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AB STRACT

Th'is report presents a conc'i se eval uati on of d j f ferent

el ectri cal power generati on methods. Among the varì ous

sources dì scussed are conVenti onal and SOme of the more

exoti c ki nds. F'i ve d jf ferent cri teria were chosen, cover.ing

a u¡i de range of effects on engì neeri ng, economj cs, and

environment. Tabulated comparisons are also presented"

Conclusions have been dra.wn upon the end of this study"
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CHAPTE R I

i NTRODUCTi ON

l.I General

Manki nd's conti nui ng progress and hi s des i re to i mprove

the standard of I j vi ng depends on a contì nuous ly growì ng

demand and avai I abì I j ty and economi c use of energy " bJ'i th the

hi gh and always i ncreasì ng cost of non-renewable resources

the importance of electri cal energy wiil grow"

Ever-'i ncreasi ng amounts of el ectri cal energy are used

in industry, in farming, in min'ing, in transportation, in

supplyi ng warmth or cool ness e i n powerì ng a mul ti tude of house-

hold appì i ances, in hospi ta'l and medi cal research, i n f ood

producti on and mai ntenance.

Furthermore, the demand for el ectrj cal power per capi ta

has been growÍ ng rapì dly and thi s growth 'i s causi ng concern

because the generati on of el ectri c'i ty has adverse effects on

air, water, and land, which are vital for the survival of

manki nd.

Because of the importance of clean air, clean water,

and f ood for the surv'i val of human bei ngs, the generat'ion of

electrical power plays an important role and for that purpose



vari ous methods have been developed.

It i s desi rabl e that the generati on of el ectri cal power

should be controllable, majntain a constant frequencyu and

have as I i ttl e as poss i bl e fl uctuati on of vol tage "

1.2 Historjcal Background of Development of Electrjcal System

In l882 Thomas Edison started operatìon of a 220 volt

di rect-current generatj ng p1 ant on Pearl Street i n New York.

Thi s pi ant coul d on'ly supp'ly a l'imi ted area and smal I I oad

because of smal I conductor s'i ze, hi gh generati on and di stri ubti on

cost, and excess'i ve vo'ltage drops at this level " Thus, demand

had to be met by provi dì ng 'i ndependent I ocal smal I pì ants.

The invention of the transformer spurred the development

of al ternati ng current system as the vo1 tage I evel s coul d then

be optim'ized independentìy for generatjon, transmi ssion and

di stri buti on. The f i rst t',lorth Ameri can al ternati ng current

system was p'l aced i n service i n I BB6 at Great Barri ngton, Mass.

This system transmitted power at 500 volts and stepped down to

I 00 vol ts for consumers. in the same year a 2000 vol ts

transmi ss i on I i ne was bui I t.

Duri ng the f ol l ow'ing years there was conti nual ski rm'i sh-

i ng between advocates of al ternatì ng current and di rect

current. Ed'i son showed the dangers of al ternati ng current

by electrocuting dogs and Njcolaj Tesla countered w'ith stage



shows 'in whi ch he subjected

he sparked and g1 owed qui te

al ternati ng current was. Hi

and i nduct'i on motor f i nal ly

of al ternatì ng current "

himself to hìgh voltages so that

conv'i nci ngly to show how saf e

s i nventi on of the polyphase system

ti pped the scal es sol j dly i n favor

Ear'ly al ternati ng current systems were not standardi zed

and frequencies from l6 to 133 Hz u,ere used. Fìnaì'ly 60 Hz

(50 Hz in Europe and Asia) became a standard. As load grew,

transmi ss i on vol tages and di stances i ncreased " In I 965 Quebec

Hydro energìzed a 735 Kv system and ìn 1969 American Electric

Power introduced a 765 Kv system" Both of these utilities,
i n conj uncti on wi th manufacturers , are exami ni ng the probl ems

of .l200 - 1500 Kv transmìssion" . Direct current, long dormant,

has been revi ved by use of the hi gh-vol tages mercury arc

rectifiers and, more recently, sì1icon-controlled rectifiers
( now commonly known as thyri stors ) , for hÍ gh-vol tage I ong-

distance transmission. The generatìng plants have also grown

where 300 to 600 Mlld un'its are qu'ite common, and thermal uni ts

in eXcess of 1000 MW are in servjce" The major energy sources

u,ere and still are foss'i l-fuels and hydroelectri c" Hydro-

electri c, as one of the energy sources, is not expanding '¡n

deve'loped countrìes, because in most cases the source js

aì ready tapped and some wh'ich i s untapped i s remote and

uneconomical forthe time being" The use of nuclear energy is



jncreasing, however, there is a strong anti-nuclear movement

pi oneered and I ed by envi ronmental i sts i n most of the

countrì es and recently strongiy rei nforced by fact of Three

Mile Island's reactor failure in the United States. Alternative

sources of power are under acti ve consi derati on " These i ncl ude

so'l ar, wind r gêothermal , t'idal , biomass, and ocean power.

These sources wi I I not 1i kely have much impact unt'i I 2000 A. D"

and beyond because of the deveìopment time requi rements "

Because of the ì mportance of el ectri c power generati on

the object of thi s report i s to descri be vari ous generati on

methods and hì gh f i ght the pros and cons "

Thì s study provi des a compari son of di fferent generati on

methods using common criteria which are set in Chapter 2.

Thi s compari son i s done for al I the conventi onal and exoti c

types of generati on.

Eval uati on and compari son i s done i n a descri pti ve

manner based on the available information" For cìarìty the

vari ous tabl es are presented for ease of compari son "

These resul ts are expected to be usef ul f or prov'i di ng

better understandi ng of el ectri cal energy generatj on methods.

Further they provide the reader all the pros and cons and draw

his attention to the possible undes'i rable effects which could

be cons i dered j n system des'i gn and appì i cati ons .



CHAPTER 2

EVAULATION OF GINERATION METHODS

Thi s Chapter i ncl udes the d'i fferent generati on methods.

These methods are compared and eval uated on a common cri teri a.

2 "1 Generati on Methods

a) Fossil-Fuel-Fired:

I ) Coal -fj red;

2) Crude 0il-Fired;
3 ) Natural Gas-fi red;

b) Hydroelectric Power:

c) Nuclear Power:

I ) Fission;

2) Fusi on;

d) Solar Power:

e) t{ind Power:

f) Geothermal Power:

g ) Bi omass Power:

h) Tidal Power:

i ) 0cean Thermal Gradj ents:



? "2 Common Cri teri a

a) Availabì1ity of energy resources;

b) Status of know-how ìn generation technology;

c) tffjciency of energy resources utilization by

vari ous generati on methods ;

d) Envjronmentaì impact of various generation methods;

e ) Economi c cons i derati on of vari ous generati on methods

2.3 Fossil-Fuel-Fired Generation

The backbone of the electric utiìity industry, almost

worl dwi de, ì s fossì l -fuel -fi red generati on p1 ants powered by

coaì, or crude oi'l , or natunal gas" A fossil fuei plant

converts the chemical energy stelred in coal, crude oil or

natural gas into electrical energy.

2.3..| Coal*Fired Generation

2"3"1"1 Availabijity of energy resources

and 'i n

of coal

States,

of the

Coal is the most abundant fossil-fuel in Canada

the worl d. Nearly 90 percent of the worl d resources

exi st ì n three countries: The USSR, The United

and ThePeople's Republic of China" More than half

remaj ni ng resources ( i .e. , above 5%) are i n Europe.



?"3"1"2 Status of coal-fired power generat'ion

The combustìon of coal to generate electrìcity

using present technology, 'i s expens'ive 'i n terms of both fuel

and envi ronmental costs. Burn'i ng of coal produces parti cul ate

sul phur di oxi de and ni trogen oxì des. These pol I utants have

much 'impact on envi ronment. To control the'i r quanti ty '
suitable means are to be used which lead to hìgher costs of

generati on. By the year 2000 A. D. , the devel opment of new

technol ogies such as Fl ui di zed Bed Combustì on ( FBC) and

Magnetohydrodynam'i cs (MHD) coul d produce power from coal more

effj ci entìy and wi th I ess envi ronmental ì mpacts "

Electricity productjon jn thermai generatíng stations

i nvol ves a four-stage conversj on process. Chemi cal energy

f rom combusti on 'i s transf ormed to thermal energy, whi ch j s

used to raì se pressuri zed Steam, whi ch i n turn dri ves a

turb'ine (mechanical energy) that turns a generator to produce

el ectri c energY "

In conventi onal fuel -fi rj ng boi I ers coal i s i niected

by an air blast and burned, and the ashes then fall to the

bottom. In Fjuidized Bed combustion (FBC), the fuel is

combusted 'i n an ag'i tated bed of ì nert part'i cl es that are

kept suspended and'in turbulent motion by a rising flow of

ai r. The mai n advantage of FBC over conventi onal technol ogy



i s i ts reduced emi ss'i ons . Li mestone or dol omi te i s added

to the bed to absorb B5 to 95 percent of the sulphur in the

fuel during combustion. The resulting calcium sulphate can

then be removed from the bed for recycling or dìsposal. For

the absorbi ng materi al to act, combusti on temperatures must

be I ower than j n conventj onal pl ants, whi ch tends to reduce

nìtrogen oxide emiss'ions. Higher heat-release and transfer
rates mean the s i ze and materi al requi rements are reduced and

plant effìcìency is ìmproved desp'i te the lower combustion

temperatures.

