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¥VGCRLD ENERGY PROBLENM

I. INTRODUCTION

An assessment of the world energy situation as it exists
today and as it is likely to develop in future rermesents a
constant interest of responsible natiocnal and international
bodies and serves as an averlasting theme of discussions and
polemics, At the end of all these there remains one question
expressing eommon deep uneasiness: "Could we satisfy the
steadily rising energy demand®?

In the present paper let us deal with present state of
energy situation and its future prospects,

II. GURRENT VORLD ENERGY SITUATION

Enormduotion and conamgt:lon

Accoxrding to the UNO statistios the total production of '
energy in the world in 1975 was about 245 Exajoules

(123 = 10*85 = 34,13 x 105 tons of coal equivalent =

= 238,85 x 10*2 koa1)

The overall consumption of the primary energy resources
has developed recently in a somewhat peaculiar way. As ocan be
seenn on table 1 [1], the overall world conswumption of the
primary snergy resources has risen from 94 EJ in the year
195% up to 244 BJ in 1975, e.g. by a factor of 2,59 within
20 years, average grovwth 4,9% per year, Till 1970 this per-
centage of growth was even higher - about 5,1%, whereas it
dropped recently to the ammual 4,2%, This drop was caused




by the big 0il price increases as well as the price increa-
se of other primary energy resources throughout the mentio-
ned years, The primexry energy consumption in 1955 to 1975
pexiod is chmot;risod by rather a modest growth factor

of 1,48 in coal consumption, whereas oil conswsption has
risen 3.93 times and that of natural gas even ss much as
4,15 times, Thus the oil and matural gas covered in 1955
about 41,9%, 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 dus to nuclear po-

" wer growth) but their total absolute asset is still only

modest,

Throughout the 1955 ~ 1975 period the world population
gTew from 2,71 billion te 4,04 billion, e.g. 1.49 times
making an average amnual growth rate of nearly 2%, Per cupi-
ta primary energy amnual consmptiocn in the mentioned perioc”
rose from 34.81 GJ to 60,34 GJ. This specific primary energy
consumption corresponds with the overall level of national
economy in individual countries., A tremendous differsnce
between economically fully developed industrialised countries
and developing countiries exists, which is illustrated by

e table 2 vhere specific primary energy consumption in 1975
for various countries is quoted,

Even if we do not consider the case of Quatar (relati-
vely high energy consmption in the oil fields and very low
population)in the economically developed countries spend
more than 80% of the wurld’s energy resources, wheress the
rest of the population (e.g. 75% of it) consume only mere
208 of energy resources, This is not only en ecoromical but
a primary political problem as well,

In this context let us consider the question, whether
this high average energy consumption is a necessity and how
mankind in previous centvries managed., In times before
industrial revolution most of the energy consumed was péodu-
ced by man himself or animal, Vhat wmount of energy was




available here? let us make the following approximate
consideration [2]: In Roman BEmpire the population on the
Appenine peninsula was sbout 20 million of the citizens

of Rome with about 120 million of slaves at their disposal,
Assuming man can develop continucusly 0.1 horsepower e,g.
0,06 kX¥h, then at 8 hours daily work cne slave was worth
about 0,6 GJ amnually, and for 6 slaves toiling for ome
Roman citizen we get an annual energy consumption per capi-
ta of sbout 3.6 GJ., This figure is in the order of magni-
tude of the contemporary per capita annual mrgj consump=
tion of India or Bangladesh (see table 3).

