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Accounting of Nuclear Power

Deb Knmar Bosze

lrndia is poisn_ed for development of nuclear power in u big way. Six addittonal nuclear reactors,
wch with o capacity of 235 megawatts, are expected to be sst up during the Sixth Plan. These pro:
mmmes are defended on the ground that nuclear pgwer is indispensable for meeting the growth in

g

poiL

deniand for power in the country and that it is technicully more efficient and economically cheuper than
er genemled from coal-bused plants.
This puper subjects these claims to a critical scruting and brings out some of the mafor lssues

wlating to nitclear technology which have wider implications for the economy.

CLEAR power  climaxes  the charges for ad: te shieldi
hievemeats in modem  physics and  of the equipment, has a high fixed cost
t jervedly beld in  high admirati which i bly with the

ear technology signibes man’s mast- -

wver the elements of nature in an
Lowtant respect. [t has provided maa-

with incredible  power to convert
ro from minutest particles. One kg
patural wraniem, U*4, can generato
much energy as it would take 35.000
L:n‘ ol to produce.  Fuced with the
il of depletion  of renewable re-

s like cual and wil, auclcar power
ems to offer a breathing  space for
kzanity  before it finds  alternative

pures of encrgy.  Since a nuclear
it once fed wilth a few tonmes of
i oride (nel rods can generate
wr for years together, it stands in
wntrat  with the  coal-based
er pants with their cumbrous steam
tion systoms and the complex fn-
ure required for mining, trans-
ad processing nf conl.  Finally,
suclear power does away with the
ion crexted by the emissions
coal-based power plants. All these
slbstanding the problems posed by
uclear technology  seem to out-

ih 1be gains it promises.
iooog the advantages claimed for
mulear power is that it would be
than coal-based power in India
wder certain  assumptions about
demand for energy, it would be
ble for the country! We

rfute the arguments cn both-

unle To start with, the estimates
cost of nuclear thermal power

od out by us show the coal-based

2 10 be more economic than nuclear
At Wp wonld like to point out in
e tonection certain deficiencies in
~thodology of cstimalion which

Sruly affect the accounting for
et power,

Cavrear. CosT
ular power plant, with its

Mitialed technology and heavy con-

fixed cost for a coal-based power plant.
A nuclear power plant, therefore, costs
more per kilowatt capacity than a coal-
based power plant. The relative econo~
mies depend largely on the cost of fuels
required to operate the respective plants.
The size of nuclear plants in India has
been around 200 MW. The cost for a
nuclear plant for the paper is taken
from a study by Sethna and Srinivasant
and the cost for a coal-based power
plant is estimated from data available
with the officials in the power industry.?
An idea of reasonableness of the esti-
mates can be had from a check on the
ratio of the fixed costs for the two types
of power planis. The ratio of the
capital cost for nuclear to coa)-based
planls in our study comes to 1.33. The
ratio compares with figures observed in
the United States, ranging from 1.07 to
1.53 in respect of the light water reac-
tors end coal-fred stations without
scrubbers. The CANDU type reactor
(Canadizn Heavy Water Reactor) which
India has adopted, however, involves
higher fixed costs campared to the reac-
tors, in the US. One would, therefore,
expect the ratio to be greater (that is,
more favourable to the coal-fired plant)
in India then in the US.

The capital charges for. a power plant
depend on a number of factars like the
cost of the plant, fhe rate of interest

smaller than that for the coal-based
plaats. Civen the higher capital charges
for the nuclear plant, the relative eco-
nomies of the nuclear and coal-based
power depend primarily on the differ-
ence between the two in respect of thy
fuel cost.

The fuel cycle, as the
supply of uranjum to the nuclear plant
is called, is much more complicated
than the supply system for coal.
Uranium (UM*) that is mined ia nature
contains only a small fraction (0.7 per
cent) of UM, an Isotope of uranium,
which alone is fissile and participates in
the process of nuclear Bsion within the
reactor generating the required heat.
The nuclear fuel cycle starts from steps
Tor enrichment of U®$ in the fuel, from
0.7 per cent to 3 per cent for efficiency
in operation, followed by {urther chemi-
cal processing and encapsulation in fuel
rods for charging into the reactor!
When a nuclear reactor burns up the
uranium it is fed with, the apent fuel
rods retain Bssile elements like unused
UBs aod  plutonium Pu™, which are
obtained by coaversion of the nan-fissile
U™ contained in the fuel rods. The
second part of the fuel cycle costs are
distinguished by whether the cycle ends
with the buming of the fuel once for
all, or it continues with the reprocessing
of the spent fuels for recycling into the
reactor. If the spent fuel is not re-
quired to be retrieved in future it has
to be stored away permanently with

