, rail, and
air) are needed. To illustrate the complexity of transportation policy,
Table TS-8 shows some regulatory options and their potential impact.

For energy efficiency in industry it is useful to separate what can be
achieved when a new plant is being built and what can be done in existing
industry. Most of the new industrial growth will occur in developing coun-
tries. Under the business-as-usual scenario, a mix of technologies would be
installed with varying levels of specific energy use. In addition to regula-
tions and economic incentives, regional centers for industrial energy effi-
ciency could be set up that help disseminate information related to specific
energy use and best-available technologies for different processes. There
could also be web-based facilities established where any industry that is
being proposed can compare its design energy performance with the best
available benchmark technologies. An incentive scheme should provide



funding for energy performance analysis at the design stage. Governments
could help provide financing of the incremental costs of energy-efficient
technologies as low-interest loans through commercial banks.

In existing industries, realizing the potential for energy efficiency can be
achieved through a combination of measures, including incentives for
demand-side management. Regulatory commissions can provide regu-
lations and standards for energy-using equipment and process improve-
ments. Information gaps need to be reduced, especially the sharing and
documentation of best practices. Capacity needs to be developed for
systems assessment rather than individual components assessment.

In developing countries or jurisdictions with suppressed energy service
levels, improved efficiency may lead to an increase in energy service lev-
els rather than a decrease in energy demand. However, this should nor-
mally be the goal of efficiency policies in such jurisdictions. In industrial
countries, such rebound effects need to be minimized through appropri-
ate energy pricing and taxes that complement efficiency policies.

The transition into a very low energy future requires a shift in the focus
of energy-sector investment from the supply-side to end-use capital
stocks, as well as the cultivation of new innovative business models
(such as performance contracting and ESCOs).

5.3.2 Renewable Energies

Increased use of renewable energy technologies can address a broad
range of aims, including energy security, equity issues, and emission
reductions, thereby linking beneficially with other policies related to
poverty eradication, water provision, transport, agriculture, infrastruc-
ture development, industrial development, job creation, and develop-
ment cooperation. For this to occur, policy measures must overcome
the barriers within the current energy system that prevent wider
uptake of renewables (see Table TS-9 for an overview). A key issue is
how to accelerate the deployment of renewable energies so that their
deep penetration into the energy system can be achieved quickly.

Given the enormous size and momentum of the existing global energy
system, new technologies such as renewables face significant mar-
ket barriers. To address these, policy measures should support a level
playing field where renewables can compete fairly with other forms of
energy; they should also support the development of renewables so that
they can overcome additional hurdles to their deployment.

While competitive markets operate effectively for many goods and ser-
vices, a number of failures need to be addressed in relation to energy.
A central concern is the way that markets currently favor conventional
forms of energy by not fully incorporating the externalities they are
responsible for and by continuing to subsidize them — making it harder
to incorporate new technologies, new entrants, and new services in the
energy system. This both distorts the market and creates barriers for
renewables.

Similarly, the potential benefits of renewables are also often not accounted
for when evaluating the return on investment, such as increased energy
security, access to energy, reduced economic impact volatility, climate
change mitigation, and new manufacturing and employment opportun-
ities. These issues are exacerbated by ongoing subsidies for fossil fuels
that globally amount to hundreds of billions of US dollars per year, much
more than the support renewables are receiving. It is through public pol-
icies that the values to society can be reflected in market conditions such
that it will be advantageous for investors to seek out energy options that
support and contribute to a sustainable future for all.

Using a portfolio of policies helps to increase successful innovation and
commercialization, providing they complement each other. To expand
renewable technologies, it is important to note that:

* market growth results from the use of combinations of policies;
* long-term, predictable policies are important;

e multi-level involvement and support from national to local players
is important; and

e each policy mechanism evolves as experience of its use increases.

Policy approaches for renewable energy intend to address the inno-
vation chain both technologically and socially, to pull technologies to
the marketplace and commercialize them, and to improve the financial
attractiveness and investment opportunities of renewables.

Of the market-pull policies, two are most common: a policy that sets a
price to be paid for renewable energy and ensures connection to the
grid and off-take (often known as a feed-in tariff or FIT), and a policy
that sets an obligation to buy, but not necessarily an obligation on price
(often known as a quota or obligation mechanism or a renewable port-
folio standard). So far, FITs have been used for electricity only, although
some countries, for example the United Kingdom, are now considering
how to provide them for heat. Quotas have so far been used for electri-
city, heat, and transport. Biofuel quotas are now common globally.

A FIT that provides a strong, stable price for renewable electricity has
proven successful in some countries for accelerating investment in
renewables. Some jurisdictions prefer renewable portfolio standards that
set a minimum, but growing, quota for renewable or low-emission elec-
tricity generation technologies. Although there is considerable debate
between advocates of these two approaches, the detailed way in which
they are implemented is the key to success. In addition, the GEA analysis
for meeting climate stabilization goals shows that, currently, in industrial
countries virtually no new investments in electricity generation should
result in the new emission of GHGs. Unfortunately, such investments are
still possible in countries with FITs, green certificate markets, or other
renewable energy support schemes, and indeed this has been the case in
most jurisdictions with such policies, although at a lower rate.
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Table TS-9 | Summary of renewable energy policies.

