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V C R L D  E N E R G Y  P R O B L E M

I. INTRODUCTION

An U M s n e n t  of tb« world energy situation as it oxlsts 
today as it is llksly to develop in futuro represents a 
oonstant intorost of responsible national and lntomatlonal 
bodies sorros as an «varias ting thons of discussions and 
polonies* It tho and of all thaso thoro ronalns ono question 
expressing eomon doop unoaslnoss: "Could wo satisfy tho 
steadily rising energy demand"?

In t*»» present paper let us deal with present state of 
energy situation and Its future prospects.

II. CORSENT VORLD ENERGY SITUATION

t

Energy production

According to the UNO statistlos the total production of 
energy In the world in 1975 vas about 245 Exajoules 
(lEJ s ÎO^J * 3 4 .13 x 106 tons of ooal equivalent »

c 238,85 x IO12 koal)

The overall oonsunptlon of the priaary ensrgy resouroes 
has developed recently in a sonevhat peculiar way. As oan be 
sean an tabla 1 [lj, the overall world oonsrssptlon of the 
prisiary energy resouroes has risen from $k 2J in the year 
1955 up to 244 BJ In 1975» e.g. by a faotor of 2*59 wlthln 
20 years, avengo growth 4. per year. Till 1970 this per- 
oentage of growth was even higher - about 5.l£, whereas lt 
dropped reoently to the annuál 4.2̂ 4. Thls drop vas oaused
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by the bis oil price increases as well as the price increa
se of other primary energy resources throughout the mentio
ned years, lhe primary energy consumption in 1955 to 1975  
period is characterised by rather a modest growth factor 
of 1.48 in coal consumption, whereas oil oonstmq>tion has 
risen 3.99 times and that of natural gas even as much as 
4.15 times. Thus the oil and natural gas covered in 1955 
about 41.9J&, in 1975 already 64. 8£ of the overall energy 
balance. Hydroelectric power plants and nuclear power plants 
achieved a growth factor of 4.6 (mainly due to nuclear po- 
war growth) but their total absolute asset is still only 
modest.

Throughout the 1955 ~ 1975 period the world population 
grew from 2.71 billion to 4.04 billion, e.g. 1.49 times 
making an average annual growth rate of nearly 24. Per capi
ta primary energy annual consnmption in the mentioned period 
rose from 34.81 GJ to 60.34 GJ. This specific primary energy 
consumption corresponds with the overall level ol national 
economy in individual countries. A tremendous difference- 
between economically fully developed induetrlalised countries 
and dsveloplng countries exists, which le illustrated by 
a table 2 where specific primary snsrgy consumption in 1975  
for various countries is quoted.

Sven if we do not oonslder the oase of Quatar (relati
vely high energy consumption in the. oil fields and very low 
population) in the economically developed countries spend 
more then 80% of the world's energy resources, whereas the 
rest of the population (e.g. 75% of it) oonsume only mere 
20% of energy resources. This is not only an economical but 
a primary political problem as well.

In this context let us oonslder the question, whether 
this high average energy oonetasptlon is a neossslty and how 
mankind in previous centuries managed. In times before 
industrial revolution most of the energy oonstmied was produ
ced by man himself or animal. Vhat imount of energy was



available here? Let us sake the following approximate 
oonelderation [2 ]: In Roman Empire the population on the 
Appenine peninsula was about 20 million of the oitisens 
of Rome with about 120 million of slaves at their disposal. 
Assuming man can develop continuously 0.1 horsepower e.g. 
0,06 kNh, than at 8 hours daily work one slave was worth 
about 0,6 GJ annually, and for 6 slaves toiling for one

« citizen we get an annual energy oonsmption per capi
ta of about 3.6 GJ. This figure is in the order of magni
tude of the contemporary per oapita annual energy oonsmp
tion of India or Bangladesh (see table 3).

