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The world is very different now. For man
holds in his mortal hands the power to
abolish all forms of human poverty and all
forms of human life.

To those people in the huts and villages of
half the globe, struggling to break the bonds
of mass misery, we pledge our best efforts to
help them help themselves.

- President John F. Kennedy, Inaugural
Address.
January 20, 1961

...we will be forced increasingly to define
security more broadly...

And we must advance a larger agenda to
fight the poverty that breeds conflict and war.

Until we confront the iron link between
deprivation, disease, and war, we will never
be able to create the peace that the founders
of the United Nations dreamed of.

- President William J. Clinton, Remarks to
the United Nations Security Council
September 7, 2000

ABSTRACT

This paper explores the relationship between measures of human well-being and consumption of energy and
electricity. A correlation is shown between the United Nations' Human Development Index (HDI) and annual per-
capita electricity consumption for 60 populous countries comprising 90% of the world's population. In this
correlation, HDI reaches a maximum value when electricity consumption is about 4,000 kWh per person per year,
well below consumption levels for most developed countries but also well above the level for developing countries.
The correlation with electricity use is better than with total primary energy use. Global electricity consumption
associated with a "Human Development Scenario" is estimated by adding to U.S. Department of Energy projections
for the year 2020 increments of additional electricity consumption sufficient to reach 4,000 kWh per capita on a
country-by-country basis. A roughly constant ratio of primary energy consumption to electric energy consumption is
observed for countries with high levels of electricity use, and this ratio is used to estimate global primary energy
consumption in the Human Development Scenario. The Human Development Scenario implies significantly greater
global consumption of electricity and primary energy than do projections for 2020 by the DOE and others.

INTRODUCTION: ENERGY, HUMAN DEVELOPMENT, AND CONFLICT

The relationships among energy consumption, economic growth, standard of living, and the potential for conflict
have attracted the attention of a number of researchers.

Writing in the January/February 2000 issue of Foreign Affairs, Richard Rhodes and Denis Beller1 cite, as a
national security issue, the need for increased energy production in the developing countries to enable their
populations to escape from human misery and minimize the potential for violence. "Development depends on energy,
and the alternative to development is suffering: poverty, disease, and death. Such conditions create instability and the
potential for widespread violence. National security therefore requires developed nations to help increase energy
production in their more populous developing counterparts."

Jose Goldemberg,2 writing in Science in 1995, observes that, in 1993, 75% of the world's population, living in
the less developed countries (LDCs), used only about 30% of the world's commercial energy. Conversely, the 25% of
the population that live in industrialized countries accounted for 70% of global energy consumption. But Goldemberg
projects that by about 2010 energy consumption in the LDCs will surpass that in the industrialized countries because
of high population and economic growth in the LDCs. "For developing countries, development means satisfying the



basic human needs of the population, including access to jobs, food, health services, education, housing, running
water, and sewage treatment. The lack of access of the majority of the people to such services provides fertile ground
for political unrest, revolution, and the hopelessness and despair that lead to emigration to industrialized countries in
the search for a better future."

Goldemberg cites quantitative measures of human well-being, some of which will be of interest here. "Despite
the enormous progress that has been made around the world in all areas during the past few decades, the fact still
remains that in poor developing countries, life expectancy is 30% shorter, infant mortality reaches numbers above 60
deaths per 1000 live births (compared with less than 20 in industrialized countries), illiteracy is higher than 40%, the
total fertility rate increases dramatically to five or six children as compared with two in industrialized countries (which
is just enough to keep the population in equilibrium), there is a high degree of pollution due to lack of sanitation, and
more than 2 billion people lack access to electricity."

Over a quarter of a century ago, also in Science, Roger Revelle3 described the historical contribution of energy in
shaping the human condition. "All ancient civilizations, no matter how enlightened or creative, rested on slavery and
on grinding human labor, because human and animal muscle power were the principal forms of energy available for
mechanical work. The discovery of ways to use less expensive sources of energy than human muscles made it possible
for men to be free."