End-use Sector

Polic Definition
y .. Heat/
Electricity K Transport
Cooling
Regulatory Policies
Targets A voluntary or mandated amount of renewable energy (RE), usually a percentage of total energy supply X X X
Access-related Policies
Net metering Allows a two-way flow of electricity between generator and distribution company and also payment for X
the electricity supplied to the grid
Priority access to network Allows RE supplies unhindered access to network for remuneration X X
Priority dispatch Ensures RE is integrated into the energy system before supplies from other sources X X
Quota-driven Policies
Obligation, mandates, Set a minimum percentage of energy to be provided by RE sources X X X
Renewable Portfolio Standards
Tendering/bidding Public authorities organize tenders for a given quota of RE supplies and ensure payment X
Tradable certificates A tool for trading and meeting RE obligations X X
Price-driven Policies
Feed-in tariff (FIT) Guarantees RE supplies with priority access, dispatch, and a fixed price per unit payment (sometimes X X X
declining) delivered for a fixed number of years
Premium payment Guarantees RE supplies an additional payment on top of their energy market price or end-use value X X
Quality-driven Policies
Green energy purchasing X X
Green labeling Usually government-sponsored labeling that guarantees that energy products meet certain criteria to X X X
facilitate voluntary green energy purchasing
Fiscal Policies
Accelerated depreciation Allows for reduction in tax burden X X X
Investment grants, subsidies, One-time direct payments usually from government but also from other actors, such as utilities X X X
and rebates
Renewable energy conversion Direct payment by government per unit of energy extracted from RE sources X X
payments
Investment tax credit Provides investor/owner with an annual tax credit related to investment amount X X X
Other Public Policies
Research and development Funds for early innovation X X X
Public procurement Public entities preferentially purchasing RE or RE equipment X X X
Information dissemination and Communications campaigns, training, and certification X X X
capacity building

Source: Chapter 11

The obvious next step is to require that all new investments for electri-
city generation are in near-zero emissions technologies, and some juris-
dictions have done this. Since 2006, for example, British Columbia in
Canada has a 100% clean electricity standard for all new investments.

533 Modernized Fossil Fuels

Low-, zero-, or negative-emission fossil fuel use will require a transi-
tion to systems that co-utilize fossil fuels with renewable energy and
with CCS. Co-processing of biomass with coal or natural gas for the
co-production of power, fuels, and chemicals with CCS, is especially
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promising. New policies are needed that encourage environmentally
acceptable deployment of such systems. Some of the following lead-
ing policies have already been enacted on an experimental basis, but
these efforts would need to be intensified significantly over the next
decades to realize a dramatic shift. Governments or regulators could,
among others:

e implement GHG emissions pricing via carbon taxes and/or cap-and-
trade systems;

e reduce all subsidies to fossil fuels without CCS. This includes fuel
price subsidies that promote increased energy use; subsidies to



private vehicle use (e.g., untolled roads), and a host of subsidies
to industrial, commercial, institutional, and other combustion uses
of fossil fuels;

e provide demonstration and commercialization subsidies;

e offer to pay above-market rates for electricity, heat, or low-net GHG-
emitting fuels provided via projects that co-process sustainable bio-
mass and fossil fuel feedstocks in systems with CCS. This would be
similar to the FIT for renewables;

* ban construction of new coal-fired electricity plants that lack CCS or
are not CCS ready;

e require land use planning that facilitates socially and environmen-
tally acceptable siting of underground carbon storage and CO, pipe-
lines. There is also a need for land use planning to safeqguard against
potential impacts of carbon storage on other uses of the subter-
ranean, such as geothermal energy, or at least consider a balance
between the possible uses;

e legally clarify geological rights to underground pore spaces for CO,
storage; and

e establish short- and long-term liabilities and risk management and
monitoring responsibilities at CO, storage sites and on CO, pipeline
right-of-ways.

534 Nuclear Energy

People’s views on the value and risks of nuclear power differ greatly and
are often polarized. Some people see nuclear power as a risky technol-
ogy. These perceived threats from nuclear power include catastrophic
accidents at nuclear plants (either through operational failures or ter-
rorist attacks), the inability to safely transport and permanently store
radioactive wastes, and the exploitation of civilian nuclear expertise for
the proliferation of nuclear weapons.

Depending on the severity of these concerns about nuclear power, its
regulatory burden (for design, permitting, operation, and decommission-
ing) can be such that nuclear power is a high-cost option for electricity
generation. However, where public policy (local, national, international)
is able to allay these concerns, then nuclear power can be a competitive
energy option. However, everything hinges on risk preferences among
the public and decision makers, particularly with respect to trading off
the extreme event risks of nuclear power with the ongoing impacts and
risks of its alternatives. The following policies therefore focus on how to
ensure a safe use of nuclear power that is both real and perceived:

e At the international level, governments and the nuclear industry need
to continue to improve their mechanisms for monitoring and controlling

the use of nuclear power and the reprocessing of nuclear fuel to prevent
acquisition of expertise and materials for nuclear weapons production.

e Governments need to collaborate in the establishment of permanent
storage sites for radioactive materials.

