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FOREWORD 

The fast-growing economies and escalating commercial energy needs of Asia are set to 
dominate global demand in coming years. At the same time, a substantial proportion of the 
population in Asia is poor and distinguished by some of the lowest levels of per capita energy 
use in the world. Moreover, the poor are the most affected by supply system shortfalls and are 
also unable to pay for the limited services available—a situation that traps them into 
interminable poverty and debilitating human misery. Asian countries, with their multitudes of the 
“energy poor,” therefore, need to urgently find ways of addressing these issues 
comprehensively if they are to join the ranks of more developed and prosperous countries. 
Meeting Asia’s growing energy needs and providing energy services to the vast number of the 
poor are major challenges facing the region.  

 
Energy use also affects local and global environment, which can intensify with increasing 

energy consumption in the region. To ensure a reliable and economic energy use while 
minimizing adverse impacts on the environment, Asia needs to approach the energy issues in a 
comprehensive manner. Thus, meeting the energy needs of Asia requires an understanding of 
the current world energy situation in terms of available resources, their utilization, prospects for 
meeting future demand, as well as the energy, environment and poverty linkages.  

 
This study discusses the issue of access to energy for all while keeping in view the 

energy, environment and poverty linkages. The issues covered include producing and 
distributing energy, as well as ensuring that the end users are able to utilize these services at a 
reasonable price in a sustainable manner. Based on the analysis of these issues, the study 
makes suggestions for the future development of the energy sector in Asia.  
 

The support provided by the staff of the Regional and Sustainable Development 
Department (RSDD), particularly Shyam Bajpai and WooChong Um, was very valuable in 
completing this study. The inputs and support provided by Ajay Guha, Toru Kubo, Sam Tumiwa; 
and administrative support provided by Araceli Knaik are appreciated.  
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OVERVIEW 

1. The problem of persisting poverty is endemic to developing countries, where most of the 
poorest half of the world’s population lives. This includes the roughly two thirds of the world’s 
poor living on less than $1 a day in Asia. Past efforts at elevating large numbers of people 
above an acceptable poverty line and placing them on a sustainable path of economic and 
human development have been only partially successful, despite impressive gains in some 
regions, particularly in Asia. Furthermore, in many instances there have also been periodic 
increases in the incidence of poverty, especially during intervals of economic slowdown and, 
when coupled with their robust population growth rates, have presented developing countries 
with a daunting challenge in improving the economic and social welfare of their peoples. 

2. This paper discusses a vital prerequisite for poverty reduction and human growth that is 
only now gaining recognition as such: the access to modern energy services for meeting daily 
living, work, and social needs. “Energy access” is defined as both the provision of adequate 
amounts of quality and reliable modern energy supplies, such as electricity, gas, and liquid fuels 
(or equivalent alternatives) as and when needed, as well as the ability of individuals to purchase 
such supplies in the amounts deemed necessary for their daily use. Thus, it involves producing 
and distributing of modern energy services—involving finding and developing resources, 
transforming raw inputs into useful forms, such as electricity and processed natural gas, and 
transporting them all the way to the end users’ doorsteps, no matter where they may be located, 
through road-, rail-, and sea-based delivery systems, pipeline networks, and transmission lines. 
It also means ensuring that the end users are able to procure and efficiently utilize these 
services for their varied needs at a reasonable price relative to their respective budgetary 
constraints, in a manner that the costs of service delivery and its myriad economic benefits can 
be sustained indefinitely. 

3. If either side of the equation remains incomplete—i.e., energy sources or investments 
required for tapping them are insufficient to ensure adequate supplies, or if large segments of 
the population cannot afford the energy services available to them, energy access is diminished 
and society’s needs remain unmet. Unfortunately, such a situation has always been prevalent in 
most developing countries, with the poor being the most affected by supply system shortfalls as 
well as their inability to pay for the limited services available—a situation that traps them into 
interminable poverty and debilitating human misery. Asian countries, with their multitudes of the 
“energy poor”, therefore, need to urgently find ways of addressing both sides of the energy 
equation if they are to join the ranks of more developed and prosperous countries. 

Global Outlook 

4. An analysis of the worldwide status of energy use today and its future growth, with an 
emphasis on Asia and its development trends, is a relevant starting point before any discussion 
can take place of how future unmet needs can best be addressed. In terms of energy resources, 
the world is currently predominantly dependent on its fossil fuel reserves, with oil, natural gas, 
and coal providing 80% of primary energy supplies. Developing countries, representing more 
than four fifths of the global population, consume only 56% of the total global primary energy 
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supplies. Therefore, at a very fundamental level, the energy supply equation is quite 
unfavorable to developing countries in terms of their share of the world’s existing resource base 
with respect to size of their populations and their needs. This situation is expected to persist into 
the future. 

Demand Forecasts 

5. According to various forecasts, the world’s energy demand will expand by 52% to 71% 
over 2003 levels over the next quarter century, driven by continued economic growth averaging 
over 3% per year. Furthermore, the demand in developing economies, led by Asia, is likely to 
begin to exceed the consumption of developed countries by 2011. Fossil fuel use is expected to 
slightly increase its share of energy supplies over present levels during this period, with oil use 
rising by as much as 55%, natural gas by over 90%, and coal by more than 50%. Developing 
countries are also expected to experience faster growth in electricity consumption than the 
Organisation for Economic Co-operation and Development (OECD) countries, with worldwide 
electricity generation more than doubling. Coal is forecast to be increasingly used for power 
generation, despite rising environmental concerns, especially in Asia. Nuclear power is not 
expected to grow significantly enough to increase its share in total generation. Although 
renewable power is predicted to post much more impressive gains, especially in installed hydro 
and wind capacity, it is unlikely to account for more than 10% of global energy supply by 2030. 

6. Thus, the current energy picture will largely remain unaffected in terms of the supply mix 
for the foreseeable future, although production will need to increase significantly in absolute 
terms. Almost a third of the world’s population, consisting mostly of the 2.4 billion rural poor, 
therefore seem to have no other option but to continue to rely primarily on traditional biomass 
fuels—wood, dung, crop residues—to meet their basic needs for cooking and heating. This is 
reflected in the high proportion of traditional fuel in total energy consumption in developing 
countries. The number of those without any access to electricity is forecast to remain largely 
unchanged, falling slightly to 1.4 billion. In other words, the numbers and condition of the 
“energy poor” in the world will not be altered at all if present baseline trends continue, even as 
the more affluent sections of society continue to increase their consumption and many 
previously deprived segments also gain access to better energy services. These projections, 
however, are subject to many uncertainties, such as the underlying economic and population 
growth assumptions. At the same time, regardless of whether actual world growth occurs above 
or below the baseline or reference projections, the corresponding variations in energy supply 
and demand can be anticipated to be divided in roughly similar proportions, and in either case a 
huge slice of the global population will continue to be condemned to a dark, destitute existence. 

Fuel Prices 

7. The variability and uncertainty in fossil fuel prices, as demonstrated recently, adds 
another layer of complexity to the situation, placing the meager amounts of such supplies 
consumed by the poor increasingly out of their reach and impoverishing them further. Fossil fuel 
prices are driven not only by available resources, which appear adequate to provide for current 
demand trends, and the rate at which they can be farmed, but also many other factors beyond 
the control of developing countries. These countries, and especially their large populations at or 
below the poverty line, remain most vulnerable to both volatility and inflation in their energy 
import bills, which result in a diversion of their meager expenditure away from development or 
improving energy supplies for the poor, as well as a reduction in individuals’ purchasing 
capability. 
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Investment Needs 

8. According to rough estimates, some $17 trillion in energy sector investments would be 
required globally by 2030, half of it in developing countries, for expanding energy production 
and distribution facilities and infrastructure in order to meet additional baseline demand across 
all fuel categories—which is projected to be much higher than the corresponding increase 
witnessed over the previous 3 decades. The developing world’s capacity to meet such 
enormous financing needs is questionable. Even if such resources can be found, they would 
remain far below those required to significantly alter the situation in terms of the numbers 
remaining underserved or completely deprived of modern energy. The implications of this 
scenario on reducing world poverty, and the systematic improvement of human development 
opportunities in developing countries, are obvious and would require alternative strategies that 
can help expedite and expand energy service delivery to the poorest within the means available. 

Energy, Poverty, and the Environment 

9. There is a need to examine the linkages between energy access, poverty, and the 
environment in detail to find possible ways of overcoming the vicious cycle that this 
interdependence can create among those barely subsisting within such circumstances, i.e., 
those most vulnerable to its grinding effects and with the least means for escaping them.  

10. One way of achieving this is by focusing on populations where modest energy supply 
improvements can result in the greatest economic and human development gains, i.e., those at 
the bottom rung of the energy ladder. This consists largely of the 2.8 billion rural population in 
developing countries, 86% of whom are too poor to rely on anything other than solid biomass 
fuels for their basic energy needs, especially for cooking. They also constitute the majority of the 
1.6 billion people in the world today without access to electricity. The rural poor, given their 
weak economic and political voice, have traditionally been neglected in national planning and 
development spending, a bias that can only be expected to grow stronger as countries move 
toward increasing industrialization and urbanization, especially in Asia where such trends are 
the most aggressive (its urban population will exceed the rural figure by 2030). Furthermore, the 
use of traditional fuels has a strong deleterious effect on the well-being of the poor, in terms of 
damage to health, productivity, local environment, and social well being. 

11. This is particularly true for women and children, who spend a great proportion of their 
time collecting and using the fuel, and thereby suffering the consequences of its use—especially 
indoor air pollution—and who have little or no time left for child welfare activities, education, or 
other gainful, income-earning employment. Thus, not only is traditional fuel use incompatible 
with the technological aids that modern society takes for granted—electrical devices and 
appliances, information and telecommunications technology, rapid transportation systems, 
production and manufacturing tools, electronic mass media, and so on—but it also effectively 
excludes half of the population that relies on them, along with their young, from accessing even 
the few opportunities available to them for self growth, education, and economic betterment. 

Environmental Linkages 

12. The impact of traditional fuel use on the immediate rural environment can further 
exacerbate the plight of those who rely on it excessively, leading to unsustainable levels of 
biomass harvesting, denudation of vegetative cover and acceleration of deforestation, land and 
soil degradation, silting of water resources and flooding, and disturbance to the area’s 
ecological balance. The effect of such local impacts on the rural poor is further compounded by 
the anticipated impact of climate change resulting from increasing levels of global fossil fuel use 
and greenhouse gas emissions: extreme weather phenomena, increase in disease epidemics 
and pestilence, decreases in crop yields, damage due to increased precipitation or drought 
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conditions, sea water inundation, and disruption of ecosystems—all of which would severely 
effect the poor who live off the land and are most exposed to nature’s vagaries. Asia, in 
particular, is poised to contribute ever increasing amounts of carbon dioxide to the atmosphere 
even though its per capita emissions remain low, with the People’s Republic of China (PRC) 
already the world’s second largest emitter of greenhouse gases after the United States. Thus, 
under current energy use patterns, the poor would suffer on both counts: firstly, from their own 
unchecked burning of local biomass resources, and secondly, as a result of the rich world’s 
continued combustion of fossil fuels. Apart from increased global action to curtail further carbon 
emissions and abate climate change, the poor’s reliance on unsustainable biomass use needs 
urgent attention if they are to be lifted out of the self-perpetuating energy-poverty-environment 
nexus that such practice invariably locks them into. 

Asia’s Needs 

13. The challenge of reducing energy poverty is particularly relevant for developing Asia, 
with its furious pace of economic growth, large population, and existing low levels of modern 
energy access and consumption. By 2030, developing Asia’s energy needs will have grown at 
more than twice the world average, accounting for the additional global supply of almost all coal, 
three fifths of oil, and a third of natural gas destined for developing countries—and almost a 
third of total world energy consumption. However, this will not change the fact that traditional 
biomass use will remain the same, indicating that the numbers of the poor will, in large 
measure, stay unchanged from present levels. Asian energy consumption patterns are also 
marked by enormous variations in average per capita use, with levels at par with developed 
countries in Japan and the Republic of Korea and not even a sixth of a much lower world 
average in South Asia. This situation is also likely to persist, even as overall energy 
consumption increases, with developing Asia averaging only three fifths of world per capita use 
and a tenth of the United States level in 2030. 

14. In particular, electricity use per capita in developing Asia, with the exception of the PRC, 
will remain at 65% of the world average and 25% of the OECD average in 2030. At about 
2,500 kilowatt-hours (kWh) per capita, this is far below the 4,000 kWh level that empirical 
evidence seems to indicate is required for achieving decent standards of human existence as, 
for instance, measured by the human development index (HDI). Indeed, the strong correlation 
between HDI attainment and per capita electricity consumption witnessed in cross-sectional as 
well as time-series country data underlines the importance of this form of energy in particular in 
modern society, and it can be concluded that the provision of reliable electricity to all should be 
a central goal of improving energy access among the poor. Another equally important factor is 
consumer affordability of retail energy prices, with countries with low per capita gross domestic 
product (GDP) incomes showing proportionately lower per capita electricity use at relatively 
similar consumer tariffs. 

15. Both factors—availability and price of electricity—are relevant for developing Asia, where 
electrification cover is not uniform, installed generation capacity per capita is hugely insufficient, 
and electricity consumptions drops off precipitously beyond the affluent minority—and will 
remain valid even as total electricity generation in the region triples to 1,900 gigawatts (GW) by 
2030 as per current projections. Importantly, it can be deduced from the shape of the HDI-per 
capita energy consumption curve that at the low end of the scale even nominal increases in 
electricity use can result in large development dividends. This fact should be of special 
significance to the 10 countries at the bottom of the Asian HDI table: Bangladesh, Bhutan, 
Cambodia, India, the Lao People’s Democratic Republic (Lao PDR), Mongolia, Myanmar, 
Nepal, Pakistan, and Viet Nam, which collectively comprise almost one half of developing Asia’s 
population and a disproportionate number of its poor, and averaged only 479 kWh per capita 
use in 2002. 
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16. Increasing Asia’s per capita energy consumption to levels approaching those currently 
enjoyed by, say, the OECD countries would have global implications: approximately four times 
as much primary energy supplies and almost three times as much power generation as 
currently forecast for Asia would be required by 2030 this case. This would translate into a total 
requirement for Asia at over 1,800 million tons of oil equivalent (Mtoe) and 30,000 terawatt-
hours (TWh), respectively, or approximately the same amount of energy supply for Asia alone 
as forecast for the entire world in that year. It would still be only as much as a half of the 
quantity required for Asia to match current United States (US) and Canadian per capita levels. 
Clearly, therefore, Asia’s energy development targets cannot be met simply by accelerating 
energy supply and production, but need to be evaluated in a manner that optimizes the impact 
of available resources as well as explores alternative means for augmenting them. 

Need for a New Approach 

17. Focusing attention on the energy needs of the poor, especially the rural poor in 
developing Asia, would require a reevaluation of national energy planning and management 
structures, as well as a consideration of emerging market realities in these countries, each 
offering its peculiar conditions and solutions. Additional energy supplies can be tapped in the 
form of renewable energy options—hydro, wind, solar, modern biomass, etc.—especially for 
dispersed supplies of energy and decentralized generation of electricity. Important gains can 
also be made through efficiency improvements, demand-side management, and more optimal 
use of available resources and investments. But the apparently unfathomable gap between 
available resources and potential needs in the fast-growing but largely energy poor economies 
of Asia cannot be bridged through such optimization in supply and use alone. Simultaneously, 
strategies for reaching populations where modern energy supply will have the greatest 
development payback must be assiduously refined and monitored, with energy-specific, 
quantifiable indicators and targets clearly defined. Lastly, these targets must be realistic and 
achievable, even if they fall short of ultimate objectives, and result in large commensurate, and 
equally verifiable, improvements in the human condition of their target populations. 

18. The Millennium Development Goals (MDGs) provide a basis for devising such 
quantifiable targets and indicators. The MDGs were originally designed to help direct action for 
improving the condition of the world’s least developed communities, aiming to cut poverty levels 
across the board by one half by 2015. While the eight MDGs and their associated 18 targets 
and 48 indicators comprehensively cover basic socioeconomic needs, they fail to explicitly take 
the energy-related aspect into account. Firstly, they ignore the specific energy inputs required in 
order for the stated MDGs to be met. Secondly, they fail to acknowledge the objective of 
modern energy access as a desirable goal in its own right, given the physical and intellectual 
comfort and satisfaction provided by, for example, a well-lit house, the ability to switch on a 
modern device or appliance when needed, being able to schedule work and leisure activities as 
convenient, having the means to talk to anyone anywhere, or the freedom to surf the world’s 
information resources remotely. As it becomes evident by examining the causal linkages 
between the existing MDGs and their energy needs, the first aspect reflects the bare minimum 
requirements necessary to help the desperately poor to escape a primitive, wretched, all-
consuming existence. However, it is truly the second that can unleash the creative and 
productive genius of the human spirit and mind, and enable people to move beyond worrying 
about tomorrow and start dreaming about their futures. The MDGs should thus be reevaluated 
and augmented appropriately to take both needs into account, even if initially on a limited basis, 
for catalyzing appropriate action on the energy front. 
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Inadequacy of Resources 

19. Current fossil fuel reserves are adequate for meeting anticipated baseline projected 
world demand in 2030. On the other hand, both energy resources and the financial investments 
required to exploit them would be grossly inadequate if the developing countries were to match 
current developed world energy consumption levels, and by extension, its standards of living 
within the same timeframe. Furthermore, global, national, and societal disparities in resource 
sharing, access, and use are expected to remain largely intact, given the continued 
predominance of fossil fuels in the world’s primary energy mix and well-established market 
structures, even as the economies of developing countries, especially in Asia, grow much faster 
than their OECD counterparts. International trade in energy will increase as these countries 
raise their imports to meet rising local demand, but developing countries will continue to 
consume proportionately much less energy per capita than the developed world. Increased 
worldwide demand—up almost three quarters by 2030—will underpin robust fossil fuel prices, 
constraining developing countries’ ability to meet their real needs within their limited budgets 
and thus preserving current inequities in energy supply, with the lowest-income populations in 
these countries remaining peripheral to the commercial energy market and poverty remaining 
endemic among them. 

Environmental Impacts 

20. Population growth and the environmental damage from unsustainable energy use can 
greatly increase poverty pressures. Harvesting of biomass fuels by the majority of the poor who 
do not have access to alternative, modern energy denudes rural landscapes of available foliage 
cover, accelerates deforestation, and diverts organic matter away from conditioning the soil and 
feeding livestock. This makes the immediate surroundings less fertile and productive, and can 
drive migration of rural people to urban centers and marginal lands once supplies run out, to 
lives that often hold even less economic promise. 

21. It has been postulated, and backed to some extent by empirical observations, that 
environmental degradation in developing countries initially rises with economic growth, but that 
as incomes rise and countries are better able to deal with the issue, the trend can be reversed. 
This hypothesis, exemplified by the inverse-U shaped “environmental Kuznets curve”, has been 
challenged by several researchers, who caution that while it may hold for certain environmental 
parameters, it is not always supported by data and that in any case it may cause an ecological 
threshold to be exceeded as pollution levels peak, beyond which the damage may not be 
completely recoverable. This holds important lessons for many fast developing Asian countries, 
where managing the environmental impact of rampant growth, including energy use, frequently 
takes a back seat to economic growth. 

22. Increased use of fossil fuels will also further exacerbate climate change phenomena and 
their consequences, despite growing international action in mitigating greenhouse gas (GHG) 
emissions and a gradual shift toward cleaner energy options. The reliance of the rural poor on 
traditional biomass, as high as 80% of total energy consumed in some Asian countries today, 
will increase local environmental degradation if it continues indefinitely. Thus, current energy 
use practices, of both the rich and poor, will adversely affect the poor twice over, weakening 
their economic resilience and increasing poverty pressures on them further. 

23. Increasing climate change impacts and transboundary pollution issues will also have a 
negative bearing on the national economies of developing countries that would be most 
susceptible to and least equipped to deal with the resulting effects on agricultural output, labor 
productivity, health, internal displacement, as well as the increased need for social safety nets 
for their populations. Deterioration in local “brown” pollution can also accelerate, as Asia 
pursues rapid industrialization and growth, populations continue to increase significantly, and a 



 
 

                                                              ENERGY FOR ALL  xvii

number of large nations led by the PRC and India, enhance their reliance on indigenous coal for 
power generation purposes in the face of rising international oil and gas prices. Current 
projections of traditional biomass use and lack of electricity access among the world’s poor, 
expected to persist roughly at present levels under the baseline scenario, could thus turn out to 
be an underestimation if price volatility, environmental impacts, political disruptions, and other 
such poverty exacerbating factors become relevant in the years ahead. The existing high levels 
of exposure of the poor, especially in rural areas, to environmental degradation is therefore 
likely to remain unchanged. 

A New Approach 

24. Given these determinants of energy demand and use forecasts in Asia, new 
interventions would be required to put in place an alternative energy development strategy that 
better addresses the needs of the poor in a manner that is both sustainable and mutually 
reinforcing of overall economic growth. Such a strategy could rely on better resource utilization 
and end-use management to optimize the benefits of existing energy supplies, and 
technological advancement, especially in alternative systems and renewable energy, to tap 
potential additional energy resources in order to expand supplies. It would also need to 
recognize that affordability is the third pillar, in addition to physical availability and efficient use, 
on which a strategy for increased per capita consumption of modern energy services must be 
based, especially in developing countries with low national income levels. 

A Shift in Strategy 

25. The paper concludes by recommending areas where such action is essential. It analyzes 
the strategic considerations for Asia of continued growth in its energy consumption along 
current trends, and discusses ways for addressing the shortfalls in energy access that such 
baseline projections imply. Clearly, a shift in strategy is called for, as otherwise the numbers of 
energy-deprived, chronically poor people on the continent will remain unchanged not only over 
the next quarter century, but by logical extrapolation, for far longer. It can be argued that such 
continuing deprivation, coupled with ever-increasing demand for finite and geographically 
concentrated energy reserves, will not only present a seemingly insurmountable social dilemma 
for developing countries but will also result in increasing the vulnerability of the existing 
precarious balance in the international economic order. This balance could easily be upset by 
any of a number of viable variables: abrupt oil price increases, a temporary disruption of 
supplies or production levels, environmental disasters, regional military conflicts, or political and 
social upheaval in a major energy-producing country. The consequences of such disturbances 
could easily spiral to perpetuate greater havoc in the world’s financial markets, trigger trade or 
other confrontations, and result in a global economic slowdown with much wider adverse 
consequences, not the least in terms of increasing poverty levels in developing countries with 
little means to withstand such shocks. 

Emphasizing Economic Growth 

26. Not only must energy pricing structures be reflective of the purchasing power of the 
poor, but countries would need to move quicker in undertaking economic reforms, opening their 
markets to greater private investments, ensuring financial and political stability, and adopting 
other macro-level policies aimed at accelerating GDP growth. While targeted subsidies for the 
poor may remain inevitable for some time, economic stability and sustained growth are the only 
basis on which a long-term solution for increasing energy access levels for all citizens can be 
devised. In other words, countries experiencing faster economic growth should be able to both 
provide for increased energy investments as well as raise the ability of their poor to consume 
more, while those with marginal or stagnant growth will remain vulnerable to poverty-elevating 
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risk factors in the energy supply chain, including lack of adequate finances to achieve required 
investments, price-reducing economies, and technology upgrades. Energy access must 
therefore be integrated more purposefully and fully in national development plans, and not left 
mainly to political, purely commercial, or strategic considerations. 

Devising Energy-Specific MDGs 

27. The primary objective of any alternative energy development strategy for Asia must 
therefore be increasing access to modern energy services for the poor in terms of enhancing 
both supply options—through increased quantity, quality, and choice—as well as affordability—
through decreased or stable prices, smart subsidies, and a gradual but steady increase in per 
capita incomes and purchasing power—so as to raise the actual levels of energy consumption 
per person. The response strategy for fueling Asia’s growth while decreasing poverty levels 
must also define and quantify realistic and significant energy-centered objectives and targets 
that can, for instance, lead to an appreciable and verifiable improvement in those countries’ 
human development indices. This can be done effectively by incorporating the energy aspect 
fully into activities related to the MDGs, both in terms of energy inputs required to meet the 
existing goals as well as setting desirable goals for energy access itself, so that individual 
countries can motivate suitable planning and action at the local level and context. At the same 
time, in view of limited energy supplies and financial resources, all countries of the region can 
target to achieve an intermediate minimum HDI level of 0.8 by 2015, lower than the 
“development” threshold of 0.9 but still capable of providing a major and discernable 
improvement in living conditions and poverty levels within a reasonable time horizon. This would 
be a challenging task for several countries, especially the 10 countries mentioned earlier that 
are currently at the bottom of the Asian HDI table, but nevertheless achievable as average 
developing Asia per capita electricity use under baseline projections is expected to reach 
1,667 kWh by 2015, corresponding to an equivalent HDI of 0.78 on the HDI-electricity 
consumption correlation curve. Many Asian countries will therefore exceed this target, but the 
real task would be to enable others, such as South Asia with its large population of the poor, to 
do the same. 

Focusing on Both Quantity and Quality  

28. Response strategies must particularly focus on improving the quantity and quality of 
energy services for the poor, who usually end up paying inordinately on account of losses in 
productivity and material damages suffered as a result. Mutually reinforcing synergies between 
clean, readily accessible modern energy and its efficient use, reduced environmental stress, 
and greater economic opportunities can lead to a virtuous cycle of empowerment, growth, and 
poverty reduction replacing the vicious one of entrapment in an impoverishing and physically 
debilitating existence dependent on inferior and unsustainable biomass fuels. This “bottom up” 
part of the strategy must ensure that the increased access to expanded supplies afforded by the 
“top down” side of the approach is directed principally at those who need it the most, and is 
effectively used to meet their priority needs—cooking, lighting, heating, space conditioning, and 
food preservation—while allowing them the ability to scale up their use as their conditions 
improve. Thus, energy planning at the national level needs to move beyond the traditional, 
narrow supply side focus, understanding where it is needed the most and for what purposes, 
making it affordable through appropriate pricing and subsidy mechanisms, recognizing and 
facilitating its ultimate use and the factors that influence it—with measurable targets for 
increasing human prosperity and growth—and enabling greater numbers to move up the energy 
ladder in terms of their consumption levels, available choices, and functions served. 
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Targeting Action 

29. Before taking action, it is essential to define the target populations and achievable 
objectives of such interventions and alternative planning: 

Identifying the Energy Poor 

30. The energy poor in developing countries comprise mostly of the 2.4 billion rural 
population that survives largely on traditional, polluting, inefficient, and often scarce solid 
biomass fuels that are incompatible with the needs of modern technological lifestyles and 
economic activity. By 2030, this number is expected to reach 2.6 billion according to baseline 
projections. Women and children suffer the brunt of the consequences of collecting and using 
biomass fuels the most. Any strategy aimed at improving the human condition in developing 
Asia and alleviating widespread poverty must therefore include the rural poor, and their daily 
energy household, agriculture, irrigation, and agribusiness and small-scale industry needs, as 
its primary beneficiaries. The urban and peri-urban poor who may have better access to modern 
energy supplies are invariably stymied by issues of affordability and poor service quality. 

Setting Targets 

31. The existing MDGs can be augmented and/or supplemented to include the energy 
requirements of meeting the specified goals and targets, as well as by including distinct goals 
for energy access itself. Targets can be defined for basic energy services in three categories: 
(i) fuels for cooking, water and space heating; (ii) electric power for household lighting and 
appliances, commercial businesses, and community and social facilities; and (iii) fuels for 
providing mechanical power for agriculture, transportation, and other productive uses. 

32. For cooking purposes, substitution of fuelwood, dung, and crop residues burnt in 
inefficient stoves with cleaner, gas-fired cookstoves is required. Replacement fuel requirements 
for traditional biomass use can vary by location, and country-specific needs. Modern fuels can 
help bring down biomass consumption appreciably from the present over a billion tons burned 
every year in developing countries, which is equivalent to 100 million tons of liquefied petroleum 
gas (LPG) when heating efficiencies are factored in. For all biomass to be replaced by LPG, 
world LPG production would need to increase by almost 50%. In reality, lower amounts of LPG, 
in combination with kerosene, biogas, and other supplies would be sufficient to displace a 
significant amount of biomass use. 

33. Similarly, physical access to electrical supplies in rural or remote communities, at costs 
affordable by the poor, is essential. The additional electricity generation required to take per 
capita consumption in developing Asian countries up to the 4,000 kWh threshold (corresponding 
to HDI values of 0.9) would require 2,600 GW of new capacity, or half the total worldwide 
installed base expected by 2015, to take total generation up to 12,000 TWh a year. However, to 
meet a lower HDI target of 0.8, currently projected total capacity addition for Asia would be more 
than sufficient in some countries (e.g., , Indonesia, Philippines,  the PRC, and Thailand), but 
inadequate in the poorest category (e.g., Bangladesh, Bhutan, Cambodia, India, the Lao PDR, 
Mongolia, Myanmar, Nepal, Pakistan, and Viet Nam). Accordingly, the poorest nations will need 
special attention, including close monitoring of progress. 

34. The amount of, for instance, petrol and diesel required to provide improved mechanical 
power for agricultural cultivation and irrigation, water supply, and transportation would also vary 
greatly from country to country. Nonetheless, it appears appropriate to define overall national 
primary energy consumption targets of at least 3,000 kilograms of oil equivalent per capita per 
year separately for all fuels, including electricity, gas, and liquid fuels, for developing Asian 
countries based on similar data for more developed, emerging economies. These would also 
require a range of supporting planning and policy related actions.  
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35. Keeping the above in view, a potential list of energy-related MDG targets for 2015 could 
include: 

• Enable the use of modern fuels for 50% of those who at present use traditional 
biomass for cooking. In addition, support (a) efforts to develop and adopt the use of 
improved cookstoves, (b) measures to reduce the adverse health impacts from 
cooking with biomass, and (c) measures to increase sustainable biomass production. 

• Ensure reliable access to electricity to all in urban and peri-urban areas. 

• Provide access to modern energy services (in the form of mechanical power and 
electricity) at the community level for all rural communities. 

• Set national per capita energy use targets for 2015 (e.g., at least 2,000 kWh 
corresponding to an HDI level of 0.8 on the HDI-electricity use curve). 

