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Comparison of Statistical Aggregates

The role of statistics in each scientific work is very difficult
to overestimate, especially as far'aS'studies in the field of
energy are concerned. ) '

There are a lot of statistical publications on energy for regions
and ceparate countries issued by nationgl and internqtional bodies
as well as private ones. But onl& a feﬁ do so od a world wide
basis (see Table 1.). Unfortunately their data differ from each
other~tperefore they are not comparable. It is very useful for
both the world energy consumption and - calculation of energy
resources to eliminate or to reduce these differences. It is

the first bqt a very important step for'the_successful implemen-
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There are differences however, not only among the structural com-
ponents of statistics but also among the conversion factors. For
example, the OECD assumes that 1 ton crude oil éontent equals 107
Kecal., in the UN World Energy Supplies it is 8.9““-106 Keal, in
the EEC Energy Statistics, it is also about 107 Keal, and in the
International Petroleum Encyclopedia it equals 10.762'106 Keal.
The same situation is in coal conversion factors: the UN VWorld
Energy Supplies assumes that 1 ton hard coal equivalent is equal
to 6.88'106 Kcal, in the EEC Enerpgy Statistics it is 7'106 Keal,
in the OECD reports it is.7~lO6 Kcal and in the International

" Petroleum Encyclopedia 7.278'106 (see Appendices I, IXI, III, IV).

One of the more troublesome problems associated with the measure=.
ment of energy in a common denominator unit has to do with the
treatment of hydroelectricity. One has translated hydro in terms

of its inherent heat value - i.e. at the rate of 0.125 kg of hard
coal equaling 1 Kwh of clectricity; or, alternatively, hydrcpower
can be expresscd by using the coal-equivalent quantity of fucl
required, under prevailing conditions, at thermal power stations.

A roughly calculated world-wide estimate of this hypotheticzl equi-
valence is (for the recent years) that the eguivalent of somcwhat
less than 0.040 kg hard coal equals 1 Kwh of electricity. The figure
0.40 also expressed commonly in Btu, is termed the "heat rate",

the output ~ input ration of 0.125 to 0.40 represents "the efficiency"
of fuel used in electricity generation in percentage terms, equalling
about 30%; while the difference between 0.40 and 0.125 largely
represents energy loss arising from the conversion of heat enérgy

in the mechanical energy needed to turn the dynamos.

Both the first and the second methods have some virtues and short-
comings. For example, one of the main shortcomlngs of the first

method consists 1n its distorting effect; 1t seriously understates

the energy production and consumption of countries with substantial
proportions of hydroelectric energy. For example, with Norway's hydro-
power measured at the inherent heat value, the total energy consump-



tion in this country in 1971 comes to about 20.3 million tons ccul
equivalent; with the hydro component measured at a hypothetical fuel
input of 0.36 kg of coal per 1 Kwh. Norway's agpgregate comes to 35.0
million coal equivalent tons, a nearly 72 % jump. _
The main shortcoming of the second method consists in -the difficﬁlty
of assembling meaningful conversion factors in a world wide statis-
tical study, which vary for every year and for each country. It
depends on the generating technology and efficiency of thermal power

stations of these countries.

Moreover, quite apart from the problem of measuring hydroelectricity
distortions in energy comparisons arise from the fact that in practice
equal quantities of heat content in two countries may, depending on
the efficiency and allocation of uses, be put toc highly unequal .
amounts of productively used energy. Logically this would call for
conversion adjustments, i.e. so.called "coefficients of substitution®.
similar to the hypothetical fuel input procedure in the case of a
hydropower country.

Bearing in mind all these differences for the future work in the
Energy Group of IIASA it 1s necessary to establish a single approach

to these factors. Concluding we may choose the following approaches

to this problem:

1. To use the UN data, as a standard and widely used source, but

to calculate l_ton‘of crude oil at a conversibn factor of 1.5 tons
of hard coal equivalent (see Table 2).