By facilitating collaborative investments, governments can help the
nuclear industry settle on two or three dominant designs that have
the best chance of achieving regulatory approval and thus reducing
regulatory costs, which have been very high in jurisdictions like the
United States.

5.4 Elements of Policy Packages

The preceding sections describe a variety of policy instruments, tools, and
approaches for different objectives, whether energy access or decarbon-
ization through the use of renewables. Across the various domains of
intervention, there are some common requirements for transformative
change. For example, whether in the context of CCS or renewable energy
technologies, accelerating the process of research, development, demon-
stration, and deployment is a common requirement. Similarly, it is neces-
sary to enhance and reorient investment. Capacity building is essential to
ensure that countries, regions, and policymakers are able to design and
implement policies. It is possible that fundamental rethinking of lifestyles
and consumption patterns may be required for sustainability. This may
require new knowledge (such as green accounting practices) as well as a
range of tools to influence public thinking, opinion, and behavior.

5.4.1 Innovation*!

Innovation and technological change are integral to the energy system
transformations described in the GEA pathways. Energy technology innova-
tions range from incremental improvements to radical breakthroughs and
from technologies and infrastructure to social institutions and individual
behaviors. The innovation process involves many stages — from research
through incubation, demonstration, (niche) market creation, and ultimate
widespread diffusion. Feedback between these stages influences progress
and likely success, yet innovation outcomes are unavoidably uncertain.
Innovations do not happen in isolation; inter-dependence and complexity
are the rule under an increasingly globalized innovation system.

A first, even if incomplete, assessment of the entire global investments
into energy technologies — both supply- and demand-side technologies —
across different innovation stages suggests RD&D investments of some
US$50 billion, market formation investments (which rely on directed
public policy support) of some US$150 billion, and an estimated range

41 Grubler, A. and K. Riahi, 2010: Do governments have the right mix in their energy
R&D portfolios? Carbon Management, 1(1):79-87.
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of US$1-5 trillion investments in mature energy supply and end-use
technologies (technology diffusion) are required. Demand-side invest-
ments are of critical importance, particularly as the lifetimes of end-use
technologies can often be considerably shorter than those on the sup-
ply side. Demand-side investments might thus play an important role in
achieving pervasive and rapid improvements in the energy system.

Major developing economies have become significant players in global
energy technology RD&D, with public- and private-sector investments
approaching some US$20 billion — in other words, almost half of glo-
bal innovation investments — and are significantly above OECD public-
sector energy RD&D investments (US$13 billion).

Policies now need to move toward a more integrated approach, simultane-
ously stimulating the development and adoption of efficient and cleaner
energy technologies and measures. R&D initiatives without simultaneous
incentives for consumers to adopt the outcomes of innovation efforts risk
not only being ineffective, but also precluding the market feedbacks and
learning that are critical for continued improvements in technologies.

Few systematic data are available for private-sector innovation inputs
(including investments). Although some of the data constraints reflect
legitimate concerns to protect intellectual property, most do not.
Standardized mechanisms to collect, compile, and make data on energy
technology innovation publicly available are urgently needed. The ben-
efits of coupling these information needs to public policy support have
been clearly demonstrated.

The energy technology innovation system is founded on knowl-
edge generation and flows. Increasingly these are global, but need
to be adapted, modified, and applied to local conditions. Long-term,
consistent, and credible institutions underpin investments in knowledge
generation, particularly from the private sector. Yet consistency does
not preclude learning. Knowledge institutions have to be responsive
to experience and adaptive to changing conditions; see, for example
the discussion on open and distributed innovation, university-indus-
try linkages, and knowledge networks (in the North, the South, and
North—South) discussed in Chapter 25.7. Although knowledge flows
through international cooperation and experience, sharing at present
cannot be analyzed in detail; the scale of the innovation challenge
emphasizes their importance alongside efforts to develop capacity to
absorb and adapt knowledge to local needs and conditions.

Clear, stable, and consistent expectations about the direction and shape
of the innovation system are necessary for innovators to commit time,
money, and effort with only the uncertain promise of distant returns. To
date, policy support for the innovation system has been characterized
by volatility, changes in emphasis, and a lack of clarity. An example is
the development of solar thermal electric (STE) technology in the United
States (see Figure TS-29). After successful development during one decade,
sudden policy changes in 1992 terminated interest in STE in the country.
Now US interest has revived, with some projects underway in California
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(although none completed yet) with all the knowledge and technology
imported from Europe (Spain), as associated knowledge entirely depreci-
ated in the United States after the 1992 sudden policy changes.

Policies have to support a wide range of technologies. However seductive
they may seem, silver bullets do not exist without the benefit of hind-
sight. Innovation policies should use a portfolio approach under a risk
hedging and ‘insurance policy" decision-making paradigm. The portfolio
approach is also emphasized in Chapter 25 as part of a capacity devel-
opment approach, especially in developing countries. The whole energy
system should be represented, not just particular groups or types of tech-
nology. The entire suite of innovation processes should be included, not
just particular stages or individual mechanisms. Less capital-intensive,
smaller-scale (that is, granular) technologies or projects are a lower drain
on scarce resources, and failures have less-serious consequences.

