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REPORT OF THE STUDY GROUP IiI OF THE POWER ECONOMY COMMITTEE
(1969-70)

FACTORS IN THE CHOICE GF SCHEME FOR EXPANSION OF ELECTRICITY

PRODUCTION AND SUPPLY

IN THE CONTEXT OF RELATIVE ECONOMICS OF

ALTERNATIVE SOURCES

1. Outline of the work of Study Group LI (1)
of Power Economy Commitiee

1.1 Main tasks :

The Resolution setting up the Power Economy
Committee states that the cost of electricity sup-
ply in India has been rising “despite large scale
technological development™, and stresses that in
order to efliciently utuise the limited resources
of the country it is now necessary to implement
measures for bringing down costs. In this con-
text, the main tasks for Study Group 1l are:

(a) to review, under prevailing conditions
the economics of electricity generation
from different sources—hydro. thermal
and nuclear;

(b) to review their future trends; and

(c) to suggest factors, which must prevail
in the choice of aiternative schemes in
each region of the country,

1.2 Need to review actual generation costs :

Costs of electricity production from hydro,
thermat and nuclear sources have been discussed
and analysed in this country during the past 15
years. Most of the past work of cconomic analy-
sis of aiternative sourccs of power suppiy has,
however, been based on preliminary estimates of
costs and expectations of benefits at the nme of
proposal or sanction of individual projects. A
similar analysis does not secm to have been
carried out so far of the acrual costs of produc-
tion and suppiy at the operational stage, Such an
analysis of actual costs is, however, essential
before making any forecast and drawing any
conclusion especiaily because actuals are found
to vary widely from ‘estimated’ costs.

1.3 Need to evaluate alternatives both on their
own intrinsic value and on their effectual
contributions to grids :

Hydro, thermal and nuclear power stations
have widely differing features giving them dis-
tinctive economic characteristics. At present, we
have power systems which are exclysively hydro-
(e.g., the Bhakra, Kerala and Mysore grids),
some of which are mainly thermal (e.g.,, DVC,
Bihar, West Bengal, Vidharbha and Madhya
Prad:<t grids), and a few which are “mixed”
power systems with both hydro and  thermal
stations operating at different levels of co-ordi-
nation (U.P., Tamil Nadu, Andhra and Tata-
Koyna grids). In future, all our power stations
would inevitably operate as constituent parts of
a whole “mixed” complex of inter-connected
generating  stations.  As  alternatives—hydro,
thermal and uuclear stations must therefore be
evaluated in future both on their iatrinsic eco-
nomy-—reckoned on individual basis under pre-
vailing conditions-—and also by their effective or
economic contributions to our emerging Regio-
nal Power grids.

An example would make the point clear. A
nuclear base load station, for instance, may
appear economically quite competitive when its
cost of generation is calculated individually at
75%. plant factor, but if the regional grid has
engrgy potential in adequate measure and its re-
quiccment at that time 1s to cover a large shor-
tage of peaking capacity at very low load factors,
the economic contribution of such station to the
grid at that stage would be vastly different. Pum-
ped storage peaking stations, on the other hand,
would be highly desirable uader such conditions
to reduce capital outlays and improve overall
system performance.

The choice among alternatives for expansion
of power gencration facilities is, thercfore, really
assessing at cach stage what the integrated power
systerns actually need to ensure the fullest utili-
sation of built-up generating capacity and the
lowest possible overall costs of electricity supply,
and then determining the best possible combi-
nation of hydro, thermal and nuclear sources to
serve this specific purpose.

(1) Study Group 111 included Shri Ipe Mathaj
(Adviser, Planning Commission), B. V.

ember-Commercial, CW & PC) as Converer, S/Shri K. B. Rao,
shmukh, (Technical Member, Maharashtra S EB.), K. M. Chinnerpa,

(General Manager, Tata H.E.Co.), B. N. Ojha, (Technical Memter, Bihar S.E.B.), -M. N. Chakravarty, (A dviser
Deptt. of Atomic Epergy), H. V. Narayana Rao (Adviser C.B.I. & P.), Dr. K. Venugopal (N.C.A.F.R.) and

C. K. Chandran, (Member-Secretary, NNR.F.BR)) as members. The Study Greou

p was actively assis‘ed by

Shri M. K. Sambamurty (Dy. Director, CW & PC) throughout its work. Shri V. P. Thakor of MJs. Tata Power
Co. and Shri B. N. Baliga of the Planning Commission took part in the discussions. f



1.4 The regional canvas for study of alter-
natives

The canvas on which the choice of alternatives
is made 1s vitally important. Hitoerto, the State
has continued to be tne irame-work Ior tnese
choices, with rare exceptions. The concept of
a regionat iramework to overcome certain timi-
tattons of ptanming on a State basis was furst
suggested in 1950, and finauy accepted in 1963
but progress in this direction has not been rapid
enougn. The Committee's terms of reference,
however, impiy that atternatives must be comnsi-
dered trom tne point of view of the regwon as a
wnole and it-1s, therefore, necessary to examune
why regional planming has not made much head-
way so far and suggest measures whch woud
actually promote schem.s of maximum benelit 0
the varrous regions.

1.5 The main economic constaints :

The financial position of most State Electri-
city Boards is none too sound and of some
totaily unsausfactory. With indigenous manufac-
ture of heavy electrical plant and equpment
apparently orgamised to enable a total ban on
imports wnich now prevails, “foreign exciuange”’
wnicn was once tne determining coustraust iu e
recent past is no longer so. roreign exchange
is stil of concern to the manufacturing industrics
due to the still sizeable imports of engincering
services and components. However, so far as
power utilities are concerned shortage of capital
resources rather than shortage of foreign ex-
change has now become the dominant economic
constraint. The total capital investment on elcc-
tricity supply undertakings in the country now
aggregates to over Rs, 4,000 crores, and that on
Fourtn Plan schemes to Rs. 2,440 crores. An
Inter-Ministerial Working Group of power for
the Fourth Pian, set up in 1968 had recommen-
ded that to maintain the historical rates of growth
necessary to meet anticipated load demands in
full, the Fourth Plan should aim at a target of
26 million kW and had set the capital require-
ment for this at Rs. 3,462 crores, including
Rs. 500 crores for adequate advance action on
economic Fifth Pian schemes requiring long gesta-
tion periods. Severe shortage of resources has,
however, led to the lowering physical targets, and
substantially lower capital allocations for electri-
city expansion which would not only lower the
historical growth rate over the Fourth Plan, but
worse still, hamper progress during the Fifth Plan
also, due to inadequate provisions for advance
action on economic Fifth Plan projects. It is,
therefore, necessary to consider and suggest
measures for (a) achieving maximum benefits
from built-up generating capacity and for enabl-
mg the limited capital resources to carry the
power supply industry the farthest distance, and
(b) restoring the perspective approach to econo-
mic power development.

2. Costs of Generation and Supply under existing
conditions

2.1 The Central Electricity Authority is em-
powered to collect relevant data regarding costs
and accounts of State Electricity Boards/license-
es, anatyse them and pubish the reswts. This
is not being done now by the CEA. The Power
Economy Committee, therefore, called for this
information for the past 5 years.

2.2 Detailed information regarding capital and
operating costs, revenue, €tC., 1S uOW Uciug COL-
lected by Member (Commercial), CW&PC
(Power Wing), for reviewing the financiat pro-
gress of Boards. This information, though not
complete, is of considerable value as it has been
coilected on a fairly uniform basis. It affords a
good starting point and together with other
published information forms the basis for this
report,

2.3 Existing average tariffs :

During 1968-69, electricity supply utilities
generated some 47,350 miilion units from a
total of 12974 MW of installed generating capa-
city, comprising 5906 MW of hydro, 6670 MW
of steam and 397 MW of diesel/gas sets. Supply
to ultimate consumers aggregated to 37,452 mil-
lion units (29,219 MW) of which 80% was sold
by Boards. The average rates at which this
power was distributed is given in Table-1,
arranged in ascending order of average tariffs.

TABLE—1

Average Tariffs for power in 1968-69

SL State Electricity Units Average
No. Board sold Tariff*
(Million)  (Paise)
1 2 3 4
1. Orissa . . . . 1250 69
2. Haryana . . . . 1292 76
3. Kerala . . . . 1366 7-8
4, Punjab . . . 1704 79
5. Mysore . . . . 2106 8-4
6. Maharashtra . . . 3955 8-6
7. Tamil Nadu . . . 4282 10-9
8. West Bengal . . . 1655 111
9. Madhya Pradesh . . 1586 12-4
10. Gujarat . . . . 1752 12-4
11. Uttar Pradesh . . . 3504 1246
12. Desu . . . . 957 139
13. Assam . . . . 176 15-1
14, Bihar . . . . 1343 156
15. Rajasthan . . . . 653 15-9
16. Andhra Pradesh . . 1638 171

*Obtained by dividing total revenue realised by
the State Electricity Board by the units sold.

For an insight into the relative economics of
hydro, thermal and nuclear stations as alter-
native sources of supply, and also to suggest
possible explanations for the wide differences in
the above tariffs, a review of the actual costs
of generation at different power stations and
systems is necessary.