• Establish clear annual targets for rural electrification that can result in providing 
access to reliable electricity, through the grid or alternative sources, to at least 95% 
of the national population by 2015. 

• Devise targets for including renewable energy, particularly off-grid power generation 
and biogas plants, in national planning, including indicative and mandatory quotas of 
renewable and alternative energy in the primary energy mix and utilities’ electricity 
purchase portfolios by 2015. 

• Establish financing targets, based on per capita energy needs, for providing effective 
and adequate capital grants designed to partially off-set the high, one-time initial 
costs of renewable energy systems for low-income consumers. 

• Mandate standards for renewable, alternative, and efficient energy use in all public-
sector investments and uses, such as transportation, buildings, and physical 
infrastructure, including incorporating such features in urban design, mass 
transportation, and other planned development. 

• Target quantifiable improvements in energy service delivery, such as reducing 
national electricity transmission and distribution losses to no more than 10% of 
power generated, setting and enforcing more stringent power voltage and frequency 
limits and liquid gaseous fuel quality standards at the points of sale, and removing 
price anomalies that encourage fuel adulteration. 

• Adoption of a relevant environmental indicator—levels of access to clean fuel and 
proper ventilation—as a new target. 

Taking Action 

36. Action areas that such alternative energy and economic development strategies would 
need to focus on include the following: 

Improving Resource Use 

37. The exploitation of existing energy resources must be optimized in order to meet the 
needs of a larger consumer base that includes a greater proportion of those currently 
underserved or untouched by modern energy services. This would include wasteful, inefficient, 
and excessive energy production, transportation, and delivery mechanisms in both developing 
and developed countries, greater energy trade to realize economies of production and improve 
end-use choices, and the accelerated exploitation of new, alternative, and renewable energy 
forms. 
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38. While oil will remain the primary fuel for transportation, its use can be tempered through 
increased use of biofuels, compressed natural gas (CNG), and fuel cells. Other fuel switching 
options, especially with respect to natural gas, coal, nuclear, and hydro for electricity generation 
may result in improved economical utilization of resources as well as, in most cases, a smaller 
environmental footprint. Efficient and cleaner power generation technologies, especially for coal 
use, would make the large non-oil fossil fuel deposits available to several developing Asian 
countries more viable, reducing their energy import burden and price risk exposure. Increased 
energy trade, especially intraregional gas pipelines and electricity transmission lines, can help 
diversify national energy portfolios, expand the use of cleaner fuels, and make production and 
distribution more economical. Asia in particular presents attractive options for this, with large 
energy-deficit markets, such as South Asia, situated adjacent to significant but underutilized 
reserves and production potential, such as Central and West Asia. 

Increasing Use of Renewable and Alternative Energy 

39. Renewable and alternative energy technologies, especially wind and solar photovoltaic, 
have lately been growing at impressive rates worldwide, a trend that is expected to continue as 
fossil fuel prices rise, environmental pressures mount, and renewable technology prices decline 
further. The interest in renewable energy currently is largely focused on large, utility-scale, grid-
connected electricity generation as a means of supplementing or offsetting oil- and coal-based 
capacity. Sizeable wind power capacity additions have been achieved in India and the PRC, 
with many other Asian countries planning to follow suit. However, grid-connected renewable 
power usually requires subsidy support, at least initially to help it compete with established 
conventional generation, and policies and pricing issues have to be carefully devised so as not 
to make it uneconomical in the long run, where such technologies ultimately must compete on 
least-cost basis with all available options to minimize system-wide production costs. 

40. Off-grid renewable energy solutions, both for electrification and production of biogas for 
domestic use, on the other hand, deserve even greater attention because these applications 
can vastly improve energy access among the poor, rural communities where their poverty 
reduction impacts can be significant. Other alternative fuels and energy technologies, such as 
ethanol, biodiesel, fuel cells, dimethyl ether, synthetic gas, wave and tidal energy, etc., that are 
now in demonstration or early commercialization stages will emerge as increasingly important 
options for developing countries with respect to their growing needs. 

Raising Service Standards 

41. Improving the quality of energy supply, in terms of availability (amount and frequency of 
supplies) and value (energy and polluting content), can greatly help expand its economic 
benefits and enable efficient use. This is particularly true for the rural poor, who must eke out 
the maximum useful energy from their meager supplies and can ill afford the damage to 
equipment and loss of productivity that poor service quality can result in. In reality, the opposite 
case applies, as poor consumers in developing countries are invariably provided the least 
reliable, lowest quality, adulterated, and intermittent supplies through networks that are 
inadequate or poorly maintained, raising their per unit cost of energy use above even that for 
their more affluent urban counterparts. 

42. System-wide improvements—such as reduced electricity transmission and distribution 
losses, which are currently excessive in many Asian countries—can also help reduce the cost of 
energy delivered, improve reliability of supply, and free up resources to cater to a larger 
consumer base at the national level.  
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Enhancing Demand-Side Efficiency 

43. In parallel with more efficient energy resource utilization and supply, optimum use of 
energy delivered through end-use efficiency enhancement, demand-side management 
practices, and reduction in waste and unnecessary use can substantially increase the “net” 
energy available to service a bigger consumer population. Energy conservation, efficiency 
upgrades, and behavioral change in usage patterns and attitudes can be brought about by 
appropriate policy, technology, market, and price-based interventions specifically tailored to 
different energy use sectors—industry, transportation, buildings, agriculture, household, etc. 
Usually an integrated, programmatic approach is required to create the requisite awareness, 
transferring appropriate technologies, establishing a domestic market in energy efficiency 
services and products, and instituting the policy and regulatory regimes necessary, areas in 
which international technical assistance can be very useful for developing countries. 

Strengthening Policies 

44. Policy interventions and support, along with necessary legal, regulatory, and pricing 
reforms, are the tools by which energy trends can be shaped and alternative development 
scenarios implemented. Carefully considered policies, in line with overall national energy 
strategies and local conditions, need to explicitly take into account the energy requirements of 
the poor and squarely address the factors that determine their access to such supplies, while at 
the same time protecting them from external price and supply shocks that can affect their use of 
such services. Development of effective policy instruments is a subtle, complex, and continuous 
undertaking, and should be flexible and evolutionary in nature to cater to the growth and 
maturing of specific technology applications—such as in renewable power generation—as well 
as consumer markets and the overall economy. Policy measures relating to energy pricing and 
subsidies, in particular, can greatly influence the efficiency of use, fuel switching, and the 
adoption of alternative energy and cleaner fuels, while incentives can help increase investments 
in energy production and delivery of infrastructure—i.e., all essential elements for meeting future 
energy needs more fully and sustainably. Capital grants can significantly increase the 
affordability and market penetration of dispersed renewable energy systems. 

Ensuring Affordability 

45. In addition to the physical supply of modern energy service, price is the other main 
determinant of its use, especially among the poor who have to devote a major portion of their 
disposable incomes to their minimum energy needs. It has been observed in Asian countries 
that, for instance, per capita electricity consumption is influenced both by the amount of 
electricity generated and national income levels relative to consumer tariffs for electricity. In 
other words, at roughly the same tariff, people in countries with higher per capita incomes 
consume more electricity per person than those in lower income countries, indicating that more 
than its absolute level, it is the cost of electricity relative to income that determines final 
consumption. This aspect is often neglected in pricing structures that follow cost-of-service 
principles, as well in the consumption-oriented lifeline subsidies commonly implemented, and 
needs to be revisited. It also implies that simply increasing supplies will not enable universal 
increase in actual access, although supply shortages do presently represent a major constraint 
on use in developing Asia. Along with increased supply, electricity prices must also allow 
increasing numbers of lower-income households to enjoy its full benefits. 

46. Factors other than smarter or better targeted subsidies and grants can also help improve 
affordability by the poor, such as the provision of alternative renewable energy systems where, 
for instance, electricity grid or gas supply networks cannot be economically extended to 
dispersed, low-demand populations. For instance, dispersed renewable energy supplies made 
affordable with one-time up-front capital support can be more cost effective in the long run for 
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both governments and substantial numbers of rural consumers than subsidizing equivalent 
amounts of grid-supplied power to them through extended distribution infrastructure and lifeline 
tariffs. Commitment to public spending on such solutions, at least to the extent of the avoided 
cost of network expansion, for all currently unserved communities that are expected to remain 
unconnected to national networks by 2015 could help ensure that all communities have access 
to at least some form of modern energy at affordable rates within the foreseeable future. 

Developing Energy Markets 

47. Increasing liberalization and deregulation of Asia’s economies is leading to greater 
private sector participation, removal of monopolistic inefficiencies, price rationalization, greater 
private sector participation, and improvement in service quality in the commercial energy 
market. However, such improvements have either completely bypassed the poor who remain 
peripheral to these markets and rely mainly on non-formal energy supplies, or worsened their 
position further—during the period of transition before incomes rise—as subsidies have 
gradually been removed and competitive, profit-motivated interests have resulted in greater 
attention and investment being diverted to bigger, more affluent consumers. In the latter, more 
lavish marketing-driven lifestyle patterns are taking root in emerging Asian economies, such as 
in vehicle ownership, air conditioning use, household appliance holdings, etc., that are further 
increasing energy use disparities between the rich and the poor, besides creating serious 
pressure on the national exchequer, physical infrastructure, and the environment. Energy 
planning must therefore, devise methods for mitigating the negative impact of energy market 
reforms on the poor by ensuring a more equitable distribution of access and benefits, 
particularly during the aforementioned transition period, so that the burden of adjustments 
associated with market reforms and restructuring does not fall unfairly on those who are 
economically most vulnerable. 

Financing Investments and Use 

48. It has been estimated by the US Department of Energy that $8 trillion or more would be 
required to finance additional energy investments required for developing countries by 2030 to 
provide for the baseline increase in consumption demand. Proportionately more would be 
required, especially in terms of public spending, to meet the augmented MDG targets calling for 
greater energy inputs and access to the poor. Such large financing requirements are potentially 
beyond the remit of most developing countries, and call for much greater participation by the 
private sector and international financing agencies. 

49. Asia’s developing countries will need to open their economies to greater foreign direct 
investments, ensure economic and political stability, and provide incentives to offset perceived 
political, security, and financial risks. Governments need to commit a greater proportion of their 
national GDP to financing energy sector investments from its current levels. Simultaneously with 
increased government spending and international flows, a greater mobilization of domestic 
resources and financial institutions would also be required, especially for the less commercially 
attractive poor and dispersed populations, along with innovative schemes based on, for 
example, microfinancing, service concession, revolving loan funds, investment credits, etc. 

Building Capacity 

50. None of these additional or alternative energy development scenarios would be possible 
without a concomitant strengthening of national capacities to plan, design, implement, and 
enforce the supporting policies, actions, and investments—areas in which developing countries 
are usually weak or where such methods may be new and unfamiliar. Again, multilateral 
assistance can be of particular value in helping build national managerial and institutional 
capacities according to local requirements and based on international best practice. Improved 
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monitoring of energy service provision and use through better governance, monitoring, and 
metering mechanisms can help provide the necessary feedback for improving sector 
management and planning, preventing suboptimal resource use, removing corruption and 
misuse, and improving the efficacy of energy sector investments.  

Increasing International Collaboration 

51. National and global commitment is also required to address disparities in resource 
sharing and use. Profligate energy use beyond a certain threshold results in diminishing returns, 
and similar levels of human development and benefits can be achieved at reduced 
consumption, decreased waste, and a reassessment of energy use by developed societies. The 
resources thus freed up can help meet the needs of the poor, stabilize prices, and reduce the 
overall environmental footprint of continued worldwide GDP growth and energy use. At the 
same time, developing nations would need to ensure that hard earned progress in improving 
energy access in their countries is not offset by continued high population growth, the bulk of 
which adds to the legions of the energy poor each year. 

Promoting Technological Alternatives 

52. Technological breakthroughs that provide new energy sources, substantially reduce 
costs of production, or significantly improve efficiency of use present a wildcard that can 
dramatically affect global energy use and help reduce or eliminate energy poverty rapidly. Such 
developments are unpredictable but not improbable, and can be catalyzed by greater emphasis 
on related research, development, and assimilation activities, in both the developed and the 
developing worlds. The international community would need to bear the high up-front cost of 
developing and deploying such new technologies, enabling developing countries to overcome 
the initial high-cost barriers to their use. In particular, the emerging carbon market, slated to 
eventually reach $100 billion globally, or almost twice current official development assistance 
(ODA) flows, could serve as an important vehicle for developing countries to leapfrog to cleaner, 
more efficient energy technologies on highly attractive financial terms. 

53. Technologies that are already on the horizon, such as alternative transportation fuels 
and renewable power generation, can also be targeted for more rapid commercialization 
through supportive policies and public incentives and spending on related implementation 
infrastructure. Asian countries have been adept at expediting technological shifts and adopting 
new alternatives, and such trends should be encouraged, especially with respect to emerging 
and maturing options in biofuel, solar, wind, hydro and modern biomass conversion 
technologies. 

54. In summary, Asia’s future energy needs are formidable, given current high economic 
growth patterns and a substantial and increasing population base. These requirements become 
far more challenging when the basic needs of the billions of poor in the region, currently with 
little or no access to modern energy services, are factored in. The only prospect for reducing the 
persisting gap in available energy supply and actual needs—and thereby for effectively reducing 
widespread poverty—would be for these countries to develop alternative energy strategies that 
quantify pro-poor targets, supplement supplies, reduce service costs, and improve resource 
utilization and use considerably above baseline levels. A proper understanding of the linkages 
between energy supply, the supporting environment, and human development is essential for 
identifying actions and achieving such improvements and meeting the MDGs by 2015. 
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INTRODUCTION 

1. The pivotal role that modern energy services play in alleviating conditions of poverty is 
becoming increasingly obvious. Under the United Nations Millennium Development Goals 
(MDGs), the eradication of extreme poverty is a primary target, for which efficient and cost-
effective energy provision to those currently relying mainly on meager, primitive, and harmful 
energy use, such as the burning of fuelwood, dung, and crop wastes, is urgently required. The 
dual challenge of scaling up modern energy supplies and related service provision 
infrastructure, while ensuring that they can be made available to the large majority of the world’s 
poor on affordable terms, is truly daunting. Asia represents a particular region of interest, both 
because of its fast-growing economies and escalating commercial energy needs that are set to 
dominate global demand in coming years, as well as its large population, a substantial fraction 
of which remains ensconced in endemic and unrelenting poverty distinguished by some of the 
lowest levels in the world of per capita use of modern energy. 

2. Any attempt to address Asia’s real energy needs—and thereby significantly reduce 
associated poverty levels—will require an understanding of the current world energy situation in 
terms of available resources, their utilization, as well as prospects for meeting future demand. 
This also includes an analysis of the drivers behind both supply and demand aspects of the 
global energy scenario, such as economic and consumer growth, energy use patterns, and 
market and pricing structures. Part I presents such a discussion, particularly from an Asian 
perspective. 

3. Energy as a determinant for economic growth, both at the national and individual user 
levels, and its importance in modern economies and human lifestyles is an indisputable fact. 
Conversely, however, the deleterious effect of constraints on, or the absence of, such an 
essential input on human development, poverty, and the sustaining physical and social 
environment are less well appreciated. Part II explores the mutually reinforcing linkages 
between inadequate energy access, enduring poverty, and environment degradation that 
inevitably entraps billions of people in conditions of extreme deprivation, a situation that the 
MDGs aim to transform. 

4. Finally, in Part III, alternative strategies that can help realize the MDGs to by explicitly 
taking the necessary energy inputs into account, finding ways of closing the huge gap between 
available supplies and unmet demand, setting achievable targets and revising priorities, while 
managing energy investments and price levels, are elaborated upon in light of the preceding 
situation analysis as well as emerging trends, including new energy sources and technologies. 
This discussion concludes by summarizing pertinent lessons for developing Asian countries that 
need to be considered by governments, multilateral institutions, private investors, and civil 
society in shaping a brighter, enriching future for all. 



 

  
  
  

PART I: MEETING DEMAND AND FUELING GROWTH
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1. World Energy Trends 

Energy Consumption, Production, and Growth 

5. Total world consumption of commercial or marketed energy1 stood at 10.5 gigatons of oil 
equivalent (Gtoe) in 2003. As shown in Figure 1, fossil fuels2 account for almost 80% of global 
primary energy supplies, with the remainder provided by nuclear, large hydro, traditional 
biomass, and new renewables. Fossil fuels make up 83% of the energy consumed in the 
Organisation for Economic Co-operation and Development (OECD) countries, compared with 
72% in the Asia and Pacific region and only 34% in Sub-Saharan Africa. The production and 
shares of electricity supplies show similar variation between regions and in the energy mix used 
for generation (Figure 2). Traditional biomass constitutes, by far, the biggest single source of 
energy for large numbers of people in non-OECD countries, providing for a quarter of total 
energy consumption in developing Asia and as much as 70% in Sub-Saharan Africa (reaching 
over 80% in the case of some countries), but only 3% in industrialized countries and less than 
10% on a worldwide basis (Figure 3).3 

6. Figure 4 shows the steady growth in global total primary energy supply4 in recent years 
and forecasts for the future. However, this growth has historically also varied considerably 
between the developed and developing countries. Between 1990 and 2001, for instance, 
average annual energy use increased by 3.2% in developing countries, more than twice the 
1.5% growth for industrialized countries, spurred by higher rates of population increase and 
economic activity in the former. 

7. Global energy consumption is, however, highly skewed between geographical 
boundaries, with the OECD countries accounting for 44% of it with less than a fifth of the world’s 
population. Energy consumption, therefore, varies widely from region to region (Figure 5), with 
a person in industrialized North America using, on average, almost eight times more energy 
than his counterpart in developing Asia (Figure 6). This is brought about by differences in both 

                                                 
1 Following common practice, in this paper the term “commercial” or “marketed” energy refers to fossil fuels (oil, coal, 

and natural gas), nuclear energy, and large-scale hydro and wind power. The term “traditional energy” is used to 
denote locally collected and often unprocessed biomass-based fuels, such as crop residues, wood, and animal 
dung, which are mostly used non-commercially (i.e., noncommercial energy). Although traditional energy sources 
can be used renewably, the term “new renewables” refers to modern biofuels, wind, solar, small-scale hydropower, 
marine, and geothermal energy. 

2 Consisting of crude oil, petroleum products, natural gas, and coal. 
3 For consistency, in this paper “Asia” includes the People’s Republic of China (PRC) but excludes the Middle East 

and OECD countries; “Developing Asia” includes the PRC, East Asia, and South Asia; “Middle East” includes 
Bahrain, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syria, United Arab Emirates, and 
Yemen; “Middle East and North Africa (MENA)” comprises the Middle East and Algeria, Egypt, Libya, Morocco, and 
Tunisia; “Africa” includes Algeria, Angola, Benin, Cameroon, Republic of Congo, Democratic Republic of Congo, 
Côte d'Ivoire, Egypt, Eritrea, Ethiopia, Gabon, Ghana, Kenya, Libya, Morocco, Mozambique, Namibia, Nigeria, 
Senegal, South Africa, Sudan, United Republic of Tanzania, Togo, Tunisia, Zambia, Zimbabwe and Other Africa; 
“Latin America and Caribbean” excludes Mexico; “OECD Pacific” comprises Australia, Japan, the Republic of 
Korea, and New Zealand; “Former USSR” comprises Armenia, Azerbaijan, Belarus, Estonia, Georgia, Kazakhstan, 
Kyrgyz Republic, Latvia, Lithuania, Moldova, the Russian Federation, Tajikistan, Turkmenistan, Ukraine, and 
Uzbekistan; “Non-OECD Europe” consists of Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, 
Gibraltar, Macedonia, Malta, Romania, and Slovenia; “OECD North America” includes Mexico; and “OECD” 
includes all members of the Organisation for Economic Co-operation and Development as of 1 February 2006, i.e., 
Australia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, 
Iceland, Ireland, Italy, Japan, the Republic of Korea, Luxembourg, Mexico, the Netherlands, New Zealand, Norway, 
Poland, Portugal, the Slovak Republic, Spain, Sweden, Switzerland, Turkey, the United Kingdom (UK), and the 
United States (US). 

4 Total primary energy supply (TPES) is the indigenous production of energy, plus imports and positive stock 
changes, minus exports and international marine bunkers. 
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the availability as well as access to and patterns of use of energy supplies across—and within—
disparate economic groupings, and is discussed in more detail for Asian countries later in 
Section 2. 

Figure 1: Primary Energy Use by Source, 2003 
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Gtoe = gigaton of oil equivalent; OECD = Organisation for Economic Co-operation and Development. 
Source: International Energy Agency (IEA). 2003. Energy Statistics and Energy Balances. Paris: IEA. Available: 
www.iea.org/textbase/stats. 
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Figure 2: World Electricity Generation from Central Producers by Region, 2003 
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OECD = Organisation for Economic Co-operation and Development; TWh = terawatt-hour. 
Source: US Department of Energy, and Energy Information Administration (DOE/EIA). 2006. International Energy Outlook 2006. 
Report # DOE/EIA-0484 (2006). Washington, DC: EIA, US DOE. 
 

Figure 3: Traditional Fuel Use as Percentage of Total Energy Consumption 
by Region, 2002 
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CIS = Commonwealth of Independent States; OECD = Organisation for Economic Co-operation and Development. 
Source: United Nations Development Programme (UNDP). Human Development Report 2005. New York: UNDP. 
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Figure 4: World Primary Energy Consumption by Region, 1980–2030 
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Mtoe = million tons of oil equivalent; OECD = Organisation for Economic Co-operation and Development. 
Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, 
US DOE. 

Figure 5: World Energy Consumption by Region, 2003 
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Gtoe = gigatons of oil equivalent; OECD = Organisation for Economic Co-operation and Development. 
Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, 
US DOE. 
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Figure 6: Per Capita Energy Use (Commercial and Non-commercial) 
by Region, 2003 

 

OECD = Organisation for Economic Co-operation and Development; Toe = ton of oil equivalent; USSR = Union of Soviet Socialist 
Republics. 
Source: UNDP and World Energy Council (WEC). 2004. World Energy Assessment: Overview 2004 Update. New York: UNDP and 
WEC. 

Energy Demand Projections 

8. Global energy forecasts differ in terms of absolute figures, but agree on the prospects for 
strong, steady growth over at least the next two-and-a-half decades, despite the dramatically 
rising oil prices witnessed in recent years. For example, the International Energy Agency (IEA) 
estimates world energy consumption to increase by 52% to 16.3 Gtoe in 2030 in the baseline, or 
“reference”, scenario over 2003 levels (based on average annual world gross domestic product 
(GDP) growth of 3.2% over the projection period), while the Energy Information Administration 
(EIA) of the Government of the United States (US) projects total demand touching 18 Gtoe, or a 
71% increase, at the end of the same period (based on world GDP growth rate of 3.8%). Major 
oil companies, such as Exxon Mobil, forecast an intermediate figure of 16.7 Gtoe for world 
energy demand by 2030 (with GDP growth averaging 2.8% per year). These projections 
translate into an annualized average growth rate in global energy demand over the 
corresponding period of about 1.6%–2.0%. For most of the remainder of this paper, unless 
otherwise stated, the discussion is predominantly based on the latest IEA and EIA forecasts and 
analyses. 

9. The IEA predicts that more than two-thirds of world energy growth will stem from 
developing country needs, mostly from those belonging to non-OECD Asia. Figure 7 shows that 
demand in these countries nearly triples over the projection period 2003−2030. As per historical 
trends, energy demand growth in non-OECD countries at 3% per year will be three times that in 
OECD countries during this interval, and total non-OECD energy consumption is expected to 
begin outstripping OECD demand as early as 2011 (Figure 8). 
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Figure 7: Energy Use in Non-OECD Regions, 1980–2030 
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Mtoe = million tons of oil equivalent; OECD = Organisation for Economic Co-operation and Development. 
Source: International Energy Agency. Available: www.iea.org. 

Figure 8: World Primary Energy Use, 2005–2030 
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Mtoe = million tons of oil equivalent; OECD = Organisation for Economic Co-operation and Development. 
Source: International Energy Agency. Available: www.iea.org. 
 

10. In line with current supply patterns, fossil fuels will continue to dominate primary energy 
supplies, and are actually expected to increase slightly to 81% of the total by 2030. Oil 
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consumption will reach 115 to 121 million barrels per day (mbpd) in 2030, up from 79 mbpd in 
2003, with the transport sector (road, rail, sea, and air) expected to account for one half to two 
thirds of the increase, given that alternative transportation energy sources, such as biofuels and 
fuel cells, will not substantially displace petroleum-based products over this timeframe on 
account of economic and associated infrastructure imperatives. Oil demand for industrial, 
commercial, and residential uses (cooking and heating) will also increase, particularly in 
developing countries, while its share in power generation and other non-transport uses will 
decline. 

11. Natural gas consumption will grow rapidly, almost doubling from 95 trillion cubic feet (tcf) 
in 2003 to 182 tcf by 2030, at an average rate of 2.4% per year, and could displace coal as the 
largest fossil fuel used within the next decade (according to IEA estimates). OECD countries will 
account for the majority of the increased gas used, although developing countries will witness 
the highest rates of increase in gas demand. In both cases, industrial use and power generation 
will be the primary drivers of the growth, given the advantages of natural gas over coal and oil in 
terms of power plant emissions, capital costs, and operational flexibility. By 2030, power 
generation will account for nearly half of the global consumption of natural gas. 

12. Almost all regions of the world, except Japan, are expected to show an increase in coal 
use—equivalent to as much as 5.1 billion short tons, primarily for power generation—or a 2.5% 
average annual growth rate up to 2030. The largest increases in coal use will be in the PRC and 
India, which will together account for up to 70% of the global increase in coal demand. Coal will 
become increasingly competitive as natural gas and oil prices increase, and its projected share 
in total energy supply is predicted to range, as a result of this sensitivity, from 22% to 27%, 
compared with 24% in 2003. 

13. Over the same projection period, non-OECD countries will see an average 3.9% annual 
growth in their electricity consumption (compared with only 1.5% for OECD nations), and 
worldwide electricity use will consequently more than double from 14.8 terawatt-hours (TWh) in 
2003 to 30.1 TWh in 2030, requiring 4,800 gigawatts (GW) of new capacity addition. However, 
according to the IEA, although electrification rates will rise over this period, the number of 
people without electricity will decline only slightly from the present 1.6 billion to 1.4 billion on 
account of general population growth, with most of these living in Asia and Africa. The disparity 
between urban and rural access to electricity will remain, although the latter is expected to 
improve toward the second half of the period. Power generation will increasingly shift to cleaner 
fuels, spurred by rising oil prices, with natural gas and renewables increasing their shares at the 
cost of other fuels and collectively accounting for 44% of generation by 2030, up from 37% in 
2003. However, coal-based power generation will continue to dominate worldwide electricity 
supply, especially in large power markets such as the US, the PRC, and India where available 
local resources and prices would favor coal over natural gas. 

14. Nuclear power is expected to post 3.5% annual growth in non-OECD countries between 
2003 and 2030, but its overall share in electricity generation will decline due to retirement of 
existing reactors, primarily in OECD countries, over the same period. Most notable increases in 
nuclear generation capacity (up to 70% of the total) are anticipated in non-OECD Asia, led by 
the PRC and India, which, along with the Republic of Korea, Japan, and the Russian 
Federation, will take the worldwide total from 361 GW in 2003 to 438 GW in 2030. 

15. Grid-connected hydroelectricity and other renewable energy is projected to increase by 
2.4% per year over the 2003–2030 period, specially as these become more cost-competitive 
due to both technology advances as well as rising fossil fuel prices, with the overall share of 
renewables in global energy rising marginally to around 10%. Large hydroelectric projects, 
especially in developing Asia, will provide most of this increase, although their overall share in 
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electricity generation is expected to remain flat or to decrease, while that of other renewables, 
notably wind and biomass, increases three-fold to 6% by the end of this period. The largest 
increase in non-hydro renewables will be witnessed in OECD Europe, given the strong policy 
support provided to renewable forms of power generation there. Overall, the share of 
renewables in global energy supplies is expected to remain constant at 11% over the projection 
period. 

16. Traditional biomass is projected to continue to be used for cooking and heating by large 
numbers of people in developing countries. Those relying exclusively on the unsustainable use 
of such resources are actually projected to increase from the present 2.4 billion to more than 
2.6 billion by 2030. The low efficiency and high economic costs of traditional fuels compared 
with the benefits of modern energy supplies will therefore remain a significant issue for most of 
the developing world, especially among the poor who are its main users, and would require 
more concerted efforts to address. 

17. These energy demand projections are predicated on continued worldwide economic 
growth as well as assumed fossil fuel price forecasts. The former, in turn, depend on nations’ 
demographic and human resource development trends, labor participation, productivity, political 
and regulatory climate, savings, and capital accumulation rates, among other factors, while the 
latter are influenced not only by current proved and recoverable reserves, but also by the cost 
and willingness of producers to invest in expanded production to meet increasing demand. In 
addition, as mentioned earlier, there exist large differences between geographical and economic 
groupings in terms of patterns and improvement in energy access, consumption, and intensity of 
use. 

Economic and Consumer Growth 

18. There are two growth factors that mainly determine future energy demand on a global or 
regional scale: economic activity and population. Economic activity is a primary determinant of 
energy demand, and energy projections are thus strongly influenced by assumptions about 
economic growth trends. The linear relationship between the two, based on historical data since 
1971, has been found to be approximately 0.6% increase in primary energy consumption for 
each percentage increase in world GDP.5 As mentioned earlier, the various energy projections 
quoted in this paper have been derived on different global economic growth assumptions, 
ranging from 2.8% to 3.8% average GDP growth per year. The higher projections are based on 
accelerated GDP growth compared with the 3.3% average witnessed over the past 30 years on 
account of increasingly liberalized macroeconomic policies, currency regulations, trade, and 
investment regimes being adopted by many countries which directly stimulate and facilitate 
economic transactions and growth. The assumed average world economic growth rate, in turn, 
masks important variation over different periods as well as between economic regions on 
account of the structures and development status of different national economies, as illustrated 
by the example shown in Figure 9. As expected, growth projections are higher for developing 
countries than for the OECD nations, and in almost every instance GDP growth is expected to 
gradually slow down over the coming 2 decades as economies mature. As they do so, many of 
these countries are also expected to make the transition from heavy industry to lighter 
manufacturing and services, which are less energy intensive. It is also noteworthy that 
economic growth assumptions can drastically affect such predictions, with the difference 
between the EIA’s “high” and “low” GDP growth scenarios (of 4.6% and 3.1% average annual 
                                                 
5 The income elasticity of energy demand, i.e., the increase in demand relative to GDP, has actually decreased from 

a worldwide average of 0.7 in the 1970s to about 0.4 in the 1990s, primarily on account of climatic cycles (e.g., 
warmer winters) and increased efficiency of use, although energy consumption for electricity production and 
transportation remain much more closely tied to GDP levels [IEA and OECD. 2004. World Energy Outlook 2004, p. 
42]. 
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growth, respectively) amounting to as much as 5,125 Mtoe in 2030, or an uncertainty of almost 
30% with respect to the reference case demand projection for that year. 