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

III, FUTURE PROSPECTS OF THE ENERGY CONSUMPTION

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

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

Energy consumption growth

Further growth of the energy consumption in the world
is expected as can be seen from the table 4 [3]buod on the
estimates made by the UN Statistical Office, New York,




The present distribution of commercial. energy consump-
tion reflected in Table 5 shows the total and per capita
energy consumption in industrialised and developing countries
and their striking disparities. The average per ocapita con-
sumption in industrial countries is more than 8 times larger
than that of developing nations, To this dispcrity cOrTes~
ponds a li.i;ar €ap in the standaxds of living which can
only be reduced by economic and industrial development., This
process of development will necessarily dnvolve rapid growth
of commercial energy demand since the initial stages of
industrialisation are particularly energy intensive, Thus,
even if Dy intensive conservation and restrictive policies,
the industrialised nations were to maintain zexro energy
growth, the pressure of demand from developing countries
would bring sbout a substantial incrsase 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 measures designed to achieve the greater economy in
energy use require long periods of time to achieve their

full impact, Consequently the growth of en~rgy demand can
be expected to continue in industrialised countries although
it wvill proceed at rates substantially lowver than those
which prevailed during the last 30 years,

Farthes, mankind is progressively exhausting its best
deposits of mineral ores and as it turns to ever lower groa-
des of minerals or to the recycling of various metals, the
demand for energy in the mining industries is likely to
increase progressively.

Finally, measures to protect the natural environment
(air and wvater pollutinn problems, desulphurisation of fuel
or fumes etc.) are very emergy demanding too,




Energy conservation

Essentially there are three ways of conserving energy:

« by not doing things: no heating, no travelling

= by reducing the quality: heating to lower temperature,
travelling in smaller cars at a lower speed

« by retaining the standaxrd but using less energy through
improved efficiency:
domestic insulation, more officient cars and engires, better
energy management,

The first two options can be enforced juickly in case
02 national emergency, but neither can be expeocted tc be wide-
ly accepted over a long period, The third option would require
substantiel initial capital expenditure - not only by the
industrial, cosmexrcial and pnbliq sectors vhich 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 enargy efficiency has
been improving for many years, Some of the most important
measures in energy oconservation are listed in a Table 5 {4].

Flg. 1 [4] indicates the contribution that improvements
in energy-use sfficiency could meke to reducing energy domand
(or rather, to reducing the growth in energy demand)., This
figure summarizes for Vestern Europe u detailed estimate by
sector and countxry of the amount of total primary energy that
would have been consumed in 1975 if all the energy-consuming
oqﬁipnont were of the standard of efficiency appropriate for
the ensrgy prices then prevailing, This hypothetical exampl=
shows clearly that ths potential saring is indeed significant,
13,7 EJ/a (sbout 325 million tommes a year oil equivalent)




which represents ove:r 12% of the oil oconsumed that year on
the whole world, Enei'gy saving estimates for industry in
V. Europe | 4] show, 'hat based on 1973 practice some 15 to
30% can be saved in 000 in energy intensive industries -
(e.g. iron ateel and other furnace exploiiing industries).

The prodlem with all enexrgy conservation measures
lies in the time spen: truly massive smployement of them
could be realised ard may bring significant effects within
10 years in transport, not sooner than 20 years in industry
and well over 20 yesrs in heat delivery field, Most indivi-
duals and companies allow substantial shorter time for their
investments to be piid baock; there remains then the task of
longsthohing the time horizon for both individuals and orga=-
nisations to accept and actively apply corservation of energy.

IV, PRIMAKY ENERGY SUPPLIES

A3 we have Jjust seen the energy consumption will conti-
nue td grow, and the effeot of conservation measures tlough
significant later will not reverse this trend, What then
are the potential sourcss of supply on vhioh mankind can
drav to meet rather conservative estimate of an approximate
doubling 2f demand over the next two decades? Taking Table 4
as a basis (Estimstesin it were prepared by the UN Statisti-
cal Office, New York) the cumulative energy consumption 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 1) it vould require a cumulative production of more
than 4700 EJ (e.g., more than 110 billiom tons of oil equi-

valent) againat proven reserves of about 3800 EJ (e.g.
90 billion tons).