3 for safety against

system for

on capital, the rate of dep fon, and
the capacity factor for the plant. The
capacity factor is given by the ratio of

radiation and other hazards. When, on
the other hand, the spent fuels are re-
1

the actual hours of power g tion by
a plant to the hours expected from s
rated capacity during a year. The esti-
mate for capita) @harges per mit kwh
gencrated, it can be seen, is highly sensi-
tive to the variation in the capacity fac-
tor.
FueL Cycre

The variable cost for o nuclear plant,

mainly comprising the fuel cost, iz much

the Basile el 1

from It are fed into the reactor leading
to o net reduction in their requirement.
It can thus be seon that there are alter-
native routes available in the fuel cycle.
As the total cost of fuel par unit of
nuclear energy generated fs derived
from all the expenditures under the fuel
cycle it will difler according to the
different routes chosen.
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Taste 1: Cost oF Powkn GENERATION

(1977-78 Prices)
(Sizc: 200 MW)

ital Fixed Cost Jue) Cost Total Cost
R (p/kwhya (p/kWh)® (p/kWh)
5 r E = . 5 . 3
P §8 E B g8 E 3
& g &%y & g I3 g s g
£ 2 Sfe B z E z 15 z
) (2 {3) 4) (5) {6) (7) (8) (9)
60 1870 1820 164 381 1834 2208
4500 6000 65 1284 16.88 464 081 1728 2068
70 1174 1586 464 o8l 1638 1947
75 1096 1481 4684 a8l 1550 1843
80 1057 1370 464 38l 1481 1752

Interest = 10 per cent, Depreciation = 8.5 per cent, and Operation and
= 9.5 per cent. .

h('i:)dn%z:?ceme = D.ga kg/kWh, Price of coal = Rs 80/tonne.

(%) Fuel cost for nuclear power plants is estimated for the recycle case,
and sh cost and d ing cost are excluded from it;
bumeop = 18 MW-Day/kg. cfficiency = 30.5 per ceot, exchange
rate: $1 = Rs 8.50.

(a)
(b

The estimation of the fuel cycle cost the CANDU type reactor used in
remains subject to considerable ncer- Indin® It was presumed that the prac-
tainties as some of the steps in thecycle tices in India conformed to the fuel
have not been standardised yot. So a  cycles described in the APS study. The
fan cost for them cannot be quoted. operations in the fuel cycle are highly
This happens to he the case around the  capital-intensive.  Since the processing
world with regard to fucl reprocessing of nuclear fuels in India may be under-
and the cost of waste management. The taken ‘with equipmént ‘mostly  many-
cost of waste management poses in addi-  factured in India, the APS estimates
lion serious problems rcganding the need to be adjusted appropriately. We
method of accounting. We deal with took the ratio of the capital cost for n
the subject in detail later. 200 megawalt hcavy water reactor in the
United States and India respectively as
the factor for adjustment of the APS fuel
cycle costs to Indian conditions.

There is little information available in
India about the cost involved in the
fuel cycle. Eslimates of cost of nuclear

