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REVIEW

This paper presents the basic concepts such as risk and harmful matters, as well as discusses the subjective 
factors of understanding risk. The results of risk estimates for the various methods of electricity production
are shown. The emission of carbon into the environment from fossil fuel burning is a process that can
influence the global greenhouse effect. Its share in relation to other phenomena and carbon emissions in
natural processes is considered. Problems appear in the attempt to qualify the impact of different matters
emitted into the atmosphere, and it cannot be stated with certainty whether their total influence might
cause global warming or cooling. It is extremely difficult, even impossible to define the share of human
induced global temperature changes and those brought about by nature (the earth has gone through many
cooler and warmer periods in its history). World energy consumption is considered (in richer and poorer
countries), and the carbon emissions initiated by it, as well as energy consumption forecasts.
Limitations of energy consumption or structural changes of the consumed energy may cause serious
economic disturbances in many countries. Behind the requests to restrain carbon emissions there lie
different interests. Gross domestic product (GDP), electricity consumption, and carbon emissions are
analyzed as functions of human life expectancy in 55 largest countries.
The results show that people live longer in rich countries that consume more electricity and thus produce
larger carbon emissions and other pollutants by burning fossil fuel, than those in poorer countries where
such pollution is lesser.
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Introduction
Peo ple are gen er ally con cerned about the en vi ron ment.
Some global prob lems are high lighted, as for in stance
the de ple tion of the ozone layer and the green house ef -
fect. Peo ple are very of ten be ing in tim i dated by en vi ron -
men tal pol lu tion ow ing to dif fer ent in ter ests. There fore,
the real pic ture of var i ous risks to which the hu man pop -
u la tion is ex posed is un clear.  Dis cus sions and many ar -
gu ments are raised on whether the use of fos sil fu els
should be re strained due to their global im pact on the
green house ef fect. Far lesser is the in ter est to al le vi ate the 
dif fer ences be tween the rich and the poor.

Al though the poorer pop u la tion lives sig nif i cantly
shorter than the rich does, it is grow ing ever much faster.

En ergy con sump tion shows that the eco nom i cally de -
vel oped, rich coun tries con sume con sid er ably more en -
ergy per ca pita than poor coun tries. Con se quently, the
rich show much higher en vi ron men tal pol lu tion due to
emis sions of harm ful mat ters from fos sil fuel burn ing.
Anal y ses show that life ex pec tancy is lon ger in eco nom i -
cally de vel oped coun tries than in the un de vel oped.
There fore, it was log i cal to ti tle this pa per with the ques -
tion: "Does en vi ron men tal pol lu tion pro long hu man life
ex pec tancy?"

1. Risks of human activities
Harmful matters and risks
The prob a bil ity of ill ness or harm ful con se quences to hu -
man health (risk) is gen er ally higher with greater ex po -
sure to harm ful mat ters (doses). The risk of de vel op ing
an ill ness is greater if ex posed to harm ful mat ters above
a cer tain min i mum. How ever, how many of the ex posed
per sons shall re ally de velop a dis ease, de pends on the
grade of ex po sure and on the qual ity of the harm ful mat -
ters. The sin gle ill ness risk is ex pressed as the prob a bil -
ity (e.g. 1:10,000) that a cer tain per son shall de velop an
ill ness. Some times the se ri ous ness of var i ous risks is
com pared with the ap pear ance of ill ness in the en tire ex -
posed pop u la tion. For ex am ple, if the prob a bil ity of ill -
ness is 1:10,000, then in a com mu nity of one mil lion
ex posed per sons one hun dred of them will de velop an ill -
ness (the prod uct of pop u la tion num ber and in di vid ual
risk). That is the so-called so cial risk.

Harm ful mat ters in clude dan ger ous chem i cals, ra dio -
ac tive, and bi o log i cally dan ger ous mat ters.  The term
dan ger ous chem i cal could be re lated to what ever chem i -
cal el e ment and/or com pound/s, and/or the mix ture of
chem i cal el e ments and/or com pounds hav ing dan ger ous
prop er ties. Dan ger ous prop er ties are var i ously de fined.
One of their prop er ties is tox ic ity - to hu man life and the
en vi ron ment.
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Ex po sure to such mat ters causes var i ous dis eases. To
be ex posed to dan ger ous mat ters means to in tro duce a
cer tain amount of these mat ters into the body by breath -
ing, drink ing, eat ing, or by touch ing (skin, eyes…) the
me dium where that par tic u lar dan ger ous mat ter is dis -
persed in a de ter mined con cen tra tion.

Re search has de fined the quan ti ties of var i ous dan ger -
ous mat ters that cause dis ease, on the ba sis of which are
de ter mined their daily al lowed quan ti ties over a whole
life pe riod or over a short pe riod of time dur ing an ac ci -
dent. In or der to es ti mate the daily ex po sure (doses) to
dan ger ous mat ters, their con cen tra tions in the air, wa ter, 
food, and soil must be known. When the daily doses are
de ter mined, the ef fects of ex po sure to dan ger ous mat ters 
on hu man health can also be de fined. 

Our knowl edge of dan ger ous mat ters and ac tions to be
un der taken in cases of ex po sure is in com plete. Re search
on hu mans is the most re li able way of gath er ing in for ma -
tion, but un for tu nately such in for ma tion is lim ited for
most dan ger ous mat ters, and is usu ally sup ple mented
with an i mal re search. 

Subjective understanding of risk
In ad di tion to the ob jec tive ap proach and risk es ti ma -
tion, which should be the sub ject of pro fes sional re -
search, there ex ists also a range of sub jec tive fac tors that
might in flu ence the judge ment of the mag ni tude of the
health risk. Trust in re search re sults is a very im por tant
fac tor. Risk re search is very of ten com plex and dif fi cult
to ex plain to the cit i zen. Re sults are of ten nu mer ous and
hard to un der stand. Some times, the es ti ma tors might be 
par tial to the wishes of their em ploy ers, what could bring 
about the loss of con fi dence in their re sults. 

Apart from ob jec tive risk es ti mates, it is nec es sary also
to con sider other sub jec tive fac tors, such as:

1. The se ri ous ness of the dis ease: Is the dis ease tem po -
rary or per ma nent, and does it cause death?

2. The fear fac tor: Is it can cer?
3. The time of ill ness: How long af ter ex po sure will the

ill ness ap pear?
4. Sci en tific knowl edge: Does sci ence know for cer tain

the re la tion be tween ex po sure to dan ger ous mat ters and
hu man ill ness?