/1 Effi cj ency of energy utj I i zati on

The effì ci ency of any power pl ant ì s the amount of

electrical energy output per unit of fuel energy'i nput"

Conventional coal-fired generatjon has typical effic'i ency

of approx" 30 percent. it js expected that FBC will have a

5 percent better effjciency than that of conventional plant"

2.3.1"4 Envi

Burni ng of coal 'i s one of the worst sources of a'i r

po'l 'l ut'i on, pFoduci ng part j cul ate matter, sul phur di oxi de,

and ni trogen oxi des . Each of tl-re three pol I utants harms

human heaj th, creates haze, and damages materi al s " Su 1 phur

di ox'i de al so af fects pl ant l'i fe, whì ì e nì trogen oxi de pl ays



an ìmportant role jn the forrnation of photochemical smog.

The amount of emi ssions f rom a 'large I ,000 Ml.l coal -f i red

plant, running at full capacity for an hour with no controls
lvoul d be emi tt'ing 67,000 pounds of parti cul ates " 32,000 pounds

nÇ cr¡lnh"n ãioxide and 8,430 pounds of nitrogen oxjde (theseJury¡ru¡ urv^luç qllu UgTJV PVUItUJ \Jl ll

fìgures apply to the so-called low grade brown coal with l0
pencent ash content, 2 percent sulphur content and fuel

thermal effi ci ency of 34 percent havi ng general heati ng va'l ue

of j0,000 Btu/Kwh). (6)

Coal partì cul ates jncl ude not only fly ash but al so

carbon, which results from incomplete combustion of the fuel "

In addi ti on, the burni ng of coal generates smal I but potent'iai 1y

dangerous quantitìes of hydrogen floride and hydrogen chloride
gases as wel i as mi nor amounts of radi o-acti ve urani um and

thori um.

ldhi le i I lness or death cannot be traced directly to ajr
po'l 'l uti on w j thout I aboratory tests, dramati c evi dence 'l i nki ng

partìculates to adverse health effect have been found"

Abnormalìy high levels of particulate coìnc'ided with marked

'increase'i n fatalitíes and severe respìratory illnesses, often

complicated by heart faìlure" Beside'its'impact on human

heaì th, parti cul ate poì I utj on contrj butes j n a major way to

the aesthetì c deteriorat'ion of the envi ronment. Soot and
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ash i n the ai r create haze by scatteri ng and absorbÌ ng

iight, obscuring the brìghtness of distant objects, and

dul l'i ng backgrounds. Parti cul ates po1'l ution may al so exert

far-reach'i ng cl i mati c effects. Larger parti cul ates tend to

serve as condensati on nucl ei and may i nfl uence the formati on

of cl ouds , rai n " and snow.

Coal's suìphur content is the highest rang'ing from 0.5

to 5 percent. During fuel-burning a'lmost all sulphur is

converted to suìphur dioxjde gas. Bes'i de actìng with

part j cul ates to harm human heal th, su'l phur d'i oxi de gas and

related compounds cause severe 'i njury to a wide varìety of

crops, pì ants and trees, and al so many commonìy used

structural materi al s. Vegetatj on damage caused by sul phur

dioxide ranges from discoloration and defoliation of

ìndivjdual leaves to the out-rìght death of entire p'l ants and

trees.

Su'l phur di oxi de i n the ai r i s often oxi dj zed to su'l phur

tri oxi de wh j ch combi nes wi th water vapor to f orm su'l phuri c

acid. The ac'i d may ejther be converted to sulphate

part'i cul ates whi ch reduce vi si b'i 'l ì ty or i t may reach the

ground as corrosive sulphuric acid mist or rain, which

attacks not onìy plants and trees but a wjde range of

structural materials and all valuable property as well. It

deteriorates textiles, paper and leather, dissolves paints



l1tl

and dyes, and damages electrical
materi al s, such as I imestone and

most metals.

equì pment and buì 1 dì ng

marble. It al so corrodes

N'i trogen oxi des (N0* ) are gases produced i n hì gh

concentrati ons from burni ng of foss i I *fuel at hì gh temperature.

They are fundamental i n the formati on of photochemi cal smog

and, in conjunctìon wjth other smog components, have been

shown to be harmful to heal th, vegetati on and materi al s 
"

Unl'i ke suìphur dioxide and part'i culates which arise from

impurit'i es in the fuel, n'i trogen oxide is a by-product of the

reacti on between ni trogen and oxygen i n the ai r used for
combustion" At least 90 percent of the N0n is in the form of

ni tri c oxi de (N0) when j t I eaves the stack. 0nce i n the

atmosphere, howevere virtually all N0 is converted to the

more toxic n'i trogen dioxide N0Z. From health standpoint,

N0Z exerts its primary toxic effect upon the lungs, resulting

in increased acute respiratory disease at all ages. þJhen

sun'l 'i ght strikes aìr containing N0Z and hydrocarbons, a

chemi cal reacti on takes p1 ace, resul ti ng i n the formati on of

photochemical smog. Thìs smog reaction forms other serious

ai r po'l I utants, oxi dants such as ozone whi ch can aggravate

asthma , reduce 'l ung f uncti on , serious ìy af f ect crops and

trees, and produce peroxy'lacetyl ni trate, a powerf uì eye
| ¡\

irrìtant.to/
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0n'ly 30 to 40 percent of the heat generated by power

pì ants i s converted to el ec'Lri ci ty " Most of the remai nder

i s absorbed by water constantly drawn through the p'lant's

condenser and di scharged. Thi s water i s consi derably hotter

than its natural or ambient temperature, and ìs potentiaì'ly

changed 'i n its abiìity to support aquatìc Iife" If returned

di rectly to j ts source, i t may have a seriously pol 1 utì ng

effect, in some'i nstances s'i gnìficantly raìsing the temperature

of an entire rit,er within the planù vicinìty" Changes in the

temperature of natural waterways rarely cause spectacul ar

f ì sh ki I I s. However, they may upset reproducti ve cyc'les,

reduce the avai I abl e I evel of oxygen, hei ghten the toxi c

effects of po1ìutants, increase the suscept'i biljty of fish

to djsease and parasìtes, and d'i srupt species balance" Fish

may be killed by an abrupt temperature change. A ut'i lìty
fi nanced study of a Pennsyl vanj a stream found that the number

of i nvertebrate speci es decreased by 54 percent as water

temperature rose from 80"F to 87'F and fell another ?4 percent

as temperature rose to gs"r. (6)

The m'inìng of coal either by strìp-minÌng or by under-

ground m'ining has great impact on the environment also" The

envj ronment hazards of strì p-m'i ni ng are more obvi ous than

those of underground mi ni ng " hlhen the overburden of topsoì ì
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i s removed, rai nfal I can

I arge quanti ti es of aci d

f ore, topsoì I must be qu'i

is very serious"

2.3.?.1

Crude oi

the world to some

wash on to the coal and lead to

enterì ng the water supply " There-

ckìy replaced because soil erosion

Avai I ab i I i ty of energy resources

I resources occur in almost every part

degnee. However, the ma jor commerci a'l 1y

/< Economi c consi deratì on of generation method

Coal is depl etabl e source. Coal fi red qenerati on

pìants have a very high degree of location flexibility as

compared to hydroel ectri c and nucl ear pì ants " Land requj re-

ment for coal -fi red p1 ants õre hi gher than that of nucl ear

p1 ants " Pl ant I ead time ì s I olver than hydroel ectri c and

nuclear pìants. Coal-fired units can be buiIt up to

I 300 MbJ and forced outage rates are hi gher than hydroel ectri

uni ts . They have an expected I ì fes pan of 30 to 33 years 
"

Larger units are good for base load and the installed plant

cost in $/Kl^l is lower than hydroelectric and nuclear plants.

Fuel cost ìs higher than nuclear and has a heating value of

10,000 to 13"000 Btu per pound" It has considerable

envi ronmental 'impact " Cost of energy i s competi ti ve as

compared to hydroel ectri c and nuclear.

2 "3.2 Crude-0'i I -Fi red Generati on

of
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val uabl e resources occur i n rel at'ively few I ocati ons where

geol ogi cal condj ti ons were approprì ate for the formati on

anci storage of the fuel underground.

2"3.2.2 Status of o'i l fired powqr
teiïñoTÞsv

The power generatj on steps i n usi ng oi I resource

are s imi I ar to those di scussed for the case of coal -fi red

generati on p1 ants " 0i I can be used i n gas turbi ne and MHD

pollter pl ants.