If we transform the figures of table 2 into the hypo
thetical "Energy Slaves", we get for various countries the 
maober of "Energy Slaves" available for each inhabitant - 
see table 3. These figures probably more aptly illustrate . 
not only the huge increase of energy oonsmption since the 
first centuries of our era, but the difference between the 
industrialised and developing countries nowadays.

HI. FUTURE PROSPECTS OP TSE ENERGY CONSUMPTION

Future development of energy oonsmption will be subject 
to two contradictory trends

- the growth of energy oonsmption
- the reduction of energy consumption, energy conser
vation or only a modest rise in energy oonsmption.

Further growth of the energy oonsmption in the world 
is expected as oan be seen from the table k [ 3 jbased on the 
estimates made by the UN Statistical Office, New York.
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Hie present distribution of commercial energy consump
tion reflected In Table 5 shows the total and per capita 
energy eonsvmption in ixdustrlallsed and developing countries 
and their striking disparities* The average per oapita con
sumption in industrial countries is more than 8 times larger 
than that of developing nations* To this disparity corres
ponds a similar gap in the standards of living which can 
only be reduced by eoonomic and industrial development* This 
process of development will necessarily devolve rapid growth 
of oooneroial energy demand sinoe the initial stages of 
industrialisation are particularly energy intensive* Thus, 
even if by intensive conservation and restrictive policies, 
the industrialised nations were to maintain zero energy 
growth, the pressure of demand from developing countries 
would bring about a substantial increase in world energy 
needs*

However, zero energy growth in the industrial countries 
is an illusion, at least over the short term, because most 
of the me as ares designed to achieve tne greater economy in 
energy use require long periods of time to achieve their 
full impact. Consequently the growth of energy demand can 
be expected to continue in industrialised countries although 
it will proceed at rates substantially lower than those 
which prevailed during the last 30 years*

Farther, mankind is progressively exhausting its best 
deposits of mineral ores and as it turns to avar lower gra
des of minerals or to the recycling of various metals, ths 
dsmand for snergy in the mining industries is likely to 
increase progressively.

Finally, measures to proteot the natural environment 
(air and watsr pollution problems, dssulphurisatlon of fuel 
or fumes eto.) are very energy demanding too*
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Essentially there ars three ways of conserving energy:
- by not doing things: no heating, no travelling
- by reducing the quality: heating to lower temperature, 

travelling in smaller oars at a lower speed
• by retaining the standard but using less energy through 

improved efficiency:
domestic insulation, more efficient oars and engines, better 
energy management.

The first two options can be enforced quickly in case 
of national emergency, but neither can be expected to be wide
ly aocepted over a long period. The third option would require 
substantial initial oapital expenditure - not only by the 
industrial, commercial and public sectors vhieh are used to 
make and evaluate investments, but also by Individuals, Never
theless , this course, once started, does not require continued 
austerity, and, is therefore likely to be the most effective 
in the long term.

It is Important to realize that energy efficiency has 
been improving for many years. Some of the most important 
measures in energy conservation are listed in a Table 5 [*♦].

Fig,. 1 [4] indicates the contribution that Improvements 
in energy-use efficiency could make to reducing energy demand 
(or rather, to reducing the growth in energy demand). This 
figure suomarizea for Vestern Europe a detailed estimate by 
seotor and oountry of the amount of total primary energy that 
would have been consumed in 1975 if 1 the energy—consxsoing 
equipment were of the standard of efficiency appropriate for 
the energy prices then prevailing. This hypothetical example 
shows dearly that the potential saving is Indeed significant, 
13,7 EJ/a (about 325 million tonnes a year oil equivalent)



which represents over 12}t of the oil oonsumed that year on 
the whole world, Energy saving estimates for industry in

30% oan be saved in ¡000 in energy intensive industries '
(e,g, iron steel and other furnace exploiting industries).