2.4 Actual costs of electricity generation :

2.4.1 Estimated costs of energy generation are
given below separately for hydro (2.4.2) therm-
al (2.4.3) and nuclear power stations (2.4.4) and
combinations thereof (2.4.5). The actual costs
of generation during 1968-69 are also given in
the corresponding paragraphs under each head.

2.4.2 Hydel stations and hydel systems :

(i) Costs of hydro energy generation vary
from site to site depending on the nature of
civil works, the magnitude of power potential,
~and the period and speed of construction.
Besides, at each developed site, they will varv
from year to year, depending upon the actual
river flows and the degree of utilisation thereof.
It is also important to note that the costs are
generally worked out in project reports, in the
country, on the basis of their firm output, cor-
responding to an availability of 90-95% in time,
and in all such cases, the costs during most
years would be lower due to higher levels of
energy generation.

(ii) In general, the costs of hydro energy
generation per kWh vary almost directly in
proportion to the investment costs. Between
the stages of conception of the project and
completion of construction, there have been
variations in the estimated investment costs of
hydro projects during gestation, but once com-
pleted, costs of generation are finally determined,
and do not vary thereafter except on account of
hydrological factors mentioned in paragraph (i)
above. By their very nature, the costs of hydel
energy generation are relatively insensitive to the
load factors at which they are operated, which is
the main reason for their almost exclusive choice,
whenever available, for meeting low load factor

peak variations. (Also see discussion in para
2.4.5 on mixed systems).

(iii) The investment costs on the hydel pro-

jects completed during the last decade in the
country range from Rs. 1,000 to Rs, 1,500 per
kW of installed capacity(®). Expressed in terms
of their firm power output (in kW) at system
load factor (60%), their investment costs work
out to about Rs. 1,500, on the average(?).
At this investment cost, the cost per kWh of
firm energy generation works out to 2.14 P/unit
at an interest rate of 6%. If the investment cost
per kW of firm power at a hydel site increases
to Rs. 2,000/~ which represents the upper limit
at the developed sites—the cost of energy gene-
ration would increass to about 2.85 P/unit,
based on the firm energy output. The above
figures ignore seasonal energy generation, as
wzll as the output in average and good years of
tiver flow, when taken into account, would tend
to reduce these costs, as pointed out at (i)
above,

(iv) An assessment of the expected costs of
energy generation from existing and recently com-
pleted hivdel installations and those under cons-
truction has been made on the basis of actual/
uptodate estimates of capital outlays and firm
energy outputs and the results of this assesment
are. enclosed as Annexure-I A, It would be
seen therefrom that the expected cost of energy
generation from hydro stations generally varies
from 2 to 3 paise per kWh.

(v) The actual costs of energy generation
from the major hydel stations and hydro-electric
systems in operation during the vear 1968-69
are given in Table-2 and would be seen to vary
from 0.88 to 3.6 paise (barring Sharavathi where
fractional utilisation placed the figure temporarily
at about 4 paise).

(2) Report of the Working Group on Power for the 4th Plan—January 1969.
(3) Report of the Sub-Committee ‘B’ of the Working Group on Power in the 4th Plan—July 1968.

TABLE—2

Actual cost of energy generation in 1968-69 at Hydro Stations|systems for which data is available

Si

. Installed Firm Actual Cost
No. Station/System canacity annual energy of
(MW) enerey generation generation
potential  (196R-69) P/kWh
Millinn
kWh
1 2 3 4 5 6
1. Bhakra-Nangal . 1204 3554 4343 1-66
2. Koyna 540 2150 2976 1678
3. Purna 225 39 25 2-664
4. Sharavathi . 534 1249 4-00
4680
5. Jog . . 120 813 0-81
6. Shimsha’ . 17
272 254 171
7. Sivasamudram 42



1 2 3 4 S 6
8. Kerala hydro system . . . . . . . . 547 2418 1623 3-38
9. Machkund (Andhra) . . . . 803 515 307 299

10. Tungabhadra (Andhra) . . . . . . 576 185 244 267

11. Ubper Sileru (Andhra) . . . . ; . . 120 386 481 2-59

12. Pykara . . . . 700 293 1-91

451

13. Moyar . . . . . . . . . . 86} 122 259

14. Periyar . . . . . . . . . . 140 500 449 1-65

15. Mettur 407 613 96 1-56

16. Mettur Tunnel . . . . . . . 2005' 466 2-10

17. Papanasam . . . . . . . . . 28 111 132 1-73

18, Kundah . . . . : . : . 425 1745 1433 3-64

19, Sarkarpathy . . . . . . . . 30 157 63 652

20. Gandhisagar (M. P, Share) . 57-5 183 140 3-57

. 2325 1055 837 - 2:94

21. Hirakud /Or'<ca) |

The firm annual energy polential corresponds 10 $0%, water availability except in the case of Koyna, where it
In the Mysore and Kerala grids, the actual generation was only 40 % and 75 9 respectively of the total firm energy

The generation costs at Sharavathi and Kerala hydro system would fall considerably when the energy
The cost of Sharavathi, for instance, would be 2 paise per

The actual generation at Sarkarpathy station was lower as some of the diversions had not been completed and full

NoOTE : 1. ! ! ¢

is based on authorised diversion,

2.
potendal due to lack of demand.,

3.
poien.ial is fully u ilised within a couple of Years,
unit on full dcvelopment.

4,
water poteniial had not been created.

5.

The costs of generation have been work:d out on the basis of actual ex»enditure incurred on operation and
maintznance, amount set apart for depreciation, propoitionate share of administrative ¢xjenses and general

establishment and interest on depreciation value of assets,

They represent the true cosis of operation the

stations to the various organisations during the ycar,

2.4.3 Thermal Stations and Thermal Power

Systems :

(i) The costs of energy generation of thermal
power stations and thermal power systems vary
with (a) investment costs (in turn dependent on
unit and station sizes), (b) costs of fue!, (c)
thermal efficiency, (d) distance of power stations
from collieries/sowces of fucl, (e) changes in
the load factors to which, unlike hydel schemes,
they are very sensitive. in a purely thermal
power system, the possible energy gencration is
seldom more than 4,000 kWhr per kW installed
due to (a) margins to be maintained over peak
capability to cover longer periods of scheduled
maintenance and forced outages, spinning
reserves, etc.,, and (b) the limitation on energy
generation imposed by th: system load curves.
In a properly designed, mixed hvdro-thermal
power systems, where a/f the cff:ctive on-line
thermal capacity can be operated almost conti-
nuously at base load, the energy outout of ther-
ma! stations can be maximised at about 5500
kWhrs/kW installed on the average, Where
thermal installations are plann-=d as ‘firming up’
complements to hydro systems, their annual out-
put, on a lone-term basis. would be much less
than 4000 units/kW, Estimates of energv pro-
duction costs, which do not take these factors
into account, could turn out to be wrong by a
wide marein in actual practice. In 2 thermal
station/system it is also necessary to note the
differences in the cost of energv sent out. and
the cost of eoneration. which includes auxiliary

consumption of the order of 9-10% in most

stations today.

(ii) The capital outlays on thermal installa-
tions are usually well established and are not
subject to large variations during periods of cons-
truction. IHowever, the costs of energy genera-
tion from them vary substantially over the life
of the plaat, tending to increase steadily on
account of decreases in operational efficiency and
increases in the cost of fuels and their transport
costs with time.

During the decade prior to devaluation, the
capitul outlay of thermal power stations employ-
ing 50/ 100-120 MW units. was about Rs. 1200/~
per kW installed based on imported equipment.
At current orices of coal, the cost of energy gene-
ration from these thermal power stations, on the
basis of their effective capacities operating at
60% system load factor, would be about 4.7 paise
per kWhr at the oit-head locations not involving
haulage costs. Current investment costs on new
thermal installations, taking into account the
increases due to devaluation and indigenous
manufacture are of the order of Rs. 1700/~ per
kW installed(#) (In some cases, it has been as
high as Rs. 2000/- per kW installed even for
units of the order of 120/140 MW). At these
hisher investment costs, the corresponding costs
of erergy reneration wounld be about 6.2 paise
rer kWhr. Generation costs at sites remote from
enllieries can be roughlv assessed bv adding
about 1.5 paise per unit for every 600 KM of
rail haulage.

(4) Report of the Working Group on Power during the Fourth Plan.



(iii) An assessment of the expected costs of
energy generation from recently completed ther-
mal installations and those under construction
has been made on the basis of actual estimated
capital outlays and assuming operation at diffe-
rent plant factors and the results of this assess-
ment are enclosed as Annexure-I-B and J-C.