The gas-turbine is essentiaììy the same engine as one

used in jet aircraft" Incoming air is compressed and injected

into a combustion chamber with the gaseous or vaporized ìÍquid
fuel . The high temperature and h'i gh-pressure combusti on gas

expands and dri ves both the generator and the compres sor. A

re-generator may be used to transfer heat from the exhaust

gases to i ncomi ng ai r "

An ìmportant characteri stic of the gas turbÌ ne i s the

requirement for a clean (no particulates or corrosive

components ) gas fl ow through ihe turbi ne. Th i s necess i tates

ei ther a clean burn'i ng f uel or a source of hìgh-temperature

the rma I ene rgy
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MHD technoìogy is based on the principìe that when a

gas is heated to a very high temperature, in order of 5,000"C

ol more, electrons 'i n the gas will be lìberated; in the

presence of an electric field, ñêgatjve ions, ot electrons,
w'i ll flow one way lvhile the posjtive jons that are formed

when an electron leaves a neutral atom wjll flov¡ the other !{ay

If alkal'i metaìs, such as potassium or caesium, are seeded in

the gas as a catalyst, the desired reaction can take place at

much more manageable ùemperature, in the range of 1,000 to

1,500"c.

Due to corrosive effects that occur at these high

gas and

of MHD

a f uel.

2.3.2 Effi cj ency of energy uti I i zati on

Conventjonal oil-fired generation p'lant has an

ef f i c'i ency i n the range of 30 to 35 percent " Gas turb'i ne

operates at eff ic'iencies of 25 to 30 percent. MHD

generators will operate at efficiency of 50 to 60 percent

Environmental ìmpact of generation method

Burni ng of oi I produces essentì a'l 'ly the same ki nd

of flyash havjng two dist'inct differences" It has much lower

temperatures, c1 ean fuel s such as hydrogen, natunal

ojl operate best, but the ìong-term attractjveness

wjll probab'ly depend on its abiìity to use coal as
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ash content, usual ly under 0 " I percent and, therefore, i s

a I ess po1 1 uti ng fuel source " 0n the other hand, partì cul ates

f nom o'i I are much smal I er as compared to those f rom coaì ,

usuaìiy less than one mìcron in diameter, and this size factor

tends to magnì fy thej r harmfu I effects on human heal th and

atmospheri c v'i sibiì'i ty. Emissions from a ìarge 1000 M|^l, o'i l-
fired pìant, runnìng at full capacjty for an hour with no

control s , woul d be emi tti ng 670 pounds of parti cul ates,

21,000 pounds of sulphur dìoxide and 6,930 pounds of nitrogen

oxide (these figures apply to the oil with 2 percent sulphur

content, thermal effic'i ency of 34 percent having heating value

of 10,000 Btu/Kwh) " 
(6) Sulphur content of oil varies from

0.1 to 3 percent" Therefore, the burning of oil has less

envi ronmental impact as compared to coal . Thermal

effi ci ency of conventi onal fossi I -fuel -fi red p1 ant i s the

same i.e., for coal and oi l.

2 "3.2 "5 Economì c cons i derati on of qenerati on method

0i I ì s one of the exhaustable resource. 0i I -fi red

generat j ng pì ant has a h'igh degree of I ocati on f I exì bi 1ì ty as

compared to coa'l , hydroel ectri c and nuclear pì ants. Land

reqLri rement i s al so I ower than for coal -fi red pl ants " Uni ts

forced outage rates are I ower than for coal -fi red uni ts and

has expected lìfespan of 30 to 33 years. The plant lead time
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is lower than for coal

for base I oad as wel I

Installed p'lant cost i
fuel cost is very h'igh
.l50,000 Btu pen gallon

as compared to coal -fi

-'f i red p'l ant. Large un i ts are good

as for i ntermj ttent or peak I oads .

s I ower as compared to coal -fi red but

hav'i ng a heating value of 130,000 to

. it has lower envi ronmental impact

red. Cost of energy generated j s hì gher.

2.3 "3 Natural Gas-Fì red Generati on

2 " 3.3. I AvaÍ I ab j I'ity of energy resources

Natural gas ìs usua'l 1y found along with ojl in

almost all oil fields but, at the same timeu there are many

gas fields where l'ittle or no oil is found"

2 "3 "3 "2 Stat
ffi

ihe power generati on steps us i ng natural gas are

similar to those'in oil and coal-fired generation plants.

Natural gas can be used i n gas-turbi ne and MHD power pì ants.

2.3.3.3 Efficjency of energy utilìzatjon

it has almost the same efficiency as described

for oi I -fi red generati on "
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2"3"3"4 Environmental impact of qeneration

Natural gas i s the cleanest and most versati le

foss i I -fuel . 0n the other hand the producti on of natural

gas may have dangerous ì mpacts on envi ronment; for exampl e 
"

pjpeline explosjons can present a serious risk to public

safety i n popul ated areas " The growi ng transportati on of

Liqu'ified Natural Gas (LNG) also can pose potential risks to

the publ i c heal th and safety f rom acc'i dental rel ease and

possjble fjre or explosion.

2.3.3 "5 tconomi c cons i derati on of qeneratì on
tÏte

Natural gas is also a depìeting source. Like

oi I -fi red, natural gas-fi red generati ng p1 ants have a very

hìgh degree of locatìon flexibi'lity. Land requirement is

much I ower than the coal -f i red generat'i ng pì ants. These

pl ants requì re very I ow I ead time " Uni t forced outage rate

ì s I ower than coal -fi red uni t and has expected I i fespan of

30 to 33 years " Un j ts are partì cul ar'ly very good f or

intermittant and peak loads" Installed p'l ant cosL is lower

than for the coal -fi red but fuel cost i s hi gher" Average

heating value is 1000 to 1500 Btu per cubic foot. It has

I ow i mpact on envi nonment "
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7 .4 l-l)¡droe I ectri c Power

H'i stori ca'l ìy the uti I i zati on of the energy f rom the

f1 owì ng v¡aters of ni vers and streams by means of water-wheel s

provi ded the fi rst pì ent'i ful and conti nuous source of energy.

Hydroel ectri c generati on, i n most deveì oped countrì es ,

ìs decreasing ìn avajlabi'l 'i ty because feasible sources have

a'l ready been deve'l oped. The ones wh'i ch are untapped are

remote and eXpensi ve. HoweVer, due to ri s j ng cost of fossi I -

fuel s , these potenti al si tes are becomi ng attracti ve "

2.4.1 AvaiIabiIity of EnelgJ-&esour

Fal'l í ng water ì s cons j dered a hydroel ectri c energy

resource when adequate quanti ty or fl ow rate occul s together

wi th a suì tabl e el evati on di fference between the surface of

the water storage and the outl et of the turbi ne dj scharge "

Hydroelectr.i c potøer i s usual ìy affected by weather, seasonal

or annual changes i n preci p'i tati on and can have a maior impact

on avaj I abl e power 
"

?.4 "2 Status of Hydroel ectri c Power Generati on Technol !gJ.

t/dater pressure for generati ng hydroel ectri c power

may ex'i st as a naturalìy flowìng stream, but a head is most

of ten obtaì ned by bu'i 1d'ing a dam f rom wh j ch the water i s then

released and this h'igh-pressure water drives a turbine whjch,

in turn, dnjves one or more generators to produce electrjcity.



20

?.4.3 Efficjency of tnergy Utilizatjon

The conversion of hydroelectrìc energy to

electric energy involves some losses. Upto 90 percent

ef f i c'i ency can be ach j eved dependi ng upon the rate of f I ow

of urater and the avaj lable head" The power produced at any

site is proportional to the rate of flow of water times the

vertì cal dj stance through whj ch i t fal I s . The equi pment i n

a hydroelectric plant js more reliable than in other

generati on p'l ants I i ke coal , oi I and natural gas. it has

been found that most i nstal I ati ons have actual effi cì enci es

of about 80 percent or more"

2.4.4 Envi ronmental Impact of Generati on Method

f he energy of f a1'l ì ng water i s vi rtua'l 'ly

pollutjon-free and no heat is released, whereas, fossil and

nucl ear fuel produce pol 1 uti ng by-products al ong wi th heat.

In the devel opment of hydroel ectri c schemes " the reservoì rs

created by dammì ng ri ve rs can act as effecti ve fl ood

barri ers and prov'i de conti nuous water suppl i es for surround-

j ng 'i nri gati on schemes " These reservoi rs have become i n

some cases, tourist and sporting attractjons and the

habìtant for different species of wjldlife" Dams also change

the water ccnditions downstream" If little water is released

from the reservoi r (during off-peak demand periods ), down-

stream water temperatures may i ncrease, mak'i ng these areas
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unsui table for many fi sh and other bì ota that are successful

'i n col d waters. An unexpected di sadvantage I i es i n the

possible increased spread of disease as a result of the

format'i on of ìarge areas of mosquito, and simi lar insects,

breedìng grounds. As an example both the Aswan Dam (Egypt)

and Kariba Dam (ZIMBABI,lt/ZAMBIA) caused such a problem jn

the'i r neìghbourìng areas.