The problem with all energy conservation measures 
lies in the time span: truly massive employeoent of them 
could be realised asd may bring significant effects within 
10 years in transpox t, not sooner than 20 years in industry 
and well over 20 years in heat delivery field. Host indivi
duals and companies allow substantial shorter time for their 
investments to be paid back; there remains then the task of 
lengsthening the time horizon for both individuals e«d orga
nisations to aooept and actively apply conservation of energy.

IV. PRIMARY ENERGY SUPPLIES

is we have Just seen the energy consumption will conti
nue to grow, and the effect of conservation measures though 
significant later will not reverse this trend, What then 
are the potential sources of supply on which mankind oan 
draw to meet rather conservative estimate of an approximate 
doubling of demand over the next two decades? Taking Table k 

as a basis (Estimates in it were prepared by the UN Statisti
cal Office, New Toxic) the cumulative energy oonstaoptlon of 
the world over the next 20 years would be of the order of 
10500 EJ, Should oil retain its share of the market (see 
Table l) it would require a cumulative production of more 
than ¿*700 EJ (e,g, more than 110 billion tons of oil equi
valent) against proven reserves of about 38OO EJ (e,g,
90 billion tons).

show, ;hat based on 1973 practice some 15 to
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On a Table 6 [2 ] we can eee the expected, development 
of* various energy resources up to the year 2020. Figure 2 
shows us very clearly the proportion of various primary 
energy resources throughout this oentury and further on 
to 2020.

Of course, more reserves probably might be found at 
ever increasing oosts but these new discoveries could only 
postpone by a few decades the unavoidable ultimate exhaus
tion. JL similar situation prevails for natural gas. Thus, 
the two energy souroea which account for olose to two - 
thirds of the world supply today are going to become in
creasingly soaroe in the immediate future.

Vhile resources of ooal probably exceed those of oil 
gas by an order of magnitude, they share with hydro

carbons the serious shortcoming of a highly uneven distri
bution among the various countries of the world. In addition, 
a rapid expansion of .coal production would give rise to 
serious environmental and social problems so that it oah 
only partially fill the increasing gap which the progressive 
depletion of oil and gas reserves will leave open.

Finally, renewable sources of energy must be developed 
at speed wherever oondltlons warrant, but these
resources are either already heavily exploited and locally 
bound, as in the oase of hydroeleotricity, or available 
in such diluted and irregular forms, as in the oase of solar 
and wind energy, that they offer only partial and limited 
solutions to the general energy problem. Iheir oombined 
share of world supply therefore is unlikely to exceed 10?6 
of the total by the year 2000.

On the other hand, nuclear power appears technologically 
and commercially ripe for an immediate and expanding contri
bution.
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V. FUTURE PROSPECTS OF NUCLEAR POWER

Without going into complex comparative analyses of 
electricity generation costs, which depend on the ground 
rules chosen n&d will therefore vary widely from country 
to country, the following major points may he made:
1) In spite of the sharp increases in the investment costs 
of both nuclear and conventional power plants which have 
taken place over the last few years, usually as a result
of numerous and very strict environmental standards, nuclear 
power plants of 900 Ktfe and above have a clear competitive 
advantage over elec trio stations depending on imported oil.
2) The situation at competition between nuclear «"H coal 
fired plants is more complex and depends on the production 
and transportation costs. However, for a majority of indu
strial countries, nuclear stations continue to show an 
economic advantage in large sizes even at relatively low 
coal prices.
3) As to the future, it seems very likely that both oil 
and coal prices will inorease faster than those of uranium 
and of nuclear fuel services.