. power have been the subject of contro-
versy belween the nuclear establishment Tora CosT
and its critiques in the advanced eco- The colculation of the cost of nuclear
nomies, both sides quoting widely power depends-on assumptions ebout a
Jiverg i An i number of technological and economic
source of difference in the estimates is parameters — rate of Interest on capital,
in the assumptions held and costs csti- capacity factor for the plant, bum-up
mated for the fuel cycle. In view of rate of the fuel, efficiency of the redfjtor,
the confusion prevailing on the subject the route selected for reprocessing or
the premior organisations of the physi- storage of the waste. Variation in any of
cists in the United States, the American the paramecters will aflect the cost esti-
Physical Society. (APS) and the Institute mates - significantly. It seems unavoid-
of American [Physics (IAP) recently able that the estimalion of the cost of
undertock a study to provide “an in- nuclear power will remain subject to
i} J ! of the technical some of inty. One eap,
issues In nuclear fuel cycles and waste h , state licitly the !
management, together with their princi- held about the relevant parameters for
pal cconomic, environmental, health and the estimates made. The elaborate
safety Implications™ s The study, hence- exercise undertaken in tho ADS study
forth called the APS study, published provides useful ] in this respect.
in January 1978, offers extensive data The estimates of Wtal costs for tha
for computation of the cost of the two techniques of power generation
wuclear fuel cycles. ) are presonted in Table 17  The esti-
We bhased our calculations on the fuel mates vary over a range due to variation
cycle cost on the dota provided by the assumed in the capacity- factor.
APS study for heavy water reactor in the The figures in Table 1 show that. the
United States, which . corresponded to  cost of power generation by a coal-fired
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plant located at the pit-heay s,
vary from 1481 paiso to 182
depending on the capacily fact,, ¢,
parable figures for the nucicy, W
with the recycling of spent fyg} X
drom 17.52 paise to 2208 paice,
difference in the unit oost in favoy
the thermal power has to be st gl
the cast of transport of coal to loy,
away from the pit-head. Ung,
present freight rates  for transpy
voal by railways, theimal powey |
compete with nuclear power a ad
tance of around 750 km from the u
head. Ouly few places in Ind;,
outside this range of distance from of
-felds. o the anelysis as here the o
nomic .superiority  of nuclear powe;
not  established. It may alg
observed from Table 1 that a
capacity factor for a power plant kgl
tu o lower cost per unit of power g
rated.  Nevertheless, tho cost of nudy
power per unft  kWh remains hig
than the thermal power at all capd
factors.

It may be argued that a diffe -,.

There is little ground to hold such haf
since the price of non-coking cosl #
creased between 1973 and 1978 by I
per cent in India. The pricc of uranio
in the intemational market, on the otb
band, increased from G to 8 dollars P4
pound in 1973 to over 40 dollars pd
pound in 1978, that is, by inore thy
500 per cent.®
The cost of nuclear reactors has i
been rising fast over the years. Sisg
‘¢ capital cost of nuclesr power plo
is higher than that of a thennal povq
plant any escalation jn prices would ¥
affecting the cost of nuclear power o
than that of thermal power. A st
erease in the capitel costs of nut

anco of fuel costs considerably. In 199
34.2 per cent of the total cost®
nuclear power was accounted for by &
fuel element and 49.9 per oeet @
capital, the remainder being the o
tions and maintenance costs. By 193
capital costs escalated to aswme T
per cent of the total cost. Tt @
cast declined to around 18.2 pec &
The construction cost of nuclear
tors increased by 24.4 per cent over®
same period.? .
“In spite of all the dotafled calcwit®

“as roflected-in Table 1, the accou®

for the nuclear power cost canh®! '
considered  complote. The ™9
power plant leaves behind it a W&l

of lobilities to tho society for 3
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| bos veased lo operate.
rrafnts to @ complete” account-

163 ’::, nuclear power cost ariso from

ﬁ:h,slal basis of nuclear energy.

Bornxc THE Gens
e fuel for nur::ear power
n atomic mass of 238 with
phn:hh,i(:mﬁc that it has an unstable
v ic structure. It has a natural tend-
$om et particles from its nucleus
wnsform tself into other elements
o the process. The process, known os
adivactive decay, continues  in nature
e thousands of years till it nttaing
abilty in the form of lead, P38, with
g alomic MASS of 208. As the radio-
ive decay is @ slow  process the
r,‘]ng of energy accompanying it can-
wt be fruitfully utilised; nor does it
aque concern  about health  hazards.
foe tronble arase when  the nuclear
shysicists discovered the technique for
andensing in a split second the pro-

ufter i

ied

yrapium, th

ol

should puss through 20 balf-lives before
their radiation is brought down to a
negligible Jevel.. Nuclear sclentists do
not yet know any mesns of disposing of
these materials some of which continue
to radiate dangerous pernicious gamma
rays posiag serious health hazards to
the population. No method has been
found after yeam of research to hottle
up the genie which was released
through the initintion of & puclear re-
action,  All that Is being considered
now is to find the safest way to segre-
gate them from the environment and
let the slecping dog lie. The debate
is about whether the methods sug-
gested are safe enough or not. Every-
body seems reconciled to the fact that
nuclesr  waste products have to be
under protective custody for at least
as many years es they remaln damger-
ously active. Human society which is
hardly more than 10,000 years old is
now called upon 1{o devise s in-
f for preserving the nuclear