Figure 9: Economic Growth by Region, 1971–2030 
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GDP = gross domestic product; OECD = Organisation for Economic Co-operation and Development; US = United 
States. 
Source: IEA and Organisation for Economic Co-operation and Development (OECD). 2004. World Energy Outlook 2004. 
Paris: IEA. 

 
19. Sustaining the growth in energy demand and fueling economic activity is a projected 
worldwide increase in population of 1% per annum, taking the total from 6.2 billion in 2002 to 
8.1 billion in 2030. Again, in line with recent trends, population growth is expected to decline 
monotonically over the projection period, from 1.2% in the decade up to 2010 to 0.8% in the 10 
years ending in 2030, even though regional disparities in growth rates (as well as population 
densities) will remain significant (Figure 10). 
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Figure 10: Population Growth by Region, 1971–2030 
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OECD = Organisation for Economic Co-operation and Development; US = United States. 
Source: United Nations Population Division (UNPD). 2003. World Population Prospects: The 2002 Revision. New York: UNPD. 

Energy Use and Intensity 

20. The relationship between energy use and GDP, or “energy intensity”, is important in 
determining the actual energy demand in an economy at any given time. Demand projections 
are complicated by the fact that this factor can also vary across national boundaries and over 
time as economies and local conditions evolve. This is especially true for developing 
economies, where the correlation between energy consumption and GDP is strong; in OECD 
countries the relationship is not as evident, with energy demand lagging behind economic 
growth (Figure 11). Indeed, emerging economies are now beginning to exhibit similar trends, 
lending credence to the conclusion that as nations develop, their economic growth begins to 
decouple from energy use and energy intensity declines, a sign of increasingly efficient resource 
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use. The historical experience in the case of non-OECD Europe has been less compelling until 
very recently (with the stabilization of the Russian and Ukrainian economies), but this is 
attributed to the ramifications of the collapse of the former Soviet Union. In the future, however, 
energy intensity is expected to continue to decline in both developed and developing countries, 
with the respective curves converging in the distant future (Figure 12). The rate at which energy 
intensity declines is influenced by the rate of economic growth: the faster the growth, the 
steeper the fall in energy intensity. At a very basic level, this is symptomatic of expenditure on 
new energy-consuming stock (vehicles, machinery, appliances, etc.) in developing economies 
as individuals’ disposable incomes rise and such items become affordable by a greater number 
of people, while in developed countries the bulk of the population already owns such stock, so 
that spending is for replacement purposes only, invariably with more efficient equipment, which 
weakens the link between income level and energy used. The EIA estimates worldwide energy 
intensity to improve at an annual rate between 1.5% and 1.9%, depending on different 
economic growth scenarios. 
 

Figure 11: Growth in Energy Use and GDP by Region, 1980–2030 

 

GDP = gross domestic product; OECD = Organisation for Economic Co-operation and Development. 
Source:  US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, 
US DOE. 
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Figure 12: Energy Intensity by Region, 1980–2030 

 
OECD = Organisation for Economic Co-operation and Development. 
Source:  US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, 
US DOE. 

21. In terms of end use, energy consumption can be broadly divided between residential 
(i.e., non-transportation household use), commercial (i.e., services and institutional use), 
industrial (i.e., manufacturing, agriculture, mining, and construction use), and transportation 
(road, rail, sea, and air). The largest of these are the last two, in that order (Figure 13), together 
accounting for over three quarters of all energy consumed, a share that is expected to increase 
further in the future as they also exhibit the fastest average annual growth rates (3.2% and 
2.3%, respectively), especially for developing countries (Figure 14). Residential energy use is 
also expected to register high growth in the developing world (2.7% per year) as greater 
numbers of households are electrified and gain access to other modern fuels. The difference in 
industrial energy growth rates over the projection period between OECD and non-OECD 
countries (1.2% versus 3.2%) is explained by the shift of energy-intensive industry (e.g., heavy 
manufacturing) away from North America and Europe to Asia. Energy for transportation will 
continue to rely primarily on petroleum in the absence of a viable and widely available 
alternative, even as the market for hybrid vehicles, ethanol-blended gasoline, and biodiesel 
expands. Transportation energy growth will be fueled by a robust expansion in aviation as well 
as in the numbers of vehicles in developing countries, led by the large growing economies and 
populations of the PRC and India, and dampened only by the ability of these countries to 
provide matching investments in related physical infrastructure (roads, airports, etc.). 

22. Another important aspect of global comparisons in energy use is the availability of and 
access (both physical and financial) to modern energy supplies between (as well as within) 
populations of different countries, a topic that will be analyzed in greater detail later in this paper 
(see Part II). 
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Resource Availability and Pricing 

23. By 2030, fossil fuels are expected to contribute almost 82% of primary energy supplies, 
up from just under 80% in 2002 (Figure 15), with most of the increase coming from natural gas 
(from 21.2% to 25.1%) and oil maintaining its share at 35%. Nuclear and biomass conversions 
will decline in the overall primary fuel mix, while the share of renewables other than hydro and 
biomass is expected to triple over the period. Overall, growth in global energy demand in the 
reference scenario is expected to maintain the previous 3 decades’ average of 2% per annum 
until 2030, although some estimates predict a slight decline on account of improving energy 
intensity, with coal and natural gas use accelerating (Figure 16). 

24. Figure 17 compares the increase in primary energy demand by fuel type over past and 
future decades. It is evident that fossil fuel use, led by oil and natural gas, will continue to satisfy 
the bulk of the increased demand, with renewable energy use also accelerating but remaining 
low in absolute terms, while hydro capacity growth will remain flat. Worldwide fossil fuel 
resources are, however, adequate to cater to this increased demand, with currently known oil 
and gas reserves exceeding cumulative projected consumption to 2030 even without new finds, 
although substantial additional investments will be required to expand production and avoid 
premature “peaking”. Known oil reserves are not expected to reach their peak production levels 
over the next quarter century, and gas reserves are deemed sufficient to last for 66 years at 
present production rates. Current recoverable coal reserves, at over 1,000 billion tons, are also 
estimated to be adequate for 70 years even at the higher projected rates of consumption. 
Resource availability is also not an issue with nuclear and solar energy, although hydro and 
onshore wind power is expected to face dwindling options in some regions within this period. 
Waste-to-energy conversion will also be limited by raw fuel availability constraints. 
 

Figure 13: Energy Consumption by End Use, 2003 and 2030 
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Source:  US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, US DOE. 
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Figure 14: Growth in Energy Use, 2003–2030 
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Figure 15: World Primary Energy Consumption by Fuel, 2002 and 2030 
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Figure 16: World Primary Energy Production by Fuel, 1970–2030 
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Mtoe = million tons of oil equivalent. 
Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, US DOE. 

Figure 17: Change in World Energy Demand by Fuel, 1971–2030 
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25. As the world’s electricity consumption doubles to almost 32,000 TWh in 2030, some 
4,800 GW of new generation capacity would be required. Coal is expected to continue to be the 
single largest fuel source for power production, while more than half of world natural gas 
consumption will also be for this purpose. The share of non-hydro renewables and gas in power 
generation will increase, while that of nuclear will decline, although increasing in terms of 
installed capacity. 

26. Given their persisting dominance in global primary energy supplies, fossil fuel prices will 
continue to set the competitive benchmark for almost all other energy resources. The historical 
volatility and recent dramatic increases in oil prices in particular are the biggest single 
uncertainty in determining growth drivers for other energy sources. For instance, based on 
relative cost trends, the IEA predicts natural gas to overtake coal use within the next decade, 
while the EIA forecasts coal to become even more competitive, given rising oil and gas prices, 
and its share to continue to exceed that of natural gas to 2030 and beyond. Thus, comparative 
price uncertainties add another layer of complexity in fuel supply projections on top of those 
deriving from economic growth assumptions. A measure of the magnitude that such 
uncertainties can attribute to global fuel consumption estimates can be assessed from the 
differences in the demand trends forecast by the IEA and EIA in their respective reference 
scenarios, as illustrated in Figure 18. Primarily due to differences in coal and gas use 
predictions, the IEA projects a lower overall annual energy demand increase of 1.7% compared 
with the EIA’s continuation of past decades’ growth rate of 2% per year. 

Figure 18: World Primary Energy Demand Projections by Fuel, 2002–2030 
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27. Projected oil price forecasts are affected less by inaccuracies in worldwide reserve 
estimates than by the extent to which producing countries would be willing to invest in 
expanding production facilities to keep up with demand within the given timeline. The combined 
effect of these factors on future oil prices is illustrated in Figure 19, which shows a variation of 
over 220% between the “high” and “low” price projections for 2030. In addition to long-term 
trends, prices are also subject to short-lived fluctuations caused by various other externalities, 
such as political exigencies, as evident in the fluctuating historical data graphed in the same 
diagram. Gas prices have tended to track oil price increases in recent months, but are expected 
to increase somewhat more gradually in the future. 

28. Given its dominant share in the world’s primary energy resources because of its 
versatility as a fuel, and in the world’s commodity markets because of its fungible nature, prices 
of oil will continue to have a major impact on global energy trade patterns—as well as the 
prospects for competing fuels or alternative energy production and end-use technologies. High 
levels of future oil price uncertainties therefore make it difficult to assess and develop an 
alternative global energy scenario based on comparative economics alone. 

Figure 19: Crude Oil Prices, 1970–2030 
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Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, US DOE. 

 

Energy Transfers, Investments, and Technologies 

Energy Trade 

29. The world’s fossil fuel reserves are highly concentrated geographically (Figure 20), with 
major consumers having to meet large proportions of their needs, especially for oil and natural 
gas, through imports (Figure 21). Coal use is largely indigenous to major consumers (e.g., the 
US, the PRC, India), although growing worldwide demand is increasing trade in this fuel as well. 
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30. According to both EIA and IEA forecasts, worldwide oil trade is expected to rise 
significantly over the coming decades and double over current levels by the year 2030, with all 
major importing regions sharply increasing their dependence on imported petroleum (Figure 
22). Flows to developing Asia will increase the most, accounting for 85% of the rise, of which 
62% would be destined for the PRC alone. By 2030, the OECD countries will be dependent on 
imported oil for 85% (with the European Union and OECD Pacific at about 95%) and developing 
Asia for 78% of their needs. The bulk of this trade is going to continue to emanate from the 
Middle East (increasing from 17 mbpd in 2003 to 46 mbpd, or two thirds of the world total, in 
2030), with exports from Africa, Latin America, and the Russian Federation initially increasing 
before stabilizing or declining by 2020. Such increased trade, amounting to more than half of all 
production and relying on a relatively small number of supplier regions and shipping routes—
many vulnerable to sudden political disruption—would have important implications in terms of 
energy security for the importing countries and, by extension, for the world’s economy. Because 
of this, oil price volatility can only be expected to increase in reaction to real or perceived market 
shocks. 

Figure 20: Fossil Fuel Reserves by Region, 2005 
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Source: British Petroleum (BP). 2006. Quantifying Energy. BP Statistical Review of World Energy. London: BP. 
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Figure 21: Fossil Fuel Consumption by Region, 2005 
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Source: British Petroleum (BP). 2006. Quantifying Energy. BP Statistical Review of World Energy. London: BP. 

Figure 22: Dependence on Imported Oil by Region, 2002–2030 
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31. Natural gas production and trade is also set to increase dramatically, particularly in the 
form of liquefied natural gas (LNG) and with gas-to-liquids (GTL) projects also coming on-
stream. Overall, the gas trade will triple over the projection period. OECD countries’ gas imports 
will increase to a third of their consumption by 2030, up from the present 22%, most of which 
will come from the Middle East, the Russian Federation, and Central Asia. Countries such as 
the PRC and India will become increasingly dependent on imported gas, especially LNG 
(Figure 23). Gas consumption is also marked to grow rapidly in the producing countries of the 
Middle East as a deliberate strategy to free up increased oil volumes for export at prevailing 
high prices. 

32. The volume of worldwide coal trade is proportionately small compared with actual 
consumption levels (13% in 2003), as most large consuming countries have their own 
substantial coal resources. The coal trade is expected to increase at an annual rate of 1.5% to 
2030, with steam coal accounting for 72% of this by the end of the period, the remainder being 
coking coal. Australia and Indonesia will retain their ranking as the largest coal exporting 
nations, in that order, with Colombia and Viet Nam moving up to displace the PRC and South 
Africa in third and fourth positions, respectively. Both India and the PRC, despite being large 
producers of coal, will become major net importers by 2030. 

Figure 23: Dependence on Imported Gas by Region, 2002–2030 
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Source: IEA and OECD. 2004. World Energy Outlook 2004. Paris: IEA. 

Financial Requirements 

33. In order to meet increased demand and sustain projected trade volumes and prices, a 
substantial investment of $105 billion per year—or a total of $3 trillion—will be required over the 
period 2003–2030 to maintain and expand the necessary oil production, handling, and 
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transportation infrastructure, such as well-head facilities, storage depots, tankers, pipelines, 
refineries, etc. A similar investment of $2.7 trillion will be required for natural gas, the bulk of it 
for exploration and development of new fields and the rest for infrastructure, such as 
liquefaction plants, pipelines, LNG tankers, and port terminals. Expanding coal trade will also 
require major investments in mining, ports, and rail transportation infrastructure. Additional 
electricity sector investments are estimated at $10 trillion, with $5.2 trillion of this in non-OECD 
countries. The share of renewable-based power generation in this would be $1.6 trillion, of 
which $1 trillion would be for technologies other than hydro—primarily wind power. Overall, 
cumulative energy sector investments could reach $17 trillion over this period, half of it in the 
developing world, which particularly in the latter case would present serious financing 
challenges. 

34. Most of the investment in the oil and gas sector would be required in the Middle East 
and North African producing countries, which will see their share of world oil trade jump from 
35% to 44% and natural gas exports quadruple over 2003–2030. The IEA predicts a major 
impact on the global energy balance should this region fail to double the existing investment 
levels in upstream facilities over the next decades, in which case oil prices would rise 
substantially with gas and coal prices following suit, thereby depressing world GDP growth. Oil 
price increases could also be triggered by stronger than expected economic growth, downward 
revision of regional reserve estimates, or geopolitical factors that disrupt production and 
supplies. 

Technological Developments 

35. In addition to projected fossil fuel costs, improvement in existing energy production and 
use methods, along with new and alternative technology development, will also impact future 
energy prices. Advances in oil and gas exploration and drilling techniques, efficiency and capital 
cost reductions in thermal and nuclear power generation equipment, increasing use of low-cost 
renewables and fuel cell technologies, and alternative resources such as biofuels and liquid 
fuels from natural gas and coal, would supplement existing supplies at competitive rates, while 
improvements in end-use efficiency—particularly in the transportation and electricity sectors, 
and fuel switching—particularly to pipeline, compressed, and liquefied natural gas—would help 
mitigate against fuel price increases. On the other hand, increasing commitment to 
environmentally cleaner methods, such as “clean” coal and higher-cost renewables, could drive 
the delivered cost of energy—particularly electricity—upwards. 

2. The Asian Situation 

36. As is evident from the preceding discussion, developing Asia is set to dominate global 
demand for additional energy resources and investments given its strong projected GDP growth 
rates, large population, and relatively low current per capita energy use base. The PRC will 
continue to exhibit the fastest growth rates, becoming the largest economy in the world by 2026, 
and with strong growth also projected for India which will move up to fourth position (behind the 
US and Japan), the two Asian giants will be responsible for a major part of incremental world 
energy demand. Compared with an average projected world GDP growth rate of between 3.2% 
and 3.8% per year, developing countries are expected to grow at 4.3%–5%, developing Asia up 
to 5.5%,6 and the PRC and India at 5%–6% and 4.7%–5.4%, respectively (Figure 9) over the 
2003–2030 period. Total primary energy demand will grow at up to 3.7% per annum for Asia, 

                                                 
6 In its latest forecast, for instance, the Asian Development Bank (ADB) has projected an annual average GDP 

growth rate for its developing member countries (DMCs) at 7.7% in 2006 and 7.1% in 2007 [ADB. 2006. Carbon 
Market Initiative: A Concept Paper, p. 12].  
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compared with 2.6%–3.0% for all developing countries and 1.6%–2.0% for the world, during the 
same interval. Developing countries will account for two thirds of the increase in primary energy 
demand in this period, while developing Asia alone will be responsible for almost half of it. 
 

Primary Energy Mix and Regional Markets 

37. Figure 24 shows the historical position as well as future trends in the mix of primary 
energy supply for Asia versus developing countries and the world. In all three cases, future 
increase in energy demand is largely to be met through higher fossil fuel consumption, with coal 
and oil use increasing proportionately faster than natural gas for Asia. A comparison of increase 
in demand by fuel between 2003 and 2030 is shown in Figure 25, from which it is clear that 
developing Asia would account for the bulk of the incremental coal demand in developing 
countries, which in turn would be 82% of the worldwide increase, but only one third of the 
developing country incremental gas demand and 62% of the additional oil consumption. For all 
fuels, developing countries will increase their share to at least 57% of world demand by 
accounting for 75% of the total increase in primary energy consumption. Developing Asia will 
consume three quarters of the additional global coal supplies, a quarter of new gas supplies and 
over half of new nuclear capacity, adding up to 62% and 47%, respectively, of developing 
countries and world incremental energy demand to 2030. 
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Figure 24: Primary Energy Mix, 1990–2030 
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Mtoe = million tons of oil equivalent. 
Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006).  
Washington, DC: EIA, US DOE. 
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Figure 25: Share in Incremental Energy Demand, 2003–2030 
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Source:  US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, US DOE. 

 
38. Altogether, developing Asia will represent almost a third of global primary energy 
demand by 2030. Energy consumption in these countries is expected to outstrip growth in 
indigenous supply well before 2030, although the region contains major energy resources, such 
as coal in the PRC, India, Pakistan, and Indonesia; oil in Indonesia and Malaysia; and gas in 
Central Asia and Brunei Darussalam. Oil production in the PRC is expected to decline, while 
that in Indonesia will remain largely flat.  

39. By 2030, developing Asia will be consuming over 30 mbpd of oil, or 26% of the world 
demand and more than that of the US and Canada combined. Almost all of the increase will be 
met through a doubling of imports, primarily from the Middle East. The region’s dependence on 
imported oil will increase from 43% in 2002 to 78% in 2030 (Figure 22). The PRC, which 
became a net importer only in 1993, will be importing three quarters of its oil by 2030, and India 
over 90% of its requirements in that year. Natural gas demand in non-OECD Asia will likewise 
rise to anywhere from 24 to 30 tcf by the end of the period, depending largely on growth in 
imports by the PRC and India from other producers in the region and the Middle East (Figure 
23). Developing Asia will be the world’s largest coal market at 2.8 Gtoe, or 57% of the total, 
compared with 41% in 2003. The PRC and India will remain the largest producers and 
consumers, together accounting for 70% of the projected increase in world consumption. Coal 
use is also set to increase dramatically in some other fast growth Asian economies—such as 
Pakistan, based on its large untapped local deposits—in the face of high oil prices. Similarly, 
electricity consumption in Asia will rise rapidly, requiring 1,600 GW of new capacity or a third of 
the new worldwide installed base. The bulk of increased electricity generation will be fueled by 
coal and natural gas, although nuclear and renewable power are also predicted to increase their 
shares in several Asian countries. Traditional biomass use in developing Asia, especially for 
household applications such as cooking and heating where it accounts for three quarters of 
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current residential use, is not expected to decline appreciably, at least during the first half of the 
projection period and particularly in South Asia. 

Energy Consumption, Access, and Costs 

40. Asian countries differ markedly in terms of their levels of economic development and per 
capita energy use. For instance, compared with the world and OECD average per capita 
primary energy consumption of 1.67 toe and 5.07 toe, respectively, OECD Asia averaged a high 
4.66 toe and developing Asia only 0.63 toe in 2003, as shown in Figure 26 which also includes 
projections to 2030. Disparities within Asia can also be gauged in the diagram from the 
examples of Japan and India at the two extremes, and in projected energy use growth rates 
between the Republic of Korea and the PRC on the one hand and the rest of Asia on the other. 
By the middle of the projection period, the Republic of Korea will overtake the OECD per capita 
average and by its end even surpass OECD North America, whereas the PRC will exceed the 
world average beginning in 2025. However, the rest of developing Asia will remain well behind, 
at 60% of the world average and only 11% of the US per capita energy consumption figure in 
2030. Average energy consumption rates will remain particularly low in South Asia, although 
growth will average a respectable 2% per year compared with the same rate for the Republic of 
Korea and 2.8% for developing Asia as a whole. This, of course, is because of the low starting 
levels for South Asia, which would require much more spectacular annual increases to catch up 
with other Asian regions. A comparison of per capita energy use in Asian countries is given in 
Figure 27, which shows a wide disparity resulting from their varying economic status, a situation 
likely to persist, qualitatively at least, to 2030. 

Figure 26: Primary Energy Use Per Capita, 1990−2030 

0

1

2

3

4

5

6

7

8

9

1990 1995 2000 2005 2010 2015 2020 2025 2030

T
o

e/
C

ap
it

a

History Projections

OECD North Am erica

OECD Europe

Japan

OECD As ia
Total OECD

Korea, Rep. of

Non-OECD As ia

China, People's  Rep. of

India

Total Non-OECDTotal World

 
OECD = Organisation for Economic Co-operation and Development; Toe = tons of oil equivalent. 
Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, US DOE; 
www.iea.org. 

 



 

 30  ENERGY FOR ALL 

41. Similarly, per capita electricity use ranged from an average of 909 kWh for developing 
Asia and 7,362 kWh for OECD Asia, compared with 7,683 kWh for OECD countries and 
2,358 kWh for the world in 2003. Per capita electricity consumption in Asia is rising, albeit with 
large differences between different countries and with most of developing Asia falling below the 
world average (Figure 28). Trends in per capita electricity consumption, as shown in Figure 29, 
demonstrate two important features: the clustering of developed versus developing countries at 
the higher and lower ends of the graph, respectively, and that most of developing Asia, except 
for the PRC toward the end of the projection period, will remain well below 4,000 kWh/capita. 
The latter fact has important consequences, as will be explained subsequently in Part II. By 
2030, India’s per capita electricity consumption will not have caught up with the PRC’s in 2003, 
a situation representative of other South Asian countries as well. Total installed electricity 
generation capacity in Asia compared with the rest of the world is shown in Figure 30 for 2003 
and 2030. The PRC and India will lead in world generation capacity expansion at almost 4.5% 
per year, with the rest of developing Asia following at 4% growth, compared with half that 
average for the world as a whole. By 2030, generation capacity in developing Asia will almost 
triple, accounting for 30%—or about 1,900 GW—of the world total of 6,350 GW, compared with 
18% in 2003. 

Figure 27: Energy Use Per Capita for Selected Asian Countries, 2003 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lao PDR = Lao People’s Democratic Republic; OECD = Organisation for Economic Co-operation and Development; Toe = ton of oil 
equivalent. 
Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, US DOE. 
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42. Energy use patterns in Asia are not only characterized by such wide contrasts between 
different regional economies, but also in terms of non-uniformity in access to modern energy 
supplies within most countries. Figure 31 illustrates this in terms of percentage of national 
population connected to the electricity grid. Apart from a few affluent nations—notably including 
the PRC—most non-OECD Asian countries fall well short of providing universal access to their 
populations, with 30% of the region’s total population lacking electricity. In addition, there are 
also wide variations in terms of the quality of power supplied, with the poorest often getting very 
little electricity, and usually only intermittently and of inferior quality. The data on such 
connections are also suspect, as utilities often classify even limited and rudimentary electricity 
service in the category of regular grid-supplied regions in order to meet government-specified 
rural electrification targets. Therefore, the situation is actually even less sanguine than such 
figures portray, with a significant number of the fraction with access to grid power unable to 
access it “on demand”. Finally, fuel prices in general and electricity tariffs in particular constrain 
many of Asia’s poor from properly utilizing even the limited energy supply options available to 
them, with consequent impacts on productivity, human development, and energy intensity—as 
shall be discussed next. 

Figure 28: Electricity Consumption Per Capita in Asia, 1980 and 2002 
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kWh = kilowatt-hour; Lao PDR = Lao People’s Democratic Republic. 
Source: UNDP. 2006. Human Development Reports. New York: UNDP. Available: http://hdr.undp.org/statistics/data. 
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Figure 29: Electricity Consumption Per Capita, 2003–2030 
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Source: US DOE/EIA. 2006. International Energy Outlook 2006. Report # DOE/EIA-0484 (2006). Washington, DC: EIA, 
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Figure 30: Installed Electricity Generation Capacity, 2003 and 2030 
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Figure 31: Access to Electricity in Selected Asian Countries, 2000 
 

 

 

 

 

 

 

 

 

 

 

 

 

Source: World Resources Institute (WRI). 2006. Earth Trends: Environmental Information. Washington, DC: WRI. 
Available: http://earthtrends.wri.org 
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3. Energy and Development 

Driver for Economic and Human Growth 

43. All life on Earth is sustained by energy, whether taken directly from the sun or indirectly 
by consuming other organisms that do. Human civilization, in particular, has flourished by using 
far greater amounts of energy extrasomatically (i.e., outside the body) than required for basic 
survival, harnessing it for improving living conditions, agricultural productivity, industrial 
advancement, and health, cultural, and scientific betterment. This has, in turn, had an enormous 
effect on human society, individual and communal behavior, and social evolution, with the 
emergence of unprecedented affluence and large-scale urbanization and industrialization—
resulting in seemingly insatiable consumption requirements. Such demand dictates 
commensurate increases in the provision of food supplies, consumer and durable goods, 
communication and transportation networks, social services, cultural and recreational facilities, 
and provision for other personal and collective needs, on the one hand, and correspondingly 
vast and sophisticated support mechanisms in the form of large-scale manufacturing and 
technological capabilities, complex supply chains, and the necessary commercial, political, and 
security underpinnings, to name a few, on the other. In recent decades these trends have 
accelerated worldwide, fuelled by a rapidly growing world population and fed by increasingly 
efficient industry and agriculture, the globalization of marketing-driven consumption patterns, 
and shortening cycles of technological obsolescence. Levels of human prosperity, although still 
marked by stark inequalities between countries and social groups, have been on the rise, and 
the pockets and ranks of the relatively well-off have been expanding steadily, although 
tempered by higher population growth rates among the poorest. 

44. All such progress depends vitally on modern energy supplies and transformation 
systems—primarily processed liquid and gaseous fuels and electricity—without which it would 
not have been possible to move beyond fulfilling very basic human subsistence needs. That 
many parts of the world still lack access to such forms of energy, in whole or in part (as 
described in Part I), explains the invariably poor condition of human existence and the 
persistence of debilitating poverty there. Modern forms of energy are necessary for increasing 
the productivity of labor and agriculture; improving health, education, and social welfare; 
lowering transportation and transaction costs; providing greater opportunities for employment 
and income-generation; and connecting communities to economic, trade, and information 
networks and resources that can lead to self-sustaining growth and, inevitably, the only means 
of escaping the “poverty trap”. On the other side of the coin, citizens of technologically 
advanced nations, with their per capita energy consumption a hundred times greater than that 
required for rudimentary existence, enjoy the highest levels of income, living standards, health 
care and life expectancy, and a wide array of available economic, intellectual, and cultural 
pursuits.  
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Powering Development 

45. The link between access and use of modern energy services7 and human development 
is obvious and very strong, and the empirical evidence supporting which has been extensively 
documented and merits discussion here. In particular, the relationship between electricity 
consumption per capita and the human development index (HDI)8 has been found to be better 
defined than that between the latter and primary energy use.9 The HDI, compiled and published 
annually by the United Nations for its member countries, is a useful standardized measure of 
“human development” for comparative purposes that takes into account life expectancy, 
education, and standard of living (through per capita income) that is not derived primarily from 
economic or energy use statistics. This is important, as human development is about much 
more than the simple acquisition of financial assets: it is the ability to pursue individual 
choices—resulting in productive, creative lives—through increased longevity and health, 
enriched by knowledge and higher standards of living, and the freedom to participate in 
communities’ and nations’ affairs.10 

                                                 
7 “Energy services are the benefits that energy carriers produce for human well being. Examples of energy services 

include heat for cooking, illumination for home or business use, mechanical power for pumping or grinding, 
communication, and cooling for refrigeration. Energy services can be derived from a variety of energy carriers. For 
instance, illumination can be produced by fuels or by electricity. Mechanical power can be produced from kinetic or 
potential energy of water, from kinetic energy of wind, from a liquid fuel, or from electricity. Energy carriers, in turn, 
can be derived from a variety of primary energy sources; electricity for example can be generated from 
hydropower, petroleum, solar, or wind energy. From the point of view of the user, what matters is the energy 
service not the source. Whether in business, home, or community life, what matters are the reliability, affordability, 
and accessibility of the energy service.” (Modi, V., S. McDade, D. Lallement, and J. Saghir. 2006  Energy Services 
for the Millennium Development Goals, p. 9). 

8 “The Human Development Index (HDI) is a composite index that measures the average achievements in a country 
in three basic dimensions of human development: a long and healthy life, as measured by life expectancy at birth; 
knowledge, as measured by the adult literacy rate and the combined gross enrolment ratio for primary, secondary 
and tertiary schools; and a decent standard of living, as measured by GDP per capita in purchasing power parity 
(PPP) US dollars.” (United Nations Development Programme [UNDP]. 2006. Human Development Report 2005, p. 
214). 