On a Table 6 [2] we can see the expected development
of various energy resouxrces up to the year 2020, Figure 2
shows us very clearly the proportion of various primary
energy resources throughout this century and fwurther on
to 2020,

02 course, more reserves probably might be found at
ever inoreasing costs but these new discoveries could only
postpone by a few decades the unavoidable ultimate exhaus-
tion, A similar situation prevails for natural gas. Thus,
the two energy sources which account for close to two =~
thirds of the world supply today are going to become in-
oreasingly scarce in the immediate future,

Vhile resources of coal probably exceed those of oil
and gas by an order of magnitude, they share with hydro-
carbons the serious shortcoming of a highly uneven distri-
bution smong the various countries of the world. In addition,
a rapid expansion of .coal production would give rise to
serious envirommental and sooial problems so that it cah
only partialiy 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 maximum speed wherever conditions warrant, but these
resources are either already hesvily exploited and locally
bound, as in the case of hydroelectricity, or available
in such diluted and irregular forms, as in the case of solar
and wind energy, that they offer only partial and limited
solutions to the general anexrgy problem. Their combined
share of world sup)ly thersfore is unlikely to exceed 10%
of the total by the year 2000,

On the other hand, nuoclear power appears technologically
and coumercially ripe for an immediate and expanding contri-
bution, '



V. FUTURE PROSPECTS OF NUCLEAR POWER

¥Vithout going into complex comparative analyses of
slectricity generation costs, which depend on the ground
1ules chosen nad will thexrefore vary widely from country
‘to country, the following major points may be made:

1) In spite of the sharp increases in the investment costs
of both nuclear and conventiocal power plants which have
taken place over the last few years, usually s a result

of numercus and very striot environmental standards, nuclear
pover plants of 900 Mieo and above have a clear competitive
advantage over electric stations depending on imporied oil.

2) The situation at competition betwsen nuclear and coal
fired plants is more complex and depends oan the production
and transportation costs, However, for a majority of indu=-
strial countries, nuclear stations continue to show an
economic advantage in'larga sizes even at relatively lbw
coal prices,

3) As to the future, it seems very likely that both oil
and coal prices will increase faster than those of urgnium
and of nuclear fuel services,

As for nuclear fuel resources there are at present
2 millicn tons reasonsbly assured and another Z million
tons of estimated additioral reserves, which covers thc
needs of the maximum nuclear power programmes up to the
year 2000, Of course, nev discoveries are essential for
aaintaining forward reserves and meeting the lifetims
requiroments of all those nuclear power plants which will
be operating beyond the turn of the century, The first
results of a new proapecting efforts are already encoura-~
ging.




Regarding the other sectors of the nuclear fuel cycle,
neither the cost of enrichment, nor that of fabrication a.e
expected to rise faster than the general price level of
industrial goods, )

There are the first favourablé results with the fast
breeding reactors in the USSR, in France and elsewhere
which will provide a solid foundation fox & nuclear sector,
whose fuel resources would bacome practically unlimited,
This would result from boih a hundredfold incre-se in the
energy which gcould be derived from known uranium resocurces,
and the economic possibility of mining much poorer uranium
ores,

By the end of the century naclear power is expected
to accoumt for 26 to 35% of total electricity production
and for 12 to 16% of total primary energy. While these
objective may appear relatively mcdest in comparison with
earlier expectations,: their achievement would nevertheless
bring about a substantial alleviation of pressure on hydro-~
carbon resources, Production of nuclear electricity at
these levels would represent the equivalent of 1.5 to 2,4
billion ton of oil, as compared to a 1978 world oil pro-
duction of about 3 billion tomns,

VI. NUCLEAR ENERGY AND ITS VIDER APPLICATIONS

In ordexr to develop into a long term and large scale

supply option, nuclear energy has to meet further require-
ments,

So far it has been primarily considered a technology
for slectricity production, The proportion of electricity
on the energy consumption balance in industrial countries




reaches nowadays about 20 to 25%. This proportion will
grow further, hut still there is a vast field of demand
for energy in other modes. (See Table 7)

Hoat delivery Toxr district heating purposes and low
potantial technological heat for industry will certainly
‘bo 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 designsed with the prospect of district hea-
ting heat delivery up to the distance of 50 kilometres
from the plant, No doubt similar decisions are being taken
elsewhere, where themeteorologic conditions, the plant
location and safety econsiderations permit, As for the iow
potential heat for technological processes, nuclear power
plants now designed could be equipped with steam transfor-
mers or intermediste cyole 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 wide variety of spplications in
chemical, metalurgical, ceramic and other industries, and
in transport where energy demand can he fulfilled mneither
by electricity nor by the relatively low potential hesat
from present day prevailing tyve of lightwater reactors.,