toged process of of the
mtter taking  place in oature.  The
cals. while rewarding  in terms of

mergy gains, were not exactly the same.
The lahoratory process did not generate
lhe ame elements as were obtained in
te natwral process.  Instead, entirely

ww clements which never occurred in
hee were  created as  a result of
puman eflorts.  The new elements so

wastes which should last over tens of
thousand years, However, the lssue is
not anly a philosophical one but has
serious practical {mplications,

Besides the nuclear wastes the
nuclear plants also yequire to be treated
the same way. Apart from the spent
fuels, the circulating water and much
of the structural material containing
the onclear reactor would becoms

licactive through i emission

imeated, include plutonjum, Pu®, which
F“Lhe most poi clement invented
v man. Inhaling one miligram (171000
mm) of it would cause death within
Soars. Inhaling one microgram (1/1000
d 2 miligam) would lead to eventual
Wg cancer.  The material  remains
xive over 1,00,000 vears. Half of the
fhfau'um decays in 24,400 years,
Siguated 2 its half life. The re-
®niag half is reduced to one-fourth in
Buther 4,400 years. One-sixtecnth of

of nentrons. Unlike the coal-based
thermal plants, the nuclear plants can-
not be sold off at scrap-value after
the end of their uselul Jife. They have
to be carmried over thousands of years
with ndequate caution that no living
being trangresses into the danger zono
aflected by radiation. Varlous altemna-
tives are being  suggested for decom-
missioning the nuclear reactor and the

d d materials. The

e origina] gyl i active
."g‘:e'nd of 97,600 years. Plutonium
B mmi!:i\’dimt of a nuclear bomb.
f lograms  of plutonfum  are
o military hombs. But nuclear
o @n he ordered with even
mi?.u.:"my‘ Two  kilograms  of
teer k L:onsidered .to be the
um"""“m)'- the smallest amount
I an explosion.  This hes given
Wegery Widesread  concer in  the
o m:““""les that terrorist groups
‘;, o 2B lo remove surreptitiously
i, uantity and hold & soclety to
Pt
5’@\1:,_’,““"‘ I only ane among the by-
g, 1y, L ot 6f nuclear rec-

T8 are othery, Ik
&  like strontulm axd
r’:m:ueh have belf-lives of around

e radioactiva hot wastes

US Deportment of Energy has con-
sidered  mothballing, entombment, or
dismantling of the reactor and other
materials after the life of a nuclear
plant. Mothballing would consist of re-
moval of all fuel and radionctive fluids
end wastes and putting the facility in
protective  storage with  appropriate
security measures, Entombment would
need prior removal of all radioactiva
materials as mentioned before to a dif-
ferent sito and sealing off all the re-
maining highly ridioactive or contami-
nated companents within a protective
structure providing a biological shield.
Disroantling “would be  the most ex-
pensive  alternative which would re-
‘quire all radioactive materials. above an
acceptable contamination. - level'_m‘bt
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removed offsite s thut the plant. site
can bp wed again. The US Depart-
ment of Energy provided estimates (in
1875 dollars) ranging  from 23
million dollars to 312 million dollars
for the threa altemnntives; higher de-
commissioning costs have heen quoted
by others®  Since cnly some of the
research reactors end a few  smaller
power reactors hava been decommis-
sloned by now the estimates cannot be
considered ta he firm.

Fast Breeoen Reacton

A novel way of getiing rid of pluto-
nium is to wse it es the fuel in the
fast breeder reactor  (FBR) which has
the peculisr  property of reproducing
aore plutonium from  that ft is fed
with, Indig is building an FBR unit at
Kalpakkam. It is claimed that the FBR
would reduce the cost of nuclear power
and relieve at the same time the pro-
blem of scarcity of nuclear fuels. 1t I
however toa early to check for the
economies of FBR since only a few
research reactors sre now in operation.
The commercial aperation of FBR is
still year away.® A few poiots can
nevertheless be made here.

