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Foreword 

Throughout mankind's history, energy consumption has changed substan
tially due to the growth of the world's population and the great changes in 
human activities. The world's population continues to increase, having 
nearly doubled during the past third of this century. World energy con
sumption has increased even more rapidly, having more than quadrupled 
over the same period. The observation of historical consumption data over 
a significant time period, made by the author of this article, clearly indi
cates that there are no reasons to expect an interruption of this growth in 
the future which is considered to be the most important stage in the his
tory of energy consumption. Each level of energy consumption has been 
accompanied by the corresponding primary energy sources and by the 
energy-related technological development. 

According to the author's conclusions, the development of energy 
systems will be determined in the near future (the next 30-40 years) by 
contemporary energy technologies based on the exploitation of traditional 
energy resources, but in the more distant future technologies based on the 
exploitation of thermonuclear and solar energy will play the decisive role. 
Future energy development will be determined to a great extent by social 
and ecological factors and by the public's acceptance of new energy techno
logies. The Technology, Economy, and Society Program at IIASA has 
been involved for several years in assessing the socioeconomic and ecologi
cal determinants of global energy development and will continue to study 
this activity in more depth. 

PROF. F. SCHMIDT-BLEEK 
Leader 

Technology, Economy, and Society Program 
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The paper determines an outline of the world energy prospects 
based on principal trends of the development of energy consumption 
analysed over the long past period. 

According to the author's conclusion the development of ener
gy systems will be determined in the nearest future (30 - 40 years) 
by contemporary energy technologies based on the exploitation of 
traditional energy resources but in the far future technologies ba
sed on the exploitation of thermonuclear and solar energy will play 
the decisive role . 

INTRODUCTION 

One of the characteristic features of our time is the fact 

that a common viewpoint is shared by the energy community that our 

society is in a transient state towards new sustainable energy 

systems. Such new sustainable energy systems should be more effi

cient, reliable and safer, invironmentally cleaner and flexible to 

future energy demand. Many opinions exist as to what these new 

energy systems should look like and the possible paths of transi

tion to this future. The first Energy Program , carried out at !!ASA 

under the leadership of Prof. W. Hafele, showed that possible bases 

for sustainable energy systems are nuclear fission and fusion and 

hard solar power / 1/ . And with hydrogen as a possible energy carri

er nuclear and solar systems seem to be very reasonable and promis

ing as a sustainable energy option /8/. Novel horizontally integra

ted energy systems /2/ were considered the most favorable transition 

to this energy future along with the use of methanol /11/. The past 

years have brought about a change. First, estimates for oil and gas 

reserves and resources have changed substantially. Second, the pri

ce for oil decreased despite of many forecasts and third, Three 
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Mile Island and Chernobyl caused serious debates about the future 

of nuclear energy. In spite of these new circumstances and consi

dering old uncertainties about the future energy demand, it will 

be interesting to observe the historical human energy consumption 

and energy technology development. As the proverb states, the futu

re exists in the past, this exercise will help in assessing future 

energy development. 

HISTORICAL ENERGY CONSUMPTION ANO FUTURE PROSPECTS 

Human societies use energy for many purposes . The level of 

energy consumption varies from country to country and region to 

region, depending on resource availability, technological develop

ment, economics and other factors such as lifestyle, culture, cli

matic conditions, etc. At present, total consumption of all forms 

of energy is very high (Fig. 1). 

During the next half hour you spend reading this article 

about 25D,OOO tons of coal will be mined worldwide. During the sa

me half hour, over 1.0 million barrels of crude oil, or about 

150,000 tons, will be extracted worldwide and nearly 100 million 

cubic meter of natural gas will be pumped from wells or separated 

from crude oil. Further, 0.5 billion kilowatt-hours of electricity 

will be transmitted from power plants - energy which could light 

up five billion 100 W light bulbs during that half hour (T ab. 1). 

Valued in per capita terms, these energy flows amount to nearly 

7D GJ annu ally, equivalent to about 2.5 Lo ns of hard coal or 1.6 

tons of cr ude oil for ~~ery inhabitant of this planet. 

