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PREPACT

The field of energy is an extensive one involving a variety of
activities of different specialists - economists, politicians, physical
scientists and engineers, among others. The United Nations systen hes
been involved in nearly every aspect of energy development: the activities
of the various organizations of the United Nations warking in thls field
include exploration and assessment of energy res sources, energy conVerqlon
utilization and conservation, energy supply ahd demand, ‘energy policy -
and legisletion, etec. 1/. Apsrt from conventional fuels and technolog.tess
atterots have been rade for many years to foster interest in less
conventional farns of energy such as geothermal, solar, wind and
tidal energy. The activities of the United Hations Develowment Progr amme
(UDP), the Centre for Natural Resources, nergy and Transport and the
United Nations Dducational, Scientific snd Cultural Organization (UNISCO)
in these fields are well documented. In the field of nuclear energy, the
Internctional Atomic tnergy Agency (IAEA) has undertslen extensive
studies of the peaceful uses of nuclear energy in different fields,
besides the formulaetion of measures Yor ‘safety control and protection of
the env&;onment against radiocactive hazards,

The United Hations Znvironment Programme (UNEP) has the priwery role
of supparting and initiasting studies to define the iwpact on the local,”
regionel and global environment of the extrecticn, processing, transportation,
conversion, transm;551on and use of various forms of energy. To this
end, UNEP emphesizes tlié role of the Gloval Envirommental iHonitoring
System ,(GE\&) in the wonitoring of global pollutants srising from the
production and use of energy. Furthermore, WIEP is co-operating with
other international arganizations, for example with the liorld lieteorological
Organization (1840) and the Vorld Health Orcanization (WIO) on the
impact of energy production and use on clinate and human health
respectively and with IAEA on the -environmental 11pact of nuclear energy
production and use. UNEP is also supporting research and developnent
efforts within and outside the United ﬂatlona systan for the harnessing
of renewable sources of ‘energy Which proriise to heve’ env1ronmentallj
adventageous characteristics g/h.. L

At its first sedsion, ‘the Governlnr Council of UNED reg juested the
Executive Director to colleet Tor rresentation to the uovornlng Couneil
detailed inforiistion on the problen of the world's enmergy crisis. At
its second session it specified thet the results of the sixth special session
of the General Assenbly should be taken into account in this task, and
in the &evelonrcnt ‘of’ pro; rerie propdgals for the environuent rograie,
which should concentrate on the env¢r0nmental consequ&nces o¢ alternatlve

1 ' [

I/ Gee document »/C.T/4T/Aad.3 {1975) for a general account of the
activitics of tne Ua1te Wations sysbem in tle field of eneryy.

2/ Gee document, UITR/GC/31/4dd. 1 (1975) for the role of UWEP in
the field of energy.
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: drgy gensratior and wee and be carried on in close co~operation
Jlth the @nxted Nations bodies concerned and with TAEA,.: -In response :
to these two decisions the Lxecutive Director Las undsrtaken, with the
assistance of a consultant, the preparation of a "Beview of the impact

of energy production and 'use bn the environment and the role of the Unlted
Natlons Environment Programme" :

The first draft cf this review was gnbmlfted f01 srv‘u,ny to an
internationsl panel. uA ewperts which met in New York from 24 to _
26 February 1975. The pauel considered that since the issues dealt with
in the review warc complﬂt and coermvethal and thore ‘were a number of
£aps Wulgh ncedel to he flllcd, the document 1equ1r9d evhaustive revxslon.

it s third sefsc;a.on3 ‘the Govelning Couticil of UNEP requested the:

vevision 0f the review and its fipalization by an expanded international
panel of ‘eiiperts. The presenb'reyb rapxesants the rewritten review
which was oxonined and finslisnd by en int@raational panal of experts
which met iz Weirobi frow 10 to 14 Novembdyr 1075, In this report,
cwphasis. is placed on tue envirommental impact of tho produstion and use
of various energy. resourcas. A sysien aaaly51s approach has been more
or lens used so that Lhe env1roanen"1 impact of each step in the energy
PIo dTPtlov“ut ilizarion gystem is ascessed. .

3/ ”’Ls repoit was wrlcton by froefeccar Resan. di-linnawi, datural

T.esources and Energy Coupsoltonit, UnnF. hapter 111 on nuclear eners

2 N . L) -~ a7 - PR w—nl-"
was writion i goeoonorretTeey n e TAEA S e e donl spe01flcalm

g . .
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CLAPTER I: INTRODUCTIOW

l. Energy is one of the most important prerequisites of life. Without
energy our entire civilization - transportation, industrial manufacturing,
commercial activity and food production ~ would come to a standstill.
Since prehistoric times, human society Las been consuming a constantly
increasing amount of enmergy. A rapid increase in energy consumg-tion
started in the middle of this century; statistical analysis of data for
the period between 1925 and 1950 shows that the average annual percentage

rate of change in total energy, consumption was 2.2 per cent. In the followihg

ten years, from 1950 to 1960, fhe figure was 4.9 per cent and, in the
following decade, it reached 5.6 per cent. The total energy consumption
of the world in recent years is given in Takle 1., together with the
calculated peér capita consumption. fThis shows that world consumption

has increased by about 50 per cent in less than 10 years. The same is
nearly true for per capita consumption. This increase is a natural result
of growing socilo-economic activities and tie rising standard of living..
It uas been estimated that the per capita use of energy has wore or less
doubled during tie past 30 years, and current trends indicate thnat
consumption will grow at a faster rate in the future,

2. Lespite the enhanced standard of living which has made possivle the
greater use of energy, man has become increasin,ly avare that he is required
to pay an associated price in the form of deterioration of the environment
in which he is forced to live., 4t local and in some cases regional levels
the environmental aspects of energy production and use have become of
paramount irportance and have served as warnings of wvhat could be in

store on a wider scale if serious consideration is not given to tie
environmental iwplications of men's demands for emergy. From recent
examination of the impact of energy on the enviromsent, it has become
apparent that individual nations are not isolated in this respect and

that the actions of one country nay well result in environmental damage

in a neighvouring State. Against tiids background, an awakened public
avareness of the issues has dewmanded tuat an attespt be made to examine
rationally the enviromnental aspects of tue energy-related society.

This study is an attempt to asgzss the order of magnitude of the various
issues involved and to indicate in broad terms those aspects of energy
development which deserve special attention if the global environment

is not to be further degraded, '

Table 1. WOYLD EWEIGY COLSULETIO

Year World consumption Per capita consumption
in million metric tons {in kilograumes)
of coal equivalent
1965 5213 1588
1966 5512 1648
1967 5605 1645
1968 G015 1733
1969 5352 18632
1970 6820 1892
1671 . 7064 1432
1972 _ 7410 _ 1984
1973 7797 2050

Source: After "United Nations Statistical Yearbook, 19747 (United
Nations publication, Sales lNo.: E.75 EVII. 1).
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3. The expansion of energy consimption lias been an iwportant factor -

in reducing poverty through the broadening of economic opportunity and
growth. Althoug: there are anomalies in the amounts of energy required

in different countries to achieve a giwen level of £ross national product
(GWP), there is nevertheless a rather consistent relationship between

GIU and energy consumption (Fig. 1}, This close relationship has been
valid historically, and analysis indicates tnat -ie correlation coefficients
are uniformly and consistently high. Thus, as a country'’s GUF in real

terms rises over time, its energy consumption goes up as well, Lowever,

the correlation between the two parametres should be interpreted with some
caution. [For example, the structure of the economy :7vill affect the correlation
betveen GNP and energy consumption; the rate of increase of GNP and emerpy
use is somewhat similar for energy-intensive exports, but for non-enery
intensive exports, GHP increases at a much faster rate than energy use.
Furthermore, the variations in the relationships between GWF and energy
consumption for different countries are due to numerous factors. Climats,
for exawple, plays a direct part in the primary energy requirements of
a.country. Tor the same income levels, a colder region will consume

more energy due to heating requirewents than a more temperate region.

The types of industry domdnant in a country also have a significant ingaet
on energy requirements., Furthermore, tiie mode of generatin; electricity

is also of prire importance. Some countries using lignite, wnich because

of its poor combustion properties is thermally a rather inefficient material
for electricity productioa, have high privary energy consumption in relation
to their GNF. It should bLe noted that, altaough for tue last two decades
the consumption weigiit of the less developed countries in the world

energy valance has increased markedly, the disparity between the developed
countries and the developing countries in terts of enerpy consunption is
still very large.

4.  This increase in world eunergy consumption has been accompanied by

an increase in the production of primary eneryy resources, made possible
through extensive advances in prospection and production technology.

Table 2 gives the annual production of primary energy resources since 1965,
and shows that total priwary energy production has increased by about

50 per cent in less than 10 years (i.e. at nearly the same rate as enersy
consumption). It should Le also noted that oil and gas production has
appreciably increased (by about 50~60 per cent), while coal production

has remained nearly constant. Hecent estimates of the proven recoveraule
amounts of primary energy resources of the world are given in Table 3.

1t should be roted that accurate catimates are difficult to obtain, since
the econowics of recovery must also be considered, the estimates give?

in Talle 3 must tuerefore be taken as only tentative. Xecent exploration
efforts hiave revealed tue presence of extensive resources of oil and cas
offshore and on the outer continental shelves of many countries. Furthervore,
extensive oil deposits are kmown to exist in rock shales and tar sands,
awaiting the proper technologies for their extraction. The same is true
for the renewalle sources of enerzy (solaxr, geothermal, tidal, sea—thermal,
etc,), vhich have a tremendous wotential.
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Table 2., PRODUCTION GF FiLILARY EWERGY REOOURCES

(quantities in million metric tons of coal equivalent)

Year Total energy Coal Oil tas wydro= and iuclear
1965 5318 2268 2001 931 117
1966 5623 2310 2172 1014 128
1967 5759 2207 2329 1092 132
1968 6144 2274 2543 1189 138
1969 6512 2326 2736 1302 148
1970 £989 : 2394 3002 1436 157
1971 1257 2392 3169 1529 167
1972 7566 2430 3340 1616 179
1973 8027 2486 3657 1695 184

Source: After "United kations Statistical Yearbook, 1974".

5. The wost important questions to be asked in any energy study are:
will it be possible to ensure an adequate supply of energy over the
long-tern? and what are the lirits of the environmental problems
cccasioned by the ever-increasing production and consumption of energy?.
The Ford Foundation, in its 1974 study of energy policy in the United
States (156), 4/ identified three main ccenarios for eneryy yrowth,
namely, the historical growth scenario, tne technical fix scenario and
the zero growth scenario. The first assumes that energy consumption
will continue to grow till the end of this century at about 3.4 per cent
annually, It assumes that no deliberate effort will be made to alter
our habitual patterns of energy use, Lut that instead, a vigorous
national effort will be directed toward enlarging energy supply to

keep up with rising demand. Toe technical fix scenario reflects a
conscious national effort to use energy more efficiently through
engineering know-hov, by putting to use the practical, economical,
energy-saving technology that is either available now or soon rilil Le.
The zero energy srowth scenario includes all the energy-saving devices
of the technical fix scenario, with extra emphasis on efficiency.

Its main difference lies in a small but distinct redirection of economic
growth, avay from energy-intensive industries toward economic activities
tnat require less energy. 4n energy excise tax,; by waking energy viore
expensive, would encourage this shift. It is assumed that affer 1985
this scenaric could permit the use of clean renewaile sources of energy
(e.z. solar energy, wind energy, ete.).

.

4/ Tuis and subsequent parenthetical figures in the text refer to
the attached bibliography.,
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6. Tatle 4 giving the world energy situation in 1970 and in the year
2620 (projected historical growti), predicts that the world consumption
of emergy in the vear 2000 will Lo about five times that of 1870, Gne
can imagine the excessive demand for energy resources and the excessive
vurden implied on the enviroument due to this historical growth, however,
if a policy of energy-saving based on a tschnical fix scenario ot a
policy aimed at zero energy gsrowth by the year 200G is adopted, a :
great decrease in energy: consumption, compared to the historical growtl - i
trend, will ‘be achieved., Table 5 givés the calculated projections of world
energy consumption for the thitée scenarios (see also Tigure 2). The

average annual energy consumption growth rate for nistorical growth, o
technical fix and zero growth is 5.0 per cent, 2.8 per cent and 1.3 per cent
respectively, o : Co :

Table 5. PROJECTIONS OF WCRLD EWERGY COLSUMPTION
(in million toms coal equivalent)

Year Listorical growth Technical fix Lero energy srowth

scenario
1979 6,821 6,821 6,821
1280 11,247 S 10,101 9,236 .
1990 19,606 13,163 19,642
2000 35,672 16,658 12,040

2010 E 67,967 20,600 13,328

EEEEES:' Compiled froa document BCu/Env. /.31 (1975) .

7. It is desiravle, technically feasible and economical to reduce

the rate of energy growth in the years abead, at least to the level

of the technical fix scensrio. Such a conservation-oriented energy

policy would provide benefits in every wmajor area of concern - avoiding
shortages, grotecting the énvironment and keeping real social costs

a8 low as possible, The future rate of grovth in GMP is independent -

of this energy conservation policy, GuP could grov at esgsentially’
historical rates, while energy consumption grew at the technical Fix
scenario level. The great bulk of the savings over .uistorical srowt

in energy .congumption .could e achieved by tecanical fix scenarios in

three key areas: congtruction of vuildings to reduce energy needed for
veating and. cooling, better wileage for automobiles and increasing energy
efficiency in industrial plants. Yo reach the zero energy grovtir level
would necessitate an intensive programme for developing renewa:le energy :
sources, -such as.solar energy and synthetic fuels from organic wastes, waich
could contribute to these sources taking over a substantial share of

eneryy requirements in the mext century. Furtheruore, eﬁvironmental _ .
proilems, particularly air pollution, would e wore easily controlled with -
slower growth in fossil .fuel consurption, i :
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- CHAPTER IT: FOSSIL FUELS -

A. COAL

8. Coal has long been ueed as an . energy source. Although the total
energy demand met by coal has.declined in some countrlea,('eaks were
recorded in the period 1920-1940), coal is regaining its position as

an 1mportant source of energy. The current energy crlsls s fostering a
conversion to coal of oil-fired electric power plants, some of which
has only recently been converted to oil in order to meet environmental
protection stendards.

9. The recoverable amounts of coal, together with the calculated tons
per capita in the different regions of the warld, are given in Table 6.
This table gives the actual proven amounts of coal, and it should be
noted that future explaration might reveal quite different figures.
However, it is expected that, because of its lerge population, the

per capite resources in Asia will remain lower than those in Zurope or
Horth America.

10. The coal~energy system consists of several steps: extraction,
processing and use in power plants. The extraction of cogl is carried
out either by surface or underground mining. The next step is the wet
or dry processing of coal to remove some of the impurities before the
coal is transported to the power plant. Here the heat released by
combustion of the coal in a boiler mwroducés high-pressure steam to drive
a turbine, which is linked to a generator that converts the rotary
mechanical energy into electricity. The latter is then distributed,
usually by overhead power lines, to load centres such ag homes, offices,
ete. EBach step in the coal-energy system has some environmental impacts.
These are discussed below.

1. Cosl extraction andé processing

11. Coal can be mlned accordlng to 1t° neologlcal settlnb, by &
variety of methods: open pit m1ﬂlﬂ€3 strip mining {area or contour)

and underground mining. The nost common methods are unde¥zround mining
and strip wining. ‘ 7

12. Underground coal mining has been considered in meny countries to .
be one of the most hazardous occupations. Besides fire and explosion
hazards, land: subsidence iz common. This can dawsge surface structures
and digrupt ground-weter hydrology, and if sudden, ¢duld cause localized
earth tremors. - In deep mining, workers are also expoged to several
respiratary diseases (for example, bronchitis, dyspnoes and black

lung ~ known as coal-worker's pneuwnoconiosisgy CWE)}. - In the United

States it has been- estimmted that the incidence ratés: of simple and acute

CWP ere approximately 3.47 and 1.60 cases per thousand man-yeers
respectively: In the United Kingdom, the rdats is'about 2 acute cases per

thousand men-yesrs. CUP is a non-curable fatel disease (estinated deaths

in the United States are 3 to 4 thousand per year). In addition to these
impacts on land and human health, acid mine drainage (which contains

high amounts of sulphuric acid lcached from exposed coal seams) constitubes

a potential pollution hazaerd by contaminating ground-waters.

]
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13. Burface coal mining (strip aining) is wore caaron than underzround
aining. It way have sericus consequences on lend, and hence food oo
production in soue countries. It has been estimated that in the United
States, for example, more than 2 million hectares will be disturbed

by surface-mining operations by 1980 (coal accounts for sabout 45 per cent
of these operations). Where surface mining is carried out.in densely
populated areas (for exauple, in the Rhineland, Teleral Republic of
Geruwsny), it hes o direct effect on Irunen setti:—ents and the total -
infragtructure in the area. Construction of new settlements, roads, ete.,
is necessary ir wining operations are to wmove towvards older inhebited o
areas. Reclamation of strip-mined areas s been successfully achieved in
some countries. In the Rhine area, for exaugle, Iuje wheel excavators
selectively strip off and ssve the top layer of loess (an extrenely - -
fertile type of loam), and resove the remaining sand, gravel and clay
overburden to expose the c¢oal beds. bimultaneously,_mammoth”syreaier‘
machines £111 the overburden back into uined-out pits while bulldozers
devel it out'in mreparation for applying the top layer of loess, Fields
of grain end hay are already thriving on land thet.was restored less

than five years azo. In some other areas, for example in Appalachia,
United States, the ebove reclanetion method cannot be applied, since

- .aining in Appalachia is conducted in hilly terrain where reclamation is

difficult, if not fapossible., With the future increase in stripwmiﬂing
.. operations, scveral technological and engineerin, probleus have to be .-
solved to render the reclemustion of strip-mined‘areas_econauic&llyl“@
Teasible, Improved methods for elininating =acid znd sedimnent. pollution
£rom spoilnbank.materials,iknmﬁng and stabilizing soil, end adopting
“plant species that will flourish in-nined areas are still needeéd to -
supplement the firdings of the limited researci efforts of. the past. °

th. btrip~wining also hes & potential environmental iupact on water
resources. ULz sulphur-bonriby winerols azzociobed with cosl oxidize
reedily on exposure 40 a2ir and water leadin; to tiae formation of 'sulphuric
acid, "This acid canicontéminaté sgreund waters and zan poliute streams_
after beiny leached fras the spoil surfeces during periods of surface -
runoff. Trdivect cohcomitants of acid Grainese are the undesirable sliny
red or yellow iron precipitates in stresns that drain sulphide~bearing
- coal. Acid drainage afiects {ish and vildlife in several ways. Althoggh
the concentration may not be lethal, it mey Lring about changes in their
physical condition and rate of growth. The United Gtates Lureau of Spart
Fisheries and 1ildlife has reported that in the United Utates soue 9,000
kilometres of streaus and 11,500 héctares of iupoundients and reservoirs
are seriously affected by surface coal=uining operations.

- 15:: From the point of wiew of enviromental healti, the incidenqe ol
VP among surface miners is ¢clearly lower than that among deep miners .

- working in confined spaces, but tie rate has apparently not yet been
quantitatively determined. '

16. ihe extracted coal is usually processed, to reduce the impurities,

bellore it is used im .power plants. A larie coal processing nlant way -

clean o willion tons of raw coal per year and yroduce about 1.5 tens, or

vaste water yrer ton of eoal rocessed. During cleening of the raw uine
produet, about 24 per cent of the feed is discarded, and about half of
this'emount is coal. Coal-dust arises almost entirely from thermal drying )
of wet~processed coal.: However, by adding wet scrubbers and air recirculation
to the cyclone separators in commuon use;, dust emissions-can be reduced.
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Table 6. COAL RESERVES IN THE WORLD
Proven.recovgrable: ' | Per capite
coal x 10 % . resources
tonnes : (tonnes)
Asia o 97,557 16.5 W1.7
Africa _ - - 15,628 2.6 43,8
‘Western Euwrope 65,260 11.0 165.1
Eastern Europe - 198,115 33.5 565.4
Horth America o 187,319 31.7 819.h
South America . 2,802 0.5 9.7
Oceanis _ : : 24,518 k.2 1213.8
Total _ : 591,199 ; 100.0 160.5

Sousce: Aftér "Survey of energy resources”, World Inergy Conferenge, $97L,

2. Use of coal for power producticn

7. Iuge swounts of coal are consumed amnually for power production, The
first stage of mroducing electricity in conventional power stations involves
the combusticn of edal {or other fossil fuel), and the conversion of its
energy content into heat in the form of steam at high tempereture and presswe,
Although this energy conversion step is of high efficiency, the effects
of burning fuel are one of the main sources of interaction between the
irdustry and the enviromment. These effects arise from the hendling and
starage of fuel before combustion, and the disposal of the flue gases and
particuldates aftear combustion. The second stage in the production of
electricity involves the transformation of the heat generated into mechanical
energy. Steam turbines extract the heat from high-pressure steam and
convert it into mechanical energy of rotation. For maximum efficiency the
i8team is expanded dowm to s low vacuum and is then condensed for re-usge
in the boiler. The condensation process requires a large flow of ccoling
water at ambient temperatures, and almost half of the total heat energy
available in the steam is lost to the enviromment in this way.

18. ' The environmentel impacts of the use of coal in electricity production
cen therefore, be summarized in the following stages: pre-combustion
stage, combustion stage and mechanical energy production stage.

19 The envirommental problems encountered in the pre-combustion stege
include the handling end storage of coel -at the power-plant site. The
rrevention of dust nuisance from coal handling and storage is mainly a
matter of enclosing as much as possible of the plant to exclude the wind.
The coel stock itself may covdr several hectares and is therefore too
large for a roof, but windblown dust is minimized by careful layering and
compaction of the coal. o g

20. In the combustion stage, significant quentities of perticuletes and
noxious gases such as sulphur oxides, nitrogen oxides, carbon monoxide and
hydrocerbons are emitted. Table 7 gives an estimate of the annual emission
rates of various pollutants resulting from the operating of a typical modern
1,000 MWe coal-fired steam power plent of conventional design. The
characteristics of the different pollutsarts emitted from power plants,
together with their impadt on the atmosphere and different ecosystems, are

discussed below. -
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Table 7. POLLUTANTS EMITTED FROM A 1000 Mie
. COAL-FIRED POWER PLANT .