Public technology policy should not be beholden to incumbent interests
that favor support for particular technologies that either perpetuate the
lock-in of currently dominant technologies or transfer all high innova-
tion risks of novel concepts to the public sector.

Portfolios need to recognize that innovation is inherently risky. Failures
vastly outnumber successes. Experimentation, often for prolonged periods
(decades rather than years), is critical to generate the applied knowledge
necessary to support the scaling-up of innovations into the mass market.

Public sector energy R&D as a function of total public sector financed
R&D has declined since the early 1980s, with a small reversal in the
trend over the last few years (see Figure TS-30). Spending on technol-
ogy groups has been relatively constant over time. Nuclear energy has
received the largest part of the funding.

Technology needs from the pathway analysis shows a very different pic-
ture (see Figure TS-31). Energy efficiency dominates this analysis which
also shows a doubling or more for renewable energies, and a signifi-
cant lower emphasis on nuclear energy. This historical energy R&D port-
folio bias needs to be addressed urgently to stimulate the innovations
needed for realization of the GEA transition pathways.

5.4.2 Finance*

Some of the policies for energy sustainability described above simply
involve an improvement of existing policies, such as better management of
the electricity sector or more responsible use of fossil fuel resource rents.
But the dominant message of the GEA is that the global energy system
must be rapidly modified and expanded to provide energy access to those
who have none, and must quickly transform to an energy system more
supportive of sustainable development. This transition will require con-
siderable investments over the coming decades. Table TS-10 indicates the

42 Section TS 5.4.1 is based on Chapter 24.
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Figure TS-29 | History of the US solar thermal electricity program, 1982-1992. This shows a ‘virtuous' technology development cycle as a result of well-coordinated policies.
Demand pull policies enabled expanding market applications, which in turn enabled a scaling-up of the technology — reducing capital costs through economies of scale effects,
learning by doing (LbD), and reductions in component failures (lowering operating costs). Supply push policies, such as R&D (even at declining budgets), led to technology
improvements (efficiency) that further lowered capital costs. In the aggregate, levelized total costs per kWh declined by a factor of three over 10 years. This positive innovation
development cycle came to an abrupt halt after 1992 with the sudden discontinuation of public policy support. Source: Chapter 24.
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Figure TS-30 | Public sector energy RD&D in [EA Member countries by major technol-
ogy group. Source: Chapter 24.2

43 IEA, 2009a: World Energy Outlook. International Energy Agency, Organization for
Economic Cooperation & Development, Paris.

necessary investments to achieve this, as estimated by the GEA, and links
these to the types of policies needed. It also assesses these policies in terms
of their necessity and their ability to complement or substitute for each
other. Although considerable, these investment levels can be compared to
estimates of global fossil fuel subsidy levels on the order of US$500 billion
a year, of which an estimated US$100 billion goes to producers.

Table TS-10 compares the costs and policies for different technology
options to those of promoting energy access. Different types of technolo-
gies and objectives will require different combinations of policy mecha-
nisms to attract the necessary investments. Thus, Table TS-10 identifies
‘essential’ policy mechanisms that must be included for a specific option
to achieve the rapid energy system transformation, ‘desired’ policy mech-
anisms that would help but are not a necessary condition, ‘uncertain’ pol-
icy mechanisms in which the outcome will depend on the policy emphasis
and thus might favor or disfavor a specific option, and policies that are
inadequate on their own but could ‘complement’ other essential policies.

The GEA findings indicate that global investments in combined energy
efficiency and supplies have to increase to about US$1.7-2.2 trillion per
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Figure TS-31 | Distribution of past (1974-2008) and current (2008) public sector
energy technology R&D portfolios in member countries of the IEA (right) versus port-
folios of future GHG mitigation needs (min/mean/max, left) derived from an exten-
sive scenario uncertainty analysis. Source: Adapted from Grubler and Riahi, 2010, see
Chapter 24.4

year compared with the present level of some US$1.3 trillion (2% of
current world GDP). Given projected economic growth, this would be an
approximately constant fraction of GDP in 2050.

For some objectives, such as energy access, future investment needs
are comparatively modest. However, a variety of different policy mech-
anisms — including subsidies and regulation as well as capacity build-
ing programs — need to be in place. Regulations and standards are
also essential for almost all other options listed in Table TS-10, while
externality pricing might be necessary for capital-intensive technolo-
gies to achieve rapid deployment (such as a carbon tax to promote
diffusion of renewables, CCS, or efficiency). Capital requirements for
energy infrastructure are among the highest priorities of the options
listed.

Increasing investments in the energy system as depicted by the GEA
pathways requires the careful consideration of a wide portfolio of poli-
cies to create the necessary financial incentives and adequate institu-
tions to promote and support them, and innovative financial instruments
to facilitate them The portfolio needs to include regulations and technol-
ogy standards in sectors with, for example, relatively low price elastic-
ity in combination with externality pricing to avoid rebound effects, as
well as targeted subsidies to promote specific ‘no-regret’ options while
addressing affordability. In addition, focus needs to be given to capacity
development to create an enabling technical, institutional, legal, and
financial environment to complement traditional deployment policies
(particularly in the developing world).