2.4 Economi c Consi derati on of Generati on Method

vlost hydroel ectri c f aci I i t'ies requ'i re ì arge

expendi ture of cap'i ta1 over a muì t'iyear peri od. In the past,

the low costs of fuels and fossil-fuel generatjng plants have

made hydroel ectri c generati on less attract'i ve, but thi s may

not conti nue i n vi ew of the recent 'i ncreases and f urther

i ncreases expected i n fossi I -fuel costs.

Hydroelectric un'its have poor effic'iency at low loadìng

and they are generaily run at hìgh loadings and shut down

completely when not requjred" This can eas'i 1y be done wjth

hydroelectric un'its sìnce they can be started and stopped

and loaded and unloaded quìck1y. Plants may be operated at

any mode of generation. Usua'l 1y smal I hydroelectric un'its

are suiiable for peakìng-1oad requirements.
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Hydroel ectrj c stati ons are often far from I oad centers

and theref ore there 'i s a need f or 'l ong transmi ss i on l i nes.

Thi s can i ncrease the overal I costs of energy " Average

i nstal I ed costs for hydroel ectri c stati ons at present are i n

the order of between $l ,000 to $2,000 per Kw"

2.5 Nucl ear Power

Nucl ear power has as yet had I j ttl e ì mpact because of

strong anti -nucl ear movements pi oneered and I ed by envì ron-

mentali sts in most countries and recent'ly strongly reinforced

due to the Three Mìle Isiand's reactor failure in the United

States. It i s hoped that further research on nuclear waste

d'i sposal managementand env'i ronmental safety can alleviate the

current causes of hosti 1 ì ty tou¡ards nucj ear power devel opment

HoweVer, due to conti nual i ncreases j n costs of fossi I -fuel s

and depì eti on of potent'i al hydroel ectri c si tes, nucl ear

power wi I I have more ì mportance j n the generatì on of el ectrì c

DOWer"

2.5 Nuclear F'i ssion

in a

derived from the

(u-235, u-233) fi
breakì ng ì nto two

nucl ear power pl ant, the heat energy j s

fissìon of uran'i um. Several ìsotopes

ssi on read'i 'ly when struck by a neutron,

1 i ghter elements that fly apart at hi gh



speed. At the same time, two or more new neutrons are

rel eased. The ki neti c energy of the 'l i ghter el ements, the

fi ss i on fragments, i s converted i nto heat as these fragments

col I i de wj th surroundj ng atoms and thi s heat, i n turn can

be used to generate steam.

2.5.1 . I Avu'i I abi I i ty of qnetgy r

Uranì um i s one of the elements that occurs ì n

nature as a compound " Concentrati ons of urani um i n the ore

are ì ow, rang'i ng f rom 2 to 20 pounds of U¡0g per ton wi th

an average of 5 pounds per ton " Natural uranì um contaì ns three

ì sotopes, of i dentj cal chemi cal properties, but of d'i fferent
atomi c weì ghts , caused by sl i ght di f ferences 'i n the

composition of their atomic nuclei. In all natural unanjum

gg .28 percent of the a toms consj st of U-238, 0 "71 percent of

U-235, and less than 0.01 percent of U-234. The rad'ioactìve

decay of an atom of U-235 causes the emission of neutrons from

its nucleus, these may then collide with another nucleus, of

either U*235 or U-238, causing the emissìon of further
neutÌ"ons " In the case of neutron col I i s ion wi th a U-235

nucleus, the whole nucleus breaks down into the nuclei of

atoms of el ements of I ower atomi c weì ght, wì th the emi ss i on

of more neutrons and consi derabl e amounts of heat .(26)
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2.5"1"2 Status of nuclear fissìon power
ge

A nuclear pov\,er plant is sim'i 'l ar, 'i n operating

pri nc'i pìe to power pìants employing fossil-fuels as fuel.

Each type generates steam to dri ve a turbj ne. The stream

pressure i s converted i nto mechani cal energy i n the turbi ne,

and the generator converts the mechani cal energy i nto

olor-frir-ifv

The CANDU nucl ear power reactor system has been under

devel opment s i nce 50's by the Atomi c Energy of Canada Lj mi ted

and Canadian industry. The CANDU reactor uses natural uranium

as fuel, that means that jt consumes fuel faster than ììght

water reactor system. The CANDU reactori s moderated and

cool ed by heavy lvater" Deve'l opments are underway on reactors

usi ng heavy water as moderator but ì ì ght water as cool ant.

The Lì ght-l,Jater Reactor (LldR), which i s the most wi de'ly used

type of reactor in the world, was first developed in the

Unjted States" This reactoli s fuelled by uranium oxide

enri ched to a U-235 concentrati on of about 3 percent " It

i s moderated by ì'i ght-water and cooled by ej ther pressuri zed

or boì ì ì ng l'i ght-water"

There i s a number of dj fferent types of reactors used

in the nuclear qeneratjon in different countrjes, such âS,
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the Magnox Reactor, the Advanced Gas-Cooled Reactor (AGR),

the Hì gh Temperature Gas-Cooled Reactor (HTGR), the Steam-

Generati ng Heavy Inlater Reacton (SGHblR) , Advanced Fuel Cycl e

Reactor (AFCR) , and Lì qui d Metal Fast-Breeder Reactor (l-NFBR) .

2 " 5. I " 3 Effi ci ency of energy uti I i zati on

Iypìca'l overall efficìency of nuclear plant Ís
about 30 percent" It is expected that it may go upto 40

percent i n the near future.

2"5"2 Nuclear Fusion

f he most opt'imi sti c proponent of nucl ear f us j on

as a souFce of commercjal enerEy do not expect it to be

avaì I able unti I after the year 2000 A. D"

)-.5 "2.1 Avai I ab'i I i ty of energy resources

I f technol ogi cal and materì al s probl ems can be

overcome, nucl ear fusj on coui d vi rtua'l ìy be a renewabl e source

of energy, because'i t would use the hydrogen that is available

in v¡ater as a fuel "

2.5 "2 "? Status of nuel ear fus j on power

In a fusion reaction two light nuclei are fused

together to create a more stabie, 1 arger nucl eus, thereby
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releasjng binding energy

contai nment, or control ,

development of materìals

of about 100,000,000'C.

ment have been proposed,

work i s bei ng undertaken

confj ne the pl asma, and

compress a pel let of two
l'ì \trìt'i um.'''

'i n the f orm of heat. Fundamental ly,

of the f us j on reactì on requ'i res the

capable of wi thstandi ng temperatures

At present, two methods of contaj n-

for whi ch research and devel opment

. 0ne method uses magnetic field to

the oiher uses hìgh-energy lasers to

hydrogen i sotopes, deuterj um and

2"5"2.3 Effíciency of energy utilization

It j s expected that the fusion power plants may

have 50 to 70 percent effic'i encY"

2.5.4 Envi ronmental Impact of Generation Method

Tremendous controversy has deveì oped over the

potential env'i ronmental i'mpact of nuclear power plants" 0n

the pos'i tive s'ide they do not burn coal, oil or natural 9ôs,

so they produce none of the harmful air poììutants such as

parti cul ates, su'l phur di oxi de, and ni trogen oxi de, for whi ch

fossil-fuel p'lants are well knovrn" Howevers nuclear plants

use roughìy one hal f more cool ì ng water than fossj I -fuel

pìants of equìvalent capac'i ty" and are apt to produce m0re

detrimental thermal effects unless cooì ing equi pment i s

i nstal I ed " But the maj n controversy surroundi ng nucl ear power
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jnvolves the safety of the pìants due to radioactìvity escapes

to the envi ronment i n normal p'l ant operati ons, ì n the trans-
port'i ng of f uel and radi oacti ve waste d'i sposa'l on possi bl e

ri sk to human, animal and pl ant I i fe "

5 " 5 Economi c Cons i deratì on of Generati on Method

Jran'i um like fossìl*fuels is also a depleting

source" But nuclear fusion could v'i rtually be a renewable

source" Nuclear povver plant has poorer location flexibility"
Land requ'i rement f or the pl ant i s much I ess as compared to

fossil-fuel generating p1ant. It has hìgher lead time than

foss'il-fuel plant" Units can also be made upto 1200 Ml^J and

have forced outage rates somewhat I ower than conventì onal

thermal p'l ants. It has expected I i fespan of 30-35 years 
"

Units are primarily used for base load and the installed cost

in $/Kw is qujte high. Fuel cost, on the other hand, is much

I ower than the foss i I -fuel s and has p1 ant average heat rate

of above 10,000 to ll,000 Btu per Kwh" Cost of energy

generated i s thus lowerLhan the f ossi I -f uel plants "

Sol ar Power

tfforts to concentrate the energy from the sun to

produce heat or power date f rom the t'ime of Anchimedes, who,

about 200 8.C., is sajd to have used reflecting mirrors to
set fire to an attacking fleet of shìps. In 1878, Mouchot
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di spl ayed a workì ng sol ar-powered water pump at the pari s