Annual release (106kg) 8/

R U

Particulstes - T

Sulphur ‘oxides = ~ - - o o 139.00
Nitrogen oxides ‘ D 20.88
Carbon monoxide e S 0.21
Hydrocarbons . - S 0.52

Souﬁée: Comﬁitfeé.bn Power Plant Siting, National Academy. of
Engineering, Weshington, DC 1972, : -

, ngf“Thesg figlres essuie that the plant;burns 2.3.x.106_ﬁons'of'coa1

per yesr and that the sulphw content is 3.5 per cent of which 15 per cent
remaing in the ash. The ash content of the coal is assumed to be = 00
2 per cent and the fly ash reuoval efficiency 97.5 per cent. - .

21.. The emounts of ash and slag produced by burning coal in power plants -
very widely depending -on the quality of the coal. Attempts are being made ..
to use this waste for productive purposes. Ash has been used for producing
building materials, but there are dangers in using these for residential
‘buildings because Gf their radicactivy. Ash can also be used as an
aggregate -in road construction. At present., there seems to be no prospect
of substantially reducing the need to store the produced ash and slag

on land, which is scarce, especially in densely populated areas.

22. Although supplies of peat are not particulerly abundsnt ar videspread
throughout the wordd, they can nevertheless constitute a valuzble energy
resource in some parts of the world, such as Scotland and Ireland. Peat
is used as a domestic fuel and for the production of electrieity. It

is found in a variety of locations, somelimes on dry land where an . S
operation equivelent to shallow open-cast mining is undertaken and sometimes
under-water in mersh conditions. - Before urdertaking any mwoject related
to the large-scale gathering of this fuel a careful study of the probable
ecological results must be carried-out, with particular reference to the
resulting top soil and surface-water. conditions. :

Bv OXIL

23. 0il 1is the most important fossil fuel hitherto discovered. 'The
versatility of petroleunm provides a range of useful products which no

other fuel can match -~ from the lightest gaseous hydrocarbons to the heavy
residual .fuel oils. There is so far ne practical alternative to oil as

4 propellant for motor cars, aircraft and ships; industry and agriculture - =
are heavily dependent on petroleum fuels.. Indeed, no other fuel’ than:
petroleum currently has an important impact on the socio—~econcriie structure. .
of the world; - | - o SR
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2k, The estimated recovérable- atiounts of oil, together Witk the caleulated
tons per capita in the different regions of the World are given in

Table 8. Again, it should be noted thet these figures are only the
present’ knowh estiviates end do not répresent the potentisl of oil rederves
in the world. Exploratien activities, perticularly in the offshare snd
outer continental shelf areas, will probably lead to the discovery of

huge oil reserves, hitherto unknown (see below). The reserves in Agia .
constitute 59 per cent of world reserves, a considerable portion of which
comes from the oil-producing countries of the Middle Last.

25. As in the case of coal, the oil-energy system consists of several

steps: extraction, transportation, processing, use in power plants and
automative deviceés; eté}"Tﬁé'soafing'gfcwth'ih 0il demand has brought
certain environmental problems in every: step of the-oil-énergy system.. -

By the nature of its activitics the oil industiy operates very lerge
plents whose emissions end effluents are capable of polluting air, soil

and. weter, Crude oil is transported esoross.the oceans by tanker fleets which
include the largest shins aficat. BStorage end distribution of the products
to the consumer should be carried out with great care to ensure safety.

and to minimize pollution risks. The burning of gases associated with oil
mey also'have an eppreciable impsct on the environment, The envircnmental ' -

impacts oftéach step-in the oil—energy‘system=are»discusséd“%elow;5i'j; "

Table 8. OFL RESERVES IN THE WORID

- “Preven-recgverable Percentage Per capita resourcds -

0il x 106 tons | St ons)
Asia oo i 53,972 590+ 26.14
Africa = .. .l % 12,843 il '36.0
Western Eiuropg. . v 1,020 ot 2.6
Bastern Eurepe " .. 8,512 9.3 2h.2
North Americas T ) R P Copguq
South America v - - 84300 00 CgL L 28.8
Oceania . - .- : 200 T ©o0.2 g 11.3+
Totall 91,525 ©os 100,09 24,8

Source: After "Survey of emergy rescurces", World Inergy Conference,

197L.

"‘1,_Explaraticﬁ ardﬁpfbductioﬁ of 0il .

26. Ixploration and produztion operations, whether carried out on land ‘or
offshore, involve a number of environmental - impaets,” Aceidents and -
operational and equipment failvres can result-in- sericus hari to both.
personnel and the environment through explosions; firée, or oil pollittion. !
Different safety systems have been proposed with the principal objective of -
preventing accidents and/er covtaining “hem and minimizing their effects.
Land-based operations have, generally, less environmental impacts then
offshore ones.
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27. The average growth rate of offshore petroieun roduetion has been

13 per cen§‘inL§gem;agt;dﬁcaﬂea,which.is-néamly double that ¢f Land-based
production. The share of ofi’shore.petrolausl in worldwide production is
estimated to reach 25 to 30 per cent in 1950 ang probably 35 to 40 per cent
in 1990 (2753, -Table .9 shows “he rapid- Ineredse In" 61T wieduct ion from
oﬂ%mrewdl&;_, g

a doble 9. OFWSIORE OIL PROPUCTION
(NS /DAY )

United States G BREUBL L Gk, 56

Middle Tast . 295, 152 thU 559,855

Venezuels T 3k0,063 . s - 296,186
Others _ 170,982 30k, b1y

Total o 1,040,708 1,324,611

—— —

Source: After (322)

28, The divect impact of offskére’ bi'i"déif'élopmen‘t_:‘_”m@y result from .
accidental oil spills or the chronic discharges ‘of”ﬁormal'operat’ibn's._.
from qisppsgliqf-drillingImu@s-and,gqétings into:tﬁé‘OQQang‘and“from ‘
APial) he orean bottom and of vetlands: by platforn and pipeline
To St aily operotionel discherges of the abo?e-materialé”ﬁay,'
régqlﬁginfsubletha;ﬁo;:qug»term ecological damage 46 an arda. - Severgl .
recent ‘studics have Found significant concentrations of ‘heéavy metals
near platforms. These enteor the food chain ong could pose problems
for humen health (356), Hogrshgre‘spillg:gp@“par#icularly demaging to
estuarine and cogotal marin® 1ife.  Tidal lersheg, coastal wetlands, river
SWemps, and’sheitered beys support & varicty pfwdﬁ%anisms;aﬁ all stageg: .
of-development.. If an oilAépi117reachés.sh@fé}#iﬁhi@-ﬁigf 2ndays, -~
extensive mortality is o be "expecton initielly in 5171 expesed habitats .and
they may require yedrs to récover, - T e

29, Alth@pgh?éﬁcidénfs:dﬁxing offshore operations adcount for-only a
suall’ portion 6 oil discharges in comparison t0=oil¥spilléﬂ“fﬁﬁ@:ﬁ?ﬁkeﬁﬁ;
locgIly they can be significant. Tayle 10 sumaarizes the major adcidents

on tlli'ci__qti'tgrf continental Shell? of the United States during ‘the peried

1953 t0 1972, The 1969 Santy Barbara biovout, vhich released betywoen .
2650 and 11,000 tons of .bilil-ﬂ;rr_-_a;a:,_j%elrii SCILOUS guestions concerning the adequacy
of outer ¢ontinental shelf operations. Figure 2 Illustrating verldwide
offshore” Sperations, shows that, most of these arercarried’ out in "restricted”
watérs;”Where,the ilpact of such operatbions will have serioty réQioﬁ@l
effects, It is;‘theréforé,Jimportant that dailymbperationé'ih“étchffégi@ns
be carefully monitored and that , stringent stenderds Tor distharge of oil, -
mds, ‘and cuttings be enforced. : SO o
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Table 10. MAJOR ACCIDENTS ON THE OUTER CONTTNENTAL SHELF
-~ OF THE UNITED STATES 1953 TG 1972

Number of accidents

0il wells : o 1y
0il and gas 9
Gas 19
Others ok
Total = L3
Number of oil spills . | 20
0il volﬂmej(in 1,00C barrels) K 290 - 1100
Deaths (total) . - 56
Injuries : o 108
Fires . . 20
Major rig demege 15

Source: “After (35€). L ,
30. ‘A main pollutant during the extraction phase is the brine which is

brought to the surface along with the crude oil. Reinjection into subsurface
strata could seriously conteminate ground water. For exauple, 100 kg, of
brine containing. 1,000 ppm of sodium chloride will render approximately

40 tons of fresh water unpotable. . S ' '

2, Transportation of oil

31. The transport of huge volumes of oil cach year is not without . ..
environmental impacts. Marine transportation is the most impertant means
of transporting o¢il from oil-producing to oil-consuming countries (in.
1972, 1,225 million tons of erude o1l and 275 miliion tons of refined
products:were transported by sea). The world's 0il tanker fleet has o
grown from less than. 10 million DWT in 1950 to over 200 million DWT now,
anﬂLis‘bomprised,of some 3,700 ships (Table 11).. More than one quarter
of the world's total oil-carrying capecity in ‘service at the end of 1971
congisted of very large crude carriers (VICC) of 175,000 DWP and over ' .
(up to 484,000 DWT). It is assumed that the introduction of VICCs end .
ULCCs (ultra-large crude carriers; above 350,000 DWI) will not only
rediice the ¢ost of oil transportation,. but will also reduce the number of
small tankers, This reduction cowld be expected to decrease the number .
of ‘aécidents, but this will be offset to o eertain cxtent by the inferior =
menoeuvrability characteristics of the larger tankers.  In sddition the
lerge cargoes carried by the VLCCs end ULCCs will tend %o increase. the
environmentsl impact of each accident. The VICC systenis will have a
profound impact on laendside oil distribution systems and port development
(adequate harbowrs, channels and/or VLCC mooring facilities) of receiving
user countries,
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Teble 11. SIZE OF OIL TANKERS
1950 1960 1970 1973
Number of ships oo 2,000 3,500 3,760
Average size ordered (1,000 DWI) 20 Lo 200 275
Fleet capacity (million DWT) 8 55 160 225

Maximum size (1,000 DWT) L 1h0 225 530

Sowrce: After (éS?).

32. The main environmental impact of marine transportation of oil is

oil pollution (oil spill). This can originate from collision accidents
and/or disposal of dirty ballast end tank washings. From the statistical
poin of view, it has been found thet the size range of individual spills
is extremely large, from a fraction of & ton to over 20,000 tons. Most
spills are at the lower emd of this renge; in 1972, 96 per cent were less than
3.4 tons and 85 per cent were less than 300 kg. (356). Single spills

like that from the Torrey Canyon {50,000 tons) are exceptional although

in the past 20 years, about 50 major tanker spills (in excess of 150 touns)
have been reported. Most large tanker spills occur within 80 km. of land
and result from grounding, remming (the vessel hits a fixed structure)

or colligion. :

33. The pollution of the seas by oil has been a matiter of wide spread
concern, attracting the attention of politicians, environmentelists, physical
and social scientists and others. Although attention has focused on oil
spills due to marine transpartation and offshore activities, it has been
estimated that these constitute only sbout 35 per cent of the total oil
finding its wey to the world's waters. The rest originates from normal ship
operations, refineries and industrial wastes (63). It hes becn estimated
that the direct oil losses into the world's waters amount to sbout

2,000,000 tons/year, This situstion hss led to the creation of several
regional and internstional conventions to control merine oil pollution.

In 1964, the oil industry introduced the "Losd on Top" principle (ILOT) by means
of which the o0il resicues sre kept on board, the new cargo of crude is

losded "on Top", and the residue put ashore with the crude oil when the
tanker reaches her discharge port. The LOT system is now a generally
accepted practice, but only about 80 per cent of existing tankers are capable
of using this system. Recently, the Intergovernmental Maritime Censultative
Organization (IMJO). discussed the different aspects of marine pollution

and proposed that new tankers should be equipped with segregated water
ballast tanks in order to minimize the mixing of oil and water.

34, Significant levels of uncertainty exist in all aspects of oil-spill
impacts: composition and weathering of oil, processes and rates of
degradation of oil in substrates, sensitivity of individual organisms to
various fractions and ability to predict population/community-level initial
impact and recovery. The effects of oil on marine organisms are categorized
ag: ' :
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;a,?am(a)‘-Diréct=lethal toxieity due to,sdiﬁble‘aromaticihydrocarbons;

RTINS € TR ooy A Lioeboa o . TN S L, Lo o .
o 2%). Subjieﬁgﬂlt@;sruptlon of physiological-behavioural activities;

(c)- Coating ‘of birds, mammals and iiter- and sub-tidal species with .-
oilg U o i SrLUT . L o
. {@) Alteration of substrates by oil, which mekes habitets uninhabitable
for normelly found species; and ' T ‘
(e) Incorporation of hydrocarbons into organism tissues causing the
accuaulation of potential carcinogens...From the theoretical point of
view, exposure of adult marine orgenisms to 1-100 ppm soluble aromatics
for a few hours can be.lethal., Concentrations as low es O, 1 ppul mey be .
lethal to larval stages.. .’ ' ‘ o
35. Whthan'oilfspiilépccurs; decision-makers face an identifiable variety
of optionsufbrbdealing*with it. TPresent technology offers the following: -+
choices: ST L T E (R S T
(ja) B LA
(b Bern ity o
ey Bk agy T
(@} Contain and remdve it; - and -

(g};[ﬁisperse"iﬁ; ‘Each of these approaches presents. its peculiar .

proﬁiéms;fapd{nqﬁg‘éf;@gem_is likely to be the best choice in all ceses,. ..

OnenOf;tﬁanmeising1hew;possibilities.is_thé‘breakdowp?of oil into. . .0,
hepmless substences by.certain strains of becteria. This, however, has .- ..
soﬁfa#fbeénhSuéceszﬁliyjéécbmplishgd;only,under laboratory.conditions: - ...
extensive field trials have yet to be conducted. It is felt that special .
effort ghould be directed to solving. meny of the problems associated:with ..
these approaches to dealing with oil spills. (356). For example, recent ...
stulies. show that Baltic herring larvae,aré‘509100‘timeg,mqre sensitive . .
to an oil dispersion that.is obtained by adding. 2 dispergant to,the oil

than to & "natural” oil dispersion without a dispersant (282), It is e
also shown that the acute toxicity of a self-dispersed crude oil decreases
considerably - in 24 to T2 hairs, ‘but if the oil‘is‘dispersed by a dispersant,
the high toxieity remains elmdgt unchanged over ‘tHe same ‘periocds -
36. The importance of ocean pollution and. its impact on nmarine ecosystems
has initiated several activities, both on the regional and global scale.

The activities of IMCO and other United Nations agencies are well documented.
One of the important activities of UNEP in this field is that of the GEMS
programue, one of the goals of which is "an sssessment. .of .the state.of .
ocean pollution and, its impact on marine ecogysteus'. The Marine Pollution
Monitoring Workshop sponsared by Intergovernmental Oceanographic Commission
of UNESCO (IOC) recommended that all tistine” pollutioh date amd infarmition,
whether -on ‘not suitdble far centralized archiving and routing wexthange, "
should bhe inventoried and fully documented, and incorporated dnkda ¢ e
centralizedinternaticnal referral systén such es th@t'@@ing“dévelbpedff‘ o
by the International Oceenographic Data Exchenge ad Moe 'Group on Merine
Pollution Data Exchenge and the Joint Togk.Team made up of representatives
of I0C, IAbA, the Food and Agriculture Organization of the United Natibns
(FAO), the International Labowr Orgenization (I1O), WMO, WHO, the Intergovern-
mental Meritime Consultative Organizstion (IMCO) and UNEP.
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37. 0il spills cen also occur during the, transportation of oil by pipelines.
Most of those spills are duc to breakage in the pipelines, and are generally
less -important than those cccurring-in oceanis. However, pipelides may in
some regions have potential environmental impacts., For example,. the.
Trans-Aleskan Pipeline has been criticized for its potential impact on
permefrost, wildlife, climate and glacial activity, seismic activity,

ete.; and several alternative routes have been proposed with less impaet on
the enviromment (89), : - : ST

3. 0il processing (refining)

38. Effluent control is perhaps the most’ iisportant prob¥enm with which -
refineries have to deal, especially’ in densely populated inland areas.
The waste disposal problem is similer to the general ‘marine problém of
oil pollution. Waste requiring disposal includes: -aceidental spills
from oil tankers .servicing refineries, leckage from damaged pipelines, .
spills from overflowing tanks, and discharges from tank washings. Desides
0il, other substances may escape in the waste from oil refineries: these
my be natural constituents of petroleum, or substances addéd in the . - .
purificetion and separstion processes. Sulphur and venadium compounds

from the crude petroleum, phenols Fformed during cracking and fractionation,
end catalysts used in refining are some of the non-oil constituents.

Most crgenic substances sre lipophilic (have an affinity for oil) and . -

may be present in the oil film; they include phenols from refinery
effluent, frequently found in oil slicks nesr @ refinery, and chlérinated
hydrocarbons’ entering frow other sources. The inorgahie constituents ' i+
are often wdter-soluble; and are usually found in the ‘aquecus -fraction of
refinery effYuent, which becomes rapidly diluted and "dispersed inirecéiving
waters. “To'a large éxtent, the toxic ‘constituents -ar¢ in the oil ‘Ffraction -
disclierged from & refinery. They mey have their most seridus ¢ffects -0 0
on thé“intertiqsl fauna. Heveral methods -of treatment -are +in-practice,
ranging from physical methods (gravity separation .of oil) to biological
treatment ‘with bacteria, depending”on'tﬁé'effluent”Ch&racteristics~andﬁi'
the nature df feceiving water (into whicéh the treated water will bei
discharged)., e R L

39, Different.types of emissions are also.encountered in oil-processing
operations, the most importent of which ere sulphur oxides, hydrocarbons, .
nitrogen oxides and corbon monoxide. Table 12 gives an estiwmate of the
emissions from a refinery treating about 29,000 tons/dey. .

Table 12, BMISSIONS FROM-OIL REFIHERY - -

Particulates 80, - CHC . WO 4 00"L
Total (tons/day) .. L.82 11,30 3457 13.22 . 1.00.

Total (tons/year) a/ = 1591 3739 11403 4363 330 .