Throughout the history energy consumption has changed sub

stantially (T ab . 2). There are at least seven stages of the energy 

consumptio n level which reflect human development (F ig. 2). The 

pri mitive man, about one million years ago, had only the energy 

content in the food he ate. The hunting man, who lived about 

100,DOO years ago, produced more food and used wood for heating 

and cooking. For these reasons his energy consumption increased. 

The primitive agricultural man, who lived about 5000 B.C., produ

ced crops and used animal power for cultivation, and his energy 

cons umption level was much higher than that for the hunting man. 

By 14DO A.O., the advanced agricultural man used already coal for 

heati ng and also water and wind power . This enabled him to produ

ce more food and to trade his products . The industrial man of the 
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WORLD ENERGY 

CONSUMPTION 

1986 8 , 0 Gtoe 

WORLD ENERGY 
PROVEN 

RESERVES 

1986 1106 Gtoe 

32% - Coal 

41% - Oil 

23% 

4% 

Natural 
Gas 

Uranium 

Oil - 10% 
Natural 
Gas-7% 

--.=---! Uranium - 2% 

Coal - 81% 

Source : World Energy Conference 1986 

Fi g. 1 World Energy Proven Reserves 
of Non-renewable Energy Sources 
and Structure of World Energy 
Con sumption 

r---------- -------------1--------------- -------------- ------- ----- , 
:----------~ ~~E9~-~!Q~~ i -~QE!9~!9~i _ !~---- : 

Energy Sources : Half an Hour : One Hour : One Year : 
---------------------- -1--------------L------ ------L-------------' I I I 1 

Coal (t) : 250,000 500,00 0 : 4.4 x 10 9 : 
I I 9 I 

Crude oil (t) : 150,000 300,000 : 2.63 x 10 : 
Natural gas (million m3): 100, 000 200, 000 : 1. 85 x 10 12 : 

Electricity (kWh) i 0.5 x 10 9 , 1.0 x 10 9 , 8.8 x 10 12 i 
- -------------------------------------~- - ----------~-------------

Table 1 Global Energy Flows i n 19 87 
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YEARS AGO YEARS AHEAD 

2 5 12 26 77 230 545 

V. Okorokov, llASA, 1988 

Fig. 2 Huma:;i Energy Cons'...lnption Throughout 
History - Daily per Capita Consumption 
(1000 kcal) 

-------- ----------------------------------------------------------! 
I 1-- - _g~! !Y. _~~~ - ~~12!!~_, ~Qf:!~l;!f!l!2!!g~ -~ ! ggg_~,~~!2 __ : 

:Food : Residential : Industry : Trans- : Total 
1 and 1 and 1 porta- 1 

, , : Commercial : Agricul- : tion : 
I I I I ture I I L __________________ J _____ l ______________ J __________ J _______ J _____ _ 
I I I I I I 
1Primitive man 1 2 1 1 1 1 2 
I I I I 

:Hunting man : 3 2 : : 5 
I I I I 

: Primitive agricul-: : : 
, tural man 1 4 4 4 1 1 12 
I I I 

: Advanced agri c: ul- : : 
1 tural man 6 12 1 7 1 1 1 26 
I I I I 

: Industrial man 7 32 : 24 : 14 : 77 
I I I 

: Technological man 1 10 66 : 91 1 63 : 230 

: Uni ve rsal manlE ) : 35 100 : 220 : 190 1 545 , 
- - ~; s~~r~:~ ~ -E".-c~~k".- s~i;n-tir i;-A~~;i-c~~ ~ -se~t~~b";r-1971- - - - - - - - - - - - - - - - - - -