5. So cial and po lit i cal dy nam ics: Do in ter est groups ex -
ist sup port ing aware ness of the real risks, or do there ex -
ist those that for dif fer ent rea sons wish to de crease or
in crease the pop u la tion’s con cern?

6. The po ten tial of pro vok ing a ca tas tro phe: How many
peo ple could be af fected (fa tally) and si mul ta neously?

7. The pres ent trend: Is it a new risk or is it an in creas -
ing risk?

8. The risk bear ers: Are they richer or poorer, chil dren
or adults?

9. Con trol/con sent: How eas ily can peo ple con trol the
risk, and have they the choice of ex po sure or not?

10. The dis tance: Do peo ple work or live in the vi cin ity
of the source of ex po sure?

11. The ben e fit: Do the ex posed peo ple ben e fit from the
source of ex po sure?

12. The vi sual: Does the source of ex po sure cause a
neg a tive ef fect?

The first two char ac ter is tics - the se ri ous ness of the ill -
ness and fear – are con nected. The scale of se ri ous ness
can be the prob a bil ity of a fa tal end, the length of ill ness,
pains, and life dis or ders.

In de pend ent of ef fects on health, the pop u la tion is
more afraid of some dis eases than of oth ers, e.g. of can -
cer.

The time the ill ness de vel ops af ter ex po sure also has
im pact on risk per cep tion. Ill nesses that de velop im me -
di ately af ter ex po sure con cern peo ple much more than
those that de velop e.g. 20 years later. Knowl edge on dan -
ger ous mat ters and ac tions to be taken in case of ex po -
sure is in com plete, and so is the knowl edge of the
pop u la tion. Some phe nom ena peo ple un der stand better,
some lesser (which of course de pends on the com plex ity
of the phe nom e non and the pos si bil ity of ex plain ing it).
Hence, some are afraid of one dan ger ous mat ter and oth -
ers of an other.

The po ten tial of pro vok ing a ca tas tro phe can trig ger the 
feel ing of greater se ri ous ness. Peo ple do not like ac ci -
dents in volv ing many deaths. They more eas ily ac cept the 
risks they have been liv ing with than a cer tain new one
that is grow ing. The dis tance and dis tri bu tion of risk also 
in flu ence per cep tion of risk se ri ous ness. A risk to which
some other group of peo ple is ex posed ap pears lesser
than the risk to which we are ex posed. If peo ple can con -
trol a risk then it ap pears lesser (e.g. cig a rettes). On the
other hand, an im posed risk (one that is not ac cepted
vol un tarily) ap pears more se ri ous (waste de pots, wa ter
pol lu tion, ther mo elec tric power plants, nu clear power
plants). The ben e fit of a cer tain ac tiv ity that bears a cer -
tain risk might in flu ence that such a risk ap pears less
dan ger ous.

Various methods of generating electricity and
their risks
Ev ery hu man ac tiv ity brings about a cer tain ben e fit, but
also a cer tain risk, as does en ergy use. The ex am ple of
elec tric ity gen er a tion, of ten dis cussed in pub lic, shows
what in flu ences the mag ni tude of risk to hu man health.
Nu mer ous au thors (9) have been en gaged in es ti mat ing
the threat to the pop u la tion and em ploy ees by elec tric ity
pro duc tion, what ever the method of gen er a tion.

In all cases the so-called burn ing cy cle in elec tric ity
gen er a tion must be con sid ered. There fore, we must take
into ac count: fuel pro duc tion, fuel trans por ta tion, elec -
tric ity gen er a tion in the power plant, waste man age ment,
de com mis sion ing, as well as other fac tors char ac ter is tic
of the burn ing cy cle. Cer tain au thors con sider also the
risk of man u fac tur ing con struc tion ma te ri als for the
erec tion of such units, as well as the risk of the erec tion
it self.

It is com mon that the to tal risk is pre sented as the risk
to pop u la tion (the pop u la tion liv ing in the vi cin ity of such 
units), and the risk to those em ployed in all seg ments of
the burn ing cy cle (from the min ers, to those em ployed in
oil pro duc tion and ex plo ra tion, con struc tion, in power
plants, in de com mis sion ing or waste man age ment, etc.).  
Risk es ti ma tion in cludes fac tors in duc ing in ju ries or ill -
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ness, as well as those in duc ing death (ac ci dents) in all
phases of the burn ing cy cle. In or der to be able to com -
pare a par tic u lar burn ing cy cle with oth ers, its risk is
usu ally ex pressed as the num ber of fa tal i ties dur ing the
pro duc tion of a cer tain amount of elec tric ity (e.g. for one
bil lion Watt-years – a GW-year cor re sponds to 8.76 bil -
lion kWh of elec tric ity). Risk could be ex pressed as the
num ber of short ened life days. Con ver sion is very of ten
used: one fa tal ity = 6,000 days shorter life, and vice
versa 6,000 days shorter life = 1 fa tal ity. To de fine the
ma te rial value of one day, the value of what one per son in
one day pro duces is usu ally taken (the GDP re al ized in
one day). That way, the value of a hu man life is ex pressed 
in money (which of course re sults in var i ous life val ues
for the richer and poorer pop u la tion, ob vi ous in ev ery day 
life). Risk es ti ma tions are com plex meth ods and de pend
on the pa ram e ters taken into cal cu la tion (hence the dif -
fer ing re sults from var i ous au thors). The most an a lyzed
risks are of those meth ods that are most com monly used
to gen er ate elec tric ity. They are gen er a tion from coal, oil,
hydropower, nu clear fu els, and gas. Cer tain au thors
have also an a lyzed risks of other meth ods of elec tric ity
gen er a tion, such as: from bio mass, wind, geo ther mal en -
ergy, so lar en ergy…), al though the share of such meth -
ods in world elec tric ity pro duc tion is mi nor. When all

these risks are dis trib uted on an equal amount of elec -
tric ity pro duced, they are not es sen tially dif fer ent from
the risks of the meth ods of elec tric ity gen er a tion.

Apart from car bon, fos sil fuel burn ing also emits other
harm ful com pounds into the at mo sphere, the amount of
which de pends on the type of fuel. The burn ing of all fos -
sil fu els in volves emis sion of sul fur and ni tro gen ox ides.
In ad di tion to other mat ters, var i ous ra dio ac tive mat ters
from fos sil fu els are also re leased. For ex am ple, oil re -
leases va na dium and some hy dro car bons, coal re leases
mer cury and ar senic, gas re leases hy dro car bons and
mer cury. In all these pro cesses the emis sion of par ti cles
takes place (from coal the most, gas the least).

