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EXECUTIVE SUMMARY

Today, over one billion people around the world—five hundred million of them in sub-Saharan
Africa alone—lack access to electricity. Nearly three billion people cook over open fires fueled
by wood, dung, coal, or charcoal. This energy poverty presents a significant hurdle to achieving

development goals of health, prosperity, and a livable environment.

The relationship between access to modern energy services and quality of life is well estab-
lished. Affordable and reliable grid electricity allows factory owners to increase output and hire
more workers. Electricity allows hospitals to refrigerate lifesaving vaccines and power medical
equipment. It liberates children and women from manual labor. Societies that are able to meet
their energy needs become wealthier, more resilient, and better able to navigate social and en-

vironmental hazards like climate change and natural disasters.

Faced with a perceived conflict between expanding global energy access and rapidly reducing
greenhouse emissions to prevent climate change, many environmental groups and donor insti-
tutions have come to rely on small-scale, decentralized, renewable energy technologies that
cannot meet the energy demands of rapidly growing emerging economies and people struggling
to escape extreme poverty. The UN’s flagship energy access program, for example, claims that
“basic human needs” can be met with enough electricity to power a fan, a couple of light bulbs,

and a radio for five hours a day.

A reconsideration of what equitable energy access means for human development and the
environment is needed. As this paper demonstrates, a massive expansion of energy systems, pri-
marily carried out in the rapidly urbanizing global South, in combination with the rapid
acceleration of clean energy innovation, is a more pragmatic, just, and morally acceptable frame-

work for thinking about energy access. The time has come to embrace a high-energy planet.

This paper looks to history for guidance in achieving a high-energy world. Historically, energy
modernization has been driven by a strong public commitment to expand modern energy serv-
ices, ensure equitable energy access, and achieve broader economic development goals. Smart
public policies will promote increasingly productive uses of energy, engage the private sector
to ensure reliable and cost-effective services, support energy innovation activities, and proceed

in concert with long-term development goals.

A commitment to a high-energy planet empowers growth and development using the broadest
array of energy services, technologies, and policies that can meet the manifold needs of devel-
oping societies. The way we produce and use energy will become increasingly clean not by
limiting its consumption, but by using expanded access to energy to unleash human ingenuity

in support of innovating toward an equitable, low-carbon global energy system.
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INTRODUCTION

Access to affordable and reliable energy is a prerequisite for human development. Modern en-
ergy undergirds every aspect of modern life, from education to healthcare, manufacturing to
telecommunications, agriculture to transportation. Affluent countries have spent two centuries
unlocking the potential of widespread energy access to improve the lives of their citizens and
build dynamic, prosperous societies. Now, hundreds of millions of people in the developing
world are using modern energy to escape poverty.' So overwhelming and undeniable is the im-
portance of energy to quality of life that any agenda intent upon advancing human
development and dignity must place universal and equitable access to modern energy services

at its center.

A coherent strategy for human development begins with the as-
sumption that energy equity is necessary for a just, prosperous,
and environmentally sustainable society.

Rapidly emerging economies like Vietnam, Brazil, India, and South Africa have accelerated
their development and improved their citizens’ lives by focusing on economic growth, industrial
productivity, and energy system modernization. As the poorest countries of the global South
transition from agrarian to industrial societies, they are likely to follow a similar path, and they
will require more energy as they do so. In seeking to assist these least-developed countries in
their modernization, international organizations like the United Nations have highlighted the
role of energy access in achieving development objectives. This is commendable. But as we
will show, the energy access proposals outlined by these groups are constrained by a simulta-
neous focus on minimizing greenhouse gas (GHG) emissions in an attempt to deal with climate
change. As a result, we argue, the levels of energy access envisioned by these initiatives are

often inadequate for driving long-term socioeconomic development.