Source: After (356).
a/ Assuming 90 Per cent efficiency.

o
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ko, Odour is also a ‘potential nuisance in oil reflnerles.w The pr1n01pal
malaiorous compounds existing in efude’ oil or formed during 1ts”“ oeessing
into products are hyﬂrogen sulphlde and mercaptans. Should any o .
escape from a reflnery there is a risk of smells in the nelghbourhodd
Ethyl mercaptan haq 2. percept;ble saell Waen present in'd concen%raﬁiOn of
only one part per thousand mlllnon, “thus even a very’ smaji loss n -
create an. unpleasant smol¢ over an area sevaral squabe’ kliometres”ln ’
eertaln meteoroloplcal rondltlonsa The control of odouro'renalns5 as
5} matten: of fact, cne of. tho mos+ m'cracta,bic od, I‘E’"f'lncI'J alr pollutlon
Jproblemsﬁ . e O L

bty Spllls of refinegd produrta Can-occur durlnﬁ storagﬁ and tranaport
operatlons. Howevcr, nost- oil? ctupanics follow regid codés of good
Practice in protection ageinst failure of qthPge tanks and standards
of transportation for oil products, - -

'“H}'Use of oil“productS"““

b2, 0il is commonly used. 85 a fuel in power plants, Similar to coal, the
combustion stage produces a number of pollu&aut5o Table 13 gives an estimate
of the amounts 5f polluuanbg erltted frem 51000 We oil-fired convembional
power plant., Coe T e

Table TJJ EMIBSIOND FTROM A 1000 MWe OTL*FIRED
o "POWER PLANT -

Anmual release (106) kg a/f

CPerticulates . . oy

Sulphur: oxides o P ... 52,66
Nitrogen oxides E _..21.70
Carbon monoxide o ;wj - 0.008
Hydrocarbons . ..:: ., 0467

_ Sourcev Commlttee Qn Power Plant Sltlng, Natlonal Acadumy of : 
Englneerln Washlngton DC 1972 ‘ ‘

&/ Assuming that the power plant burns 1. 5{ x 106 tons of 011 per
year, which has 1.6 per cént sulphur and 0.05 per-cent ash.

k3. The most -impertant. product - that. has. a patent:al impact on the environment
ig gasoline in the motor .cer. Car exhougl. emissions are a subject of

major publlc concern. Ideal and eomplate combus+101 of gasoline produces
carhon dioxide and water. lowever, this Is' never achieved by the motor car
‘engine., In consequence, appreciableé amounts of UHBUFHEd "Hyd¥ocarbons

and cabon monoxide are discharged from thc exhaust. The amount of -emissions
varies’ c0n51derably from one car to ancther. (mccording to typu of engine,
car moiel, speed ..., ete.), but generally the amount of emissions from
mobile sources exceeds those from atqmzonary sources, espectally in urban
areas (Table 1%), In addition to these gases, particulates are also’ common
in auto exhaust. Lead, en anti-knock additive, has been most wldely
discugsed, but it is not the only gasoline edditive, There are’ also
mangenese and nickel ant1 knOLk addlt;x.veqo Scavengers such as ethylene

i
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dichloride are added to remove lead oxide deposits from valves snd spark
Pplugs; -phospharus and boron compounds alter the character of combustion

- chamber deposits; etc. Many. of these additives contribute to the .
particles in automobile .emissions, with the metallic ones, such as. leed,
boron end nickel, being especially suspect in terms of impairing i
visibility and contributing to:effects on.health and weather. Regulations
ore now-in force, and technical efforts being made, in many countries
to.reduce the impact of aubomotive emissions. It is assumed. that by 1985
the emissions of carbon monoxide and hydrocarbons will be reduced by
about 75 per cent of the 1972 level. However, the total input into the
atmosphere mey not be changed, since by 1985 the number of running cars
will be neerly double, or perhaps even triple that of 1972,

Table 1h. LMISSION SOURCES I URBAN AREAS

Pollutant per cent of total

HC | | co. - mo,
Automobiles | 50-65 T7-87  40-50 ¢
Trucks, buses ... etc. 5-10 8-10 8-13 "

Stationary sources 25-45 | 3-15 3752

Source: Afte¥ (214)

C. NATURAL GAC

i, Watural ges is becoming more and more attractive ss an energy source,
especially from the envirommental point of view. The production of natursal
gas has greatly incressed during the last 10 yecars, the actual proven
recoverable amounts are given in Table 15, together with the caleulabed

ber capita resources in the different regions of the world.. . These figures
are, agein, approximite figures and do not repregsent the true ges potential
-of the world. Recent explaration operations have led to the discovery of
huge fields .of natural gas, and the proyven reserves in Asia have been
estimated as amounting to 3T per cent of world reserves (322).

| Table 15. PROVEN RECOVERABLE AMOUNTS OF HATURAL GAS

Natural gas Per cent  Per capita resources

_ x'TOg'm3"' x 1o3~m3
Asie - o qp ol 23.3 6.0
CAfricy SR 5,709 10.9 16.0
‘Western Europe .~ - 4,058 T.7T 10.3
Eastern Europe 175591 33.5 50. 1
Horth Afierica . 10, 132 © 9.3 Lh.3
‘Bouth Ametrica . 2,108 4,0 7.3

Ocetmie - L6935 - 1.3 343

Totali v .- 52,532 100.0 4.3

Source: After "Burvey of energy resources”, World Energy Conference, 19Th.
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k5. The operations involved in the production of gas (whether from land-based
or offshore wells) are identical with those fop 0il; hence mést of the
environmental impacts arc similar. After being produced from'the well,
natural gas is generally liquified, transported end then subjécted to
re-gasification at the consumption terminai, The liquefactigﬁ5p;gnt uses
power from'either a steam turbine or a gas tuwrbine, which represents the
mejor source of pollution by the plant. 'The_liquified‘naturalfgas (L) is
then transported by Lilg tankers which burn some vepourized LNG {normel
boil-off) and Some fuel oil, Aside from the atmospherie pollution caused
by the fuel ©il, ‘an LHG tanker ‘hag little effect on the envirdmment. No
noxious oily ‘ballast is discharged,. and LHG tankers discharge no sewage
while in port. The capacity of LNG tankers has greatly incressed in the
last 15 years as a rosult of the ever-increasing production and consumption
of LG (Table 16), It"should_bé,noteda,however,‘that‘strict‘safety
preceutions should be excercized in handling LNG. Besides Pire hagards,

LNG produces frostbite on short exposures. A uassive marine spill of LNG
due to'accident would coat the weter surface in the vicinity .of the spill
with a boiling cryogenic liquid,enaangering'anyjnear-surface water fauna -
which had not ‘already fled the aréafof‘pollision. Any large quantity of -
LHG will spread scross the water, vapourizing rapidiy and ereating a large
cloud of condensed water vapour., The LNG‘irapourss predominently methane, ..
are lighter than air and would thus rise and diffuse in the atuosphere.

Table. 16. CAPACITY OF- WORID ' LNG TANKERS

1960- : = 1970 1975
Tusiber of éhipé - 3 ﬂ, T b o 36 -
Fleet capacity (1,000 m) .. . . -5 1500 5000

Source: After (387).

k6. 1In its use for power generation, natural ges.- produces much less
emissions than other fossil fuels. Table 17 gives an estimate of the
emissions produced by & 1000 Mic gas-fired power plant. Moreover, LG

as an engine fuel has the adventage over other Thels of being swokeless and
contributing far less to air pollution. LHG therefore has great potentisl
as a fuel for autonotive vehicles., TIts use in' sireraft, though'préblem&tich
also holds;significantwadvantages in terus of environmental impagﬁsg  '

“#Ve’ GAS-FIRED

Table 17. EMISSTONS FROM A 1000
R " POWIR PLANT

' Arnual release

(10°) ¥ o/
Particulates . . .. .. . . . - C0Wk6
Sulphur. oxides. - L : 0.012
Hitrogen oxides 12.08
Carbon monoxide negligible
Hydr ccarbons regligible

Source: After Committee on Power Plent Siting, National Academy cf
Enginecering, Washington, DC 1972.

&/ Assuming thet the plant burns 1.9 x 109 ms/year.
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& | D. OIL SHALES AND TAR .SANDS . S
47. 0il shales exist-in many parts of the'world, and the technology
for processing them.to produce‘oil-is*Wali'éstablisﬁed;'extending back to
the last century. This ‘enefey resource can be utilized in two ways.
First the shale can be pulverized and burnt in & specially-designed power
station boiler to produce electricity. From an envirommental standpoint
the use of 0il shele in this mapner is subject to the restrictions which
apply-to power stations operating on pulverized: cosl. ‘However, “since oil
shale is-a inferior fuel to coal, a greater amount is nceded for &
given electrical.output and problems with the emission of particulates
arc therefore important. The second method of utilizing oil shale is
to mine the rock and crush itibefore extracting the oil by & chemical’
process. Environmentally this: proceduré ‘involves the disadvantages
associated with.any open-cast mining. operation ‘and lend reclamation is
essential to restore the land. Unfortunately, sfter processing the shale
has & larger volue than before and this presents difficulties for its =
disposal in any reclemation scheue. Moreovery the present technology .
Tor producing oil from oil shales involves the use of large quentities of
water, end in same locations such'as the ‘arid regions of the western
United States this condition has imposed a severe envirommentel barrier to |
developuent of the resource. = . . .- S ' e
48. In some parts of the world there exist vast deposits of sand saturated
with a low-grade bituminous tar. After open-cast mining of these sand
deposits, the oil can be extracted by heating. A project of this-nature -
is in operation on the Athebasce Tar Sand Site in Canads vhere valuable
experience is being gained in the operation, although it is -economically
only marginal. The envirommental problems of developing this energy
resource are those associated with the reelamation of land after open-cagt.
mining. ) S T
I. CHARACTERISTICS AND ENVIRONMEWTAL IMPACTS OF POLLUTANTS

FROM FOSSIL-FUEL POWER PLANTS =~ ~/"C

B

1.. Sulphur coxides

Lo. - Sulphwr is an impurity in most coals and oils, and is oxidized during
thecombustion of these Fuels in power stations.  Unless control systems
are employed. to rérove the oxides of sulphur from the cogbustion gases, ..
essentially’ a1l of* these oxides (primerily S0, plus small quantities of 803)
pass into the atmosphere. Various. estimates 6f the total emission of
sulphur oxides due to man's activities aré¢ aveilable. BCEP calculated

a global figure of 93 million tons per Jear 80p (about TO per cent of

which coming from Fogsil-fueled power stations). :The Organization for - -
Leonomic Co-operstion and Déveloment (OECD) estimates that Buropean
emissions will rise to 27.lt million tons per year by 1980.

o0. There is no evidence that sulphwr oxides are accumulating in the-

stmosphere. DBecause of the ease with which sulphur dioxide is converted . .
into sulphates and sulphuric¢ acid in the air, its lifetime there ig short. -

P T
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The rate of oxidation of sulphur dioxide to sulphuric acid depends on
~.the sunlight availéble,_ﬁhe concentration of moisture, catalysts,
. hydrocarbons and the quantity_of.directly_reactive meterial in the air.

.LAlthbugh_moze‘ggdntitatlve date on dose-response relationships ere needed,

. sufficient evidence exists to conclude that: atmospherées polluted. with
oxides of sulphur directly and indircetly. attack and damoge & wide

range of materials, Much of this damage. is due to the conversion of

sulphur oxides to highly reactive sulphuric acid. It hes-been noticed that
in meny parts of the. world, there is a trend towards increasing acidity

of rain (pH values of 4.0 have<been reported for Liverpool and 2.3 has

been reparted in Scandinavia). S IR SO

51. Atmosphere containing sulphur oxides can torrode several materials (for
example; overhead powerline hardwere, steel gtrictures, eté.). It attacks
and ‘damages’ a variety of building msterials - liméstone, marble, mortar ~

as well'as statuaryfand:simila; works, causing their physical déterioration.

52, Bulphur dioxide also has an appreciable impact om plants. Plant
species dnd veriéties vary in sensitivity to sulphur dioxide as’a result

of the interaction of environmental and. genetic factors that influence
plent response. Temperature, himidity, light, other pollutants and the
stage Of plant growth 211 intéract in affecting this sensitivity.
Sulphur dioxide abscrbed by pleants may produce two types of visible leaf
injury, acute and chronie. ”Acute‘injury;jwhich,is associated with high
concentrations over relatively short intervélgt‘usually'resultg in 7
drying of the injured tissues to s dark brown’d¢olour, - Chronic¢ injury,
which results from lower concentrations over.d number of day§ or weeks,
lesfis to a gradual yellowing (i.e. chlorosis, in Which the chlorophyll-making
mechenism is impeded}. Different varieties of plants very in their
susceptibility to sulphur dioxide injury. For exéimple, the threshold’
respongse of alfalfa to acute injury is 3.4 mg/n3 over one hour, while

some trees have shcmninjuryat exposures of 1.4 mg/m for seven hours.,  Some
species are tolerent, .and some can benefit from absorption of S0, if they

are.growing on sulphur-deficient soils..

53+ Acid reins may increase the acidity of soils and moy reduce populations
of“midro-qrganiSms;-'Fufthennore, they may also contribute to the leaching
of nutrients from plait leaves. Sulphuric acid mist, which may ocewr in
polluted Togs and mists, causes a spotted injury to leaVes at concentrations
of 0.1 mg/m§._ There.is increasing evidence that low levels of Sulphur
~dioxide cam. cause reductions in growth without visual synmptoms.- Such
growth reduetion can be confused with-cffects due td dbher causes, ‘such

as soil poverty or exposure to soot, However,, therends great need- for
extensive rescarch work in this area because .of the weriocus long~term
implications, There is also some evidence that two. pollutants together

cen combine to heve grester effects than. esch sepérately, and this

question also needs further examination, ... e, o

5h. One of the primary proviems in determining ‘thie health effects of

sulphir dioxide continues to be the development of an understanding of

the matiner in which this gas interacts with other” substances in the atmosphere.
Laboratory studies have demonstrated that the levels of sulphur dioxide.

found in the ambient air are innocuous until combined with other substances.
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The availaﬁle-datd‘dﬁ-tdmparativé'toxiciﬁy“of the sulphur oxides indicate
that sulphur dioxide is only a mild respiratory irritant, whereéas specific
sulphdte and sulphuric acid aerosols are more potent. Particle size and
-mass concentration are of paramount importance'in'the‘toxicity of sulphur
dioxide mist. Over the years, a number of ascute air-pollution episodes have
been reparted. Both oxides of sulphur and the total suspended particles
(TSF) have contributed significantly to the health effects associated

" with these cpisodes. In Tondon’ in 1952, a rise in the deily death rdte
wag roported when the contentration of sulphur dioxide rose abruptly

to levels at o about 0,715 m%/m3.'jDaily concentrations of sulpbur
dioxide in excess of 1.5 ug/un> far 1 day in conjunction with levels of TSP
exceeding 2_mg/m3 have resulted in an increase in the death rate of

.. 20 per cent or more over baseline levels. In Hew York City, sulphur

dioxide concentrations of 1.5 mg/m3 in combination with a similar TSP level
have led to increased martality and morbidity. Similar observations
have been mede in Rotterdam and other industxial_cities.

55. More detailed studies are therefore necessary on the effects of - .
sulphur .dioxide (alone or in combination with TSP and other pollutants)
on humen health, A WHO report (469) indicates that "There have been
some reparts of  studies thet can be used to establish dose-response
relationships or associations for sulphur dioxide and suspended perticulates.
These studies areg limited in number, however, and at present there is
little information;avs,i,lable concerning the effect of verying one of. .
these pollutents while the other is kept constent ... 'In view of the -
above, it is imperative that, until cause-effect relationships become
established, sulphur. dioxide and locally associated smoke and suspended
rarticulates be considered as indices rather than as necessarily the-
specific pollutents causing the effects". B S

56. It should be noted that theré is a natural sulphur cycle

in nature, in which HoS is releesed to the atmosphere by decay of organic
matter and from geological sources, and absorbed, after oxidation to
sulphate, by land and sea surfaces, partly after solubtion in rain and

snow. Such natwral circulation of sulphur oxides has been caleulated to

b€ Imuch greater than the amounts sdded by fuel combustion.. It follows, there—
fore that environmental damege by sulphur, oxides from fuel combustion

can -only be local ar regional in character. L

5T« "Sulphur oxides emitted in combustion goses from domestic chimmeys and
small factories are more serious pollutents than those emitted from large
power stations and industrial plents with tall chimneys capable of
dispersing and diluting them effectively. In a number of countries,

in fact, the adoption by envirommental eontrol authoritics of a madatary
system of tall stack heights for large plants, for example 200 to 300 m for
large power stetions, hes had the effect of reducing ground-level o
concentrations of sulphur oxides' attributable to these sources to levels
which are undetectable against the background of low—level emissions -,
over wide areas. Consequently, in considering local. effects of sulphur::
oxide emissions, domestic and small-industry use of fuel merits more
stringent control than heavy industry emitting combustion: gases-at high:
levels, . : Co R




UNEP/GC/61/Add. 1
Page 29

58. However, although tall stacks;have,proved very efficacious as a means

of preventing local and regional effects of sulphur oxide emissions

(except in some unfavourable topographigalrsituations); it is not at

present certein whether or not S0p emitted’ st o high level can produde
harmful effects at ground level at distences of several hundred Kilometres
from its source. It has been claimed that high~level emissions from =
western Hurope contribute to increased acidity of rain in Scandinavia,

and a number of large continental countries (United States, Soviet Union) also
regard high-~level dispersion as possibly inadequete to prevent groound-level
effects at considereble distanges. = @ ' B

59. To reduce sulphur oxide concentrations. from low=level (domestic:and
small industry) sources, apd from heavy industry in cases where dispersion:
is ineffective, four types of strategy sre availeble: ' :

(&) Use of low-sulphur fuels such as natural gas or desulphurized liquid
end so0lid fuels. Gince naturally Jow-sulphur fuels are of Iimited aveilability
and desulphurizetion is not possible with all fuels and in any evemt
involves an economic penalty, this strategy is best opplied on a selective
basis, i.e., Over restricted sensitive aress and at tires when weather
conditions favour build-up of ground—-level concentrations;

(b) Desulphurization of fuels before use. This can be effected at
nodest cost for distillate petrolem fuels, but only at very heavy cost
end: incompletely in the case of ‘heavy fuel oils. In the casé of solid
fuels, reduction of sulphur content to around 1.5 per cent is possible
in many cdases by harmal washing processes, but to attain lower levels .
would be prohibitively expensive. For coals of very high sulphur content
(e.g. 3-4 per cent) which are not ameneble to such treatment, conversion
to gaseous or ligquid fuels which can be readily desulphurized is being
considered in some countries; ' '

{¢) Removal of sulphur oxides from combustion gases before they
‘are released to the atmosphere, Several'technologies ere available for the
removal of sulphur oxides from flue gases. These are generally divided
into two mein processes: wet and dry (see (471) for example). The
removel efficiency of these processes varies between 80 and ‘95 per cent,
the sulphur being converted to sulphwric acid or some other sulphate, ~
Of the large number of thesc su;phur dioxide removal systems, none is
yet in routine full-scdle dperation on large boilers burning high-sulphur
coal (44B). . It is anticipated that the present techno-economic difficulties
will. be. overcome by continued development and that successful regenerative
units will be installed by 1980, -

(d) Removal of sulphur during combustion. & promising line of
development for the futwre is corbustion of high-sulphur solid or liguid
fuels in fluidized beds of partiecles containing alkaline earth oxides
(lime or dolomite); under these ‘conditions the sulphur remains in the
solid residues rejected from the combustion chamber, ‘and- the use of this
technique 8lso confers a number of .other technological sdvantages.
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» S 2. iitrogen oxides _ i
60. ilitrogen oxides, primerily 50 plus smalier quantities”or W0z, arise from
a different source than cher'pollutantsti'B@siéallyg”ﬂitpogéﬁfin‘thgf C
combustion: air. (plus, possibly, small quantities of nitrogen chetiically =
contained:in fossil fuels) combines with the dtygen in the air quring the
combustion process to produce 0, Later; most-of the N0 oxidizes further
to formdi0z. ost U0y is farmed cutside the boiler, often at 2 tonsideradle
distance ‘dovnwind from the plant stack. The nitrogen oxide concentrations
in flye. gases vary from 100 to 1460 Ppu, depending on- the type of boiler
and the combustion conditions. The erission of nitrogen’ oxides varies
greatly from one country to another; . the world total has been estinaeted as
14.8 nuillion tons in 1963, while double this amount is expected to. be
emitted in 1980 (see Table 18). It should :be noted: that. an approximately .
equal amount of nitrogen oxides (i0y) is also erdtted from trensportation
.: devigces: (wotor vehicles, etecl). dowever, the major source of world~wide
igimgsphericzﬂﬁxiis'biologically'produced:HO} J&turalfsburces1§rbduqe J
about W50 million metric tons of 00 per year. Man's contribution -is =
nevertheless o cause for concern because the enissions are concentrated.
in urban ereas {ll0x concentrations in urban"atwospheres are 10 to 100
times higher then those in rursl atmospheres)., - R ' o

61, Hitrogen oxide emissions are of particular cdncerﬁ‘becauﬁe‘they“are
"starting” materials for atmospheric reactions which lead to tlhie ‘production
of photochenical oxidsants (phctocﬁemicalrsmog). ‘Their presence¢ also
enhances the oxidation of sulphur dioxidé'intb'sulphﬁric‘acid;' Several
studies have shown that. the euission of {0y from supersonic transpart,
may reduce the awount of stratospheric ozone, The“ozone:isriMPOrtant y
in protecting the biosphere. from exposire to ultra--violet radiation, 'an"’
increasc in whieh cen cause skin cancer ‘and other damage. '

Table 18. ESTTMATED JOTAL LMISSION OF HITROGE! OXIDLS

- FROM STATIONARY SOURCES, 1968 AND 1980 (WO SPECIAL -
o AuaTEWT TEASTRES T¥ 1930) ... -0 oo

Cowntry = T wo_, 10% metric tons -

P
Lo

bl 1'”";? lﬂ,? S T 1068 B 5}jﬁgab*f;3 

Austria, ... o o ..o 0,078 = - 0,098 "
Belgiun ' 07T 0 e ple3p
Denmark * , ' 0,068 . . . 0,148
Finlapa- -~ - - .12 e QEBOG
France '_":: - . . ) 0.’49’4 ST . 0-543’3 e BRI
Germany; Fedéral Republic of 26 ok, e
Greece -~ - v - 0.035 T o Tk B [
Italy o 0.%18 1.124

Japsn .27 3.36
Hetherlands ‘ 0.22¢ 0.37h

Horway 0.027 0.038

Snain 0.210 0.518
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T 5 : |

Country : NO_¢ 107 metric tons _ _ 5

o 1966 1980 :

Sweden | 0,103 0.22k

Switzerland ' 0.:035 0.05k4

Turkey ' £.137 0.317 ;

United Kingdom L 1.065 1.19 %
United u_tates o 9.02 - ‘[6 01
Grand total : 4.8 -/ Ot

- Source: (339).

62. N:Ltrogen oxides have a severc impact on plents. Heny kinds of
plents develop acute leaf injury (.Lcsmons) when exposed to concentrations
of NOp grester than 25 ppm for 1 Hour, “Recent studies suggc...,t that
0.25 ppw or less of MOp supplied contindousiy for 8§ months inereases
leaf-drop and reduced ’1(,1& o some aranges. A four-menth exposure to
G.25 ppm I\loa resulted in.a 22 per cent reduced vielf of tomatoes. The.
degree of injury frow lower abtirospheric concentrations of H0o remauins to
be determined. Swog compounds (produced by the resction of _’OX sunlight
and hydrocerbons of which ozone and peroxyncetyl nitrate are the most
1mportant) can have detrimental effects on vegetatwn and moterials.
However, at the moment not enovgh information is availeble concerning
the tox:Lc effects of smog compounde in ambient air to give gquantitative
do:.ewrosponse, relationships., Moreover, the photochemical reactions in
embient air are hlghly couplex and only partially and 1nsuf‘11cu.r'1,ly
understood {132).

63. Witrogen dioxide is well knowa as a toxic gas in industrial environments.
It cen, if' inhaled in high enough concentrations, produce pulmonesry
oedena which occurs only after s latent periol. he concentrations .
found in polluted air are rarcly more than 0.1 o 0.2 e and. eould not,
produce pulmonary oedema, but there is evidence from animel e.,cpc.rlme"lts
that concentretions not much higher theu those occasionally found in
outzide air can produm celiular alterations and structural changes
reue.mbllnb thosc seen in gomeé huwan lung disease. On the obher: ‘hand 5
very llt‘tl(i work has been done on the toxic effects .of IJ0 mainly because”
it used to be thouginh that it was oxidized 11med.rxue.ly to N0, . However, .
H0 18 s very active molecule, capa 2ble of Torming addition compounds with.