As for nuclear fuel resources there are at present 
2 million tons reasonably assured and another 2 million 
tons of estimated additional reserves, which covers the 
needs of the maximum nuclear power programmes up to the 
year 2000. Of oourse, new discoveries are essential for 
maintaining forward reserves and meeting the lifetime 
requirements of all those nuolear power plants which will 
be operating beyond the turn of the century. The first 
results of a new prospecting efforts are already encoura- 
ging.
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Regarding the other sectors of the nuclear fuel cycle, 
neither .the cost of enrichment, nor that of fabrication a_e 
expected to riae faster than the general price level of 
Industrial goods*

Hi ere are the first favourable results with the fast 
breeding reactors In the USSR, In France and elsewhere 
which will provide a solid foundation for a nuclear sector, 
whose fuel resources would become praotieally unlimited* 
This would result from both a hundredfold Increase in the 
energy which could be derived from known uranium resources, 
and the economio possibility of mining much poorer uranium 
ores*

By the end of the century nuclear power is expeoted 
to account for 26 to 35/& of total electriolty production 
»n A  for 12 to 1 6 % of total primary energy* Vhlle these 
objective may appear relatively modest in comparison with 
earlier expectations,• their achievement would nevertheless 
bring about a substantial alleviation Of pressure on hydro- 
oarbon resources* Production of nuclear electricity at 
these levels would represent the equivalent of 1*5 to 2.4 
billion ton of oil, as oompared to a 1978 world oil pro
duction of about 3 billion tons*

VI. NUCLEAR ENERGT AND ITS VIDER APPLICATIONS

In order to develop into a long term ’ and large scale 
supply option, nuolear energy has to meet further require
ments*

So far it has been primarily considered a technology 
for eleotrioity production* The proportion of electrioity 
on the energy consumption balance in industrial countries
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reaches nowadays about 20 to 2556. This proportion will 
grow further, but still there Is a vast field of demand 
for energy in other modes. (See Table 7)

Heat delivery Tor district heating purposes and low 
potential technological heat for industry will certainly 
be realised by dual purpose nuclear plants designed for 
combined heat and power production. It Is expected, that 
all of the newly built nuclear power plants In Czechoslo
vakia will be designed with the prospect of district hea
ting heat delivery up to the distance of 5° kilometres 
from the plant. No doubt similar decisions are being taken 
elsewhere, where the meteorologic conditions, the plant 
location and safety considerations permit. As for the low 
potential heat for technological processes, nuclear power 
plants now designed could be equipped with steam transfor
mers or Intermediate cycle arrangement capable of saturated 
steam delivery In the’wide range of pressures up to 3 .5  
to 4.0 MPa (about 242 to 250°C).

There still remains a vide variety of applications In 
eh conical, metalurgieal, oeraalo and other Industries, and 
In transport where energy demand can be fulfilled neither 
by eleotrloity nor by the relatively low potential heat 
from present day prevailing type of light vater reactors.

These needs at present are satisfied by winning the 
heat directly by burning foslll fuels. Ultimately, foasil 
fuels (oil, natural gas, later even coal) will be in short 
supply and the world must turn to other basic energy sour
ces and seek other means to carry energy to end-use. From 
many candidates prepared to assume this role (hydrazin, 
metanol, amonla, eto. ) hydrogen seems most suitable energy 
carrier, like eleotrloity, it is not a naturally oocurlng 
energy fora, but must be sumuf&otured. Xt oan be produced 
from water, oould be easily transported and stored.



Xt applicability la manifold: in chemical industry, meta
llurgical industry (direct metal reduction), in transport 
as a fuel, in heat production (catalytic combustion), 
even in electricity production (fuel cells, gas turbines), 
ill foxms of hydrogen uses lead back to water formation 
which returns into the natural cycle. In the hydrogen 
energy system water represents main abundant raw material 
and hydrogen the * clean" energy medium, which presents 
no problem fitom the ecology point of view.

At present, electrolysis of water seems to be the 
principal means of hydrogen production. This is not a par
ticularly cheap way of hydrogen production (due to the 
relatively low efficiency of electric - generation step, 
most commercial electrolyzers work nowadays with the elec
tricity - to - hydrogen efficiency of 75^) » tut with 
scarcely any other alternative left world must cope with 
this. Even here there is a "Oliver linen" to this cloud: 
nuclear electricity used for hydrogen production could 
be taken mostly at night or weekends thus helping the 
nuclear power plants to generate electricity at base 
load all the time. The base - load operation of the nuclear 
power plant is advantageous from the points of view of 
nuclear fuel economy, and reliability.