44 Section TS 5.4.2 is based on Chapter 6 and 17.
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5.4.3 Capacity Development*®

Wealthier countries need to improve mechanisms for supporting capacity
development in developing countries, including financial support, tech-
nical training, and sharing of industry, trade, and institutional experiences.
Any energy capacity strategy must, however, be tailored to the specific
characteristics of a given country or region if it is to succeed in stimulating
a rapid transition of the energy system to a more sustainable path. While
this strategy must address basic needs for education and training, it must
also be adapted to the local cultural norms and practices.

The transitions put forward in GEA require a transformation of energy
systems that demand significant changes in the way energy is supplied
and used today. These transitions are, by definition, long-term, socially
embedded processes in the course of which capacities at the individual,
organizational, and systems levels and the policies for capacity develop-
ment themselves will inevitably change. From this perspective, capacity
development can no longer be seen as a simple aggregation of indi-
vidual skills and competences or the introduction of new ‘technology’.
Rather, it is a broad process of change in production and consumption
patterns, knowledge, skills, organizational form, and — most import-
ant — established practices and norms of the players involved: in other
words, a host of new and enhanced capacities. Energy transitions are
thus innovative processes (Chapter 25.1).

The complexity, magnitude, and speed of the changes envisaged in
these transitions will necessitate a major shift in the way that societies
analyze and define the concept of ‘capacities’ and in the way in which
they go about the important task of developing these capacities to meet
the challenges of energy transitions. Different from some of the linear
approaches to capacity development and to technology transfer and
deployment used today, which often fail to appreciate the complexity
of change processes, the concept of capacity development advanced by
GEA is intimately linked to the energy transitions perspective based on
multilayered processes of system change.

In these processes, special attention is paid to the informal institutions
that arise out of historically shaped habits, practices, and vested inter-
ests of players in the system already in place and to the tendency for
path dependence, where past choices constrain present options. They
are given special attention because they constitute potential impedi-
ments to needed change. In the transitions perspective, both learning
and unlearning such habits, practices, and norms in the course of change
are important (Chapter 25.4).

Traditional habits, practices, and norms also shape the styles of commu-
nication in societies. Evidence shows that the more successful change
processes take place in environments that tend to move away from top-
down communication and consultation to more active and continuous

45 Section TS 5.4.3 is based on Chapter 25.



Table TS-10 | Energy investments needed between 2010 and 2050 to achieve GEA sustainability objectives and illustrative policy mechanisms for mobilizing financial

resources.
Investment (billions of . .
Policy mechanisms
US$/year)
Times
. . - Carefully designed . -
2010-2050 Regulation, standards Externality pricing y ces'g Capacity building
subsidies
Efficiency na. 290-800° Essential (elimination of less Essential Complement (ineffective Essential
efficient technologies every few (cannot achieve dramatic without price regulation, (expertise needed for new
years) efficiency gains without multiple instruments possible)e | technologies)
prices that reflect full costs)
Nuclear 5-40¢ 15-210 Essential Uncertain Uncertain Desired
(waste disposal regulation (GHG pricing helps nuclear (has been important in the (need to correct the loss of
and of fuel cycle, to prevent but prices reflecting nuclear past, but with GHG pricing expertise of recent decades)
proliferation) risks would hurt) perhaps not needed)
Renewables 190 260-1010 Complement Essential Complement Essential
(feed-in tariff and renewable (GHG pricing is key to rapid (tax credits for R&D or (expertise needed for new
portfolio standards can development of renewables) production can complement technologies)
complement GHG pricing) GHG pricing)
CCs <1 0-64 Essential Essential Complement Desired
(CCS requirement for all new (GHG pricing is essential, but (would help with first plants (expertise needed for new
coal plants and phase-in with even this is unlikely to suffice while GHG price is still low) technologies)®
existing) in near term)
Infrastructure 260 310-500 Essential Uncertain Essential Essential
(security regulation critical for (neutral effect) (customers must pay for (expertise needed for new
some aspects of reliability) reliability levels they value) technologies)
Access to n.a. 36-41 Essential Uncertain Essential Essential
electricity and (ensure standardization but must | (could reduce access by (grants for grid, micro- (create enabling environment:
cleaner not hinder development) increasing costs of fossil fuel financing for appliances, technical, legal, institutional,
cooking? products) subsidies for clean cookstoves) | financial)

Global investments into efficiency improvements for the year 2010 are not available. Note, however, that the best-guess estimate from Chapter 24 for investments into energy

components of demand-side devices is by comparison about US$300 billion per year. This includes, for example, investments into the engines in cars, boilers in building heating
systems, and compressors, fans, and heating elements in large household appliances. Uncertainty range is between US$100 billion and US$700 billion annually for investments in

components. Accounting for the full investment costs of end-use devices would increase demand-side investments by about an order of magnitude.

o

Estimate includes efficiency investments at the margin only and is thus an underestimate compared with demand-side investments into energy components given for 2010 (see note a).

