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ABSTRACT

Energy, a major contributor to development, is an essential element for increasing quality of life. During the next
decades, the developing world will experience an explosive increase of energy demand, requiring enormous
efforts and ingenuity to be fully satisfied. Delays may create public frustration for not achieving paradigm levels
of quality of life, giving eventually rise to serious pressures on governments.

The concept of sustainable energy options for development cannot be analyzed under the same prism in
developed and developing countries. The relative degree of a country's development should be introduced when
setting up the path to sustainable development.
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1- INTRODUCTION

Demographic experts foresee a doubling of world population by the second half of next century, when it will hit
the mark of 10 billion people. A large part of such population, better informed than today's average individual -
through highly developed communication technologies with a much broader global range and penetration- will
have expectations of a better quality of life and will claim, if not evenness, at least an upgrading of their quality
of life to become closer to the standards prevailing in more developed societies.

Using World Bank estimates, based on population growth during the next century in member states, an annual
rate of world population growth was foreseen in the range of 0.6 to 0.7%. By 2100, world population would
reach a figure between 11 and 12 billion inhabitants. There should be almost no appreciable increase of
population in developed countries. The full increase, by a factor of almost 2.5, should come from less developed
countries of Africa, Latin America and South East Asia, and from China [1].

2- ENERGY NEEDS OF DEVELOPING WORLD

Estimates of per capita consumption evolution in each country show that the commercial primary energy
consumption in the world should reach approximately 100 GJ/cap by the end of the twenty-first century (Figure
1). This is a world average; in fact, developing countries will achieve a consumption value of 83 GJ/cap.
Although this is three times higher than the current value in these countries, it is still far away from the ideal
value of 100 GJ/cap for a quality of life within the expected overall social progress of humanity, as it will be
shown below. Notwithstanding, the developed country's inhabitant will continue to enjoy a much higher quantity
of primary energy, of the order of 225 GJ [2].

The amount of 100 GJ/cap will correspond to 1126 EJ total primary energy supply required in the planet by the
year 2100 (Figure 2). Such requirements will grow from 336 to 1126 EJ in the 1990 to 2100 period,
corresponding to an increase of about 3.35 times. This estimate takes into account all savings resulting from
technological improvements reasonably foreseeable in the areas of energy production and energy final use, as
well as from the decrease in the rate of growth of power demand in countries reaching higher levels of
development.



3- PRIMARY ENERGY SOURCES LIMITATIONS

The energy sources currently considered for sustaining such a demand increase are those having a well-mastered
technology (fossil fuels, nuclear, hydro and geothermal) and those for which technology has a reasonable chance
of being available in the coming years, in a scale sufficient for supplying economically large concentrations of
demand (solar, biomass and urban waste). Wind and tide power can be considered for localized relief, as they do
not fulfill the requirements needed for supplying large concentrations of demand.
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Figure 1 Primary energy demand per capita
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Figure 2 World primary energy needs



It has to be borne in mind that some of these sources of energy have great limitations:

• according to BP/Amoco estimates, if current consumption trends are maintained, oil and gas
reserves would be exhausted by the second half of the 21st century; well before that, their
prices will increase to unseen levels;

" worldwide hydropower potential, assuming a capacity factor of 50%, should not surpass 66 EJ
[1], this represents only about 6% of the demand by 2100;

• due to the competition for land for agricultural purposes, the combined consumption of
firewood and biomass (sugar cane, corn, sorghum, etc.) for energy production should remain at
the level of 20 EJ/yr (with an equivalent amount for non-commercial energy uses),
representing 2% of the demand foreseen in 2100 [1];

• as for urban waste, experience has demonstrated that 0.002 EJ /yr per 106 inhabitants is the
energy that can be extracted from the waste produced; by the year 2100, the total amount
resulting by processing urban waste would correspond to 24 EJ, again 2% of total demand;

• solar energy having a very low energy density (0.002 W/cm2) should also face strong
competition from agriculture; approximately 720,000 km of sunny lands will need to be used
by solar power facilities by the year 2100; this is almost the total surface area of all agricultural
land presently available in Brazil.