Estimates by V. Okorokov, IIASA, 1988 

Tabl e 2 Energy Consumption Throughout History 
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late 19th century introduced the steam engine as a source for me

chanica l energy and added electricit y as a new source for indus t r i 

al development. Therefore, total energ y consumption increased man y 
times in comparison with the advanced agricultural man . The moder n 

technological man utilizes advanced steam and gas turbines , e l ec

trical engines and nuclear reactors as wel l as rockets as too l s 
for technologica l development , improving his phys i cal comfort and 

quality of life . As can be seen f rom the historical energ y consump
tion data for the whole period of human existence , ther e was a co n
t i nuous growth in energ y demand (Fig . 2) . Durin g the las t two cen

turies this growth was substantia l, whic h is the most revea ling 
s i gn of man ki nd' s rising civ il ization. And th ere ar e no reaso n to 

interrupt this growth in the futu re, wh i ch we consid e r the seven th 
stage in the his t or y of ene rgy cons ump t i on. 

For man y reason , the futur e ene rgy consump ti on mus t be co n

s idered th e mo st i mpor t an t s t ag e in th e hist ory of man kind. Firs t 
of a l l , alt e ra t i on s t o the na t ura l r eso urc es will c ontinue in or 

de r t o use thei r energ y more e f fe c tive ly, wh i ch wi ll i nc re as e the 
future energy growth. Second, techn ol ogic a l progress will continue 

in all dir ect i on s of huma n ac t i vity - i n agr i cu lture, transporta

tion, and industrial and r esidential areas. Great progress will 
be made al s o in space. The univ e rsal ma n wi l l not only travel 

thr oug h the un i verse, but a lso do e verything in order to use na
ture's forces in the most universal way. The universal man will 

consume much more en e rgy than the te c hnological man. As can be seen 

from Fig. 2, the daily per capita energy consumption in lDO years 
will be not less than 545,000 kcal, i.e., 2.37 times more than the 

daily energy con s umption of the technological man. He will consu
me more energy for food production and its st or age, for housing 
and transportation and for his innovative - technological activity, 

which will include agriculture, industry and commerce in their cur
r ent me aning. More energy consumption will allow mankind many o t her 

activities, hard to envi s age now. For example, using other planets 
and oceans as raw mineral basins and new energy sources and using 
des erts f or agriculture and for growing energy production , etc. 
Energy is t he blood of huma n activity and growing human activity 

provides new possibilities for increa s ed energy production. 
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ENERGY CONSUMPTION ANO SUBSTITUTION 

Each level of energy consumption was accompanied by the 

corresponding primary energy sources. The primitive man used only 
wild food in order to have energy for his physical activities. The 
hunting man used wood as the main energy source. The primitive 
agricultural man used farm waste and the advanced agricultural man 
used animal, water and wind power. The industrial man fulfilled 
his energy needs with coal and the technological man uses natural 
gas and oil as the main energy sources (Fig . 3). Following this 
way of thinking it is possible to conclude that the universal man 

will use nuclear fusion and solar energy as the source with the 
highest energy content. From this observation one can conclude that 
growing energy consumption is also accompanied by the corresponding 
primary energy sources with higher energy content (Fig. 4). This 
observation also shows that at the early stages of energy consump
tion man used mostly local energy sources which were more accessi
ble and only at later stages man used more complicated energy sour

ces like water power, coal and, of course, oil, gas, and nuclear. 
The process of energy substitution does not have a consis

tent pattern. Consumption of previous energy sources continues 
although with a declining share. This is the result of related 
energy technology development, which will be discussed in the next 
section. 

BRIEF HISTORY OF ENERGY TECHNOLOGY DEVELOPMENT 

Throughout the history, the growth of energy consumption 
was accompanied by the energy-related technology development. On 
one side this growth was a result of the progress in energy techno
logy development but on the other side it stimulated inventions. 
Energy-related technology development has a very long history. It 
started over more than one million years B.C., when the hunting 

man made use of fire. During this period many discoveries were ma
de and many inventions were carried out 1Tab. 3). The most impor
tant discoveries in energy development were made during the past 
two centuries (invention of the steam engine, discovery of electri
city and nuclear power, etc .), which encouraged a dramatic increa
se in industrial and technological developments and their related 
energy consumption increases (Fig. 2). Energy technology develop-