"ha.omoglobln as does carbon monoxide (see bclm\), ‘and more work 1s needed to

gtudy :Lb,., ‘true effects (see- -also (4h69). - ' o oL -

Eh. Met.hnds of contr olllng nitrogen oxide emis sions. h ave been directed

at both. cﬁn‘oubﬁlon sources and chemicel processes, since no proveti’ "j

process is currently svailable for substuntial rc,mova,l of J0y frofistack

gases.  Far; ut&bl()ﬂ&l"y sources, the control sty mc.lnle hes been based

on redpeing either the f£lauve . tC.u'l_[Jeru'tlJr(., or the V&ll&blllty of oxygen‘

both of which prevent X0 famation. Similar princivien of conbrol

are applicable to motor vehicles, Co balytic primeiples, which have been applied
to reduce HOy from chemical processes, uay also be applicable to the control

of NOy in motor vehicle exhaust.
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Carbon monoxide

L)

G5. Carbon nonoxide is farmed by the incomplete combustion of  fuels,
end is a sign of inefficiency. Iutroimnngined mnobor vehicles are the
princina¢ pource.—The carbon.monoxide biackgr ound concentration of clean
air bhas been found to be 0.13-0, 14 ppa in the northern hemisphere and
0.06 ppm in the southern hemisphere. (341). The worldwide cuizgions

of CC hove been estimated to be more theu 200 million tons aunually,
which would increase the bnchground level of CO by C.03 ppu per year,
However, this level is more cr less constanu. Several removael Trocesses
are known that explain this Fact. The oxidation of O by CH radiecals
seems to be the most iuportent sick. Additionally, carbon monoxide 'ig '
reuoved by such natural processes. e the metabolic eonversion of €O to COp
and methsne by soil miero-orgenisus. T

66.7 Table 19 indicates earbon monoxide enissions from different- sources
in the United Steles, aud illustrates that transportation devices account
for about 5 per cent of the carbon monoxide emitted. Distinet scasconal
patterng of .voriction in corbon monoxide emissions ave known, thewsé

are prlnﬂrllf the result of both traffic and meb arolegical varidbles,

67. 'here is no evidence thot the Curbon.mgnOX¢ae discharged as a result
of man's activities is of any global cignificarce. The only edverse
effects known cccwr in whan ereas (ﬂvpeciallj roud tunnels and confined
spaces with heavy truffic) where levels can rise sufficiently to block

a suell mwreporticnr of the o:pi;,gJen--c:aLrv:mév3 c&yac1ty of the oloou,L '

Telc 19, CARBON MONOXI E BMICSION LAITHATES BI SOURCE CAYIGORY
}uOR U UNTURD STATLSG '

Source- o 00 x 109 ke/year : - Percentage
Trensportation 101.6 T3.7
wmldmhmtmnlngmtmwwy T

sourcas . e 1.6 1.2
Industriel procesues Lo 1005 T.9
Miscellancous _ o 23.7. 17.2

68. Then Lnaalcas CEr HorL - Ion el QC coghxre mxth 1 CﬂOLLOulH, whose vitel
function is to transpert exygen.  Since carbon mon¢x1ue has al afanlty '
for heesoglobin sont"hc tines tth of oxygen, the.prime result of this
reversible cauibinsbion is to decremse the ¢ capacity of the bliood to transport
oxygen from the lung te the tissues. It should be. no*ed thet carbon
ponoxide is neturally present in the blool; the norual “background”
concentration of blood C”rbOYVh&@JOGLJblr (CO“ ) ig zuout 0.5 per cent,

and this is sttributed to endogenous sourcés such as catabolic processes.
Txnosure to  carbon monoxide in the wir -does not necessaxrily roise the level
in the blood. ¥For oxample, conbiluous exoosure to 25 np: of carvon -
moroxide Will eventuolly result in b per coat 4uturatio irrespective

of the initial concentration in the dlood (e person s ;t; an’ 1n1t1.l
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saturailon of less-than k per cent will-abzorb. the gas, while o smoker
with an initial saturation greatér than 4 per cent will exhale carbon

nonoxide until the COHb concenmtratvion falls. to b per.cent.. The saturaﬁionif
. level of 4 per cent has been pelected since higher levels oppear to

dncrense the risk for. patients with medlov”"cuiar d: sease,

69, Btudies have shown that long-teru exposure of enimels. to cerbon

monox1du nay groduCG m&rpnologlcal changes in the hesrt. and brain: short-term

exposure to low 1evels of carton monoxide produces effécelsi on. the central,
ncrvous’syOTem;' Hd'longwterm exposure’ studies have been earried out ons ..
hunien beings, although there are some data on oceupetional exposures, .
Brief exposures to high levels of carbop monoxide heve produced effectp,

on the centvdl rhrvous, vascular‘un res nlratory sygtenis..

L, Carbo&-d10x1du : R -

70. Carbon dioxide is he Tinel OALd&blOu product of caroonaccouo “ueis)
it iz .alsc an. abundant compound ., 1nt1uutely involved in the hatural

cycle and essential to the muln+endHCb of life. It exista in the aubient
alr at & concentration of around 300 ﬂpm and it is only *f'man ]
activities: inerease this value so. s to inberfere advorqely Wlth natur@l
processes thet.carbon dioxide can be Cous sidered a pollutant '

T1. Carbon dioxide iz involved in comtinuous cycles of Lntcrchange L
between atmosphere and oceans, soil ‘und rock lsyers, and -bhe bioaphere. . -
Botn land and merine plants withdrew aud use carbon dioxide to create. .-
carbolydrate conpounds. Animale conswne plants, releasing carbon dioxide
back to the atmosphere in the process of biological oxidation {respiration).
Although the geochemical equilibrium keeps the atmospheric content of
carban dioxide fixed.at a level of around 390 ppu, it has been reported

-~ that during -the past 110 yeers there has been an increase in atmospheflc

carbon -dioxide. from sbout 295 ppm to 320 ppm (197¢ veluc), i.e. au increaso
of about 10 DEY, cent S It is e sbimated that with continued- increasge

of: consumption of :f‘o.;..sll Juels) the concentration of car"wn dn sxide

in the atmosphere will reach about 375 t¢ 400 ppm in the Vear 2000,
assuning that. 3)~h9 per cent of carbon dioxide released remalns 1n ‘the
stmosphere (the rest is removed in the geo#hum:cal cycle)

72. This incresse in carbon dicwide conbent in the atmosphere is viewed .
by scme as e possible long-range problemg since it could modify the heat
balance of the atmosphere, resulting in possible climmtic changes (see
below). On the other hand, receut agricuiturzl studies (L472) show that
huge amounts of corbon dioxide are needed Go pxgmotc the growtli of some
plants.  Research work is, therefore, negded to e ab31sh the exact
geochemical cyole of carbon dioxide in crder to de01de whether it sHould be
considered as g pollutent or not. :

5. Particulates

73. With respect to cosl-Tired boilers, the source. of particumlates (fly
ash) emitted into the stmosphere is the aséh content of the fuel burned,
Boiler design wnd method  of operation determine to some smell degree the
extent to which partion of asgh in the fuel may drop out in the boiler
as "potbtom ash’ and not appear as perticulates in the combustion gases
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emitted from the boiler, In the case of oil, the particulates originate
from two sources =~ the ash’eontent of the oil burned and chemical reactions
occurrlng in the cowbusgtion prOCe&a. ‘

T4, Different teohnolog;ev are now svailable for the removal of ﬂartlculamea
from flue gases (wet collection devices, electrostatic separators, etc.), and
it is estimated thet wider use and further izgwovement of these technologies

‘uey reduce particulates to about cne-third of their present level by the

year: 2000, Unfortunately, however, the present removel devices remove
perticles down to one wicron in diameter only. Finer particles remain
suspended and are apt to be.carried far from the source and even into

the upper’ layers of the gtmopphere. These fine particles contribute
relatively little to the total weight of particulate emissions; it takes
one thousand particles of 0.5 micron diameter to equal in weight one
particle 5 microns in diameter. Yel one ton of fine particles in the ailr
is 25 times as effective 1n reduc1n5 vigibility ‘as the seme weight of
larger partlcles. CPhere is growing evidence that these fine particles, which
can lodge in the deep recesszes of the lung, sré the ones most responsible
for adverse health effects. Swmall particles can interact- with sulphur- '
dioxide in the air to create a much worse health hazard than can S0. or
particulste poliution independently. There ig slso growing GVldeﬁCL
that smell particles tend to worsen the impact of other pollutants on

the environment. Another potential impact is that harmful metallic

trace elements released in burning fossil fuels are found in the highest
concentrations with these small particles.

6. lydrocarbong

T5. Hydrocarbonp are farmed during the combustion procese as a result

of incouplete cormbustion or the occurrence of other chex@cal reections.

The quantities producod by the cowbustion of natural gas in conventional steam
boilers are considered negligible. The guantity of hydrocarbons produced
by the combustion of coal and c¢il is of possible significance, but can

e minimized by gooi combustion control. flowever, tie bulk of hydrocarbons
emitted (mbout 60 pér cent) is produced by motor vehicles. -Concentrations
of different hydrocarbons very greatly euong urbsn arcas; and accurate
mponitoring of the different hydrocarbons (especinlly of polycycl:c
hydrocarbons9 which. asre considered carcinogenic) are needed to assess
their: impect on human health.: Iiydrocarbons are also reported to have

an adverse lmpact on plants..

7 Other nollutwnts

76. Varlouu metols (for example, mcrcury, lead codmiwn, beryllium, etc.)
are known to occur as trace constituents in codl and oil. Such metals

are released in a varying &egrne by combustion (some constitute voldtile
cortpounds, for exaemple srscenic, merecury, cte. y. 4s measurement techniguces
for determining the concentration of some of these metals in the atmosphere
ere both difficult and subject to considerable error, there is & lack of
sound knowledge in respect to their possible:role as 51un1f1cant air
pollutants. It has recently been pointed..out (284) that coal combustion
alonc releases into the atmosphere ubout 3,000 tons of mercury. ‘annually
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(90 per cent of the mercury in coal is released in stack gases), Many
of the trace elements in coal (for example, 5b, Cd, T1, Se, and Pb) have

been found adsorbed on emitted fine particles (345).

T7. Gasoline additives (particularly lesd) have received special attention,
since most Sf then sre euitted with the exhaust rroducts from motor
vehicles, Approximately 70 per cent of the lead is emitted from the exhaust
Pipe ag an &erosol, mostly in combination with bromine, chlorine or
phosphorus, Although' the medical significance of the emission of lead

from motor vehicles ‘moy ‘be in question, its presence tlhroughout the
environment if not in doubt: - the dust in most urban streets carrying a
Teasonable burden of traffic contains lead in concentrations of 1,000 to
3,000 ppm,. . - |

78. Pqﬁér‘plants burning coal diSéharge scme radioactivity. In the case
of coal containing 2.0 pmm of thorium and 1.1 ppm of uranium (typical
concentrations as trace elements), the fiy ash released ennually from a

17.2 gCi of “20ng ang 10.8 mCi of a, whicly sre the daughter products
of 23°7 ana 2321m, T4 pas been stated (130) that this total of 28 pCi |
ger year of mixed radium isobopes is approximately equivalent to 10% Ci of
oKr o 10Ci of 1317, ' |

F. OTHER ENVIRONMENTAL IMPACTS OF POWER PRODUCTION
FROM FOSSIL FUELS

1. Thermsl pollution

79. 1In thermal power stations, the heat rejected from steanm turbine
condensers is discharged to the environment in one of two ways. Where there
is plentiful cooling water aveilsble it is used only once in a “straight
through system, and the varned water is then returned to its source.
Alternatively, where the cooling water supply is limited the warmed water

is recireculated through cocling towers and the heat is rejected to the
&tmosphere in the fornm of werm air and evaporated vater. The recooled
circulating water is returned {o the steam condensers, thus limiting the demand
for fresh water to a small fraction of that required for direct cooling.

80. Witﬁ'direcf—COoled systems the major concern for the environment
centres on the possible effects of a large and usually continuous discharge

of water heated some 9-129C above the natural temperature of the surrounding
water body. Much has been written about the effects of such discherges

on the chemical and biological processes that take place in natural
waters. liowever, the esteblishment of temperature criteris for regulating
the-ecological'consequences of thermal discharges has been one of “the most
confuseég*if‘noﬁ controversial, issues in pollution econtrol legislation
in many -developed countries., There are, certainly, many potential .
ecological effects of varying significance at all trophic.levels, from
chenges in’ the mud or in detritus~feediny bacteria to subtle changes in
the habits of fish-eating birds. The confusion is attributed to the lack
of basic i situ biclogical research into and, especially of long-—term
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data on, the role of teuperature in fresh-water ecology. There is also a
tendency to extrapolate laboratory data to cover field situations, using
teuperature £s the single veriable (and not currént veloeity and chemistry,
for example). It is therefore felt that longtcir studies are cssential
to determine the real impact of thermal discharges on the ecosyetem (263),

81. On the other hend, thérnal discharges may have useful applications.

- They may keep waters .in sume- countries ice-free during at least a part of
the winter, which offers advantages for shipping and run-off of rivers.
Thermal discharges may alsc be used in fish farms (acudculture) and Tor the
accelerated growth of shrimps -and lobsters. The use 6f cooling water for
agricultural applications has also been considered (101). There are,
however, two basic problems with the possible use of thermal discharges.
Firstly, the volume of heated water discharged is gencrally significantly
larger than cen be beneficially used. Secondly, the utility of themal
discherges is strongly constrained by climatic conditions, including
seasonal chenges. ' . - ' :

82. With a cooling-tower system, about one third of the héet contained in
the cooling water is transferred to the air passing up the towsr, and

the remaining two thirds is sbsorbed as latent heat in evaporating about

1 per cent of the water flow., This water vapour also passes up the tower
and is discharged to the atmosphere. Two main effects on the environment
are associated with cooling towers, <the physical effect of the warn

air and water vapour discharged and the impact on visual amenity of the
large tower structures and thelr associated plumes. The warm eir and
water vapour might be expected to have some effect on the local elinate
{see below). :

2. Impact on climate

83, Several thearies have been introduced concerning the impact of emissions
from fossil-fuel power plants (end transportation devices) on elimate.

On the local scale, significant climate changes have been found. Urban
areas, for exauple, are noticeably warmer than their rural surroundings.
Occasionelly urban-rural temperature differences reach 10°C, but on the
average cities are 1-2°C warmer. Cocling towers produce fog and drizzle,
initiate clouds end increase razinfall. These potential hazards can be
lessened through resesrch, by locating towers away from highways, and

by thorough examination of = chosen site's local metecrological conditions.
Similer climatic changes may occur oa the regional scale, with continued
growth of fossil fuel consumption, end this may become importent by the
turn of the present century.

84, On the global scele, there is uncertainty concerning the possible
effects of pollutants on global climate. WMO Las pointed out thet "A fully
setisfactory model of atmospheric moticne and dynamics needed to forecast the
consequences of changing atmospheric composition is not yet available.

Hence, estiustes of the climatic consequences of increasing atmospheric
carbon dioxide are very uncertain” (47h). iAs was noted sbove, the best
available data indicate thet the carbon dioxide content in the atmosphere
will reach 375-400 ppm in the year 2000, this would warm the lower
etmosphere by about 0.5°C. On the other hand, the increasc in particulates
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in the atmosphere is eXpected to reduce the aliount of’ incoming solar
radiation reaching the carth's surface, thereby tending tc decrease the
air temperature. However, it is not possible at present to calculate

unsufficiently known., It is rostulated thet the decrease in temperature
due to the effect of particulate matter mey leed to the extension of the
Arctic jce to a limit 8-100 of latitude south of the present position,
The opposite may happen if the temperature increases, due to increasing
amounts of carbon dioxide. This could trigger & process by which the
Aretic ice might disappesr completely.

85. In view of these uncértainties, WMO has initiated the World Weather Wetch
Programme which includes around the world about 9,000 land observation
stations end 5,500 ships for the collection of meteorological data.

WMO decided in 1970 to launch g project aiming at the establishment of

& global netwark of observation stations for monitoring atnospheric -

pollution at background level. The network comprised in 1973 some 90

stations in U3 countries and is now considered & part of the GEMS,
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CHAPTER TII: NUCLEAR ENERGY

Ao ITRODUCTION

86. Uuclear power is one of the alternative sources for meeting world
requirements for energy production. Present reasonebly assured uranium

ore reserves at 1low price in the OBCD countries are sdeguate for about

5000 GWe yesrs of reactor operation with present reactors. Since estimeted
additional resources inthsge same countries are of the sane magnitude, the
total will be exhausted within a limited period of time urless sdditionsl ore
becomes available or other reactor types (breeder reasctor, plutonium

‘recyecle reactor) came into use. This amount of cnergy is considered
significant enough, however, to keep reactors with present technology as

an alternative source of energy production. :

87. 'The present nuclear power reactors generate heat by fission, where

& uranium atom splits into lighter atoms and gives up energy in the process.
In a reactor the rate of fission is controlled teo produce the designed
power level. The heat is used to produce steam which drives a turbine

and a generator to give electrical power. Reactor operation must be
distinguished fram nuclear weapons, where uncontrolled Tission takes

place so rapidly thet an explosion ocecurs. Loss of control in a reactor
could conceivably destroy the reactor, but would not result in a nuclear
explosion.

88. Huclear reactors are best suited to eleciricity producticn, and the
most efficient operation is obtained from large base~load power plants.

They are also used for ship propulsion {(mostly naval vessels) and can

be used for industrial applicetions, district heating and desalinaticn

of water. At the present time, nost pover reactors cperate on the fission
of uranium., Experimental or prototype systems include the plutonium
recycle reasctor where plutonium mekes up part or all of the fuel, the
breeder reactor vwhere o fission reactor is surrounded by uranivm which

is converted to plutonium ~ thus generating new fuel glightly faster than
the reactor uses it up. Development of the fusion process, where two very
light elements combine with relemsse of energy. has not yet resched a

stage where fusion can be mainteined, 4 fission reactor produce three types
of raedicactive material, fission products, activation products from resactor
camponents, and the actinides, typified by plutonium. These materials

all constitute radicactive hazerds end the success and safeby of the nuclesr
industry depends on controlling them and preventing significant releoses
into the environment.

89. The present nuclear industry is based on light wabter reactors which require
that the weanium fuel be enriciied in the uranium-235% and on isctope,

heavy weater and graphite reactors, both using naturel waenium. The present

size of the industry and its projected growth are shown in Table 20. ‘The
projections were made in 1974 and now appear optimistic, due to changed

economic conditions and environmental objections, and further possible

changes. Although the Tirst power reactor began operation only & little over

20 years ago, about 1000 reactor years of experience have been accumulated.

This experience indicates that nuclesr plants are comparable in weliability

to conventional power plants of the seme size.
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Table 2 20 PROJECTED WORLD INSTALLED TOTAL LLLCTRIOAL
AND HUCLEAR CAPACITY :

975 L 1985 2000
Totsl electrical = 1600 Gife 3200, Glie 8900 GWe
luclesr . (9.8 GWe 620 GWe 3300 GWe.
Fercentage share of nucleer 5 19 39
Number of nuclear power plants . 17h T30 g/ 3&10 af
' as of ' : : :

t Hovember 1975

&/ Estimated needs based on edditional 1 GWe capacityxfeacfors.

90. Invironmental concern has tended to centre on nuclesr power, at least

partly because it is seen in connexion with the production of nuclear. weaponsﬁﬁn

The success of the nuelear industry depends on the control of the
redicactive fission products, activation producta and actinides at oll
stages of operstion. A second problem is the requirement for cooling

the reactor, with consequent transfer of heat %o the onvirounent. The
radiocactive materials will be covered in some detail in succeeding sections
of this chapter, snd it should be noted here that they can affect man

by externsal J.rrad.‘.atJ.on or by cntry into the body through inhalation or
ingestion with water or food. &ince it is not possible to meintein zero
release from a coamplex system, there have been many dttcmpts to set up .
acceptable levels for rﬁleuCt1V1tJ in the environment or in nman. The
acceptable levels are those wiien result in radiation doses, in additicn
to natural background radiation, which are kept as far below the dose
limits as can rcasonably be achleved taking economic and social factors
into atcount. The mrine boly for developing reccmmended standards is

the Internationel Commission on Radiological Protection (ICRP). Its
rwmmmﬂ%mmghmenohgﬂ.%aﬂnmgmmemeumbwl mlmguﬂamb
set up by the Internationsal Atomic lnergy Agency (IamA) and naticnsl
bodies. Such standerds sre 0'ene—:ra.Lly accepted in evaluating occupaticnal
hazards, but their extension to large populations and the enviromuent

s & whole has been subjected to extensive criticism and is being reviawed.
The standard-setting bodies believe that their recormendations sre
conservetive, but their vzer are not accepted by some critics. It is

not possible to settle this dlsagroeaent by any conceivable dlrect
experiment, although long g-ternm studies may allow better anprox_@abions

to the conditions which would exist following unintended or permissible
release of swmall ewount of nﬂumchyﬂv Present data are more adequute. for
ass es~1ng hlghex exgposures that might oceur in & gorlous accident.

B. THE NUCLEAR FULL CYCLy

91. The term "nucleer fuel ecycle" is used to describe the entire programme
Trom mining of uranium ore tirough the mansgenent of wastes nroduced |
in all steps of the cycle. These stens, together with the associated
envirommentsl impacts, are discussed below. An lmportant factor in the
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nuclear industry is the safeguards syste., designed tc prevent diversion
of nuclear material to the manui facture of nuclear weapons and to prevent
any dazage te the envirdmment., The Internationsl I’rogramne commes under

TAEA, while nationel bodies are responsitle £& their own I ogranmes.,

. M::.nlng and mll.:.:nnr*

92. The flr“"‘ stages in the fuel cycle are the extracticn of uraniwm ore
and the production of = concentrated waniwm oxide suitabie for further
mrocessing. The uranium concentration in most of the world's cres is
very low end thne concentration ‘process reqaires very large guentities of
ore end large quantities of water and chemical "!,_)L_l'lu&. Uranium ores sre
nined by cither under ground, surface or solution mining, depending.on the
geolegical setting of the ore. The trypidal requircuents Tor a 1 GWe reactor
wowld be 200 tons of ura.ni'um oxide per year. Aboub 3 x 105 tons of
overburden- would- be removed; which =i “then be replaced after wmining
was finished.. These values are bBased on sn ore contmm.nb C.2 per cent
uranium oxide. lFine wastes alsc include water which erises from mine

drannage or from vater used ip wiiling. Tie occupa‘dional c.xpo:mre of
miners to radon and 1tud&11€11bk.;. products would be mmel: higher in underground
mines then in cnen pit mines. 'The inhalaticn of runloac**lve daughter

roducts of reion haz produced increased statistical evidence of lung
cencer in badly ventilated underground nines vhere radomn Lun«.cntratlon
VES hlt,i’i(..r then the ICRP concentration limits (226).