Chauncey Starr et al.4 have pointed to anticipated large increases by 2060 in the use of primary energy (by a
factor of 2.4) and electricity (by a factor of 4.7) even with full conservation, driven by high population and economic
growth rates in developing countries.

There is, of course, the reverse aspect of the energy-development-conflict relationship. Care must be taken with
energy development, as with all development, to maintain environmental sustainability. The roots of conflict may also
be found in scarcity that results from environmental degradation. Thomas Homer-Dixon5 counts rising energy
consumption and global warming as two of nine observable physical trends in the global human-ecological system.*

The main purposes of this paper are, first, to describe quantitatively, or at least semi-quantitatively, the
relationship between energy use and measures of human development, and second, to use this relationship to estimate
future global energy consumption levels associated with high human development criteria. In other words, we want to
define a "Human Development Energy Scenario" and estimate the associated global energy consumption. The
standard-of-living criteria which are of interest here include some of those cited by Goldemberg, such as longevity
and literacy, rather than those directly associated with energy use, such as vehicle miles traveled or building climate-
conditioning degree-days.

M.S. Alam et al.6 correlated quality-of-life data with per-capita electrical energy use for 112 countries and
developed mathematical formulae to describe these correlations for life expectancy, literacy, and infant mortality.
Their data for electricity are taken from a 1976 United Nations report that compiled data through 1974. In this work,
we find that electrical energy consumption is more significant than total primary energy consumption. Here we use
more recent data (1997) and attempt to extend the analysis to project global electric energy consumption for 2020
associated with a high human development index as defined by the United Nations. For countries with relatively high
levels of per-capita electricity consumption, we observe that the ratio of total primary energy use to electric energy use
is roughly constant. We will use a conservative value for this ratio to project global total primary energy use in 2020
as well.

THE UNITED NATIONS' HUMAN DEVELOPMENT INDEX

Since 1990, the United Nations has compiled and published annually statistics on indices of human development
and the environment ("human development indicators") including population and demographic trends; life
expectancy, nutrition, and health; income and poverty; energy use; education; mortality rates; access to safe water and
sanitation; carbon dioxide emissions; etc. The 1999 report includes data for 174 countries.7

The UN reports also include a calculated "Human Development Index" for each country. This index combines
data for standard of living, represented by a discounted value of gross domestic product (GDP) per-capita); longevity;

* The others, according to Homer-Dixon, are human population growth, stratospheric ozone depletion,
rising cropland scarcity, tropical deforestation, rising scarcity of freshwater, decline offish stocks, and loss
of biodiversity.



and educational attainment/ The reports explain in detail how the index is computed. The HDI represents a
combination of several indices, not just one, and is therefore a useful measure of "human development." It has the
additional advantage that two-thirds of the index weight represents attributes that are not directly economic (and, as
shown in Appendix B, the index can be easily modified to remove the GDP component that accounts for the
remaining one-third). Nor are these attributes associated directly with energy use, as are vehicle miles traveled and
space conditioning. The table in Appendix A presents ranges of values and average values for each of the four human
development indicators that make up the HDI in high, medium, and low human development categories as classified
by the UN. For example, the average life expectancy in countries with an HDI of 0.8 or greater is 77.0 years (range
71.7-80.0), with an HDI of 0.5-0.8 it is 66.6 years (range (44.1-75.7), and with an HDI below 0.5 it is 50.6 years
(range 37.2-60.7).

THE GLOBAL STUDY SAMPLE

To simplify calculations while retaining global significance, a sample of 60 populous nations has been selected
for analysis. These are the 60 most populous countries in the world, not including Taiwan, Afghanistan, and North
Korea, for which the UN does not report human development indicators or indices. This 60-nation sample, totaling 5.7
billion people, accounted for about 90% of the world's population, primary energy consumption, and electricity
consumption in 1997. In the year 2020, these 60 nations are projected to account for 90% of the world's population
and 90% of the world's electricity consumption. Estimates of electricity consumption are based on the U.S.
Department of Energy's Reference Case projection,8 and population projections are taken from the U.S. Census
Bureau's International Data Base (IDB).9