10 
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2 
1 

Year 
million 
million 

15000 
3500 
1500 
1300 
1000 

700 
400 

B.C. 27 
A.o.25o 

600 
1116 
1200 
1230 
1600 
1688 
1694 
1712 
1743 
1747 
1769 

1800 
1802 
1831 
1834 
1837 
1860 
1876 

1879 
1881 
1883 
1894 
1895 
1903 
1904 
1905 

1927 

1937 
1942 
1945 

1951 
1952 
1954 
1957 
1961 
1969 
1986 
1987 
Near 
future 
Distant 
future 

Event 
First use of stones as tools 
First use of fire by hunter-gatherer societies 
Beginning of pottery 
Rise nf cities, first use of metal, invention of wheel 
Invention of lever 
First tools made from smelted iron 
Chinese produced natu~al gas from 3000-ft wells and transported 
the gas in bamboo pipelines;gas was used for space heating and light 
First use of pulley 
First drilling for oil 
Invention of waterwheel 
Chinese first to use water mills and gunpowder 
Windmills development by Arabs 
First use of cannons in Europe 
Coal mining begun in Europe 
Rockets and hot-air balloons development in China 
Firewood and timber scarcity in England 
First distillation of coal gas 
Shale oil produced in England 
Invention of steam engine by Thomas Newcomen 
Water turbine development 
Discovery of atmospheric electricity by Benjamin Franklin 
First automobile (three-wheeled steam-powered vehicle by 
Cugnot in France) 
Electric battery built by Volta 
First steam locomotive 
Electric generator developed by Faraday in England 
Electric motor developed by Thomas Davenport 
First electric automobile 
First internal combustion engine (two cycle) 
Bell invented te l ephone ; Otto built first four-cycl e 
internal combustion engine 
Edison invented incandescent light bulb 
' irst hydroelectric power plant . Godalming , England 
iteam turbine developed 
Jiesel engine developed 
Discovery of X-rays 
Wright brothers flew first airplane 
Invention of radio communication 
Einstein dis2overed the relationship between energy and 
mass : E = me 
First nonstop transatlantic flight from New York to 
Paris (Lindbergh) 
First regular television broadcast (Great Britain) 
First atomic fission reactor (Chicago) 
Atomic bomb used for the f irst time on human populations 
(Hiroshima and Nagasa ki, Japan ) 
First electronic computer built for commercial applications 
Hydrogen bomb exploded by the United States (first fusion bomb ) 
First commercial nuclear power plant in the USSR 
First satellite launched in the USSR 
First J . Gagarin space flight 
First lunar landing 
Discovery of high temperatu r e superconductor 
Nuclear fusion ITER project signed in Vienna 

Many invent i ons are at the doorstep ( superconductivity etc . ) 

Many scientific and technol ogical invent i ons to co me 

Table 3 Brief Histor y of Energ y-Relate d De velopment 
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ments came about in two ways. The first resulted in an increase in 
the number of machines and the second in an increase of the power 
output of a certain machine (Fig. 5). For example, for the steam 
engine and its successor, the steam turbine, the total increase in 
power output has been more than six orders - from less than a kilo
watt to more than a million. This process of energy technology de
velopment will continue. Many inventions are now at the doorstep 
(superconductivity etc.) and many scientific and technological in
ventions are to come. 

SOCIOECONOMIC FEATURES OF ENERGY DEVELOPMENT 

The specific features of today's energy development are of 
economic, social and ecological nature. The most characteristic 
property is the continuous growth of energy consumption and, as 
was mentioned, there are no reasons to stop this growth. But this 
continuous growth in energy consumption is accompanied by a decli
ning energy intensity, due to technological progress on one hand to 
energy conservation policies on the other. Growing energy consump
tion is also accompanied by an increasing share of high quality, 
final energy carriers. Electricity, oil and oil products, natural 
gas and gaseous products are energy carriers which all tend to in
crease their share in the final energy balance. And this tendency 
will continue because high quality energy carriers are needed in 
order to ensure a continuous social and technological progress. 
Another reason for this is the need for harmony between energy de
velopment and environment. There are many ways to achieve such har