Firstly, the FBR requires a full com-
plement of phitonium before it can
start operation. Ome needs therefore
to build up adequate stock of pluto-
niom through operation of light or
heavy water reactor (known as thermal
reactors) over the years as preparatory.
The FBR units would similorly be re-
quired to work suffeient number of
years to generste  stock of plutonium
for avother unit. Tt is considered that
it would take about S0 years of opera-
tion before an FBR can meet the re-
quirements of another unit.

Secondly, the risk of a reactor ac-
cident is Increased considerably with
the FBR. The FBR Is fed with liquid
sodfum as coolant which explodes
immediately on coming in cootact with
water, The FBR- ha¢ a compact core
which is densely packed with fissile
materials, The high degree of heat the
core generates and the peculiar nature
of the coolant increases the chance of
core meltdown in FBR,

The plutonium for -the FBR is ob-
tained by reprocessing the product of
the thermal reactors in & soparate plant.
The transfer of plutonivm from the
Jatter to the FBR has to be carcfully
organised since the lesking of a small
fraction of plutonium into the envicon-
rent may have serious reparcussions.
Further, being ingredient of nuclear
bomb, there has to ba en ahsolutely
‘theft-proof guard avet the installations
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connected  with plutonium. Al these
would - add to the cost for generation

of power.
Finally, even the FBR coonot burn
up all the radioactive materials and

would leave fn fts trail wuclear wastes
for further storage.

ACCOUNTING Of Liasrrmes

It is not diffcult to understand the
worry of the physicists over the effects
of rmadioactive decay unlesshed by
nuclear reaction. It may not, however,
be easy to appreciate that it can pase
serious problem to the economists con-
cerned with accounting of the cost of
nuclear power. .

Just as physicists are required for
the first time to consider the physical
cffects expected to take place far be-
yond ceatnries, similarly the  econo-
mists arc olso asked to account for
casts that may be incurred over the
centurles in future. Economists are in
no better position 1o meet the situation
than the physicists. The conventional
practice in accounting, based on re-
ceived theories in economics, is to re-
duce to present value the stream of
all  values relating to cost or return
generated at different points of time by
d them at i rate
of interest. The method of discounting
consists of deflation of the values far
future years by applying discount fac-
tors for the respective years. The dis-
count factor .is indicated by 1/(14i)t
where { is the rate of interest and ¢ the
year to which the value refers. It can
be scen that the factor continually re-
duces in valuc over the years for a
given interest rate. For instance, at
15 per cent rate of interest the dis-
count factor amounts to 0.0009 in the
SO0th year (t=50). Applied on the
value of retum or cost expected in
the 50th year Rs 10,000 would be
taken for Rs © only, The d 1

ECONOMIC AND POLITICAL “'EEK“‘

ltke plants, machinery, buildings, etc,
over which investments are made are
expected to mn down or wear out
over the peried. It may now be appre-
clated why the method of discounting
for present value in respect of costs of
nuclear power can be seriously mis-
Jeading a8 it igoores the cost incurred
for protective custody of the nuclear
waste and the debris of decommissioned
plants over practically an indefinite
period.

The basic problem, however, does
not arise from the method of discount-
ing which is adopted but lies in the
principles’ of accounting = for an asset
{or lighility) whose life extends aver
years which are counted $n terms of
hundreds instead of the usual units of
decades. Economists, like the physiclsts,
were not required to comsider such a
sltuation hefore. The problem in econo-
mics is but a reflection of the rea
physical problem of maintaining an in-
frastructure for the protective custody
of the nuclear waste. The received
economic theory does not seem ¢o offer
any satisfactory solution.

The assumption implicit in the current
practice of accounting fs that the present
generation can ignore the consequences
of a current economic action which
emerge long ofter during the period of
a future generation and leave it to the
latter to tackle them. A further anomaly
in the present case is that the present
generation would be reaping all the
benefits and the future generation
sharing only in the cbsts. The situation
was brought out clearly by Maurice Van
Nostrand, Chairman of the lowa State
Commerce  Commission, during the
discussion on the costing of nuclear
power in a Hearing of . the United
States  Senate  Sub-Commitiee  on
Eavironment, Energy and Natural Re.
sources in 1978. Referring to the t
of radionets ; L

values for as distant  years as 50 or
more would be an insignificantly small
figure. The higher the rate of interest,
the shorter the span of years for which
the same results follow.