These needs at present are satisfied by winmning the
heat directly by burning fosill fuels, Ultimately, fossil
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 tn end-use. From
many candidates prepared to assume this role (hydrazin,
wetanol, ammonia, eto,) hydrogen seems most suiteble energy
carrier, Like electricity, it is not a naturally occcuring
energy form, but must be manufzctured. It caa be produced
from weter, coulc be easily transported aad stored,




It applicability is manifold: in chemical industry, meta-

lurgical industry (direct metal reducticn), in transport
as a fuel, in heat production (catalytic combustion),
even in electricity production (fuel cells, gas turbines),.
All forms of hydrogen uses lead back to water formation
which returns into the natural cycle., In the hydrogen
energy system water represents main abundant raw metsrial
and hydrogen the "clean" energy medium, which presents

no problem from 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%), but with
scarcely any other altermative left world must cope with
this, Even here thexre is a "sgilver 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 slectricity at base
»load all the time, The base -~ load operation of the nuclear
power plant 1s advantageous from the points of view of
nuclear fuel economy, and reliability,

There is atill one source in the sphere of electric
production heat delivery for district heating and process
heat for industry, It is the high temperature gas cocled
reactor (HTGR), Their advantages are in higher cycle
officiency, potential to use a closed cycle 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 commercial units are expected before
the end of this centuy, .




VII, CONCLUSICNS

As we have seen already, the world is going to requi-
re more energy in general, and more electric power in
particular, At the moment there is no marked shortage in
electric power yet, there are still various primary ener-
g€y sources at our disposal, The problem lies ahead of us,
and how big it is depends on the future development of
economic growth and power demand, Some assumptions on
this are presented in this paper, lot of different numbers
could be found elsewhere, There seems to be, however,
general agreement on the coming shortage in traditional
Primary emergy sources,

Practically, the options for future come down to coal
and nuclear power, Sclar energy and some of the other
unconventional technolcgies are not going to give us signi-
ficant growth in the electricity generation in the rest
of this ocentury., Aside from the fact that coal has some
problems and side effects such as ever rising costs of
mining and transportation, environmental and health loads,
there is evergrowiag demend for coal as a material for
synthetic fuel and other chemical industries’ products,

At the begimning of 1980 there were about 120 000 MWe
of nuclear power in operation and further 340 000 MWe in
construction and planned; practically, nuclear power plants
remain as the readily available already proven source of
powex, They do net 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 speak af oil - firing
power plants operating costs now). The fuel used in

nuclear pcver plants is available and reserves are



adequate to cover world’s needs well over the year 2000

even with the use of present day technology; the use
of fast bresding reactors and reprocessing plants will
secure abundant nuclear fuel not for decades, but for
ceaturies,

True, energy conservation represents an important
contribution to the energy shortage problems. Still, it
can only reducs the growth of the energy demand which
would be a nice and valusble achievment; by no means
could energy conservaticn maks the dbuilding of further
pover plants unnecessary.

There are some applications mainiy in transport
and some techmnologies 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
throughhigh teuperatﬁre reactor technology.

The world energy problem is a complex one., There
can scarcely be a simple answer to a complex question,
€hould 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 Estimates of total world primery ener

in Exajoules [EJ] y world population
energy consumption per capita

&Y consumption
in millions and
in Gigajoules [Gy] ,

1978 1985 2000 -
(27 |mtaena) 607 | 59 iz (59] | (23] futrs] [69]

. I ! . .
Industrialised 226.8!1191.9;190 269= 1268 212« 375=: 1420 264=

countries i { =315 =248 | <455 =320
i

Developing

countries

58.7%2999.6% 23| 725 3617 25 fﬁg; 4933 25

Ratio of epergy . ‘
consumption in

industrial | '; | ;

countries encrgy 3.3 - 8| 3.7- = 10,6« | 2.6 - 1 9.1
' , v

consumption i -3.5 L9.9

in developing
countries lﬁ




Teble 5 Some of the energy conservation weasures [k]