mony which will not be discussed here in detail. One way in this 
direction are the low-waste (emission free) energy production sys
tems based on the integration of different forms of energy produc
tion /2, 10/ and on low-waste energy technologies. We believe that 
such future integrated energy systems will dominate not only from 
an environmental point of view but also because of the increased 
need for an efficient use of primary energy sources. The consumption 
of clean, renewable energy sources like wind, hydro and others, will 

increase also due to the mentioned reasons, but they will only cover 
local needs. The use of these renewable energy sources on a global 
scale is unlikely in the foreseeable future. 

One of the most important features of future energy develop
ment will be, technologically, the rationalization of energy consum-

14 
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ption, possible with the implementatio~ of computers in energy sys
tems operation and control. Socially, the integration of different 
energy production systems will also assist in the rationalization 
of energy consumption. 

FUTURE ENERGY FORECASTS 

It is obvious now that energy forecasts are very unreiiable 
because future energy development depends on many economic and so

cial factors which are unknown at present. Many forecasts are of 
limited value /4, 7/. Despite this fact we would like to give some 
highlights concerning the future energy developments, keeping in 
mind the proverb, which says that the future exists in the past. 
As mentioned, energy ~onsumption will continue. The present world 
energy consumption exceeds 8.26 Gtoe per year. The total world pro
ven energy reserves are 1106 Gtoe /13/. Assuming an increasing ener
gy consumption with annual rates of 1-2 %, then the world proven 
energy reserves will be exhausted in one hundred years (Fig. 6). 
Of course, this estimate is relative due to the possible technolo

gical progress, which will increase the reserves, and the discove
ries of new energy resources. But it does not matter at what period 
the world proven energy reserves will be exhausted, during the next 
80 or 120 years. It is obvious that in the foreseeable future all 
traditionally exploited proven energy reserves will be exhausted 
and we will have to use alternativ~ energy sources . As can be seen 
from Fig. 6, in the long-term future there arP only two primary 
energy sources, which are able to meet the demand of the growing 
energy consumption, namely, nuclear fusion and solar. The energy 
potential of these sources is high enough to maintain the continui
ty of energy services during the next one million years or so , But 
what primary energy sources will maintain the continuity of the ser
vice in the short- and medium-term, let ' s say, during the next 25-
-30 and 50-70 years? The answer to this question depends on the 
availability of traditionally used energy sources and their techno
logical, economical, ecological and social conditions of exploita
tion. In order to answer this question it is necessary to consider 
the above mentioned factors. Let us try to do this. 
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Fig. 6 History of World Energy Consumption 
and Prospects for the Future 

AVAILABILITY OF FOSSIL ENERGY SOURCES 

The energy potential of the proven fossil energy sources is 
high enough to meet the growing energy consumption of manki~d during 

the next century. It is very possible also that during this period 
the current proven world energy sources will increase. Additional 

utilization of renewable energy sources, e.g., hydro and wind, will 
also extend the time horizon of the traditionally used energy sour
ces . Therefore, from the availability point of view no great changes 

are expected in the world energy consumption pattern. 
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TECHNOLOGICAL PROSPECTS 

There are many technologies on the world energy market, the 

traditional ones and the new ones . Among the traditional technolo

gies, the oil, natural gas, coal and hydro based utilization of the
se technologies have good prospects. Nuclear technologies have not 

the experience as the traditional ones, and their technological po

tential is not fully expanded yet . There are many indicators that 
the next generation of nuclear technologies will have much more ad

vanced technical and economic properties than the today's have 
/ 4, 5/. There are many new energy technologies like MHD generation , 
photovoltaic power generation, fuel cell power generation , etc., 

which are on the world energy market, but their technical proper
ties cannot compete with the traditional technologies. There are 

also many well-known technologies based on alternative energy sour
ces, e.g ., wind, solar, geothermal , but today ' s level of their tech
nological development is not sufficient to provide the continuity 

of the growing energy demand. Hence , for the near-and medium-term , 
there is no evidence that the traditionally used energy technologi

es will be replaced by the new ones. Only one new energy technology, 

nuclear, has promising future prospects . 