9 For instance, see Garcia, M. 2006. An Introduction Linking Energy Use and Human Development. Energy for 
Human Development, Report 1; and Pasternak, A.D. 2000. Global Energy Futures and Human Development: A 
Framework for Analysis. 

10 "The basic purpose of development is to enlarge people's choices. In principle, these choices can be infinite and 
can change over time. People often value achievements that do not show up at all, or not immediately, in income or 
growth figures: greater access to knowledge, better nutrition and health services, more secure livelihoods, security 
against crime and physical violence, satisfying leisure hours, political and cultural freedoms and sense of 
participation in community activities. The objective of development is to create an enabling environment for people 
to enjoy long, healthy and creative lives." Dr. Mahbub ul Haq, creator of the HDI. 
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46. Figure 32 shows HDI values for 171 countries plotted against their respective annual 
per capita electricity consumption in 2002. As is evident from the diagram and from detailed 
investigation of the relationship between the two factors, it appears that there is an approximate 
4,000 kilowatt-hour (kWh)/capita threshold, corresponding to an HDI value of about 0.9, beyond 
which the plotted trend plateaus.11 It is apparent from the figure that the higher per capita 
consumption levels (>7,000 kWh/capita) are populated exclusively by developed or affluent oil-
producing Middle and Far East countries, although the latter fall consistently below the 0.9 HDI 
threshold. With only a couple of exceptions (Mexico and Poland), virtually all Organisation for 
Economic Co-operation and Development (OECD) economies consumed more than 
4,000 kWh/capita of electricity, while all of developing Asia (except Singapore) fell below this 
threshold in 2002. On a global scale, only 20% of the world’s population used 4,000 kilowatt-
hours (kWh) or more of electricity per person in 2002 (based on country-wise aggregation), up 
slightly from 18.4% in 1997, while 43% used less than 1,000 kWh/capita, down from 66.2% in 
1997. Thus, while many developing countries have progressed in moving up the steep end of 
the curve, very few have managed to cross the 4,000 kWh/capita threshold during this period. 
Compared with this benchmark, some 80% of the world’s population and almost 100% of 
developing Asia’s continued to live with relatively little electricity consumption, and exhibited 
commensurate low levels of human development indices for their inhabitants. 

                                                 
11 Pasternak [Pasternak, A.D. 2000. Global Energy Futures and Human Development: A Framework for Analysis] 

derived this significant inflexion point based on 1997 data for 60 countries, and found a best-fit curve of 
HDI = 0.091ln(u) + 0.0724, where u is the per capita electricity consumption in kWh, with an 84% correlation factor 
(to 28,000 kWh/capita). He also found the 4,000 kWh/capita threshold for 1980 data for 73 countries, although the 
HDI plateau in this case was slightly lower at 0.875. Garcia [Garcia, M. 2006. An Introduction Linking Energy Use 
and Human Development. Energy for Human Development, Report 1] found a better derivation of the relationship 
in the form HDI = tanh[(u/uo)

0.25], where uo = 1,400 kWh/capita is a normalization factor, that—unlike the logarithmic 
function—also conforms to the assumed asymptotic limits of u → 0, HDI → 0 and u → ∞, HDI → 1, and found that 
a consumption of 4,000 kWh/capita corresponded to an HDI of 0.862, based on 2005 data for 177 countries.  In 
Figure 32, both correlation curves are shown for comparison of 2002 data for 171 countries, with the logarithmic fit 
HDI = 0.0872ln(u) + 0.0979 having an 80% correlation factor (to 30,000 kWh/capita). The knee at 
u = 4,000 kWh/capita (vertical dashed line) and fit for high-u data are clearly more pronounced for the hyperbolic 
tangent curve, but it can be seen that the former still corresponds to u = 4,000 kWh/capita and a corresponding 
HDI of 0.862, beyond which the actual data points tend to flatten out at an HDI of 0.935 (horizontal dashed line). 
Figure 33 demonstrates that the correlation for cross-sectional country data shown in Figure 32 is also valid for 
time series data, i.e., countries tend to move along the curve. 
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Figure 32: Human Development Index and Electricity Use by Country, 2002 
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47. The movement of developing Asian countries up the steep end of the HDI-u curve over 
the period 1995 to 2002 (the earliest and latest years, respectively, for which such data has 
been published by the United Nations Development Programme [UNDP]) is shown in Figure 33. 
As expected, the sample has largely tracked the asymptotic curve, with countries at the bottom 
of the scale (Bangladesh, Bhutan, Cambodia, India, the Lao People’s Democratic Republic [Lao 
PDR], Mongolia, Myanmar, Nepal, Pakistan, and Viet Nam) making discernable improvements 
in their HDI values with only marginal increases in per capita energy consumption, while those 
at the higher end (especially Malaysia, Singapore, and Thailand) increased their per capita 
energy consumption significantly with little or no improvement in their already high HDI 
standings. The People’s Republic of China (PRC), at the transitional cusp in the curve, marked 
significant increases in both per capita electricity consumption and HDI during this period. On 
the flip side, this also points out the difficulty for the aforementioned 10 poorer Asian nations—
where investments are most needed to achieve acceptable levels of human development—to 
rapidly expand their energy supplies and infrastructure, particularly given the pressures of a 
growing population base. Thus, virtually all of these countries have been able to move vertically 
up the curve toward relatively better HDI scores, but have hardly exhibited any horizontal 
movement across to higher levels of per capita electricity. As a result, in absolute terms, their 
human development indices remain unacceptably low at less than 0.6, well below the 0.9 
transitional mark. 

Figure 33: Developing Asia’s Human Development Index and Electricity Use, 1995 and 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
kWh = kilowatt-hour; Lao PDR = Lao People’s Democratic Republic; OECD = Organisation for Economic Co-operation 
and Development. 
Source: UNDP. 2006. Human Development Reports. New York: UNDP. Available: http://hdr.undp.org/statistics/data. 
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48. Figure 28 shows the change in per capita electricity consumption for Asian countries 
between 1980 and 2002 and comparative worldwide averages, which illustrates regional 
disparities and the slow pace of progress toward the important benchmark of 4,000 kWh/capita 
by developing Asia (with the exception of the fast-growth economies of the PRC, Malaysia, and 
Thailand). 

Intensity of Use 

49. In addition to reasonably high levels of per capita electricity consumption, lower energy 
intensity (i.e., energy required to produce a unit of gross domestic product [GDP]) is also 
desirable, as it represents greater efficiency in converting energy to income. Countries with an 
HDI of 0.9 or higher typically represent low energy and electricity intensities in their economies, 
and vice versa.12 Figure 34 shows the energy productivity, or the inverse of energy intensity (in 
terms of GDP at Purchasing Power Parity US$ per kilogram of oil equivalent used), for several 
developing Asian countries for which such data are available, compared with world, OECD and 
overall developing country averages, for the years 1980 and 2002. As can be seen, the higher 
growth-low HDI economies of the PRC and South Asia (with the exception of Bangladesh) have 
exhibited a decreasing intensity trend over this 22-year period, but remain above world and 
OECD levels (i.e., lower in terms of energy productivity). Bangladesh, Sri Lanka, and the 
Philippines, however, demonstrate much lower energy intensities; in the case of Bangladesh, 
however, this is also accompanied by relatively low HDI values. Energy intensity in even the 
more developed economies of Malaysia, Singapore, and Indonesia has stagnated above the 
OECD average over this period. 

Figure 34: Energy Productivity in Developing Asia, 1980 and 2002 
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Source: UNDP. 2006. Human Development Reports. New York: UNDP. Available: http://hdr.undp.org/statistics/data. 

                                                 
12 Exceptions include countries with relatively lower HDI values as well as energy intensities (such as Saudi Arabia 

and South Africa), and those with high HDI along with higher energy intensity (such as Canada). 
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The Asian Deficit 

50. Several important conclusions can be drawn from an analysis of plots such as the ones 
shown in Figures 32−34 and related data: 

1. There exists a strong correlation between per capita energy, specifically 
electricity, consumption, and levels of human development, with a minimum 
consumption of 4,000 kWh/capita required in order for a “decent” level of HDI = 
0.9 to be attained. This energy consumption threshold (and the corresponding 
HDI value of 0.86) has remained unchanged in recent decades, even as the HDI 
plateau for developed nations has gradually risen due to increasing prosperity 
levels. In fact, 4,000 kWh/capita is at best a conservative benchmark—for 
comparison, the corresponding average for the G8 countries (excluding the 
Russian Federation) is over 11,300 kWh/capita, or almost three times higher. In 
effect, incomes rise with electricity use well beyond the 4,000 kWh/capita 
threshold, and neither the GDP nor the HDI of developing countries can be 
expected to increase without a corresponding increase in electricity (and 
energy) use. 

2. In particular, incremental increases in average per capita income can result in 
dramatic improvements in human development indices for countries that fall 
below the 4,000 kWh/capita threshold. In other words, there is a very strong 
“quality of life” payback for even small increases in delivered quantities of 
modern energy supplies, especially electricity, in most developing countries. 

3. Garcia postulates the following broad categorization between per capita 
electricity consumption and levels of human development: below 
1,000 kWh/capita, people subsist in abject poverty, barely able to meet their 8−9 
megajoule (MJ)/day survival requirements; 2,000 kWh/capita (close to the world 
average in 2003 of 2,465 kW/h and an HDI of 0.741) is required to sustain a mix 
of modern technological components in an otherwise agricultural society; 
3,000 kWh/capita results in a high level of socioeconomic development; 
4,000 kWh/capita enables the high development plateau of HDI = 0.9 to be 
reached; modern technological societies without regional disparities or excluded 
minorities typically require 5,000 kWh/capita on average; and at 
6,000 kWh/capita, the highest forms of developed societies can function. Such 
categorization is at best a rough approximation, with important exceptions in 
actual country data, but nevertheless provides a practical basis for assessing 
the energy requirements necessary for human development. Equally important 
to the average per capita consumption figure is how efficiently energy is 
distributed and utilized within the country, which ultimately determines its 
benefits for the population as a whole, and therefore, the overall level of HDI 
achieved. 

4. With the exception of Singapore and Brunei Darussalam, all developing Asian 
countries had HDI scores of less than 0.8 (and per capita electricity use below 
1,300 kWh) in 2002. In particular, the 10 Asian nations at the lower end of the 
HDI scale (i.e., at or below 0.7)—consisting of Bangladesh, Bhutan, Cambodia, 
India, the Lao PDR, Mongolia, Myanmar, Nepal, Pakistan, and Viet Nam, and 
representing almost half of developing Asia’s and a quarter of the world’s 
population—stand to benefit the most from increased access to electricity 
supplies. In terms of population, as much as 57% of the Asian Development 
Bank (ADB)’s developing member countries’ (DMCs) population had a per 
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capita consumption of less than 1,000 kWh in 2002, compared with a worldwide 
proportion of 43%. Excluding Sub-Saharan Africa, it is clear that developing Asia 
represents the least energy-developed region of the world, and with over half of 
the world’s inhabitants, it contains 70% of global population living on less than 
1,000 kWh/capita consumption. 

5. The challenge of taking the least-developed 10 Asian countries—containing 
47% of developing Asia’s population—up to the world average HDI of 0.741 
would require, among other measures, increasing their per capita electricity 
consumption to 1,150 kWh, or almost two-and-a-half times their 2002 level of 
479 kWh/capita, compared with the 26% increase actually achieved by them on 
average in the 7 years since 1995. However, in the projections discussed earlier 
in Part I, the major portion of the increase in electricity use will occur in 
countries that are already above the 4,000 kWh/capita threshold, even though 
almost half (1,240 gigawatts [GW]) of the worldwide increase (2,640 GW) in 
installed generation capacity between 2003 and 2030 is expected to take place 
in developing Asia (Figure 30). This is because the population growth rate in 
developing Asia more than doubled compared with the OECD countries (0.9% 
versus 0.4% average annual increase) during the corresponding period. 

51. These factors point toward the need for greatly expanding both access to modern forms 
of energy for the large populations of developing Asian countries as well as, in most cases, 
doubling or quadrupling per capita energy consumption, particularly electricity use, to be able to 
achieve decent levels of human development. While the former would call for massive increases 
in expanding and upgrading the energy infrastructure and distribution networks, the latter would 
require not only vastly greater energy resources and supplies on a sustainable basis, as 
described below, but also equally significant gains in the affordability among a rapidly growing 
population, particularly in the lower income strata, to utilize greater amounts of modern energy 
services, an aspect explored more fully in Section 4.  

Sustainability of Energy Use 

Quantifying Needs 

52. The total primary energy and electricity used in the world in 2003 was 10,600 million 
tons of oil equivalent (Mtoe) and 14,885 terawatt-hours (TWh), respectively, and is expected to 
increase to as much as 18,185 Mtoe and 31,560 TWh by 2030 at annual growth rates of 2% 
and 2.8%, respectively, in the Energy Information Administration (EIA) reference scenario. 
Thus, total energy requirements are expected to increase by almost three quarters over current 
consumption, while electricity generation will need to more than double over the same period. 
As noted in Part I, this will still leave 1.4 billion people without electricity, only marginally 
(12.5%) fewer than at present. The impact on per capita use (and hence HDI achievement) is 
therefore not expected to improve significantly either for large segments of the global and Asian 
population under current baseline projections. 

53. Projected primary energy supply and electricity generation for developing Asia in 2030 
under the same scenario is 5,635 Mtoe and 10,600 TWh, which implies a doubling of per capita 
energy consumption and an almost tripling of per capita electricity use. Figure 35 shows the 
total energy supply and electricity generation required for developing Asian countries in 2030 for 
the attainment of successively higher levels of per capita consumption, up to levels close to 
those currently enjoyed on average by OECD countries (5.11 toe and 7,683 kWh). Even on a 
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conservative basis,13 approximately 50% higher primary energy and electricity supply than 
forecast under the reference scenario would be required by 2030 for developing Asia to attain 
the 4,000 kWh per capita threshold corresponding to an HDI of 0.9. In order for these countries 
to match current per capita consumption levels in the developed world, roughly four times as 
much primary energy supply and almost three times the power generation projected for 2030 
would be needed. This would imply that, to achieve current average OECD per capita 
consumption levels, developing Asian countries alone would require about the same total 
energy supply and electricity generation currently projected for the entire world in 2030 (over 
1,800 Mtoe and 30,000 TWh, respectively), not counting similarly enhanced requirements if 
non-Asian developing countries are also to attain the same standards. The requirements would 
be even greater if higher income countries, rather than the OECD average, are considered for 
comparison: over 60% more for both total primary energy supply (TPES) and electricity for the 
least developed Asian countries to match current United States (US) consumption levels, and 
100% higher to equal current Canadian use. 

Figure 35: Total Energy and Electricity Generation Requirements for 
Developing Asia at Different Per Capita Use, 2030 
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13 The ratios of primary to electrical energy use were found to be typically less than 10 by Pasternak [Pasternak, A.D. 

2000. Global Energy Futures and Human Development: A Framework for Analysis, p. 13] for the 1997 data set, 
averaging around 7.5 for the high consumption (i.e., developed) economies, and varying more widely at lower 
values of per capita use. In Figure 35, a correlation factor starting with the projected 2030 EIA Reference Case 
ratio of 5.3 and increasing gradually to 7.1 at 7,000 kWh/capita consumption has been used as a suitable 
approximation for illustrative purposes. Increasing this factor further would imply greater primary energy supply for 
a given per capita electricity consumption figure. The corresponding ratio for OECD countries in 2003 was 6.7. 



 
 

                          ENERGY FOR ALL  45 

Providing Supplies 

54. Such dramatically enhanced energy supply requirements raise obvious questions of 
sustainability, even on the hypothetical assumption that large amounts of additional energy 
resources could be readily tapped. Accelerated depletion of the world’s fossil fuel reserves, the 
capability of producing countries to vastly expand production and transportation infrastructure, 
the capacity of developing nations to import much greater quantities of energy while also 
investing at an unprecedented rate in domestic transformation and distribution facilities, the 
effect of such increased deliveries on world fuel prices and hence the global economy, the 
environmental impact of increased burning of fossil fuels, the socioeconomic consequences of 
related urbanization and industrialization, and the ability of the poorest to pay for much larger 
volumes of energy even if delivered to their doorsteps are, each in their own right, complex 
issues as well as formidable obstacles to deviating from business-as-usual scenarios. 

55. Alternative resources of energy, such as renewable and nuclear energy, and changes in 
energy use, such as a transition toward greater efficiency and conservation, as shown in 
Section 6, can only provide a part of the solution, given their existing and predicted low 
penetration in mainstream energy supplies and the constraints to substantially scaling them up 
that are becoming increasingly evident. In the long run, transformation of the global economy 
relying primarily on hydrogen, instead of hydrocarbons, as the energy carrier appears to be the 
eventual practical goal. However, the timeframe for achieving such seminal shifts in related 
technologies, markets, and the underlying infrastructure required place them well beyond the 
immediate future. 

4. Energy, Poverty and the Environment 

The Micro View: The Poverty Nexus 

Income Poverty 

56. Poverty, or the lack of access—primarily on account of inadequate income—to basic 
human needs such as food, shelter, fuel, clothing, safe water, sanitation, health care, and 
education, has been one of the most inextricable and enduring aspects of human existence. It 
results not only in a lack of minimum means for human well-being, but also denies choices and 
opportunities most vital to human development—a long, healthy and creative life; happiness and 
personal fulfillment; a decent standard of living; self-esteem and the respect of society; chances 
for self-improvement and intellectual growth; and other things that people aspire for or value in 
life. 

57. Poverty is pervasive in the world, and is present even in the rich, developed nations. 
However, it is particularly acute and widespread in the developing countries, which contain the 
bulk of the world’s poorest, many of them living in conditions that would be unimaginable in the 
industrialized countries: roughly 20% of the population of developing countries do not have 
access to health services; 21% lack access to safe water; 52% lack proper sanitation; infant and 
child mortality rates are more than five times those in developed countries; per capita health 
expenditure is one tenth, life expectancy 14 years less, and literacy rates 23% less than that in 
industrialized nations; the proportion of underweight children is eight times higher; maternal 
mortality rates are 14 times greater; and the proportion of births not attended by trained health 
workers is 37 times higher.14 

                                                 
14 UNDP and World Energy Council (WEC). 2000. Energy and the Challenge of Sustainability, p. 44; and World Bank. 

2005. World Development Indicators 2005. 
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58. According to the World Bank,15 almost a half (2.74 billion) of the world’s population in 
2001 survived on less than $2 a day in terms of equivalent income, goods and services 
consumed, and a fifth (1.09 billion) on less than $1 a day, with South Asia and Sub-Saharan 
Africa collectively accounting for as much as 72% and 67%, respectively, of these totals (Figure 
36). Excluding Central Asia, almost 65% of the world’s population living in conditions of extreme 
poverty (less than $1 a day) in 2001 was Asian. The incidence of poverty in Asia in relative and 
absolute terms is illustrated in Figures 37 and 38, which shows India and the PRC together 
containing 83% and 77% of those in Asia living below $1 and $2 a day, respectively. 

59. Although poverty surveys are difficult to conduct accurately, with results sensitive to the 
methodologies employed and assessments often being questioned, the scale of the problem is 
indisputable. A spurt of economic growth in Asia, which is projected to continue into the near 
future, has helped reduce extreme poverty in several regional countries recently. According to 
World Bank data, the numbers living on less than $1 a day has declined by 393 million globally 
in the 2 decades ending in 2001, with 422 million in the PRC alone (but with a large increase in 
Sub-Saharan Africa). A marked increase in the population living between $1 and $2 has 
occurred over this period, indicating a decrease in the depth of poverty but not its elimination, 
and a continuing vulnerability of large numbers of people to relapsing back into absolute 
destitution as a result of external pressures. Nevertheless, if these trends continue, the 
“aggregate $1 a day poverty rate for 1990 will be almost halved by 2015, though East and South 
Asia will be the only regions to more than halve their 1990 poverty rates.”16 
  

Figure 36: Global Incidence of Poverty, 2001 
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Energy Poverty 

60. Along with the monetary dimension of poverty, energy inputs are a critical determinant of 
poverty and development. Energy services make possible basic human needs to be met: 
cooked food, comfortable living temperatures, lighting, use of appliances, piped water and 
sewage systems, modern health care, educational and communication aids, and swift 
transportation. Energy is also essential for production, income, and employment generation in 
                                                 
15 World Bank. 2005. World Development Indicators 2005. Washington, DC: WB. 
16 Chen, S., and M. Ravallion. 2004. How Have the World’s Poorest Fared Since the Early 1980s? Policy Research 

Working Paper 3341. 
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agriculture, manufacturing, commerce, mining, and service industries. The energy dimension of 
poverty—“energy poverty” can be defined as “the absence of sufficient choice in accessing 
adequate, affordable, reliable, high-quality, safe and environmentally benign energy services to 
support economic and human development.”17 While increased access to modern energy inputs 
does not ensure development in and of itself, its absence can severely curtail the means and 
opportunities for human and economic growth—universal access to adequate, reliable and 
efficient forms of energy is therefore a necessary but insufficient condition for development and 
poverty reduction. 

61. The link between energy poverty and income poverty is apparent from the following 
considerations which are elaborated upon more fully later: 

• The poor typically pay more for their daily energy needs in the form of inefficient and 
potentially harmful fuels, and are therefore less able to accumulate the financial 
resources to graduate up to efficient fuels or devices that have higher up-front or 
capital costs. 

• Traditional biomass fuels in particular, favored by the poor because of their lower 
first-use costs, can have deleterious health effects when used indoors, for instance, 
for cooking purposes and are time and labor intensive to procure and use. Because 
of its scarcity or inconvenience, biomass users also seldom boil water for drinking 
purposes. Such fuel utilization can drive up healthcare costs and detract from more 
productive, income-generating use of available work hours, reducing a household’s 
net disposable income. 

• Biomass use can also lead to unsustainable harvesting practices and serious 
environmental consequences, effects that are more immediately felt by the poor 
besides also driving up their future fuel costs further. 

• Women bear the brunt of inefficient energy use, as they are often the main users of 
fuel for cooking and invariably responsible for its laborious collection. This not only 
deprives poor households of potentially one half of their income-earning capability, 
but also detracts from mothers’ vital role in child rearing. 

• Children, especially girls, deprived of proper care and often co-opted into fuel 
gathering, are even more susceptible to poor health as well as being unable to have 
the time and facilities for education, such as proper lighting, thus greatly reducing 
their future prospects for gainful employment. 

                                                 
17 Reddy, A.K.N., and B.S. Reddy. 1994. Energy and Social Issues. In World Energy Assessment, p. 44. 



 

 48  ENERGY FOR ALL 

Figure 37: Incidence of Poverty in Asia 
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Figure 38: Population Below International Poverty Lines in Asia, 2003 
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62. The vast majority (86%) of the world’s population living with little or no access to modern 
energy services are the 2.8 billion rural poor in developing countries. As noted, they largely 
depend on traditional fuels consisting of wood, dung, and crop residues for their basic cooking, 
lighting, and heating needs. Four out of every five people of the 1.6 billion in the world today 
without access to electricity live in rural areas, mainly in South Asia and Sub-Saharan Africa. 
Even the small numbers of the rural poor who do have access to modern energy supplies, such 
as kerosene, liquefied petroleum gas (LPG), and electricity, invariably can often only afford to 
use these sparingly because of their higher cost and typically intermittent supply, a situation 
shared by the urban poor as well. Poor people in developing countries regularly spend up to a 
third or a quarter of their cash income on meeting their rudimentary daily energy needs. It is 
therefore not surprising that the incidence of poverty, ill health, and economic distress is also 
much higher and persistent among the rural population compared with urban dwellers in 
developing countries. 

63. However, because perceived economic priorities and migratory trends often favor urban 
and industrial growth, this deprived population continues to be subjected to official neglect and 
disproportionately low levels of energy and development investments in most countries. Indeed, 
demographic trends are an important consideration in understanding the persistence of energy 
poverty among the rural poor. The increase in world population from the 2006 level of 
6.54 billion to almost 9.1 billion in 2050 will occur almost entirely (99.1%) in the developing 
countries. By 2030, the developing countries’ population will have grown to 86% of the world 
figure, up from 81% at present, with Asia continuing to account for almost 60% of it. However, 
the rural population in Asia is expected to remain approximately at the present figure due to 
rapid urbanization in the region, thereby reducing its share from a third to slightly over a quarter 
of world population in 2030—but still a significant 2.2 billion people in absolute terms. The large 
increase in Asia’s urban population, which in 2030 will exceed the rural figure, can only be 
expected to further augment historical, political, and administrative biases against the rural 
development agenda, reducing the prospects for a renewed emphasis on ameliorating rural 
poverty, while at the same time increasing the ranks of the urban and peri-urban poor who also 
have limited energy access. This is further complicated by the onset of epidemics in significant 
Asian populations, such as AIDS and avian influenza, to which the poor are particularly 
vulnerable and which can seriously further erode the capacity of the rural population to escape 
destitution. 

64. Thus, the challenge of rapid human development of the world’s poor must clearly focus, 
in large measure, on increasing access to modern energy supplies for the rural population and 
on increasing per capita consumption levels for both the urban and rural poor in the developing 
world. The remainder of this section will explore the role and nature of energy use among the 
rural and urban poor in more detail, in order to expose its relevance to economic deprivation 
and environmental degradation—a relationship that invariably results in a self-perpetuating and 
endemic “poverty trap” for the great majority of the people living in such circumstances. 

Inferior Supplies 

65. It is estimated that the 2.4 billion poor currently relying on traditional biomass fuels will 
increase to 2.6 billion by 2030 if present trends continue. Figure 39 shows the high levels of 
dependence on traditional fuels in many developing Asian countries. But such traditional energy 
resources barely help meet minimum standards of living even among the poor who depend on 
them. While it is estimated that approximately 1,040 MJ of useful energy per capita per year is 
required to meet basic household cooking, lighting and space heating needs—translating into 
about 8 to 10 gigajoule (GJ) per capita of primary energy when biomass conversion inefficiency 
is taken into account—the majority of rural households in Asia fall below even this basic 
consumption level. Since informal or traditional biomass fuels are collected at little or no 
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monetary expense outside of the commercial energy market, they usually fall outside national 
accounts and therefore render the rural energy issue largely invisible. Such data invisibility is 
another factor contributing to the absence of rural energy supply from development priorities, 
budgetary allocations, and policy responses. 

Figure 39: Traditional Fuel Consumption in Developing Asia, 2002 

0 10 20 30 40 50 60 70 80 90 100

Maldives

Singapore

Malaysia

Mongolia

China, People's Rep. of

Philippines

Thailand

Indonesia

India

Viet Nam

Pakistan

Sri Lanka

Bangladesh

Myanmar

Lao PDR

Bhutan

Nepal

Cambodia

Developing countries

OECD Countries

World

% of Total Energy Consumption
 

Lao PDR = Lao People’s Democratic Republic; OECD = Organisation for Economic Co-operation and Development. 
Note: Data for Nepal and Pakistan are for 2001. 
Source: UNDP. 2006. Human Development Report 2005. New York: UNDP. 

 
66. Traditional fuels also have serious adverse implications that make them a poor 
substitute for modern energy supplies and further disadvantage the rural populations that rely 
on them excessively for their needs, while posing grave sustainability concerns as populations 
rise and the resource base diminishes. In particular, the use of woody biomass helps 
exacerbate deforestation, with potentially serious environmental costs—deterioration of land 
productivity and stability, increased instances of flooding and silting of water resources, and the 
destruction of natural habitats and ecological balance, to name a few—all of which impact the 
immediate rural setting most severely, in addition to their other downstream consequences. The 
diversion of crop residues and animal waste for burning rather than soil conditioning or feeding 
animals can reduce the fertility of land and livestock on which rural livelihoods depend. Biomass 
combustion in traditional cookstoves results in the release of concentrated air pollutants, such 
as respirable particulate matter (PM), carbon monoxide (CO), nitrogen oxides (NOx), and 
various carcinogenic compounds. Approximately 1.6 million women and children, mostly in rural 
communities in the developing world, die prematurely from indoor air pollution caused by 
burning traditional solid fuels in poorly ventilated dwellings, which also causes 40 million new 
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cases of chronic bronchitis reported each year, as well as less well-documented cases of eye 
infections, low birth weight, and cancer. The time and energy spent in collecting, storing, and 
using traditional fuels is a considerable drain on human productivity, especially among women 
and children, which could instead be spent on more economically or intellectually gainful tasks. 
This has direct implications on infant care and child rearing, education and literacy, gender 
development, and the ability of rural households to engage in increased and higher income- 
generating activities. Finally, the lack of modern energy substitutes precludes the restructuring 
of rural economies that would be necessary to enable them to participate more fully in 
mainstream economic activities and employment opportunities, and thus help alleviate poverty 
on a wider scale more rapidly. 

67. The discussion above suggests an inverse correlation between traditional biomass use 
and desirable demographic indicators, especially for women and children who are considered to 
be the most vulnerable. An example of such a correlation is shown in Figure 40 which, although 
not a proof of causality, underlines the observed consequences and assumptions consistent 
with such biomass fuel use. Additional such negative relationships between biomass use and 
social indicators, such as child malnourishment, school enrolment ratios, female employment, 
maternal health, healthcare expenditures, and environmental factors, such as deforestation, that 
have a direct bearing on sustainable human development can be surmised, although a detailed 
analysis is currently not available. 

Figure 40: Biomass Use and Demographic Indicators 
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Rural Demand 

68. The main characteristics of rural energy use need to be understood before attempting to 
devise appropriate strategies for helping the indigent break out of the vicious cycle fueled by 
such energy poverty: unsustainable and unproductive energy use that saps the fecundity of the 
sustaining environment, perpetuates economic privation, and undermines the already feeble 
endogenous capacity of the poorest to overcome debilitating poverty, disease, and illiteracy. 