Fig. 1 shows the risk es ti mates for var i ous meth ods of
elec tric ity gen er a tion.

Out of the mul ti tude of risk eval u a tions for elec tric ity
gen er a tion, the re sults of some re spected world au thors
(or ga ni za tions) are pre sented. The re sults are to tal risk,
and are re lated to the en tire burn ing cy cle for elec tric ity
gen er a tion from nu clear fuel, coal, hydropower, oil and
gas. They are pre sented as the num ber of fa tal i ties per
one GW/year, i.e. one bil lion Watt-year of elec tric ity. This
is an big amount of en ergy (8.76 bln kWh). As al ready
men tioned, the re sults dif fer from au thor to au thor. 

How ever, we can see
that the risk is high est
in elec tric ity gen er a -
tion from the coal
burn ing cy cle. It is less 
from oil and
hydropower, and the
least from nu clear fu -
els and gas. For the
gen er a tion of 1 GW/y
of elec tric ity, the most
pes si mis tic au thors
fore cast 38 fa tal i ties
for coal, 4.1 for oil, 3.3 
for hydropower, 1.5
for nu clear en ergy, and 
0.7 for gas. Ev ery hu -
man life is pre cious
and there fore these
num bers are not in sig -
nif i cant, but com pared 
to other fac tors in flu -
enc ing hu man life,
they are neg li gi ble (e.g. 
smok ing or au to mo -
bile traf fic).

When dis cuss ing
meth ods of elec tric ity
gen er a tion, the sub ject 
of ten arises (not with -
out rea son) of the
harm ful ef fect on the
en vi ron ment in clud ing 
peo ple, while other ef -
fects of hu man ac tiv ity
are very of ten ne -
glected. Compared to
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Fig. 1. The risk of generating one billion Watt-year of electricity (8.76 bln kWh).
Legend: WHO – World Health Organization, AMA – American Medical Association, UNSCEAR – United
Nations Scientific Committee on the Effects of Ionizing Radiation, ACNS – Advisory Committee on
Nuclear Safety.
Sl. 1. Rizik proizvodnje milijarde wat godine elektriène energije (8,76 milijardi kWh) Oznake: WHO – World
Health Organization, AMA – American Medical Association, UNSCEAR – United Nations Scientific Committee
on the Effects of Ionizing Radiation, ACNS – Advisory Committee on Nuclear Safety.



these oth ers, elec tric ity pro duc tion harm ful ef fects are
very of ten mi nor. En ergy con sump tion in gen eral, es pe -
cially elec tric ity con sump tion (the priv i lege of the de vel -
oped coun tries) is con nected to the qual ity of life, which
un doubt edly in flu ences life ex pec tancy.

2. Greenhouse effect or a new ice age, 
and energy consumption

Greenhouse effect or a new ice age?
So lar ra di a tion heats the earth daily. Part of it is di rectly
re flected from the at mo spheric man tle into space. The
ra di a tion that strikes the earth’s sur face is par tially ab -
sorbed by it, and par tially re leased back into the at mo -
sphere as in fra red ra di a tion. The pro cess of warm ing
and cool ing is bal anced, and de pends on at mo spheric
com po si tion.

As this in fra red ra di a tion trav els through the at mo -
sphere, much of it is ab sorbed by at mo spheric gases
such as: car bon di ox ide, meth ane, ni tro gen ox ides,
chloro fluoro carbons, perfluorocarbons, sul fur hexa-flu-
oride, etc., thus main tain ing a tem per a ture range on
earth hos pi ta ble to life (the green house ef fect). 

In creased CO2 con cen tra tions in the at mo sphere may
cause a slow down in the re-emission of heat into space,
thus trig ger ing the warm ing of the at mo sphere. Mea -
sured data con firm that CO2 con cen tra tions in the at mo -

sphere have since 1870 to 1980 in creased from 290 to
335 ppm. The greater part of this con cen tra tion is as -
cribed to in creased en ergy con sump tion – fos sil fuel
burn ing (coal, oil and gas) in that pe riod. Those con -
cerned about global warm ing es ti mate that the pres ent
CO2 con cen tra tions are about 380 ppm, and fore cast
dou ble that amount by the year 2050. This would prob a -
bly cause a tem per a ture in crease of about 2°C, trig ger ing
the melt ing of the po lar ice caps and the flood ing of about
1/5 of the world con ti nents. This way the earth’s white
sur faces re flect ing heat would be re duced, caus ing yet
higher tem per a ture growth, mean ing an ad di tional CO2

emis sions from oceans and fur ther global warm ing.
Only a small tem per a ture change may in clude a shift in

the world’s pat terns, putt ing added stress on ag ri cul ture. 
The sud den in crease of en ergy con sump tion (es pe cially
in the non-OECD coun tries) is surely add ing to the CO2
emis sions. They are also in creased by de for es ta tion for
ag ri cul ture, roads, and new set tle ments – de creas ing CO2

ab sorp tion and giv ing rise to its con cen tra tions in the at -
mo sphere.

Fig. 2 shows, ac cord ing to (Ref.4) the share of var i ous
sources of CO2 emis sion.

Emis sions from oceans are the great est, fol lowed by
emis sions through de cay (aer o bic de com po si tion) of or -
ganic mat ter, and by res pi ra tion of flora and fauna. The
share of car bon re lease (hu man in duced) is less than that 

in na ture, and about 75% of it is
by en ergy con sump tion. Con cern -
ing fore casts of en ergy con sump -
tion growth (pri mar ily in poor
coun tries), the car bon re lease will
grow re gard less of whether the
lim i ta tions de fined by the Kyoto
Pro to col are im ple mented or not.
Fig. 2 shows the emis sions ac -
cord ing to fore casts with and
with out the Kyoto re stric tions.
Dif fer ences are very small and it is 
ques tion able what, other than
eco nomic prob lems, will there be
achieved in rich coun tries due to
the re quested struc tural changes
in en ergy con sump tion (re stric -
tion of fos sil fuel con sump tion) in
or der to re duce car bon emis -
sions.