93. I\L..ll:l.ng iieludss the. crushing of the ars, chemical extractlon of

the urenium with acid or alkeline resgents and preparation of o Uraniam
oxide concentrate. The extracticn of the 200 tons of uraniwm axide
required for a 1 Gie reactor requires hendling about 100,000 tons of ore
and 250,000 tons of vater, most of which would be evaporated into the -
atmosphere from tailings ponds., The residue after cabraction would. be- over
90 per cent of the original ore. These mill tailings sre placed on
teilings piles near the mill, giving s volume of moout 10; 000 13 . per year,
The liguid tailings are held .Ll’l talljng ponds for evarvoration of the:
water, The liguid teilings would comtain small swounts of -‘ura.h-ium'-gmﬁuf
sore of the radium from the are. - A besic wenium extraction process’

iz alsc used vhich requires less water. ULoth mroceases give liquid
tailings with Ldgh chemicel content. Redon und finely ground ore residuc
perticules ar: the prime problems of the milling sud concentration Trocessas,
the gas escaplug Trom tailings dumps and wind eroding and resuspending
radioactive fine particles. The solid tailincs contain mest of the rodium
from the ore. This decays to gaseous radon, which is wliio radiocactive.

A freetion of the gas escapes from the tailings, but » radon cannot be
distinguished from natural strospheric levels s few i downwind.. This

is therefore & local problem of ralistion exposure, The Liquid wastes
camnct be disposed of to streams or obther baldies of water unless suitably
treabed. Dome of the liquid certainly seeps. into the ground but chemical
contamination of ground wuter Los wot Ueea reported. Tiae most likely
agccident with covirommental ceiscquences is e btresk in the tailings pile denm,
vhicih would incrosse the chenccs of sround, and surfoce waber combeuinetion.
This of course would be & lotal wffect. ‘ o
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-+ 2. _Enrichment and fuel fabrication

9k. " The uranium fuel is Joaded into a reactor in the form of oxide
pellets or metal pins enclosed in a metallic sheath of stainless steel

or zirconium alloy {cladding). To meintain efficiency, the fuel must
contain a minimum of impurities, so.a number of purification steps are
included in the milling process, or later in & refining step. For natural
uranium fuel, the purified meterial is converted to metal or oxide, canned
in the metallic sheath and assembled intc fuel. elements. Where enriched
uranium ‘is required, the woterial is converted to uranium hexaflucride and
the uranium~235 content raised to about 4 times the ratural content by
diffusion or centrifugstion. The product is then converted to metal

or oxide as above, The Fesidual materisl is depleted in uranium-235, and
current practice is to store it for possible use.

95. If sufficient quantities of enriched wranium are brought together,

8 nuclear fission reaction (eriticality) con oceur. In such accidernts,

the heat produced hes always dispersed the material sufficiently so that
the resction stops, but s short inténse burst of radiation occurs which

has caused’ the death of several workers, = The contaminetion problems

have been confined to the buildings concernéd. Releases 4o the environment
under normal operations or accident conditions consist of uranium oxide

or salts, For inhalation, the main hazard is the radioactivity, while

for ingestion it is the chemical toxicity {of the same order as lesd).

Any releasss should be local in nature, the greatest spread coming from
an accidental release of lsrge quantities of uranium hexafluoride. No
estimate of health effects is available, but they dre ceértdinly much smaller
then in later steps of the fuel cycle. ' - '

"3, Reactar operation

96. At the present time virtually &ll nuclesr power production uses
so-called thermal reactors., In these reactors, the Tfigsion process is _
induced by neutrons reduced. to lov energy (thermal emergy) by the presence
of a mederatar in the reactor core. Thermal reactors at present in
extensive usé.employ light water, neavy water or graphite as neutron
moderators. The different types of thermal power resctor.will release
somewhat.different:amounté-of'each radionuclide to the enviromment. In
addition s number of reactors thet d6 not contain a neutron moderatar,
called fagt reactors are under developuent.. The importance of the fast
resctir’lies in its potential ability o utilize essentially all the " .-
uraniun~238, in addition to theé O.Tuﬁér cent of uraniuwn-235 present in
natural uranium, However, nresent fast reactors require fuel that is
highly enriched in uranium¥235fdrfplpfonigm-EBQ. A forecast of growth

in nueclear generating capacity in different regions of the warld is

shown ‘in Table 21, The only experience presently available on the
environmental impact of power reactors is for thermal reactors. However
the possible extensive usé of fast breedér reactors in the future poses
the added problems of safety and security, in handling large quantities of
plutonium. This problem is discussed in (4kg).
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97. Under normel operation most of the radiocactive meterials produced in
& reactor are fission products formed in the nuclear fuel. Under normal
operation, essentially all this radioactivity ie contained within the
Tuel cladding. However, small glantities of same fission products,
particularly the more volatile ones (essentially tritium), do diffuse
through the fuel cladding, and the quantity depends to scue extent on

the material and design of the cladding. In addition, fission products
cen lesk out of mmall cracks that mey develop in the cledding. Other
redionuclides can be produced by neutron activation of chemical impurities
present in the coolant fluid. These are called activation products, and.
their type end quantity depend to a large extent on the reacter type.
Radioactivity can be present in both the liquid and gaseous effluents
discharged from reactors. - o .

08, Radioactivity releasés from power reactors cen give rise to raediation
doses to the personnel operating the stations, people living in the
neighbourhood of the reactor, and the world populations of man and other
biota. Radiabion dose rates to the operating staff, which in general are
the highest are required to be less than certain standerds set by national
suthorities. The maxitmum snnual rediation dose to people living close

to the reactor is also set by similar suthorities. Table 22 shows local
rediation doses from noble gas releases, received by persons residing in
the regions surrounding resctors in the United States in 1969, Xew ..
information up to the year 1972 is aveilable (448). There are a Tew
radionuelides, the most significant being krypton-85, tritium and possibly
carbon-1l, which when released to the environment tend to mix somewhat
uniformly within the atmosphere and/or the circulating waters of the -
world. These radionuclides sre relessed from both reactors and nuclear
fuel reprocessinz plants, so the radiation doses from them will be considered
in the section on fuel reprocessing.

99. Various types of accidents are possible during the operation of a
nuclesr power reactor. The potentiml danger resides in the fact that,

after some time of operstion, a huge quantity of fission product activity

is present in the fuel elemenmts. For this aetivity to be released a

major rupture or melb-down of the fuel rods would be necessary. To reduce
the risk of the accidental release of radiocactivity, meny sefety features
are incorporated into reactor design and operating procedures. A1l

reactors incorporate safety systems that will automatically close the.
reactor down in case of any serious malfunction. In sddition most power
reactors are placed inside a containment building, the purpose of which

is to contain essentially all the radioactivity that might be released

in the case of a serious accident.: It is also usual to site the reactor  in
a locality where there are not large populations in the immediate -

vicinity so that even in the event of a large release off redioactivity, that
population could be quickly evacuated. Up to.the.preseﬂt‘time there has
not been a major release of activity from a nuclear power reactor. In spite
of these precautions the inherent safety of certain types of reactor: has met
with some criticism. T R T
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100, 8everal studies have been made to determine the probability of s
major nuclear reactor accident, using information on the failure rate

of the varioug engineering components of the reagctor. The estimated
probability of such an accident, obtained in & recent study - (450) was

of the order of one core melt~down acecident for 17,000 reactor years.

The consequences of s major sccident would depend not only on the amount of
radioactivity released to the environment, but upon neny other factors:

for example, the average age of the Fission nroducts, the relative
quantity of actinide elemernts present, the kind of release (e.g, into

the atmosphere or to & river), the meteorological conditions and powmulation
density in the ares and also on the rapidity with which remedial measures
are taken. Apart froam.tiese Tactors, the facts that so far there has

been no serious reactor accident, and that the estimated probabilities
for such an ocewrrence are very low, make it impossible to quentify the
environmental impact of possible major reactor accidents,

101, A nuclear plant, whether o reactor or a processing plent has o finite
economic life, variously estimated at 20 to 40 years, at the end of which

the plent can be merely locked up and guarded to prevent access, or more

likely disassembled and prepared for other uses.  The equipnent that has

not been contaminated with radioactivity can be handlod a8 in conventionel
plants. This might include controls, turbines snd accessory equipment. Reactor
vessels, chemicsal processing equipment and the like would require treating

a5 solid wastes, with the possibility that a few items could be decontaminated
for normal use or re-used in other nueclear plants., The hazards of '
decommissioning are occupational and the local environmental radiocactivity _
remaining would represent releases during the working lifetime of the plant.
If extensive decontaminetion is carried out, additional liquid wastes '
will be generated. These should be handled as described in the section

on waste mansgement and should not be released to the environment. A survey:
of the area would be required in order to decide on possible future uses

of land and/or buildings. fThere has been some experience in the decommissioning
of small plants. The eventual disposal of the plant mugt be kept in wind
during its design, construction ang operation. This should incliude not only
the physical plant but the residues such &5 tailings., Unless all radicactive -
material (including high level storege tenks) can be removed from the site, .
decomissioning would require containing restricted site access and continued
monitoring to mrevent escapes to the environment. ' ‘

b, Fuel reprocessing

102. After spent fuel is removed fram & reactor, ‘it is stored for a period
to allow the decay of ‘short-lived fission products, then troanszorted to

8 fuel reprocessing plant vaere it is chemically dissolved and the residual
fuel material recovered. During this process the major ndrtion of the fissicn
products, in addition to induced radioactive products present in the fuel
cladding, is converted into solid snd liquid waste material. In practice
there is a relesse into the environment, to both the atmosphere and ‘the
waterways. - Indeed, up to the present time fuel reprocessing plantsrhave_been_
the major source of radicactive envirommental contamination from the nuelwer
industry. Projected requirements for the nuclear fuel reprocessing indus+try
in various regions are shown in Table 21,
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103. The env1ronmant surroundlné nuclear fuel reprocessing plants is
monitored for possible radiocactive releases. There are seversl radionuclides
which uey become a problem in the first half of the next century if their
release is not reduced. These are iodine~129, tritium, krypton-85 and
possibly carbon~ih, At present these are es sentially all released to the
earth's atmosphere and/cor hydrvosphere, thereby contributing rediation doses
to the world's population. Weble 23 gives some information on typical
annual releases of tritium, carbon-1h and krypton-85 from a nuclesr fuel
reprocessing plant per glgawatt cof nuclear plant being serviced, OTther -
radionuclides are releused in smell quantities but their impect is umore
local, and mey effect small numbers of people. consuwning certain foodstuffs.
Estimates of rediation dose rates to lurge populations resulting from

the releasge of krypton—BS tritiuwm and iodine~129 from the nuclear power
industry are shown in Table 24. :

104, It is possible, by making a number of assumptions, to estimete

what the numbers of health effects, largely some form of cancer, ceused

by the release of .radionuclides fram the nuclear industry, would be. Hstimates
of cancer risks per unit rediation dose have been published by the United
Hations Scientific Committee on the Effects of Atomic Radiation, based
}argely upon studies of the incidence in atowm bomb survivors at iroshima end
Negasaki as well as in medical patients who received high dcses of radiation
for therapeutic purposes. Assuming that these risk estimates con be
extrapolated down to. low doses and dose rates, the pojected hezlth effects
from the release of iodine-1: 29, tritium~85 and the actinides are shown in
Table 25. The assumption here is thet all these radionuclides Wlll continue-
to be completely released into the environment. :

Table 23, REPRESENTATIVE RELEASE RATES OF RADIOACTIVE ELEMENTS 1IN GASEQUS

EFFLUENTS FROM RE-PROCESSING PLANTS
(cwries/gigavats - year)

Tritium | - ' 16,000

Carbon-1l R ‘ 40
Krypton-35 : : e : 350,000

105. The figures in Table 25 are likely to represent an upper estimate of risk,
the actual being anything between this upper limit and zero, depending on

the shape of the dose-effect-relationship curve at low doses and ab low dose
rates. In the case of the ectinides, use of more pessimistic values for

the release fraction .and resuspension factor gives an increase in the
estimated health effects by a factor of 1,000. Prediction of future releases -
is therefore subjéct to considerwble uncertainty, and estimates of health
effects should thus be revised as additional information becomes available.
There has been no experience of a najor accident, such as fire, at a auclear
fuel reprocessing plant that has caused the release of large amounts of
radicactivity. : :
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Table 2, COTIMATED RADIATION LXPOSURE. FROM
IRYPTON-05, TRITIUM AND IODINE-129

PoPﬁiatiqn, Group and, Lverage dose rate (willired/yr) .
eritical organ Year 2000
- - 1972 -

- . z =D . ‘
Locel, skin -~~~ ~ 8.5Tx 10 C * Lo
T

3 -

30° ~ 609, W.gonads x0T ‘ - 8x 107
Crpitiam , _ Lo
World, gonads - : 1 Ak 1077 | | hox 1O~$-
Iodine - , . ‘ e
- Local, thyroids 1. x 1073 . o hx102 L
. ~5 ' 2
I} % 10 .

World, thyroids . 1x 10"

. Bourcer (363),

5. Vdste mansgenent problems

106, Westes are_prcduced at ail sfages éf the nuble&r_fuél.cycleg‘buta'

waste mehagement problems essocigted with reprocessing of spent fuel

seem to be the most severe. - Problems relating to nuclear wastes will be
revieved. according to vaste type, rather than the stage at which it is.
produced. The philosophy of waste mensgement should be to. meintain control
over waste products, rather than. simply to dispose of -them. Currently,
wastes are generailly -handled by: - L ol

{a) 'Dilutiﬁn'an& digperéion of low-level liquidwand‘gaseous wastes;
(b) ‘' Delay in processing intermediate ond high?level‘wﬁates-until;
shart-1ived nuclides heve deceyed; C Y S
- {e) ‘Concéﬁiraﬁioh and contaimment of intermediate and high-level
sdlidfli&ﬁiiﬁanﬁ_géSequs wastes. o o R oo

107 Géseoué;wéstes.occur at. all stagéé_df thé f@ei gyele. Radon;is réle@sed

in mining and milling operations where. it 15 .accompanied by eirberne ..
dusts containing uraniun, and radium. . The dusts and gases ere controlled .
through the mine ventilation system, particulates being filtered out. and .
handled as- solids.: During normal operation of nuclear. power reactors,
tritium, krypton, xenon snd two redicoctive isotopes of iodine are produced,
but most of these are retained within the fuel reds until released during
fuel reprocessing. Ir both heavy and 1ight-water moderated reactors, the
small quentitics of gases that escape from the fuel rods digsolve in the
coolant and very little actually escepes from the systew during operation.
Reprocessing to extract plutonium and recover uranium in fuel involves
cooling and storage to allow short-lived nuclides to decay. '"The fuel
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dissolution operation releases gaseous radionuclides; gas cleening
equipment involving scrubbers and filters has therefare to be used. Release
of the gases to the atmosphere is ultimetely tirough high stacks fitted
with monitoring equipment, and the area around the plant is also monitored.
Some of the physiologically active iodine has been reported escaping, and
concern has been expressed regerding the escape and build-up of carbon-1k

in the atmosphere. Tritium, the radiocactive hydrogen isotope, may also
become & problem in the fubture as it can exchange with normal hydrogen

in water. Krypton-35 is a noble gas and being chemically unreactive it.

is distributed more or less globally, a5 dictated by meteorologicsal
conditions., Oystems to remove it are now being planned. In the event of

an accident, these same gases nmight be able to escape from the plant,
together with gome particulate material. Their distribution in the external
environment would depend on meteorological conditions.

108. Mining, milling and refining processes produce some slimes and ore residues
vwhich are normally concentrated., Because of its value, as little as

possible of the oxide is lost at this stage. Redicactive liquid effluents
produced during normel reactor operstions include small quantities of fission
products that escape to the coolant due to faulty cladding, irrediation
products of the coolant, ccolent impurities and soluble corrosion products.
After ion—exchange removal, the processed effluents are claimed to be of
sufficiently low redimtion level to be within radiation protection standards
for routine operstions. Reprocessing plants produce several cubic metres

of low-level agueous wastes each day, primerily fuel storage pond water,
evaporator condensates, and some plant effluents. Depending on the rsdioactive
materials present, these may be held for decay of radicactive nuclides,

or chemically treated to precipitate them befcre releasing the liquid

under controlled conditions. Tritium is a significant waste product,

and tritisted water is released to the environment where it is diluted

and dispersed. Medium-activity wastes come mainly from chemical operations,
but do inelude some plant effiuents. They usually contain significant
quentities of dissolved salts, and are trested by a selection or cowbination
of evaporation, ion exchenge, and chemical precipitation, the final

products being low-level liquid waste, high~level concentrates and solids.
The low-level liquids are discharged. High-level liquid wastes contain

the bulk of the fission products generated in power reactors. The first
treatment is concentration by evaporation, and the intensely active liquid

is stored in multi-shell thick-walled steel tenks. These are usually
underground and cooled, and the gaseous effluents are cleaned as described above.
Depending on the concentrations of transuranic elements in these tanks,
required isclation times mey be several hundred thousand yeers.. While
temporsry storege in modern multishell tanks is considered to be safe,

spare capacity is installed to accept the contents of a tank in case of
leakage, Older tanks in the United States have indeed leaked; such leakages
could contaminate the groundweter, end radicasctive materials might then
travel through the aquifers. Current research is oriented towerds
conversion of such liquid wastes to solids.
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105, All steem-power electrical genersting vplants, whether fired by fossil or by
naclear fuel, havc o common need to release unused heat to the environment .
Nuclear reactor stesn systems now being used operste at lower tewperatures
than conventional plants. This results in a lower thermsl efficiency with
consequent larger heat releases per GWe. The impact of thermal discherges
on the environment and the possible beneficial use of these discharges have
been discussed in some deteil in Chapter II. Cooling towers, whether from
conventional or nuclear power plants, add large amounts of water to the
atmosphere and under appropriate conditions, this can result in fog, ice
formation on trees, ronds and transmission lines, or snow. Chemicels,
including chlorine, zinc, chromium ond phosphates ere added to the weter in
cooling towers to inhibit the growth of organisms within them, corrosion,

end the deposition of dissolved salts. These chemicals, transported in
tower plumes {spray drift) and in tower blowdovn, mey have daneging effects
on the environment. In addition, cooling towers can pose accthetic problems,
common to both nuclesr and fossil fuel nlants.

110, Solid tailings from the wmining, milling and refining operations can
cause radistion exposure problems as they contain radium, which in twrn emits
redon gas. As the tailings dumps consist of finely ground particles, they
are easily eroded by wind. Unlese covered with earth to an approximate
depth of 15m to retain the perticles containing the radium-226, radon can
still escape. As the radiocactive half-life of radium-226, is 1626 years

it will take some 8000 yeers to decay to about 3 per cent of its imitial
level, so such dumps will have to remain undisturbed for long pericds of
time. These dumps require an annual land storage commitment of 1~2 hectares
per 1 GWe; it is hoped that in the futwe, increasing amounts of these
tailings might be returned to worked-out mines. Depending on the location
of these tailings duaps, rainwater leaching end ground-wnter recharge wmight
result in aguifer contaminetion and mobility of rediocactive waste.

111. The yrincipal direct solid wastes from fuel rerrocessing are metallic
discards, cladding cuttings and leached sections of fuel cens; to these

mst be added the solidified wastes resuliing from treatwent of liquids

and contaminated ion—exchange resins. Usually these metallics arc too
radicactive for dispossl by simple burial, although this procedure has been
selected at some facilities where suitably impervious geological strata

exist. More often, they are stored in conerete silos on the site, designed

and operated in such a way as not to preclude the possibility of ultimate
removal and final disposal after a very long decay period. Other solid

vastes ere monitared and segregated into convenient types - combustible and
non-combustible materials, and mediwa~and low-level activities. A variety

of disposal techniques have been adopted for these wastes in different countries.
For the lower levels of activity, burisl in lerge trenches on the reprocessing
site or on an adjecent site has been used; long-lived sctivity is limited in
these disposals, so thet the ultimate relesse of the site is feasible within

8 shoart periocd of time. Regular monitoring of water dreining from such sites is
essential.
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112. Cambustible waste has been incinerated at same sites. This requires

cleaning of the gaseous cambustion products by conventional scrubbing and

filtering techniques, the ash being either subjected to. chemical recovery

treatment, or stored. It is technically possible that longer-lived active
materials such as plutonium, could be extracted fram ash to facilitate its
ultimate safe disposal in the environment, even though the actual recovery
of the plutonimm may not be economic in itself. -Medium-level solid wastes
are geherally blaced in long~term storage to allow their activity to decay.

Table 26 indicates the annual requirements for storage of solid wastes.