It should be apparent from this
that the existing practice of account-
ing for present value cannot take into

! any
heyond g limited number of years, the
limit being determined by the rate of
interest considered.  Nevertheless this
method of accounting hos been hold-
ing its ground becouse jn actual .com-
merclal or government project analysis,
caleulation of returns or costs beyond
30 or 40 years ars not congldered for
the alinple raagon that the fixed capits)
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waste an
Naostrand observed: “I find it distaste-
ful even the possibility that some of
those costs- are not being paid cur
rently and that Towans sometime in the
future are going to be forced to pay
not only the costs of electricity they
use but some carryover casts from some
electricity consumed long ago”™

Nucrean at tae Cost or CoaL

It s not often realised that the ex-
cessive emphasis now being. placed .on
the role of auclear energy in India has
been affecting adversely the develop-
ment of the altemative cnergy resour-
ces. Prime among them is the case of
coal. Indla has o resarve of 85,000
wiillion tonnes of coa). The present

rate of its oxploitation Is a lin,
100 million tonnes. per anbum, Eve 4
the level of exploitation of oy
raised to 500 million tonnes per
the reserve could see India wel) they
another century.

It has been suggested’ that
may not be able to mine as mueh
as may be required to meet i}, .
creasing demand  for energy b,
end of the cemury and would,
fore, have to-depend largely on
nuclear power)s The enalysis is 1,
on projections of demand which
highly overestimated.

It is argued, for instance, (hy
the per capita emergy consumptig ;
India levelled off by the end of
century to about one half of the
capita emergy  consumption prevaf
in Europe around 1877, the outpu
coal would have to be raised by
factor of 10. Covsidering that the
of eoal production in 1977 was a)
101 million tonmes it would &
appear to be a formidable task

1/ in the 3 w
however, be apparent if one refe
to the figure for per capita commeny)
energy consumption for the Europen)
courrtries, which was about 4.200 Iy
of coal squivalent during 1977. Wi
the same for India stood only at 178 iy
of coal equivalent.!® It may be ot
also that the Working Group on Faerp
Policy set up by the Planning
mission estimated more odest
ranging from 427 to 531 million

for the production of cosl by 2

Hazaros or Coar

Tt bas, however, to be acknowledpdl
that coal also contributes to enviny
menta) pollutiop and health hanan]
The buming of coal produces &
chemicals and smoke containing 0
elements like sulphur, phuspW>
and ‘traces of radioactive element i1
Radium 228 which emits bets P}
with a half-life of 1,620 years. T}
induce various types of diseases an%
the population. -

While & coal fived plant of 500 MY
capacity would produce abowt
truck loads of ash per year, the dm‘“"
of fuel by a nuclear power stati®
simflar size would .amount to MNJ
truck loads for the nuclear ws™
There -is, however, a difference ]
tween :the flyash and the 1;«‘
waste, The Byash fram o
plant is distributed over wide l":
not.only . the ash-ponds adjee?
the power stations but also in ]
tive use over wide areas, The Mj
sity of radiation from the
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db"nuh{ghuhullfarspechl
ective measures.

The Byssh from o thermal plant is

sowadays being Lnuulsl:;ly “’fd for

temperature being lower than that in
a cooventional f(irebox, the chance of
damege  to the materinl s reduced
significantly. Fed with " suitable propor-

uctive
d bricks, use as road binding material
d manufacture of pozzolona cement,
Ieiog sbsorbed In productive use, any
possibility of jncrease in the intensity
of radistion due to  continued ac-
auulation of the fyash in ash-ponds
dicent  to the power  stutions is
rduced.  The danger  from nuclear
waste arises primarily  from the high
&gree of mdiation  emitting from its
concentrated mass of heavy metals,
Coal has yet other problems. It

ils smoke consisting of sulphur
dioxkle and phosph “and

tion of I or dol the
fluidised bed absorbs the noxious sul;
phur dioxides and controls their emis-
sion. It also minimises the formation of
nitrogen oxides, a major pollutant pro-
duced by the bumning: of coal. Virtually
eny combustible material can be burnt
on the hot bed of FBC unit Since
coals with high ash content can be
used the requirements of ocoal Pprepara-
tion can be reduced. Becauss of the
reduced  hest transfer
ments, an  FBC unif Is smaller and
lighter. Hence its construction cost fs

asides.  Increasing wse of coal in the
wdustries and  the power stations all
wound the world had been raising the
arbon dioxide conteat of the atmosph

duced. Grainger shows that sn FBC
unit would be cheaper than nuclear
Power units at all practical load. factors
in the UK® FBC units are now in

