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flole of enargy systems on nthropogenic environmental and heaith
effects of some important activties.

sector
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* almest all anthropogenic air poliutants (COz |, CO,502 NGx) are produced by enargy systerms
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Fig.1. Primary ensrgy sources used to satisty the world demand

The most common way o obtain energy is to burn I fuel, usually
- a fossil fuel, obtaining as a final result hear, motion or
alectricity. ‘ S

"r‘merxy souricu used to sarisfy the demand are quite Sfew: as
shown in Flg.1 more than 85% of the world demand is covered by
. fossil fuels {¢oal, oll and natural gasl. =~ T
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Fig.2. World energy consumption and carbon’ di

Health effects and environmental impact . of

energy consumption have followed parallel pathways.

oxide 'orl;lulon

energy systems and

The Increase of the CO2 concentration in the atmosphere in the
last 20 years follows with good apprOximatio? the curve

representing the world energy consumption in the

C0O2 concentration has increased since the b

“industrial revolution (by the end of thel8zh
1o 350 ppm

ame period.

=ginnihg? of the
century) from 280

Fixed systems Moblle
systems
Bnergy ‘
Indusiry
Power Space n
stations | haating and Tranapart
other uses
Primary
energy 34 18 28 22
%

Tabils 1,The most commen energy systems and thelr contribution
to primary snegy consumption in ltaly

To the fixed systems belong -he boilers used “for space and

 industrial heating and the power stations producing electricity.

The mobile systems include all types of transportation means
such as cars, trucks, aeroplanes, ships and so on. .

The percentages of primary energy consumed in Iraly by the

' systems 1s also referred in table 1.
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._;-‘..:power stations, have a considerable. size (t

energy systems

Scnne important remarks oa environmental and health impact_:s%f

“air pollutlon and thermal poliution: are two' relevant

. ‘environmental and health effects of energy systems: this ls

Telated to the in fact a large fraction of sndérfgy is produced
burning fossil fuels producing a huge amount of CO2 and .
_significant quantities of dangerous pollutants - such as CO, SO
"NOyx, bydrocarbons, etc.; i
y{%ically wome
r:thousands of thermal megawartts): tHherefcre & most part of
‘environmental effects (especially pollution} . is . concentrated
near the plant and this makes it easier the contrel of the

- ‘epvironmental impact; o -

.. the control of the environmental impact is more difficult for
- gystems of small size: this condition is particularly true

" space heating systems used for houses and .apartments and

becomes very difficult in the case of automobiles which are

characterised also by a variable regime; ‘

the systems producing mechanical energy from heat (nuclea
power stations, systems burning fossil fuels, . home and
industrial boilers, motor vehicles) discharge ' a considerable
samount (S0 - 70%) of the heat into the environment under ¢
~form of hot exhaust gas into :he atmosphere - or ' as warm wate
. discharged into natural water bodies,

; Environmental and heaith effects due to encrg::y systema:

- Fig.3 Schematic diagram of coal fuel cycle
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the direct fmpacts of include all the effects that the energy .
“system (e.g, a boiler, a power station; a car, a nucleir power.
< plant, eétc.): produces directly on the different environmental
' . components, such as soil, air, water, etc.; examples’ of direct
~impacts are: occupation of land; air and water pollution: thermal
~and poise pollution; damages deriving to the envitonment and to
- the health owing to a severe accident occurring to the system;

the indirect impacts include all the ffects deriviﬂgf":‘.nocfjonly
“from the building of the energy producing planty but also from
-~ all the operations of the fuel cycle such as the extraction,

-  iransportation and storage of the fuel; a schematd diagram of

- the fuel cycle of coal is shown in fig. 3; global effects such as
. . Climate changing and acid rains are clso examples of indirect
effects.” : P
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~ Approach to the evaluation of risk in enetgy

[

i ; N -
roduction.

i Lo E

T%he. asseasment of environmeutal impactsof ners'y?;systfe_ms is

“based on the evaluation of ti e risks, i.e. the expected effects, by
~'uging staustic data when possible or prdbabilistic analysis when
‘data are not available. P o

~provide decision makers with suitable tcols t

Many sclentific approaches have been developed in ‘order to -
make- chofces

' among different solutions. One of the first attempt to apply
" these methods was done with the safety analysis of ‘huclear
" reacrors. ; o

;

Y ! i -.
. . These approaches are very belpful, but they are ndi sufficient

.to convince the public, since the acceptance| is strongly affected

by a psychological attitude npot always based jon rational

conslderations.