Rather than limiting energy access and consumption on the basis of their potential climate
change impacts, a coherent strategy for human development begins with the assumption that
energy equity is necessary for a just, prosperous, and environmentally sustainable society. By
building out the worldwide energy system in support of human dignity and widely shared pros-
perity, we create fertile conditions for the emergence and scaling of new innovations that will

generate progressively lower-carbon developmental pathways. As this paper will explain, it is
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INTRODUCTION

precisely the massive expansion—rather than contraction—of energy systems, carried out
primarily in the inexorably urbanizing South, that provides the context and opportunity for

a robust, coherent, and ethical response to the global challenges we face.

Our high-energy framework is prescriptive only in its commitment to equity. The appropriate-
ness of energy technologies is determined by their ability to meet the current and—in order
to avoid locking in energy poverty through low levels of access—the future energy needs
of individuals and societies. Our approach combines a commitment to pragmatism with
an insistence that all humans deserve access to sufficient energy services to afford them the
quality of life currently enjoyed by people in economically developed regions of the world.
A high-energy planet with universal access to affordable, cleaner, and plentiful energy, we argue,
is the most practical way to secure this socioeconomic development while ensuring environ-

mental protection.

Sabarmati Thermal Power Station, which powers the Indian cities of Ahnmedabad and Gandhinigar
(Photo credit: Koshy Koshy)
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ENERGY ACCESS TRENDS

ENERGY, PRODUCTIVITY, AND HUMAN DEVELOPMENT

Energy access, economic productivity, and social well-being have co-evolved over the past
two centuries as central features of a broader societal advancement process characterized by
sustained growth in the capacity to cultivate knowledge and skills that lead to further innova-
tion, prosperity, and resilience. Central to this co-evolution has been the ability of every citizen
and business to take advantage of affordable and reliable energy in the form of electricity and

other modern fuels.

The relationship between access to modern energy services and quality of life is well estab-
lished. Two hundred years ago, as the economies of industrializing countries prospered and
their populations began transitioning from traditional biomass fuels to the precursors of the
energy sources in use today, living standards improved dramatically. The same is true today in
the developing world. As poor people gain access to electricity and cleaner fuels, they typically

enjoy longer, healthier, and more prosperous lives.

Universal energy access also powers modern, growing economies. The transformation of nat-
ural energy assets into usable energy services allows not just for household lighting and
electricity, but also modern infrastructures and industrial practices that have positive social
impacts. Affordable energy is used to power tractors, create fertilizers, and power irrigation
pumps, all of which improve agricultural yields and raise income. Cheap and reliable grid elec-
tricity allows factory owners to increase output and hire more workers. Electricity allows
hospitals to refrigerate lifesaving vaccines and power medical equipment. It liberates children
and women from manual labor and provides light, heat, and ventilation for the schools that

educate the workforce.

Like freedom from violence, hunger, and the diseases of poverty,
access to sufficient levels of energy must be understood as a
cornerstone of human development.

While there is no single or linear path to a modern energy system, there is a pattern common
to many societies. As countries like the United States and Great Britain shifted from agrarian
to industrial to postindustrial societies, they developed more efficient, flexible, and convenient

energy sources to power increasingly complex economic activities. From an almost total
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ENERGY ACCESS TRENDS

reliance on biomass fuels like wood and charcoal in the early 1800s, advanced economies now
depend on reliable, grid-based access to a diverse mix of energy resources, including coal, oil,
natural gas, hydropower, nuclear fission, and renewables like wind and solar. Technical
innovation, economies of scale, government investments, and competitive markets for energy
services improved the performance of these energy systems, lowered their costs, enhanced the
services they provide, and spurred the generation of new services that benefitted lives

and livelihoods.?
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In this sense, we understand the development that energy supports to mean much more than
just economic growth. Rather, development involves building knowledge and skills that allow
a society to innovate, solve problems, enhance productivity, and improve processes, capabilities,
and technologies.® Historically, such increases in society-wide capacity have allowed countries
and their citizens to reduce the amount of carbon they burn per unit of energy produced—that
is, to decarbonize their energy systems—and to advance along trajectories of their choosing,
as people with access to energy and the opportunities it enables acquire freedom of choice
about how they live and what livelihoods they pursue. Societies that are able to meet their en-
ergy needs become wealthier, more resilient, and better able to navigate social and

environmental hazards like climate change. Therefore, like freedom from violence, hunger, and
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ENERGY ACCESS TRENDS

the diseases of poverty, access to sufficient levels of energy must be understood as a cornerstone

of human development.