There is still one source in the sphere of electric 
production heat delivery for district heating and process 
heat for industry. Xt is the high temperature gas cooled 
reactor (HTGR). Their advantages are in higher cycle 
efficiency., potential to uae a closed cyole gas turbine 
with attractive investment costs and high temperature 
process heat applications (see Table 7)« The first demon
stration power plants of this type are already in operation 
for some years, big oommeroial units are expected before 
the end of this century.
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VII. CONCLUSIONS

As we h&vs seen already, the world is going to requi
re sore energy in general, and more electric power in 
particular. At the sonant there is no narked shortage in 
electric power yet, there are still various primary ener
gy sources at our disposal. The problem lies ahead of us, 
and how big it is depends on the future development of 
eoononic growth and power demand. Some assumptions on 
this are presented in this paper, lot of different numbers 
oould be found elsewhere. There seems to be, however, 
general agreement on the cooing shortage in traditional 
primary energy sources.

Practically, the options for future come down to coal 
and nuclear power. Solar energy and some of the other 
unconventional technologies are not going to give us sign! 
fleant growth in the electricity generation in the rest 
of this oentury. Aside from the fact that coal has some 
problems and side effeots such as ever rising costs of 
mining and transportation, environmental and health loads, 
there is evergrowing demand for coal as a material for 
synthetic fuel and other ohemical industries’ products.

At the beginning of 1980 there were about 120 000 MV© 
of nuclear power in operation and further 3^0 000 MVe in 
construction and planned; practically, nuclear power plant 
remain as the readily available already proven source of 
power. They do not represent such environmental problem 
as coal firing plants, they save oil and gas. Their cost 
of kilovatt hour is at least competitive and tends to be 
lower than power from coal (not to apeak af oil - firing 
power plants operating costs now). The fuel used in 
nuclear pever plants is available and reserves are
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adequate to cover world’s needs well over the year 2000 
even with the use of present day technology; the use 
of fast breeding reactors and reprocessing plants will 
secure abundant nuclear fuel not for decades, but for 
centuries*

True, energy conservation represents an important 
contribution to the energy shortage problems* Still, it 
can only reduce the growth of the energy demand which 
would be a nice and valuable aohievment; by no naans 
could energy conservation stake the building of further 
power plants unnecessary*

There are some applications mainly in transport 
and some technologies in various industries where the 
direct use of electricity is impractical or not possible 
at all; hydrogen technology is here a most probable 
answer* Nuclear power could provide sufficient quantity 
of this new energy medium either by electrolysis or 
t h r o h i g h  temperature reactor technology*

The world energy problem is a complex one. There 
can scarcely be a simple answer to a complex question. 
Should an answer be given here, no matter what complexi
ties and possible hazards might be implicated yet, it is 
simply - nuclear power.
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Table 4 Eatioataa of total world p r i o r ,  anarg, c o n a u a p t l .n  

in Exajoolaa [e j ] , world population la «iUion, and 
energy consumption per capita in GigsJoules [Gj] .

1978 1985 2000

[e j I jiBdUkne] Gj" _EJj ¡InHTij [GJ] [Ej] ¡[millj [g j ]

Industrialiaed 
countries

! !226.8! 1191.9 190
; j
1 ii

269- 1268 2 1 2- 
-315 -248

375-1420 264- 
-455 -32 0

Developing
countries

i
68.7;2999.6 23

i
” 9 3617

.