69. In rural settings of the developing world, households are the major energy consumers, 
accounting for roughly 85% of total use, comprising mostly of traditional fuels for cooking and 
heating. Depending on the level of mechanization, agricultural use accounts for 2%–8% of the 
total energy consumption (excluding human and animal power), mainly in the form of 
commercial energy (diesel and electricity) to power farm equipment and water pumps. Kerosene 
and electricity, where available, are principally used for the 2%–10% energy required for lighting 
purposes, while a much smaller fraction of the latter powers small household appliances. This 
pattern usually presents challenges in rural electrification projects, which have to be able to 
meet relatively high peak loads for small durations (e.g., evenings), while the overall demand 
profile remains uneconomically low for the rest of the day. Rural industries, at the cottage and 
village level, consume less than 10% of the aggregate rural energy demand in most developing 
countries, typically in the form of electricity and biomass (wood and crop residues). 

Environmental Linkages 

70. In addition to rapid population growth in conditions of economic stagnation, poverty 
levels are greatly exacerbated by environmental degradation. As mentioned, unsustainable 
biomass harvesting for energy production denudes rural landscapes of available foliage cover, 
accelerates deforestation, and diverts organic matter away from conditioning the soil and 
feeding livestock. This in turn reduces agricultural productivity and incomes because of lowered 
yields and more frequent crop failures, reduces land value due to erosion and loss of fertility, 
and degrades water resources through soil runoff and loss of retentive capacity. The resulting 
loss of rural livelihoods forces the poor to migrate to urban centers in search for employment, 
often with ill-suited skills that only help increase the ranks of the urban poor and result in 
increased environmental pressures on already strained urban resources. Similarly, settlements 
tend to move into coastal and forested areas in search of better resources, greatly threatening 
their fragile ecosystems. As these lands become denuded and further marginalized, the 
condition of the poor migrants worsens, and they have to resort to occupations of decreasing 
productivity that only deepens their poverty. The fragility of marginal rural lands in Asia has 
caused the numbers of the landless rural poor to increase substantially, making the problem of 
alleviating their poverty even more intractable. 

71. These linkages between poverty and environmental degradation have been postulated 
for some time.18 Empirical observations seem to suggest that a number of indicators of 
environmental quality first deteriorate and later improve as per capita incomes rise. This 
inverted U-shaped pollution-income trend is termed the “Environmental Kuznets Curve (EKC)” 
(Figure 41), after the similar relationship between income distribution and per capita income 
identified by Simon Kuznets in 1955. It can be explained by the assumption that unfettered 
economic development is intrinsically detrimental for the environment, so that as poor countries 
develop, they place an increasing burden on their physical and ecological resources. However, 
as nations become wealthier (and environmental concerns become more prominent and 
tangible), they are willing and able to devote a part of their incomes to cleaning up some of the 

                                                 
18 Formally stated, for example, in the Brundtland Report of the WCED in 1987 (World Commission for Environment 

and Development. 1987. Our Common Future. World Commission on Environment and Development Report). 
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impacts of growth, thereby helping reverse the decline.19 As anecdotal evidence, the case of 
urban pollution can be cited: while the large cities of Asia continue to suffer from deteriorating 
environmental conditions as they grow, their more developed counterparts in the industrialized 
world are today much cleaner than they were, say, 20 years ago. 

Figure 41: Environmental Kuznets Curves 

 
                GNP = gross national product. 

 
72. More rigorously, a Kuznets relationship has been reported between per capita income 
and, inter alia, specific environmental parameters: emissions of sulfur dioxide (SO2), 
particulates, NOx and CO, carbon dioxide (CO2), chlorofluorocarbons (CFCs); various indicators 
of water quality, including faecal coliform, biological and chemical oxygen demand (BOD and 
COD) and arsenic; and deforestation.20 Based on such analysis, it has been concluded by 
several researchers that developing countries will automatically become cleaner as their 
economies grow. Others have argued the inevitability of the poorest countries to become more 
polluted as they develop. Still others have concluded that while some of environmental 
indicators may indeed follow such a deterministic inverse U-shaped EKC, others (especially 
pollutants with non-local effects) may not, and that some of the initial damage done may remain 
permanently irreversible.21 

                                                 
19 The “turning point” in environmental quality has been reported to typically occur from $3,000 to $8,000 per capita income 

(Jalal, K.F. 1993. Sustainable Development, Environment, and Poverty Nexus. ADB Occasional Papers No. 7, pp. 15−19; 
and Harbaugh, W.T., and A. Hammond. 2002. Reexamining the Empirical Evidence for an Environmental Kuznets Curve. 
In The Review of Economics and Statistics. Vol. 84, No. 3, p. 2. August). 

20 For a review of relevant sources, see Barbier, E.B. 2001. Introduction to the Environmental Kuznets Curve, Environment 
and Development Economics. Vol. 2 (4) Special Issue. 

21 For example, see Dasgupta, P. 2003. World Poverty: Causes and Pathways. In Proceedings of the World Bank 
Conference on Development Economics 2003 and Harbaugh, W.T., and A. Hammond. 2002. Reexamining the Empirical 
Evidence for an Environmental Kuznets Curve. In The Review of Economics and Statistics. Vol. 84, No. 3.  
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73. While the degree to which poverty and environmental degradation exacerbate each 
other may be the subject of continuing debate, several important conclusions can nevertheless 
be drawn about the nexus. First, that poor, developing countries do not normally have the 
additional resources, financial or technical, to ensure clean development, and therefore suffer 
potentially avoidable adverse environmental consequences of their growth. Second, that the 
local environmental impacts of such development—industrial and vehicular emissions, water 
pollution, land degradation, deforestation, etc.—affect the poorest directly and can often 
increase economic stress on them. Third, that while, in the long term, conditions may eventually 
improve, the turning point in the EKC may come at much elevated levels of income—i.e., much 
later in the development cycle—or not at all. Therefore, effective environmental protection 
strategies adopted at the outset would not only insulate the most vulnerable from additional 
poverty pressures, but would also carry long-term implications for the sustenance of natural 
resources—at least to the degree that some of the potential losses may not be temporary but 
inherently irrecoverable (i.e., the peak of the EKC curve may lie above the ecological threshold, 
as for the upper curve in (Figure 41). It may also be the case that developing countries could 
bypass some of the more polluting paths of economic growth by resorting earlier to cleaner, 
efficient technologies or fuels, thereby reducing the environmental footprint of their development 
activities. For instance, it is noted later that several developing countries currently have a higher 
level of renewable energy supply (particularly hydro, but also increasingly wind) in their national 
energy mix compared with many developed countries at equivalent stages of their growth. In 
such instances, their relevant Kuznets curves may peak earlier or flatten somewhat. 

74. However, these lessons are not entirely understood or uniformly interpreted, and their 
implications can be significant. Many of the fastest developing economies, mostly in Asia, have 
taken the EKC message as a rationale for allowing development to override the environment, as 
the “cleaning up” will happen eventually anyway. Furthermore, if the EKC model is correct, the 
scale of the pollution threat facing developing countries is formidable. According to the World 
Bank, the average per capita GDP in 2002 was $449 in 59 low-income countries and $1,786 in 
52 lower-middle income countries.22

 These countries are thus far from the mean peak pollution 
point on the EKC curve of $5,000, and apparently condemned to endure increasing pollution 
levels and natural resource depletion for decades to come. Moreover, empirical data indicate 
that pollution costs in these countries are already at alarming levels. For example, World Bank 
estimates of mortality and morbidity from urban air pollution in India and the PRC suggest 
annual losses in the range of 2%–3% of GDP.23 Under the Kuznets environmental hypothesis, 
the prospects for developing Asia, therefore, could be extremely dire. 

75. Apart from the impact of development and the environmental damage on local air and 
water quality, ecosystems, rural livelihoods, and the sustaining capacity of agricultural lands as 
a consequence of an over-reliance on traditional biomass fuels, the use of modern energy 
brings with it its own set of macro and global issues, especially as a result of the worldwide 
consumption of polluting fossil fuels. These impacts, and their effect on the poor, are discussed 
separately later in the next section. 

Affordability and Use 

76. The composition of energy use varies significantly across different geographical areas 
as well as environmental and climatic conditions. Consumption patterns have also been 
observed to be greatly influenced by income levels, with the poorest consuming almost all 
energy for cooking and those progressively better off using increasing proportions for lighting, 

                                                 
22 In constant 1995 US dollars. 
23 Dasgupta, S., K. Hamilton, K. Pandey, and D. Wheeler. 2004. Air Pollution During Growth: Accounting for 

Governance and Vulnerability. Policy Research Working Paper 3383, pp. 2-3.  
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water and space heating, refrigeration and cooling, and recreational needs, roughly in that 
order. Per capita energy consumption may also initially drop as incomes rise and the use of 
more efficient fuels and appliances becomes possible. Besides fuel availability and costs, 
personal and cultural preferences can also strongly influence energy choices and consumption 
patterns, even among the poorest, particularly for cooking and lighting where convenience and 
quality perceptions are often paramount. Thus, household choices among energy carrier options 
are influenced by economic considerations as well as attitudes and the attributes of the 
available alternatives, with income being the main determinant. 

77. The additional economic and financial considerations affecting energy use include the 
fixed and variable components of fuel cost. These can be further influenced by service charges 
(e.g., monthly charges for electricity and gas connections), lump sum payments for bulk fuel 
purchases, and the need for up-front security deposits or equipment payments (e.g., for LPG 
cylinders). A household’s liquidity and wealth dictates the division between these cost elements 
and its readiness to forgo present consumption in favor of future benefits—e.g., a household 
with low income and high costs of borrowing or diverting amounts or from other needs may be 
unwilling or unable to finance the up-front capital costs of efficient energy, even if the inferior 
alternative has higher lifecycle costs. Since modern energy services and efficient devices 
usually involve higher initial costs, the poor inevitably end up with less efficient energy choices 
that have harmful side effects as well as high opportunity costs of labor and time involved in 
collection activities. 

78. Therefore, energy use by the poor in developing countries represents a precarious 
balance between meeting basic survival needs, largely through recourse to cheap or “free” 
traditional fuels. Most poor seem to aspire for greater access to commercial energy supplies as 
their incomes allow but which, on the whole, remains persistently well below the levels required 
to substantially improve per capita consumption rates. Improved energy supplies and devices 
that ensure greater efficiency of use, on the other hand, can translate into substantial increases 
in the purchasing power of the poor. Studies have shown that such an increase in available 
resources among low-income groups would almost entirely be spent on better satisfying basic 
needs for food, shelter, clothing, health, education, and additional fuel. Cost-effective 
improvements in energy supply can thus have powerful poverty reduction consequences. 

79. The issue of affordability of modern energy supplies perhaps lies at the heart of the 
problem. Without such means, there cannot be adequate levels of demand to make the 
necessary supply infrastructure economically viable, which in turn shields such deprived 
communities and individuals from reasonable opportunities for personal development and 
economic betterment. The case of electricity is a particularly pertinent one, as electrification is 
considered a sine qua non of modern human existence and all forms of economic and industrial 
activity, and as its direct relationship with human development indices, examined earlier, 
demonstrates. Figure 42 shows data for selected countries in the Asia and Pacific region for 
2000, comparing per capita electricity consumption in these countries with their average 
household electricity tariffs. While it is not surprising that per capita electricity use is the 
lowest—and well below the 4,000 kWh/capita threshold discussed earlier—in the least 
developed countries and rises to twice this level for higher income countries, it can be seen that 
this bears little relationship to nominal retail tariffs in these countries (e.g., Singapore’s per 
capita use in 2000 was 27 times that of Sri Lanka with similar climatic conditions, although the 
tariff in the latter was 40% lower). A more interesting relationship emerges if the tariff is taken as 
a proportion of the average per capita income (or GDP): in this case, as the cost of electricity in 
proportion to average income decreases (calculated in nominal terms, multiplied by a 
normalization factor, and shown as red bars in the figure) across the countries from the left to 
the right, the per capita electricity consumption (dark blue bars) increases. 
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80. The two outliers in Figure 42, Papua New Guinea and Bhutan, indicate that factors other 
than price affordability might also be at work here. One obvious additional constraint is the 
availability of electricity for all, regardless of its price. Indeed, the installed capacity per capita 
(yellow bars) in these countries shows that this would indeed be expected to reduce average 
per capita consumption figures in the low-income countries where the generation (and 
corresponding distribution) infrastructure is grossly inadequate (and latent, unmet demand 
high), while for the more affluent countries on the right of the diagram this would not present a 
determining factor as electrification coverage is universal (i.e., zero unmet demand). It can thus 
be seen that Japan, even with consumer electricity tariffs that are from 1.5 to almost 60 times 
those in the other countries shown, can have one of the highest rates of per capita electricity 
use because of its correspondingly high per capita income levels, while the less developed 
countries grouped on the left face uniformly high “affordability” barriers, represented by the red 
bars, as well as serious supply shortages, represented by the yellow bars. In other words, the 
negative elasticity of electricity consumption with respect to tariffs as a proportion of income is 
much higher than that with respect to absolute tariff levels alone. 

Figure 42: Household Tariffs and Per Capita GDP and Electricity Consumption 
in the Asia and Pacific Region, 2000 
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81. The combined affect of affordability and availability of electricity may be visualized better 
by multiplying installed capacity per capita by the inverse of the “proportional” tariff (as the two 
are expected to push per capita consumption in the same direction), and plotting the value for 
each country shown against its per capita electricity consumption, as shown in Figure 43. Here 
a distinct correlation is evident supporting the assumed relationship between electricity 
availability, affordability, and use. Indeed, for the five countries above the “development 
threshold” of 4,000 kWh/capita shown in the diagram in dark color (the Republic of Korea; Hong 
Kong, China; Japan; Singapore; and Australia), each with 100% electrification rates in 2000, it 
may be asserted that price affordability is the primary determinant of per capita electricity 
consumption levels. 

Figure 43: Correlation between Electricity Use, Tariffs, and Installed Capacity 
for Selected Asia-Pacific Countries, 2000 
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Raising Consumption 

82. Perhaps even more importantly, the enormity of the task facing Asia’s developing 
nations can be gauged from their clustering (shown in light color) at the extreme lower end of 
the trend curve shown, where even the most advanced among them (Malaysia) remains well 
behind the lowest among the developed five (the Republic of Korea). The challenge for these 
countries is not just to extend their electricity networks to their entire populations and add 
incremental generation capacity as required—a formidable task in its own right given their large 
population base and limited financial means—but equally critically to increase national incomes 
rapidly enough (especially with respect to power tariffs) for their people to actually be able to 
leverage improved electricity access in a meaningful manner that helps bring their HDI measure 
closer to the desired 0.9 benchmark within a reasonable timeframe. However, as in the HDI 
versus electricity consumption curve in Figures 32 and 33, the dividends of even small 
improvements in the enabling factors (in this case, electricity affordability and availability) can 
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have a dramatic impact in the associated benefit (in this case, per capita electricity 
consumption). 

83. Thus, at least until the threshold consumption level of 4,000 kWh/capita is attained, 
developing countries can reap large development benefits from investments in enlarging their 
energy infrastructure utilizing an optimum combination of least-cost supply options. 
Nevertheless, the importance of overall economic development and income growth that would 
enable actual increase in per capita energy use cannot be overemphasized. Slow GDP growth, 
persistently large income disparities among the population, and high consumer energy prices, 
particularly of electricity, would continue to keep the existing large numbers of the energy poor 
in these countries deprived of the benefits of modern energy and opportunities for development, 
regardless of any overall improvement in the energy supply situation that may occur in the 
meantime. 

84. Furthermore, their susceptibility to chronic poverty, and particularly their lack of ability to 
withstand economic shocks, could well increase due to the global consequences of persisting 
with current patterns of energy use, as described next. 

The Macro View: Global Impacts 

Energy Prices 

85. Energy prices impact development and growth prospects at the global level in a way by 
which the poorest are most directly affected. For instance, recent increases in oil prices have 
affected poverty indicators across many developing countries—in some cases increasing the 
proportion living below the poverty line by as much as 6%. At the macro level, increased oil 
import expenditures have, for some countries, consumed as much as 3%–10% of their GDP. 
Such an increased financial burden not only hurts the domestic economy by raising the costs of 
production and living, decreasing export competitiveness, and reducing the returns on 
developmental investments—all factors that hit the poor directly and most severely—but also 
greatly reduces the already meager resources available in developing countries for basic social 
and human development programs. 

Climate Change 

86. The climate change implications of the current global fossil fuel-dependent energy 
system further compound existing poverty conditions and increase the vulnerability of the poor 
to the resultant impacts. Both because of their more direct exposure to nature and its extremes 
(such as droughts, heat and cold waves, storms and heavy rainfall) as well as their greater 
dependence on natural resources (crops, livestock, biomass fuels, etc.), the rural poor, in 
particular, remain extremely susceptible to the short- and long-term changes brought about by 
global warming and associated effects on weather patterns, pestilence, incidence of disease 
and epidemics, and productivity of land and water resources, to name a few. 

87. Asia’s vulnerability to climate change is dictated by its unique physical and 
socioeconomic attributes: high population density, relatively low economic development, and the 
prominence of agriculture and fishing in providing livelihoods. Surface water and groundwater 
resources in Asian countries are critical for forestry, agriculture, fisheries, livestock production, 
and industrial activity. Agriculture and water sectors are considered to be the most sensitive to 
climate change impacts in Asia, the severity of which would be amplified by the large numbers 
of the relatively poor who are most directly dependent on them. Mountainous communities, 
habitats, and ecosystems would be affected by the melting of glaciers and permafrost regions, 
which would suffer from increased runoff and landslides. The frequency and severity of flooding 
is also expected to increase in downstream riparian regions, while the large arid and semi-arid 
tracts of Asia will come under growing water stress. Glacial melting will increase river flows and 



 
 

                          ENERGY FOR ALL  59 

flooding initially, leading to years of reduced flows as the ice disappears. Mangrove and coral 
reefs, along with their complex ecological systems, would come under tremendous threat from 
sea level and temperature changes. Countries would have increased exposure to extreme 
events, including forest die-back and increased fire risk, typhoons and tropical storms, floods, 
and severe vector-borne and infectious diseases. 

88. Agricultural losses in Asia are expected to be severe on account of high temperatures, 
extreme drought, flooding, and soil degradation, making food security a major issue for many 
countries, especially their poor. Crop production and aquaculture would be affected by the 
combined effects of thermal and water stresses, sea-level rise, increased flooding, and strong 
winds associated with intense tropical cyclones. The monsoons in tropical Asia could become 
more variable if El Niño-Southern Oscillation (ENSO) events become stronger and more 
frequent in a warmer atmosphere. Productivity of fish could be affected by large-scale changes 
in marine populations, and sea level rise would cause massive inundation along the continent’s 
vast, articulated and heavily inhabited coastline, resulting in displacement of large populations. 
Disruption in water supplies, ecological systems, and natural response mechanisms caused by 
systemic climatic variations may also increase the prevalence of diseases such as cholera, 
dysentery, malaria, and dengue fever, further reducing the ability of poor communities to make 
ends meet.  

89. In particular, for the subsistence dryland, non-irrigated agriculture practiced by a large 
number of Asian rural poor, even small changes in average temperature or precipitation could 
have disastrous consequences on outputs and thereby erode their incomes, nutrition levels, 
quality of health care, and ability to access formal education. Coastal fishing and farming 
communities would likewise be severely impacted, in terms of both potential livelihood and 
habitat loss, by sea-level rise and saltwater intrusion into inland waterways and productive 
lands.  

90. According to the EIA, worldwide CO2 emissions are expected to increase by 1.9% 
annually from 2001 to 2025. Much of the increase in these emissions is expected to occur in the 
developing world where emerging economies, such as the PRC and India, fuel economic 
development with large-scale use of fossil energy. Developing countries’ emissions are 
expected to grow above the world average at 2.7% annually between 2001 and 2025, and 
surpass emissions of industrialized countries near 2018. Although currently per capita 
greenhouse gas (GHG) emissions in Asia are low compared with world and OECD averages 
(Figure 44), they are growing rapidly and are significant in terms of absolute volume. For 
instance, the PRC is already the largest emitter of GHGs in the world after the US. Additionally, 
GHG emissions per unit of GDP, or carbon intensity, in developing Asia is twice the level in the 
developed countries. This situation is likely to persist over coming decades, even as intensity 
levels decline gradually in all countries. Asia is thus poised to become one of the biggest 
contributors to global warming in the not too distant future. 

91. In addition to its global warming impacts, the combustion of fossil fuels can rapidly 
degrade the local environment, especially air quality. Presently, two thirds of acid rain deposition 
in the Asia and Pacific region is caused by outdated pollution controls in coal-fired power plants 
in the region. About 60% of Indian power production is based on low-grade local coal with over 
40% ash and high sulfur content. Other countries, such as the PRC, Indonesia, and Pakistan 
are either already highly dependent on coal or are contemplating switching over to its increased 
use in the face of rising oil prices. Rampant oil and coal use, industrial emissions, and biomass 
burning have caused extensive smog and haze over many Asian cities, such as the infamous 
Asian Brown Cloud stretching over large portions of Southeast Asia. Increased acid rain is also 
projected, with baseline sulfur emissions estimated to increase from 33.6 million tons in 1990 to 
over 110 million tons by 2020, a 230% increase. The adverse effects of such pollution on 
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human health and productivity are once again, felt most severely by the region’s poor who have 
little or no defenses against them. 

Figure 44: Per Capita Carbon Dioxide Emissions in Asia, 1980 and 2002 
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92. Climate change and environmental pollution would thus represent a major additional 
dynamic that could bring about wide-scale changes to existing environmental and ecological 
balance, and thereby exacerbate poverty conditions, especially among the 70% of the world’s 
poor who live in rural areas. Increasing investments in energy supplies, rising average incomes 
among the poor, and higher per capita use of modern energy services are all objectives that 
could be directly and, in many cases, severely, diminished by the climatic consequences of 
increased greenhouse gas emissions from the burning of oil and coal. Greater energy 
production, as long as it remains predominantly based on fossil fuels—which, as discussed in 
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Part I, it is expected to for the next quarter century at least—would therefore result in 
inequitable per capita consumption rates between the world’s rich and poor being further 
accentuated, and increase the cost and difficulty of raising substantial populations out of the 
inexorable energy-poverty-environment nexus. 

Management Issues 

93. Another aspect of the current energy system at the macro level relates to its 
management. The emphasis of energy policy in developing countries tends to focus on 
commercially traded forms of energy—such as electricity, coal, gas, and petroleum products—of 
which the prime beneficiaries are urban dwellers and industry. It has already been noted that 
the non-commercial nature of traditional biomass fuels obscures them from national-level 
accounting and planning, which in any case is usually predisposed in favor of the wealthier, 
urban segment of society where such decision-making tends to be concentrated in the first 
place. The recent worldwide upsurge in interest in renewable energy has also, for example, 
been spurred by the emerging commercial-scale competitiveness of some of the technologies 
involved, albeit with appropriate environmental subsidies, against other grid-connected 
electricity generation options, rather than by the proliferation of large-scale, low-cost dispersed 
power and heating systems as an alternative resource for poor communities and households. 
For the less commercially attractive energy needs of the poor, therefore, greater planning and 
management resources would need to be devoted to rural energy supply networks and 
distributed, off-grid power generation to counter existing market bias toward urban energy 
services. 

94. The fact that traditional biomass fuels usually do not fall under the purview of a single 
ministry, and that coordination between agencies responsible separately for relevant but diverse 
areas such as energy, agriculture, forestry, rural development, and environment, is generally 
weak in developing countries—especially when it comes to realizing the interaction between 
rural energy use, environmental denudation, sustainable livelihoods, and human development—
helps perpetuate a lack of appropriate attention and inaction toward improvements in rural 
energy and traditional fuel use. Improvement in administrative structures and mechanisms to 
ensure greater coordination between these agencies and a better, shared understanding among 
them of rural energy needs would be required to provide a more effective institutional framework 
through which suitable support could be channeled. A consolidation of some institutions and 
functions alone can sometimes help remove unnecessary bottlenecks and fragmentation of 
responsibilities and thereby achieve greater effectiveness, often at lower cost. 

Market Bias 

95. The market trends and restructuring brought about by an increasingly globalized and 
competitive world economy, such as privatization, commercialization, and deregulation, are 
expected to significantly influence the efficiency and scale of energy production and delivery, as 
well as its cost to the end-user. While open-market competition and technological innovation 
would help lower costs of energy production, reduce corruption and losses, and improve 
infrastructure and access, in many cases the withdrawal of state monopolies and subsidies 
could also drive up tariffs and prices, especially for the erstwhile subsidized poor. Therefore, 
replacement of old, inefficient subsidy structures whose benefits were often reaped by the 
relatively well-off by rationalized prices based on actual cost of service provision, augmented by 
smart subsidy support for the deserving poor, is an area that requires serious thought in most 
developing countries. 

96. In addition, increasingly commercialized energy investments would also tend to favor 
economically attractive urban and industrial customers rather than the marginalized poor with 
their comparatively modest purchasing capacity and needs. Often, expansion of the power 
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network in developing countries for purposes of rural electrification, for instance, is mandated by 
the state as a socially desirable objective rather than on the basis of economic viability, and 
such grid extension would be difficult to continue purely on considerations of profit. Another 
example is renewable energy systems for decentralized rural energy supply, which typically 
require up-front capital support and subsidies in order to make them affordable to the poor and, 
therefore, are often inherently not commercially feasible. 

97. On the other hand, public resources freed up as a result of state withdrawal from the 
commercial energy sector could be more effectively channeled to areas that need direct outside 
intervention and support, such as methods for increasing energy access for the poor. Therefore, 
the entire question of how to increase access to modern energy supplies for the poor under 
such changing market conditions would need to be examined afresh, and new methods found to 
offset some of the potentially adverse implications for the already energy-deprived. Empirical 
evidence to help guide such a reassessment is, unfortunately, still too sketchy and insufficient to 
offer much confidence in the emergence of effective preemptive strategies in the near future.  

5. Energy Services and the Millennium Development Goals 

98. The Millennium Development Goals (MDGs) reflect an international undertaking to 
significantly improving the condition of the world’s poorest by 2015. Eight specific MDGs were 
drawn from the actions and targets contained in the Millennium Declaration24 adopted by 189 
nations during the UN Millennium Summit held in September 2000: 

Goal 1: Eradicate extreme poverty25 and hunger  
Goal 2: Achieve universal primary education  
Goal 3: Promote gender equality and empower women  
Goal 4: Reduce child mortality  
Goal 5: Improve maternal health  
Goal 6: Combat HIV/AIDS, malaria and other diseases  
Goal 7: Ensure environmental sustainability  
Goal 8: Develop a Global Partnership for Development  

99. These goals have been further broken down into 18 quantifiable targets to be tracked 
through 48 indicators. Although aimed at improving the human condition in countries that are 
lagging behind on the HDI scale, none of the MDGs, targets or indicators explicitly refer to the 
supply of modern energy services as a direct and quantifiable means for improving living 
conditions, social well being, growth opportunities, and poverty reduction of the poor. Reference 
to energy consumption appears only as a means for lowering energy intensity (apparent 
consumption in oil equivalent per PPP unit GDP produced) to help improve environmental 
sustainability objectives under Goal 7. 

100. However, it is important to understand that without adequate supplies of quality, reliable, 
and affordable modern energy, the MDGs cannot be met, and that such energy services are in 
themselves an intrinsic feature of a developed society—i.e., high overall development indicators 
that do not rely on correspondingly high energy consumption are not possible—and are, 
therefore, an essential goal in itself. In fact, reliable modern energy supply is more than an 
economic convenience; it provides unique benefits of physical comfort, stimulates intellectual 
development, and enables the growth of human capital—which in turn can facilitate economic 
betterment and income growth. The pleasure of a well-lit, suitably conditioned home or 
                                                 
24 United Nations Millennium Declaration, General Assembly Resolution 55/2, 8th Plenary Meeting, 8 September 

2000. 
25 By reducing by half the population living on less than $1 a day. 
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workplace, of instant telecommunications, of rapid transportation, and of labor-saving 
appliances, to name a few, is equally as essential as, for instance, the joy of acquiring 
knowledge or the availability of good health care. Thus, if the latter are deemed worthy MDGs, 
then an equally persuasive case can be made for access to affordable modern energy services. 

101. Both aspects of the relevance of energy services to the MDGs are important. It would 
therefore be illuminating to first examine how energy services underpin the attainment of 
specific MDGs26 before concluding, in Part III, on ways in which the provision of energy can be 
more formally and unambiguously recognized in the development priorities of Asian nations. 

Growth and Income Poverty Reduction (Target 1) 

102. Modern energy services help raise agricultural and labor productivity as well as providing 
new income generating opportunities, resulting in income and economic growth. Electric lighting 
can extend such activities beyond daylight hours and, along with other fuels, power labor- and 
time-saving mechanization. Additional value addition and revenue-earning options thus made 
possible can help diversify and expand income sources, increase the scope of local 
employment and levels of skill development, and improve the capacity of the poor to overcome 
economic setbacks and challenges, allowing them to move away from the margins of poverty 
instead of chronically falling back into it. The unit cost of energy consumed also decreases with 
modern forms of supply and use versus traditional methods, both because of their increased 
efficiency as well as the reduced effort required for access, thereby allowing a greater 
proportion of income to be used for other basic needs which can then be better satisfied. Finally, 
modern energy makes possible most of the economically vital activities and services upon 
which technologically developed societies depend and flourish—industrialization, high speed 
transportation, telecommunications, information technology, personal work and lifestyle aids, 
etc.—none of which can function on traditional fuels. Denying people access to modern energy 
is thus equivalent to depriving them of the fruits of human economic and technological progress 
in virtually all fields. Instead, it confines them and their future generations to a low-yield, labor-
intensive life and denies them the means and tools to raise incomes and escape perpetual 
poverty. 

103. At a macro level also, energy supplies are inextricably linked with incomes and 
economic output. For instance, the correlation of increasing energy consumption with income 
(e.g., GDP per capita) has been extensively documented, and it is estimated that a value of 
21 GJ (500 kilograms of oil equivalent) of TPES per capita is required to significantly reduce the 
incidence of poverty in national populations (compared with the 8 to 10 GJ of biomass required 
to meet basic needs). It has also been found that as national poverty levels decline, the 
composition of energy supplies increasingly favors liquid fuels (mostly for motorized 
transportation), electricity (for most household, commercial, and industrial uses), and gas (for 
cooking and heating), while traditional biomass use falls dramatically and the national energy 
mix needs to be adjusted accordingly. 