The emis sion of par ti cles when
burn ing fu els and waste (es pe -
cially in ag ri cul ture) and in nat u -
ral pro cesses (ac tive vol ca noes)
can also in duce cli mate changes.
Whether they should cause global
warm ing or cool ing de pends on
the color of the par ti cles. Cloud i -
ness and pre cip i ta tion will rise
with the amount of par ti cles. The
world’s av er age daily cloud i ness
is about 31%. An in crease of 5%
would pre vent part of the so lar ra -
di a tion from reach ing the earth’s
sur face, start ing off a new ice age.
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Fig. 2. The 1999 share of various sources of CO2 emission, forecasts to the year 2010,
without and with implementing the Kyoto agreement (Conference on climate changes held 
1996 in Japan). 
Note: if the amount of released carbon is to be determined (carbon is only a part of the
CO2 molecule), then the data on CO2 emission should be divided by 3.667.
Sl. 2. Doprinos razlièitih izvora oslobaðanju ugljiènog dioksida 1990.g., prognoze za 2010.g.,
bez i sa primjenjivanjem ogranièenja emisije iz Kyotoa (skup o promjeni klime održan 1996.g. u
Japanu).
Napomena: ako se želi odrediti kolièina osloboðenog ugljika (ugljik je samo dio u molekuli CO2) 
treba podatke o oslobaðanju CO2 podijeliti s 3,667.



It is proven that from 1885 to 1940 
the earth’s sur face tem per a ture had
in creased by about 0.6°C, it then
slightly de creased from 1940 to
1980, only to be in creas ing again. A
range of most var i ous re searches on
the earth’s sur face tem per a ture, due
to the com plex ity and mea sure ment
in ter pre ta tions, de liv ers the most
var i ous re sults. Global warm ing
could be stopped by in creas ing
cloud i ness, but that would again be
caused by an in crease in CO2 con -
cen tra tions. A 10% in crease in CO2

con cen tra tion brings about a 1% in -
crease in cloud i ness. How ever, no
one knows the fi nal ef fect of higher
par ti cle and CO2 con cen tra tions in
the at mo sphere – global warm ing or
cool ing.

Energy consumption and
carbon emission
Car bon emis sion de pends on fos sil
fuel burn ing (coal, oil, gas). By re -
duc ing con sump tion – the burn ing of 
fos sil fu els – such emis sion could be
low ered. Coun tries con sum ing more 
en ergy per ca pita could save a cer -
tain amount of en ergy, but those con -
sum ing less can save far less. Some
coun tries use en ergy ir ra tio nally –
they achieve lower GDPs com pared
to the en ergy con sumed, while oth -
ers achieve higher GDPs. Cer tain coun tries could not
doubt achieve better en ergy con sump tion ef fi ciency. The
geo graph ical po si tion of a cer tain coun try also de ter -
mines its needs. Some coun tries have en ergy sources
and oth ers do not. Some own at least one kind of en ergy
source and oth ers own none. Some pos sess con sid er able 
re cov er able en ergy re serves, and oth ers do not. Some
uti lize more ad vanced tech nol o gies in en ergy pro duc tion
and con sump tion, but oth ers can not af ford such tech nol -
ogy. Some can af ford high qual ity, ex pen sive en ergy, oth -
ers can not. There fore, the ex plicit pre scrip tion of fos sil
fuel con straints is ques tion able and dif fi cult to re al ize. 

The prob lem is also pres ent of righ teously eval u at ing
green house gas emis sions of a cer tain coun try. Some
coun tries do not even have an ex act en ergy bal ance, let
alone emis sion es ti mates of var i ous gases from in dus try,
ag ri cul ture or waste man age ment. 

The amount of car bon emis sion is pro por tional to the
con sumed amounts of fos sil fuel (oil, coal, gas). Each fuel 
is char ac ter ized by the amount of car bon in it. Thus, 1 m3

of oil con tains approx. 684 kg of car bon, 1 ton of coal
con tains 503 kg of car bon, and 1000 m3 of gas (nat u ral
gas – meth ane) con tains an av er age of 508 kg of car bon.
Since the burn ing of dif fer ent fu els re lease dif fer ent
amounts of heat, then the emis sion of car bon for 1 bil lion 
Joules of re leased en ergy is on av er age: coal 24.24 kg, oil
18.43 kg, and gas 13.71 kg.

Fig. 3 shows (Ref.2) shows world car bon emis sions by
fos sil fuel burn ing: oil, coal, and gas over the pe riod
1987-1996.

The world to tal con sump tion of pri mary en ergy in 1996 
was 393.7 E18 Joules. The car bon emis sions in duced by 
that con sump tion in 1996 was 6.04 bil lion tons. The
larg est share of this emis sion was in duced by oil con -
sump tion with 41.2%, a lit tle less by coal - 38.9% and the
least by gas – 20%. The most rapid growth of car bon
emis sion over this pe riod was due to gas burn ing. Ow ing
to a world re ces sion in to tal en ergy con sump tion, and the 
drop in fos sil fuel use in for mer eco nom i cally cen tral ized
coun tries, the to tal in crease of car bon emis sions was
mod er ate.

The re duc tion of CO2 emis sions is there fore pos si ble
only if the con sump tion of fos sil fu els is re duced. Be -
cause of the dif fer ences in the en ergy con sump tion struc -
ture ex pected in the fu ture (non-OECD coun tries will
sig nif i cantly in crease oil and coal con sump tion), car bon
emis sions in the non-OECD coun tries will be higher than 
in the OECD coun tries.

OECD coun tries – Or ga ni za tion for Eco nomic Co op er a -
tion and De vel op ment – are: Aus tra lia, Aus tria, Bel gium,
The Czech Re pub lic, Den mark, Fin land, France, Greece,
Ice land, Ire land, It aly, Ja pan, Can ada, Lux em bourg,
Mex ico, The Neth er lands, New Zea land, Nor way, Ger -
many, Por tu gal, USA, Spain, Swe den, Swit zer land, Tur -
key, and United King dom. They hold 18% (1995) of the
world pop u la tion, while non-OECD coun tries hold 82%.
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Fig. 3. World CO2 emissions by fossil fuel burning: oil, coal, and gas over the period
1987-1996.
Note: the amounts of carbon emissions are obtained by multiplying the data on carbon
by 3.667
Sl. 3. Oslobaðanje ugljika u atmosferu u svijetu izazvana spaljivanjem fosilnih goriva: nafte,
ugljena i plina, u razdoblju od 1987.g. do 1996.g. 
Napomena: osloboðene kolièine CO2 dobiju se množenjem podataka o ugljiku s faktorom
3,667.