While the world has made considerable progress in expanding energy provision, billions of
people still have far too little access to energy. Today, the poorest three-quarters of the world’s
population use just one-tenth of the world’s energy. Over one billion people around the world—
five hundred million of them in sub-Saharan Africa alone—lack access to electricity. Nearly
three billion people cook over open fires fueled by wood, dung, coal, or charcoal.* The health
consequences of these energy use patterns are severe: every year, indoor air pollution causes
two million premature deaths, one million cases of chronic obstructive pulmonary disease, and

half of all of pneumonia deaths among children under the age of five.’

AN URBAN PLANET: PEOPLE TO THE POWER

Urbanization is shaping the context for expanded energy access and energy innovation.
Demographic trends in the developing world demonstrate an inexorable transition from rural,
pastoral societies toward industrial, urban societies.® This transition makes countries wealthier,
more productive, and more innovative, but sustaining these advances requires large quantities
of energy. High population densities require large-scale, centralized energy sources such as
hydropower, coal with carbon-capture and sequestration (CCS), advanced nuclear, and natural

gas, along with the efficient networked configurations of gas pipelines and electricity grids.’

Historically, most rural dwellers have gained access to modern energy services by moving to
cities.® To be sure, rural electrification efforts have played an important role in ensuring
access in industrial countries. But such success in electrification has been facilitated at least in
part by the fact that the rural population in need of electricity was shrinking amidst a broader
context of economic growth driven by expanding urban industrial centers. There remain, of
course, billions of people who live in rural communities, and there will be for many decades
to come. The solutions to energy poverty in remote, rural villages will, of necessity, look quite
different from solutions in urban areas. But most of the increase in global energy access through
the next century is likely to be the result of urbanization combined with better urban electrifi-

cation efforts.

Urbanization contributes to universal electrification in three distinct ways. It shifts populations
into denser living configurations that are less costly to electrify, which is why, for instance,

60 percent of urban citizens in sub-Saharan Africa have electricity access whereas only
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14 percent of rural residents do.’ It reduces the size of rural populations that must be served
through expensive grid extensions. And it results in more affluent societies that are better able
to provide a critical mass of urban consumers who can support a financially sustainable energy
system.'? These factors underlie the historical pattern of universal electrification in rich coun-

tries and the provision of energy services to their rural or remote populations.

Nonetheless, the archetypal image evoked by efforts to address energy poverty is the desperately
poor rural village, not the sprawling informal urban slum. And while the critical needs of rural
communities should not be ignored, global energy and climate policies, in order to succeed,
will need to focus much more heavily on the needs of rapidly growing urban populations in
developing economies. National electrification plans that envision generating capacity and in-
frastructure to power growing cities and densely population peri-urban regions should be central

priorities for development organizations and multilateral institutions like the UN.

ENERGY ACCESS AS A PUBLIC GOOD

The kind of large-scale, long-term planning required for equitable energy access points to an
important facet of the policy framework for achieving a high-energy planet: the need for effec-
tive and responsive public governance, in cooperation with the private sector, which takes into
account factors like the wider economy, environmental impacts, and public safety. The provision
of reliable energy services is in many ways unique—enormously complex, operating over
decades, risky for investors, and with weak market signals—and the private sector alone lacks
the capacity and incentives to make energy systems significantly cleaner or more equitable,

particularly for very poor and marginalized energy consumers.

Guaranteeing access to modern energy services is a way of utiliz-
ing collective national resources to create a public good from
which all people benefit.

As a result, energy modernization has been driven, almost everywhere, by a strong public com-
mitment to expanding access to modern energy services in pursuit of both equitable energy
access and broader economic development goals. Public utility companies or highly regulated

monopolies sought secure energy supplies and low-risk efficiencies to ensure affordable prices,
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guaranteed profits, and high rates of economic growth.'" States partly subsidized the creation
and extension of electric grids, typically through loan-interest financing, early losses recovered
through increased consumption later, and strategic tariff structuring. Individual and commercial
consumers then came to expect the most cost-effective and reliable energy sources to power

their homes, vehicles, and businesses.