Efficiency improvements typically require a basket of financing tools in addition to subsidies, including, for example, low- or no-interest loans or, in general, access to capital and

financing, guarantee funds, third-party financing, pay-as-you-save schemes, or feebates, as well as information and educational instruments such as labeling, disclosure and
certification mandates and programs, training and education, and information campaigns.

plants under construction, fuel reprocessing, and estimated costs for capacity lifetime extensions.

become essential for achieving the high estimate of future investments.

Overall electricity grid investments, including investments for operations and capacity reserves, back-up capacity, and power storage.

9 Annual costs for almost universal access by 2030 (including electricity grid connections and fuel subsidies for cleaner cooking fuels).

Lower-bound estimate includes only traditional deployment investments in about 2 GW capacity additions in 2010. Upper-bound estimate includes, in addition, investments for

Note the large range of required investments for CCS and nuclear in 2010-2050. Depending on the social and political acceptability of these options, capacity building may

dialogue practices. Capacity development has an important role to play in
building mechanisms of support and capacities for interactive feedback,
flexibility, and adaptive management and change. And because these
traditional habits, practices, and norms are embedded in a broader social
context, building capacities for dialogue at the local level is essential.

Market development and the role of feedback and flexibility at the local
and project level are also essential in support of the diffusion of new
energy technologies, but they are usually ignored in the design of capacity

building initiatives. Also important is the need to build and strengthen
capacities for local manufacture, repair, and distribution of new energy-
related technologies, whether related to improved cookstoves, solar home
systems or other forms of early energy-access initiatives, or to the intro-
duction of more modern and decentralized forms of energy. Successful
examples of energy technology development and diffusion also point
to the need to develop and strengthen local research capacities, partici-
pating in collaborative R&D efforts and coordinating across sectors and
disciplines.
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Brazil's sustained research effort that led to its development of the biofuels
industry and to multiple development goals ranging from energy-access
improvements to lowering GHG emissions is a good example of this inter-
action and the success that it brings (see Chapter 25.6.1). Research and
advisory services have also played an important role in the development of
smallholder jatropha farms to produce oil for off-grid electricity production
in Mali (Chapter 25.6.1). Other examples where bottom-up approaches
have been critical to the successful introduction of new energy technolo-
gies include experiences in the introduction of small hydropower schemes
in China and village power schemes in Bhutan (Chapter 25.6.2).

Because the need to transform energy systems applies to all economies —
whether industrial, emerging, developing, or poorest — the new concept of
capacity development for energy transitions in some of the examples just
mentioned must also apply to all programs, whether they relate to small
energy-access projects or major transitions and innovations across society
and at the national level. The differences reside in the types of objectives
and outcomes sought — ranging from countries where the main objective
may be to attain the highest levels of cleaner, sustainable, and secure forms
of energy to those where the goal is to provide access to cleaner and afford-
able modern forms of energy to the largest possible number of residents.

Making choices about transition pathways requires access to a wide
range of knowledge and information as well as the capacities to use this
knowledge in the policy process. Two new approaches have emerged
recently from contemporary business practices that may have great rele-
vance in future capacity development approaches. These have developed
over the past several decades as production has become more knowl-
edge-intensive, competition more globalized, and information technol-
ogy more accessible to the population at large. These ‘open innovation’
and "distributed innovation’ systems require very different and complex
approaches to capacity development, involving special skills for man-
aging risks and for creating innovative partnerships that speed the devel-
opment and diffusion of new energy technologies (Chapter 25.7).

Open innovation involves a network culture in which the world outside
is used to generate knowledge inside, and knowledge flows in and out of
the institution purposefully rather than at random. The main objective is
to leverage existing knowledge rather than depend solely on intellectual
property. Distributed innovation, in contrast, is more closely associated
with the development of open source software such as Linux, but the
innovation has spread and is being practiced in other fields, including
the biosciences. In this case, existing practices are not just modified but
disrupted. The innovation power comes from a collected set of individ-
uals whose individual actions ‘snap together’ to create something new.

These approaches point to the importance of building very special cap-
acities for networking and knowledge networks and for appreciating
the increasing relevance of open and distributed systems. Brazil's sys-
tematic collaborative research since the early 1980s that led to the
biofuels success and the Dutch use of ‘transition platforms’ to advance
efforts toward a low-carbon economy, relying on bottom-up processes
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and open networks involving business, the non-governmental sector,
and government, illustrate the applicability of this approach for indus-
trial as well as developing countries (Chapter 25.8.3). In these and other
examples, the lesson is that access to information and the capacity to
use such inputs are critical in making choices for energy transitions — for
individual players, the community, or a national government.

But these new and emerging forms of knowledge networking, coupled
with new and innovative forms of finance and technology research col-
laboration and development, require new and enhanced capacities for
effective participation at the international level that many countries,
particularly developing ones, do not have, or are not well-developed
today. The increasingly complex and fast-paced world of energy and
climate change finance is a good example of an area where present
capacities fall far short of the needs. The recent climate change negotia-
tions alone have generated pledges of fast-start finance up to 2012 of
some US$30 billion and promises to work collaboratively so that this
funding can grow to some US$100 billion by 2020.