113, As seen fram the foregoing paragraphs, gaseous radio'nuclideslthatrcannot
be recovereq ultinately find their way to the atmosphere, or, like tritiim
in water, are widely dispersed in the enviromment. Liquid wastes that cannot

" be directly discharged or. solidified are stored in large tanks. Scme countries,

often &s a canbined international venture, heve disposed of low-level golid
wastes in the sea. Waste ig packed in concrete-encased drums and dumped-

in selected ocean areas at least 4,000m in depth and well away from fishing
grounds. The dumping of high~level wastes has been prohibited under the
recently~signaed Ocean Dumping Convention. At rresent there appear to be

four general concepts for the storage or ultimate disposal of thoge high-level

or other radioactive wastes vhich require mehy centuries op millenia of

- (a) EthaterreStrial‘(i.e. by disposal into space),

(b} Trensmtetion - by bembardment with stomic particles to form
stable elements or short half-life redionuciides; ‘

.. (e) On the surface of the earth, which includes using engineered
facilities on ground surfaces; '

(d) Geological formations on land, or under the sea bed,

11k, Until the end of this century, only surface or subsurface storasge of

80lid wastes ‘appear to be viable options, but there may be significant
difficulties associated with these techniques depending on the location.
Although both are cwrrently in use, such long-tem stordge is Predicated on

other hand, the latter would provide better protection frem catastrophic
occurrences, and radioactive meterial would only move through' contamination of
the groundwater, However presently, "dry and stable" formations could be
changed by earthquekes either natural or man-induced) or by interaction
between waste forms and formations, with ultimate corrosion of containers

and mobilization of redioactive daterisl.’ '
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- Tgble 2@. LETLJATED ANNUAL RATE OF SOLID WASTE ACCUMULATTION
PER GWe YEAR AND CUMULATIVE QUANTITIES OF S0LID '
' VABTES CONTAINING FISSION PRODUCTS AT
’ " . REPROCESSING PLAWTS ‘ '
(World total)

Annuel ‘197-5. 14685 - o EOGO

rate
‘High-Level vitrified wastes _ _ ‘ : _ .
Cubic metres . = - .- 2.5 4 10 ¢ 0 6,100, '5191’008
«Kilogrammes g -5 x 10 T.1x 107 1.2x.10° 1.0x 10
Cladding hulls | ” o
Cubic metres T AT e 3Th L, 100 35,000
Kilogrammes ~~ =~ o 7.6 x 107 1.7 107 1.8 x 10 1.6 x 10
Lowﬂevel sq_lids : | ) - : DT
Cubic metres 17~ 115 ) 3-25x 107 k=28 x 10’7* '3-23 x 107
Kilogrammes 3~6.5 x 10 6-14% x 10 T-16 x 10' 6~13 x 10
Storage site area ' R S R
usged hectares 9.3 : © 2,000 20,000 200,000

Source: (363)

6. Transport

115. Ope important aspect of the nuclear industry is the safe transport

of radioactive materials. The facilities involved in the mucleer fuel
cycle are generelly spread out in various locations, even within one country,
and redicactive materials in various forms have to be transported to and "
fran such facilities. The volume of tramsport of radioactive materigls has
grown with the growth of the nuclear power industry and the present trend
indicates that such transport on both nationsl end internstional scale ‘
will rise rapidly. Radioactive materials erising in the nuclear fuel cycle
are generally ‘ranspeorted by surface either by truck or rail and sea.
Transpart by air is cammonly used for small guentities required for medical
and research purposes. As an example, Table 27 shows the number of
different types of shipments in the nucleer fuél cycle in the United States
which were made in 1971 and were expected to be rade in 19Th.

116. The transport of redioactive ore from mine to mill under normal or accident
conditions' is unlikely to result in envirommental effects of any consequence.
Similerly the transport of the mill product i.e. the "yellow cake” or the
subsequent transport of uranium hexafluoride snd uranium oxide contained in
suitable trasport containers are not likely to result in any environmental
elfects except for chemicals ores resulting from possible spills.
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- Table 27. SHIPMENT STATISTICS FOR THE FUEL CYCLE 1y’
; Tk, USITED: STATES af -

e 0 Mumber of éhipments ¢
Lo - oy | 197k
Mill == Converter (ss U,0;) .. I (T T A
Converter ~= Ynrichment Plant (as UF6) 1 938 '1&3& |
;:Eﬁrichmeﬁt Plant Powder and Pellet Mfgrs., N
(as enriched U, ) o 3 781 134T
.‘Powder'and.Peiiet Migrs. rme-Fabriéators S :
{as enriched;.UBO8 powder or pellets) o136 223
* b m“* ’ |
Fuel Efgbrlazcsitors?l?egctors (as fuel elements) 272 .. 380

&/ An undetermined numbesr of air shipments were mede.

7. A typical 1 GWe light water power reactor (LWR) needs & fuel chargeé
of about 90-120 tong of sligntly enriched uranium depending upon type of -
reactor. About one-third of the fuel is replaced ammuslly. The fuel
elements are shipped in packages designed to prevent aceidental criticelity
even under severe accident conditions (tests include drops from e tieight’ of
9 netres, gubmersion in water ang exposure to fire). ‘Thé radio activity
of the new, unirradisted fuel, sbout 3 curies per ton, ‘can have essentidlly no
impact on the environment, and very little on individual transport workers
urder normel donditidns. Even in an accident the physical properties eand
the low specific activity of the fuel would linit rediation effects %o. . .
very small 1éféi§ijf$heoretically,_agcgaental criticality. mey lead to-. -
significant advetse’ehvirénmenta;,effeets. Rediation doges in ekcess of

500 roentgen equivalents (men) to individuals in the immediete vieinity
might ¥esult, and the immediate area.would require g thorough and perhaps.
costly decontamination. However , by means of striet controls including
approval by the competent authority of container design end construction
the possibility of reaching criticality during transport is practically
elimineted. This. is also evidenced by the experience of 30 years of nuelear
industry during whieh.no such criticality accidentAduriﬁg*transport"Qf B
fissile materiel. has been reporbed, - e S -
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118. Spent fuel elements contain larse emounts of radicactive fission products,
and are therefore stored for & period of time to allow the short~lived
radioactivity to decay before shipment is made. Spent fuel elements are
transported in shielded air or water—cooled casks weighing 20 tons or more,.
The heavy shielding of the casks must reduce the radiation fran the spent

fuel elements inside to permissible levels, or else the casks must be gent
under special arrangements, Under norial transport conditions the radiation
doses ciposuic to tremsport workers, such as truck drivers, train brakemen,
large operators ete. are (should be) kept within permissible values by the
limitation of the radiation around the containers. If the workers arc
handling substantial nusbers of shipment, it mey be necessary to make surveys
end introduce additional control measures such o job rotation, A severe
accident in which the cask walls are ruptured, resulting in a loss of content
might heve severe impacts on the public and the environment, but the possibility
of such rupture is minimized by strict adherence to the regulatory requirements
regarding design, construction testing and approval of the casks., From

Teble 27 some appreciation can be gained of the quantity of fuel to be shipped
between nuclear power plants and spent fuel reprocessing plants on &
geographical basis. '

119. Low-level radiocactive wastes are packaged in senled containers such as
o>—gallon steel drums, and are shipped by common cerrier to buriel grounds.
Solidified high-level radioactive wastes will be shippéd to retrieveble storage
sites, such as geological formstions, salt mines or surface storage fecilities,
in containers resembling the cesks utilized in shiments of spent fuel.

120. Packaging and transport of radioactive materisls are regulated by
international as well as national transport regulations. IALA has published
regulations for the safe transport of radiocactive materials, and ‘these have
been adopted by virtually all internationael transport authorities.and taken by
most Member States as the basis of their own reguletions.  Substantisl
continuing effort is being mede by the IAEA to keep its regulations for the
safe transport of radiocactive materials technically up to date and to encourage
their ‘adoption and implementation. : S P
C. WUCLEAR SAFEGUARDS AND LNVIRONMENTAL PROTECTION-
121, During the. entire fuel cycle, including transport of muclear material,
strict vigilance and care must be ensured, both on nationel and international
levels, 80 that nuclear meteriel doeés not fall into uhauthorized hands which
usy use it for uncontrolled sctivities lesding to denaginhg effects either
on general population or the enviromnment. Therefore,” an enormous effart
is required, both nationally and -internationslly, in order to prevent any
diversion of nmuclear material or sabotage of nucleer inspallations.

122, The establishment end implementation of a physical protection system

is the primary responsibility of a country and is closely connected to its
national system of accounting and safeguards for and control of nuclear
material. This system hes to cover the nuclesr wmaterial in use, storage and
transport throughout the entire fuel cycle both nationally end internationally.
At the international level, IAEA has initisted and implemented a nuclear
sefeguards system. TFollowing the obligations that are assumed by IAEA

Member States under internationsl legal instruments suech as the )
Non-Proliferation Treaty, the most existing nuclear power plants and auxillayy
installations in the non-nuclesar weapons States are presently wider international
safeguards.
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123. The increase in the international tré.nsport of nuclesr material has
generated a growing interest on the part of wany nations in establishing an
international regime for the physical protection of this material during

trensportation. IAEA ‘has prepsred s set of procedures for physical security
of handling nuclear matérials and this was accepted by the IAFA General
Conferedce in"1975. Plans are afoot to draw up an international convention
to set standards for the protection of nuclesr weterial in inter-State
transport. IR £ e o .

124, The possibilities of esfablishing.regionalqcéntfés for the enrichment,

- fabrication and reprocessing of nuclear material dre at present being exemined

by IARA, It is believed that locating such installations in centres could
be economically attractive and would have great advanteges from the point

- of view both of physical priotection and of internetional: safleguards, -.

1.-Technical'control.measures and'institutions

125, The inherent safety probléems of the nuclesr power industry have long
been realized both by Governments and by the industry itself. While hational
Governments are responsible for the esteblighment and’ implementation of
physical protection systems and the control of nuclear ueterials, these tend
to be baged on or at ledst strongly influenced by, the recommendstions of a

humber - of international_insﬁitutions. " ICRP develops recommendations on

radiation dose limits fer individuals (and occupational groups) and the -

United Nations Seientific Committee on the Effects of Atomic Radiation

evaluates global releases of radidactivity and assesses their impact on man.

IAEA develops technical standards ahd guidelines concerning the safety of
nuclear facilities and the handling' of materials.,. . These standards. and guidelines
are based on ICRP recaumendstions,. and” TAEA works very closely with WHO. It

. 8180 co-~operates with national end ‘international regulatory’ sgencies in . the

development of regulations that relate to nuclear'MEtﬁersdipﬁpther:spheres.

i
LORERL

2, Lapd-use considerations

126, Land committed to the establishment of different nuclear facilities

of the IR and HIGR nuclesr fuel cycle has been “estimatéed by USAEC, Such
data are drawn up on thé'hasis_of'présent United States nuclear poier industry
practices end may differ from etperienices in other nations. Comparable date
are not readily av&iiable"fdr'hon~nucleafjpdﬁer stations, The total global
land use based on LWR power plants may be estimated as given in Table 28,

Table 28. GLOBAL LAND USE ~NUCLEAR PR THROUGH TV YIAR' 2000

{hect. x 10
Base facilities o T2 .30 - 670
Land "usage™ (cumulative) 0.15 R I ¢ Co T T
Land committed oo O IERI IR 3. T = 370

‘These figures wqﬁld‘have.to be coﬁsiderably'increaséd to include heéavy-water

and breeder reactors.. They therefore highlight the‘needlfor*bﬁreful]ccnsidq?ation
of alternate land uses before construction, paiticulerly encioachuent on prime

. quality sgricultural land at. a time when it is elready wider pressure fram

urban and industrial demand.
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CHAPTER IV: RENEWABLLE SOURCES OF LHERGY

A, INTRODUCTION

127. For the greater part of the last cen'bury the rising global demand for
energy has been met to an increasing extent by the use of fossil fuels,

chlefly in the form of o0il and nstural gas. This trend was encouraged by

the comparatively low price of oil, which in wany instances has not been used
in the most efficient manner., With the ever-rising deuand for fossil

fuels there has been an accompanying realization that these energy resources
gre finite in extent end should therefore be regarded as wasting assets. It
has been argued thaet fossil fuél resources which have accumulated over millions
of years will be conBumed in ‘e twinkling of- geological time. As shortages
develop in various fossil fuels, the laws of supply and demand can be expected
to increase their prlce levels., This in turn will encourage further exploration
act1v1ty resulting in the probable location of edditional supplies. In these
clrcumstances, it is not possible to make any reliasble estimate, at the present
time, of when fossil fuel resources will be exhausted. However, vwhatever

the future rate of depreciation will be it is generally acknowledged that
exhaustion will take place at sme tinme preceded by a period of shortage., The
general reallzamlon of the finite nature of fossil fuel resocurces has caused

a re—examlnatlon of the possibility of using those energy resources which

are of a nonﬂdepletlng nature and, therefore, considered renewable, These
energy sowrces are 1ncr0351ngly important, particularly in developing countries.

B. GEOTHERMAL ENERGY

128 A great amount of heat ig known to be stored in the esrth's crust. The
base of the crust, which is some.25-30 km beneath . the surface of the egrth,

is estimated to be &t temperatures ranging from 200 to 1 000°C The amgunt of
heat in the outer 10 kms, if available has been estlmated to be 3 x 102 calories,
which is more than 2,000 times the heat represented by the total coal resources
of the warld {316). In some favourable zones of the earth's crust (called
seismic-active zones, which are usually zones of young volcanism and mountain-—
building located along the margins of major crustal plates), volcanic activity
may be frequent. This 1ncludes the outpouring of magme, (molten mags of the
earth's mantlie) 1n the form of lava flows from volcanoes and for the creation

of intrusive bodies of high theérmal value, hot springs, geysers and fumaroles
along favoureble fissure planes, Water convenctlon systems can also contribute
effectlvely to the transfer of heat,

129. Water mekes possible the extraction of heat from deep seated rocks.

Water derived from geothermal act1v1ty was Tormerly considered to be of

magmatic orlgln. However, recent geochemical studies indicate that most of
this water is derived from surface prec1p1tat10n seeping down into porous rocks
heated by megna, and therefore, it is ‘meteoric" rather than typically
"voleanic", fThe early history of geothennal development and exploitation

saw the utilizetion of thermal springs as baths and health resorts, and the
occasional use of thermal waters to heat buildings., Today geothermal energy

is used for electricity production, heating purposes, greenhouses, etc.

Geothermel resources (dry steam end wet steam) have been exploited to generate
eléctricity in relatively limited areas at Larderello and Mount Amiata (Ita.ly) 5
Weirakei and Kawerau (New Zealand), the Geysers (United States), Cerro

Prieto and Pathe (Mexico), Otake and Matsukawa (Japen), Pauzhetka and Paratunks
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(Soviet Union) and’ Hemafjall (Iceland). Electric pover was first generated
from geothermal sources in Ttely in 1904, using & pilot-scale reciprocating
engine. In 1913, a 250 kW turbo-alternator replaced the reciprocating.
engine; geothermal electric production on an industrial scale dates
from this year. - o

130. Today the electrical generating capacity in the main gecthermal
fields amounts to more than 1,000 M and is projected to reach about
2,500 MW by 1980 (Table 29). Conservative estimates are that 100,000 MW
of generating capacity could be developed by the end of this century.
beveral eéexploration prograwmes for geothermal fields are taking place

in many countries (especially in the developing countries) with the
assigtance of the United Nations (for example; projects are being
cerried out in Kenya, Lthiopia, Chile, Indis, ... ete,),. - '

137. Hot water reservoirs are also now being exploited for heating in
several countries. Greenhouse heating, for example, has been expanding

in Iceland- since 1920 (the total ground ares covered by gless has been
estimated to be mare then 100,000 m?_, Heating on a commercial scale

iz also developed in Hungary, the Soviet Union, Wew Zealand and the

United States. Small-scale heating for buildings and greenhouses is

in operation in France, Czechoslovakia, Romania, and other countries, Other
uses inelude snimal breeding, drying of timber and diatomaceous earth,
processing of céllulose (New Zealand, etc.).

132, From the techno-economic point of view, it has been found feasible
to utilize the hot fluids directly at the location of geothermal wells.
Accordingly, the power plants end/or greenhouses should be located near

the steam-extraction area. Cost/benefit analysis has shown that geothermal
power is at least competitive with the power produced by conventional
thermal, hydraulic or’ nuclear sources. In suiteble locations, the cost of
prdduqing & geothermal kWh is lower than that for conventicnel thermal
generating plant. - - ' R '

Table 29. INSTALLED ELECTRICAL GENERATING CAPACTTY
OF GEOTHERMAL POWER STATIONS

Country = - ' Septenber 1075 Projected 1980
(mr) _ (W)
El Salvador - 30047 -
Iceland : 3 A —
Ttaly - SRR S = - k50
Japan - - 3% - - 60
Mexico e T5 - 150
flew Zealand - 190 I -
Soviet Union - e .5 C 25
United States . =~ - 502 o 1180
Total -~ . . .o 1,257 Lo | 1,865

Sowrce: After -(285), (274), (80) and (326).
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133. The impact of geothermal energy on the envipounet can Vo oLl
into four categories: - ‘

(c) ﬁr@act‘on land,; o _ o SRR
{(b) Twpsct ou air;

(c) Tupsct on water; and’

(d)' Eoise;

134, Geothermal resources sre tapped by drilling wells to various depbhs
{zenerally 300-2,700 @1). The wellss nipelines and. associated fecilities of
the producing field modify the existing terrsin (it hae been eptimated
that soous 15 km® are needed to drill the some 150 wells required to gencrabc
1,000 ). iowever, because the wells theuselves and the pipelines occupy
small petches and strips of the field, most of the lend could be uged for
varied agricultuwral purposes. Lend subsidence mgy be a potential effect,
although no subsidence has so far been recorded in dry steam fields.
subsidence is more likely to oceur in hot-wateér ficlds which beliave like
neonsolidated petroleun reservoirs. This probability can be winimized
by injecting waste fluids into the reservoir, This process mey, however,
sccclerste seismic effects in the sres (although o re-injection aperiment
recently carried out in the Viterbo region, Italy involved no seismic
or rdcro-seisuic effects (Cemeli eb sl., personal commnication 1975),
such offects heve been detected in conncxion wita deep-well disposal of
industeial wastes in some countries). Uhe Los Alamos Delentific Laboratory
propeses to use hydrofracturing technigues similer to those esployed ii
petroleun recovery to create large eracks in & bed of nard rock (for exaurle,
granite) neer én extinet volecanic area. The erocks would expose & large
meea of rock to a circulating flow of pressurized water puwped dovn one
well and up snother to extract the heat. At the top of the well, ithe heat
would be transferred to a secondary fiuid before being delivered tc & turbinc.
The wnkmown geotechnicel behaviour of the herd rocks at the teuperatures s,
pressures in question and the sssociated earth-activities vewain to be _
clerified., Stimletion of gecthermal fields by using either large chemical or
snull nuclesr explosive devices merits further examinebion.

135, Gecthermal activity liberates noxious gases, ©Duch gases include
neinly cerbvon dioxide, hydropen sulphide, bydrojen, methsne, nitrogen und
pmmonia. DJoric weid, hydrofluoric aeid, hydro-chloric zeid and nminor
amounts of nercury, . selenium and arsenic compounds mey alse be released.

126, Although many sases can be separcted from the stems in geothernnl
nlonte, hydrogen sulphide dissolves readily in wobter und con encape into ths
ctmopphere during the cooling process. Ustimetes indicste thot the amount
of sulphur escaping the Geysers (Colivornia) Us ccuivalent to thot enitted

ty e fossil-fuel plent of vhe sauc sive burning low--sulphur oil, wnd that
et the hot water plent at Cerro Frieto, the sulphur rejeasc might exceed that
ol

of carparsile fossil-fuel plants wurning high-sulphur fuel, finece hydiosen
sulphide iz heavier than air, it tends to setile towards the ground,
norticulorly during conditions of temperature inversion. The gnell of Tydror:
culphice in and avound geothermal power stotions is frequently strongy - )
Although individuel responscs to hydrogen sulphide vary, the mean concertration
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for human detection iz only 0.002 ppr;  drritation to the human eye occurs
at 10 ppe and to hunan lungs:et 20 pom. Accurate data for hydrogen sulphide

“concentration in and eround. geothermal, power,piants-are-lackings'although
- it dis estimated to be around the. limit . detsctenie by wen. ' '

. 137., Carbon dioxide slso consﬁitutés'an;appreciable.pb;tiqm of fhe_ndné.

'éoﬁ&éﬁéable'gaSGSjin'géothermal fields (in the Geysers, for example, | ,
about 82 per cent while in Larderello it nay cougtitute up to 9l ver cent ).
The ‘emission of carbon dioxkide from a _geothermal plant is, however, lower than
that from a cosl-fired plant el comparable slectrical capacity. Far example,
& 1,000 MW geothermal plont ewits. about §60. tons of carbon dioxide per day,
while a coal-fired plent of the same capacity enits about 20,000 tons of
cerbon dioxide per day. Whether carbon dioxide is to be considered as a
pollutant or not deperds, again, on owr.exact knowledge of its geochemical -
cyele. < R ‘ S . - : o ‘ S
138. Some mercury, selenium and arséﬁibibompoundS‘eré,assobiaﬁé&iwith the
volatile constituents in geothermal fields. ferometric weagurements carried
out 'in"Igelend show thet mercury is greatly inCIéasedfnear‘fﬂmaro;ic‘areas
(1.3 - 37 micrograms per cubie metpe as, compared to 0.0 ~ 1.0 in non-thermal
ereas). In Hawaii, values up to 40,7 micrograms of mereury per cubic

netre have been reparted (h?g). Prolonged exposure Lo atmospheric levels

in excess of 0.1 microgram/eo ig hermful 4o bwwmn beings, and levels well in
excess of this amount exist even at distences of’ 350 km or more from active
sites in Hawvaii.