There are those OECD-countries that may not be con sid -
ered as rich, as well as non-OECD coun tries that are not
poor, but the terms rich and poor, in the ab sence of any
better terms, are ad e quate.

Oil (its de riv a tives) is very dif fi cult to be re placed by any 
other more fa vor able fuel in traf fic. Coal for elec tric ity
gen er a tion can be re placed by nu clear fuel, but the
non-OECD coun tries are most of ten im ma ture for its ap -
pli ca tion. Nu clear en ergy en tails spe cific re quire ments
which au thor i ties of those coun tries of ten do not com pre -
hend. The use of re new able en ergy sources (ex cept
hydropower) for elec tric ity gen er a tion could also de -
crease car bon emis sions, but at pres ent are still not fea -
si ble. 

Re ori en ta tion to nu clear en ergy, re new able sources, hy -
dro gen… would re quire enor mous fi nan cial ex pen di -
tures equally in the rich coun tries as well as in the poor.
Re quests to ra tio nal ize en ergy con sump tion and im prove 
its ef fi ciency are rea son able, but that should be left to ev -
ery coun try it self for the ben e fit of its pop u la tion, and
should not be im posed. 

Fig. 4 shows car bon emis sion in duced by fos sil fuel
burn ing (Ref.2) over the pe riod 1987-1996 for the
seven ma jor con sumer coun tries. In 1996 these coun -
tries par tic i pated with a 59,4% share in world to tal car -
bon emis sions.

Car bon emis sion is in creas ing in the USA, China, Ja -
pan and In dia. A sig nif i cant re duc tion is noted in the
Rus sian Fed er a tion (in FSU also), and a very mod er ate
drop in Ger many and the United King dom. The ma jor
drop of car bon emis sion in the Rus sian Fed er a tion
(and FSU) is owed to the re duc tion of en ergy con sump -
tion be cause of se ri ous eco nomic dis tur bances dur ing
its so-called tran si tion. A mod er ate re duc tion is also
no ticed in the ma jor coal con sum ing Eu ro pean coun -
tries: Ger many and the UK (like Po land and the Czech
Re pub lic), where the fierce pres sures of the en vi ron -
men tal ists suc ceeded that coal be re placed with gas. 

Fig. 5 shows, for the pe riod 1987-1996, the de pend -
ence of the to tal car bon emis sion (Ref.1) on the to tal
GDP for coun tries show ing the great est emis sions
(where it is grow ing), and for the Rus sian Fed er a tion,
where it is no tice ably de creas ing.

A good in ter de pen dence is no tice able be tween car -
bon emis sion and the re al ized GDP. The least in crease
in such in ter de pen dence is in Ja pan (mean ing ra tio nal
en ergy use, and of course, the struc ture of the en ergy
con sumed also shows in flu ence), while it is some what
higher in the USA. The steep in cli na tions of the re gres -
sion lines for In dia and China show an abrupt in crease
in car bon emis sions as a func tion of the GDP, dem on -
strat ing ir ra tio nal en ergy use (and un fa vor able struc -
ture of the en ergy con sump tion).  The in ter de pen dence 
of re duced car bon emis sions (and fuel use) and a lower 
GDP is ob vi ous in the FSU coun tries. The eco nomic
cri sis in the FSU has caused a more rapid drop of car -
bon emis sions (en ergy con sump tion) in de pend ence of
the GDP than the in crease in China and In dia. Apart
from other fac tors, that could even tu ally be the re sult
of more ra tio nal en ergy use in FSU coun tries, or that
the GDP will only slightly lag be hind the more rapid de -
crease of en ergy use (the eco nomic sit u a tion will

worsen). Eco nomic re cov ery in the fu ture could mean a
lesser in crease in car bon emis sions (and en ergy con -
sump tion), with a si mul ta neous in crease of GDP. For
Ger many and the United King dom, where a mod er ate de -
crease of car bon emis sions is shown (changes in en ergy
struc ture), no in ter de pen den cies be tween car bon emis -
sion and the GDP are no ticed.

In stead of im pos ing re straints of car bon emis sions
aimed at glob ally re duc ing them, it would be more ben e fi -
cial that the de vel oped coun tries (USA, Ja pan, West ern
Eu rope) help tech no log i cally those where en ergy is used
in ef fi ciently (China, In dia, etc.).

More than car bon emis sions, we should be con cerned
about dis tri bu tion of the lim ited re cov er able fos sil fuel
re serves. The newly dis cov ered oil, gas and coal re serves
are ever more in ac ces si ble, while there use is more dif fi -
cult and ex pen sive. In ad di tion, the rich OECD-countries
(18% of the world pop u la tion) con sume more and pro -
duce less en ergy than the rest of the world (82%, and
their share in world pop u la tion is grow ing fast). 
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Fig. 4. Carbon emission induced by fossil fuel burning (oil, coal
and gas) over the 1987-1996 period for seven major consumer
countries.
Note: The amount of carbon emissions is obtained by multiplying
the carbon data by 3.667. Data for FSU countries are also
indicated.
Sl. 4. Oslobaðanje ugljika u atmosferu izazvana spaljivanjem fosilnih
goriva: nafte, ugljen i plina, u razdoblju od 1987-1996.g. u državama
gdje je ono najveæe.
Napomena: osloboðene kolièine CO2 dobiju se množenjem podataka o 
ugljiku s faktorom 3,667. Naznaèeni su podaci i za zemlje bivšeg
SSSR-a.



Shares of world fos sil fuel pro duc tion (5) of the rich
and the poor coun tries is as fol lows:

Shares in world fos sil fuel con sump tion (5) of the rich
and the poor coun tries is as fol lows:

Cer tain fos sil re serves of shorter du ra tion (oil, gas) are
be ing con sumed in OECD coun tries more rap idly than in 
non-OECD coun tries.

The re cov er able fos sil fuel re serves are not in ex haust -
ible. They are dis trib uted (5,6) as fol lows:

It is “in con ve nient” that the re -
serves of pre ferred qual ity fu els of
shorter du ra tion (oil and gas) are
not lo cated in rich coun tries, what is
not the case for coal. From the rich
coun tries’ stand point, it would be
pref er a ble that oil and gas be con -
sumed more slowly, mean ing the
lon ger du ra tion of these fu els and at
ac cept able prices. On the other
hand, hav ing con sid er able (low qual -
ity) coal re serves the rich are aware
of the fact that they can not de crease
car bon emis sions (es pe cially the
USA, Aus tra lia and Ger many). Re -
ori en ta tion to more in ten sive use of
nu clear en ergy would re quire enor -
mous fi nan cial in vest ments and re -
straint from their abun dant fuel
(coal) re serves.