i
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Fig.4. Percsived va. actuai risks for ditfarent sctivities and technologies

. ‘-7 In Fig.4. are shown the perceived risks versus the actual risks
ooy for different activities or technologles: sdme risks are
perceived in a right way (e.g. car accidents), others are
: : X overestimaved (e.g. nuclear energy) and others are
: R . ) underestimated (e.g. cigarette smoking}. )

" - . " To take into account this psychological a{titude the “decision

Ch : process follows a pathway that includes not only technical
" . _evaluations, but also a direct involvemert of citizems and social

.organisations.
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e considerations for a correct approach to risk e’i’rﬁ.ixa.ﬂon
' of ener,y systems 7

"= ' The availabllity of energy produces an improvement’ in the

o~ -standard of life: the lack of energy below' the 2000 Keal/person x
" day means that the people don't have even enough food: ta reach
.an acceptable standard of life a certain level of energy
:-avalability is necessary: ‘ E
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Filg.6. LHe expectancy an  Intant mortalihy Ve onm‘;gy avallability
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L ; Flsk mlysis requires a risk unit, usuallyf deﬂned‘-agr thé number
o -of adverse effects (e.g. fatalities) referred to the unit tme!

L . the environmental risks, such as changes 'in local ‘or global
.7 ¢limate, damages to the vegetation, etc., are difficult; to

- ;quantify,but they are taken .nto account in the deécision

- process; ‘ .

" the selection of a solution (type of enerﬁ system, - fts siting,
-~ otc.) should be the result of a risk-bene analysis that
‘involves big problems connected to the difficulty to® evaluate
:tisks and benefits quactitatively by expr{e:sing botlf’ of them by

the same unit, ! 4
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Basic assumptions of the Inhaber Analysis  *

- : ! . 1"
all risks, occupational and public, are estimated foli all the fuel

she . Gycle stages; \ R
- " “itlaka are expressed only in terms of health adverieeffects

" . referred to the generation of an energy umit (thertnzl MWy): in
“thizs way theé comparison among different’ energy sys§tems
" becomes significant becausc it is referred ' to the d;qne amount of
-, benefit obtained; ' LI

- ' a risk unit the aumber of fatalities/MWy is used; in order to

.. " take imto account other adverse effects such as non-lethal
" . diseases and injuries a more general unit.is introduced: ‘the
"man day lost" (MDL); in this way, establishing a :
¥ correspondence between the different adverse offects (fatality,
: disease, injury) and MDL it is possible to' obtain the total risk as
. the sum of different types of risks and finally compare this total
figure of an energy system with those of other systems.

11
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for differsnt a.nnrﬂy lphma :

nen lethal scdident| - T MDL
irijury 30'
di:ﬁnso .3b0i;
tatality 8060
radit. disesse 8&00‘

{oocupational) and in the stage of energy generation (public)
because of the large amount of dangerous pol urants emltred
intc the atmosphere. : .

For oll a similar level of risk ls eatimated’ especially In the
- generation stage (public) because its combustl n s aiso a source
of dangerous pollutants, ; .

" Natural gal and nuclear energy are cha.i:cte ‘aed_ ‘rSy the lowest
level of risk: this is due for natural gas the very. low z2mission
of pollutants; for the nuclear energy the main reafon ls related
to the high energy intensity of the fuel that reduces the risks
for unit energy generated; a further favourable aipeéct iy the
,almost absolute absence of radioactivity relea e during normal
don.
'T surprising results regard the renewable neru sources:
":he relativély high level of risk of hydropower is due mainly to
- the rather frequent accidents occurring to the dasis: for solar,
“wind and blomass energy systems the cohsiderable fevels of risk
~are reiated to the construction of the plants which require a
ldrge amount of material and manpower to pmduce the energy

i
b
{
:
t
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Main limits of the Inhaber anafiysis

‘.uil='It represents an interesting reference f‘rom the’ ﬂiethcdolomcal
-A'point of view, but it is affected by several lm:njt!.

‘It is affected by uncertainties on the risk. dara: soinc of them are
=" deriving from statistics: this reduces greatly the significance of
--the final figure. ; o

-The aésumb:lon of 2 coal fired station as'a back-up systemin case

of fatlire of the reference system penalises the systems
characterised by low pollution a.d by 2 1!ow piant fnctor, such as
solar and wind energy sources.