Expositjon. In 1913, an Amerjcan, Frank Schuman, constructed
a 13,000 ft3 cyclindrical trough reflector in Egypt" schuman's

col I ector produced steam whi ch operated a 5s-horse power

reciprocating engìne. Two solar furnaces capab'l e of producing

very high temperatures for materjals research have been bujlt
i n France " In I 968, a I 00-thermal ki I owatt central recei ver

was constructed at Genoa, Ita'ly, by G. Fran.ir.(l)

2 "6 Avai I abi I i ty of Energy Resources

ïhe sun radj ates energy i n a rel ati vely narrow

band of wavejengths between 0"22 and 3.3 microns" At the outer
limits of the earth's atmosphere, the solar radiat.ion fa11ìng

on a surface perpendicular to the sun's rays has an intensity
of 442.2 Btu per hour per square foot" ThÍs quantity, known

as the solar constant, ìs reduced by an average of 54 percent
j n the earth's atmosphere, where 3S percent 'i s ref I ected back

into space and l9 percent is absorbed and then reradjated to
space. The total amount of sol ar radi ati on i ntercepted by

the earth 'i s 5.9 x l0l7 Btu per hour. But at the surf ace

of the earth, this is reduced to ?.4 x l02l Btu per year. (li ¡

It 'i s expected that sol ar energy wi I I have great jmpact on

the countri es a'long the eq uator.
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At any given point on the earth, the amount of intensity
of s ol ar rad j at'ion vari es wi th season, I ati tude and atmospheri c

transparency. Because of the vari abi'l i ty of sol ar rad j ati on,

ei ther energy storage or backup power i s needed to provì de

power at ni ght or when the sun i s obscured.

2.6 "2 Status of Sol ar Pov¡er Convers j on Technol ogy

l,^lhi le sol ar energy can be used for a number of

low-temperature heat applications, such as resjdential heatjng,

it can also be used directly to produce electricity"

Photovol ta j cs are, essenti a'l 1y, semì conductors whose

el ectrons can be removed by smal I i ncreases i n temperature,

thereby producing electricity when sunì'i ght shines on them.

The abì 1ì ty to 'i nduce current f I ow i n photovol taì c cel I s

depends on the el ectron behavi or and I atti ce structure of

the materi al " Vari ous types of sol ar e I ectri c cel I s, or^

photovoltajcs, have been demonstrated. However, ava'i lab'i lity

of the techno'logy on a commercial scale i s I jmited by high

manufacturj ng costs . Sol ar-thermaì power generati on 'i s

achieved by means of mirrors or lenses that track the srJn,

directing a concentrated solan flux onto a rece'iver" In this

way temperature 'in the order of 500oC can be ach'i eved

suffì cjent to produce hì gh-pressure steam for use wj th a steam

turb'i ne to produce electricity"(j)
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In di scuss i ng ef f i ci ency f or sol ar power i t 'i s

'important to recogn i ze that the ì nput energy i s f ree and

essenti al'ly i nexhaustì ble " Thus, the convers j on ef f ici ency

has less effect on direct operating costs than it does for

conventional foss'i l-fuel plants. Conversion efficienc-v does,

however, i nfl uence the s i ze of the faci I ity requi red to
produce a gì ven amount of energy. As a consequence, i t has

a gneat deal to do with capi tal ì nvestment and overhead costs "

l,rlhen sol ar energy i s used for di rect heati ng " the

convers j on ef f ici enc"i es can be rel ati veìy hi gh, wi th a

maxjmum betlveen 60 to 70 percent. The actual value depends

strongly on the part'icular appl i cation and the design of the

system" l^Jhen solar radiation is used to generate electricity,

the comb'ined ef f i cìency of col I ectors, storage, heat engi nes,

and the associated electrjcal equipment'i s not more than 20

Dercent "

2 "6 "4 Envi ronmental Impact of Generati on Method

Ihis technoiogy is still at an experimental

stage; hence detaì led environrnenta'l 'impact has yet to be

assessed. As yêt, no sìgnificant environmental impact has

been noted or foreseen.
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?"6.5 Econom'i c Consi derat'ion of Generati on Method

UnitcostperinstalledKr^lmustbeconsidered

SDecuj ati ve at the present time. turther, si nce 1 arge sol ar

arraySaremadeupofalargenumberofsmallconcentrators,

the effect of cost, i n both fabrj cati on and i nstal I ati on '

.i s not entìrely clear. At the present, the most genera'l 'ly

acceptedcostestìmatesplacethecostperinsta]ledKliJwe]]

abovethatoffossjl-fueledp.lants.Althoughoperatjngcost

of sol ar power pl ants are expected to be I ow '

? 1 l,Jind Power

Forcenturies,manreliedonthewindstotransport

goodSacrosstheglobe.Thewìndwasusedtogrindgrajn,

pumpwater,andinthecaseofHollandtopumpwaternot.f,or

conveni ence, but for the necessi ty of keepì ng the country dry'

Although somewhat irreguìar and rather unreliable' in sum

total the wi nd d'id these tasks wel I '

2.7 .1

The worl d Meteoro'l ogì ca1 0rgani zati on has

estimated that a little less than I percent of the wind

12 ki I owatt hours i s avai I abl e at
energy ' that i s 175 x l0 '- k1 lowarr rrui

sel ected si tes throughout the worl d ' The dì stni buti on of

wjndjsnotun'iformoVertheearth-windveloc.itiesand

frequenciesareh.igherjnpolarandtemperatezonesthanìn
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tropi ca1 zones and are general'ly hi gher i n coastal areas than

ìnlan¿.(l)

2.7 "2 Status of h'Jind Polver Convers'ion Technology

t{i nd pohrer has i ts characteri sti c measures of

performance. In the case of conventional wind mjlls, the

output from the rotor ìs a direct function of the square of

the diameter of the blades and the cube of the wind velocity.

The potenti al range of performance for a wi nd power

system i s thus rel ati vely 1 arge for oniy modest changes i n

size or operating conditions. it is this exponential relation-
shì p between wi nd vel oci ty and output that p"l aces such a hi gh

premium on identifyìng sjtes with contînuous hìgh winds"

2"7.3 Efficiency of Energy Utilizatìon

fhe rotary mot'ion of a conventjonal windmjll

represents mechan'ical energy which may be used to dri ve

electrical generating equ'i pment directìy. The maximum

theoreti cal energy recovery for any w'i nd-dri ven devj ce i s

about 60 percent of the energy contai ned i n the ai rstream

ìntercepted by the windmjll blades. Blade inefficiencies and

mechani cal I osses reduce the theoreti cal recovery to a

maximum of about 40 percent " The overal I wi nd effi ciency

of an indivjdual rotor generating system is not likely to be



more than 35
l'rnlpercent " ' '"'

Envi ronmental Impact of Generatì on Me!¡pd

f¡i'i nd power has no si gni f i cant envi ronmental

ì mpact. i t produces no waste heat and , for the most part '
is compatible with mult'ip1e land uses, including farming.

It has been suggested that 'l arge w jnd power un jts be s'ited

al ong rai ìways and hì ghways, tak"i ng advantage of exi sti ng

ri ghts-of-way and thereby tendi ng to reduce I and-use

conf l'icts .

Some restrai nts may be imposed on the use of a'i rspace

over ìarge wind farms, but there seems to be no reason to

bel jeve that tower-rotor systems with total heights of 200

to 300 feet wi I I i nterfere wi th normal ai r traffj c ' except

jn the immediate vìc'in'i ty of airports

2.7 .5 Economi c Consi derati on of Generati on Method

Most authori ti es concede that the present day

economi cs of w j nd-generated el ectpic'i ty are margì naì and

that wi nd energy wi I I on'ly be deve'l oped on a ì arge scal e

when energy prìces have ri sen by a Considerable amount from

the present I evel . The capi tal costs are consj derably greater

than the j nstal I ed costs of present fossi I -fueled power p'l ants
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It should be remembered howevere that the wind is not a firm
source and the avai I abi i i ty factors for wi nd generati ons wj I I

general'ly be much lower than those achicved by f ossil-fuel
plants. Hence, the often considerable costs of storage must

be added to the installed capital costs of wind power system.

Because þ/ind power does not cause probl ems of thermar

po1ìutions, it can be used as a fuel saver, 'i n conjunctjon

wi th conventi onal thermal generati on, supplyì ng power onìy

when available without storage" The use of wind energy wjll
conserve fossj I -fuel resources and reduce atmospherj c

poliutions.

2.8 Geothermal Power

Generati on of el ectri ci ty from geothermal steam

resources occurred for the first time in 1904 at Larderei lo,
Ita1y. Continuous generat'i on began in l9l3 with a lZ"5 M|^l

p'l ant " The on'ly commerci al geothermal pì ant i n the U. S " i s

i n the Geysers area of Cal i fo.ni u. ( 7 )

2 " B. I Avai I ab'i I i ty of Energy Resources

Geothermal energy i s found only where the

faul ts and fractures i n the earth's crust contain heat from

the interior of the earth close enough to the surface to
permi t exp'lo'i tati on. The occurrence of such condi ti ons i s
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extremeiy I imited " Geothermal energy can be used for heati ng

or f or generati ng e'l ectri cì ty wi th a steam turbi ne. The

foun types of geothermal energy are hydrothermal, hot dry rock

geopressured, and magma-type.