This is only a small part of the overall investment projections needed to
meet the growth in energy demand — some US$1.7-2.2 trillion per year
are needed up to 2050. The world of energy finance has always been a
large and complex market. The difference today is that it is becoming
even more complex, with new and innovative instruments of finance,
including the carbon market, and with countries demanding more atten-
tion to the need to develop, introduce, and diffuse new technologies.
Under these conditions, a multi-goal approach can both speed the diffu-
sion of new energy technologies as well as stimulate the development
and energy transition processes in developing countries.

6 Conclusions

The world is undergoing severe and rapid change involving significant
challenges. Although this situation poses a threat, it also offers a unique
opportunity — a window of time in which to create a new, more sus-
tainable, more equitable world, provided that the challenges can be
addressed promptly and adequately. Energy is a pivotal area for actions
to help address the challenges.

The interrelated world brought about by growth and globalization has
increased the linkages among the major challenges of the 21st century.
We do not have the luxury of being able to rank them in order of prior-
ity. As they are closely linked and interdependent, the task of addressing
them simultaneously is imperative.

Energy offers a useful entry point into many of the challenges because
of its immediate and direct connections with major social, economic,
security, and development goals of the day. Among many other chal-
lenges, energy systems are tightly linked to global economic activities,



to freshwater and land resources for energy generation and food pro-
duction, to biodiversity and air quality through emissions of particulate
matter and precursors of tropospheric ozone, and to climate change.
Most of all, access to affordable and cleaner energy carriers is a fun-
damental prerequisite for development, which is why GEA places great
emphasis on the need to integrate energy policy with social, economic,
security, development, and environment policies.

The good news is that humanity has the resources, the ingenuity, and
the technologies to create a better world. The bad news is that the
lack of appropriate institutions, their interaction and integration, cap-
acities, and governance structures makes the task difficult. Raising the
level of political will to address some of these challenges could go a
long way toward making significant progress in achieving multiple
goals. This is a major task, however, given the tendency of current
decision-making processes to aim for short-term, quick results. GEA
endeavors to make a compelling case for the adoption of a new set of
pathways — pathways that are essential, required urgently, and — most
important — achievable.

GEA highlights essential technology-related requirements for radical
energy transformation:

e significantly larger investment in energy efficiency improvements,
especially end-use, across all sectors, with a focus on new invest-
ments as well as major retrofits;

* rapid escalation of investments in renewable energies: hydropower,
wind, solar energy, modern bioenergy, and geothermal, as well as
the smart and super grids that enable renewable energies to become
the dominant sources of energy;

e reaching universal access to modern forms of energy and cleaner
cooking through micro-financing and subsidies;

e use of fossil fuels and bioenergy at the same facilities for the effi-
cient co-production of multiple energy carriers and chemicals;

e full-scale deployment of CCS; and

e on one extreme nuclear energy could make a significant contribution
to the global electricity, but in the other, it could be phased out.

To meet humanity’s need for energy services, comprehensive diffusion of
advanced energy technologies and an increased contribution of energy
efficiencies are required throughout the energy system — from energy
collection and conversion to end-use. Rapid diffusion of renewable
energies is the second, but equally most effective, option for reaching
multiple objectives. Sustainable conversion to carriers such as electric-
ity, hydrogen, and heat, along with smart transmission and distribution
systems for the most important end-uses are crucial.

A major policy challenge is to resolve the current issue of split incentives,
in the sense that those who would be paying for efficiency improvements
and other energy investments are more oriented toward short-term
rates of return than to the long-term profitability of the investments
and, likewise, that they are rarely the beneficiaries of reduced energy
bills and other public benefits.

GEA makes the case that energy system transformation is possible
only if there is also an interactive and iterative transformation of the
policy and regulatory landscape, thereby fostering a buildup of skills
and institutions that encourage innovation to thrive, create condi-
tions for business to invest, and generate new jobs and livelihood
opportunities.

It is projected that, by mid-century, more than six billion people
will live in urban environments. This underscores the importance
for policymakers to consider the window of opportunity available
in designing the urban landscape, specifically in terms of urban lay-
out, transport structure, and individual buildings/structures and their
energy use.

A major finding of GEA is that some energy options provide multiple
benefits. This is particularly true of energy efficiency, renewables, and
the co-production of synthetic transportation fuels, cooking fuels, and
electricity with CCS, which offer advantages in terms of supporting all
of the goals related to economic growth, jobs, energy security, local and
regional environmental benefits, health, and climate change mitigation.
All these advantages imply the creation of value. This value should be
incorporated into the evaluation of these measures (and others) and in
creating incentives for their use.

One implication of this is that nations and corporations can invest in
efficiency and renewable energy for the reasons that are important to
them, not just because of a global concern about, for example, climate
change mitigation or energy security. But incentives for individual play-
ers to invest in options with large societal values must be strong and
effective.

Finally, the GEA pathways describe the transformative changes needed
to achieve development pathways toward a more sustainable future —
a 'sustainable future’ that simultaneously achieves normative goals
related to the economic growth, energy security, health, and environ-
mental impacts of energy conversion and use, including the mitigation
of climate change.

In sum, GEA finds that attainment of a sustainable future for all is
predicated on resolving energy challenges. This requires the creation
of market conditions, via government interventions, that invite and
stimulate investments in energy options that provide incentives for
rapid investments in energy end-use and supply technologies and
systems.