. .
‘An important consideration lacking in t Inhaber ="ana1ysls is
the evaluation of environmental risk, such as problems.
connected to the CO2 production,the acid'rains,the ase of natural
resources {(occupation of land, uje of water, da.mages to
vegetation, etc.). :

For these reasons the results of the Inhaber a.nalyms cannot be
taken as an exclusive element for the choice of an ‘energy
system, but only as a very helpful Indicadon from- @
methodelogical point of view. :

13
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"I Recent resiilts on environmental and heaith effects df énergy
S systems producing electricity. -

W,

Mcmu‘npﬂonn : S . ) Tablez. faulit\“y ratws (fatalities/GWe x a) for the four mJ‘n

- ; st E snergy sources used to produce eglectricity.
‘ . \ S : . . - e
i calculation of health risks is done for tﬁe entire] fitel &ycle and IR . bl o
1 . I8 related to the unit of electricity produted for iifferenqz ' , mm - cecupationsl p'[ublc _—
. EOETEY systems; 5 i : ] imevediate delayed immediate | | deleyed
- environmental effects are taken into a Tat ation; —_— : ' —
ppropriats considesilon; Ccoul. | 043.2° 013-1,1* ot-10 | | 2640
any attempt to express all the risks with a single iﬁaicat'of is — 0,161, 7 9.02-:015 i
gs:::?eilng: enviﬁmmentil and health effects are eVvajuated il 0,200,385 0.001-01 | 2,6-8,0:
. a8 w - 3 ' o M ¥ -\, ! Ly L
“gdmts;)’ ell as risks from routine operations ?nd severe C 0,22-1,35* ! k
3 : : . ) e - 0,100,585 |
the better kmown risk indicator is the acute fatality (mortality): 9'* 0,17-1,0 0,2 ! 0.00#0;_2
there is therefore a tendency to make an: exaggerited use of this : ; ' '
indicator; some other indicators are usually more - important nuclear | 0.09-0.5* 0,13-0,37* 0,001-0,01 | | 0,005-0,2
such as the delayed lethal diseases (due to radiation or to 0,07-0,4 0,07-0,33" ' T i

poilutants) or the non-lethal diseases and injuries:

-

- .Note: Risk figures are related to the entire fuel cycle (operation incldded): risks from

:j_— eavironmental risky are difficulr to quantify: an:iil’n ortant rol severe accidents cluded

; . lo the efficiency of the effect is played by tl):e time .agd the role E -f l-.’w d “:‘ xeucs . :

o s ac:_ characterising the extension and the duration of the '.‘.“_-,.m'm m : i
i - T straciol B

[
- Risk data of table 2 are all referred to the unit endegy produced
(1 GWe a) and are expressed in terms of fatalities, Co :

".','.‘- " 'the levels of health and environmental risks &osﬁ "électrici
generation depend on environmental conditions, safety ty
measures and degree of pollution control: :

o - : " Risks are divided into occupational and piéblic and: Eﬁr both of
them i{mmediate (or acute) and delayed r!aks are considered; risk

" ; S . “ ) " figures refer'to the entire fuel cycle. ;
‘ : "L ' “Kcute risks refer to routine accidents, buf consequefices due .to
; s ) . severe accidents are excluded. Delayed risks refer t& diseases
; Lo _ . leading to death with a certain period of time (d.g. cancer).

" - " The summary of the fatalities rates showh in tabl\‘e;fz 'réfers_only
- . to the four main energy sources used o produdﬁs_ electricitys’

; Fonoooo 7 : . .= -7 Risk figures for these four energy sourced are founded on data
A . o .~ deriving from appropriate statistics, They are relatively
: . -, . reliable, but it is necessary a great cautidn in their’

. .’_-in-terprct:;lon because of the uncertainty affectizigi espacially

N &
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Considerations on data of table 2

" The energy source with highest risks, both oc-cupttiénal: and
". public, appears to be coal; PR

‘occupational risks for coal and nuclear are dug mainly o the
_wxrraction stage: underground mining involves higher risks
- "{(both iinmedtate and  delayed) than surface mining; :

“occupational risks for oil and gas are also due| mainly to the
- syrraction stage: land extraction results less dangérous than
off-shore extraction; no delayed risks are referred;

{immediate public risks are due mainly to transportation
accidents; these assume high values for coal because of the
large material transport requirements and for| gas because of
large leaks and explosions occuring to the pipelinés or to the
tankers: for oil and gas risks are much lower] for niaclear they
are extremely low because the amount of material to be
trapsported is about 104 - 105 times less than|in the case of
fonssil fuels: :

delayed public risks are mainly due to the pollutants emitted
during plant operation, except for the nuclear enerfy that
involves late risks due to the exposition to radiation in the
different stages of the fuel cycle; late risks of| coal and oil are
some orders of magnitude higher than those of gas. | . .