1 a Jangerous level. The scientists ars
vomied about the carbon dioxide
wreen sround the world preventing dis-
spation of the heat generated on the
hnet earth leading to what is termed
1 the greenhouse effect.
dinger of the earth gradually warming
w. The conseqnences of the green-
bouse effect are vet to hie assessed fully,
It &s acknowledged that the pollutk
from the chimney stacks are deleterious
Io public health and means should be
Jound to contain it.

ADVANCES IN GoAL TECHNOLOGY

Fortunately. rescarch on ameliorative
weasures for  pollution  from coal has

eved some positive results, Electro-
salic ini d bbers aow

There is the

for industrial use, An exparimental
vnit with 10-tonne capacity has been
put to industrial use in Indfa recently.
The units for the power plant are now
in the laboratory stage in the UK, the
US, USSR and the Scandinavian
countries.

Another breakthrough In the power
technology has been made by the
introduction of magneto hydro dyna-
mic (MHD) method. for power genera-
tion® In MHD techoology, gas from
eoalhnindcohlghhntmdw
through a magnetic core under high
pressure. The elements of the ges are
Jonised ond the charges from the
lect ic field are llected by
electrodes to generate electricity, thus

an
being fitted to chimngy stacks in the
Western counlries have proved well In
controlling the emission of particulates
‘ad chemical clements. However, these
180 bo increase the cost of buming coal.
research on a radical alternative to

Be existing practice of burning coal in
boilers with its attendant problems
smoke cwmission  is now fairly ad-
"meed in the form  of fluidised bed
wabustion (FBC) system.
Fluidised bed combustion fs the bum-
of fossil fuel in a ot bed of
Sanular particles held i suspension in
% 3Ir sreamT  Placed at the bottom
% 2 combact unit replacing the large
‘v’:'\'enliunnl boiler, hot air with high

7‘:‘"}’ 8t 2 temperature between
,f:ﬁ d 950°C is charged through

d making it ‘boll’ s it were. As
carrying tubes can also pass

liminating the need for the generator
and the turbine. As the coal Is gasified
for use In MHD, its with
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technology for power
in Indla and in oth
world.

The concem for pollution from the
buming of coal in  the power plants
can be fated. It needs, h A
be - pointed out that coal will continue
to be bumnt for industrial use even if
the nuclear plants take over the task of
Dower generation entirely, In Indla
the industrial use of coal, exclusive of
Power gemeration, amounts to about
70 per cont of the total. One canpot
afford to do away with coal. It be.
comes incumbent, therefore, that scien-
lists are encouraged to find suitable
means for controlling if not eliminat-
ing the damaging consequences arising
from the buming of coal. This would,
bowever, call for major shift in the
policy pursued by the government
rezuding!heﬂmdDoumergyn-
sources in the country. If the allocation
of resources for research on the alter-
native energy resources Is any guide
then the govemment would appear
to be heavily biased in favour of nu-
clear technology and taking a rather
dim view about the prospects of cosl
technology.

The union

have failed to accord coal its rightful
place in the allocation of priorities for
research and  development of energy
resources. The fgures for outhys on
science and technology in the revised
draft for the Sixth Plan (1678-89) re-
vealed a strong bias In favour of
nuclear technology and a pamow
view' for the prospects of coal techno-
logy. It is dificult to interpret other-
wise the amounts of Rs 220 crore end
Rs 18 crore allotted to the two sectors

generation both
er parts of the

regard to ash’ and chemicals assumes
less significance. The Soviet Union,
the pioneer i/ the MHD technology,
has scaled up from a 20 Megawatt
generator in 1971 to 100 MW capacity
at present. They aim to develop 2,000
MW units by the year 20002

ly under S and T for the fve
years. There is no indication yet of any
significant change in the approach to
science and technology by the present
government.