A powered irrigation system in Mpongwe, Zambia

Guaranteeing access to modern energy services is a way of utilizing collective national
resources to create a public good from which all people benefit. Effective states have long rec-
ognized this, which is why the energy infrastructure of all industrially developed nations—and
those of late-industrializing countries like China, Chile, Mexico, Thailand, Tunisia, and oth-

ers—has been dominated by either public or heavily regulated institutions.'? Just as no country
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leaves the construction and maintenance of its transportation networks or public health systems
to the complete mercy of the market, public policy and financing for building and modernizing
a country’s energy system—one of the most basic responsibilities of a functioning state—is
necessary. Only public sector involvement can devote resources on the requisite scale, ensure
that abundant and affordable energy services reach all citizens, and create the stable economic

and political conditions necessary to expand private investment.

Countries as varied as Brazil, Indonesia, and Vietnam have made substantial progress toward
universal energy access. Through public financing and proactive legislative support, they have
created conditions for private investment in the energy system, fostered competition and
efficiency in end-use technologies, and mitigated market failures like underinvestment
in innovation, infrastructure, and rural electrification. Such public leadership in the energy
sector— often demanded by industrial sectors that need reliable energy in order to be compet-
itive — typically instigates a virtuous cycle of increased energy access, rising incomes and
political agency, and more responsive policies that provide citizens with plentiful, reliable, and
cleaner energy services. Indeed, countries that have successfully electrified have consistently
relied upon encouraging productive use of electricity like water pumps for agriculture, or

refrigeration for food and medicine distributors.'
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DECARBONIZATION

Creating a high-energy planet and building out the infrastructure necessary for universal and
equitable access to energy involves immense changes in technical, social, economic, and envi-
ronmental systems. These changes often have multiple benefits. Transitioning from dung and
wood to coal, natural gas, nuclear, and other advanced energy sources alleviates many problems
caused by a lack of energy access or the use of low-grade energy sources, including deforesta-

tion, soil erosion, black carbon emissions, and respiratory ailments that lead to premature death.

Modern energy is crucial not just for human development, but also for environmental quality,
as it allows developing nations to move away from traditional, polluting energy sources and
toward cleaner fuels. Modern energy systems use relatively less carbon per unit of energy pro-
duced than pre-industrial systems. Charcoal, a biomass fuel still used in many parts of the
developing world, is almost pure carbon. Over time, our consumption of hydrocarbon fuels
has shifted towards sources of energy with ever-higher hydrogen-to-carbon ratios. Natural gas
has half the carbon content of coal, and nuclear power and renewable sources emit no carbon

dioxide in energy production.

This historical path of decarbonization has not prevented a continual rise of global carbon
emissions because more efficient, affordable energy services have precipitated dramatic in-
creases in energy consumption. Much of the energy that underpins worldwide economic
activity comes from burning fossil fuels that emit greenhouse gases and other pollutants, making
the global energy system the largest contributor to global climate change. This fact has created
the appearance of a conflict between the energy needs of developing countries and the need to
address climate change. The logic of this conflict suggests that because energy is implicated in
the climate change problem, energy production and consumption should be minimized and

emissions reduced whenever and wherever possible.

The risks presented by climate change should not and will not be
managed through limiting access to energy by the populations
who need it most.

This idea that energy use must be constrained, or restricted to specific zero-carbon technologies,

informs the dominant framework within which energy and human development are understood
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by many environmental organizations, donor governments, and multilateral development agen-
cies, typically based in the United States and Europe.'* Often manifested in subtle and implicit
ways, this framing is especially evident in the low quantitative thresholds of international energy

% in “climate stabilization scenarios” and energy consumption projections

access initiatives;'
that assume billions of people will remain without access to modern energy for the foreseeable
future;'® and in international climate negotiations that focus on low-emission hardware transfers
rather than social and economic development along technological pathways that do not trade

near-term energy access for long-term climate goals.'’