16
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“""Taﬁli?s.- Nature of potential severe accidents fr m differdnt snergy boumm

" [Eneridy.source Accident descriptidn o
sn—

ooul. expiostons and fires in underground mines; cbiapse of rosfor
o wally.In underground or surface mines; tailing dam collapse;:
haulege: vehicolar accidents. <

R | offshore rig accidents; fires or expiasions fram leaks or pragess
: ’ plant failures; weil blowouts, causing laaks; transportation

acoidents, resulting in fires and expiosions, léss of content In

starage farms, resulting in fires or explosions, )

nuclear ioss of coolant water and resctor meltdown; accidents durlsg

shipment of high level radioactive waste.
Hydrepower | rupture or overtapping of dam.
geothermal well blowdown,resuiting in the release of toxic gas.
sclar thermal ralaase of toxic working fiuids.
" X
‘w * . gevere accidents have a certain p: obability to occm':\ for all

-plectriclty systems: accidents occur in the coai, oiliand gas fuel
: cyele, particularly In the stages of extraction and of
transportation; in the nuclear fuel cycle the worst accident
ocecurred in Cherncbyl where 31 person were killed, a large area
of land was contaminated and a large number of people was
avacuated and the risk of delayed fatalities has been also
estimared; .

- the renewable energy sources includes hydropowet, solar and
wind systems; hydropower has very low risks during normal
operaton but is characterised by very high accidenmt risks due
maialy to dam failures: wind and solar $ystems have relatively
high health risks in the plant construction stage; -

17 !




. ~ Disposal of solid wastes produced by erergy systeins
| Tatie ) 4, immediate fetalfties from idents d tb anerg : : . ‘ o o
sysermm and their fuel cycle in ﬂws:r:;:i:?(list:%?w" ® ' ; '+ & serious problem encountered in the fuel cycle of some energy

- systemas is the disposal of solIid wastes; the two energy sources
Lo i ' B il . E: terested are coal and nuclear energy:
N NP . ;::;i't?:“ total immediate mmm.m' ;Ei"'"”‘m‘ : more in C
1 PO | (tat/event) fatalities | (Gyy q) | (akabtles : - coal fired stations produce a huge amount of ashes, about
 (fat/GWe x 2 ' 200.000 vy for a 1.000 MWe plant; coal ashes contain toxc

ol - 5 : ) 0000 -k : : “components which can be leached and therefore potendally
i a 8 10-434 3600 . ! ;034 : contaminate the underground waters; . .

B o » i ' "+ ‘nuclear reactors produce highly radioactive wastes: their

iid iz 5 6-123 NA B amount is very little (few cubic muter per year for a 1.000 MWe
15 5-14% 450 ‘ 21000 | o002 power staton), but their toxicity is so high that they require
mﬂnthﬁnmnm 42 5-500 1820 ; c'oe ' to be very carefully conditioned in order to absolutely avoid ,
Qg ‘ _ during their management and storage, their release -into the
' S biosphere; conditioning and disposal of nuclear wastes bave
AU N been studied extensively by many uational and international
mﬂ‘?’. S sclentific organisations and the probl.em appears :echnically.

fre/explosion s 5452 1440 8600 | o017 solvable, but the attitude of the public tv accept these technical
- : ) soludons is still generally not favourable, .

+...| tydropower 8 11-2500 3839 2750 b 141

[ructer o 3 1 | noeo . o0z
. NA ot avaitable : %

- NoteE delayed fatalities, particularly retevant for Chernobyl accident] are not included,

.= 'lmmediate risk figures for severe accidents show thar the most
: risky energy source is hydropower followed by céal and patural
§as. i .

"= - The significance of the risk figures of table 4 ure limited : ' ' !
‘because delayed effects on the health and environment are not TEoL
considered;: also economic consequences are not taken into

-gccount. :

W
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Environmental effects of energy syst . | Fig.8.Land requiromant (1000 MWe power station} ~ Indicative vaives

}

a
1
5

~ . Emvironmental effects of energy systems  are madifold and their

. comparative evaluation appears very difficult;| the most
important considerations are related to the change in global
climate, acid rains, land and water requirements. oo

2z

- The problem of acid rains is trictly conmected 1o the emission
' of sulphur and nitrogen oxides produced in the combustion of
fossil fueis; this problem is under the attention of all energy
producers: solutions to reduce emissions dre being. studied and
appear feasible, .