Conservation field

Conservation measure

Road transport +44 smaller cars, engine improvement‘ )
+4 weight and drag redaction‘, micro=-proce~
ssors to improve driving habits®
+ speed limits, car pooling, mini-buses
+to0 improved routing, closed town centre,
debottlenecking
++to= scheduled public mass trarsii systems
Industry +9+ integrated design and correct choice
of new processea’
+*+ correct choice of type of cnergy‘, good
osmbustion toohnolegy’, waste heat recoe-
ve:y‘, insulaticn, dual purpose plents
/beat and powar/® heat management .and
improved wsintenance
+to~ reocycling of used materials
Residentiel 4t integrated design of now houaea’, building
buildings regulations
++ insulation®, draught prooting®, boiler
improvcment‘, improved heating controls*,
heat pump’, double glnzins‘, passive so=~
lar heet utilization®
+ improved efficiency appliances and lighe~
tine‘, solsr hot vntor., hot water waste
heat reoovcry‘
++4+t00 regulatory limits of indoor and hot water
tewperatures
+t00 exhortation/regulation for switching off
unused lights and closing curtains
++to= district beating"®
Note: + grade of effecotiveness

0 wmeans "probably not effective™

= ocounter-=effective

& improvement through technological investment /grsdings
include cost effectiveness/




Tatle 7 3iZstimated structure of consumption of fuel and power
resources /percent cf fuel and power balance/ [ 5 ]

Sector of 1970 - 1930 2000
consumption otal {(Cil and | Total |0il and | Potential
gas gas contribut.
cortrib, contrib. | of miclear
power
. LNAR ETGR
Generaticn of electricityl 25 13 3C=35 10 20-25 25-28
Generation of medium and 3z 22 25-30 20 g8-10 25
low grede heat and steam
Generation of high grade 15 14 14-16 10 - 12-14
heat
Mobile and stationary 18 14 16 15 - -
power plants
Raw matérials in chemi-
cal and p2trochemical 6 5 10 8 - -
industries
Total 100 68 100 60




Table 1 World primary energy consumption 1955 = 1975
in Exajoules /EJ = 10%8J/

1955 1960 1965 1970 1975
011 7.83 | 38.68 | 57.13 | 85,26 [109.29
Natural Ges 11,72 | 18,17 | 27.235 38.09 | 48.64
Elektrical power ’
from Hydro and
Nuclear power plants 1.5 2,64 3.52 5.39 6.74
World total 94,35 | 124,23 |152,95 | 198.65 | 243,78
Proportion of resources on total consumption in %
Coal 5605 5201 l"Bol 3507 32o5
011 29,5 31,2 36.8 k2,9 b4,.8
Nsturzl gas 12,4 14,6 17.8 19.2 20,0
Hydro and
nuclear power 1.6 2.1 2.3 2.2

2,7




Table 2 Specific primary enexgy comsumption in 1975
in Gigajoules per capita /1GJ = 109J/

Country

Quatar 770.,0
USA 3224
Czechoslovakia 187.6
Federal Gerwany 158.3
USSR - 1h49.5
China . 14,6
Indie 5.9
Bangiadesh 2,9
Burundi . 0.3

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

Country

USA ' 537
Federal Germany 264
China 24

India 10
Bengladesh 5
Burundi 0.5
World average 100,0

]




Table 6 Primary energy production 198% - 2020

1985 2000 | 2020
Ef |% |EJ | % | EJ | %
Coal 115 | 24 170 | 25 259 | 26
041 216 | 44 196 | 28 106 11
Natural Gas 77116 | 143| 21 | 125| 12
Nuclear power plants 23 88| 13 | 314 721
Hydroelectric power plants 24 14 5 56 6
Renewable and unconventional 3 7 60| 9 lhol 14

.
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