132. Radiocactive measurenents of rajon (420) at several geothermal reservoirs
indicate that the environmental impoet of raden release into the atmosphere
appears to be small, and irdistinguishable from that generated by natural
emanai:ions"from'the‘surrounding‘lgnﬁ‘mans‘° ‘

1h0. Concerning the envirommentsi, imp: ets on water, it should be noted taat
dry steam geothermal fields offer the moszt gconomic and environmentally_:_'
acceptable conditions, since the steam rrroduced does;not-invo;ve the hendling
of l&rge_quan@itiés_of“hot,brine_réquiring subsequent. disposal. Wet sbeam..
Tields, on the other hand, produce hot water waich may be ‘equal to three times
the weight of the steanm rroduced. All plants should, therefore, have
centrifugal seherstors to'separate the stesmm and water. The steam is then
handled in the seme wiy ns that produced in dry steam fields and the water

is taken by Pipe or by channel to & disposal point. In New Z4ealand, where the
salinity of the geothermal fluid is low (about one tenth that of secs water),
the water is simply discherged into a large neighbouring river, with. -
negligible_énvironméﬁtal effects. In some other fields, the disposal of

the waste waters could pose a subgtantialgprqblem,_ For oxample, near the
Saltén"Se%;in[Cgiifofnia; the salt ‘content. of geothermal waters reaches

20 per cént compared to about 3.3 per cent in ses wvater. On the other

hand, although the geothermal fluids in, for exsmple, Cerro Prieto (Mg;iéd)‘
are 'less highly nineralized (sbout 2 per-eent), o huge amount of salt water ™

Lrwould besproduced . from & 1,000 MV ‘plens “containing an estimated 1,200 bons -

‘of salt per. day, Deep well injection of ‘bhese waste woters seeris to be gt -

promising zolution, since inuaﬁditioﬁ-tofdisposiﬁg of the 'waste, the
injection. could hely orevent. Lead subaidencs thel aay dcowr in some ‘geothermal
fields. - . o e . Bl
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141, Geothermal plants release more water vapour snd waste heat into the
atmosphere then other types of plents. Being less efficient than a fogsil-fuel
or nuclear plant, & 1,000 MV geothermal plant evap rates 11-13 % 1011L m3 of water
per day, as compared to 9-11 x 10% and 5~-8 x 10 per day for nuclear

and fossil-fuel plents of the same generating capac1ty. Table 30 illustrates
the differences between the thermal effluents from Weirskel geothermal

plants and those from fossil-fuel plants. Although the waste heat and water
vapour from even large-scale geothermal developments would represent at

"most a few per cent of that produced by natural processes, the effect of

this additional heat on the local weather is not known and would probably
depend greatly on the prevailing meteorological conditions.

142, Noise may constitute a potential envirommental hazerd if the geothermal
wells are. allowed to discherge to the atmosphere for long periods, without
installing some type of silencing device. WNot only is the noise most
unpleasent to thosge working or living in the vieinity, but it can also cause
permanent damage to the hearing of people more or less contlnuously exposed
to it at close quarters. Foise inside the power stations is, however, of
the seme magnitude as in conventional fossil-fuel power stations.

Table 30. COMPARISON OF THERMAL EFFLUENTS FROM
THREE POWER PLANTS

i oaf Llectrical Waste heat
; Output ‘ Thermel
(Mw) . (W)
Wairakel geothermal 8.3% Th3 ~ 1575
Huntly, Vew Zealand
(Fossil—fuel) 35% 1000 1860
United States (Fossil fuel) k2% 1000 1380

. Source; After (21)

a/ E = net electrical efficiency = net electrical output
total thermel input

C. HYDRO-ELECTRIC POWER

143. Although weater power has been used since prehistoric times to drive
water mills, it came into major vogue only with the use of elctrlclty

to transmit power over long digtances. Hydro-electric power is a utilization
of the kinetic enérgy of a fast-moving body of water, such as & river or
rapids, and is developed through man-made dems.

1hk, Although in the developed countries most of the hydro-power resources

have been exploited, only 8.6 per cent of this power: potential in the developing
vworld has been so for utilized.. Many large rivers flow through the developing
regions of the world, and offer sites.where immense power stations could

be constructed. However, in meny cases the demand for vower within economic
tromsmission distance of these sites is not large enough to support such

- project. In these cases, local electricity demand must be stimulated through

-~ intensive industries, in order to develop such hydro-electric projects.




Q}Aéia :__ L - “f&o,538
CAfrics T oo 145,218

‘148, The envirommental sidg~effects of dam, construction are generally
‘divided .into.three da : T e R
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145, The actuel capacity of world hydro-resources is given in Table 31,
together with the calculated watts per cepita in the differcent regions.

This teble shows that despite the, fact that the setual hydro-power capacity
in Asie amounts to nearly 25 per. cent. of world capacity, its high pefulation
mean that the per capite capacity is only 68.8, the. lowest in the world,

fable 31. ACTUAL INSTALLED CAPACITY oF VORID HYDRO POV,

L _ Capecity (i) . Peréezitage of Wattsp er copite..
S PR world, ' el

Y M
WEabo b

\o U

Western Lurope 50,043
Lastern iurepe - 52,918
North America * + ° . 57,728
South America - 95,628

*

. —-L‘.._n
=00

[ Qocende - e 2ieer . -
A 555,060 Tooo e
§92222ﬁ'L3ur#ey Of:E#QTCF‘ReSDuTCGSs Wb?id'Eneréy Conference, 19Th., -

1%6.:ﬁlthoughﬂhyérééelectric resources are générally'gdﬂsidered:tb,involve-few
constraints -and little inconmvenience to thé‘sdéio—ecologiéél”environmenth ‘j
there:gre & number of environmentsl gide~effects associated with dem -

construction thet deserve serious considevetion. io dam can be .built. and
no lake can be created without environmentel costs of some kind. A dam
becanes a dominant factor in the hydrologicel repime, sud gets in motion

a series of impacts on physical, biological and socio-cultural systems. N
The construction of a dam end the filling of its rescivéir cause substantidgl
locel chahge by introducing'&n]immepsefgtructure_into-a notural setting: " %
The flooding of the region could h&ﬁg5immsdia$g”sigﬂificamt'ﬁnpact'en the <
means of cammunicationg,historic’éitﬁﬁy?cbm@unitiﬁs,which”are inuidated; "
and the local flore ard fauns, The dem itself presents an obstacle not o
only to the.free rumning of water, but also to fish migration and nawigation.

. Continued fish higration may be achieved by'ﬁhe'pbﬁéﬁructibﬁ'bf.fish‘léddgfs,

or by colledting. fish and trangporting tiem by road. In the cese of, some .
very high dang, artificial’ copditions favourable to spawning have been
constructed bekow tle dam, and eigs cultured uhder ideal conditions: in . .
hatcheries,  While: this ié'arcostly_proéeSSglit“caﬁfén$ure the survival . -

of larger numbers of eggs” and fingerlings than possible under aatural conditions.
Care mﬁst-aisdibéﬁﬁaﬁéﬁfto;assure migration during dam construction., = -
Traditional navigation routes either have to be changed, or very costly cenal
and loek systeris construeted if they;arebnotnto~be;abdn@0ﬂ¢d. T

147, The meny ‘censéqienced on the ervirénment of the dam and the lake

behind it eppéar”to b factors in cortion regardless of the dem's zeogrephical
location. However, the environmentsl effects of reservoirs located in
tropical areas occur more quickly than thése loc¢oted “in temperate zones.

tegories:
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(8) The local effects and the reactions within the srea of the reservoir;

(b) The downstream effects resulting from a change in the hydreulic
regine; T

(e) The regional effects in terms of the overall aspects of chanées,
with particular'emphasis-on-sociological effects,

149, The environmental impacts of man-mede lakes end the reactions within
the area of the lake are suwmmerized in the cyclic flow-sheet given in

Figure 4. The physical impacts of men-made lakes include mincr changes

in local climate, especially i humidity, leading to s minor increase in

fog in some cases., The hydrological cycle in the lake ares is narkedly
affected. The variation of the level of groundwater up and downstreem,

water seepage and possible erosion downstream are the most important effects
encountered. The load of water in the lake mey also enhance seismic activity
arou?d the dam (micro-seismic activities have been recorded in the Kariba Dam
area}. :

150, Prom the geochemical and bio-geochemical points of view, the filling of
& reservoir ‘produces marked uodificetions in the aquatic system which _
existed before its installetion. Changes in water quality resulting from
the new enviromment especially through the action of bacteria and eutrophication,
are generally encountered. Strong varistions in the nutrient contents
(nitrogen ana phosphorus compounds) and in the amount of some trace elements
have been recarded. The increase in nutrients causes a more or less
extensive dévelomnent of bacterie and algae, which gives the water a
disegreesble odour and taste and affects its oxygen concentration, which
mey be catastrophic for some species of fish; it may lead also to anserobic
corditions, In samme ceses, nitrogen supersaturation may be alarming (for
exemple, it was estimated in 1970 that nearly 90 per cent of the downstresm
migrating salmon of the Snake River in the United States were killed largely
because of nitrogen superssturaetion). ‘

151, In tropical regions, the enhanced development of aquatic vegetation
(for exemple, water lettuce and water hyacinth) may give rise to serious .
problems  in particular, it may hamper navigation and fishing, shelter
disease-carrying insects, reduce the dissolved oxysen level in water or
Produce marked changes in the chemical coanposition of the water.

152, Although many veetor-borne diseases occur in temperate region, they are
generally more widespread and pose more serious health problems in the tropies.
Among the most important of these are maleria, schistosomiagis and
onchocerciasis, whose vectors pass all or part of their life-cycles in

water. The tlac™“ly which carries onchocerciasis prefers to breed in
Tast-flowing streams, while malarial mosquitoes breed in stagnant water.
Inpoundments resulting from dam construction have been responsible far

shifts in the relative distribution of these two diseases and have provided

~ ideal hobitats for the water snails that cerry schistosomiasis.,

153. Fran the socio-economic point of view, the construction of dams and
creation of lakes leads to a re~adjustment of the human settlements in the

area of construction, which may be Tevourable or unfavourable according to

the regional conditions and the dam site. In general, dems have a mumber of
beneficial effects: they control floods and leed to s better development_r.

of irrigation systems, thereby increasing egricultural output. The production
of power accelerates socio-econcmic development end the creation of = men-made
lake promotes. several activities in agriculture, fisheries, tourism and industry.
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154, With respect to downstreanm effects, the consequences of a change in
the hydraulic regime recult in the reduction in freguency and amplitude

of filoods. On the other hand, the changes in water quality and biological
activity and the lowering of the 3ilt content can create significent
undesirable effects on sgriculture. These effects can be compensated for

in part by changes in the agricultural system and by the use of increased
emounts of fertilizers. The chenge in the hydrological regime of the river
hes en efflect on the irrigation system, and unless en efficient drainage
netwerk is available, waterlogging of irrigated lends may occur, lesding

to serious degradetion of solls. The decrease in the silt content of the
water lesds to strong erosion of the river banks dowmsiresm, snd mey enhance
the erosive effect of the secz on the dolta shorelines near the outpourings of
the river. Furthermore, the chenges in water quality and nutrients may have
substantial impacts on fishing industries.

155. Dam Tailures, both small-scale and large-scale, are well documented. Their
consequences vary according to the size of the cam and include flooding of vast
areas, destruction of properiy, death, spresding of several diseases, etc.
Large=scale dan failures rank as major disasters.

156, The ecnvironmentsl side-cffects associsted with dam construction for

e exploitation of hydvoelectric power therefore deserve more serious
congidergtion., Extensive studies should be carried out to find remedies for
the effects created by ewmisting daws. Future projects must be plenned to
ensure & broadly inter-disciplinary aspproach, inciuding envirommental ilupact
studies. The construction of dems cnd the harnessing of hyiroelectric
power would then offer man improved guality of 1life, with the least possible
inpact on the environuent.

157, With a view Lo supplying clectric power to small commpities located
close to low-head hy'ro-—-elechric power sites, considerable work has been
carried out on the developrent of smell bulb-type hydro power plants.

These mechines operate on & level differentisl of cply o few feet, snd =
sufficlent head can be obtained by the construction of a simple weir. A
further low-head generating plant has been develeped with a rim generator. In
this design the generator rotcor is an intezrel part of the vurbine rotor,
being attached Lo its periphery. The compact nature of this machine makes it
particulerly relevent to tidel power develorment.

D. TIDAL AD WAVE POWER

158, Widal energy is derived irom the combined kinetic and potential energy
of the earth-moon-sun system. The energy from tidaly sources has been
catimated ot 3 x 1012 watis (420), apd can be harnessed in different

weys, the most importent of which sre the one~tasin scheme and the two-basin
scheme. In the first, tidal power is obbained from the £illing and emptying
of & bay or estuary that con be cloged by & dem. The basin is allowed to
£i11 and empty over briel periocie at high and low tides in order to develop
as rmch power &s possible. This scheme has the dissdvantage that the power
avaliloble varies with the tide conditions. In the second schanpe, two

basins are separated by o dem containing the turbogenerator units. The
higher basin is £illed with the incoming tide and the water is allowed to
flow through the Surbines into the lower basin. The latter is permitted to
empty itself at low tide. The basic objective of this scheme is to increase
the versauility of the system by providing Jor power generation at any

time . It is, nowever, more expensive than the singlie-basin scheme since
an edditional sratem of dems is requived,




UJEP/GC/61/844, 1
Page 65

159. The poesibility of harnessing tidal energy has been exploited in
France and the Soviet Union. The world's first major tidal electrie -
power plant (single<basin type with 2l generator units) was completed in
1966 at Li Rance estuary, .in France; ‘its capacity is 240 MW. Some of the
prouising tidel power sites are given in Table 32. However, the world's
tidel resources are small and are unlikely to ever provide more than
60,000 to 100,000 MW of power, s very small fraction of world detsnd.

Table 32. TIDAL FOVER SITES

-

Site S Average tidal Baein area  Maxiunm possible
: range _ enugl. energy

: 10° kWh

Minas~Cobequid, o . . 2  : ‘

United States-Canada 10.7 170 ka _ 171,000

White Sea, Soviet Union 5.6 m 16680 km2 122,000_

Sen Jose, Avgentine 5.9 7h0 Kkm® 50,000

Severn, United Kingdonm 9.8 m 70 km2 13,100

Mezen, Soyiet Union - 6.6 m ‘1383km2 T 11,600

La Rance, France = o Ol ! kmg Rt HE;hOO

160. Tidal enerpgy is not without environmentsl impects. The crestion of
men-made reservoirs in coastal areas receives little spontencous sympathy

from the community st lerge. -Land drainsge sand movement of sadiments {mud

flats, ete.) are among the importent geomorphologicsal impacts that deserve

detailed study, Furthermore, the ccological effects associabted with the chenge
in the enviromment in the cosstal zone need careful comsideration. -

161. Lerge quantities of energy are avellable in the waves near the coasts

of a number of countries, and with further development -of simple moduler
devices could provide suryrisingly lerge supplies of electrie POWEr: @.g., .
about half the totel electricity requirement of the Urited Kingdom could - -

be met in & streteh of ocesn as short es 1,000 . Availability is high
throughout the year and tends to carrespond to the pattern of electrieity _
demand. Lerge~scale use of wave generators would have'significantwenvironmental
effeets., Their low wrofile would mitigete their visual.impact, but they - ‘
would involve power trensmission systeus on ghoare., The removal of a largs
fraction of natural weve energy might affect coastal erosion, deposition and -
sea~water twbidity. The devices would also interfere with coastal

navigation, fishing and vzersetion and ould requir. .pecial trotection -
agsinst storms. : : : o
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e SOLAR BHNERGY

1€2. The sun supplics the earth with a huge amount of encrgy, estimated at
173,000 x 1012“Watts. Lowever, mbout 30 per cent of the incident solar
energy is directly reflected and scattered back into space a8 short-wave
length rediation, while about 47 per cent is absorbed by the atmosphere, the
lard surface and the oceans are converted directly into heat at the ambient
surface temperature. Ancther 23 per cent is consumed by the evaporation,
convection, precipitation and surface runoff of weter in the hydrological
eycele. A small portion of the zolar energy is captured by the chlorophyll
of plunt leaves, where it becories the essential energy -supply of the
photogyrthetic process and eventually of the plant and animal kingdoms.

163. The most favourable sites for collecting end exploiting solar

energy are confined to desert areas between latitudes 35° north end south
of the equator. These aress receive some 3,000 to L4,0Q0 hours of sunshine
per year; the amount of soler energy incident on a horizontsl surface
ranges from 300 to (50 calories per squere centimetre per day. It is of
particular impartence to note that sbout 80 per cent of the earth's population
lives between these two latitudes, which include meny of the poorest and most
underdeveloped human settlenents. ‘he energy needs of such settlements
are quite modest corpared to the needs of more developed urban areas, DPower
for these small locsl scttlements cannot be provided econowically by
large~scale conventional generation at central sites, largely bvecause of

the high cost of transmission where the population deusity is low. The

cost of fuels for local power plants is also greatly inflated by. distance,
doubling in & few hurdred kilometres over land. It seems, therefore, that
solar~powered devices (together with other alternative sources of energy) are
the most promising solution to raise productivity and the standards of

living in such local humen settlements. o '

164, Soler energy could be exploited in four different weys {see also (2092): .
(&) Use of direct solar energy without conversion;

(b) Use of power derived from small-scale conversion of solar
energy,

(c) Use of power derived franm large-scale conversion (either thermal
or photovoltaic conversion); . :

(d) Use of solar energy for photosynthesis, blo-zes production and
other chemicel processes.

165, Direct use of soler encrgy without any conversion hes been known for
centuries. Crop drying, food cooking, water heating, water distillation,
greenhouses, space heamting end high-temperature solar furnaces for research
or for industrial purposes {e.g. production of some cheticals, baking of
bricks, ete.) are among the most important uses of direct solar energy. Hew.
technologies in this Tield have given rise to a great number of designs

of equipment that sre used in meny countries.




UHEF/GC/61/Add. 1
Page 67

166. Small-scale conversion of solar energy into power to operate water
pumps, refrigerators, etc. is also developing rapidly. Arrays of silicon
cells'ere used in spacecraft to supply electrical needs. Terrestrial uses
include power for nevigation lights on offshore platforms, microweve repester

stations, air-nevization beacons, highway emergency call systems, etec. -

167. Large-scale conversion of golar energy into power has been experimented
with since the beginning of this century. In 19125 Frank Shuman built -
near Ceiro.the first such power plant, which generated 50 kW, His model

had seven reflectors, spaced apert so as not 4o shadow each other. They
were pargbolic in shape to generate the higheést temperature at the focal
point, in the tubes producing steam. The reflectors, -each 61 m long,
followed the sun sutomatically as. it moved across the sky. This wes
decomplished with power from the solar engine, special gears and thermostat
sensing elements. Bhuman's model worked with ebout 50 per cent efficiency
to provide power for irrigation. - S : ST

168, Three main schemes for eonverting soler energy into power are under

“detailed investigation, particulariy froid the techno-econcmic point oft’

view., The first involves the use of photocells, which have an efficiency of
about .10 per cent {such photocells heve been used on space vehicles). .
This means that for a 1,000 MW generating ‘station, 10,000 MW of solar.. =
energy must be collected. Under favourabie mneteorological cbhditiogs,‘and
allowing for night-time, the cells will receive only one gikth of the incident
sunlight, which means that to prodiice1,000 Mi of power; the’ sclar ‘station
would have to'cover a considersble area. ‘The second schems makes use of the
hothouse effect by means of selective coatings on: pipes. carrying a molten
mixture of sodium. and potessium raised by soler energy.to a:temperature.
of 540°C. By means of a heat exchanger:this heat. is stared at s constant
temperature in an insulated chanber filled with a mixture ofisodivm and
potassiwm chlorides that has enough heat capacity for .at léast one day's
collection, Keat e;éh&nged_from_this.ghamber_Qperates;a.ponventional :
steam power plant., The computed .efficiency for this proposal is $aid to

be 30 per cent. 'The third system entails reflecting: the radiation. reaching
& suitable svea into a soler furnace and boiler . at the top of a: 1,500 feet .
tower. Tleat from the boiler would be converted into electric povwer. An
enéfgy-Starage.system besed on the hydrolysis of water is also proposed.

An oferall efficiency of about 20 per cent is estimated. S

169. Solar generation of electricity for use on earth holds the prouise

of an abundant clean source of power. The question of utilizing solar
rediation for central power generation thus becomes primarily = question -

- of establishing its economy in comparison with contemparary pover systems.

considering future trends in cnergy conversion, fuel cost, and the cost of
environmental protection. ‘ : T

170. Since energy from the sun is very diffuse, large land areas arc
required for solar energy collectors (estimatéd area requireients for a

1,000 Mile plant ere about 10 lm® and’ 30 kn® for power produced by thermal
conversion and photovoltaic conversion, respectively). The construection

of solar power plants will have an impact on the local écosystem (through the
construction of rosds and sites for solar “collectors, shading of parts of
the lend, the threat to some species of menmals, reptilesg.birds, ete. ).
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Collecting surfaces ebsorb more sunlight thaun the earth does, and while
small~-scale use is not llkely to alter the local thermel balance, the
larger collecting surface in a central power plent might. Thermal pollution
will alsc be a problem if water-cooled twrbines are used. However, because

© of the lack of particulate emissions and rediation hazards, solar thermal power

plants -would be more environmentelly acceptable then fossil-fuel or nuclesar
power plants. It is important, therefore, that a policy of research and review
for envirommental effects be made an integral part of the research and
development process of solar energy. When considering large land-based systens,
great care must be taken to find suitable areas that would not be of unique
ecologlcal or recreational importence, and whose use would not cause

serious alternations in local climate or weather, :

1T1. The use of solar energy for space heating, air condltlonlng, and water
heating is one of the most environmentally benign systems and an sttractive
possibility for conservation of non-renewable energy resources. It would,
therefare, be appropriate to mount efforts to utilize solar energy in local
applications for building services. An important considerstion in such
applications is that most of the energy requ;red by buildings is 18w~temperaxure
heat. TFor example, space heating requires sir at approximately 28°C and
water-heating temperatures are commonly 60-65°C. These temperatures are

below the reject heat tempereatures of most steam power plants. At present,
combustion of hlgh-energy fuels, such as natural gas or fuel oil, is used

. to provide this low“tanperature heat. But in this practice the capacity

of the fuel to produce energy is permanently lost. The utilization of
solar energy would therefore be an important means of conservation.