ECONOMICS OF ENERGY SUBSTITUTION 

Production costs for one unit of traditionally used primary 

~nergy sources are now less than those for one unit of the new ener
gy sources . With one exception, and this is nuclear energy. Nuclear 

energy competitiveness has suffered be cause of increased standards 
for reliability and safety . The renewables, e.g., wind, solar, geo

thermal, due to their low economic potential, can only be conside
red additional energy sources. Therefore, it is unlikely that the 
situation will change in the near- or medium-term . 

ECOLOGICAL PROSPECTS 

Ecological requirements for future energy development will 
increase to a great extent. The anthropogenic energy flow is equal 
to or more than that of the natural energies , e.g., thermal gradients 
of oceans and surface, tides, etc . , and in the next century it will 

exceed the level of natural energies (Tab. 4) . The ecological impact 
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·----------------------------------~-------------------------------, 
: : Energy (TW) : 
I !-------------------------------~ 
: : At Middle of : 
: : Present Next Century : 
·----------------------------------~-------------------------------~ I I 

: Anthropogenic Energy 6.0 - 7.0 55.0 - 100.0 : 
I I 

Capacity of Power Plants 2.5 25.0 - 40.0 : 
Thermal gradients of oceans 
and surface 
Tides and low tides 
Hurricanes (tornadoes) 
Earthquakes 

2.0 - 2.5 
5.0 - 6.0 

20.0 -30.0 
25.0 -40.0 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 1 (and more) : 
!----------------------------------~-------------------------------~ 

Table 4 Comparison of natural and 
Anthropogenic Energy Flows 

of current energy systems is very high and will increase in the fu
ture, if energy production will continue to be based on exi~ting 
technologies and traditional primary energy sources. Future energy 
development will take at least three different directions. First, 
under equal conditions, preference will be given to the clean ener
gy sources, e.g., natural gas, nuclear and others. Second, current 
technologies will be improved in quick response to the increasing 
ecological requirements. Third, no waste or low waste technologies 
will enter the energy market, many of them are at the pilot stage 
today /4/. It is very likery that for the near-term the first two 
directions will be taken, but for the medium term the third option 
will determine the energy development. 

SOCIAL ASPECTS 

Energy development has both positive and negative social 
effects . First of all, energy development is a pre-condition for 
economic and social development thereby improving the living stan
dard . Throughout the history, increasing energy consumption has 
dramatirally changed the structure of human activities: man's lei
sure time and formal education has increased but time spent for his 
working activities has decreased substantially (Fig . 7). Also the 
life expectanc y of mankind has greatly increased : from 18 years 
for the primiti ve man to more than 75 years for the technological 

man . Along with th i s, also the quality and variety of food and goods 
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Fig. 7 How Man has spent his Time 
(Source : Energy Perspectives, 
Edison Electric Institute, 
February 1976 
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Fig. 8 Energy-Economy Interrelationship 
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used have increased : from natural products to a varie t y of compl i
cated products with many useful properties . Living space , en vi r on
men t, an d travel distances also have changed - t he pr im i t i ve man 
only knew his cave and immediate surrounding whereas today' s man 
knows the whole world , due to modern transport and commun i ca ti ons 
systems. And the universal man will know the universe . Fir s t steps 
i n th i s direction have been made by space fl i ghts , land i ng on th e 
moon, etc. These positive social changes will con t i nue t o have in
fluence on futu re energy developmen t thereby still increasing e ner
gy consump tion, particu l arl y the consump tion of e nergy sources with 
high energ y conten t an d qual i t y, e . g ., nucl ear ener gy, natura l gas 
and oil products , electricity, etc. 