TasLr

Actual cost nj energy generation (1958-69) ar

Sl

appear to require operation at relatively cous

tant levels of power generation. Thus comple-
mentary capacity in conventional stations shoutd
be available for capacity in conventional stations
should be available for mecting the peak loads
Also, significant is the fact that necessary stund
by provisions for nuclear power

“’1{”‘\:)\ NN

3
thermal staiion systems for which dara is availoble

Auual {0y

Inslalled kWh Cong
No. Station;System capacity energy generaled of of
(MW) generation Per kKW gener: vion Pnern
{Million of Pikvwh Sen o
kWh) instalied PRy
capacity
1 2 3 4 S 6
1. Bandel 350 1057 2070 §-54 [ORER
(4::82-5)
2. Gouripur 25 110 4400 875 RN
3. CESE, . 461 1915 4150 520 552
4. Madhya Pradesh Thermal Sx stem 580 1717 2960 657 B
5. Talcher 1875 384 2050 &89 16
6. Vidharbha Thermal System 297 -5 1169 3930 765 5
7. Trombay . 3374 1900 5640 6 -6 o
8. Gujarat S.E. B. Thelmal 402 2132 5303 090 6 -
9. Ahmedabad 2 -5 1046 4760 0-38 Ton
10. Kothagudem 240 991 4139 710 T
(4 3.60)
11. Nellore 30 183 6100 735 8-t
(1< 30)
12. Indraprastha (Delhi) . 36 160 4443 96 I
13. Indraprastha Extension (Delhi’s share) 126 570 4524 90 o
Note : 1. The costs of generation ha_ve beenmworked out on the basis of actual expenditure inCurred on opcriiion

main‘enance,
general establishment, and

amount set apart for depreciation, proportionate share of administraiion expwiies oo
interest on  depreciated

assets.  They represent the true costs of vpert e

the stations to the various organisaiions during the ycar.

2.

(iv) Costs of energy generation at a number
of thermal stations/systems in actual operation
during 1968-69 are given in Table-3.

(Figures of Neyveli and DVC thermal stations,
including interest and depreciation on a uniform
basis, are not available and are, therefore, not
included in this table).

It would be seen therefore, that the actual cost

of generation at thermal power stations in India

generally ranges from 6 to 10 paise per kWhr at
the present time.

2.4.4. Nuclear Power Stations :

(i) In the case of nuclear stations, their in-
vestment costs are relatively high though incre-
mental fuel costs are low requiring base load ope-
ration as an essential pre-reqmmte for competi-
tive electricity generation. Maximum benefits
from nuclear stations can, therefore, be derived
and ontimised in a grid with hydro and thermal
cenerating stations and not as an independent
source of supply. Technological factors also

2—782 T&P; 71

Capacity at Talcher is not being fully utilised.

invariably to be provided on the conventionai
side, because of the relatively high capital invest
ments on nuclear stations, thus permitting cousi-
deration of operation of nuclear power stations
an annual plant factor of the order of 75"2.

(i) At present only one nuclear power sta
tion of the Boiling Water Reactor Type (420

MW installed capacity) is in operation in the
country in the Western Region.  The capital
outiay on this station is about Rs. 6%.3 v

(Rs. 1630/- per kWe 'mstalled) and the fue!
used is slightly enriched uranium. Assuming
plant life of 25 years, annual plant factor

75%, a fuel burn up of about 16,500 MW .-
per tonne and relevant assumptions, the averip:
unit cnergy cost of energy generated and st
out on a comparable basis are cstimated wi fif
P/kWh and 4.45 P/kWh respectively. The av

ragz unit energy selling rate is 5.61 P /kWh

Of these, the fuelling charges are about 7.0
P/unit including customs duty (041 PRV

o



(i) The present programme of the Atomic
Energy ‘Commission is, however, to rely on the
natural uranium heavy water moderated CANDU
type nuclear reactors for nuclear power stations
to be installed in the foresceable future, The
capital outlay on the Ranapratap Sagar (440 MW
installed) and  Kalapakkam (470 MW
installed) nuclear  power  stations which
are  under  construction and are  of
CANDU type are presently estimated at about
Rs. 125 crores and Rs. 144 crores respectively.
This works out to an installed cost per kWe
of Rs. 2,850 in case of Ranapratap Sagar and
about Rs. 3,100 in case of Kalapakkam. The
cost of energy generation and cost of energy sent
out from the Station on a comparable basis are
expected to be about 5.5 P/kWh and 6 P/kWh
respectively at 75% annual plant factor; the net
fuelling cost being about 0.83 P/kWh. It has
to be noted that the fuel costs for a CANDU
type station are significantly lower than the en-
riched uranium alternative and the difference may
almost offset the higher initial financial charges.

2.4.5. Mixed Power Systems -

(i) Costs of generation from thermal and
nuclear power stations are at their lowest when
the power stations are operated at high load
factors on base loads. On the other hand, hydro
cnergy generation is relatively insensitive to
large changes in load factor. Hydel stations
can, therefore, conveniently be assigned the most
difficult function of dealing with fluctuating peak
demands on electrical power systems, Mixed
power systems emerge usually under conditions
of scarcity of cheaper hydel energy resources,
and are basically intended to take advantage of
the above facts, although there are several other
advantages also.

(ii) The Energy Survey Committee of 1965,
dealt with this aspect of the problems of
achieving economies in power supply in detail
in their Report (5). A table compiled by them
of comparative costs of typical hydro, thermal
and nuclear stations wheft operating at load
factors of 30. 60 and 75% has been extracted
and is given in Annex. TI. Studies were made
by the Energy Survey Committee for two periods
viz. 1965-70 and 1970-75, anticipating certain
differences in investment costs during these
periods. On the hydro side, the investment
costs (excluding interest during construction) on
typical projects were materially the same at
around Rs. 1200 per kW for high load factor
oneration(®), but it was assumed that the capi-
tal outlav on a new thermal would be Rs. 1138
ver kW installed in the ecarlier period and
Rs. 934 per kW installed, later on. The in-
vestment cost of a natural wuranium nuclear
station was correspondingly placed at Rs. 1.748
and Rs. 1,500 per kW installed during these

two periods. Even with these relatively low
investment costs, the Energy Survey Committee
established that whereas the costs of generation
on a hydel plant varied from 2.6 to 4.3 paise
as the load factor varied from 75% to 30%,
the cost of generation from thermal stations
varied from 4.0 to 7.6p kWhr and that from a
Nuclear station from 4.7 to 10.8 paise. As
stated earlier, devaluation and indigenous manu-
facture of heavy electrical plant and equipment
have radically altered the investment pattern
assumed by the Energy Survey Committee, espe-
cially for thermal/nuclear stations. At pre-
vailing investment costs of Rs. 3,100 per kW
installed on relatively small nuclear power
station (with 2200 kW units) and Rs. 1,800
per kW of installed thermal capacity, not only
would the cost levels of thermal and nuclear
alternatives be comparatively higher than those
indicated in this table but the range of variations
of energy generation costs with load factor would
also increase correspondingly.

(iii) Some economic benefits of inter-connect-
ed operation can, no doubt, be derived when
hydro and thermal stations, designed for isolated
operation, are linked together. However, the
economic benefits of a mixed hydro-thermal or
hydro-nuclear power system, can be derived in
full measure only when hydro stations in these
power systems are specially designed for low
load factor operation, properly located, and are
provided with the required flexibility for maxi-
mising these economic benefits. Stated another
way, the entire economics of power generation
in mixed power systems depends firstly, on a
proper planning of the hydel installations, and
secondly on a correct proportioning of installed
generating capacity from different sources, de-
pending upon the intrinsic economy of each kind
of generation in the particular region in question.
This can easily be demonstrated.

A typical mixed hydro-thermal svstem in
the country. with roughly equal installed capa-
cities of hydro and thermal installations, can be
operated at the base of the system load curve at
energy outputs of about 5,200-5,500 kWhrs per
kW installed on the average. This would repre-
sent about the maximum possible, on a total
average, from thermal power systems. It mav be
pointed out in this connection that such studies
as have been carried out on the pattern of load
variation on integrated power system indicate
that the annual load factors vary slightly around
60-62% and that the base load represents about
30 to 35% of the annual peak. This base load
also accounts for about 50-60% of the total
annual energy content, Assuming current invest-
ment costs on thermal installations at Rs. 1.800
per kW and assumine outlay on hydro stations
at the hicher end of the prevailing ranee i.e..
Rs. 2,000 per kW installed, the total cost of

(5) Report of the Fnerev Survey Committee of the Government of India (1965).

(6) It needs to be noted that unli
with load factor.

ke thermal and nuclear stations, unit investment costs on Hydel stations reduce



energy of the pooled system would be around
4.3 paise per kW, assuming that the thermal
capacity is operated on the base of the system
load curve and hydel stations absorb all the peak
loads. This cost, it would be noted, is slightly
higher than that of a purely hydro system, but
well below the cost of generation from purely
thermal systems. If, on the other hand, two-
thirds of the total installed capacity were in the
form of thermal stations, and the balance hydro,
the pooled cost of generation in the system would
be about 5.2 paise per unit. The calculations
are appended as Annex. III. For the above
caiculations, the thermal station has been assum-
ed to be located at the pit heads.

The decrease in cost of energy from pure ther-
mal to mixed hydro-thermal schemes would be
even more significant, and the savings in capital
outlay would become compelling, when a hydro
station operating at low annual load factor of
30% or even less is constructed at an investment
cost of about Rs. 800-1000 per kW installed,
which should easily be possible at a number of
sites under prevailing conditions in India pro-
vided equipment costs are brought to interna-
tional levels,

(iv) Two of the power systems of the coun-
try, the Tamil Nadu and Andhra State grids are
typical examples of mixed hydro-thermal grids.
The costs of hydro and thermal generation in
these two systems are of the same order. How-
ever, the relative proportions of hydro and ther-
mal capacity are different, with the Tamil Nadu
grid having a preponderance (66%) of hydro
and the Andhra grid having a greater ratio
(60%) of thermal installations. Their actual
pooled costs of generation during 1968-69 bring
out the economic differences clearly, and are in-
dicated in the following sub-paragraphs. The

U.P. grid is also a mixed one with a preponder-
ance of thermal capacity, but detailed daw and
pooled costs of generation are not yet availabi:
for this system.

in the Tamil Nadu power system which,
during 1968-69, had a total installed capacity of
1,470 MW including 500 MW of thermal capa-
city (including Neyveli) and 970 MW of hydel
installations, the pooled cost of generation was
4.5P/unit. The Tamil Nadu system, it must be
pointed out, was one of the earliest to design
their hydel systems for lower load factors than
the overall systems load factor. The Neyveli
power station was thus able to operate at a high
load factor during 1968-69, supplying roughly
half the Tamil Nadu grid’s total energy require-~
ments at a cost of about 6 P/unit, whereas the
other hydel stations of the Tamil Nadu State
Electricity Board, with costs of gencration rang-
ing between 2 and 3.5 P/unit met the balance.