104. At the same time, increased dependence on modern forms of energy is also fraught with 
its own risks for the poor, particularly with respect to the impact of oil price fluctuations. It is 
estimated that a sustained $10 a barrel increase in oil prices can shave off as much as 1.5% of 
GDP in the poorest net oil importing countries and exacerbate their poverty levels, in addition to 
other negative impacts. Similarly, windfall revenues from price hikes in developing energy 
exporting countries can, in the absence of good governance and monetary policies, accelerate 
corruption, inflation, and currency devaluation, and—paradoxically—raise poverty levels. 

                                                 
26 This discussion summarizes the detailed assessment provided inModi, V., S. McDade, D. Lallement, and K. Saghir. 

2006. Energy Services for the Millennium Development Goals.  
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Hunger (Target 2) 

105. Heat energy is required to cook food, as well as pump water, cultivate crops, and 
transport agricultural produce. The poor are particularly vulnerable to fuel availability and price 
changes as they spend a major portion of their incomes on obtaining cooking fuels (as much as 
80% of total household expenditure). Unsustainable biomass harvesting results in resource loss 
and environmental degradation that impacts the poor directly by reducing agricultural 
productivity, among other factors, primarily affecting rural populations that comprise the bulk of 
the poor in developing economies. 

106. Modern energy supplies and their efficient use, such as with improved cookstoves, can 
supplement traditional rural energy use in a manner that is more sustainable and reduces the 
burden of time and labor, especially for women. 

Education (Target 3) 

107. According to the UNDP, more than 115 million children of primary school age in the 
world today are out of school. Most of these come from poor households, whose mothers often 
lack formal education as well. Education, especially for girls, has huge social and economic 
benefits. Educated women tend to have more economic opportunities, participate more fully in 
public and social life, and have fewer and healthier children—all factors that are important for 
breaking the poverty cycle. In addition, children with educated mothers are more than twice as 
likely to be in school as children of mothers with no formal education. Although significant 
progress has been made in many parts of the developing world toward universal education, 
20% of children still do not attend school in South and West Asia and many Pacific countries. It 
is also important that once enrolled, children should stay in school. In reality, children from poor 
communities often drop out because their parents cannot continue to afford to pay their fees, or 
because they are needed to earn extra income if they are boys, or simply to help with household 
chores if they are girls. Dropout rates vary from 25% to 40% in parts of Asia, with girls less likely 
than boys to remain in school. 

108. Direct evidence exists correlating improved access to modern energy services and 
educational attainment among the poor. Electrical lighting can extend the hours available for 
children to study and, particularly for girls, provision of modern household energy can free up 
more time for attending school and studying at home. Studies in the Philippines have shown 
that children in electricity-lit homes have higher school performance achievements than children 
in kerosene-lit homes. 

109. Modern energy can also help develop better equipped schools, especially with respect to 
computers and the Internet, and draw and retain both students and quality teachers in settings 
that they would otherwise not find attractive or acceptable. In Nicaragua, for example, 72% of 
children living in a household with electricity attend school, according to one World Bank study, 
compared with 50% of those living in a house without electricity. 

110. Figure 45 shows the relationship between attainment of the three primary education 
MDG targets and adult literacy rates versus annual per capita electricity use for all countries of 
the world for which data are available for 2002–2003. The assumed correlation between these 
targets and electricity access is generally borne out, although the R2 values are appreciably less 
than for HDI in Figure 32, indicating that access to electricity is only one of several factors 
determining improved educational indicators, such as income levels and cultural norms. It is 
also interesting to note that above an annual per capita consumption of 4,000 kWh (i.e., 
corresponding to a national HDI of 0.9), the correlation curves lie in the 90%–100% developed 
country range for each of these parameters. As with the HDI-energy use curve, the logarithmic 
relationship between per capita electricity use and the attainment of the educational MDGs 
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indicates that modest energy access improvements can provide disproportionately large 
benefits among the poorest populations. 

Figure 45: Education MDG Targets and Electricity Use by Country, 2002–2003 
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Source: UNDP. 2006. Human Development Report 2005. New York: UNDP. 

Gender Equality (Target 4) 

111. The energy-poverty nexus has a distinct gender bias: of the world’s poor, 70% are 
women. Access to and the forms of energy used by a poor community have significantly 
different impacts on the men and women in it. Existing social and work patterns, particularly in 
rural communities, place a disproportionate burden of fuel and water collection and their use in 
the household for cooking on women and girl children, who consequently have to devote long, 
exhausting hours to this purpose rather than more productive activities, family welfare, or 
education. However, women’s role in decision-making within the household and community is 
usually very restricted, reducing their say in issues of spending levels and choices, including 
with respect to energy. This includes the types of fuels used, amounts of energy purchased, the 
devices and technology chosen, as well as domestic infrastructure characteristics (e.g., stove 
design, ventilation, etc.). Such decisions are made by the male head of the household, although 
their burden is borne by the women.  

112. The excessive reliance on solid biomass fuels common in rural households has a direct, 
adverse impact on female and child health, as described below. The incidence and 
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consequences of such health issues are made worse when combined with the inferior levels of 
nutrition and medical care available to them in typically patriarchal rural societies. 

113. There are also distinct gender attributes to the perceptions and benefits of modern 
energy among rural populations. For instance, men may view electricity in terms of quality of life 
and education for their children, while women see it as reducing their workload, improving 
health, and reducing drudgery. In some cases, it has been observed that the supply of electricity 
and diesel (for irrigation pumps and tractors, for instance) can greatly reduce manual labor 
required of men to look after draft animals to till the soil and lift water, while it can have little or 
no impact on the daily chores that women have to perform. In other cases, modern energy can 
bring unexpected results, such as the education and empowerment of isolated and confined 
womenfolk through television, particularly about modern, labor-saving alternatives and lifestyles 
that they may otherwise remain ignorant about. 

114. The ways in which modern energy services can positively impact this gender imbalance 
and improve the position of women in poor communities is summarized in Figure 46. It is 
apparent from this that modest levels of improved energy supplies can bring with them a 
multitude of additional benefits for a large proportion of the poor population that suffers the most 
under the existing energy regime. The scale of the economic payback from such investments 
and corresponding emancipation of a majority of the developing world’s women, enabling them 
to play a more productive role in society, can only be guessed. 

Figure 46: Benefits of Modern Energy Services for Women in Poor Communities 
Benefits 

Energy Form 
Practical Productive Strategic 

Electricity Pumping water; 
reducing the need to 
haul and carry  

mills for grinding;  

lighting improves 
working conditions at 
home. 

Increase possibility of 
activities during 
evening hours; 

provide refrigeration for 
food production and 
sale; 

power for specialized 
enterprises, such as 
small businesses. 

Make streets safer; 
allowing participation in 
other activities (evening 
classes, community 
meetings, etc.); 

open horizons through 
radio, television, and the 
Internet. 

Improved 
biomass (supply 
and conversion 
technology) 

Improved health 
through better stoves; 

less time and effort in 
gathering and carrying 
firewood; 

more time for child 
care. 

More time for 
productive activities; 

lower cost of process 
heat for income-
generating activities. 

Control of natural forests 
in community forestry 
management frameworks.

Mechanical Milling and grinding; 
transport and portering 
of water and crops. 

Increase variety of 
enterprises. 

Transport; allowing 
access to commercial, 
social, and political 
opportunities. 

Source: Clancy, J.S.M. Skutsch, and S. Batchelor. The Gender−Energy−Poverty Nexus: Finding the Energy                             
to Address Gender Concerns in Development. Project CNTR998521. London: UK Department for International Development. 

Health (Targets 5–8) 

115. The form of energy use can directly or indirectly impact human health, while the 
availability of modern energy services is essential for the provision of modern preventive, 
diagnostic, and treatment care. In particular, smoke emissions from the burning of solid biomass 
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in unventilated spaces using traditional cookstoves can lead to increased disease burden and 
morbidity, especially among poor women and children in developing countries where such 
traditional fuel use is widespread. Ingestion of particulates, carbon monoxide, and formaldehyde 
contained in smoke from such traditional fuels increases the risk factors for acute respiratory 
infections, acute lower respiratory infections, chronic bronchitis, chronic obstructive pulmonary 
disease, lung cancer, low birth weights, and blindness. According to the World Health 
Organization, studies from Asia, Africa, and the Americas have shown that indoor air pollution 
levels in households reliant on biomass fuel or coal are extremely high. For example, typical 24-
hour mean concentration levels for particulate matter of 10 micron (µm) diameter or less (PM10) 
in homes using biomass fuels are around 1,000 micrograms (µg)/m3, compared with the current 
limit of 150 µg/m3 set by the United States Environmental Protection Agency (US EPA). Thus, 
typical concentrations of indoor air pollutants in poor household relying on such fuels exceed 
generally accepted guideline limits many times over. This is especially true for rural populations 
in developing countries that depend mainly on traditional biomass fuels. The rural–urban 
differential, as well as the difference in exposure to airborne particulates between countries at 
various levels of economic and human development, is striking, as shown in Figure 47. 

Figure 47: Global Exposure Equivalents for Particulates in Major Microenvironments 
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116. Rural women in developing countries spend, on average, from 3 hours to 7 hours a day 
near the stove fire, and consequently suffer high levels of exposure over their lifetimes. It is not 
surprising, then, that indoor air pollution is the fourth leading cause of premature deaths in 
developing countries, of which 60% are female.27 Women are also exposed to other health-
related vulnerabilities during the often arduous task of fuel collection—back and foot injuries, 
wounds and cuts, sexual harassment, predatory attacks, and exposure to extreme hot or cold 
weather—that can also significantly impact their medical treatment requirements and costs. 

117. Children in poor families are equally at risk, as the large number of daily hours women 
spend collecting and using solid biomass fuel leaves them with little time to devote exclusively 
to the needs of their young. Invariably, infants accompany their mothers, and young children 
assist them, during fuel collection and cooking and are thus subjected to the same health 
impacts. A World Bank assessment28 states that approximately 10 million children under the 
age five died in low-income countries in 1999—2.1 million in India alone. Based on the Indian 
situation, the report concludes that investments in improving household environmental 
conditions, including access to piped water, electricity, and separate kitchens with clean cooking 
fuels and efficient stoves, can substantially reduce child mortality among the developing world’s 
poor (see also Figure 40). 

118. Modern energy supplies essential for proper health care facilities, management, training, 
and service delivery include reliable electricity for illumination, medical equipment, refrigeration, 
sterilization, security, and information and communication technology (ICT) purposes, gas for 
space and water heating, and liquid fuels for transporting patients, medical staff, and supplies to 
and from clinics and health centers. Education and awareness about epidemics and hygiene, 
particularly pandemics such as HIV/AIDS, can be greatly enhanced through modern mass 
communication media, such as radio and television, which require electricity. 

119. The unavailability of clean water and proper sanitation, a major cause for ill health and 
disease in poor families, is also directly linked with modern energy, which is required to lift 
subsoil water or to boil it before use. Reduced access also means more time required to fetch 
supplies from distant sources (usually by women) or lower per capita consumption, both of 
which are detrimental to health and sanitation levels.   

120. Finally, modern energy supplies can also partly offset loss of human labor and 
productivity due to illness or disease, reducing the susceptibility of the poorest already 
weakened by first-order health impacts to related secondary or exacerbating threats, such as 
consequent loss of income and crops. 

 Environmental Sustainability (Target 9) 

121. The production, distribution, and use of energy is the greatest single determinant of 
environmental decline through associated land degradation, air pollution, acidification of water 
and soils, and greenhouse gas emissions. In particular, unchecked biomass harvesting can lead 
to land and ecological degradation, while fossil fuel exploration, production, transformation, 
distribution, and eventual combustion has unavoidable detrimental local, regional and global 
consequences. Inexorably linked to climate change, the production and use of all energy forms 
have a disproportionately high impact on the developing world’s poor who remain the most 
vulnerable to the possible effects of global warming. 

                                                 
27 Modi, V., S. McDade, D. Lallement, and K. Saghir. 2006. Energy Services for the Millennium Development Goals, 

page 28. 
28 World Bank. 2004. Global Monitoring Report: Policies and Actions for Achieving the Millennium Development Goals 

and Related Outcomes. 
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122. While deforestation may have many causes other than fuelwood collection that are more 
important contributors, such as logging, commercial charcoal production, conversion of land to 
agricultural use, etc., studies show that continued fuelwood harvesting can accelerate such 
depletion while also diverting biomass away from soil conditioning that can aid vegetative 
regrowth. Although conditions resulting in deforestation and their underlying determinates may 
be complex and location-specific, there is little doubt that reducing biomass fuel dependence 
among the poor, for instance, by increasing use of liquid and gaseous fuels, can help relieve the 
pressure on such natural resources and improve their sustainability. 

123. The impact of energy use on climate change and its consequences is complicated by the 
fact that fossil fuel use and the resulting GHG emissions on a per capita basis are much lower in 
the developing world compared with industrialized nations. Apart from implications on GHG 
capping levels and mitigation responsibilities, this highlights several factors that need to be 
recognized: (a) that, with a few exceptions (noted below), developing countries’ use of fossil 
fuels has predominantly local economic and environmental consequences, while that of the 
developed world has been the primary contributor to global GHG concentrations; (b) that the 
contribution of developing countries to global emissions is steadily increasing, and expected to 
match or exceed that of the developed countries if present growth trends continue, especially in 
large Asian countries (e.g., the PRC and India); (c) that the negative impacts of climate change 
are conversely the greatest on the developing nations, particularly the poorer segments of their 
populations; and (d) that the increasing populations of developing countries, specially in Asia, 
will result in significant total emissions even if per capita levels remain low. As developing 
countries grow, they will transition to increasing per capita use of fossil fuels, while reducing 
their vulnerability to climate change due to reduced dependence on land-based production; 
however, their per capita GHG emissions are expected to remain below those of the 
industrialized countries into the foreseeable future. Thus, from an environmental sustainability 
point of view, climate change will become an increasingly important issue for developing Asia as 
both contributor and affectee. 

124. The heightened vulnerability of the poorest living off the land in developing countries to 
the effects of climate change has been discussed earlier in Section 4. At the national level too, 
developing countries with a high reliance on biomass and hydropower energy resources can be 
adversely affected by changes in precipitation, loss or variability of hydroelectric potential, 
variations in runoff leading to silting of hydroelectric reservoirs, and impacts of biomass fuel 
production. 

125. Furthermore, many developing countries’ present high reliance on renewable energy 
resources (primarily biomass and hydropower), may allow these countries to achieve many-fold 
increases in energy consumption with much less associated GHG emissions compared with 
those in some OECD countries (e.g., the US)—i.e., their national primary energy supply 
portfolios can remain cleaner even while being made more sustainable (by substituting, for 
example, non-sustainable biomass use with LPG), resulting in significant deviation from the 
typical growth path blazed by the present group of industrialized countries. Thus, at a global 
level, the energy choices and growth of many of the poorest countries are not necessarily the 
most threatening from an environmental perspective, and this can be further ensured through 
appropriate interventions directed at creating a more sustainable energy infrastructure for the 
future. The real sustainability challenge lies in steering the course of countries already 
approaching the transition to industrialized nation status and those with large populations 
where, despite relatively low per capita emissions, the total GHGs produced are substantial and 
rising fast, particularly large Asian countries such as the PRC and India and medium-sized 
nations such as Indonesia, Pakistan, the Philippines, and Bangladesh. 
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Water Supply and Sanitation (Target 10) 

126. Modern energy supplies facilitate and power improved water supply and sanitation 
systems, directly improving health, nutrition, and living conditions among the poor who are often 
deprived of clean water and therefore exposed to heightened risk of water- and vector-borne 
diseases. Electricity and gas are also required to pump water for household, agricultural, and 
commercial needs and to boil water for domestic and medical use. 

127. At the national level, large hydropower projects provide synergies with energy production 
and water resource management, while modern energy is also required for the construction and 
operation of the industrial, commercial, and domestic supply and sanitation infrastructure 
required to meet the MDG targets for the supply of safe drinking water and improved sanitation 
to the poor. 

128. The UNDP’s assessment of the energy needs for the MDGs concludes:29 “It is clear 
that energy services have an impact on all of the MDGs and associated targets. Access to 
energy services facilitates the achievement of these targets. Failure to consider the role of 
energy in supporting efforts to reach MDGs will undermine the success of the development 
options pursued, the poverty reduction targets, as well as the cost effectiveness of the 
resources invested.” 

129. In charting a future strategy, Part III discusses the importance of including energy 
access and supply as an explicit development goal in its own right, the energy required to meet 
the existing MDGs, and the ways in which both these objectives can be addressed through 
appropriate action. 
 
 

                                                 
29 Modi, V., S. McDade, D. Lallement, and K. Saghir. 2006.Energy Services for the Millennium Development Goals, 

page 32. 
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6. Alternative Strategies 

A Need for Change 

130. The preceding discussion described a seemingly precarious balance between the rate at 
which the world’s energy resources can be effectively utilized for satisfying rapidly escalating 
growth in demand on the one hand, and a global order and national frameworks that are only 
partially able to meet people’s needs with existing supplies on the other. Such an arrangement 
leaves those at the fringes of the modern energy network—constituting a large majority of the 
world’s poor—grossly or completely denied access to efficient forms of energy. It also posits 
serious sustainability issues, both environmental and economic, because of a continued 
reliance on depleting fossil fuel reserves and large amounts of ecologically valuable biomass 
resources. 

131. This situation, if left to persist, will not only continue to perpetuate existing economic and 
social inequities (urban–rural, rich-poor, developing-developed country, etc.), but may in fact 
further exacerbate such disparities on account of reinforcing demographic trends and 
environmental impacts which may well swell the ranks of the energy-deprived poor further. The 
questions raised by such an imperfect system are not only of a moral and ethical nature—
compelling as such arguments are on their own, considering the plight of a quarter30 of humanity 
who, in the 21st century, are still condemned to live a wretched, destitute existence not much 
removed from that prevailing in primitive times and with little or no means of overcoming such 
conditions. They also pose a much broader one of equally global consequences: political turmoil 
over scarce energy resources, price volatility and the financial stress of maintaining 
unpredictable supplies, social upheaval caused by growing levels of depravation, and the 
damaging effects on the regional and global environment of current patterns of energy use with 
their attendant economic, social and political fallout. 

132. It is therefore prudent to take stock of the consequences of present trends in energy 
supply and use, and to rethink strategies for addressing the implicit drawbacks and adverse 
repercussions of the baseline scenario. 

Baseline Facts 

133. As detailed in Part I of this paper, international projections predict significant increase in 
world energy consumption over the next quarter of a century averaging up to 2% per annum, 
buoyed by continued economic growth of over 3% of world gross domestic product (GDP) per 
year. Most of this additional energy demand will emanate from the developing world, whose 
needs are expected to grow almost threefold by 2030, with developing Asian countries leading 
the growth. Outlays to the tune of tens of trillions of dollars will be required to finance such 
supplies and the associated production, processing, handling, transportation, and distribution 
infrastructure. This will place enormous pressure on global financial resources—particularly of 
developing countries, where half of these investments would need to be made. Fossil fuels, led 
by oil but with growing shares of natural gas and coal, will continue to meet an increasing and 
dominating proportion of energy supplies (up from 80% at present to 82% in 2030)—implying 
little change in the underlying economic and physical foundations in terms of supply sources, 
methods of use, derivative industries, infrastructure characteristics, commerce and trade, 
transportation and distribution networks, pricing and access issues, and resultant environmental 
                                                 
30 Poverty assessments vary according to source and methodology of estimates. According to one recent estimate 

(Chen, S., and M. Ravallion. 2004. How Have the World’s Poorest Fared Since the Early 1980s? Policy Research 
Working Paper 3341, p. 30), 21.1% of the world’s population had an average daily income of less than $1.08 while 
52.9% survived on less than $2.15 per day (in 1993 PPP terms). 
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and social development consequences. In fact, given that total world primary energy 
consumption in 2030 will be 72% higher than in 2003, these aspects of the global energy 
framework are expected to be that much more firmly entrenched and accentuated in the coming 
decades. Rising fossil fuel prices notwithstanding, there is little to challenge such baseline 
trends since adequate proven reserves of oil, gas, and coal exist today that can adequately 
meet the increased demand well into the next century. 

134. The impact of rising fossil fuel use on the environment has transcended from being a 
perceived threat to a cause for mobilizing real action, albeit belatedly, for mitigating greenhouse 
gas (GHG) emissions. Asia’s contribution to the global emission of GHGs is rising, as its large 
population and economies grow and consume ever increasing amounts of oil and coal. At the 
same time, the population of developing Asia in particularly at risk from climate change impacts: 
on agriculture (crop failures, pestilence, land degradation, etc.), water resources (drought, 
variable precipitation, glacial retreat, etc.), natural calamities (hot and cold spells, tornados and 
cyclones, flooding, landslides, etc), coastal zones (sea level rise, salt water intrusion, declining 
fish catches, etc.), and habitat and ecosystems (loss of productive land, displacement of 
communities, impact on natural resources, etc.). At the local level too, fossil fuel use, especially 
in developing countries with rapidly growing and increasingly congested large urban centers, is 
having seriously adverse effects on humans and the environment alike. Asian urban 
atmospheric pollution levels are among worst in the world, with rapid growth (population, 
industry, vehicular, etc.) threatening further deterioration. Rising oil prices are sustaining or even 
increasing reliance on low-grade coal for power generation in the largest economies of Asia (the 
People’s Republic of China [PRC] and India), with others contemplating the same path (e.g., 
Pakistan and Indonesia). Transboundary pollution, such as acid rain and the Asian Brown 
Cloud, are aggravated by such unregulated fossil fuel use and lax environmental controls. 
Though GHG emission levels for developing Asia are presently low in per capita terms 
compared with those for developed countries, given Asia’s large population and fast growth 
rates, total carbon emissions from the region pose a serious concern at the global level, as does 
the current high carbon intensity per unit of GDP. The impact of both climate change and local 
atmospheric pollution is felt most directly and acutely by Asia’s poor, whether it be health-
related, extreme weather conditions, or in terms of reduced agricultural productivity and threats 
to natural resources. 

135. An important consequence of such baseline projections is that the present status quo 
with respect to inequitable energy access and use will also likely persist largely unchallenged, 
although poverty may decline and per capita use of modern energy may rise somewhat in 
relative terms due to nominal economic growth. Indeed, the developing world’s poor relying 
almost exclusively on traditional biomass for all their energy needs will increase from the 
present 2.4 billion to 2.6 billion, while those without electricity will fall only marginally from the 
current 1.6 billion to 1.4 billion in 2030. These projections do not take into account the 
contribution of other poverty-exacerbating factors, such as fuel price shocks, climate change, 
conflict, pandemics, etc., which could tarnish the outlook further. Barring radically higher 
economic growth in the developing countries than that projected over the period, only external 
interventions can thus be expected to significantly affect the inevitability of such a future: 

• a reconsideration of current energy deployment and end-use practices; and/or 

• major technological advancement that can dramatically improve the availability, cost, 
or use of existing or alternative energy resources. 

136. It has been established in Part II that no country has substantially reduced poverty 
without massively increasing its use of energy. Electricity, in particular, plays a crucial role in 
improving levels of human development and quality of modern life. Quantifiable thresholds can 
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be discerned in terms of per capita electricity (and energy) consumption required to reach 
acceptable levels of development, as measured by standardized human development indices. 
For countries low on the HDI scale, the benefits of incremental increases in modern energy 
used by the population are disproportionately large, but the problem has been in achieving even 
modest increases in energy supply and consumption across large populations, presumably 
because of the costs involved for both investors as well as consumers. An important 
determinant of electricity use per capita—other than supply (or installed generation capacity per 
capita)—is thus affordability. For example, with power tariffs, largely determined by cost of 
service provision in most liberalized power markets, being essentially similar, huge disparities in 
actual consumption exist depending on income levels relative to electricity prices: per capita 
electricity use is high in the high-income, developed economies of Asia and an order of 
magnitude less, even at lower tariffs, in the developing nations of South and Southeast Asia 
with their much lower GDP per capita. 

137. An immediate focus on overcoming such barriers to incremental and gradual, yet 
sustained, increases in energy consumption is therefore required to ensure that increased 
human prosperity is a corollary of baseline economic growth. Development and energy policies 
in most countries are dictated in the main by political, economic, and strategic considerations, 
and more recently, by market reforms. Energy access, affordability, and use has not been a 
primary concern—an important oversight which lowers the human impact of economic 
development and slows down the reduction of poverty levels. Pricing of energy for the poor with 
respect to their incomes remains a crucial determinant of energy accessibility and use. This is a 
factor that is usually not recognized adequately in national planning, especially in the face of 
rationalized tariffs in the increasingly liberalized energy markets of the developing world. In 
simple terms, modern energy supply must not only be made available to the world’s poor, but 
also be made affordable for them before any substantial benefits of human growth or poverty 
reduction can be realized. 

138. At a more strategic level, increasing the supply of energy to the levels required, say, for 
developing Asia to match current Organisation for Economic Co-operation and Development 
(OECD) countries per capita consumption by 2030 would require far greater resources than 
those projected under the baseline scenario: given its rapidly rising population and high poverty 
levels (India alone accounts for a quarter of the world’s poor), it would take the entire global 
production of primary energy supplies and electricity just to meet Asia’s enhanced needs. Such 
an objective would clearly be beyond the capacity of even existing large fossil fuel reserves to 
cater to, not to mention that of international and regional financing mechanisms to pay for. 

Responding to the Challenge 

139. A proper understanding of the existing baseline situation can, however, help guide a 
response strategy that more appropriately addresses the needs of the poor as well as possibly 
spawn “out-of-the-box” solutions. At the very least, it can help redirect and revitalize efforts at 
mitigating the effect of energy poverty among deprived populations by helping integrate energy 
access more fully into ongoing development activities and planning and making more optimal 
use of the resources available. 

140. As summarized above, business-as-usual energy projections forecast an improved 
energy situation for developing Asia, but only marginally so for the absolute numbers of the poor 
with little or no access to modern energy services. Significant improvement in human 
development indicators will require substantial additional energy resources and investments, 
beyond available global or regional capacity. An achievable strategy would therefore require 
setting more realistic standards, for instance, for per capita energy consumption and national 
HDI values for the 2030 time horizon that are lower than the ultimately desirable threshold 
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values applicable to developed societies, but still substantially higher than those presently 
obtaining in developing Asia. Such a strategy would exploit the steep end of the HDI-per capita 
energy curve, reaping rich dividends from relatively moderate investments and making a 
discernable impact on the economic fortunes and quality of life of the poor. Such achievable 
targets, specifically quantified and pursued actively through institutionalized national and global 
commitment—for instance by being explicitly included in appropriately revised Millennium 
Development Goals (MDGs)—could ensure the gradual attainment of progressively higher 
subsequent targets, and thereby positively motivate action and investment beyond the baseline 
scenario. 

141. Alternative strategies also need to focus on modalities of energy service delivery. The 
traditional supply-side emphasis on economic and demographic trends ignores other delivery 
scenarios possible that can leverage additional benefits with useful, mutually reinforcing 
synergies—alternative and efficient energy use, cleaner fuel mix with a lower environmental 
footprint, affordability linkages with aggregate income and economic growth, pricing and fiscal 
incentives, and prioritization of basic needs for cooking, lighting, heating, and space 
conditioning in devising effective energy provision for the poor. 

142. Only a “virtuous cycle” emanating from such cross-linked strategies that ensure 
macroeconomic stability and growth, expansion of energy production and delivery systems, 
system-wide efficiency gains, affordable pricing, and augmentation through viable alternative 
methods and fuels would help lift the income-earning capability of sizeable numbers of the poor 
and fortify sustainable growth. A narrow or passive supply-oriented focus, even when coupled 
with prudent demand-side measures, alone would neither be sufficient nor sustainable in the 
long run without the concomitant economic payback accruing from investments in social and 
human capital that is required to integrate the poor into the mainstream economy. It is important 
for national planners and policy makers to realize that energy supply and consumption are not 
an end in themselves, but a means for achieving other benefits (e.g., improved quality of life; 
intellectual and material growth; economic and financial freedom; and a long, healthy, 
productive, and satisfying life). Awareness of the energy dimension to economic prosperity is 
key to reducing poverty effectively, because without modern and convenient energy services, 
none of these benefits are attainable. 

143. At the very least, energy strategies should not aggravate social problems further—on the 
contrary, these should be specifically targeted for reduction through energy-centered policies. 
Thus, in addition to energy policies and planning, poverty reduction efforts in developing 
countries also need to focus on universal access to adequate, affordable, reliable, quality, safe, 
and environmentally benign forms of modern energy which can contribute to the solution of 
social problems. These include the lack of economic opportunities; facilities for human 
development and social welfare, including education and training in marketable skills; reduced 
labor and improved health conditions, specially for women and girl children; and involvement of 
the socially marginalized (underserved communities, the urban and rural poor, women, etc.) in 
energy-related decision-making and managerial capacities that helps empower them 
economically and socially. 

144. The response strategy must, of course, focus on a greatly expanded provision of modern 
energy services, including alternatives and efficient means of use, to the population at large, 
especially to those at the bottom of the energy ladder. It should also facilitate movement of the 
poor up the energy ladder in terms of increasing their capacity for the use of modern energy and 
fuels for purposes of economic and human development beyond meeting very basic needs. 
Access to reliable “on demand” electricity at affordable rates must be central to the response 
strategy, in addition to other modern fuels, especially for lighting and fans, cooking, heating, 
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refrigeration, transportation, motive power, and electronic communications, and be targeted 
across all income strata in order to maintain upward economic mobility and national growth. 