20-
-25 lk 5 ~ 4933 29_ -175 V J3 -35

Ratio of energy 
consumption in 
industrial 
countries energy 
consumption 
in developing 
countries

3.3 8 3.7- - 
-3.5 1

1

1

10.6-
-9.9

2 .6 1 -I 9.1



Table 5 Some of the energy conservation measures [¿f J

Conservation field Conservation measure

Road transport ♦♦♦ smaller cars , engine improvement*
++ weight and drag reduction*, micro-proce

ssors to improve driving habits*
♦ speed limits, car pooling, mini-buses 
♦toO improved routing, dosed town centre, 

debottleneoking
♦♦to- scheduled public mass transit systems

Industry ♦♦♦ integrated design and correct choice- ♦ of new processes
♦♦ correct choice of type of energy , good 

oombustion technology*, waste heat reco
very*, insulation, dual purpose plants 
/beat and power/* heat management .and 
improved maintenance 

♦ to- recycling of used materials

Residential
buildings

♦+♦ integrated design of new houses*, building 
regulations

♦♦ insulation*, draught prooting*, boiler
improvement*, improved heating controls*, 
beat pump*, double glazing*, passive so
lar heat utilization*

♦ improved efficiency appliances and ligh
ting*, aolar hot water*, hot water waste 
heat recovery*

♦♦♦toO regulatory limits of indoor and hot water 
temperatures

♦toO exhortstion/regulation for switching off 
unused lights and closing curtains

♦♦to— district beating*

Note: + grade of effectiveness 
0 means "probably not effeotive”
- oounter—effective
% improvement tbrougb teobnologioal investment /gradings include oost effectiveness/



Table 7 Estimated structure of consumption of fuel and power 
resources /percent cf fuel and power balance/ f 5 ]

Sector of 
consumption

1970 - 1930 2000
Total Oil and 

gas
contrib.

Total Oil and 
gas
contrib.

Potential 
contribute 
of nuclear 
power 
LtfR HTGR

Generation of electricity 25 13 3C-35 10 20-25 25-28

Generation of medium and 
low grade heat and steam

32 22 25-30 20 8-10 25

Generation of high grade 
heat

19 14 14-16 10 12-14

Mobile and stationary 
power plants

•IS 14 16 15 -

Raw materials in chemi
cal and petrochemical 
industries

6 5 10 8 -

Total 100 68 100 60



Table 1 Vorld primary energy consumption 1955 « 1975• o
in Exajoules /EJ s 10 J/

1955 I960 1965 1970 1975

Coal 53.33 64.75 65.92 70.91 79.11
Oil 27.83 38.68 57.13 85.26 109.29
Hatural Gas 11.72 18.17 27.25 38.09 48.64
Elektries1 power
from Hydro and 
Nuclear power plants 1.5 2.64 3.52 **.39 6.74

Vorld total 9*1.35 124.23 152.95 198.65 243.73

Proportion of resources on total oonsumption in £

Coal 56.5 52.1 43.1 35.7 32.5
Oil 29.5 3 1 .2 36.8 42.9 44.8
Natural gas 12.4 l4.6 17 .8 19.2 20.0

Hydro and 
nuclear power 1 .6 2 . 1 2.3 2 .2 2.7



9in Gigajoules per capita /1 GJ = 10 ̂J/
Table 2 Specific primary energy consumption in 1975

Country

Quatar 770,0
USA 32 2 . k

Czechoslovakia 187.6

Federal Germany 158.3
USSR 1^9.5
China lk. 6
India 5.9
Bangladesh 2.9
Burundi 0.3

Table 3 Number of hypothetical "Energy Slaves” 
per capita in 1975

Country

USA 537
Federal Germany 26k

China 2k

India 10

Bangladesh 5
Burundi 0.5
Vorld average 100.0



Table 6 Primary energy production 1985 - 2020

1985 20010 2020
EJ % EJ * EJ *

Coal 115 2k 170 25 259 26
Oil 216 kk 196 28 106 11
Natural Gas 77 16 1^3 21 125 12
Nuolear power plants 23 5 88 13 31** 31
Hydroelectric power plants 2k 6 3k 5 56 6
Renewable and unconventional 33 7 60 9 iko lk
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Fig. 2 Proportion of primary energy resources 1900 - ?020