On the Andhra power system which, during
1968-69, had a total installed generating capa-
city of 634 MW comprising 273 MW in hydro
installations and 360 MW of thermal capacity,
the pooled cost of generation was 5.7 P/kWh
reflecting to an extent the relatively unfavour-
able mix of generation sources, with greater re-
liance on thermal capacity.

2.5, Actual pooled costs of the main power
systems :

In para 2.3 the average tariffs of electricity
supply in the different States have been given.
Actual costs of gencration from different power
stations—hydro, thermal and some of the impor-
tant mixed grids—have been indicated in para
2.4, Figures of pooled costs of generation are
avajlable for power systems  which together
contributed about 25,443 million units during
1968-69 and these are presented in Table-4.

TABLE 4

Pooled costs of generation (1968-69)

Poolod

Encrgy
System Type of Grid generated Cosi
Million
kWh P/kWh
1 2 3 4

1. Bhakra Power System Pare Hydro 4343 {66
2. Koyna Hydro Grid (Ma) . Pure Hydro 2976 68
3. Kerala Grid . Pure Hydro 1623 3-38
4, Mysore Grid . Pure Hydro 2539 350
5. ‘Tamil Nadu Grid Mixed Hydro-Thermal .. 4-50
6. Andhra Grid Mixed Hydro-Thermal 2276 574
7. U.P.Grid . Mixed Hydro-Thermal 5318 6 G0
8. West Bengal S.E.B. . Pure Thermal 1167 6-37
9. Gujarat S.E.B. Pure Thermal 2172 672
10. Madhya Pradesh Predominantly Thermal 1859 7.24

11, Vidarbha Grid (Ma)

Purc Thermal 1169 854




it would be noted from tablc-4 and the table-1
of average tariifs, that State Electricity Boards
which, during 1968-69, were able to maintain
the lowest average tarifls for electricity supply
are those which had exclusively hydro power
systems. They arc followed fairly closely by
those with mixed-hydro-thermal systems with a
preponderance  of  hydel capacity, e.g., Tamil
~Nadu Power System. Purely thermal power sys-
tems had the highest actual costs of average genc-
ration associated with them. The difference
hetween the average costs of hydel generation ol
about 2 P. per unit on full utilization of created
potential and the actual average cost of cmergy
sent out of thermal stations of about 8 P.  per
unit is as high as about 6 P per unit.

2.6. Impact of transmission on cost of power
supply from alternatives

2.6.1. In the past, when the bulk of thermal
power gencration was concentrated at or near
road centres, high voltage transmission costs were
associuted wmost exclusively with hydro powcet
statons. During the past 15 years, a number of
pit-heads or fuel resource oriented thermal powct
stavons have sprung up, with large associated
mgh voltage transmission systems. More recent-
ly, there has been a striking increase in riic num-
ber and size of thermal stations located at remote
centres irom sources of Tuel ¢.g., Ennorc (400
MW), Delhi/Badarpur (600 MW), Hardua-
ganj—about {400 MW ), Bhatinda-—(240 MW).
Nasik (240 MW). Though they arc located
closer to load centres, their magnitudes and the
need for close co-ordination with the operation
of other power stations require high  voltage
grids and extension of cxisting transmission Sys-
tems to utilize their outputs fully.  Nuclear
power stations have greater flexibility than con-
veational alternatives in regard to their iocation
aspects.  But even here, the very large sizes re-
quired for economy in generation, their depen-
dence on “basc loads™ and the need for “back-up™
{from conventional sources, and siting for adec-
quate water-supplies, safety etc., require large
transmission systems to be associated with them
to fulfil conditions of cconomic generation and
power supply. In the case of nuclear projects,
the fact of Central ownership and consequent
multi-State sharing of benefits, also involves
transmission costs,  This will also upply to large
conventional power projects selected on regional
considerations.

2.6.2. It would, thercfore, be seen that the im-
plications of bulk transmission are more or less
common to all alternatives, hydro, thermal and
nuclear. The rclevance of bulk transmission
costs, as a factor in the choice between hydro,
thermal and nuclear sources would be limited to
certain specific situations,  For example, bulk
transmission of very large magnitudes of hydro
power from sub-Himalayan sources to load cen-

tres in the Indo-Gangetic plain may have to be
compared with the alternatives of large scale
thermal/puclear generation at or close to load
centres. In the case of thermal alternatives, as
the magnitude of development increases, the high
cost of transport of coal over long distances may
necessitate critical  cxamination regarding  the
cconomies of transport of fuel and electricity.
It would be nccessany to make, in each case a
detailed study of transport of coal and transmis-
sion of electricity beforc a decision is taken.

In this connection, it would be relevant to
review some of the studies of comparison of re-
lative economics of transportation of coal by
rail and transmission of electricity by EHV lines
that have been carried out in the past. In 1963,
Shri S. M. Zubair and Shri F. C. Kohli had made
a broad perspective study of this problem and
they had concluded that under Indian conditions
buik clectric power transmission is economical
for long distances. A significant conclusion of
the study was “Evaluation of electric transmis-
sion cost vis-a-vis rail transport cost on a long
term basis indicates that a 400 kV transmission
system with an initial load of even 300 MW is
more economical than rail transport, if the initial
Joad iy expected to double itself within the next
5 years™,

The findings of Energy Survey of India Com-
mittee, who had made a comprehensive study of
this probiem in 1963-64, show the decided eco-
nomic advantage of EHV transmission over rail
transport cost cven at loads of 200 MW and
that rail transport cost could be brought down
to economic levels only with the introduction of
unit trains.

The Tata Consulting Engineers made a study
on behalf of the Maharashtra State Electricity
Board recently of the relative economics of set-
ting up a coul fired thermal power station in the
Bombay arca and of transmitting power to the
Bombay arca from mine mouth power plants
sct up in the Vidharba area. The basic assump-
tions and the results of the study are given in
Annex 1V, Tt would be seen from the graph in
Annex 1V, illustrating the calculated overall
clectric transmission cost as a function of maxi-
mum power transfer at a load factor of 70%,
that electric transport of energy is cheaper than
rail transport for loads above 220 MW at 70%
L.F. at a voltage of 220 kV. As the quantum
of energy transport increases the higher voltage
is morc economical. the choice for the bulk
energy transfer is clearly for electric transmission
at 400 kV or 500 kV.

It must be notcd that increase in rail trans-
port cost would increase the economic advantage
in favour of electric transmission still further.
[t may be emphasised that the main cost of elec-
tric transmission being due to capital charges,

(7y S. M. Zubair and F, C. Kohli “Economics of Long Distance Istra igh Voltages Transmission Lines™—Jeurnal

of the Tnatitute of Engivers (India), Decomber 1963,



these remain constant over the life of the trans-
mission system once capital investment has been
made. On the other hand for rail transport, the
cost is likely to increase continuously over years
in line with general increase in price level. If
such increase continues, as is to be expected,
the advantage of clectric transmission would in-
crease further.

3. Future cost trends

3.1. In section (2) the costs of clectricity gene-
ration and supply under existing conditions were
reviewed. The economic trends which may be
expected in the fields of hydro, thermal and
nuclear devclopment in the foreseeable future,
now require consideration. Also, as the Fourth
Plan has already been finalised, the trend of
electricity supply costs during the Fourth Plan
can be forecast.

3.2. Hydro :
3.2.1. Conventional Hydro ;

There is a general impression that early hydro
developments tend to exhaust the most economi-
cal sites and subsequent developments would,
therefore, require higher unitinvestment costs.
The cconomic indications given in para 2 above

i

viz. that the capital costs of hydro-electric sche-
mes, have been relatively stable over the past two
decades run counter to this general belief. This
on a detailed analysis would be found to be
primarily due to the fact that though hydel
development in the country has a history of 70
years, we have developed only 10% of the total
economically developable hydro resources leav-
ing still the bulk of the most economic sites
untapped. An cven more important point is
that the intrinsically most economic hydel sites
are also those with very large potentials of the
order of 500 MW to 2,000 MW—especially in
the sub-Himalayan and Assam Regions—whose
development can only be considercd when de-
mands are adequate; and it is only recently that
they have progressed to the stage at which these
sites warrant serious consideration.  Detailed
studies of the hydro-electric sites yet to be deve-
loped led hydel experts to predict, as early as
1956-60(%), that the hydel sites with larger po-
tentials, which had yet to be developed had such
favourable economic features that their invest-
ment costs on hydro projects would generally
tend to the lower limit of the range of prevailing
investment costs at that time. Table-5 below
gives estimated capital costs of several major
hydel projects, where investigations have been re-
cently completed.