On the one. hand, vwec can translate hydro in terms of its inherent
heat value (0.125 metric tons of hard coal equivalent equals 1,000
Kwh of electricity) and it seems that this would need not lead to
any serious errors in calculations of world energy resources or
world energy balance because the role of hydro has been declining
and will continue to decline each year, both in the world electric

LI

energy production and in the world energy balance (see Tables 3,4).
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Table 3
Yo Total of them in %
pillicn Kwh hydro thermal |nuclear

1961 | 2453.3 29.6 70,2 - 0.2
1965 3378.2 27.1 T2.2 0.7'
1968 5206.6 25.1 73.7 1.2
1969 4571.9 “124.6 74.0 1.4
1970 | 4910.2 210 8.4 | 1.6
1971 5222.5 23.0 | Th.9 2.1
19802)] 9800 19.3 60.7 | 20.0

Source : World- Energy Supplies 1961-1970 U.N. 1972, p.322
Statistical Yearbook 1972., N.Y. 1973, p.p. 366,374
.a) Estimation of ESSO aG , Yolkwirtschaftliche Abteilung
October 1969, p. 11

Table 4

_ Total energy ' of them in %
Year f;ii‘cgzgrlc coal and |crude natural hydro nuclezr;
- | equivalent lignaite petrocleum | gas electricity elecpr.
1925 1567 8.7 14,6 3.1 0.6 -
1961 127G N7.% | 348 15,7 2.1 -a)
1965 5316 2.7 C37.6 17.5 2.2 -2.)
1968 6140 37.0 §i,h 19.3 2.1 0.1 ;i
1969 6514 35,4 42,0 19.9 2.2 0.1 |
1970 6088 30,3 4%.0 20.5 2.1 0.1
1971 7260 33.0 43,7 21.0 2.1 0.2
1980 | 11195 32.3 41.3 22.2 2.1 2.1 §

Sourcc: Statistical Yearbook 1972, U.N. 1973,p.p. 36,374
a) less than 0.1 percent L ' .
b) J.Darmstadter "Energy in the World Eccnomy" 1971, ' p. i
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Moreover the ratio of output to input has been declining each f
year, but accordingly to the second law of thermodynamics the
maximum possible thermal efficiency of the cycle (Cycle Carnau)

'is determined by the maximum and minimum absolute temperatures of

the cycle (To and T,;);

§
%, —

If a usual stcam turbine had worked on Carnau's cycle .its efficicncy
at the usual temperaturcs of the steam turbine To=773°K.and T1=293°K
could have been equal only to '

by 1722293 - 0.62 or 62 %

173 )
According to calculatiocns of Soviet Scientists the mazimum efficieﬁéy
of steam power stations may be equal to 45 %. In this case the spe-
cific consumption of hard coal'equivalent would have been 0.278 Kg/
/Xwh. If the MHD - generators are put into operation the efficiency
‘steam power stations will manage to increase to 50-60 § (0.208-0,250
kg/Kwh). On the other hand, the share of nuclear electricity will
‘grow each year and for the year 2000, it is estimated to be equal
50 % of the entire world electricity production and more than 20 2
of the whole world energy consumption. That is why if we calculated.
hydro and nuclecar on the basis of their inherent value, world
energy demand in 2000 (about 23 billion tons coal equivalent) (in
the case of steam power staticn's efficiency equal 0.208-0.250 kg/Kwh
would increase to 15.7-23.5 % and to 28.7 % (efficiency equals

0.278 kg/Kwh).

2. To measure encrgy in kilowatt hours, although the decision to use
coal cquivalents (or rarely oil equivalents) as the unit of encrgy
mezsurenrent conforms to wide spread usage. Our goal is not to
invept new measurement but to use the more convenient and more
correct ways of translation of different units into a common denomi-
nator unit. The mcasurement of primary energy resources in kilowatt

hours is necessary in our opinion for the following reasons:-
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TCE arose when cosl was the main encrgy source in the world
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¢) There is a trend in the world economy: more and more primary

“energy scurces are transformed into electricity. For example,

-

if in 1960 abcut 2C% of all energy resources were transformed

into electricity, in 2000 this share is expected to increase
.up to SQ-%. In the more distant fubure this share is likely .to

e again. The chonges in consumption of primary energy by

(I)

ince o}
‘sources in the past as well as in the future is due to the
social neecs for ecconomic angd technical development.

Socicty has reyuired and will continue to require cheaper and

.more convenient forms of secondary energy, e.g. electricity.

d) Xilowatt hour is not mebtric, not volumztric unit, that is *hy
we don't need to use nor me ric units (the ’ZSH, Europe4n
countries except ?3:1 nd) or barremu ( ﬂblluh speaking ~eurtrles!
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-e) Prlmavy fuels w1ll be calculated in kllQWutt hours at an.
- averabc heat rate for tne HCUuul productlon of electrlclty._.

'fQIn tnl° caoe there is no necee51tj to use double calculations

.;0 125 and 0 hO hou some people sug gest

. 5
Po [ A

ﬂ gtechnlcal progre5°'1n therﬂal as well as in thp nuclear

power statlons.'