Notwithstending the assertions to the
contrary India will have to depend on
coal as the bridge fuel during the stage

of tramsition from dependence on mnon-

MisaLLocaTion of R ON ble ‘to ble or virtually
R a0 D inexhaustible resources. It is coal which

The devel in coal technol has been providing us with the breath-

has, however, not been as fast as one

ing space required for development of
1 1

would  have ). An i

reason for this can be ascribed to the
exaggerated hopes yaised by the emer-
gence of nuclear technology which ll’

energy
ment in the technology of combustion of
coal and its other uses can help extend
the period of ¢ transition and protect
the g lution from

advocates  claimed  could b
largely for coal In power gencration.
This bhas been. largely mporuib!o ‘:;

“gh the bed; heat fs  transforred
X only by l and
bt gy by cond The o leve]

of for

away from coal to nuclear

coal. Thers is a singular lack of
urgency among the decision-makers
about the need for concerted cfforts
towards the end. Thoe stance of the

17
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nuclear scientists has only encouraged
the adoption of such an attitude.

ConcLusion

Nuclear energy has rafsed in fts
wake a host of problems which need
be solved before o nation can proceed
to adopt it for power gemerntion on
2 large scale. Ths peculior characteri-
stic of nuclear power, effects of which
have to be considered for accounling
even f(or perlods when the' nuclear
plant  has long ceased to operate,

ECONOMIC AND POLITICAL WEEKy

search  Unit, Indian  Statistical
Institute, Calcutta, The methodol

House, 1978,
Commil

of cost estimation is explained In the

paper.
8 Committee on Government Opera-

tons, US House of Representatives,
“Nuclear Power Costs”, Ninety
Fifth Congress, Second Session
House Rcport No. 985-1080, Aprii
1978.
Burry Commoner, “The Poverty ot
Power”, Knopf, New York, 1870.
The estivated' capital cost in the
APS sludy (1978) also came to be
around 78 per cent of the tota)
cost of nuclear power. The Com-
mittee oo Governunent Operations

vitiales bility with
epergy resvurces like coal-based power.
Overplaying  the promise of nuclear
power has been ot tho cost of the
level ol coal techuol .
Considering  that coal will remain
. ble in ind 1 o

and will conlinue {o generate power
m India for yet another century, ser-
ous research efforts should be made
to find morc economic and environ.
mentally  more accoptable  way ‘of
buming coal. At present, becouse of
our overconfidence In nuclear techno-
logy, only a fraction of the resources
devoted to research and development
of nuclear technology is allocated - for
research on cual.
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DISCUSSION"

On Measurement of Poverty

P V Sukhatme

TO be told that 1 am wrong in my
assessment s not a new expericnce
to me. Only ten years ago, | was told
that [ was wroog in my inference
that energy (food) ahd not  protein
was the limiting factor In our diet.
The words used were much stronger
than the words used by V M Dhande-
kar in his Kale Memorial Lecture [1].
The interest of food  industries
were apparently hurt by my conclu-
sion and perhaps justified in  their
fury. Nonctheless, the view [ put
forward came to bc accepted und
now gencrally prevails. [ hqvé ecven
stronger zrounds’ to believe that my
assessment on poverty linked with un-
dernutrition will also come to be uc-
cepted notwithstanding what  Dande-
kar has said. I will cxamine his prin-
cipal arguments one by one and show
how and whcre he goes wrong,

POVERTY AND UNDERHUTRITION

Dandekar asserts that poverty and
undernutrition are two different phe-
nomena and there is a difference bet-
ween  half  (he population having
cnergy Intnko less than the averago re-
quirement and half the population living
on a level of expenditure below the
level corresponding to the average

energy requiremeat. 1 agree. Inf
he quotes me apprdvingly whea

makes the point “as income incred
the energy intake increascs rapidly
start with znd sradually thera
indicating that an appreciabls num’
of people remain undernourished
want of adequate income”, But if
two phenomena are different but
lated in the above sense, what is
rationale nf using the average c2b
requirement in calculating the po:
ty line? He answers'it in tems
average consurier ehaviour. I ask
it conceivable: that a man who is un
nourished for lack of income

bave higher priorities other thab
food? Does average behaviour ©
sensc when the relationship bet
incumic and intake is curvilineari

Does Dandekar see the diflert
between undernutrition as mews
by energy requirement and unde
rition based on clinical examindt
There is ample ovidence to show
a man can meet his cnergy need
n range of intakes. Studies @34
the variation in daily enerry ol
show that man's intake is o
in auto-regressive manner to 08T
needs and imply that man adertd
réquirements over a wide rans
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