(8) “Economic Trends in the Production of Hydye-electric Ergay ir Irdiz”=NM Fixi b ard K1 Vie

Paper presenied to World Power Conference, 1958,

TABLE—S

Lstimated capital costs of Major Hydro Projects yet o be developed

) - Firm Estimated  Cecst
Si. Project State Installed Power mated per kW
No, capacity Potential cost installed
MW MW (Rs. capacity

at - crores) (Rs.)

6017,
L.F.

2 3 4 5 6 . 7
1. Pancheshwar (Sarda) U. P./Nepal 1500 1000 200 -0G* 1330
2 Chisapani (Karnaly) . Nepa] 1800 1650 180 -00 1000
2, Kalinadi Mysore 1262 1320 14500 1150
4. Bhansagar (Sone) Madhya Pradesh 780 420 93 -0C£ 1190
5. Narmadasagar (Narmada) Madhya Pradesh 1000 413 7213 720
6. Upper Indravati Orissa 600 380 37-38¢ 620
7. Upper Kolab . Orissa 180 148 15-00 835
%. Tikkcrupara (Mahanadi) Orissa 2000 1417 180 -00 900
9, Silent Valley Kerala 120 94 14 -80 1230
10. Hogene-Kal (Daveri) Tamil Nadu/Mysore 800 440 55-60 695
11. Thein (Ravi} Punjab/J. & K. 420 222 72-1C£ 1710
12. Navgam (Narmada) Gujarat {400 1153 131 -0C£ 940

*entirc cost charged to power even though considerable irrigation benefits are afforded. If the cost of com-

mon works is allocated between irrigation and power, the total capital outlay on power will

pondingly lower,

be corres-

£ In the case of Multi-purpose projects, the cost chargeable to power is indicated.



The above analysis refers to hydel sites which
are primarily major sources of low cost firm
electrical energy, and as such involve substantial
investments on construction of large storage reser-
voirs to even out seasonai and annual fluctuations
in river flow. In view of their advantages of
meeting peak demands in the most economical
manner, they have generally been provided with
additional plant capacity for permitting these
hydel power stations to also discharge peaking
functions on the grids of which they forma part.
Even in those cases where the stations are in-
tended to operate at high load factor, it is essen-
tial that the project layout and the detailed
designs keep in view, the need for converting
them to lower load factor operation to meet
future system requirements.

3.2.2. Pumped Storage Hydel Developments :

There is a separate category of hydel develop-
ments, however, which are primarily intended
to meet the peak load requirements of integrated
power systems which derive their actual energy
potentiai  from  thermal/nuclear  generation.
lheir special feature is that such schemes can
be implemented at capital costs which are signi-
ficantly lower than that of all the energy produc-
ing schemes described in the preceding pragraphs.
This is because their civil works for regulation
of water are limited to the construction of very
small head/tail/pool reservoirs, with pondage
capacity for operation during a few hours of a
day and at many sites, where advantage is taken
of existing reservoirs, even these can be eli-
minated. Such ‘pumped storage’ developments
have not been initiated in this country so far
although the time has come in many of our power
systems when there is adequate thermal/nuclear
capacity for off peak generation. In fact, there
arc several sites where existing - multi-purpose
reservoirs and other natural site conditions can
be taken advantage of to construct pumped
storage hydel stations equipped with reversible
machines at extrerely low capital outlays, which,
as an added attraction, would also permit large
blocks of seasonal hydraulic energy generation
as well, substantially improving their economics.
The scope for such applications under conditions
in India has been outlined in a paper presented
to the World Power Conference recently(®). It
is expected that these sites can be developed at
capital outlays of the order of Rs. 800 to
Rs. 1000/kW installed, at sites in the Southern
and Eastern Regions. The above presumes
that equipment costs for hydraulic prime movers/
generators would be reasonable. This is a matter
on which doubts can arise in view of the limited
capability of indigenous manufacture and the
existing ban on imports.

3.3. Thermal :

3.3.1. At all existing thermal stations, the general
tendency would be towards a steady increase in
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the cost of generation over times as the thermal
:fficiency of the station decreases, newer stations
relegate them to lower load factor operation, and
the cost of coal increases. There is no escape
from this inevitable process. This in fact is one
of the chief reasons which have led in developed
countries to their relatively rapid obsolescence
and replacement in the face of mounting pres-
sures to reduce costs of electricity supply.

3.3.2. Future trends in costs of thermal genera-
tion would depend on choice of unit size and
availability of indigenous manufacture thereof.
The Energy Survey of India Committee had made
a comprehensive study of the problem of unit
sizes in 1963-64 on the basis of data available
then. Analysing the trends in advanced countries,
they had observed that in an advanced economy,
a unit size of 100 MW represented the lowest
reasonable economic size and there might be
savings as great as 15% in the capital cost of
generating equipment by going up to a size of
250 MW, the additional savings in fuel cost per
kWh being about 8%. Beyond that size, they
considered that the further advantages of scale
would be marginal though not negligible. They
examined the aspect of adopting higher unit
sizes in India, both from the point of view of
manufacture of the equipment indigenously and
economies to the power supply industry and
be to be bold in respect of pure size but ciutious
in respect of pressure and temperature and the
right policy would be almost certainly to advance
in size as rapidly but no more rapidly, than is
consistent with a low-import content of plant
built in India.

The Tata Consulting Engineers had made re-
cently a study of relative economies of extension
at a thermal station near Bombay with a 300
MW unit and a 500 MW unit, The detailed
budgetary costs were worked out for the entire
project on the basis of prices obtaining in U.S.
and the results of the study were as follows :

L Total Cost  Percent
Unit size (MW) capital per saving
; cost | /
Rs. installed
(Lakhs)
1 2 3 4
300 5096 1699
500 7059 1412 169

More than 50% of the cost of thermal plant
is accounted for by the cost of Turbinegenerator,
steam generator and piping. In all these items
there are sizeable savings when unit sizes are

(9) ““Pumped Storage Development for Better Operation of Power System in India”—K, L. ViJ Paper presented to

World Power Conference, 1968,
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increased. This is illustrated by the table given below (for U.S. manufactured equipment).

Unit Size 3¢0 MWs, Unit Size 500 MWs
A A

0
t — %
fem “ Total Cost r—Toml Cost Reduction
cost per KW cost per KW
Rs. Rs. Rs. Rs.
(crores) (crores)
1 2 T3 4 5 6
Turbine generator 109 363 14-7 294 1941
Steam ge%lerator 121 403 177 354 121
Piping . 2-7 90 31 62 311

The above is indicative of the savings involved
in going for bigger unit sizes on the basis of
imported equipment.

At present the indigenous manufacturing
industries are building units of sizes 100 to 120
MW. 1t is understood that the question of taking
up the manufacture of 200 MW units is current-
ly being examined. The manufacture of units of
sizes bigger than 200 MW would probably
warrant consideration only after sufficient ex-
perience is gained in the country in respect of
manufacture of unit sizes already being manu-
factured. In view of this, the question of adop-
ting unit sizes of 300 to 500 MW in the imme-
diate future can be considered only on the basis
of importing them, as only a few systems would
justify installation of such big units at present
and going in for their manufacture immediately
in the country may not result in either lower cost
or savings in foreign exchange.

It would be worth while to point out here that
adoption of bigger size units in the case of ther-
mal power plants would not materially alter the
economics of thermal power with respect to
hydro power. However, the relative economics
of thermal and nuclear power would require
further careful study.

3.4. Nuclear ;

3.4.1. Tn para 2 it was indicated that the capital
outlays on CANDU type (natural uranium reac-
- tor) power stations are currently estimated at
around Rs. 3.100/- per KW for twin 200 MWe
(approximately) unit Station. The cost of
energy generation at such power stations (under
construction) is expected to be about 6 P/kWh.
In a paper, “Nuclear Power in Developing Coun-
tries” by Dr. Sarabhai and others presented at
the 12th General Conference of YAEA in Sep-
tember 1968, it has been claimed that nuclear
generation from large CANDU type stations in
India using natural uranium employing unit sizes
of 500 to 600 MW is expected to be fully com-
petitive with thermal generation from stations
of equivalent size located at pit heads. Tn this
connection. a more detailed comparison of the
nuclear and thermal alternatives would have to
be carried out on the basis of the up-to-date
cavital cost estimates under condition obtaining
in the countrv. overating experience, similar
assumptions of load factor etc.

3.4.2. The inhibiting factor in nuclear develop-
ment is obviously the capital requirements, which,
1n terms of unit investment costs, are the highest
of all alternatives. The AEC’s estimates indi-
cate that capital costs on even the largest nuclear
units would be 40-809% higher than those of
thermal units of equivalent size.!® In this context,
the possibility of achieving capital cost reduc-
tions by relying on enriched uranium reactors
needs careful consideration. This is important
because economic trends require that the bulk
of long-term future energy generation would
have, inevitably, to come from nuclear stations.
At the recent seminar organised by the Depart-
ment of Atomic Energy at Bombay (January
1970) on Nuclear power, Dr. Sarabhai’s state-
ment that ‘I have not seen a total calculation
how the overall system cost of an enriched ura-
nium plant, taking from the processing right up
to the end, compares with heavy water’ indicates
that further studies are required.