The energy access report from the UN’s Advisory Group on Energy and Climate Change, for
example, notes that “energy facilitates social and economic development,” while arguing that
the world’s least-developed countries must “expand access to modern energy services ... in a
way that is economically viable, sustainable, affordable and efficient, and that releases the least
amount of GHGs.”'® In other words, the UN supports human development through expanded
energy access, so long as that energy does not come from the cheap fossil fuels that wealthy,
developed countries spent the past two centuries burning, and that in many developing world
contexts remain the cheapest, most reliable, and most versatile energy options. Energy access
initiatives (such as those described below) are structured within a dominant climate narrative

°— many forms of energy production and con-

that denigrates—often in explicitly moral terms'
sumption. In practical terms, such approaches seek to minimize, or even forbid, the use of the
very energy technologies that enabled the prosperity of developed countries, and that are now

spurring the rapid growth of many economies in the developing world.

The unacknowledged problem is that aside from nuclear and hydroelectric power, which most
people in the environmental and development communities do not strongly advocate, there are
not yet reliable, scalable, clean, base-load energy sources available to take the place of incum-
bent fossil fuels. Building out efficient grid infrastructure and modernizing the energy
sector—including shifting from coal to coal and natural gas with carbon capture, hydroelectric,
and advanced nuclear power—are key processes in shifting to a low-carbon global energy sys-
tem. Accelerating such a transition should be the priority of the climate and development
communities, since the risks presented by climate change should not and will not be managed
through limiting access to energy by the populations who need it most in order to thrive, inno-

vate, and prosper.
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INADEQUATE ENERGY ACCESS GOALS

Fortunately, the last few years have seen a growing international commitment to universal en-
ergy access. United Nations Secretary General Ban Ki-Moon has made universal electrification
one of his highest priorities, and the UN declared 2012 the Year of Sustainable Energy for All
(SE4All). In June 2013, President Obama announced a $7 billion effort to “Power Africa,”
aimed at extending electricity to 20 million households. Currently the US Congress is consid-
ering legislation, “The Electrify Africa Act” (H.R. 2548), to extend electricity to 50 million
people. These efforts involve the Export-Import Bank, the Overseas Private Investment
Corporation (OPIC), the Millennium Challenge Corporation, the U.S. Trade and Development
Agency, and the U.S. Agency for International Development. Power Africa also includes $9

billion in commitments from private companies such as General Electric.

AN AMBITION GAP IN GLOBAL ENERGY ACCESS?
Global Per Capita Electricity Consumption (kWh/year)
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These new initiatives have prioritized improved energy access as a means of achieving larger
development objectives like economic growth, public health, and education. But, bounded by
the conventional GHG-reduction framework outlined above, even when universal energy access
is a declared objective, the thresholds are typically unacceptably low and far from equitable.
The SE4All initiative, for example, claims that “basic human needs” can be met with enough
electricity to power a fan, a couple of light bulbs, and a radio for five hours a day,’’ a baseline

that someone from a rich country would not recognize as access at all. The average European
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consumes SE4All’s yearly energy access threshold in less than a month,?’ and a typical
American burns through that much electricity in a little over a week.?’> More importantly, such
a baseline does not capture electricity used outside the home to power hospitals, schools, gov-
ernment facilities, commercial buildings, factories, and all the other places and activities that

require electricity.”®

The same is true for other major energy access initiatives. The International Energy Agency
(IEA) defines “energy access” as 500 kilowatt-hours (kWh) per year, or 100 kWh per person,**
which is about 0.5 percent of the levels consumed by the average American or Swede, or
1.7 percent of the average Bulgarian. The World Bank’s highest tier for energy access is less
than 10 percent what the average Bulgarian uses. While acknowledging that these are initial
targets and that efforts must be realistic in their goals to be seen as credible, it is nonsensical to
argue, as these goals implicitly do, that a household has achieved equitable access to modern
energy when consuming 50 to 100 kWh per person annually—Iless than the average American’s

cable television box.?