93






CAMBRIDGE

www.cambridge.org/9781107009363

Global

Energy
Assessment

Toward a Sustainable Future

July 2012 | 1900 pages

680 color illus. | 389 tables
Hardback | 978-1-107-00519-8
Discounted Price: USD 240.00

Paperback | 978-0-521-18293-5
Discounted Price: USD 120.00

How To Order

Online www.cambridge.org/9781107009363
Call 1.800.872.7423

Email customer_service@cambridge.org

Enter Discount Code GEA12 at
checkout to receive the discount.
Offer expires 9/1/2012

Forthcoming!
Global Energy Assessment

Toward a Sustainable Future
GEA Writing Team

About the Book

The Global Energy Assessment (GEA) brings together over
300 international researchers to provide an independent,
scientifically based, integrated, and policy-relevant analy-
sis of current and emerging energy issues and options. It
has been peer-reviewed anonymously by an additional
200 international experts. The GEA assesses the major
global challenges for sustainable development and their
linkages to energy; the technologies and resources avail-
able for providing energy services; future energy systems
that address the major challenges; and the policies and
other measures that are needed to realize transformational
change toward sustainable energy futures. The GEA goes
beyond existing studies on energy issues by presenting a
comprehensive and integrated analysis of energy challeng-
es, opportunities and strategies, for developing, industrial-
ized and emerging economies. This volume is an invalu-
able resource for energy specialists and technologists in

all sectors (academia, industry, and government) as well as
policymakers, development economists and practitioners in
international organizations and national governments.

CAMBRIDGE

UNIVERSITY PRESS



CAMBRIDGE

www.cambridge.org/9781107009363

Ig]lobal
ner
Assessmegn){

Toward a Sustainable Future

How To Order

Online www.cambridge.org/9781107009363
Call 1.800.872.7423
Email customer_service@cambridge.org

Enter Discount Code GEA12 at
checkout to receive the discount.
Offer expires 9/1/2012

Key Features

* Provides in one volume a state-of-the-art analysis of the
global challenges linked to energy and the solutions avail-
able to decision makers

* Will become the main reference volume on issues of en-
ergy for the next few years

« Draws upon the expertise of over 500 international ana-
lysts and reviewers

« Highly multidisciplinary and integrated treatment of all
energy issues

Contents

Foreword; Preface; Key findings; Summary for policy mak-
ers; Technical summary; 1. Energy primer; 2. Energy, pover-
ty, and development; 3. Energy and environment; 4. Energy
and health; 5. Energy and security; 6. Energy and economy;
7. Energy resources and potentials; 8. Energy end-use:
industry; 9. Energy end-use: transport; 10. Energy end-use:
buildings; 11. Renewable energy; 12. Fossil energy; 13.
Carbon capture and storage; 14. Nuclear energy; 15. En-
ergy supply systems; 16. Transitions in energy systems; 17.
Energy pathways for sustainable development; 18. Urban
energy systems; 19. Energy access for development; 20.
Land and water: linkages to bioenergy; 21. Lifestyles, well-
being and energy; 22. Policies for energy system transfor-
mations: objectives and instruments; 23. Policies for energy
access; 24. Policies for the Energy Technology Innovation
System (ETIS); 25. Policies for capacity development; Annex
I. Acronyms, abbreviations and chemical symbols; Annex II.
Technical guidelines; Annex III. Contributors to the Global
Energy Assessment; Annex IV. Reviewers of the Global En-
ergy Assessment; Index.

CAMBRIDGE

UNIVERSITY PRESS






About the Global Energy Assessment

The Global Energy Assessment (GEA) is the culmination of a multi-year initiative to assess the
global energy challenges of our rapidly changing world. It identifies the urgent need for a
sustained and comprehensive strategy to resolve the issues facing sustainable development,
including poverty eradication, climate change mitigation, health, energy security, and energy
access. Implementation of this strategy relies on strong commitments from policy- and
decision-makers to achieve a transformation of the global energy system.

The GEA envisions energy systems which meet the multiple objectives required for a
sustainable future, including: sustained economic growth; expanded access to modern energy
services for poor and rural populations; alleviation of local, regional, and global environmental
and health impacts; securing energy and fuel supplies; as well as the necessary investments to
do so.

The GEA's unique approach involves broad and integrated analyses to identify comprehensive
solutions to global energy challenges. The GEA identifies the major energy challenges and
evaluates the energy resources and technological options available to build sustainable
energy systems and combines these components to create systems that enable a variety of
sustainable futures. Finally, the policies and investments needed to make these future systems
a reality are outlined.

The GEA is unprecedented in its ambition, complexity and scope and brings together diverse
analytical perspectives from multiple disciplines and regions to develop new knowledge and
understanding of energy challenges. Involving more than 300 international energy experts
and an additional 200 independent reviewers, GEA is an invaluable resource for enerqgy
specialists in all sectors as well as policymakers, development economists, and practitioners in
international organizations and national governments.

The complete Global Energy Assessment is available from Cambridge University Press:
ISBN 9781 10700 5198 hardback
ISBN 9780 52118 2935 paperback

For more information: www.cambridge.org and www.globalenergyassessment.org

@ Printed on recycled paper