Therefore, coal, nuclear and renewable energies are going to be the technologies for the supply of 90% of the
primary energy required in the next century. As all other renewable sources have important limitations, solar
energy would need to have a very substantial technological development to contribute to the supply of large
concentrations of demand, like those to be required by the megalopolis arising in the developing world.

4- ENERGY AS A FUNDAMENTAL COMMODITY

A close correlation exists between the per capita energy consumption, or unit energy consumption, and the
quality of life in a given country. The Human Development Index (HDI), that compares the quality of life level
of different countries, is shown in Figure 3 against the unit energy consumption.

It can be observed that quality of life increases almost logarithmically with per capita energy consumption up to
a value of about 100 GJ/cap, when it reaches 96%. Above 100 GJ/cap, there is no marked increase in HDI,
showing a kind of "saturation effect" of the per capita energy consumption contribution to the quality of life of
the individual citizen. An annual consumption near 100 GJ/cap will enable standards of quality of life to be
achieved which are reasonably close to those enjoyed in the more socially and economically developed countries
[3]-

5- ELECTRIC POWER NEEDS

Using the forecasts for primary energy demand, an estimate of the electric power component evolution, as part of
primary energy needs, was made for both low- and high-income countries [4] [5], High-income countries
considered in this estimate are the advanced industrial nations of OECD, Western Europe, Central & Eastern
Europe and some CIS nations, as well as some Arab oil producers. Installed capacity in GWe was established
assuming:

• a composition of the power mix among hydro and thermal power plants to get a conversion factor
for the Gtoe;

• load factors varying from 0.55 to 0.52 in low-income countries and from 0.50 to 0.53 in high-
income countries;

• power losses during generation and transmission in the range of 15-11% for low-income countries
and 12-11% for high-income countries [5].
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Figure 3 Primary energy consumption and quality of life

Estimates of installed power capacity needs, for both low- and high-income countries, are shown in Fig.4.

World power capacity would increase from about 3000 GWe in 1990 to 10500 GWe in 2050. In this period, low-
income countries should experience an increase in their power capacity from about 650 to 6300 GWe, and high-
income countries from about 2300 GWe to 4200 GWe. The increase of power capacity in low-income countries
will be remarkable: by 2050, these countries would have almost 60% of the global installed electric capacity.

6- LOW - INCOME COUNTRIES NEEDS AND LIMITATIONS

In the coming decades, low-income countries will need all kinds of available energy to develop and improve the
quality of life of their populations. In particular, their power expansion will show very large annual rates.
Initially, due to lack of capital, they will give precedence to less capital-intensive power plants, like fossil-fueled
plants (coal, oil, natural gas), even if these projects do not correspond to a planned expansion optimized size.
Save few exceptions (China, India, Brazil), these countries are unlikely to consider nuclear and large
hydropower plants.

Additionally, a great number of low-income countries have limited grid sizes. They will only require smaller size
units to fit into their grids. This again leads to the installation of conventional fossil-fueled plants or relatively
small hydro projects.

Low-income countries' priorities will need to be addressed generally to the supply of large concentrations of
population, because the most severe demand conditions are there, and also, because it should be the most
effective way to fulfill expectations of better quality of life for a greater number of citizens.

Based on fossil-fuel supplies, these low-income countries will make their development programs vulnerable to
sharp increases in fuel prices. As they lack sufficient capital resources to stock enough fuel, as high-income
countries do, they will be subjected to difficult political decisions to maintain the energy supply at all times.

Also, due to scarcity of capital, low-income countries will lack of reserve mechanisms to adapt their
development plans to unforeseen economic, political or meteorological changes. If they have entered a
deregulated market, problems arising from drought years or extreme climate conditions (very cold winter, very



hot summer) will create a more critical impact on the energy supply than in high-income countries, because the
spot cost of energy will soar to prohibitive values. (In high-income countries when this happened -i.e. in the
years 2000 and 2001, in California- some mechanisms to cap or delay payment of electricity bills were put into
place at a cost to the utilities and the government).
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Figure 4 Electric Power Needs

7- PROBLEMS OF CAPITAL AVAILABILITY

To introduce such large energy supply programs, low-income countries will face the challenge of getting
available capital resources at low interest rates. This is a market where the actors are both high- and low-income
countries. Low-income countries will have to compete for capital with high-income countries to implement low
investment power plants (i.e. natural-gas fuelled).