THE HUMAN DEVELOPMENT INDEX AND ITS RELATION TO ELECTRICITY CONSUMPTION: AN
ELECTRICITY THRESHOLD FOR MAXIMUM HDI

The United Nations' Human Development Index is plotted against annual per-capita electricity consumption for
60 countries in Figure 1. These data are for 1997. Significantly, there is a threshold at about 4,000 kWh per capita,
corresponding to an HDI of 0.9 or greater, in the relationship between HDI and electricity consumption. Although
four countries with consumption levels somewhat above 4,000 kWh per capita have an HDI below 0.9,* no country
with annual electricity consumption below 4,000 kWh per person has an HDI of 0.9 or greater. Above 5,000 kWh per
capita, no country has an HDI below 0.9. Furthermore, as electricity consumption increases above 4,000 kWh, no
significant increase in HDI is observed. (Electricity consumption above 4,000 kWh per person per year is associated
with increasing GDP per capita. However, because the calculation of the UN's Human Development Index discounts
high levels of GDP, increases in HDI beyond the 4,000 kWh level are small.) At the low end of the electricity-use
scale, of 27 countries with an HDI below 0.7, the annual per-capita electricity use in 24 is less than 1,000 kWh. Of 20
countries with an HDI below 0.6, annual per-capita electricity use is less than 1,000 kWh in 19.

+ The Human Development Index (HDI): "The HDI is based on three indicators: longevity, as measured by
life expectancy at birth; educational attainment, as measured by a combination of adult literacy (two-thirds
weight) and the combined gross primary, secondary and tertiary enrolment ratio (one-third weight); and
standard of living, as measured by real GDP per capita (PPP$)."

* South Korea, Russia, Saudi Arabia, and South Africa.
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Figure 1. The United Nations' Human Development Index and electricity use. 60 Countries, 1997.
Sources: Human Development Report 1999, United Nations Development Programme, Table 1; International Net
Electricity Consumption Information, Energy Information Administration, U.S. Department of Energy,
<http://www.eia.doe.gov/pub/international/iealf/table62.xls>; International Data Base, U.S. Bureau of the Census,
<http://www.census.gov/ipc/www/idprint.html>.

Data for 1980 show an HDI plateau somewhat less than 0.9 but an electricity threshold also at about 4,000 kWh
per capita.10 (See Figure C-l in Appendix C.)

For 1997, the population distribution for the Human Development Index and for electricity consumption are
shown in Figures 2 and 3 for the global 60-country sample by plotting cumulative population at or below the indicated
values of HDI (Fig. 2) and annual per- capita electricity consumption (Fig. 3). In Figures 2 and 3, populations are
shown in percent. In Figure 4, cumulative populations are plotted in absolute numbers against electricity consumption,
and the area to the left of the curve is proportional to total annual electricity use in kWh. The two large population
gaps in Figures 2, 3, and 4 represent the populations of India (0.9 billion) and China (1.2 billion).

As shown in Figure 2, only 14.6% of the sample global population enjoyed an HDI of 0.9 or greater in 1997.
Figure 3 shows that 18.4% of the sample global population used 4,000 kWh or more of electricity. As reflected in
Figure 4, this population subset accounted for 69.4% of the electricity used in the 60-nation sample. (See also Table
1.) Conversely, 66.2% of the sample population used less than 1,000 kWh per person per year and accounted for only
15.6% of the electric energy used. (Figures 3, 4, and Table 1.)
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Figure 2. Population distribution of the United Nations' Human Development Index. 60 Countries,
1997.
Sources: Human Development Report 1999, United Nations Development Programme, Table 1; International Data
Base, U.S. Bureau of the Census, <http://www.census.gov/ipc/www/idprint.html>.
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Figure 3. Population distribution of per capita electricity consumption. 60 Countries, 1997.
Sources: International Net Electricity Consumption Information, Energy Information Administration, U.S. Department of
Energy, <http://www.eia.doe.gov/pub/international/iealf/table62.xls>; International Data Base, U.S. Bureau of the
Census, <http://www.census.gov/ipc/www/idprint.html>.