But energy dev e l opment also has nega tive social impacts. The 
infrastructure of the current energy systems consists of many com
pon e nts requiring different processes - from the extraction of raw 
materials and fossil fuels to the energy production in its different 
forms. Development of an energy complex infrastructure requires big 
amounts of capital, material, and labor resources, due to the com
plicated energy-economy interrelationships (Fig. 8). Assessments 
made in the USSR for the energy complex requirements of a national 

economy show that over 30 % of all capital investments in industry 
and more than 19 % of the aggregate capital investments of the 
whole economy are allocated to the development of fuel and power 
production systems /6, 10, 12/. To this should be added considera
ble investments allocated to supply energy to branches which are 
not part of the energy sector, e.g., boiler stations, small-size 
power plants, etc . For the operation and future development of the 
energy systems, 6-8 % of the gross output for machinery production 
and 11-12 % for construction materials are used directly; but if 
we take into account all material inputs of the related economic 
sectors, the share of the energy complex in the consuming industrial 
products can grow two to six times /12/. The continuous capital-
and material - intensive growth of the energy complex and the related 

increasing share of national resources consumption can result in 
an decrease of the national income growth rates and particularly in 
decreasing consu~ption funds. Calculations have shown that a growth 
of this share from 14-20 % can result in slower annual average in
crement rates for the national income by 0,1 % and that for the con
sumption fund by 0.2 %, under a more intensive economic development, 
and by 0.25 and 0. 7, respectively, under a more extensive develop-
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ment . If the share in national resources consumption of the energy 

complex exceeds 25 ~. then it will be likely to cause some dispro

portions in the development of the national economy /9/. Considering 

this social effect, it will be preferable to have a less capital

and material-intensive energy development . 

But there is still another negative effect, the so-called 

social instability /10/ . Each component pf an energy system is sub

ject to social instability but their relative importance depends on 

the energy system and the type of fuel used. Social instability is 

caused by two factors: direct and indirect damage due to emissions 

at all stages of energy production, and the potential damage due 

to possible failures, accidents, explosion, etc. Direct and indi

rect damages are of stable character and exist as long as energy 

systems are operating; potential damage has a probabilityciraracter : 

it may or may not be. The accident probability for a single power 

plant is very small but increases with the number of power plants. 

The amounts of raw materials and fossil fuels used for energy pro

duction today are enormous. The annual global fuel consumption 

amounts to about 10 billion tons of coal equivalent. Potential dama

ge due to possible accidents along the energy chain (tanker acci

dents, gas and oil pipeline explosions, power plant failures , etc .) 

is probably equal or higher when compared to wars, natural cata

strophes, and others ( tornadoes, etc. ) . Accidents which occurred 

during the last years ( Three Mile Island, Chernobyl ) witness that 

damage caused by such events is very high and must be considered 

in the decision making process. 

The direct and indirects costs of power generation can be 

calculated, but it is very difficult to estimate social instability 

costs for each component of the energy system: direct and indirect 

damage due to emissions and potential damage due to possible acci

dents . There are many reasons for the ineffective assessment of so

ci al in s tability costs . First , the information basis for such 

as ses s ment s in general is inadequate due to uncertainty, complexit y, 

and th e lack of s ystematic management of t hi s pr oblem . Second , the 
i mportance of such an assessment became ev i dent only in the last 

years , when the consequences of socia l i nstability turned into so 

ci al hazards . 

Toda y' s decision ma ke r s do not have reliable methods of est i 

ma t ing s ocial costs for electricity production . T~e public, from 

a s oc i al point of view, estimates the costs of elect r icity produc -
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tion measured by the level acceptance. Figure 9 and Table 5 give a 

comparison of the level of public acceptance for different facili

ties. It can be seen that the level of acceptance for nuclear power 

plants is much lower than that for coal power plants, despite the 

occupational health hazards associated with electricity production 

for those two plants (Fig. 10). It seems that in the future social 

costs and social acceptance will play a much bigger role than in 

the past. The development of nuclear energy (e.g., in Austria, Swe

den, the USA, etc.) and coal-fired power stations (e.g., Poland, 

the GDR, etc.) show that these social factors must be taken into 

consideration already in the near-term. 
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