The problem is not simply that these modest thresholds for energy access are low in comparison
with high-income countries; after all, the immediate energy needs of poor communities in
developing nations are much different from the energy demands of citizens in Canada or
Germany. What s problematic is that these minimal targets can be met with energy technologies
that have little capacity for scaling up and meeting the expanding needs of economically pro-

ductive, non-household activities like manufacturing, transportation, or commercial agriculture.

Existing energy access initiatives can fully succeed on their own
terms without any meaningful or sustained development on the
part of energy-poor communities.

Without a viable mechanism for individuals, communities, or private enterprises to move up
the energy ladder for improved quality of life and greater productivity, achieving negligible ac-
cess thresholds with technologies like rooftop solar panels or cleaner cookstoves—rather than,
for example, reliable grid connections—Ieaves other human development goals far out of reach.
And because access initiatives are not typically part of long-term electrification strategies at
the national or regional level, they do not support either effective development planning or the

delivery of high-quality energy services to critical sectors of the economy.”®
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lllegal grid connections in Rio de Janiero's Rocinha favela illustrate the demand for adequate and affordable
energy (Photo credit: Alicia Nijdam)

Put simply, initiatives like SE4All can fully succeed on their own terms without any meaningful
or sustained development on the part of energy-poor communities. Whatever the short-term
benefit, a narrow focus on household energy and the advocacy of small-scale energy sources
like solar home systems can, in fact, make it more difficult to meet the soaring increase in energy
demand associated with moving out of extreme poverty.”’ Not only do such low thresholds
drastically underestimate the magnitude of the energy access challenge, they also further en-

trench global inequities, distract financial and political capital away from more productive
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investments, and prevent people and nations from pursuing development paths that offer greater

hope for reconciling their socioeconomic and environmental aspirations over the long term.

As a result, contemporary advocacy of sustainable energy expansion too often offers wildly
inappropriate solutions, sometimes lifted wholesale from developed-world contexts that make
no sense for energy-poor nations. For instance, despite being the world’s sixth largest oil ex-
porter, with vast reserves of natural gas, coal, and renewable energy, Nigeria has some of the
lowest rates of energy access in the world.?® The United Nations Development Programme’s
remarkable response to this situation is a project to “improve the energy efficiency of a series
of end-use equipment ... in residential and public buildings in Nigeria through the introduction
of appropriate energy efficiency policies and measures.” Much of this $10 million project in-
volves distributing compact fluorescent light bulbs.?® The point is not that improving efficiency
is ineffective in reducing carbon emissions, or that energy systems should not be made as
efficient as possible in order to stimulate energy use for productive ends. It is that efficiency
initiatives like these are entirely inadequate for development needs in energy-destitute countries

like Nigeria.

On-demand grid electricity capable of powering commercial
agriculture, modern factories, and megacities in the developing
world will likely drive energy and development strategies for the
foreseeable future.

The Nigeria case typifies why many present-day international sustainable energy initiatives,
constrained by a framework that prioritizes emissions reductions even for the poorest, least-
emitting countries, are ill suited to the development priorities of the emerging economies. If
universal energy access, properly understood as a broad development imperative, is to build on
past lessons from the rich world and resonate with the ambitions of late-industrializing coun-

tries, it will in most cases entail the provision of reliable grid electricity.*

As with all large-scale technological transitions, this will be an evolutionary process, one that
may begin with technologies like regional micro-grids. But on-demand grid electricity capable
of powering commercial agriculture, modern factories, and megacities in the developing world

will likely drive energy and development strategies for the foreseeable future. International
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energy access and climate initiatives that fail to align themselves with these priorities are largely
irrelevant to the pursuit of decent living standards among those who currently lack access to

modern energy services.