- One of the most important limiting factbr i energy generation
is the producrion of CO2; non fossil alternatives for electricity
> generation have the potential to reduce considerably the toral
anthropogenic emission of CO3. S

Land requirement (kia

: :Flg.T. The rois of ditfersnt eleciricity systems in proddeing cerbon d ' tossil geo Thydro solar pv w!ﬂt_l
’ nuclear :

hydro
photovolt,
 wind

. Am i i ion to be taken into account especially
"* : : b B ?3 it!ll:f-pgiﬁtel;og?g:f:ﬁg countries is the _la.nd réquirement
A ' ‘pecessary to install a 1000 Mw, power station for different
: | energy systema. ‘ -
= “The fossil fuel fired plants require surfaces of the oprder of 0,1
) km2, hydropower of some km’ and renewable sources (solar and
- wind) of many  km? :

nuciesr
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Remedial actions

- .The easlest way to reduce the impact of energy sodrCes ig .
- ‘energy conservation.by improving the edergy efficlency; in
the last 20 years as a result »f the oll crises and of 4 change
the type of production the « iergy inteasity has lowdred :
“considerably, in the developed countries. ; s _

n - o
" '#ig.9. Evolution of snergy Intensity In the lnst 20 years

110~

, an. Irtensity 1970 = :
105 0,575 toe/10008 GDP s« 100

106/10008(85) GDP

(=4 uw = ) -3 -
[ P « L] -4 L3
o o o Ll [~ ]
- = - - - -

S vyear
2 .

The extensive use of electricity plays an important zole in
energy couservation: many measures of energy conservaron
are still possible in the phases of production, transmisston and
- final use, : . Lok

For the fossil fuels some advantages can' be reached going from
coal to oll and from oil to natural gas; the first important result
. regards the CO2 production, but benefits can bs obtained also for
+  other pollurants. : :

In the field of transportation it becomes always mrére important
to reduce the use of the private cars in the downtowan areas, to
make lncressing recourse to electric cars ‘and to introduce
efficient abatement systems for pollutants, C

i As far as nuclear energy is concerned, efforts must be devored

to improve their safety and to give satisfactory answers to the

“ problem of vraste disposal. These efforts to be effective must be

.. Accompanied by a parallel educational campaign aimied to reduce
| ' ‘the gap between perceived and actual risks. . :

R
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Conclusions.

energy systems produce impacts; some of them appeat
already today to have reached unacceptabie levels. L

For energy planning it is necessary to take into accGunt the

' following three fundamental aspects: economy, environmental

‘

and health impacts and public acceptance.

"The attitude of the public toward energy §6urces ig ‘essential in
choosing energy systems to be adopted to satisfy social needs. -

_Emergy demand is growing all over the world but especially in
.. the developing countries. . :

-Energy sources available for mankind needs are fe_(w}_f the most
part of the energy demand is covered by fossil fuels.

"For trafflc and space heating (about 40% of the total primary
energy consumption) there are in the short and medium term no
practical alternatives ro oil derivatives.

Fossil fuels are the most easy energy sources to be exploited:
therefore they represent the short term target for developing
countries to improve their degree of development. :

" The status of the environment requires a considerable reduction

in_the impact due to energy sources especially as far as global
-effects are concerned. ;

'Electricity is the most important form of .energy for the

..;industrial development; in all countries the electricity
: . penetration is increasing. : L

' Nuclear energy is the only source available in the short term

_able to reduce in a significant way the emission of COz and of
other pollutants; however the big problems of its public

. acceptance have not been yet solved.

""'I{ydropowe'r has still a considerable potential ia séﬁe

' _developing countries: its extensive explojtation requires’ big

.lnavestments and an improvement of the safety against the
-severe accidents deriving from dam failures. - )

. “Renewable sources, such as sun, wind and blomass;, Appears to be
. extremely interesting for the future; their costs and' also the

- risks connecred with the construction of the plantt are sdll to
: high to allow an extensive penetration it the energy market. e

q'l‘h! big problem to provide enough energy to thentankind, “
without dama?ing health and environment in an ‘udaccéprable

.way i3 one of the most inportant and urgent challdinge ‘of today:

. ite solution appears feasible, but the conditons to feach this

“objective requires that a large part of resources of  the: mankind
‘be conveyed in this direction. s T
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