It is there fore dif fi cult to as cer tain
what and whose in ter ests are in ter -
con nected in the car bon emis sion
con straints, and what are the hid den 
in ter ests of those who pur sue ad -
min is tra tive emis sion con trol.  It is
highly ques tion able whether there is
any sense what so ever in re strain ing
car bon emis sions glob ally, when it is 
im pos si ble at the con stant growth of
fos sil fuel con sump tion. True, cer -
tain ma jor con sumer coun tries
could re duce their con sump tion, but 

that would be only tem po rary. The ac tual ex pe ri ence of
coun tries in tran si tion has shown that se ri ous eco nomic
and so cial dis tur bances re sult in an en ergy con sump tion
de crease. Coun tries with high con sump tion per ca pita or 
per GDP could even tu ally in the long-term, only mod er -
ately slow down con sump tion growth. 

3. Energy consumption, gross domestic 
product, carbon emission, life
expectancy

Energy consumption in time and space
En ergy con sump tion growth fol lowed the de vel op ment of 
cer tain com mu ni ties. En ergy con sump tion per ca pita as
it was in the rich OECD-countries in the past, is still
pres ent in the un der-developed non-OECD coun tries, so
that spe cific en ergy con sump tion greatly dif fers in coun -
tries at dif fer ent stages of de vel op ment. To day, some of
the poor est coun tries con sume en ergy in quan ti ties of the 
“hunt ing age” (10,000 years ago). 

The world av er age con sump tion per ca pita in 1996 was 
68,4 bil lion J/year of to tal en ergy. En ergy con sump tion
per ca pita greatly var ies be tween coun tries. It de pends
on the coun try’s geo graph ical po si tion, en ergy use ef fi -
ciency, and on its de vel op ment stage. 

In world pri mary en ergy pro duc tion (3) 396E18J
(1996) oil oc cu pies the ma jor share with 38.8%. Coal
par tic i pates with 24.9% of world fuel pro duc tion. Nat u -
ral gas (meth ane or dry) is the third at about 21.8%.
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Fig. 5. Carbon emission induced by fossil fuel burning (oil, coal and gas) over the
1987-1996 period as a function of the total GDP in countries were it is largest and still
growing.
Note: The amount of carbon dioxide emissions is obtained by multiplying the carbon
data by 3.667. The GDP is expressed in USD at the 1987 $ exchange rate. Data for the
Russian Federation where emissions are decreasing are also indicated.
Sl. 5. Oslobaðanje ugljika u atmosferu izazvana spaljivanjem fosilnih goriva: nafte, ugljen i
plina, u razdoblju od 1987-1996.g. u državama gdje je ono najveæe i u porastu.
Napomena: osloboðene kolièine CO2 dobiju se množenjem podataka o ugljiku s faktorom
3,667. Bruto domaæi proizvod sveden je na vrijednost USD u 1987.g. Naznaèeni su podaci i
za zemlje bivšeg SSSR-a, gdje je oslobaðanje ugljika u padu.

oil (1997): OECD – 29.3% non-OECD – 70.7%

gas (1997): OECD – 46.4% non-OECD – 53.6%

coal (1997): OECD – 44.6% non-OECD – 55.4%

oil (1997): OECD – 62.7% non-OECD – 27.3%

gas (1997): OECD – 55.8% non-OECD – 44.2%

coal (1997): OECD – 46.4% non-OECD – 53.6%

oil (1997): OECD – 9.3% non-OECD – 90.7%

gas (1997): OECD – 9.6% non-OECD – 90.4%

coal (1997): OECD – 46.2% non-OECD – 53.8%

(1992) antracite and bi tu -
mi nous coal OECD – 36.2% non-OECD – 63.8%

(1992) sub-bituminous
and lig nite OECD – 47.9% non-OECD – 52.1%



Hydropower holds 7.0% (2530 bil lion
kWh of elec tri cal en ergy pro duced). Nu -
clear en ergy holds 6.4% (2280 bil lion
kWh of elec tri cal en ergy pro duced). All
other re new able sources (geo ther mal, so -
lar, wind) pro duced (8) (1995) only about 
48 bil lion kWh.

From the to tal world en ergy con sumed
(385.7E18J) in 1995 (2), 38.1% was used 
for elec tric ity gen er a tion, the best form of
en ergy for con sump tion. Fuel shares for
world elec tric ity gen er a tion were: coal
36.4%, hydropower and other re new able
sources 21.6%, nu clear 16.7%, gas
15.9%, and oil 9.4%. In 1996 (3), the
world con sumed 12,052 bil lion kWh of
elec tric ity, the av er age per ca pita be ing
2,083 kWh/year. OECD-countries (18% of 
the world pop u la tion) con sumed 60.4%,
while the non-OECD coun tries (82% of
the world pop u la tion) con sumed 39.6%
of world elec tric ity in 1996. To day, about
2 bil lion world in hab it ants or even more
(8), have no pos si bil ity of us ing elec tric ity.

Pro duc tion and con sump tion of world
pri mary en ergy are chang ing with time,
as well as with the steadily grow ing world
pop u la tion. In 1991, a slow down in to tal
en ergy con sump tion growth was no ticed
(2), as well as in elec tric ity con sump tion
growth cause by so cial changes in coun -
tries of cen tral ized econ omy. World pop u la tion growth
shall also re quire growth of en ergy con sump tion if liv ing
con di tions are not to worsen, es pe cially in Third World
coun tries with high birth rates and low per ca pita en ergy
con sump tion. To tal en ergy con sump tion growth is more
rapid than pop u la tion growth, and elec tric ity con sump -
tion is more rapid than the to tal en ergy growth. Ac cord -
ing to fore casts (3) con sump tion of all en ergy forms other 
than nu clear en ergy, will be grow ing un til the year 2020.
The growth of en ergy con sump tion, es pe cially elec tric ity,
is more rapid in poor coun tries than in rich where the
pro cess of mi gra tion into cit ies is also pres ent. The
steady mi gra tion from vil lages to cit ies re quires con -
struc tion of con cen trated high-power en ergy sources in
the vi cin ity of the cit ies.