172. For these reasons, several development prograrmes for harnessing solar
energy are wesently being carried out. In the United States a ifational
Seience Foundation/Nationel Aeronsutics end Space Agency Panel concluded

in 1972 that building heating could be in public use ¥within 5 years, building
cooling in 6 to 10 years and eleéctricity production in 10 to 15 years.

It has also beeq concluded that by ellocating suitable funds (con51derably
less then those allocated to the development of nuclesr energy), soler
energy, which so far has had a minimal lmpact on the enviromment, could be
made availeble on a large scale. By the year 2020, soler energy could
provide in the United States at least 35 per cent of the heating end cooling
of buildings, more then 30 per cent of methene and hydrogen reqnirements

and more than 20 per cent of the electricity needs. -

F BEA THERMAL POWER

173. Between the tropies of Cancer and Capricarn the ocean's surface temperature
stays almost constantly at 2500 bacause of the equilibrium between the heat
collected from sunlight and the heat lost through evaporstion. Far from
the equator, the cold water melted from snow and ice sinks to the depths

of the oceans and slowly moves toward the equator. In theotropics this
cold water mprovides a nearly infinite heet sink st about 5°C at a depth as
shallow as 1,000 feet. The temperature difference between the surface and
the depths could be used to drive a Rankin~cycle heat engine. Although the
thecretical efficiency is 9 per cent for a 10°C temperature. difference,

the eff1c1ency of & real power plant would be 2-L per cent, The first

see therma) power plant was built by Claude in Cubs in 1930 and produced

22 kW, Two experumentel units of 3,500 kW net output were installed off
the Ivory Coast in 1956 by the French. Experiments are at present bglng
carried out aimed at demonstrating the feasibility of this system using
rodern technology and meterial.
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17h, Large-scaleg uge of sew thexrmal power is actually limited. by -a eaubinetion
of technical and economic problems. - Several concepts have to be investigated
in details. floamlng units near or offshore, the type of worklng fluid e
{the most promiging at present seem to be water vapourjy:ammonis and propane),
and the energy transmission systems to be used. However, the magnltuae of

sea thermal power mekes it important to increase efforts in research and
development aimed: at  exploiting this resource. Like any solar- processgnum
thls power 1s contlnuously renewed by the sun.,’ ST

175. In & ses thertwl power plwnt operamln “without a secondery’ worklng

fluid, the warm sea water found at the surface of tropicel seas is boiled ™
under vaccum., This produces large quantities of purified water as a

by-product of the production of eléctricity. The availability of considerable
quantities of purlfled vater from o sea thermal power plant. could be .of . :
particular 1mpurtance to the environuent. of a water—short areg. if the

plant were 'located close enmough to the.shore. | ¥t is. not. dlfflcult Yo

envisege circumgtances where the output .of. purified water from.the power ,
plant would be MQre 31gn1flcant to the local environment, than the: productlon

off electr1c1ty. s S T ‘ :

176. The p0581ble enVlronment&l e?fectq associated Wlth large—-scale use of

sea thermel power, 1ﬁvo ving pos“lble replonal chenges in ses temperature

and the associated eifeutu cn marine llfe rould need to be studied. The pumplng
of deep cold water to the osean swrface for cooling purposes in a sed thermal
power plant would result in a Substantlal enrichuent of the nutrient level

of the surface, water. This could be expected to heve an effect upon marine
growth in the VlClnltJ, but whether. the result would be env1ronmentally :
beneficial in the form of a more plentiful supply of fish, or envxronmentally
obgectlonable because of the creatlon of vast beds of algae growth would

need careful 1nvest1gablon.

G. ]—D Ty

1T7. Man has becn uaing wind ror sailing ships, o* pumping water and for -
supplying mills with power faor Cﬂn+uV1eu.. Wind generators of about 0.1 MW h&ve
been built and operated in the Soviet Union, Denmerk, the Netherlands end ‘
other countries. Severcl Lundred thousedd wind pumps have made an essentlal
contribution to the ntilization of semi-srid deserts and Tor many decadeé

have been the very precondltlon far 1arm1nb in these reglons.

178 The potential anount of wind energy availalble is very large, since. 1t _
is continuously regensrated in the.atmosphere under the influence of rediant
energy frem-the gun, and this is a self-renewing source of power. Iowevér,
a number “of - techmd~economic problems need to.'be solved if wind power is

to be used for-eleetricity production on a large scale. A conceplual
design using ‘sefétubines to produce. 160 Pillion k¥Wh of electrlclty per. .
year has recently been completed for the offshore Wew England region of. the
United Statedi " This- prellmlnary study shows that the electrical POWER, - when
used to produce hydrogen which is ‘then piped on-shore for consumptlon in
power plants, is cost-competlttve with conventional methods of produclng
electrlcal power . i \ - .




UNEP/GC/61/Ad4; 1
Pege TO

179. The total power which could be generated by wind by the year 2000 has

been estimated at sbout 19 per cent of the electx1c1ty production in the

United States in that year. This would necessitate the tise of land areas

of up to 550,000 squere kilometres to install the wind-powered generators,
transmission lines and necessary rosds, etc, Besides this impact on land

use, large nuwbers of densely concentrated wind-powered generators might

also alter local wind patterns, These potential effects have not, hitherto,
been studied in detail. Nevertheless, wind could consﬁltute a useful source

of energy, either primary or pupplemental, in v1llages of many of the developing
countries. :

H. RENEWABLE FUEL SOURCES

180. The natural conversion of solar energy into plant materisls by
photosynthesis and the further conversion of this stored energy into more
concentrated forms such as natural gas, petroleum and coal is the basis of the
world's fossil-fuel supply. The managed production of plant tissue

(e.g. trees, grasses, water plants, fresh water and merine algae) on
suitable land and water ereas, with nare efficient use of solar energy and
required nutrients, could provide materlals that could serve directly as
Tuels for production of part of man's energy needs, or could be subsequently
converted into other forms of higher—quality fuecls. DEstimates are that
such managed productlon could yield up to 40 tons of trees per acre

per year, between 13 to 15 tons of grasses, between 20 to 30 tong of algae
and up to 85 tons (as dry weight) of water plants (for example, hyaeinth).

It has also been estimated that an energy plantation. covering between

1,000 end 1,300 squere kilometres could produce enough fuel to provide .

1,000 MW electrlc power plent with a continuously renewable fuel supply. ‘
Fuuthermare, large emounts of solid wastes - agricultural, animal, industrial,
and urban - which are presently creating grave environmental proulems
represent a rich energy resource that could be utilized., However, the

amount of organic wastes available veries from one country to another,
accordlng t0 the degree of develorment,

181. Plant tlssue and organic wastes can be converted directly into thermal
enevgy by cabustion, or into more concentrated fuels by a number of biological
or chemical processes (Figure 5). The choice of conversion method is
frequently dictated by the physical nature of the material. The biological
conversion of arganic wastes (anaerobic digestion yprocess) has long been

used for the treatment of municipal sanitary sewage sludge in which the
principal objective is the reduction in volume and stebilization of the

sewage sludge. The production of methane has been of only secondery impcrtance.
However, with increasing interest in exploring new energy sources, special
efforts have been devoted to the development of different types of digesters
for the production of methane. The charancter of the digester ig mainly
determined by the composition of the meterial fed to it and the species

of micro~organisme present, and by other factors such as temperature?

loading rate, hydraulic residence time, sludge (biomass) retention time,

and the degree of mixing of the digester contents. The volatile products
produced contain from 50 to 70 per cent methane, with carbon diaxide )
rapresentlng almost all of the residue. Trace amounts of hydrogen sulphide
ww liTOgen are also encountered.
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182, Although bio—conversion is theoretically a simple process, s large
nuaber of problems remain to be solved. They include the need for new
techniques to feed solids into the digesters and inexpensive ways to collect
and purify the methene, recirculate the effluents, and control pollution. A
major environmental problem is the disposal of the argenic sludge that remains
after digestion, which may smount to 40 per cent weight of the starting
materisl., However, this sludge generally has a high protein content and
could be used as a rew material for the manufacture of animal feed and/or
fertilizers, The first successful “gobar gas’ (gobar means dung) plant,
devised in India in 1959, can take in all forms of animal excreta. Ietween
1961 and 1973, about 7,500 such plants were installed and plaens are that
20,000 mare will be installed by the end of 1975. Apart from the gas, organic
manure obtained from the residual slurry is used as a Tertilizer.

183. Chemical conversion of crganic wastes into fuel is carried out either
by a deocxygenation (or chemical reduction) process by carbon monoxide and
steam, or by pyrolysis. Under optimum conditions, the former process
converts as much as 99 per cent of the cerbon content to oil, yielding about
290 kg per ton of dry waste. In practice, more than 85 per cent conversion

is normally obbtained, but because some of the oil must be used to provide
heat and carbon monoxide for the reaction, the net yield is about 180 kg

per ton of dry waste. The product is a heavy paraffinic oil with an oxygen
content averaging about 10 per cent and a nitrogen content that may reach

5 per cent when manure is the starting meterisl. Sulphur content is generally
lower than 0.4 per cent well below the limits for heating oils applied in
many cities., The energy value of the oil ig about the same as that of normal
Tuel eil.

184, The conversion of organic wastes into fuels by pyrolysis is & process
of destructive distillation carried out in a closed vessel in an atmosphere
devoid of oxyszen. The gases yroduced sre usually & wixture of hydrogen,
methane, carbon monoxide, carbon dioxide axnd the lower hydrocarbons. The
ligquids are oil-like and the solids are similer to charcoal. OSeveral
pilot and semi-industrial projects have been developed (for examplé, the
Garrett flash pyrolysis mrocess, the Monsanto pyrolysis process, ete. )

for the reeyeling of municipal solid wastes. Such processes enable more
then one barrel of low-sulphur oil to be obtained from each ton of rew

wet minicipal refuse (152). 1lost of these processes are highly versatile.
Such diverse feedstocks as coal, tree bark and waste timber, rice hulls,
sewage sludge, cattle feedlot waste and used rubber tires could be converted
to gas or oil. Combustion tests on the oil produced from these wastes have
ghown it to be a perfectly acceptabie substitute for the oil commonly
burnt by electric utilities,

185. The production of fuels from organic meterials is not without
envirommental impacts. Apart from the extensive land areas and/or ponds
necessary Tor the photosynthetic production of plants and/or slgae,
several environmental problems have to be solved during the processing of
the organie meterial, The main issues include the handling of crganic
wvastes and the dispdsal of sludge and residues from the digesters. Once
the fuel is produced, the environmental impacts of its use are more or less
similar to those encountered in using conventional fuels.
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166. Useful emounts of energy ey be obtained by the burning of domestic garbage
and there are many examples of power plents operating in North America and
Europe which rely entirely upon this fuel. Although there sre the usual
environmental disadvantages vhich apply to all thermel power stations,

the burning of garbage in this manner avoids the environuentsl hszards
asscciated vith dumping garbage on open lamd of in the sea. It should be
stressed however that the success of these garbege-fired power stations

in the developed parts of the world is due to .the constitution of the garbage
which includes a high proportion of peper, cardbosrd and other combustible
material.  An analysis. of typidal garbage from developing countries in

the tropics reveals thet the calorific velue is lower since it contains a
low propartion of peper and & high proportion of vegeteble materisl.

]

187. For more then a billion people in the rural areas of developing countries,.
energy needs are lsrgely net by the use of firewood and charcoal -from plants, .
Extensive use of these Tuels is lesding to deforestation with consequent -
gradual changes in climatic conditions, particularly rainfall, - The other =
impacts of this unplanned deforestation are soil erosion and reduction of soil
Tertility, thereby reducing crop~besring capacity. : ' : .
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CiAPTER V: ENERGY AJD FUEL CONSERVAUTON

188. In the past, insufficient attention has been given to the need for
energy conservation. ILargely as a result of recent increases in price

of fossil fuels, the situation has now changed. Several studies are being
corried out to find the most efficient ways of utilizing energy, thereby
reducing the ever- lncreasing consurption of ouwr erergy rescurces, Some

of the general policy options for reduclng the demand for encrgy are:
limiting the raté of growth of populatlong altering the character of economic
growth, changing life styles, meinly by land-use plannlng, grester use of
public transport and telecomminications, and nmodifying existing regulations
that contribute to increased use of energy resources. It should be- empha81zed
that lower energy con5umpt10n can go hand in ‘hand w1th environmental
enhancement. The reduction in energy demand. through energy conservation
measures, particularly in developed countries, can i mprOVb environmental
quality end life style, and offers potential -for cconomic improvements
throughout the world by reducing the demand for scarce resources. ‘
Conservation is probably the most fruitful appro&ch to the world's cnergy
problems, but the legitimate needs of the d¢veloplng countries 1nd1cate
that, no matter the extent to which industrial netions cea reduce their
profligate consumption, demsnd for energy will increage over the next
several yeasrs. Energy production and use have both direct and indirect
impacts on the environument, and every effort must be made to assess their
environmental and soc1al costs and benefits, as well as the purely monetary
ones.

189. The multi~purvose use of energy resources is a fertile uwntapped area

for energy conservation. TFor example, the utilization of waste heat for

certain specific applications would appesr to have both econoridce and envirconmentel
advantages, and would eppear to be a viable conservetion weasure. It

has been pcinted out {33) that multi~purpose use of geothermal resources

has many sdvanteges - both economical and environmental - over single-purpose
developnent.

190. ImprOVOMﬁnts ir methods of rescurce extraction and processing far coal, oil,
ges and uranium could result in the availability of sdditional fuel. OSuch
methods include, for example liguefaction or gesifiction of low-grade coal,
production of methanol fron oll and cosl, secondary recovery of oil, extraction
of 0il from oil-shales and ter sands, etc. This increased fuel aveilability
would however require substantial investment in improving astraction
efficiency, and would result in various enviromsental impects heyond those
agsociated with current resource extraction methods. Any decisions to employ
methods of extracting inereased resowces would have to balunce the potential
payoff in fuel availability ageinst the cconomic and environmental costs
asgoclated with each method.

191, It is ant1c1p ted thet hydrogen will play en important role in future
energy uses. It is not a priwmary source of energy, but couwld be &
convenient form for transpord, storage end utilizaetion of energy. Hydrogen
is readily synthesized from natural hydrocarbons; it is alsc o by-product
of some petroleunm refincry ope'ra.tlons9 and has algo been manufactured by
gaalflcat:on of coal, coke and lignite. Gasification of carbonaceous

fuels requires a supply of heat at a high temperature, and this could be




|
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of nuelear crigir if & suitable hest cerrier such as helium and adequate
refractory containment. were available, ar of conventional origin if: electrical
energy for ‘heating vere sufficiently cheap. Very cheap electrical energy
cowld also’Be usel to generate hydrogen by the electrolysis. of water. It
will be ‘apparent, however, that vhatever the means used for menufecturing
hydrogen™its thérmsl velue will be léss than that of. the energy required

to mroduce it, and therefare its production can only be justified in

-. circumstances where its special characteristics make it partieularly

desirable or where the energy consumed in its manufacture would otherwise be
wested. Hydrogen can be stored in meny forms: as a cryogenic liquid,
85 & gas under pressure, or ilu metal hydrides from which hydrogen can be
recovered by heating. The most promising future large-scale use of liquid
hydrogen would be as fuel for jet eireraft,. long~haul motor freight and
city buses. Witk regard to its environmental characteristics, hydrogen

is a clean fuel in that it is mede from water and its combustion results
wimarily in water vapour, with little or no pollutants or emissions of the
type associated with most other fuels (some HOy may be emitted). However,
in producing hydroger either from Fossil-fuels or from water, there are
some environmental effects., Furthermore, there is the question of safety
in handling liquid hydrogen (fire and explosion hazards). '

192. Potential. improvements in power plant conversion efficiencies using
current. technology appear to be limited, and are not expected to chahge' 
significantly the amount of usable energy that may be extracted from fuels.
However, recent trenis in conversion development will leed to a reduction

in the amounts of fuels. One of the energy conversion systems is the combined
gas-steam cycle system, which is a combined gas twbine and steam plant., .

Here the hot exhaust rrom the power turbine (gus) is used to generate

steam in an unfired boiler. The steam is used in a conventional system.to
generate about 50 per cent nare power without additional fuel. The combined
cycle thermal efficiency is comparable with that of a modern steam plant

(it varies from 36 to 38 per cent). This systew involves the emission of
adlmost negligible aounts -of stack gas pollutents (COQHC,{,SOx and £ly ash).

193. Another conversion system under development is the binary cycle system.
In this system a combination of two different cycles is used to take

max ik adventage of the tempersture range availeble. "Vhen a second cycle

is edded to the high-temperature end of another cyecle, it is called a topping
cycle (usually using mercury v potassium os working fiuid). On the other
hand, when the cyele is added to the low-temperature end, it is called a
bottoming cycle (usually using ammonia or organic fluids as a working fluid).
The thermal efficiency of the binary cyele system veries from U5 1o 55

per: cent, accordinrg to.the type of cycle used. This high efficiency reduces
the burden of thermel discharges on the environment and the consumption

of fuels. The reduction of fossil fuel consunption automaticaliyéxeduces

the quantity of most of the sir pollutants produced per unit of electrical
energy ‘generated. However, sny leaksge of working gluid mey have detrir ‘el
effects on the énvironment, . ‘ L e

194, 'A third trend in comversion systeme is the development of
magneto~hydrodynemics (I4D) power generation systems. Thue MHD genera

is a heat engine that converts thermal energy directly into electric

it has an efficiency in the range of 50 to 60 per cent. The environmen..
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problems associated with MHD power plants are essentially those associated
with the energy. source used (fossil fuel or nuclear'fuel). liowever, the

MID systems have the potential to reduce thermal discharges amd conserve

fuel supplies, due to their high conversion efficiencies. The seed materials
used in some MHD systems (mainly alkeli metal salts) must be removed

from effluent gases for environmental as well ag economic reasons (the

cost of these materials dictates that they nust be recycled for economic
operation). ' ‘ ST ’

195. A fourth trend in energy conversion developuent is the use of fuel
cells. Such cells have been manufactured on a linited production basis
for spece application, and several fuel cell power generation systems in
the 10 to 20 KWe range have been constructed and operated. The current
fuel cells use carbon monoxide, hydrogen or methane; their efficiency is .
claimed to vary from 55 to TO .per cent. ‘ . -

196. The “Znergy Perk Concept™, which consists of concentration of electric °
generating capacity in a relatively small geographic area, has been recently
proposed. Energy parks with s ronge of capacity between 10,000 and 20,000 MWe
have been proposed by the yesr 2000. These parks could be fossil-fuelled,- or
mixed Toseil and nuclear fuelled, Besides the engineeriig and techno-eéconomic
problems that need to be solved before the energy parks cen become a reality,
there are some potential environwental problems that need careful investigation
(see 254). The types of environmental impacts for an energy. perk are
essentially the same as those of the dispersed siting alternative., liowever,
the intensity of the impacts will be accentuated at the specific location of
the energy park. This is perticularly true with respect to the water-
consumption demend and the metecrological impact of heat dissipation. The
netearological impacts associated with evaporation and waste heat rejection
mey proiuce increased incidence of storms. and rainfall, and the.combined
shadowing/microclimatological effects of persistent tower plumes. Air
pollution control requireunents, as well as water availsbility and heat
rejection considerations, tend, therefore, to favour dispersed siting of

power generation plants, perticulerly fossil-fuel units. On the other hand,
from an overall waste management or effluent control standpoint, the approach
of "concentrate, contain and control® would appear to have significant
advantages, from sn overall environmentel impact view, over = figilute and
disperse” concept. Models should, thérefore, be developed and date must be
gathered on a site-specific basis to obtain a better understanding of the
envirommental impscts of energy parks. Special studies should De devoted

to the possible effects of the huge amounts of S0y end particulale e1SSIORS
frori the fossil-fuel components of the perk on the local and regional '
ambient eir gquality. : ” ' :

197. Conservation of energy at the point of end use has only recently begun to
receive wide attention. In contrast to the several measures discussed

above, end-use conservation can result in very substantial and worthwhile
encrgy savings. The technical means by which these savings may be ach%eved
arc Imown and include the inetallastion of improved insulation in buildings,
the use of more efficient space heating and cooling systems, the introduction
of more efficient industrial processes end the shift to more efficient modes

of trasportstion. In the field of energy~intensive industries, .for example,
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nev nethods of steel-making prdmlse reductlons in energy consumption of
up to 25 per cent, and similar reductions might be possible through ,
improved cell design for the mamifactiure of aluwainium,” Low—rrade ores
that will probably be used in the future will increase energy consumption,
but recychnb of aluminium would use only one-fifth of. that energy.

198, nv1ronmental enhancenent il scde cases requires the ‘consumption of
nore energy. However, no atteapt has so far been made to quantify all the
additional energy denends of enviromiental &ontrol efforts. Prelininary
caleulations have been made forf “two unportant energy consumlnb sectors,
power plants and the asutomobile. For power plants an increase of about
T.per cent in the fuels used will be reguired to remove partlculates and
sulphur cxides end to control thérmal poellution., An additional 18.4 per cent
in energy use will be needed to meet futurc auto emission standerds (337).
The introduction of the "electric.car’, :at leest in urban areas, would lead '
to a marked reduction in local air pollutlon.- Sane eleetric cars are now
used on = limited scale {for example, in Zermatt, Switzerlend), end various .
research prograumes are being carried ocut to increasse the effxclency ‘of ’

these vehicles- (espec1ally'mlleage without recharging the batteries); .

Another developnent in the transportation sector is to use methanol obtained
fran coal or organic wastes as a fuel, either alone or in combination with
gasoline, This will not only reduce the consunption of gasoline, but will
also eliminate the use for lead additives and markedly reduce air pollution.
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