3.4.3. Tt now transpires that the use of slightly
enriched uranium in thermal reactors involving
the use of boiling light water in the coollant circuit
while still using heavy water as modérator will
result in savings in capital costs, The fuelling
costs are also likely to reduce. So far, the
enrichment of U-235 was considered out of
question for India due to its high costs as well
as enormous electric power consumption. This
analysis was based on a gaseous diffusion techno-
logzy. With the marked progress now, however,
of the gas centrifuge technology which is less ex-
pensive, the Department of Atomic Energy is
entrusting itself with serious developmental works
towards it, which involve not only sophisticated
chemistry and machine technology but also pro-
duction materials which are strong and corrosion
resistant.

3.4.4. There are several advantages in going in
for nuclear power to optimise a grid with hydro
and thermal generating units. Nuclear energy
is practically independent of geographical factors.
no combustion products are created and fuel
transportation net-work and large storage facili-
ties are not needed. The present strategy for
development of atomic power in the country aims
at reliance on natural uranium reactors during
1970-80 and from 1980-85 simultaneously
developing thermal and fast breeder concents
based exclusively on thorium cycle. Tn the stage

(10) AEC Monogram T (1969)—Nuclear power in developing Countries.



beyond 1985, there would be scope for natural
uranium fuelled reactors, advanced thermal (us-
ing slightly enriched uranium) reactors, pluto-
nium fuelled fast breeders and breeders using
thorium cycle.

the

3.5. Trends in cost of generation during

Fourth Plan -

3.5.1. In the light of what has been stated in
para 2 and para 3.1 to 3.4 we can now consider
the prospects of changes in the cost of genera-
tton of power during the Fourth Plan. This
can most appropriately be considered within the
regional framework.

3.5.2. Southern Region :

Of the total generation during 1968/69, 3,834
million units was derived from thermal and
8,330 million units from hydro sources. The
pooled costs of generation in Kerala, Mysore,
Tami! Nadu and Andhra are 3.3, 3.5, 4.5 and
5.74 paise respectively—the average for the
region as a whole being 4.5 paise.

In Kerala and Mysore where the available
energy from hydro stations is not being fully
utilised at present and will undoubtedly be ab-
sorbed early during the Fourth Plan, there will
be an overall reduction in the cost of gencration
from existing stations. FEarly commissioning of
the 390 MW Idikki Project in Kerala and ensur-
ing simultaneous utilisation of its benefits—pos-
sible through the Southern Grid—would provide
a large block of additional hvdro energy at
about the same cost at the prevailing pooled cost
in the State. In Madras and Andhra, the bulk
of new generation in the Fourth Plan and imme-
diately thereafter will be through thermal power
stations and the Kalapakkam nuclear station
under construction. The cost of generation
would, therefore, increase in these two States.

By the end of the Fourth Plan, the total energy
generation in the Region would be about 23,500
million units, of which 8.000 million units would
be from thermal and 15,500 million units from
hydro. The overall trend would, therefore, be
of steady increase in power generation costs with
the increases, mainly in Andhra and Tamil Nadu.
Integrated operation of the power. systems of
Kerala, Mysore, Tamil Nadu and Andhra Pra-
desh power systems can arrest these upward in-
creases in costs of electricity generation and
supply. This will, however, require consider-
able effort at regional co-ordination,

3.5.3 Eastern Region :

The pooled costs of electricity generation in
the States/systems of the Eastern Region -are
not available but from indications they appear
to be high notwithstanding the proximity to the
country’s major reserves of coal. This is due to
the almost total reliance on thermal power and
under-utilisation thereof.  The average energy

generation from the tolal thermal station capacit
of about 2500 MW was only 3580 kWhrs/kV

- during 1968/69.

During the Fourth Plan, there will be no ner
cconomic source of hydro generation commis
sioned in the entire region. Some improvemen
through better plant utilisation is possible bu
the scope can be ascertained when Study Group-
completes its work.

3.5.4. Northern Region :

Out of the total generation of 11,500 millios
units in the Northern Region during 1968/69
5300 million units came from U.P. at around ¢
Paise per unit and out of the balance, Bhakra
Nangal with a pooled cost of generation of 1.68
paise per unit. contributed 4340 million units.
The costs of generation of Chambal in Rajas-
than may be of the same order as that indicated
by M.P, viz. 3.5 paise per unit whereas the
pooled cost of generation in DESU, Delhi (not
yet furnished) may be of the order of 12 paise.
The average cost of gencration in the region as
a whole was thus around 4.8 paise/kWh,

Practically all the increases in the capacity
which would materialise during the Fourth Plan
period are on the thermal side. There is al-
ready a shortage of hydel capacity in the U.P.
grid thus, making full utilisation of thermal
capacity difficult and leading to increases in the
cost of electricity generation. In the Western
half of the rcgion also, no major sources of
hydel supply are expected to be commissioned
until the early part of the Fifth Plan period.
Reliance on nuclear sources (RAPP) and ther-
mal capacity (Badarpur, Bhatinda) which are
far away from the collicries would push up
cost of generation and supply substantially.
Relief can be expected only when the Beas,
Stul and U.P’s hydro stations are developed to
their full capacity.

3.5.5. Western Region :

The total energy generation in this region dur-
ing 1968-69 was 12,900 million units, of which
Maharashtra contributed 7,660 million. TIts
hydro component was 4,120 million units or
just over half.  Gujarat (3,280 million) and
Madhya Pradesh (1,950 million) contributed
the rest from purely thermal installations. The
pooled cost of generation in Madhya Pradesh
stood at 7.24 paise, whereas that of Gujarat was
6.7 paise. The pooled cost of the Maharashtra
State Electricity Board grid (including Vidharba)
wiorked out to about 3.6 paise. Taking the
pooled costs of the Tatas grid and Ahmedabad
Electric Co.. the average cost of electricity gene-
rated in the region as a whole was about 5.3
paise during 1968-69.

The cost of electricity supply in the West-
¢rn region is affected bv the - remotense of



important load centres (Western Maharashtra
and Gujarat) from the collieries and hydel re-
sources. Efforts to develop the available hydel
potential in-the region have made no significant
headway. The only hydel stations expected
during thc Fourth Plan are Koyna Stage I,
Vaitarna and Ukai—which are essentially peak-
ing stations. Injection of thermal energy from
stations under construction and increased resort
to thermal alternatives located far from the col-
lieries would naturally increase costs of genera-
tion during the Fourth Plan.

3.5.6 North-Eastern Region :

Generation in this region of abundant hydel
resources is predominantly thermal, and costs
paradoxically are the highest in the country.
Further extension of thermal capacity is in
progress. Improvement in the utilisation factors
by, load promotion may reduce costs of genera-
tion somewhat. Implementation of major eco-
nomic hydel scheme taken up recently in the
Central Sector on regional considerations would
make its impact on the prevailing high cost of
generation only during the carly part of the
Fifth Plan,

3.5.7 The above indications of future trends
of costs of electricity in the country as a whole
are based on the estimated costs of new stations
which would be commissioned in the Fourth
Plan, and the possibility of controlling costs to
the maximum possible extent. They do not take
into account further increases of cost of supply
on account of the need for a higher return on
overall investment than is being achieved at the
present time.

4. The time factor

4.1 In the planning process, the time factor can
be decisive in choice of different alternatives.
Notwithstanding some efforts during 1960-62 at
developing a perspective approach to our power
supply problems, plans for expansion of gene-
rating capacities have actually been finalised
mainly at the start of the Five Year Plans.

Commencement of work on power projects
coinciding with the start of Five Year Plans
creates a hiatus during the early years of the
Plan and a concentration of capacity towards the
end. On the other hand, the demand for power
being a continuous process, what is required is
not such planning confined to arbitrary Five-
yearly periods involving periodic spurts in com-
missioning .of projects but a perspective approach
which ensures a steady and continuous increase
in generating capacity. This perspective app~
roach must always allow adequate time for consi-
deration of all the available alternatives so that
the most economical one is ultimately chosen.

The rate of growth of demand has first to be
correctly established for realistic Jong-term plant-
3-—782I&P/71
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ning. Once the correct demand trend has been
determined, provision must be made not only to
meet these anticipated demands in full but to
provide an adequate margin to cover unforeseen
increases or to accelerate overall economic
growth. :

On the construction front, there are irreduci-
ble minium gestation periods for power genera-
tion schemes which must be allowed for in plan-
ning. Besides, there are wide differences in per-
formance in the speed of construction of projects
by different agencies. All these have to be taken
into account in order to achieve a propér choice
of alternatives following the lowest cost paths
of power generation and supply in each region.

It is evident that the necessary perspective
approach has not been developed in the past.
This is also amply borne out by the lack of em-
phasis in the Fourth Plan on initiating work on
economic power generation schemes for the Fifth
Plan. In the interest of planned development of
economic sources of power, such an approach
has to be developed by all concerned with plan-
ning and implementation of power schemes with-
out any loss of time.

