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ABSTRACT

The world population is rising rapidly, notably in the developing countries. Historical trends
suggest that increased annual energy use per capita is a good surrogate for the standard of living
factors which promote a decrease in population growth rate. If these trends continue, the
stabilization of the world's population will require the increased use of all sources of energy as .
cheap oil and gas are depleted. The improved efficiency of energy use and renewable energy
sources will be essential to stabilizing population, while providing a decent standard all over the

world.
KEYWORDS

Population, Energy Demand, Energy Efficiency, Renewable Energies

INTRODUCTION

Today, renewable energy is some 13% of the world annual energy use of about 9,000 million
tonnes of oil equivalent (Mtoe/a; 1 toe = 42 GI). Fossil fuels account for the bulk, about 80%, of
the energy use. In the future, it is postulated that these roles will change as energy demand nises
and cheap oil and gas are depleted; even without consideration of global warming effects. The
changes will be driven mainly by the developing areas, which have relatively less of the fossil fuel
reserves, but have a substantial potential to deploy renewable energies.

A study of historical trends suggests that population growth rate may be viewed as depending,
roughly, on a mixture of two factors relating to culture and standard of living respectively
(Goldemberg, Johansson, 1995; Duchin, 1995). A good surrogate for standard of living appears to
be the annual energy use per capita (Goldemberg, Johansson, 1995). The author has developed a
simple relationship, which permits coupled annual values of population growth rate and energy
use per capita to be derived for each part of the developing world - Africa, China, East Asia, South
Asia, and Latin America. The growth rate is updated every decade.
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Annual Growth rate = (E¢ -E5)/(160 Eo¥-38); ' (1

- where Ej is the annual energy use per capita, adjusted for efficiency gains obtained after the year
2000 (i.e., a 50% efficiency improvement allows a given amount of primary energy to be worth
1.5 times as much in supporting the standard of living);

- and Eg is the annual effective energy use per capita at which the population growth rate is zero
(typically 2 to 3 toe/cap.a today). It may be viewed as a measure of the cultural factors.

REFERENCE CASE

The reference case for projecting world population and energy use assumes that steady efficiency
gains will be made across-the-board from 2000, rising to 37.5% by 2050, 75% by 2100, and 100%

by 2200.

The World Bank population projections (Bos, et al, 1994) and the energy/capita predicted by the
International Energy Agency (IEA) (World Energy Outlook, 19935) for 2010 are used for the
OECD countries of Europe, the East, and North America, and the Former Soviet Union, Centrally
Planned Europe, and the Middle East. These countries have low population growth rate or in the
latter case unclear connection of population to energy vse. The energy per capita is decreased in
proportion to the efficiency improvements. The alternative case in which these areas take
efficiency improvements as an increase in standard of living is also calculated.

For the developing areas, the primary annual energy per capita is increased systematically beyond
the level predicted for 2010 by the IEA so as to stabilize each population in the time period 2100
to 2150. The starting factor E¢ is chosen to match the present day trends and is allowed to
decrease with time (See Fig. 1 for the example of South Asia for which E; = 2.5 initially and

decreases to 2.0 by 2100).

Historical values are used for 1971-1992; predictions of the IEA (World Energy Outlook, 1995)
and the World Bank (Bos, et al, 1994) for 1992-2010; and the reference case of this paper for 2010
to 2100. Interestingly, this approach led to population evolution for developing areas similar to
those of the World Bank's standard case (Bos, et al, 19935).

Reference case of this paper:

Area Ec(10)-Ec(100) Stable Population Peak Energy Demand
Africa 2.6--2.2 3,140 millions 3,270 Mtoefa
China 2.5--2.0 1,700 millions 2,250 Mtoe/a
East Asia 3.0--2.4 1,140 millions 1,530 Mtoe/a
South Asia 2.5--2.0 2,850 millions 3,000 Mtoe/a
Latin Amer. 3.5--2.8 940 millions 1,410 Mtoe/a
World 11,810 millions 15,900 Mtoefa

VALUE OF EFFICIENCY GAINS

For the reference case, the world peak annual energy use is 15,900 Mtoe/a:

a.) If the efficiency improved more slowly, e.g., to 25% by 2050, 50% by 2100 and 95% by 2200,
the peak energy would be 18,100 Mtoe/a. The integrated increase in energy demand from 2010 to
2100 would be 138,000 Mtoe. This is comparable with the total proven plus projected recoverable
natural gas reserves {World Energy Council, 1995).

b.) If the developed world, FSU, CEE, and Middle East chose to take efficiency gains to increase
their standard of living, rather than to reduce energy use, the energy increment 2010-2100 would

be 110,000 Mtoe.




Total proven and projected, recoverable oil reserves are 212,000 Mtoe. (World Energy Council,
1995).

RENEWABLE ENERGY DEMAND

A substantial potential is believed to exist in the world for renewables; for biomass (Johansson, et
al, 1993), 4,900 Mtoe/a; for hydropower (World Energy Council, 1995), 780 Mtoe/a (clectric); and
for windpower (Sorensen, 1993), 4540 Mroe/a (electric). Roughly half of these energy resources
are In developing countries. The rest of the energy will have to be supplied by fossil, solar,
geothermal and nuclear (fission and fusion) sources. While China and Latin America have large
fossil energy resources compared to their expected demands, Africa, East Asia, and South Asia do
not. In addition, fossil fuels are not evenly distributed in Africa, Asia, and Latin America. In
South Asia it is projected for the reference case that demand will rise to 2,900 Mtoe/a, while
proven and projected, recoverable, fossil resources are ~ 80,000 Mtoe. Similarly, for Africa the
projection is for up to 3,200 Mtoe/a, while fossil reserves are 2 100,000 Mtoe. It can be expected
that these areas will favor their indigenous sources, which are primarily renewable energies. An
example distribution of world energy sources for the reference case is shown in Fig. 2. For each
area preference was given to indigenous energy sources; on the average, 55% of the potential
biomass, 95% of the hydropower and 20% of the wind power was deployed, with the highest
percentages in the areas which had the greatest need. The balance of solar and nuclear (fission +
fusion) energy use will depend upon the relative costs, technical capabilities of each area and
public acceptance. The alternative to their use is probably a greater use of fossil fuels. For the
reference case, renewable energies rise to over 60% of the total energy use. The consequences of
not having the energy available, within this model, would be massive population increases in the
deprived areas and, ultimately, the same demand for energy but from more poverty stricken
populations! It is essential, therefore, that energy efficiency improvements and all energy sources,
importantly renewables, are developed and deployed rapidly to ensure that the converse occurs -
population stabilization with a decent standard of living for all!
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Fig. 1.

{oe/cap.a

South Asia population growth rate versus annual energy
use per capita: 1971-1992 historical data [1,2]; 1992-2010
predictions [1,2]; 2010-2100 reference case projections:
adjosted energy.
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Fig. 2. Total Annual Energy Use for 2010 to 2300 with Potential
Energy Sources (added to give total): a.) Lower Efficiency
and developed countries take efficiency gains as increase in
standard of living. b) Higher efficiency gains and developed
countries use gains to reduce energy use.
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