2.8"2 Status of Geo![er4a'l Power Generation Technology

0n1y hi gh-qua'l ì ty vapor domi nated hydrothermal

reserves are used commerciaiìy to generate electricity in

North Amerì ca. u but both vapor and 1 iqui d-domi nated hydro-

thermal energy are used el sewhere 'in the worl d " The two

cyl ces under cons i derati on for ì i qui d-domi nated hydrothermal

use in steam tunbines are flashed steamu whereby steam is

formed by sudden pressure reductjon, and the binary cycle jn

whìch a heat exchanqer is ,ruO. (7)

2 " 8.3 Effi ci ency of Energy Uti I i zati on

The overal I effj ci ency of geothermal generati on

is very low because larger flow of steam is required" The

'large steam flow required for geothenmaì p'lants is a result
of the I ow temperatures and pressures of the steani from

geothermal wel I s " For example, the steam enterì ng the turbi ne

at the Geysers is about 350't and the pressure is about 125 psi

In contrast, steam conditions ìn a modern fossil-fuel power

p'lant are about 1000"F and 3600 psi. Typicaì efficiency of

geothermaì power p'l ant is in the range of l0 - l5 percent" (7'B)
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? "B "4 Envi ronmental Impact of Generati on Method

Envi ronmental effects duri ng the preparati on

and openation phases of a geothermal system are f ikely to be

very site specific and very disperate. The preparatìon phase

cons'i sts of land acquisjtionn active dri lling and reservoir

development, surface pìant construction, and plant startup.

The operati on phase consi sts of power generatj on and any

addj ti onal dri I I j ng or reservoi r deveì opment requi red to

sustai n performance 
"

Geotherma'l systems, both "l ì qu'id and vapor domi nati ng,

have non-condensable gases dissolved'in varyìng amounts in

the fluid dependjng on the geocherristry" Experience at the

Geysers e for ì nstance, had s hown that about 0.5 percent of

the dry steam contains carbon diox'ide, hydrogBrt , nitrogerì,

methane, amoni a and hydrogen suì phi de " 0f these gases , hydrogen

sul phi de and amonì a pose the most seri ous heal th proUl u*. ( 7 )

Systems that di scard spent geothermal I ì quì ds can al so

resul t i n detrimental effects on the envi ronment" For exarnpìe 
"

the h'ighly saline geothermal brines pose a potentìal hazard if

they could enter the extensìve agricultural irrigation system

jn that area. In Some caseS, poisonous materials such aS

arsenic, mercury and hydrogen suìphide are present in the

I i qui d and consti tute a hazard
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2.8 " 5 Economi c Cons i derati on of Generati on Method

Geothermal i s an exhausti bl e source. It needs

iarge expend jture of cap'i ta'l . Geothermal units have poor

efficiency and poor location flex'i b'i lity. 0peration cost is
hì gh: gêr'reraì ly pì ants are f ar ar'lay f rom I oad centers . Thus

there is a need for ìong transmission 1ines, and th'is increases

the cost of the system.

? "9 Bi omass Power

Biomass energy, which can be derived from organic

matel"ials such as wood and waste products, has considerable

potenti aj for the Eenerati on of el ectri ci ty throughout the

worl d.

2 "9 "1 Avai I abi I i ty of Energy Resourees

Large-scale util'ization of bjomass energy is the

"energy pìantation", in which large areas of fast-growìng

hybri d popì ar woul d be grown and managed , us i ng advanced

agrì cu I tura I te clrnoi ogy "

2 "9 "2 Status of I{ood-Fi red Power Generati on Technol ogy

iJood is a renewable resource, and with

approprìate management it'is well suited for a number of energy

appl i cati ons i ncl uding the di rect combusti on of wood chi ps for
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electricity productiono and the eonversjon of wood into

methane or methanol .

Puì p and paper mi I I s coul d become energy sel f-suffi ci ent

by using mììl and forest wastes as fuel to produce steam and

el ectri ci tr¡ "

2 "9 "3 Effi ci ency of Energy Uti I i zati on

The overal I eff iciency of b'iomass'energy is very

I ow.

2 "9 "4 Envi ronmen ta I Impact of Generati on Method

tnvi ronmenta I probl ems associ ated wj th energy

p1 antati on i nvol ve the need for I and, water and ferti I i zer 
"

It i s expected that overal I envi ronmental probl em

of bi omass generatì on wi ll be I ow.

2.9 "5 Economi c Cons'iderati on of Generati on Method

In relation to current electri city pricesu

the economìcs of biomass generatjon scheme are questìonable

because the overall effjciency of generation is very low and

the smaller the output capacity per unit, the smaller the

return on i nvestment at present. But i ts fuÈure i s promì s i ng "
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2 .10 Ti dal Power

2..I0"1 Availabílity of Energy Resources

Ti daì power systems, I i ke wi ndmi I I s , have a

long history dating back to medieval times" Today large

ti dal energy schemes are i n exi stance and operat'i ng

successful ly, for examplê, the 240 Mt,J French scheme at

La Rance" The Bay of Fundy between Nova Scotia and New

Brunswick js a well-known possible povuer site.

2.10 "2 Status of Ti dal Power 9enerati on Technol ogy

The source of t'idal energy ì s the gravi tati onal

pu1'l of the earth-moon-sun system. The moti on of the moon

around the earth, combi ned wi th the rotati on of the earth,

produces tides wìth a tidal period of 1? hours and 24 minutes

in most pìaces.(2)

As the oceans move backwards and forv¡ands under the

influence of tides, the energy 'i s dissipated in friction
between the water mol ecul es and between the water and the

I and. Ut'i I i zati on of resource woul d requi red constructi on

of dams across the bays and i nstal I ati on of turbì nes "

2"10"3 Efficrency of EnergY Uti

The effi ci ency of ti da1 Power P1

quite high; at La Rance in France, 25 percent

theoretj caì ly avai I abl e power i s generated as

ant can be

of the
"')electricity.\t'
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2 "14.4 Envi ronmental Impact of Generati on Method

Because of very ljml'ted resource availabil'i ty,
the potenti al envi ronmental and soci al impacts have not been

assessed. There does not seem to be any objecti onabl e or

uúdesirable effects on human, animal and any other objects,
etc "

2 " I 0.5 [conomi c Consi derati on of Generati on Method

In the past j economi c analysi s has usuaì'ly f ound

t,hat the estimated cost was too high for the productìon of

power" it does seem that ti dai power I i ke hydroelectri c

power, can contribuie a reliable, inexhaustible, power source,

not subiect to embaFgo, that shouid not be overlooked in the

future as it has in the past.

2 "11 0cean Thermal Gradí ent Power

In l88l , the French Phys'i cist, Jacques D' Arsonval ,

suggested that the temperature di fferenti al i n the ocean coul d

be used to generate pot,rter"

2 "'l I "'l Avai I abi I i ty of Ënergy Resources

The amount of conti nuous energy avai I abl e from

ocean thermal gradjent is inexhaustible but'it depends upon

such factors as the depth from which the cold water must be

obtai ned, the conversíon ef f i c'i ency of the system, and the
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transmi ssion losses in qettinq the electricitv to shore.

2"11"2 Status of 0cean Thermal Gradient Power

The surface waters of the ocean change thei r

temperature with changes in climatic conditions. The deep

waters do not" Therefore, there ìs often a temperature

dj fference between the surface and the deep waters, and thi s

temperature di fference i s uti I i zed to run a steam turbine to
generate electricity"

The recovery of energy from temperature di fferenti al s

in an ocean was demonstrated by Georges Claude in 1931 at

Mantanjas Bay i n Cuba " 0perat'i ng on a temperature di fference

of l4'C, his turbine generator produced 22 Kilowatts, at an

overall efficiency of less than I percent. Two additional

experimental pìants of 3500 k'i lowatts were installed off
the ivory coast i n I 956 by the French " But the mechani cal

fai I ures resul ted i n abandonment of the p1 ant, " 
( I )

2 "11 " 3 Ef f i cig_!rcy of Energy Uti I i zati on

0cean thermal gradi ent power p'lants operate, i n

any event, at relat'i veiy low overall effic'iency"
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?"11.4 tnvfronmental Impact of Generation Flethod

0cean thermal gradí ent power appears to have

I i ttl e di nect envi ronmental effect. Removal of thermai

energy from the ocean is expected to be balanced by solar

rad'iati on to the col d di scharge water at the surf ace "

Envi ronmental effects due to the constructi on and operati on

of large thermomechanical instal lation in the ocean are not

known.