145. Energy access, consumption rates, and intensity targets need to be conflated with 
overall GDP growth and poverty reduction goals in national planning, so that such indicators can 
be meaningfully tracked and responded to. The introduction of energy-specific MDGs, as 
discussed later, would be an important means for achieving such integration of energy access 
within pro-poor development activities and for triggering appropriate national action and 
international assistance. At the same time, governments must realize the necessity for overall 
economic stability, growth, and liberalization as the only sound, long-term means for increasing 
incomes and investment flows. Enhanced economic capacity would be essential for expanding 
energy provision as well as make its use affordable for a greater proportion of the population, 
especially for the bulk of the population hovering around the poverty line (poverty in low-income 
Asian countries runs deep: for instance, in India, while just under 35% of the population, or 
359 million, had daily incomes of less than $1 in 1999–2000, as much as 80%, or 826 million, 
were only slightly better off at below $2 a day in 200131). Increases in energy access (both its 
supply and affordability), per capita energy consumption, poverty reduction, human 
development, national income and GDP growth are inexorably intertwined, and reasonable 
progress on one front cannot be made at the exclusion of the others. National targets must be 
set for all of the above and actively pursued simultaneously using multi-pronged intervention 
strategies, investments, and budgetary allocations. Such a holistic strategy can allow mutually 
reinforcing synergies to take root and enable increasing numbers of the chronically or marginally 
indigent to lift themselves permanently out of the clutches of insidious poverty. 

146. Global and national inequities in the use and distribution of energy resources undermine 
the efficiency, optimization, and security of available supplies and their use. Perpetuation of a 
world economic order based on existing structures of fossil fuel pricing and resource sharing will 
only intensify such issues further as absolute energy consumption increases in the future—with 
developed countries tying up disproportionate and excessive resources and developing 
countries, especially Asia, stymied by high population growth and insufficient financing, 
struggling to maintain their hard-earned economic gains. A sustainable, long-term response 
strategy should thus address both sides of the energy equation—improving energy access for 
all in the developing countries while encouraging national policies that ensure that increases in 
more widespread energy supply are not offset by rising population pressures, while reducing 
waste and extravagant energy use by affluent segments of the world’s population, particularly in 
the developed world. 

147. Such a strategy would require global buy-in and action, similar to the motivation for 
“common but differentiated responsibilities” agreed to by the world’s nations for addressing 
climate change at the Rio Earth Summit of 1994. This could be supplemented by concerted 
regional initiatives within developing countries to improve the provision of modern energy 
services to their poor and check unsustainable population growth. As an example of the 
synergies alluded to earlier, modern energy services in poor communities can of themselves 
help reduce infant mortality and enhance life expectancy, thus reducing some of the factors 
responsible for high fertility rates in poor developing countries. Modern cooking fuels and 
devices also reduce the need for child labor for household chores and fuelwood collection, just 
as modern energy does for commercial labor. With a reduced need to exploit children for 
income generation purposes, the incentive for having large families as a social “safety net” in 

                                                 
31 Chen, S., and M. Ravallion. 2004. How Have the World’s Poorest Fared Since the Early 1980s? Policy Research 

Working Paper 3341, pp. 30−31. 
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poor households is correspondingly diminished, further helping reduce their sizes, and hence 
the population and its energy needs. 

148. Integration of environmental concerns in energy planning through better understanding 
of the externalities (e.g., environmental and economic costs and benefits) of different energy 
resources and transformation processes, leveraging of carbon financing for greater deployment 
of clean and renewable technologies, tighter end-use regulation and compliance, increased 
efficiency standards, fuel switching, alternative fuels, mandated targets and quotas, market-
based pricing, smart subsidies and fiscal incentives, and policy measures aimed at promoting 
sustainable energy use can help reduce some of the negative consequences of continued fossil 
fuel use. This is important not only for realizing significant shifts to cleaner energy, but also 
because current policies typically may encourage suboptimal efficiency and end use, thereby 
wasting huge amounts of useful energy between its source and ultimate use that could 
otherwise directly benefit greater numbers of those currently underserved. Multilateral 
assistance, supplemented with increased official development assistance (ODA), can be of 
particular relevance here, both in terms of technical and financial assistance as well as in 
reducing risk perceptions for private fund flows to developing Asia, and can supplement 
accelerated local sector reforms—unbundling of monopolies, greater privatization, credible 
regulation, fewer physical controls, cost-reflective pricing, and increasing use of local and global 
markets for future growth. 

149. There must also be an increasing realization of the worldwide impact of persisting 
energy poverty in large populations of Asia and Africa, both economic and environmental, which 
may be accentuated further by globalization and climate change. A preemptive redressal of 
such imbalances is more prudent than reactionary and ad hoc measures later, which invariably 
would extract a much greater cost and could also be accompanied by in political, economic, or 
financial upheaval. It is therefore in the interests of both the developed and developing world to 
chart a clear, achievable, and well-graduated path for rapidly ending wide-scale poverty in 
developing countries by creating an enabling environment for sharing and developing the 
world’s energy wealth more equitably. 

150. In the long term, radical technological advances would be required to meet growing 
world energy needs sustainably and fully. However sporadic and unpredictable technological 
innovation is, economic and policy pressures can help significantly catalyze the resources 
employed in relevant research and development, technology transfer, and its assimilation, both 
in the developed and developing countries. In the shorter term, technology-driven cost 
reductions in alternative and renewable energy supplies and efficient end-use can help augment 
supplies to the poor at lower cost, if employed judiciously. 

151. The following sections outline specific aspects that need to be taken into consideration in 
the design and implementation of an appropriate response strategy for ensuring energy for all of 
Asia’s current and future generations. 

Targeting the Poor 

152. Two factors are of particular significance at the outset in appropriately understanding 
and evaluating plans to reduce energy poverty: first, identifying the population that most suffers 
its consequences so that remedial actions can be properly focused; and second, the need to set 
quantifiable targets and indicators to measure the results of such actions. 

The Demographics of Poverty 

153. Most of the developing world’s energy poor comprise the bulk of its rural population, 
although the increasing ranks of the urban poor are also faced with a grim affordability 
challenge and poor service quality with respect to the relatively better energy choices available 
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to them. The 2.8 billion rural poor in developing countries depend overwhelmingly on inefficient, 
polluting, and unsustainable biomass-based traditional fuels for their needs, which greatly 
degrade their economic and living conditions. The urban poor face severe issues of affordability 
and intermittent, poor quality energy supplies that consume a major portion of their incomes with 
suboptimal returns. 

154. The rural poor also bear the greatest brunt of the inherent negative consequences of 
baseline trends: escalating and volatile oil and gas prices, climate change and atmospheric 
pollution from fossil fuel use, increasing urbanization and industrialization that further 
marginalizes rural needs, and the environmental degradation of unsustainable biomass 
harvesting. All of these factors further intensify poverty pressures within developing nations. 

155. However, it is also among the rural population of developing Asia that greatest change 
can be brought about rapidly and with the largest payback, not only because the population of 
potential beneficiaries is so large but also, crucially, because their basic energy requirements 
are relatively so modest. These consist of domestic cooking, lighting, fans and space heating, 
and food storage requirements, in addition to the provision of mechanical power for water 
delivery, agriculture, and small-scale agribusinesses.  

156. If targeted poverty reduction is to be achieved, ways must be found to integrate the poor 
into mainstream economic growth so that their incomes do not remain stagnant. The recent 
economic upturn in many Asian countries has been accompanied by a growth in inequality. For 
instance, the southern Indian states have been growing at 3 percentage points faster than the 
more populous and poorer northern regions. Per capita consumption of the richest quintile in 
both Sri Lanka and Pakistan has been increasing at an order of magnitude higher rate than that 
for the poorest quintile. Such income disparities are likely to persist and keep millions in pockets 
of abject poverty, besides creating additional social tensions and possible strife, unless ways 
can be found for a more equitable sharing of economic gains. 

157. Good, efficient, and clean governance is key to achieving better results. Many Asian 
countries, especially in South Asia, have long suffered from confrontational politics, violent civil 
and military conflicts, enduring corruption, and unresponsive or discretionary administrative, 
judicial, and policy-making mechanisms, especially at the grassroots level. Such an 
environment not only disenfranchises the poor from their basic rights and results in very few 
resources trickling down to benefit them directly, but also creates conditions in which national 
economic growth and foreign direct investments in the country are constrained. Asia’s GDP 
growth has been achieved despite such mitigating circumstances, and could be accelerated 
further by several percentage points a year if more transparent and effective governance 
systems could be deployed. 

158. The aim of focusing better on the needs of the poor, providing them with the inputs, 
resources, conditions, and opportunities to help lift them out of destitution, and include them 
meaningfully in national economic growth has a singular objective: improving their living 
conditions and level of human development, as envisaged in the MDGs. The importance of 
energy services in such an exercise have been discussed at length. The next logical step is to 
find ways of integrating energy requirements into development goals in a manner that can help 
guide appropriate policies and actions. 

Revisiting the MDGs 

159. A quantifiable basis for targeting the energy poor can be provided by revising the MDGs 
to explicitly: 

• take into account the energy requirements necessary for meeting the existing MDG 
targets, without the provision of which none of the stated goals can be achieved; and 
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• set acceptable levels of modern energy consumption as a target in itself for the 
intrinsic human satisfaction, freedom, and convenience that it provides, which is a 
hallmark of life in advanced, developed societies. 

 

160. The existing MDGs have failed to take both of these important factors into account, 
which not only seriously jeopardizes the attainment of the targets set, but may well result in the 
population of the energy-deprived in 2015 remaining largely the same as today. Just as the 
Agenda 21 resolution resulting from the Rio Summit over a decade ago was weak in 
recognizing the energy-environment nexus until gradually these strong linkages were realized, 
which now assume center stage in the global environmental debate, the Millennium Declaration 
reached at the Millennium Summit in September 2000 neglects the deep causal relationship 
between energy consumption, poverty, and sustainable human development. This deficient 
perspective begs immediate reexamination and can only be corrected by placing the provision 
of ‘affordable and sustainable energy services to all’ at par with the other declared MDGs and 
integrating relevant targets, along with the cost of energy service delivery needed to support the 
achievement of the MDGs, comprehensively within the national development strategies of the 
target countries. 

161. At a minimum, the existing MDGs require access to energy by the poor for three main 
purposes: 

• heat for cooking, as well as for space heating in colder regions and climates; 

• electric power for lighting, appliances, motors, and devices essential for household, 
commercial, and community facilities (schools, clinics, cottage and agro industry, 
etc.); and 

• mechanical power for agricultural, irrigation, and other productive uses. 

 

162. Figure 48 summarizes the fuels required for the basic needs outlined above as well as 
the MDGs that can be better served through such modern energy resources. According to some 
estimates, in order to halve, by 2015, the number of people without access to such fuels, almost 
half a billion people will need to gain access to modern energy services every day for the next 
10 years. 

163. The amount of heat energy required for cooking purposes varies by the type of food, 
fuel, and cooking devices used as well as the cooking practices employed. Fuel efficiency and 
cookstove design are of particular importance in this respect: traditional stoves with open, 
fuelwood fire waste over 80% of the energy produced, while in standard liquefied petroleum gas 
(LPG) and kerosene stoves this is reduced to a half.32 As noted in Section 4, about 1 
gigajoule (GJ) per capita of useful energy is required on an annual basis for basic cooking 
purposes, which translates into as much as 10 GJ of biomass energy burned, or roughly half a 
ton of fuelwood, crop residues, and/or dung per person per year. With modern, efficient stoves 
and fuels, this requirement is only 40 kilograms (kg) of LPG or 45 kg of kerosene per person per 
year. 
 

                                                 
32 Average fuel efficiency for cooking is estimated at 8% for biomass, 18% for coal, 25% for charcoal, 45% for 

kerosene, and 50% for gas and LPG (Dzioubinski, O., and R. Chipman. 1999. Trends in Consumption and 
Production: Household Energy Consumption. DESA Discussion Paper No. 6, page 6). 
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Figure 48: Energy Resources Required for Meeting the Millennium Development Goals 
MDGs Served 

Energy Need Fuels Required Fuels Displaced 
1 2 3 4 5 6 7 8 

Cooking, food 
preparation, storage, 
transportation, etc. 

LPG, kerosene, 
natural gas, 
biogas, 
electricity, petrol, 
diesel, CNG. 

Fuelwood, crop 
residues, dung, 
charcoal. ●  ● ● ●  ●  

Lighting, appliances, 
motive power, 
machinery, etc. 

Electricity. Kerosene, 
batteries, manual 
and animal 
power. 

● ● ●   ●  ● 

Agro/food 
processing, 
irrigation, productive 
enterprises, etc. 

Electricity, diesel, 
mechanical wind 
and hydro. 

Manual and 
animal power. ● ● ●  ●  ●  

CNG = compressed natural gas; LPG = liquefied petroleum gas. 
Source: United Nations Development Programme (UNDP). 2005. Achieving the Millennium Development Goals: The Role of 
Energy Services. New York: UNDP. 

164. In practice, although a combination of different fuels is often used by the poor, including 
biomass, biomass-derived charcoal or biogas, and fossil fuels, the annual energy requirements 
for cooking for the approximately 2.5 billion Asian rural population in 2015 would therefore be 
about 100 million tons of LPG or 126 million tons of kerosene, displacing up to 1.2 billion tons of 
biomass as combustion fuel each year. This compares with over 210 million tons of LPG (90% 
used for cooking and heating purposes) and about 80 million tons of kerosene (other than jet 
fuel) consumed worldwide in 2003. However, health and productivity gains can more than offset 
the costs involved. For example, according to World Health Organization (WHO) estimates, 
investing $13 billion per year to halve, by 2015, the number of people worldwide cooking with 
solid fuels by supplying them with LPG can provide an annual payback of $91 billion. Additional 
fuel supplies, including natural gas, diesel, and petrol are also required for food preparation, 
processing, and transportation, while electricity is normally required for preservation and storage 
(refrigeration, freezing, etc.). Modern fuels are also more convenient and socially desirable for 
cooking and related activities on account of their instant and high heating and cooling efficiency, 
an aspect in which renewable energy substitute techniques unfortunately often perform poorly 
(e.g., solar cookers). 

165. Electricity is essential for most other basic needs, such as illumination and space 
cooling; productive uses, such as machinery, computers, telecommunications; social services, 
such as medical equipment, ICT, and water supply and sanitation systems; as well as for 
modern lifestyle needs and conveniences, such as television and other household appliances. 
As has been described in Section 3, roughly 4,000 kilowatt-hours (kWh) per capita per year is 
required on average in order to ensure that all citizens have access to a decent, modern lifestyle 
and the facilities necessary for social well being and economic emancipation. 

166. Current baseline projections given in Section 1 estimate 1,252 gigawatts (GW) of 
installed capacity in developing Asia by 2015, sufficient to raise average consumption to 
1,667 kWh per capita and average HDI to 0.78, or above the current (2003) world average of 
0.741, but still well below the 0.9 target. With the population of developing Asia expected to 
exceed 3.78 billion by 2015 (from 3.3 billion in 2002), in order to take the average per capita 
electricity consumption up from the present 909 kWh to 4,000 kWh (corresponding to the 
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“developed” HDI threshold of 0.9) within that period, an additional generation capacity of over 
12,000 terawatt-hours (TWh) would be required by 2015. This would mean an increment in 
installed central generation capacity of about 2,600 GW in developing Asia, or over half of the 
currently projected worldwide installed base of about 5,000 GW in 2015—an investment that will 
require well over $2 trillion in capital expenditure alone. 

167. Mechanical power is also important for meeting MDG targets, and in some cases it can 
also substitute for electricity, especially in rural applications for transportation, water pumping, 
farm and irrigation needs, grain crushing and grinding, and numerous other such needs. 
Mechanical power can be driven by petrol and diesel engines, as well as renewable resources, 
and cannot only replace human and animal labor and free up time for other needs, but also help 
increase productivity through efficiency gains and agricultural intensification made possible by 
the use of tractors, harvesters, threshers, and other such farm mechanization aids. The amount 
of energy required to provide such mechanical power to the rural poor is difficult to estimate 
separately as it can vary widely from country to country, but can be assumed in a minimum 
overall annual primary energy use figure of above 3,000 kilograms of oil equivalent (kgoe) per 
capita indicated by Figure 49 for developed countries. 

Figure 49: Commercial Energy Consumption and Gross Domestic Product, 2003 
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168. Although the need for explicitly including energy service provision within the MDGs has 
been widely recognized, both as an enabler for achieving the goals as well as an objective in its 
own right, agreement at evolving quantitative energy-based targets has been elusive so far 
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because of the diversity of energy needs, uses, and availability of resources around the world. 
However, the UN Millennium Project has, in 2004, recommended the following three broad 
target parameters to be adopted for 2015:33 
 

• Enable the use of modern fuels for 50% of those who at present use traditional 
biomass for cooking. In addition, support (a) efforts to develop and adopt the use of 
improved cookstoves, (b) measures to reduce the adverse health impacts from 
cooking with biomass, and (c) measures to increase sustainable biomass production. 

• Ensure reliable access to electricity to all in urban and peri-urban areas. 

• Provide access to modern energy services (in the form of mechanical power and 
electricity) at the community level for all rural communities. 

 

169. To these targets, this paper recommends adding a suitable selection of additional 
targets or actionable objectives as national conditions and capacities allow, such as: 

• Set national per capita energy use target for 2015 (e.g., at least 2,000 kWh 
corresponding to an HDI level of 0.8 on the HDI-u curve in Figure 32). 

• Establish clear annual targets for rural electrification that can result in providing 
access to reliable electricity, through the grid or alternative sources, to at least 95% 
of the national population by 2015. 

• Provide remote communities that cannot economically be connected by 2015 to 
national electricity grids due to long distances and low loads involved with alternative 
energy supplies, such as off-grid generation capacity and dispersed renewable 
energy systems, at an expenditure at least equivalent to the capital cost that the 
corresponding grid extension would have entailed. 

• Delicense and deregulate small-scale off-grid generation based on renewable energy 
and alternative fuels below certain capacity (e.g., 5 MW), and greatly simplify rules 
for self-generation and community-level distribution networks. 

• Devise targets for including renewable energy, particularly off-grid power generation 
and biogas plants, in national planning, including indicative and mandatory quotas of 
renewable and alternative energy in the primary energy mix and utilities’ electricity 
purchase portfolios by 2015. 

• Establish financing targets, based on per capita energy needs, for providing effective 
and adequate capital grants designed to partially off-set the high, one-time initial 
costs of renewable energy systems for low-income consumers in order to enable 
large numbers of the poor population, who are able to meet much lower associated 
lifetime system operational costs, to gain access to such energy services, and to 
allow a domestic market in such technologies (solar PV home systems, biogas 
digesters, micro wind turbines, micro to small hydro, etc.) to proliferate and provide 
further economies of scale. 

• Mandate standards for renewable, alternative, and efficient energy use in all public-
sector investments and uses, such as transportation, buildings, and physical 
infrastructure, including incorporating such features in urban design, mass 
transportation, and other planned development. 

                                                 
33 UNDP. 2005. Achieving the Millennium Development Goals: The Role of Energy Services, page 39. 
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• Target quantifiable improvements in energy service delivery, such as reducing 
national electricity transmission and distribution losses to no more than 10% of 
power generated, setting and enforcing more stringent power voltage and frequency 
limits and liquid and gaseous fuel quality standards at the points of sale, and 
removing price anomalies that encourage fuel adulteration. 

• Revise electricity tariffs, especially lifeline rates, so that they explicitly take national 
poverty and income statistics into account, in order to improve affordability among 
lowest tier consumers (i.e., by setting targets for reducing the proportion of per capita 
disposal income spent per unit of energy consumed, especially for the lower income 
groups). 

• Consider making ethanol-blended gasoline (E10 or higher) mandatory for all 
petroleum sales by 2015, and introduce incentives for biodiesel use. 

• Implement clear fiscal incentives and charges (energy and pollution taxes) to 
discourage excessive, inefficient, and environmentally harmful energy use and to 
create supplemental financial resources for expanding energy infrastructure and 
access for the low-income consumer base. 

• Studies have shown that the use of solid fuels and inadequate ventilation in kitchens 
are responsible for the highest concentrations of particulate matter in indoor air, and 
that women experience the highest exposure. They have also indicated the 
advantages of a number of interventions (improved ventilation, behavior change, and 
fuel switching), and suggest the adoption of a relevant environmental indicator—
levels of access to clean fuel and proper ventilation—as a new MDG target. 

170. These and other such actionable objectives can be combined with the existing MDGs to 
devise a “revised” set of country-specific targets that can properly integrate the contribution of 
energy access for meeting human development needs. Only if such explicit recognition is 
provided to the role of modern energy services in poverty reduction and human growth can the 
existing MDGs and their basic objectives be achieved for the greatest number of people. 

Enhancing Supplies, Paring Demand 

171. Once properly targeted, both in terms of the beneficiaries and achievement goals, the 
provision of universal access to modern energy services would need to concentrate on ways of 
increasing supplies, expanding distribution networks, keeping costs within reach, and ensuring 
that the objectives of energy use—rather than just the quantum of energy consumed—are 
optimally met. This would require action on several fronts simultaneously, aimed at enhancing 
supplies while managing needs prudently. 

Optimizing Resource Utilization 

172. As noted earlier, available world reserves of fossil fuels are presently deemed adequate 
for meeting baseline demand projections to 2030, but insufficient for elevating average 
developing country consumption, even for Asia, to current OECD standards. Optimizing the 
supply of available energy resources in such a scenario will require nations to ensure that 
positive trends are further accelerated and supplemented—such as by the increasing 
deployment of renewable energy (e.g., especially for dispersed and off-grid applications); use of 
alternative liquid fuels and technologies (e.g., for transportation); switching to efficient 
technology options (e.g., combined-cycle power generation, cogeneration, etc.) and fuels (e.g., 
natural gas instead of oil for electricity generation); and reducing transformation, transportation, 
and distribution losses (especially of electricity). Such technology and fuel switching is already 
gaining momentum in the region: for example, after a period of substantial increase in oil-based 
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thermal power generation, Pakistan has lately substituted indigenous natural gas in virtually all 
such plants (which led to a ten-fold decline in the country’s annual furnace oil imports from 2000 
to 2004), and currently has on its roads the third-largest fleet of CNG-powered vehicles in the 
world (which has reduced growth in diesel and gasoline imports). At the same time, the 
unavoidable consequences of increased resource use would also need attention so as to 
reduce their adverse impacts, such as atmospheric pollution and global warming. Given 
continued trends, cleaner burning coal technologies in particular will be vital to help offset some 
of the potentially large emissions of GHGs, particulates, and other pollutants that would be 
released otherwise. 

173. Increased energy trade between regions and countries can also help improve the 
economics of resource use. Most energy resources, such as gas and oil deposits, and large-
scale hydropower, can be most optimally employed when utilized by two or more countries to 
exploit economies of scale and production techniques. This is particularly true for Asia, where 
regional disparities in supply-demand shortfalls and surpluses exist in close proximity (for 
example, the large natural gas reserves in Bangladesh and West Asia, adjacent to a large gas-
deficit market in India, or electricity imports into South Asia from gas and hydropower-rich 
countries in the north). Trade also allows countries to diversify their fuel mix, introducing an 
increased level of energy security, reducing costs, improving operational flexibility and 
efficiency, enabling the best energy use technologies to be employed, and improving 
sustainability of use by opening up cleaner fuel options—although carries with it increased 
supply and price risks. 

174. Political, strategic, and price volatility risks have frequently mitigated against expanded 
intraregional energy trade within developing Asia (such as in the case of gas imports from Iran 
and Central Asia into India and Pakistan, or for increased international cooperation in civilian 
nuclear programs), a situation that needs to be redressed to the extent possible, as shown by 
several successes within the ASEAN countries (e.g., the partially implemented regional power 
grid, gas pipeline between Thailand and Malaysia, and more planned links between fields in 
Indonesia and Singapore, Thailand, and the Philippines). The increasing importance of liquefied 
natural gas (LNG), allowing additional flexibility in the transportation of natural gas across large 
distances, although requiring substantial investments in related infrastructure and market 
development, would help boost the international trade and use of this clean, efficient fuel across 
the region and beyond. 

Expanding Renewable and Alternative Energy Supply 

175. Of particular importance in supplementing existing energy resources is the increased 
use of renewable resources employing solar, hydro, wind, geothermal, and biomass conversion 
technologies. Although not without their own environmental and economic risks, such 
technologies carry virtually none of the climate change and local pollution drawbacks associated 
with fossil fuels, and in addition offer other important advantages: practically inexhaustible 
resource base; zero fuel costs or recurring import requirements; predictable lifetime production 
costs; suitability for dispersed deployment near loads served, hence reducing transmission 
costs and losses; and application sizes ranging from household-level to utility-scale. These 
latter attributes make renewable energy, especially power and biogas generation, particularly 
apt for rural or remote locations, where modern energy services are most needed and for which 
expansion of electricity and gas transmission networks is particularly difficult or load demand 
uneconomical. Increased renewable energy use, especially for the rural poor, is thus an 
important potential means for significantly improving energy provision above baseline trends in 
Asia, given that most countries have adequate suitable resources of one kind or the other. 
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176. However, renewable energy deployment is often complicated by formidable barriers—
high initial capital and transaction costs, inadequate legal and regulatory frameworks, lack of 
technological familiarity, hidden subsidies for fossil fuels, low awareness of benefits and 
available resources, etc.—and entrenched political and market biases that must be overcome 
through policy intervention and state support. A major issue is for governments themselves to 
be able to strategize renewable energy use properly and cost-effectively, given their often 
limited experience of the underlying complexities. For instance, while grid-connected hydro, 
wind, and biomass-based power generation can be economical in many instances, the provision 
of attractive initial incentives and external financial support necessary to attract private sector 
investments in such projects can often cloud the economic cost of the energy produced with 
respect to other available options, including online idle conventional generation capacity (with its 
low marginal activation costs). Thus, unless carefully considered, such projects can 
cumulatively lead to raising, instead of lowering, system-wide costs of power generated over 
their lifetimes, or risk creating uneconomical “stranded” capacity if the external financial support 
mechanisms are eventually withdrawn. In other words, as some of the leading wind power 
countries learned from their initial experiences, even success in achieving a sizeable installed 
renewable energy capacity may yet result in questionable economic gains. Relatively expensive 
grid-connected power technologies, no matter what their external benefits, can thus not 
necessarily be considered as a viable means for providing greater amounts of affordable energy 
to the poor, and thus should be critically evaluated in this respect in the specific national 
context. On the other hand, smaller dispersed off-grid projects, often considered less glamorous 
by planners and investors alike, can offer substantially greater economic payback because the 
cost of alternative supplies is usually much higher and the avoided cost of zero supply even 
greater. According to the World Bank, investments in off-grid generation projects are the 
quickest way to get electricity to the 1.6 billion in the world presently without lights. 

177. Other peculiarities of renewable energy deployment that are often underestimated and 
can lead to suboptimal deployment relate to the need for tailoring policy support appropriately, 
based on a wide variety of instruments and strategies that have been tested in the past with 
varying levels of success, as discussed briefly separately below. Notwithstanding such barriers 
and need for policy sophistication, which international and multilateral cooperation can 
specifically help developing countries adopt for their own respective situations, the accelerated 
development of renewable energy, particularly for isolated household and community use, 
would represent an important means of addressing energy poverty in rural Asia. 

178. End-use considerations and demand characteristics also have important consequences 
on resource use, and are discussed separately below. However, it is important to point out that 
alternative energy and end-use technologies, especially renewables, biofuels, energy efficiency, 
and demand-side management, can collectively allow for much greater fiscal space for more 
innovative energy planning and a redirecting of resources from merely sustaining existing 
energy use patterns to expanding them to serve greater numbers of the poor. 

Improving Service Delivery 

179. In addition to increased supply coverage, affordable pricing, and more productive uses 
of energy, improvement in quality and reliability of services can enhance its economic value and 
benefits at low marginal cost. Service delivery criteria include availability in terms of quantum 
(unlimited versus rationed) and frequency (continuous, as required or intermittent, as available); 
quality (voltage, calorific value, octane and cetane values, etc.); and relative pricing (versus 
alternatives, as well as volatility and inflation). 

180. The poor in particular, especially in rural communities, suffer inordinately on account of 
poor service delivery, even when modern energy is made available to them. Unpredictable 
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supplies make it difficult to work efficiently, while prolonged outages or shortages can make it 
virtually impossible. Such insufficient availability of supplies for the poor is very common, as 
utilities and fuel suppliers generally accord a very low priority to their lowest paying, lifeline 
consumers and often divert limited supplies away to bigger customers during the frequent 
disruptions common to developing country production assets and supply networks. Routine 
maintenance of the supply and access infrastructure (distribution lines, pipelines, roads, etc.) in 
poor communities is similarly inadequate because of the typically low revenue market and 
negligible political voice presented by poor citizens. As a result, they endure not only low 
efficiency of energy use, but incur greater expenses on account of frequent damage to their 
energy-consuming appliances and machinery caused by voltage fluctuations and power 
distortions, adulterated fuels, and reduced gas pressures. This raises the ultimate unit cost of 
the energy consumed by poor households to levels higher than those accruing to their more 
affluent counterparts, decreasing the economic utility of such services for them greatly. Price 
escalation and variability introduces economic shocks that many poor are ill-equipped to deal 
with, and are often a cause for a relapse into poverty for the borderline segments that spend as 
much as a third or more of their net incomes on acquiring energy. 

181. System-wide service delivery issues are also important. In particular, existing electricity 
transmission and distribution losses, which are as high as 15%–25% in South Asia and 
Indonesia, need to be plugged through institutional, policy, and technical improvements to more 
acceptable levels, closer to the 4% in the Republic of Korea and Japan, for instance. In some 
developing Asian countries, as much as 40% or more of the meager total power generated is 
lost to transformation, transmission, distribution, and pilferage losses. Such high system leaks 
are ultimately paid for by the consumer in the form of higher tariffs, which lowers their 
competitiveness and incomes, reduces access for the nominally poor, and drives down the 
economic benefit of the energy supply further. 

Increasing Efficiency of Use 

182. In parallel to increasing energy supply and distribution at prices that make universal 
access possible, optimal energy use is also important in closing the gap between unsatisfied 
needs and inadequate available resources. In this respect, energy conservation methods, use of 
efficient devices, and other demand-side management practices represent a “virtual” energy 
resource that can readily be tapped into, usually at a fraction of the cost of providing equivalent 
“real” energy, with little or no loss of productivity, convenience, or other benefits. For the 
consumer, waste or excessive use of energy really means paying more than is needed, and 
hence conservation and efficiency translates into financial savings. For the energy supplier, the 
energy thus saved can be provided to meet additional latent demand, especially during peak 
periods, and for expanding their customer base, while for the nation this translates into 
increased productivity and income. Energy efficiency, therefore, in any context represents a 
“win-win” proposition. 