Data analyses of 55 largest world countries 
In or der to un der stand the con nec tion of many life fac -
tors with life ex pec tancy, the data from 55 coun tries were
an a lyzed. Rel a tively large coun tries were cho sen, i.e.
those with pop u la tion above 15 mil lion (1996), from all
parts of the world.

The anal y ses in cluded: Af ghan i stan, Al ge ria, Ar gen tina, 
Aus tra lia, Ban gla desh, Brazil, Egypt, Ethi o pia, the Phil -
ip pines, France, Ghana, In dia, In do ne sia, Iraq, Iran, It -
aly, Ja pan, Ye men, South Af ri can Re pub lic, Can ada,
Kazakhstan, Kenya, China, Co lum bia, Congo Dem o cratic 
Re pub lic, South Ko rea, North Ko rea, Ma lay sia, Mo rocco,
Mo zam bique, Myanmar (Burma), Ne pal, Ni ge ria, the
Neth er lands, Ger many, Pa ki stan, Peru, Ro ma nia, Po -
land, Rus sian Fed er a tion, USA, Saudi Ara bia, Sri Lanka,
Spain, Thai land, Tan za nia, Tur key, Uganda, the Ukraine, 

Uzbekistan, Great Brit ain, Ven e zuela, and Viet nam. They 
in clude rich and poor coun tries. The GDP (ac cord ing to
the pur chas ing power) re al ized per ca pita (4) for the an a -
lyzed coun tries was in the range from US$500 (or less) to 
about US$30,000. The life ex pec tancy (4) in these coun -
tries ranges from 43 to 80 years. Their pop u la tion (4)
ranges from 15 mil lion to 1,215 mil lion. These coun tries
en com pass 5,136 bil lion in hab it ants or 88.8% of the
world pop u la tion. Their to tal area is 103.79 mil lion
km2, which is about 69.4% of the earth’s to tal con ti nen -
tal area, or 20.3% of the planet’s to tal area. Be cause of
fos sil fuel use (1), all these coun tries emit into the en vi -
ron ment 5.4 bil lion tons of car bon per year (or 3.667
times more CO2), which is 89.5% of world car bon emis -
sions in duced by fos sil fuel burn ing. Elec tric ity con -
sump tion per ca pita (1) in these coun tries ranges from
25 (or less) to 15,800 kWh/y. To tal elec tric ity con sump -
tion (1) in the an a lyzed coun tries is 10,856 bil lion kWh,
or 87.9% of the world to tal elec tric ity con sump tion
(1996).

The re la tion be tween the GDP (4), elec tric ity con sump -
tion per ca pita (1), and life ex pec tancy (4) for the 55
coun tries is shown in Fig. 6.

The data shows an abrupt in creas ing change (ex po nen -
tial) of GDP (US$1,000 per ca pita/year), elec tric ity con -
sump tion (1,000 kWh per ca pita/year) and life
ex pec tancy. The life ex pec tancy in creases with the GDP
and elec tric ity con sump tion.

Ob vi ously, wealth and the ben e fits along with it, are that 
what pro long life, as does elec tric ity – the most com fort -
able form of en ergy. Data shows that very high GDP per
ca pita, as well as very high elec tric ity con sump tion do
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Fig. 6. GDP (according to the purchasing power) and electricity consumption per
capita in relation to life expectancy (1996).
Note: The most fitting exponential curves are marked.
Sl. 6. Bruto domaæi proizvod (prema kupovnoj moæi) i potrošnja elektriène energije po
stanovniku u ovisnosti o oèekivanom trajanju života (1996.g.).
Napomena: Naznaèene su eksponencijalne krivulje koje najbolje prolaze podacima.



not fur ther pro long life ex pec tancy. The limit of 80 year
shows that nei ther wealth nor elec tric ity can com pete
with na ture. The pro lon ga tion of life is no tice able at low
GDP and low elec tric ity con sump tion. Con se quently, for
the rel a tively poorer pop u la tion, only a small change in

GDP and elec tric ity con sump tion sig nif i -
cantly in creases life ex pec tancy (which is less
than the rich), while fur ther wealth and in -
creased elec tric ity con sump tion for the rich
do not show such an im pact on life ex pec -
tancy. 

The re la tion be tween car bon emis sion per
ca pita (1,4) and per area unit (1,4) in the 55
an a lyzed coun tries with life ex pec tancy is
shown in Fig. 7.

Car bon emis sion per ca pita (tons/in hab it -
ant/year) and per unit area (tons/km2/year) is
in creased as a func tion of life ex pec tancy. The 
data is quite scat tered, but it shows ex po nen -
tial de pend ence. That means, the higher the
car bon emis sion in a cer tain coun try (per ca -
pita and per unit area) the lon ger the life ex -
pec tancy, or the lon ger the life ex pec tancy the
higher the car bon emis sion.

We al ready know that higher car bon emis -
sion by fos sil fuel burn ing mean higher en -
ergy con sump tion. Higher en ergy
con sump tion brings about the re lease of
other harm ful mat ters into the en vi ron ment.
Nat u rally, en vi ron men tal pol lu tion de pends
on the struc ture of the fos sil fuel (the least
from gas, and the most from oil and coal). 

Data on other pol lut ants is
scarce, but on the ba sis of car -
bon emis sion anal y ses, we may
con clude that the in crease of en -
vi ron men tal pol lu tion from fos -
sil fuel burn ing pro longs hu man 
life ex pec tancy, con trary to the
fact that nu mer ous re search
has shown that var i ous harm ful 
mat ters shorten it (dis ease and
death). Ob vi ously, life ex pec -
tancy de pends on a range of fac -
tors in flu enc ing hu man life,
among which those that pro long 
it are the most im por tant
(wealth and its ben e fits: health
and so cial pro tec tion, ed u ca -
tion; use of elec tric ity and other
en ergy forms that fa cil i tate liv -
ing…), so that the to tal ef fect is
man i fested by life ex pec tancy
pro lon ga tion.

Out of the 55 coun tries an a -
lyzed, 25 were cho sen that sat -
isfy one of the pos tu lated
cri te ria: to tal car bon emis sion
above 100 mil lion tons, or car -
bon emis sion per ca pita above 1 
ton, or car bon emis sion per
unit area above 100 tons/km2

over a one year pe riod.