2 "11 " 5 tconomi c Cons'i derati on of Generati on Method

The techno'logy

ealcuìating pen

i s i nsuffi ci ently devel oped

un'it, energy cost.

at

thi s time for
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CHAPTER 3

COMPARATIVE ANALYS IS OF GENERATION METHODS

in prevìous Chapter the di fferent generati on methods

were descri bed and compared us i ng a common crj teri a. In

this Chapter al I those electrical energy generatjon methods

are tabul ated for a summari zed comparati ve analysi s . From

points of, view o'f, availabí1ity, location flexibility,
jand requirements" lead time, generator unit size, plant

effi c'i ency, forced outage rate, average I i fespan, ì oad

change, types of load, $ per K!'l-jnstalled, fuel cost, opênatjon

and maintenance cost, environmental effects and acceptab'i lity.



Generati on Methods Avai'lability Status
Fossil-Fuel-Fired:

Coal Fi red Exhausti bl e

Crude 0i I Fi red fxhausti ble

Natural Gas Fi red f xhaustib'le
Gas Turbi ne Exhausti bl e

MHD (Magnetohydrodynami cs ) Exhausti bl e

FBC ( Fì ui di zed bed Combusti on) Exhausti bl e

Hydroelectric

Nuclear:

Inexhausti bl e, Restrì cted

TABLE 3

ENERGY RESOURCE

"l

AVAITABILITY

44

Restricted

Restri cted

Restri cted

Restri cted

Restri cted

Res tri cted

Fission

Fusion

Sol ar

ldi nd

Geothermal

Biomass

Tidal

0cean Gradf ent

Exhaustible

Inexhaustible

Inexhaustible,

Inexhaustible,

Exhaustibìe,

Inexhaustìbie,

inexhaustìble,

Inexhaustible.
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TABLE 3 "2

LOCATION FLFXIBILITY

Genenati on Methods

Fossil-Fuel-Fìred:

Coal Fi red

Crude 0i I Fi red

Natu ra I Gas Fi red

Gas Tu rbi ne

MHD

FBC

Hydroel ectni c

Nuclear:

Fission

Fusion

Sol ar

ldi nd

Geothermal

Biomass

Tidal

0cean Gradi en t

FlexÍbilitv

Flexible

Flexible

Flexible

Highìy Flexible

Flexible

Flexibie

Not Flexible

Not Flex'i ble

Not Flexìble

Flexible, Restricted

Fl exÍ bl e, Restri cted

Not Flexible

Fl exi bl e

Not Flexible

Fl exi bl e, Restri cted
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Generati on Methods

Fossi I -Fuel *Fi red:

Coal Fìred 4000 to 5000

Crude 0i I Fi red I 000 to I 500

Natural Gas Fi red I 000

Gas Turbi ne 300

MHD

FBC

Hydroelectnic

Nuciear:

TABLE 3.3

LAND REQUTREMENT ËOR TYPICAL I OOO MT,'f PLANT

Land Requi rement (Acres )

i000 to 5000

1000 to 5000

Depends on reservoir sjze

Fi ssi on

Fus'i on

300 to 400

300 to 400

Solar 7000 to 8000

!{i nd N/A

Geothermal I 000

Bi omass 4000 to 5000

Ti dal N/A

Ocean Gradi ent N/A
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Table 3.4

*
LEAD TIMI REQUI REMENT

Generati on Methods Lead l-ime

Fossil-Fuel-Fired:

Coa I F'i red

Crude 0i 1 Fi red

Natura I Gas Fi red

Gas Turbì ne

MHD

FBC

Hydroe'lectri c

Nucl ear:

Fission

Fus i on

Solar

Wi nd

Geothermal

Biomass

Tidal

0cean Gradient

&

Lead time' 
T?til :¡i;rli;i decision to bui rd a prant untj j

¿¿
Short: lto3years
Moderate: 3toTyears
Long: over 7 ¡rears

¿¿
F{ode rate

Mode ra te

Mode ra te
++

Short

Short to Mode ra.te

Short to Moderate

Lon g

++
Lon g

Long

Moderate

Short

Lon g

Mo de ra te

Lon g

Long
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TABLF 3"5

UNIT SIZE RANGE

Fossil-Fuel-Fired:

Coal Fired Low to very high

Crude Oil Fired Low to h'igh

Natural gas fired Low to hìgh

Gas Turbine Low

Genera ti on Methods

MHD

-ñ ^róL

Hydroelectri c

Nuclear:

Fission

Fusion

Sol ar

t{i nd

Geothermal

Bi omass

Tidal

0cean Gradient

Very low - 'less than l0 Ml,{

Low - less than 100 Mt¡l

High - Tess than 1000 MI,l

Very high - over 1000 Mt{

Range

Low to very high

Low to very high

Very low to high

High to very high

High to very high

Low ( depends )

Low (depends )

Low to high

Low

Low

Low
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TAB LE 3 .6

PLANT EFFICiENCY

Generati on Methods Effi ci ency*

Fossil-Fuel-Fired:

Coa I Fi red ¡1ode rate
Crude 0i I Fi ned Noderate

Natural Gas Fi red Noderate

Gas Turbine Low

MHD Hi gh

FBC Moderate

Hydroelectric

Nucl ear:

Fission

Fus'i on

Sol ar

ldi nd

Geothermai

Bìomass

Tidal

0cean Gradi ent.

¿
Very low - less than 10%

Low * Llp to 20%
Moderate - 30 to 40%

High - 50 to 7A%
Very high - 70 to 90%

Very high

Mode ra te

H'igh

Low

Mode ra te

Very j ow

Very I ow

Mode ra te g cârì be h ì gh

Very I ow
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FORCED OUTAGT RATE

Generati on l'lethods

Fossil-Fuel-Fired:

Coal Fi red

Crude 0i I Fi red

Natural Gas Fired

Gas Turb i ne

MHD

FBC

Hydroelectric

Nuclear:

Fi s s i on

Fusion

Sol ar

l^li nd

Geotherma'i

Bìomass

T'ida l

0cean Gnadi ent

+

Low - less than 0"5%
Moderate - 0"5 to 3%

Hìgh - 3 to 5%

0utage Rate*

High

HÌgh

Hì gh

Hi gh

H'i gh

l-li gh

Low

Mode rate

Mode ra te

N/A

Low

Hi gh

H'i gh

Low

Low
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NORMAT LI FESPAN

Generati on Methods

Fossi'l -Fuel-Fired:

Coa I Fi red

Crude 0i I Fi red

Natural Gas Fi red

Gas Turbi ne

MHD

FBC

Hydroe I ectri c

Nuclear:

Fission

Fusi on

Solar

tdi nd

Geothermal

Biomass

Tidal

0cean Gradi ent

+
Moderate - 25 to 35 years

High - up to 70 years

Li fespan

Mode ra te

Mode ra te

Mo de na te

Mode ra te

Mode rate

Moderate

Hi gh

Moderate

Moderate

N/A

High

Mode ra te

þloderate

High

Hi gh



Generation t'lethods

Fossii-Fuel-Fired:

Coa I Fi red

Crude 0i I Fi red

Natural Gas Fi red

Gas Tu rb i ne

MHD

FBC

Hydroel ectrì c

Nuclear:

Fission

Fus i on

Sol ar

L{i nd

Geotherma"l

Biomass

Tidal

0cean Grad i en t

+

Very fast - few minutes
Fast - less Èhan one hour

Moderate * less than l0 hours
Slow - over l0 hours

TABLË 3"9

REACTION TO SUDDËN LOAD CHANGF

Sudden Load C[gngg1

Moderate

Fast

Fast

Very fast

Fast

Fas t

Very fast

Slow

Slow

Mod e ra te

Fast

Mode ra te

Mode rate

Mode ra te

Slow
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TABLE 3.]O

SUÏTAB TLTTY TO TYPES OF I-OAD

Types of LoadGenerati on Methods

Fossil-Fuel-Fired:

Coal Fi red

Crude 0i I Fi red

Natura'l Gas Fired

Gas Turbi ne

MHD

rñ ^rÞL

Hydroelectric

Nuclear:

Fi ssi on

Fusion

5ol ar

l{ind

Geothermai

Biomass

Tidal

0cean Gradi ent

Base , In term'i ttent
Base Intermi ttent, Peak

intermittent, Peak

Peak

Base, Intermi ttent
Base, Intermi ttent

Base, Intermj ttent, Peak

Base

Base

Intermittent

Intermi ttent
Base, Intermi ttent
Base, Intermittent, Peak

intermi ttent
Intermittent
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PRES Ti'{T P LANT

Generati on Methods

TABLE 3.II

INSTALLËD COST IN $/KbI

Installed Cost in $/KhJ

Mode rate

Low

Low

Very I ow

High

Hish

High, very high

Hi gh

Hi gh

Very Hì gh

H'i gh

High

Moderate

Very hi gh

Very high

Fossìl-Fuel-F'i red:

Coal Fi red

Crude 0'i 1 Fi

Natural Gas

Gas Turbi ne

MHD

FBC

Hydroel ectri c

Nuclear:

Fission

Fusion

Solar

l{i nd

Geothermal

Biomass

Ti dal

0cean Gradi ent

Very I ow
Low

Mo de ra te
H'i gh

Very hi gh

red

Fi red

than $300
th an $600
to $i 000

0 to $1500
$r 500

'less
less
$600
$r00
over
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TABLE 3"'I2

FUTL COST

Generati on Methods

Fossil-Fuel-Fired:

Coa I Fi red

Crude 0i 1 Fi

Natural Gas

Gas Tu rb i ne

Fuel Cost (Cents/Million Btu)

MHD

-h 
^rDL

Hydroelectric

Nuclear:

F'i ss i on

Fus'i on

Sol ar

l{ind

Geotherma I

B'i omass

Tidal

0cean Gradi ent

Low - less than I
Moderate - 100 to 200

High - ?00 to 300
Very high - 300 to 100CI

Moderate

Very hì gh

High

High

High

Hi gh

Ni I or extremely I ow
(only water rental )

red

F'i red

Low

Low

Ni l

Ni I

Ni I

Mode rate

Ni I

N'i I

00 cents/million Btu
eents/million Btu
cen t,s /mì 'l ì i on Btu
cents/milljon Btu
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TABLE 3. I 3

OPERATiON AND MAINTËNAf'{CE COST

O&MCOSTGeneration Methods

Fossil-Fuel-Fired:

Coal Fi red

Crude 0i I fi
Natu ra I Ga s

Gas Tut^bine

MHD

FBC

Hydroel ect¡^i c

Nuclear:

Fi s s i on

Fus i on

Solar

l.li nd

Geo'Lhermal

Biomass

Tidal

0cean Gradient

red

Fi red

l-li gh

Mode rate

Low

Low

Low

L olv

Very I ow

H'i gh

High

Low

Low

High

Moderate

Low

Low
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TABLT 3"I4

ËNVIRONMINTA!- EFFECTS

Generati on Methods

Fos s'i I - Fue I - Fi red :

Coa I Fi red

Crude 0il Fi

Natural Gas

Gas Turbi ne

MHD

FBC

Hydroelectric

Nuclear:

Fission

tusion

Solar

I{i nd

Geothermal

Biomass

Tidal

0cean Gradi ent

red

Fi red

Envi ronmental Effects

H'i gh

Mode ra te

Low

Low

Low

Low

Low

Low

Low

Very I ow

Ni I

Hi gh

Low

N'i l

Ni I
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TABLE 3.I5

SOCIAL ACCTPTABiLITY

Generati on Methods Social Acceptability

Acceptab'le

Acceptab I e

Acceptab I e

Acceptabìe

Acceptab'l e

Acceptabl e

Very acceptable

Acceptable (with

Acceptabìe (w'i th

Acceptab I e

Acceptabl e

Acceptable

Acceptable

Acceptabìe

Acceptab ì e

hes i tati on )

hesitatÍon)

Fossil-Fuel-Fired:

Coal Fi red

Crude 0i I Fi red

Natural Gas F'i red

Gas Turbi ne

14H D

FBC

Hydroel ectri c

Nuclear:

Fission

Fusion

Solar

ldi nd

Geothermal

Biomass

Tidal

0cean Gradient



59

CHAPTER 4

DTSCUSSION AND CONCLUSÏON

Present methods of generati ng e1 ectri ci ty have pr0ven

to be relÍable and economical" This suggests that new methods

and nevJ energy sources should be selected on the basis of

offeri ng an ì mprovement over the way the conventi onal methods

are doing the job ti I I now.

The three f oss'il -f uel s and urani um are the f our

depleteable resources current'ly utilìzed to produce eiectric
power. The conventional turbines for genenating eìectricity
from these resources are mature i n technology and shou'ld

continue to'improve in performance"

In the case of coaì , ma jor techni cal deve'l opment ì s

requ'i red to harness the energy of coal wi thout producì ng

uncontrol I ed or unacceptabì e poì 1 utants i n the form of

parti cui ates , suì phur compounds and nì trogen oXi des " Regard-

less of the above problems coal still will be a maior source

of energy fo1the power generati on at I east to the end of

the century"

The use of crude oi I and natural gas for power

generati on started to decl i ne and i t i s expected that thi s
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decline will continue as society
premi um sources of energy whi ch

hì ghest I evel of effi ci ency.

recogn'izes that these are

shoul d be uti I i zed at the

The potential impact of MHD and FBc on future power

generation requirements is a function o'f their pnomised higher
efficiency" Many significant technicar and engineering
probl ems need to be sol ved before foss i I -fuel MHD and FBC

wi I I be a pract j ca'l and rel i abl e power generati on methods "

Hydnoelectri c energy was the fi rst major source for
power generat'ion and has been rapi dly devel opecl to the po.i nt

where very few hi gh capaci ty factor si tes remain to be

deveì oped in deve'l oped countries. Lou¡head hydnoelectri c

sjtes are availabie which are very costly to develop at this
t'ime. However, future of hydroelectric power is good in

vi ew of the recent 'i ncreases and further i ncreases expected

ìn fossil-fuel costs.

Nuclear power unfortunateìy, has acqu'i red some very

dedi cated opponents who are concerned about the safety and

potenti al rad'i ation hazards of nuclear p1 ants " Therefore,

the f uture of nuci ear power wi l l f ace tough cha'i ì enge f rom

socìety. The latest report, publ i shed by the Department of
Energy, Government of canada, released i n the month of August

1981, covers a vaniety of contr0versial subjects relating to
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the nucl ear energy i ndustry i n Canada. Thi s report says that

the nuclear generat'ion could play an increasingly sìgnjfjcant
ro.le i n Canada by 2000, subject to c0nstraints of government

policy and public acceptab'il ity. But increased use of nuclear

energy carries the risk of possible radíation leaks and the

possibìlity of accidents range from inconsequential to

catastrophic" The report however emphasizes that the nuclear

generati on of el ectri cal energy i s safer than oj I and even

safen than coal and natura I gas i n tenms of publ i c and

occupationaì health risk{.l2)

Sol ar power i s a major renewabl e energy resources "

Many schemes and concepts have been advaneed to use the sun's

heat energy to provide heat and even coo'l ing for residential

and commerc'ial bui ì dì ngs as wel i as to power a turbi ne to

produce electric power. A lot more research is needed to

bring down the present cost of solar power so as to make this

abundant energy soL¡rce competitìve with conventional ones.

[{ind po!{er is a renewable resouy'ce but ìt is variable

and unpredictable. trt nequires extensive land use for any

si gnj fi cant power producti on " Some demonstrati on pl ants have

been built but no significant contribution to power supply

i s ex Þected .
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Geothel^mal energy has been demons lrated to be practj cal

and competit'i ve at least at the Geysers field in Californ'i a.

The concept of pr oduci ng electri c power from bi omass i s

promi s i ng and wi I I be competi ti ve i n near future.

There are three ma j or drawbacks to use ti da'l power f or

electric power generation:

l) Capital cost of pìant is high,

2) Energy supply varies f¡"om hour-to-hour,

3) Major harbours and bays would need to be blocked

i n order to get suf f i ci ent power to be s'i gni f i cant.

There does not seem to be a praetical solutfon to any of these

probl ems "

0cean Thermal Grad'i ent power has also four major draw-

backs:

1) Capitaì cost of piant is high,

2) Pl ant effi ciency ì s extremely 1 ow,

3) Plants are located in ocean where currents are high,

4) Transmi ssion of energy from the pl ant presents a

difficult problem.

Cons'ideration of these prûblems jeads to the conclusion that

i t wì I I not be a competi ti ve generati on method of el ectri c

powe r.



63

CONC LUS I ONS

I " The nuclear generation could play an increasingìy

significant role by 2000 A.D. A lot more research on

radi oacti ve waste management 'i s needed to convi nce

the soci ety to accept nucl ear polver.

2" The nuclear energy 'i s safer for powering generat'ing

stati on than oi I and even safer than coal and natural

gas 'in terms of pubì Í c and occupati onal heal th ri sk "

3. Lowhead hydroel ectri c projects shoul d be deveì oped "

4 " Coal -fi red generati on wi I I remai n one of the mai n

sources of electrie power inspite of its environmental

impact.

5" The use of crude ojl and natural gas for electric
power generation will decline because of jts soaring

prìces.

6. MHD and FBC generati on p'l ants ye'L to sol ve many

techni ca'l probl ems.

7 " There should be more nesearch in order to bring down

the cost of electric'ity from so'l ar heat so as to make

thi s abundant energy source competi ti ve wi th

convent'ional ones "
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8" Because of variable and unpredictable nature of wind

energy, it seems there v¡ill not be mueh imBact of this
energy on the generation of power.

9" Geothermal power is restricted to some parts of the

worl d, but i ts deveì opment i s worthwhi I e "

10" The future of biomass is promising.

ll. Because of the high cost and restricted sites" tidal
poweri s not much i n use at the present " But i ts
developments may be useful in the future.

12. 0cean Thermal Gradient has technical and economical

probl ems whi ch are not easy to be soi ved "
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