Reliance on market economy does not necessarily solve the problem of lack of capital. Investors require political
commitments like:

• economic stability of the country or freedom for tariff adjustments,

• guarantee of stable or subsidized exchange rates for imported fuel and for capital
returns.

Deregulation does not assure cheaper kWh costs, because it implies a supply under free market conditions that
does not necessarily lead to an optimum power generation park, as economies of scale are not achieved, because
this would require investments to be recovered in relatively larger time spans.

Smaller sized units can become more popular everywhere, in either low- or high-income countries, making
energy more expensive overall:

• in large grids, because local availability of private capital resources will make their
construction feasible in small communities,

• in low-income countries, due to lack of capital for installing the optimum size.



8- ACHIEVABLE DEVELOPMENT VS. SUSTAINABLE DEVELOPMENT

The environmental protection variable is an element to be considered from both high- and low-income countries'
perspectives, when analyzing sustainable energy development issues.

According to the Kyoto Protocol of December 1997, the U.S., the European Union and Japan committed
themselves to reduce their CO2 emissions respectively by 7%, 8% and 6% from 1990 levels. Globally, a total of

p

22x10 t/yr of CO2 were emitted in that year. By 2025, a reduction of 5% of this amount should be achieved and,
by 2050, the reduction should reach 10% (Figure 5). (The current U.S. administration has declared that they may
not implement their Kyoto commitment).

Social pressure may accelerate the process to somehow tax combustion gases emissions. Countries would
receive emission quotas that, if exceeded, could lead to a surtax. Unless emission rights are exchanged with other
countries, the cost for producing excess fossil fuel power might become uneconomical.

Due to the environmental protection variable, a likely scenario would discard coal as a source of energy in high-
income countries and, with time, in low-income countries as well. The use of natural gas should increase in both
types of countries, not only because of its economics, but also because of its higher efficiency that allows
emitting a lower percentage of greenhouse gases per unit of energy produced. This should solve the problem
until world reserves will start to dwindle and, then, the costs of this resource will commence to rise to
unacceptable levels.

In addition, the other available sources of energy are far from providing clear-cut alternatives. People's
resistance to nuclear power in high-income countries is notorious and governments feel shy to recognize nuclear
power as a valid option. Solving future supply problems by recourse to renewable energy technologies is not a
realistic proposition when considering, as previously mentioned, their limitations and the levels of current
technologies.

Low-income countries will face a dilemma to satisfy their needs for development capital [6]:

• Compete with high-income countries for capital to finance fossil-fueled units (mainly
natural gas), or

• Delay their development programs and sell gas emission quotas to high-income countries.

The approach to this problem by all, high- and low-income countries, should be to agree on the boundaries each
group considers for sustainable development. The result will be an acceptable "achievable sustainable
development" for low-income countries.
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Figure 5 Kyoto Protocol - Reduction ofCQ2 Emissions



9- CONCLUSIONS

When analyzing the concept of sustainable energy options for development, a differentiated approach is needed
for high-income and low-income countries. Due to their different levels of development, certain concepts that
apply in one group (i.e. future energy supply conditions) cannot be extended to the other group.

In the coming years, low-income countries will experience an enormous expansion in energy demand and this
will provoke great constraints on their development programs. This should not the case for high-income
countries.

Initially, with few exceptions, low-income countries will need to adjust themselves to the use of non-capital
intensive energy producing projects, like fossil-fueled plants. Their needs will mostly require small and medium
sized plants. Due to deregulation and free market power supply, a competition with high-income countries is
foreseeable for capital resources to finance natural-gas power plants, currently the preferred system for this type
of power plants.

The environmental protection variable will add a new dimension to the implementation of low-income countries'
power expansion plans, i.e. the dilemma of either to compete with high-income countries for capital to finance
power units, or to delay development programs and sell gas emission quotas to them.

In the coming decades, the energy supply situation in low-income countries should be of great concern because
of possible political and social instabilities that might arise from the governments' failure to satisfy expectations
of better quality of life for their populations.
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