Fig. 8 shows the data for to tal car bon emis sions, emis -
sions per ca pita and per unit area for coun tries with pop -
u la tions above 15 mil lion where the emis sions are the
high est.
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Fig. 7. Carbon emission per capita and per unit area of the 55 countries in
relation to life expectancy (1996).
Note: the best fitting exponential curves are marked.
Sl. 7. Oslobaðanje ugljika po stanovniku i po jedinici površine države u ovisnosti o
oèekivanom trajanju života (1996).
Napomena: Naznaèene su eksponencijalne krivulje koje najbolje prolaze
podacima.

Fig. 8. Total carbon emissions, carbon emissions per capita and per unit area for countries
with highest carbon emissions from fossil fuel burning (1996).
Sl. 8. Ukupne osloboðene kolièine ugljika, oslobaðanje ugljika po stanovniku i jedinici površine za
države s najveæim oslobaðanjima ugljika zbog korištenja fosilnih goriva (1996.g.).



The coun tries with the high est to tal car bon emis sions
are USA, China, Rus sian Fed er a tion, Ja pan, Ger many,
In dia and United King dom. These coun tries are the larg -
est fos sil fuel con sum ers. Coun tries with the high est car -
bon emis sion per ca pita are USA, Can ada, Aus tra lia,
Hol land, Saudi Ara bia, Ger many and Rus sian Fed er a -
tion. Car bon emis sions per ca pita (tons) are num bered
for each coun try. They are those with the high est fos sil
fuel con sump tion per ca pita. On the ba sis of this in di ca -
tor were the Kyoto re straints for car bon emis sions de -
fined.

Coun tries with the high est car bon emis sions per unit
area are Hol land (life ex pec tancy 77 years), South Ko rea
(72), Ja pan (80), Ger many (76), United King dom (77),
North Ko rea (63), and It aly (78). The pop u la tions of these 
coun tries live in en vi ron ments that are the most pol luted
with car bon emis sions and other harm ful mat ters from
fos sil fuel con sump tion. Emis sions of other pol lut ants
de pend of course on the struc ture of the burnt fuel. With
the ex cep tion of North Ko rea, these are all coun tries with
the high est life ex pec tancy - rang ing from 70 to 80 years.
It is ob vi ous that the ben e fi cial ef fects of high gross do -
mes tic prod uct and high en ergy con sump tion (in clud ing
elec tric ity), pro long life more than the en vi ron men tal pol -
lu tion short ens it.

4. Conclusion
The im pact of fos sil fuel burn ing, as well as that of elec -
tric ity pro duc tion on the pop u la tion should be con sid -
ered in re la tion to other phe nom ena en dan ger ing it. That
im pact is pres ent, but com pared with other fac tors in flu -
enc ing hu man health and life ex pec tancy, it is prac ti cally
neg li gi ble. The anal y ses of the 55 larg est coun tries show
that richer coun tries (with higher GDP per ca pita) con -
sum ing more elec tric ity per ca pita, do emit higher car -
bon quan ti ties into the en vi ron ment by fos sil fuel
burn ing. Car bon emis sion is con nected to the re lease of
other en vi ron men tal pol lut ants from fos sil fuel burn ing
(de pend ing on the fuel struc ture). The pop u la tion in
more rich coun tries con sum ing more elec tric ity lives lon -
ger than that in poorer coun tries.

The en vi ron ment in richer coun tries is more pol luted
with car bon and other con tam i nants than in the poorer
coun tries. The ben e fi cial ef fects of higher GDP and en -
ergy con sump tion on hu man life ex pec tancy pro lon ga -
tion sur pass the neg a tive ef fects of en vi ron men tal
pol lu tion. That, of course, is not an in vi ta tion to pol lute
the en vi ron ment reck lessly. In stead of ex ces sive con cern
about fos sil fuel burn ing and its global green house ef fect, 
it would be better to work on re duc ing the dif fer ences be -
tween the rich and the poor, and of course, on the more
ef fi cient use of en ergy. Fos sil fuel re serves are lim ited and 
ex haust ible. 
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Zagaðenje okoliša izgaranjem fosilnih
goriva možda ne ugrožava trajanje
ljudskog života
Sažetak
U èlanku su prikazani osnovni pojmovi kao što su rizik i štetne tvari.
Navedeni su subjektivni èinitelji poimanja rizika. Prikazani su
rezultati procjena rizika razlièitih naèina proizvodnje elektriène
energije. Oslobaðanje ugljika u okoliš u korištenju fosilnih goriva
proces je koji može utjecati na globalni uèinak staklenika. Razmatra
se njegov udio u odnosu na druge pojave i oslobaðanje ugljika u
procesima u prirodi. Problemi su u kvantificiranju utjecaja razlièitih
tvari osloboðenih u atmosferu i ne može se sa sigurnošcu tvrditi da li 
ce zbog njihova ukupna djelovanja doci do zagrijavanja ili hlaðenja
Zemlje. Pogotovo je teško, èak i nemoguce, odrediti koji je dio
promjena temperature na Zemlji izazvan djelovanjem èovjeka, a koji
je rezultat uobièajenih promjena u prirodi (uvijek su se u povijesti
Zemlje izmjenjivala hladna i topla razdoblja). Razmatrana je
potrošnja energije u svijetu - bogati i siromašni i njome izazvano
oslobaðanje ugljika, kao i predviðanja potrošnje energije.
Ogranièenja potrošnje energije ili promjene strukture potrošene
energije mogu izazvati goleme gospodarske poremecaje u mnogim 
državama. U pozadini zahtjeva za ogranièenjima oslobaðanja
ugljika razlièiti su interesi. Analiziran je bruto domaci proizvod,
potrošnja elektriène energije oslobaðanja ugljika u ovisnosti o
trajanju života Ijudi za 55 najvecih država svijeta.
Rezultati pokazuju da ljudi žive dulje u bogatim državama veæe
potrošnje elektriène energije i veceg oslobaðanja ugljika a time i
drugih zagaðivaèa pri korištenju fosilnih energenata nego u
siromašnim državama gdje je spomenuto zagaðenje manje.
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UDK : 662.6/.7 : 614.71 : 546.264-31 : 577

662.6/.7 goriva, fosilna goriva, izgaranje
614.71 zagaðenje i zaštita okoliša, zagaðenje i zaštita zraka
546.264-31 ugljièni dioksid
577 ljudski život, vijek

Manu script re ceived on 12.10.2000.
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