4.2 How fast are load demands growing? At
What rate are they likely to grow in future?

The actual growth of demand is ultimately
reflected in the total energy generation from all
power stations combined. This hides the demand
which has been suppressed due to- non-availa-
bility of generating capacity, or restrictions due
to limitations of transmission and distribution,
but if due allowances for these factors are made,
it provides the best indication that is available
of the rate of growth of demand for electricity,
The enclosed graph (Annex. V) shows the rate
of growth of electricity generation for the. coun-
try as a whole for the last 30 years, which has
been at an average rate of 10% per year. During
the past two decades, i.e. since the advent of the
concept of planning, the rate of growth has been
at a constant rate of 12%, which corresponds in
turn to a rate of doubling every six years.

The picture of growth of demand in the diffe-
rent regions is somewhat different from the
national picture. During the past decade, the
rates of growth have been relatively faster in the
Southern and Northern regions compared to the
Eastern and Western regions of the country.
This would also be seen from the graph entlosed
(Annex VI). It is necessary to note these varia-
tions, when breaking up a ‘macro’ forecast into
its regional components.

Surveys of demand potential have been carried
out by the Central authorities, initially by the
CWPC(PW) and later on, from 1963, by the
All-India Power Survey Committee, -Generally,
they tend to adopt trends of doubling of demand



every 5 years. The authorities make it clear that
these forecasts refer not to actual demands but
to the demand potential which exist and which
would arise in case there are no limitations of
capital resources, and ample generating capacity,
transmission lines, etc. are provided for. Past
experience is of a consistent sizeable gap between
these figures of demand potential and actual load
demands at any time.- The lags in growth of
demand in States like Kerala, Mysore, Madhya
Pradesh, Orissa, Bihar, West Bengal etc., not-
withstanding the fact that adequate generating
capacity had been built up is noteworthy, parti-
cularly when it is remembered that this situation
has arisen in spite of considerable delays in the
implementation of expansion projects.

The situation calls for setious introspection
within the power supply industry of the real
nature of the growth of load demands with a
view to arriving at assessments which would be
closer to the ‘actual’ and can be taken as a
serious basis for definitive long-term planning.
As matters stand, the load surveys tends to be-
come theoretical exercises in assessment of
demand potential, are not taken seriously even
when they are made, and ultimately lead belated-
ly to implementation of crash programmes of
emergency alternatives, which place heavy long-
term burdens on the power supply industry. A
special team of the Power Economy Committee is
considering how our load forecasts can be made
as realistic as possible. The importance of
these realistic load assessments which are essen-
tial for evolving the perspective approach can-
not be over-emphasised.

When planning for entire regions, a macro
approach and projections based on trends estab-
lished during periods of healthy growth could be
reasonably accurate for purposes of long-term
planning. Short-term accelerations and unex-
pected lags in development in different States of
the region would tend to cancel out, providing a
more homogeneous rate of growth for the region
as a whole, from which departures or errors are
bound to be small. The overall long-term eco-
nomic projection of the Planning Commission
could also be taken into account. Detailed load
surveys covering shorter periods would be re-
quired to determine the spatial distribution of
loads and planning of setting up of nuclear/ther-
mal stations sites, pumped storage development
and transmission systems.

4.4 How fast can power stations be constructed?

This is a subject on which there have been
diverse views. For the purpose of their eco-
nomic comparisons, the Energy Survey Committee
in 1965 assumed construction periods of 9 years
for hydel plant, 5 years for thermal plant and
5.5 years for nuclear plant. Table—6 below
which summarises the actual record of construcs
tion activities on several hydel projects in India,

TABLE—6
Actial Record of Construction of Hydro-electric
Projects
Time Time
taken taken
for for
commis- comple-
Sl Name of Project sioning tion
No. for for
first project
unit (years)
(years)
1 2 3 4
{. KundahStagel &Il . . 33 5
(2X20 MW, 4x35 MW)
2. Kundah Stage III
(1x20 MW, 1x35 MW, 3 5
2%60 mW, 1 x50 MW &
1x20 MW)
3. Metur Tunnel . . . 5 6
(4 <50 MW)
4, Panniar . . . . 7 7
(2X15 MW)
5. Sholayar . . . . 51 7%
(318 MW)
6. Sabarigiri . . . . 5% 63
(6 x50 MW)
7. Sharavathi Stage I . . 54 5%
(2x87)
8. Sharavathi Stage IT . . 4 7
(6x89)
9. Koyna Stagel . . . 6% 7
{4 % 60)
10. Koyna Stage 1T . . . 12 3
4x75)
11. Upper Sileru . . . 6% 7
(2% 60)
12. Gandhisagar Stage 1 . . 73 10
(4x23
13. Ranapratapsagar . . 53 7
(4x43)
14, Ganguwal Ist . . . 7 7
(2%x24)
15, Kotla Ist . . . . 8 8
(2 24)
16. Bhakra L. B. . . . 12 13
(5% 90) )
17. Yamuna Stage 1 . . 5 9
(Bx11,3%x17)
18. Rihand Stagel . . . 4% 5
(5x50)
19. Hirakud Stage T . . . 7 9

(2x37-54+2%24)
(For details, see Annex VII-A)

It would be of interest to note that the pace
of construction of most hydel projects, consider-
ing the limitations under which we work, com-
pares favourably even with that of hydel pro-
jects abroad (see Annex. VII-B).

Actual tim¢ taken for construction of some
of our thermal projects completed recently is
given in Table-7,



. TABLE—T i
Actual Record of Construction of Thermal
Power Plants

Time Time
taken taken
L s for for
Sl Name of the Project commis- comple-
No. sioning tion
for of
First project
Unit (Years)
(Years)
1 2 3 T4
1. Delhi Thermal . . . 6 7
(3x62-5MW)
2. Amarkantak . . . 3 3
(2x30 MW)
3, Kanpur . . . . 5 5
(2x32MW)
4, Xalakote . . . . 7 9
(3> 7-5MW)
5. Satpura . . 6 8
(5x62-5 MW)
6. Paras . . 6 6
(1x62-5MW)
7. Bhusawal . 7 7
(1x62-5 MW)
8. Obra Thermal ! . 4 7
(5 %50 MW)
9, Harduaganj Stage 1 . 6 6
(2x30 MW)
10. Harduaganj Stage 111 . 3 4
(2 x50 MW) )
11, Barauni . . . 6 9
(1%X154-2X%50 MW)
12. Kothagudam1 . 4 4
(2x60 MW)
13. Talcher . . 6 8
4x625 MW)
14, Bandel . . . 4 5
(4%x82-5 MW)
15. Chandrapura Stage I 4 )
(2x 140 MW)
16. Dhuvaran . 4 5

(4x62-5 MW)

Gestation periods of power projects were re-
viewed in detail by the Working Group on
power for the Fourth Plan: They noted that
the gestation periods of new schemes involved
(a) the period of investigations right from the
concept of the scheme to its clearance for cons-
truction; and (b) the actual period of construc-
tion of the projects. In regard to (a) above, there
were inordinate delays ranging from 6 years to
almost 2 decades, but, on the basis of actual ex-
perience of the speed of construction of differ-
ent projects during the past two decades, it was
noted by the Working Group that once a scheme
has been investigated and sanctioned, the actual
period of construction of hydro and nuclear
schemes was about the same i.e. 5-6 years (in
‘many cases of relatively simple projects like
Kundah, Periyar etc.,, hydel schemes have in
fact been constructed as fast as in 4 years),
whereas coalfired thermal stations could be
built gencrally in 5 years and sometimes even
in 4 years.

o,
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The above excludes obviously time-consum-
ing large projects like the Bhakra Project, the
Beas Link Project etc. which involve works of
large civil engineering features requiring longer
gestation periods. The essential point needs to
be noted is that in hydro projects, the ‘time
factor’ of actnal construction—i.e. excluding the
periods of investigation up to the clearance for
construction, would largely depend on the kind
of project. In practically all cases, where natu-
ral drops arc available and the power station
and the water conductor system and the storage
works form separate constituent units, and work
can be simultaneously accelerated on all of
them, the schemes can easily be commissioned
within 4-5 years of the start of construction. A
large number of our projects fall in this category.
It is only in those few cases where the “heads”
have to be only artificially created by construc-
tion of large dams e.g. Bhakra, Hirakud etc.
that long gestation periods are involved. Other
factors which tend to increase construction
periods are (i) when work is commenced: on
schemes in which foundation conditions have
been inadequately explored and give rise to
uncertainties during the stage of construction
leading to major changes in designs and -esti-
mates of costs; and (ii) where adequate financial
provisions are not made in time for executing the
project with all possible speed.

Studies show that in India, it is the initial
period of “investigation and pre-construction
activities relating to sanction” which is unduly
prolonged. This, therefore, is what has to be
controlled through all-round concerted action.
From 1956 onwards, power engineers have been
emphasising the need for advance action on in-
vestigations of hydel projects from different
forums. The importance of investigations has
perhaps been most succintly and powerfully ex-
pressed by the Estimates Committee of Parlia-
ment in their 30th report (1962-63) .

“As it is an established fact that hydel is
the cheapest source of power in India, the
Committee would urge the Government to
investigate and prepare blue prints of all
the remaining hydro-electric schemes so
that they can be readily available for being
taken up to meet the increasing demands.
This is all the more desirable as India has
all the requisite experience for undertak-
ing investigations and preparation of pro-
ject reports as also the implementation of
hydcl-schemes.”