ENERGY SECTOR BUILD-0OUT

Energy systems have grown as countries have sought to meet their economic and social aspi-
rations. Between 1990 and 2010, emerging lower-middle-income nations increased the
percentage of their populations with access to electricity by 19 percent, to more than three-
quarters of their populations. Regionally, the countries of southern Asia improved electricity
access by 23 percent over the same time period, and North Africa went from 85 percent elec-
tricity access to almost 100 percent. Individual countries have seen even more impressive energy
sector expansion: in Indonesia, for example, 94 percent of citizens now have electricity access,

up from 67 percent in 1990.%

This expansion generates performance efficiencies and cost reductions that are advanced in-
crementally through technological demonstration, deployment, and improvement through
day-to-day operations. These improvements within a relatively stable system of institutions,
skills, markets, political interests, and cultural forces can lead to what in hindsight are seen as
breakthrough innovations toward new and cleaner energy technologies.*> Concerted public and
private efforts to develop and diffuse those innovations have succeeded in accelerating the rate
at which energy systems shift to lower-carbon, more affordable technologies. Innovations in
unconventional natural gas production over the past decade, for example, have lowered natural
gas prices by 65 percent in the past five years® and led to historic reductions in U.S. carbon
emissions.** In the 1970s and 80s, improved operating practices across the U.S. nuclear reactor
fleet led to increases in capacity factors (the fraction of the actual-to-available power being gen-
erated) from an average of about 50 percent to 90 percent. This was a consequence of improved

operating practices that came from use and experience, not from new technologies.

In other words, much of the opportunity for innovation in energy technologies over the next
century will occur where and when new technology is needed and being actively deployed—
that is, in emerging economies. Rich countries that have already met most of their energy needs
will provide fewer opportunities than the late-industrializing countries for large-scale diffusion
and improvement of new energy technologies, especially those providing large base-load gen-

eration and distribution. However, improved coordination between rich countries, with
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established innovation capabilities, and late-industrializing nations, which are rapidly building
out their energy systems, on improving energy technologies will both accelerate innovation to-
ward low-carbon energy systems and help to universalize equitable access to cleaner energy.
Efforts to alleviate energy poverty therefore create highly favorable conditions for the develop-

ment and diffusion of affordable low-carbon energy technologies.

Training in China for the operation of the Westinghouse AP1000 nuclear reactor (Photo credit: NRC)

China provides the most obvious example. It has demonstrated significantly lower costs for
capturing carbon emissions from power plants than any other country.® It is a world leader in
cost-effective hydroelectric power.*® China has at least 28 nuclear reactors under construction,
compared to five in the United States, and it is taking the lead in pushing forward advanced
nuclear technologies like gas-cooled pebble-bed reactors and molten salt thorium-fed reactors.
Innovations that improve performance and cost through technology deployment, though not

guaranteed,®’ are much more likely to accrue to China and the companies that work there than
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to countries where energy demand is flat and energy systems are technologically, politically,
and economically entrenched. And though the scale and intensity of effort in China is excep-
tional, other industrializing countries offer comparable opportunities. With sustained and
coordinated financial, institutional, and technical support, similar systemic development in
support of improved energy access can happen in the least-developed countries, providing the

foundation for a truly global energy innovation system.

The variety of energy consumers and the services they require highlight how crucial it is for
energy access and innovation to be context-appropriate. Energy needs are dependent on climate,
geography, culture, economics, and a range of other factors. Highly urban and industrialized
China, with its huge coal reserves, may profitably invest in carbon capture and storage tech-
nologies for its base-load coal power plants; the dispersed rural populations of Ethiopia may
depend on extending grid infrastructure in order to exploit the country’s abundant hydropower
resources. And for remote communities around the world, distributed solar or wind generation
and micro-grids may prove critical in providing access to energy. The sheer diversity of contexts
in which energy expansion will take place demands technological pluralism, meaning a com-
mitment to moving innovation forward on nuclear,*® fossil fuels, hydropower, solar, wind,
transportation, infrastructure, and all other energy sources and services that can be made more

affordable, cleaner, and socially acceptable.