183. However, like renewable energy strategies, energy efficiency and conservation markets 
are difficult to establish in developing countries because of traditional consumer preferences, 
vested commercial interests, and general government ennui. Many utilities, incorrectly, initially 
view it as reducing demand, and hence revenues. Other barriers include inefficient monopolies, 
uneconomic pricing, lack of awareness and wasteful practices, weak environmental compliance, 
and technology and financing gaps. Energy price rationalization and subsidy removal often 
helps instigate efficiency of use. Technology transfer and policy support is also usually required 
in many cases, and international technical assistance can be of particular value in replicating 
tested practices, interventions, and products locally. 



 
 

                          ENERGY FOR ALL  87 

Redirecting Interventions 

184. Policy measures and necessary legal and regulatory frameworks that provide for greater 
investments and partnerships between governments, private sector, communities, and others in 
providing modern energy services and infrastructure, especially electricity and cooking fuels and 
efficiency improvements, to the poor on affordable terms need to be devised, adopted and 
widely propagated. Without such external interventions and barring technological 
breakthroughs, market forces by themselves cannot engineer such a shift from the baseline 
scenario. Policy instruments and regulatory reform are the most potent means by which 
governments can redirect and improve resource utilization, meet demand equitably, and 
manage methods of energy use at least cost. 

185. Policy tools can be effectively employed to remove the institutional, regulatory, 
technological, social, and price barriers that impede investments where they may be needed the 
most, such as in serving rural and poor communities. However, such methods must be 
judiciously devised and monitored for impact, recognizing that different solutions may be 
required for meeting the needs of the urban and rural poor, or in implementing and nurturing 
disparate energy resources, technologies, and markets. Policies must also provide safeguards 
to protect the poor during reforms and against sudden price shocks, help mainstream energy 
issues into poverty reductions schemes (e.g., PRSPs) and development plans, and mobilize the 
necessary financial resources and agencies to support energy-centered development 
objectives, such as the revised MDGs described in the previous section.  

186. The policy environment for renewable energy needs to be evolutionary to be able to 
respond to maturing technologies and markets specific to each country, with important industry-
wide commonalities, lessons, and global and regional replication possibilities. For instance, 
while commercial-scale wind power may need subsidy support and preferential tariffs up front to 
help initiate incipient capacity, this must gradually evolve toward a more market-based pricing 
regime—once barriers have been significantly reduced and mechanisms for taking externalities 
into account introduced—in order for the wind industry to remain sustainable. Thus, for instance, 
the policy regime could systematically move from investor-friendly “price-setting” options, such 
as feed-in laws and investment and production incentives, toward more flexibly priced utility-
based “quantity-forcing” measures, such as renewable portfolio standards, green tariffs, and net 
metering and billing that allow competition within, and then across, different renewable energy 
technologies, ultimately leading to consumer-oriented “market-priced” tariffs competing against 
all available generation sources once the renewable power industry is fully established in the 
country. Along the way, a combination of other policy incentives can be offered to bring about 
necessary investor and buyer response, such as capital subsidies, grants, and rebates; fiscal 
and tax credits; sales, import, energy, and excise duty reductions; public investments and loans; 
concessionary financing; public competitive bidding; and mandated rural electrification 
schemes. The range of policy options available for even a specific alternative technology can 
therefore be quite staggering, and selecting an appropriate combination that remains responsive 
to a particular market developing over time in a given country therefore requires astute 
management skills—experience that may initially be in short supply in developing nations with 
no prior relevant experience. International support and capacity building in this respect can 
therefore play a particularly significant role in devising successful policy interventions and 
avoiding tactics that have previously failed elsewhere. 

187. Environmental policy measures aimed at promoting clean technologies, such as carbon 
credits, green pricing, and pollution taxes, can help increase alternative energy investments and 
lower their retail prices. Similarly, in the transportation sector measures to phase out leaded 
fuels, introduce cleaner fuels (low sulfur diesel and CNG), mandate engine tune-ups and 
enforce vehicle age restrictions, introduce catalytic converters, implement better inspection and 
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maintenance regimes, improve mass transit and public transportation, encourage pedestrian 
and bicycle traffic, and improved city and road planning can help reduce the consumption of 
fuels and enable redistribution of energy resources to the previously neglected. This is 
particularly true for developing Asia, where the rapid growth of vehicle fleets in fast growing 
economies presents a serious looming concern both in terms of their environmental impact as 
well as escalating oil import costs, given that per capita vehicle ownership among the large 
populations of the PRC and South Asia is still far below developed country levels. 

188. Subsidized rural electrification, a policy goal of many developing Asian countries, 
requires hard targeting, tighter economic valuation, better defined cutoff criteria, demonstrable 
budgetary sustainability, explicit tie-in with indicators of quality, reliability and use, and verifiably 
improved impact on women and high priority social services. Such schemes must always be 
evaluated against other options, such as dispersed supplies, including off-grid community- and 
household-scale renewable energy. Areas where grid extension is not economically feasible 
(even over a limited time horizon), must be demarcated at the outset for the provision of 
alternative energy, with at least as much budgetary support as would have been involved in 
connecting them to the grid. The principle here should be two-fold: first, that such areas should 
not be left in limbo indefinitely, without any modern energy services or targeted dates for grid-
supplied electricity; and second, that all citizens have an equal right to modern energy services, 
regardless of their geographical location and income status, and therefore deserve at least 
equal investment per capita on energy supply. 

189. It is also important that such alternative energy services should be comparable in levels 
of quality and convenience to conventional supplies. Often, rural renewable energy schemes 
have failed in developing countries because they tend to cater for the most minimum needs, and 
that too sometimes only partially, not realizing how even communities previously completely 
deprived of, say, electricity, can quickly move beyond such basic requirements to larger 
appliance holdings and consumption patterns as they discover the many benefits of the new 
resource, and outgrow the initial installed capacity as their economic condition improves. 

190. Thus, the relevant policy strategy must provide a flexible approach to providing cost-
effective and practical energy solutions, realizing that individual energy needs and consumption 
patterns of even the poorest do not remain static but grow with time, income, and evolving 
aspirations, and that every human being feels an innate need to constantly move up the energy 
ladder in order to achieve a better life for himself and his future generations. Meeting minimal 
needs may be acceptable at first, but the solution must allow for gradual enhancement 
subsequently, ultimately integrating such supply into the mainstream energy economy, if 
continued progress toward attaining higher human development goals is to be achieved. In 
many hilly regions of the PRC for instance, the establishment of small hydroelectric plants in 
remote locations spawned dispersed local distribution grids which, with the emergence of 
additional such small networks, gradually increased in density until finally coalescing into larger 
regional grids that could ultimately be connected to the national electricity network. The 
commensurate human development fallout for the local populations, raising them from a 
situation of isolated poverty to living conditions comparable with the rest of the country, can 
easily be visualized. 

Pricing Energy 

191. Energy prices influence consumer choices and usage levels, as well as affecting 
national economic development and growth. High energy prices can reduce the number of 
people and purposes that such resources can serve, increase costs of production and fuel 
import bills, and reduce production, exports, and incomes. However, they can also stimulate 
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more efficient use, technological innovation, and the quest for more natural energy reserves and 
alternative energy production techniques. 

192. In addition to increased supply and wider distribution, affordability is the other vital 
ingredient of energy access for the poor. As seen earlier in Section 4, even roughly uniform 
retail power tariffs across Asian countries can result in huge differences in per capita electricity 
consumption that are apparently directly influenced by per capita GDP, indicating that below a 
certain income level this form of energy becomes rapidly unaffordable. This can be explained by 
the predominance of lowest-tier consumers among the customer base of utilities in most 
developing Asian countries, for whom electricity bills represent a major household expenditure. 
The situation is similar with petroleum products, especially diesel and kerosene used by the 
poor for transportation and lighting, and LPG used for cooking. Long-term escalation and abrupt 
changes in the prices of these supplies particularly impact the poor who can already barely 
afford minimal necessary purchases and have no additional disposable income or cash 
reserves to finance higher costs. 

193. Although lifeline rates are usually cross-subsidized by governments, these lower rates 
are seldom adequate for increasing energy access and often instead result in a large portion of 
the benefits accruing to the affluent as well, reducing their effectiveness and underpricing supply 
unnecessarily for those who can afford to pay its full cost. Poorly designed subsidies also distort 
the relative price of fuels, inhibiting fuel switching based on true economic costs; discourage use 
of alternative resources; send price signals that promote inefficient use; impose undue burden 
on the supply system, infrastructure, and environment; reduce the ability of the utility to 
maintain, expand and improve delivery system without state support; decrease public 
investments and discourage private investments; impose a heavy financial burden on tax 
revenues and foreign exchange earnings; and impede development of indigenous and 
renewable resources. 

194. From a supply perspective, every such subsidy has an associated energy saving 
potential that can be realized by reducing it. Therefore, energy pricing, taxes and subsidies in 
developing countries require a major rethink in order to make modern energy services 
affordable to the poor, while curtailing unnecessary and wasteful use across the board. This 
would involve, for example, a reevaluation of both subsidy levels, forms and pricing structures, 
increasing “smart” subsidies where they can be more effective and have a greater economic 
payback, lowering connection and other one-time charges for the poor, and introducing 
microfinancing and community participation to help distribute the cost of service delivery for 
those who might not be able to afford it up front. Demonstration projects have shown that the 
poor can obtain the same level of energy services at much reduced costs simply by moving up 
the energy ladder to modern fuels instead of using inefficient, traditional biomass and kerosene. 
In such cases, they are often prepared to pay nearly the full cost of, say electricity and LPG, 
because the alternative of using kerosene or fuelwood may involve higher expenditure or 
unproductive labor. Subsidy design can be refined to augment and optimize such comparative 
advantages, reducing total outlays, benefiting greater numbers of the poor, and improving 
energy use while avoiding introducing wholesale price distortions. Energy taxes, especially on 
petroleum products, are often an important source of government revenue and help check 
demand. These also need to be carefully considered in terms of their impact on economic 
productivity, competitiveness, and affordability. Tax receipts from energy services can be better 
utilized for increasing energy access, cross-subsidizing use by the poor, and funding cleaner 
alternatives, instead of being subsumed for general budgetary support purposes.  

195. In addition, economic instruments for pollution control, including pollution charges, fiscal 
incentives and financial facilities for environmental equipment, and pricing policies favoring 
cleaner fuels, road and car use, etc., can be introduced to reduce the environmental cost of 
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continued fossil fuel use and help check excessive use. As discussed earlier, the primary 
beneficiaries of any reduction in the environmental impact of energy use would be the poor. 

Reforming and Restructuring Markets 

196. Most Asian economies, spurred by globalization and encouraged by multilateral 
agencies, have embarked upon liberalizing their economies and restructuring their energy 
markets to bring them in conformance with free market principles that encourage competition 
and attract private participation. Sector reforms and market-oriented policies are gradually 
replacing public sector monopolies and central planning, leading to a boom in private 
investment, with electricity generation receiving the largest investment. Attractive policy 
incentives have also led to increased exploration for oil and gas in regions that were previously 
untouched due to lack of resources and multinational corporate interest. Fuel distribution 
networks have likewise expanded considerably and service quality improved as international 
marketing companies have taken up local sales and distribution, attracted by the potentially 
large consumer base in developing Asian countries. Innovative marketing and financing, quality 
and efficient products, and increased competition among suppliers have translated into 
welcome gains for large numbers of the Asian population who were previously accustomed to 
abysmally poor energy service standards. 

197. However, such reforms have also presented new challenges, especially for the poor. 
Investments are increasingly influenced by commercial profitability, rather than social needs or 
benefits, resulting in those with little or no purchasing power to be further neglected. At the 
national level as well, private financing chasing the highest returns has sometimes created 
serious investment imbalances and infrastructure constraints. For instance, while independent 
power producers (IPPs) have greatly supplemented power generation in several Asian 
countries, investments in their transmission and distribution networks have lagged behind, 
creating major bottlenecks in terms of service delivery. Large-scale increase in privately funded 
consumer credit has prompted a phenomenal rise in vehicle ownership among the large 
populations of the PRC, South Asia, and Southeast Asia, placing an enormous strain on road 
infrastructure and air quality, besides driving up oil imports, and accounting for a rising burden 
on government expenditure that could otherwise be allocated for more direct development 
spending. At the same time, private investments in dispersed power and other fuels have 
lagged behind. Most of these effects have left the poor in these countries worse off than before 
or, at best, further excluded from the commercial economy. 

198. Energy price reforms have invariably accompanied market deregulation, leading to 
rationalization and determination through supply and demand principles. While the level of price 
distortion has been reduced and charges are gravitating toward a cost-of-service delivery basis, 
unless the subsidy protection provided to the lowest-income segment of consumers is 
simultaneously bolstered and made more effective, as discussed above, the affordability crisis 
for the poor will only worsen. Reduced government sharing of energy revenues (through taxes 
and business charges), in addition to smarter subsidy mechanisms, is essential to increasing 
private investments while maintaining reasonable consumer price levels. Policies that 
encourage decentralized energy supply, thereby eliminating transportation costs and losses, 
through public and private investments, assume greater significance in markets based on least-
cost principles. 

Financing Supply and Access 

199. Meeting the financial requirements for the increased energy production and 
transportation systems required to fuel continued worldwide growth is a challenging proposition 
even under the baseline scenario, as discussed in Section 1, that will test the capacity of the 
financial markets, especially in the developing countries of Asia experiencing the highest 
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demand growth rates. If such capital investments for physical plant and infrastructure, 
distribution chains, and management structures are not adequately mobilized, economic 
development will be impeded the most in these developing countries, and the populations of 
their poor will be the worst affected being at the end of the beneficiary queue. As noted earlier, 
because of the early and quantifiable revenue-generation potential of upstream energy 
production, these activities are increasingly being delegated to the private sector in many Asian 
countries. However, private foreign direct inflows into developing countries (PRC being a 
notable exception), especially for downstream energy investments, are often hindered by 
perceived high political, transparency, or security risks, which can only partially be overcome 
through external guarantees and multilateral risk sharing mechanisms or through supplemental 
ODA financing. Each country also needs to develop clear and stable policies and rules for their 
energy and financial markets, improve the financial health of local energy sector entities, 
especially utilities and distribution companies through effective revenue collection systems and 
effective management, and the legal frameworks for protecting contracts, investments, assets, 
and profits and for resolving disputes. 

200. The share of national financing of energy investments must also increase from the 
historical average of 1.0%–1.5% of the GDP witnessed in the past for most countries if 
significant energy supply chain improvements are to be achieved. Public investment in support 
infrastructure, dispersed and rural energy supplies, and low-cost energy delivery to the poor is 
vital in order to fill the gaps in the energy market left unserved by the private sector. Joint public-
private partnerships, along with community, non-governmental organization (NGO), and donor 
involvement, can provide effective solutions for commercially less attractive applications, 
markets, locations, and target populations. Microfinancing, especially for renewable energy-
based supplies, concessional loans, and grants can be effectively packaged with innovative 
marketing schemes, e.g., through service concessions or revolving credit lines, to devise self-
sustaining, long-term energy supply schemes for poor communities. Enhanced financing of 
public electricity use, such as for schools, hospitals, telecommunications, etc., needs to be 
adopted systematically for all rural communities. 

201. At the institutional level, domestic banks and financial institutions’ risk perceptions and 
awareness of the low-end consumer market and alternative energy investments needs to be 
improved, so that project financing can be more easily obtained by investors on terms at least at 
par with those available to the more established conventional energy industry, in order to 
remove the investment barriers that often preclude such initiatives from being fully considered or 
scaled up. 

Building Capacities 

202. Upscaling of energy-related supply and end-use hardware and infrastructure, as well as 
policy, financing, pricing and market reforms, would also require a continuous upgrading of the 
corresponding skills, facilities, and capacities required to plan, design, finance, construct, 
manage, and operate such systems and frameworks at all levels, from individuals and 
communities to institutions and national agencies. Such capacity constraints are usually a major 
constraint slowing down implementation of energy projects in developing countries, and an 
obvious area where international and multilateral assistance needs to focus. 
203. In addition, greater monitoring and evaluation of energy delivery mechanisms is 
necessary to identify bad investments, prevent misuse, and replicate successes. Lax energy 
supply metering, flat tariff rates, or even free-of-cost service delivery is often employed in 
developing countries for meeting temporary political and social exigencies (e.g., domestic gas 
supply in Bangladesh, and farm electricity supply in some Indian states), but become difficult to 
rectify later when they become taken for granted, wasteful behavior becomes entrenched, and 
the costlier alternatives elicit strong consumer resistance. Most developing Asian country 
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interventions suffer from week feedback, remedial, and follow-up action, which extends the 
learning cycle for successful interventions and results in misdirection or squandering of limited 
resources and ineffectual institutional memory. 

204. A much stricter and efficient governance regime would be required for any strategy that 
attempts to deviate significantly from the business-as-usual scenario. Since policy frameworks 
are a leading determinant of change, initial emphasis must be placed on expediting the 
development and implementation of appropriate guidelines, incentives, regulations, and fiscal 
measures that can induce positive change in the local supply and use of modern energy 
services by all segments of the national population. 

7. Sustainable Energy for All 

A Global Partnership 

205. It follows from the preceding discussion that providing energy access to the world’s poor 
will involve greatly enlarging the commercial energy resource base as well as devising 
measures to help meet unsatisfied human needs in the developing countries through supply 
chain and demand side optimization and efficiency improvements. This will require global action 
in undertaking investments to expand energy production, increasing commerce in energy 
commodities to improve choices and supplies where they are needed most, and reducing 
wasteful consumption in developed societies to help spare resources for those elsewhere 
deprived of their bare minimum requirements. It will also involve local action within developing 
countries for attracting greater domestic and foreign investments in improving the energy 
service infrastructure and delivery networks, and adopting development priorities that fully 
recognize the role of modern energy in poverty reduction and human development. For this too, 
international cooperation in devising and replicating successful, cost-effective energy solutions, 
policy and regulatory regimes, market reforms, and bilateral and multilateral financing would be 
a key enabler. Finally, regional and global environmental consequences of both baseline energy 
use methods as well as augmented supply scenarios will become all the more acute in the 
future, requiring renewed commitment to preemptive mitigation efforts, with the developed and 
developing world working in tandem to evolve least-cost alternative development scenarios that 
minimize the economic pain on both. 

206. Alternative development scenarios to baseline energy use patterns are particularly 
relevant to developing Asian countries given their large growth prospects, and require much 
more active national and regional collaboration in designing, testing, and implementing 
innovative methodologies, sharing available resources, and reducing costs of delivery. 
Developing Asian countries share many similar social conditions, economic issues, and cultural 
practices and face common development challenges, especially with regard to widespread 
poverty, rural energy systems, gender inequality, sectoral reforms, demand-side management, 
and social mobilization and productive uses. These can benefit from a coordinated and 
collaborative response strategy and successful regional interventions that can supplement and 
stimulate local action, help tap potential additional resources, enable technology transfer and 
capacity building, and reduce implementation costs. 

207. It is clear, therefore, that energy access improvements in developing Asia and elsewhere 
will require a much more active global partnership in the future, with all stakeholders recognizing 
their respective roles and expected contributions, realizing the enormous mutual benefits of 
reducing world poverty, hunger, and deprivation. 

208. Multilateral support, and the Asian Development Bank’s role in particular, in helping 
developing Asia undertake actions for ensuring universal energy access can be channeled more 
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effectively through specific short-, medium- and long-term assistance strategies that deliver 
innovative and effectively monitored policy, technical, and financial interventions based on 
lessons relevant to these countries.  

The Technology Wildcard 

209. Technological innovation can greatly alter the dynamics of any economic activity, and 
energy systems are no exception. It is particularly relevant to note that developing Asia has 
exhibited declining energy intensities in recent decades, even with present low levels of per 
capita energy consumption, contrary to the experience of the OECD countries, where intensities 
initially rose with incomes before falling with further economic growth. This trend is expected to 
continue, with the United States Department of Energy predicting 1.38% per annum decline in 
intensity for developing Asia between 1999 and 2020. This suggests a degree of technology 
leapfrogging effects, with these countries shifting directly to highly efficient equipment, vehicles, 
and energy use systems and bypassing some of the intermediate technologies adopted by the 
industrialized countries in the past. Asia is also adapting earlier on its development path to 
cleaner energy technologies. Indeed, as noted earlier, the environmental footprint of increased 
per capita energy consumption for developing Asian nations is expected to be smaller than that 
of many OECD countries at an equivalent stage. This is primarily because of the larger pool of 
renewable and alternative energy supplies, particularly hydro and increasingly wind and natural 
gas, present in their national energy mix. 

210. Further technological advances, driven by the startling recent fossil fuel price rise and 
global climate change fears, will only accelerate such trends. Fuel cells, ethanol (ethyl alcohol 
obtained from crops such as sugarcane, maize, barley, wheat, etc.), and biodiesel (fatty acid 
alkyl esters obtained from vegetable oils and animal fats), along with hybrid and flexifuel car 
technology, are becoming increasingly cost-effective alternatives to gasoline and diesel as 
transportation fuels. Scaling up of cellulose ethanol (obtained from wheat, corn, barely, oats, 
sorghum, rye, and sugar cane feedstock) pilot production is in progress in several advanced 
countries. Renewable energy technology, especially wind, hydro and biomass conversion, are 
close to becoming or are already competitive with mainstream power generation options, while 
solar photovoltaic costs continue to plummet downwards, and other renewable technologies 
(wave, tidal stream, etc.) are in advanced technology development and demonstration stages. 
Cleaner coal technologies, including liquefaction, will make it easier to utilize the vast existing 
reserves of the fossil fuel for electricity generation. New fuels, such as ethanol-derived gels, 
DME (dimethyl ether), GTL (gas-to-liquids) and hydrogen, are emerging as likely energy carriers 
of the future. 

211. Energy efficiency standards and performance levels have also improved drastically 
across the board on account of technological improvements in most applications, devices, and 
end-uses—industrial processes, vehicles and commercial jets, household appliances, space 
heating and cooling systems, lighting, etc.—as well as for energy production and handling 
techniques—thermal and renewable power generation, oil and gas extraction, compression and 
conversion, etc. Nuclear power is making a comeback, after a prolonged period of neglect on 
account of safety issues, with improved technology and, theoretically, enormous generation 
potential. Fusion research has advanced steadily, although still distant from application in 
commercial electricity generation. 

212. Virtually all of these technologies promise substantial additional sustainable energy 
resources that can help meet future demand and have substantially reduced or near-zero 
lifecycle carbon dioxide emissions attributes compared with fossil fuels. Thus, although various 
technical and economic barriers still need to be overcome in the production, storage, 
distribution, and energy conversion aspects of some of these technologies, while additional 
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massive infrastructural investments would be required to transform a fossil fuel-based world 
economy to, say, one using hydrogen as the main energy carrier, a gradual transition is 
beginning to take shape, driven by cost improvements and periodic technological 
improvements. 

213. Technological breakthroughs that fundamentally alter the prevailing situation can also 
occur, especially when research and development (R&D) efforts are intensified as a reaction to 
future supply and price threats. Major deviation from anticipated trends in incremental 
technology improvement and growth can occur unpredictably, and is therefore more of a reason 
for added optimism in defining future energy strategies than a quantifiable input to actual 
planning. However, if and when such a technology wildcard enters the equation, it has the 
potential to radically and quickly change the prevailing situation and future prospects for the 
better. As mentioned, increased emphasis on R&D, including financing technological innovation 
in the developing world that has often been quick to invent, adapt, and improve methods for its 
own specific needs, is the primary means for raising the prospects for such breakthroughs to 
occur. An emphasis on technology transfer, assimilation, and local development has to be a 
corollary to international cooperation in future energy research. Open markets could also spur 
efficiencies and more rapid technological adaptation and improvements, and should be 
encouraged in developing countries lagging in such reforms. 

Lessons for Developing Asia 

214. Current and future prospects for energy supply, existing usage patterns, and the impact 
of these on the world’s poor, of which almost a third live in Asia,34 are well documented and 
alarming in their implications. In summary, the following key lessons emerge for the developing 
countries of Asia from the analysis presented in this paper. Translated into action, they can offer 
an alternative vision for the sustainable growth of Asian countries in which energy inputs can be 
utilized not only to power development, but also to rapidly reduce poverty and human 
deprivation. 

• Modern energy supplies are a prerequisite for human growth and decent living 
conditions. 

• The world’s poor cannot escape their economic and social predicament without an 
adequate infusion of such supplies, at rates that are affordable and sustainable. 

• Such large increases in energy provision are costly in both financial and 
environmental terms, requiring alternative and complementary strategies for 
achieving them. 

• Under current business-as-usual scenario, although relative improvement in energy 
access and human development indices are expected in the coming decades, the 
absolute number of the energy poor will remain largely unaltered, consisting mainly 
of the rural population in developing countries. 

• Asia must therefore rethink its development strategy, aiming at efficient and optimal 
resource utilization, demand-side management, and exploitation of renewable and 
other supplementary energy resources. 

• The objective for developing Asia has to be clearly targeted: increasing the access to 
and affordability of modern energy consumption, especially electricity, by its poor as 
a means for achieving acceptable national human development levels. 

                                                 
34 According the World Development Indicators published by the World Bank, of the 1.089 billion people in the world 

surviving below $1 a day in 2002, 702 million lived in the Asia and Pacific region. 
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• On the one hand, this would involve recognizing and integrating energy needs 
overtly in development strategies by setting quantitative targets for service provision, 
such as by augmenting the MDGs and associated strategies accordingly. 

• On the other, it would require Asian countries to undertake comprehensive policy, 
sector, and market reforms in order to make widespread energy service provision at 
economic costs through optimal mobilization of public and private financing possible. 

• This will also require greater equity in the worldwide distribution and consumption of 
existing energy resources, where reduction in excessive energy use would free up 
supplies and help lower the environmental footprint of fossil fuel use. 

• At the same time, developing Asian countries must ensure that incremental gains in 
energy provision and economic progress are not offset by unchecked population and 
insatiable future demand growth. 

• Multilateral agencies can play a particularly important role in catalyzing such action 
and facilitating countries in devising and financing complex structural and policy 
changes, suited to local conditions and capacities, required to realize more optimized 
and sustainable scenarios. 

• Asian countries have achieved impressive energy intensity improvements through 
technology leapfrogging, but in other respects, particularly in transportation, industrial 
and residential use, is following the trail of energy-intensive developed economies, 
which need not be an unavoidable option. 

• Strategies that aim to replace traditional biomass with modern energy fuels should 
receive the greatest attention, as the health, gender, and productivity costs of the 
former can be debilitating for the poor. 

• Rural energy requires the most serious attention, and modern fuels and energy for 
basic cooking, electricity, and mechanical power needs of such communities should 
be a mandatory objective of national planning. Rural supplies need to allow flexibility 
for rapid future escalation in consumption levels. 

• The provision of reliable electricity is key to moving beyond the basic needs for 
modern lifestyles and economic growth. Access to grid supplies, or equivalent off-
grid solutions, at rates that are affordable for all is essential for mainstreaming the 
poor into national economies and productive employment, while raising their living 
standards and development status. 

• Tariffs relative to incomes are central to electricity use and other forms of energy 
consumption among the poor, and the linkage must be factored into energy pricing 
and subsidy programs in developing countries. 

• Dispersed, off-grid solutions represent a potentially greater economic and poverty 
reduction payback among the vast rural populations of Asia, and should be given 
priority, while grid-connected generation should be based on least economic cost 
considerations, taking externalities into account. 

• Greater public resources need to be diverted toward energy service provision, 
especially for dispersed supplies and network expansion. The former can be 
facilitated through well-designed capital grants to help lower the high up-front costs 
of renewable energy applications for the poor (PV systems, small hydro, biogas 
digesters, improved cookstoves, micro wind turbines, etc.), making such energy 
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access possible for the millions that are otherwise able and willing to sustain their 
recurring costs. 

• Taxes on excessive energy use (and pollution) can help check energy waste, induce 
cleaner and efficient use, and create supplemental financing for system expansion 
and improvement for the poorer market segments. 

• Service delivery standards, in terms of availability, reliability, and fuel quality are 
particularly important for the poor, who cannot afford the hidden costs of inferior 
supplies. 

• Increased intra-regional energy trade can enable Asian countries to exploit their 
indigenous energy resources more optimally by enabling them to share the benefits 
of economies of size, while also increasing their fuel choices through competitively 
priced external supplies. 

• Increased technology research emphasis into emerging energy resources and 
conversion methods is required, in which developing Asian countries need to actively 
participate. Commercial adaptation of new technology and fuels should be an 
objective of Asian economies, given the large potential gains to be achieved. 

• Overall economic stability and growth is essential for achieving the income-
affordability of modern energy by larger proportions of the Asia’s poor. Developing 
countries cannot achieve one without the other, and need to open their economies 
and markets to sustain sufficient investment and growth—and rapid poverty 
reduction. 

215. With an unambiguously energy-centered development strategy that fully recognizes the 
need and extent of modern energy inputs, far greater economic prosperity could lie in prospect 
for all Asian countries, not just the few that have done relatively well recently. Such energy-
driven growth would not only greatly reduce endemic poverty levels in the region within a 
generation, but would itself be derived from integrating the previously economically peripheral 
poor into the productive, mainstream commercial market. 

216. Most of all, it would finally enable the billions of Asian poor with an opportunity of 
realizing their unlimited financial and human potential. 
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Energy for All: Addressing the Energy, Environment, and Poverty Nexus in Asia

The fast-growing economies of Asia and their escalating commercial needs are set to dominate 
the global energy demand in coming years. At the same time, a substantial proportion of the
population in Asia is poor and distinguished by some of the lowest levels of per capita energy
use in the world. Meeting Asia’s growing needs and providing energy services to the vast 
number of the poor are major challenges facing the region. Energy use also affects local and 
global environment, which can intensify with increasing energy consumption in the region. 
Thus, meeting the energy needs of Asia requires an understanding of the current world 
energy situation in terms of available resources, their utilization, prospects for meeting future
demand, as well as the energy, environment and poverty linkages. The publication discusses
the issue of access to energy for all while keeping in view the energy, environment, and poverty
linkages. Based on the analysis of these issues, the publication makes suggestions for the future 
development of the energy sector in Asia.
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