INNOVATION FOR CLIMATE MITIGATION

Energy modernization provides the foundation for future innovations and technology options
that will lead to an increasingly clean global energy system. Furthermore, as societies increase
their reliance on electricity and fuels with greater energy content and less carbon, delivered
through efficient grid systems, there are substantial positive impacts on human wellbeing,
economic productivity, and local environment—the pillars of sustainable development. Any
morally acceptable and politically coherent path to reconcile equitable energy access with
successful climate action must be pursued not by minimizing energy consumption, but with

the catalytic combination of equitable energy access and more energy innovation.

Because it generates greater human and capital resources with which to innovate, modern en-
ergy-supported development advances societies and their energy systems along trajectories
distinct from, and ideally lower-carbon than, those traversed by the rich world.*® This frame-

work for development also enriches the potential for international, collaborative innovation
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efforts, since the contexts for energy services, low-carbon innovation, and equitable access vary
tremendously worldwide. The legitimate starting place for such collaboration is an explicit
commitment to the kind of energy equity that enables an escape from subsistence living and

fosters the capacity to prosper, adapt, and innovate.

Because it generates greater resources with which to innovate,
modern energy-supported development advances societies and
their energy systems along distinct trajectories.

The certain and irreversible global growth in energy consumption in turn provides the founda-
tion for accelerating the technological, financial, and institutional innovations necessary to
speed the transition to a low-carbon global energy system. Most energy consumption growth
will come from late-industrializing countries as they fulfill their development ambitions, but
ensuring that the least-developed countries, and poor and marginalized communities world-
wide, benefit equitably from this expansion will remain a challenge. Yet with planning and
imagination, escalating consumption is precisely—and counterintuitively—the process through
which energy systems will develop along just and progressively lower-carbon pathways. By
taking advantage of two global trends—the shift to an urbanized planet and the extraordinary
growth of the energy sector in the developing world—we discover a pragmatic, plausible,
and inclusive route to universalizing energy access and innovating toward low- or no-carbon

energy futures.
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Moving toward a high-energy planet is a moral imperative. By building on trends like urban-
ization and energy-sector expansion in developing countries, we discover greater opportunities
for achieving human development goals. Pursuing this agenda will not be easy or inexpensive,
as there is no simple answer to difficult decisions about how to invest limited human, economic,
and technical resources. But a high-energy planet is inherently enfranchising, empowering,
and optimistic, and it works with rather than against the momentum of ongoing changes in an
industrializing and urbanizing world. Our vision of a high-energy world can thus appeal to
broad and diverse constituencies in ways that continue to escape the standard low-energy

approach to climate policy.

The Vidigal favela in Rio de Janeiro, Brazil (Photo credit: Roney)

By recasting engagement with the developing world within a high-energy framework, we create
a foundation from which socioeconomic development and cleaner energy trajectories can be

pursued. Groups and governments seeking to productively engage with the least-developed
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countries must address sector-wide energy problems through technical assistance, subsidy
support, financing, and institutional capacity building, in order to help these countries take full
advantage of their energy resources for the benefit of their citizens.*’ In rapidly growing
economies like China, Brazil, and India, a focus on partnering with innovative energy institu-
tions will be key to creating and massively diffusing the innovations that will decarbonize the
global energy system and make energy available and affordable for all consumers. Such effective

collaboration will be the subject of our next report, on innovation for a high-energy planet.

It will take tremendous effort, capital, and political will to ensure that the ongoing expansion
of the energy sector in developing nations provides all people with access to energy they can
afford as soon as possible, and to support efforts that will make that energy progressively
cleaner. But a high-energy framework aligns itself with the trends that are shaping the planet’s
future, improving the outcomes of these forces rather than futilely trying to stop or reverse
them. A framework for expanding energy access is no framework at all if it neglects the rapidly
urbanizing global population, the benefits of modern electricity grids and energy delivery sys-
tems, and the moral imperative of energy abundance and equity. Our vision of a high-energy
planet is one in which human equity and well-being are top priorities, in which energy access
is critically linked to governance and broader socioeconomic development, and in which the
consumption and technology preferences of the rich world do not limit the ambitions and in-

vestments of developing countries.
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