The CWPC laid great emphasis in their pers-
pective plan for power development (1960) on
the need for investigations of all kinds of power
projects, particularly hydel projects. Subse-
quently kcen interest was taken by the UN.
Special Fund authorities, which led to the
launching of a countrywide scheme of investi-
gations of 62 major hydel projects in the coun-
try whose urgent consideration for implementa-
tion was taken for granted. Equipment for the



purpose was arranged through the assistance of
the U.N. Special Fund, but the actual prog-
rammes of investigation work were dispersed to
the various State organisations, along with the
equipment, as decided by the Planning Commis-
sion/Central Ministries. It is unfortunate that
most of this work is still incomplete. Out of the
62 projects, detailed project reports on 12 pro-
jects have been prepared and a further 6 pro-
jects have been reported upon in a preliminary
manner.

This again would be seen to be an cxtrcmely
unfortunate situation calling for immediate re-
medial measures. In this connection, it has to
be recognised that it is not sufficient merely to
carry out limited investigations and preparc
brief project proposals and estimates. What is
required is nothing short of project proposals
and designs which would not involve any signi-
ficant variations in cost or time when action
regarding their implementation is decided. The
Study Group considered the steps required to
be taken to remove present drawbacks and en-
able proper reports/estimates to be prepared.
Their conclusions and recommendations in this
regard are given in Section-8.

4.5 Once the time involved in investigations
and sanction of projects is controlled (i) by
building up proper institutions to undertake such
work with streamlined procedures on a thorough
and uniform basis, and (ii) by a proper pers-
pective approach to sanctioning projects on a
continuing basis and as part of a total program-
me rather than on an individual basis as at pre-
sent, the time factor in actual construction of
projects would not be materially different in the
different alternatives under consideration /..
hydro, nuclear or thermal. In any case, the
margin of difference would not be such as can-
not be easily taken care of in a perspective plan.
While it can be argued that a thermal unit can
be brought into commission at a developed site
faster than the average rate of 4-5 years, it can
equally well be argued that a pumped storage
or peaking hydro station can be brought into

commission equally quickly. These would,
however, be exceptional situations.
4.6 Thus, it would be seen that once it is

recognised that the guiding consideration is to
make arrangement for power supply in the future
along paths of lowest cost developments, timely
advance action on preliminaries and a proper
perspective approach to planning can  ensure
that the ‘time factor’ would not stand in the way
of implementation of the most economic deve-
lopments. The obligatory line of action which
follows is again most succintly stated by the
Estimates Committee itself in 1963 :—

“The Committee are glad to note that pers-
pective plans of power requirements till
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1981 have been drafted. Planning for
power is in fact a continuous.process and
the perspective plans have to be reviewed
in the light of requirements revealed by
power surveys. The Committee would like
the Government to pay close and continu-
ous attention to perspective planning so that
the targets fixed are fully in consonance
with the requirements.”

4.7 It would thus be secen that the import-
ance of a perspective approach to ensure the
most economic paths of power supply and
arranging for timely development of indigenous
manufacture of equipment had been accepted by
Central Planning Authorities in 1960-62. Un-
fortunately, despite occasional genuflexious to
this subsequently, there has not been any sjgn
of adherence to this principle in practice, and
to this day, sanctions of new schemes continues
to be given on an individual, and often, .emer-
gency basis.

5. Basic Energy Resources

5.1 Need for review now :

In 1965, the Energy Survey Committee dealt
exhaustively with the availability of basic energy
resources—coal, water, oil/gas and nuclear
fuels—available for conversion to electricity
Broadly, their conclusion was that for the fore-
seeable future, there would be adequate energy
resources for conventional methods of electricity
generation all over the country,. that in, particular
there would be very large surpluses of by-pro-
duct coals constituting a basic problem of uti-
lisation and finally that decisions on implement-
ing nuclear alternatives must be based purely on
economic considerations. The main changes
since 1965 need to be noted. ’

5.2 Hydel Resources :

5.2.1 In regard to hydel resources, Dr. A. N.
Khosla has recently opined that the estimates
of the carly fifties of our hydel potential (40
million kW) are low and “the actual figure may
well turn out to be ‘well over’ 100 million kW
economically feasible and utilisable water power,
as with each new investigation the figure is
going up”. He has further stated that “What
appears uneconomical -today may become eco-
nomical in future in terms of cost-benefit
ratio’ (1),

5.2.2 The CW&PC’s preliminary assessment
of our hydel resources was carried out during
1953-60 and they (a) included only firm poten-
tials and (b) were estimates of economically
utilisable hydel resources on prevailing economic
considerations, It excluded seasonal potentiali-
ties and the potential in years of average and
heavy rainfall. It also excluded sites consider-
ed uneconomic according to standards of in-
vestment costs at that time. o

(11) “CW & PC—April 1945 to April 1970"—Dr. A. N.Khosla—Silver jubilee Souvenir 1945—70 CW& PO).



5.2.3 Studies and surveys carried out subse-
quently notably in the Indus system have indi-
cated that the firm hydro potentials would be
substantially greater than the earlier estimates.
For instance, the hydro potential located in
Himachal Pradesh was placed at 3 million kW
under the earlier Hydro Electric Survey, but
subsequent developments have pointed to the
fact that these would be of the order of 8 million
kW,  Similarly, the potential of the Chenab was
indicated as 3.26 million kW on the basis of
permissible storage under the Indus Water Treaty,
It is this conservative figure which is included
in the early surveys of the CW&PC. Investi-
gations carried out indicate that this figure would
increase to 4.0 million kW and, if storages can
be increased in future, under international agree-
ment, the figure of firm potential can well in-
crease to 6.5 million kW,

5.2.4 In the central Himalayas, the hydro-
electric potential of the Sarda-Karnali system
was assessed at 4.5 million kW, that of the
Karnali valley in Nepal adjoining U.P. being
set at about 2.75 million kW, Detailed surveys
carried out subsequently under the auspices of
the United Nations have increased the potentials
of the Lower Karnali to 5 miilion kW at 60%
load factor at 3 sites, and that of the entire
Karnali valley to about 7 million kW of installed
capacity. But this potential lies in Nepal. The
assessed power potential of the Sarda valley has
been substantiated by subsequent investigations.

5.2.5 On the Deccan River systems, there is
no reason to warrant any increase in the esti-
mate of firm potential of 14 million kW at 60%
load factor. However, recent technological
trends of pumped storage development through
installation of reversible pump-turbines  have
opened up possibilities of developing a number
of sites, where economic hydel generation on a
seasonal basis would be possible. This energy
potential can either be firmed up by co-ordinated
grid operation or utilised for saving in costs of
coal at existing thermal stations. These season~
al potentials, which have not been dealt with in
the earlier hydro-electric survey report, may in-
c?.e;se earlier figures of energy potential by about
30%.

5.2.6 The enclosed map (Annex. VIII) indi-
cates the location of the country’s hydro-elec-
tric resources and the table below indicates the
extent of utilisation in each region by the end
of the Fourth Plan. On the basis of the latest
information regarding hydel energy resources,
and their economics of development, it has been
indicated that it would be possible to instal
about 80 to 100 million kW of hydel capacity
on our river systems during the next two to
three decades as required for efficient operation
of our power stations and grids.

5.3 Coal :

5.3.1 In 1963, the coal reserves of India
up to a depth of 609 metres (2000 ft.) had been
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estimated at about 128,000 million tonnes und
this figure had been indicated to the Energy
Survey of India Committee. This figure was
revised to 87,000 million tonnes in 1967, the
main reductions being at Singrauli and Talcher
coal ,ﬁglds where the estimates of reserves were
revised to about §,000 million tonnes each from
the earlier estimated figures of 30,000 million
tonnes each. The estimatesin 1968 placed the
country’s coal reserves at about 100,000 million
tonnes up to depth of 609 metres (2000 ft.)
in the case of the most of the coal fields and
1,219 metres (4,000 ft.) in the case of some ot
the collieries specifically Raniganj and Jharia.

5.3.2 It would be recalled that the Energy
Survey Committee had indicated that 12, 33 and
53 million tonnes of by-product coals would be
available in 1970-71, 1975-76 and 1980-8]I
respectively. Assuming that surplus washery by-
products would otherwise be wasted and arc
potentially available to be used at zero cost they
observed that “a low coal-cost thermal station
such as can be constructed to burn by-product
or waste coals at the coal field, if operated at a
plant factor of 60% or better, would provide
the cheapest rates of generation of power™.
Against these, the availability of by-product coal
during 1969-70 was only of the order of 3.69
million tonnes and at the end of the 4th Plun
(1973-74), the availability is now estimated at
6 million tonnes (Annex. IX). In view of this,
conventional thermal power generation would
have to rely mainly on non-coking high ash
content coals mined specifically for the purposc.

5.4 Oil/Gas Resources :

Under prevailing eonditions in this country
oil/gas resources have an insignificant effect in
the total picture. No major variations from the
trends indicated by the Energy Survey Commit-
tee, have been reported.

5.5 Nuclear Fuels:

In 1965, the Energy Survey Committee
pointed out that, even assuming a burn up of
10,000 MWD/toane of fuel, the then estimated
reserves of Uranium (in Bihar) would be sufli-
cient only for the operation of one million kW
of nuclear capacity during its useful life. Thev
noted that the Department of Atomic Encrgy
had since indicated the possibility of increasing
the figure fivefold. The AEC monograph | on
“Nuclear power in developing countries (1970)"
indicates that the reserves of uwranium available
may sustain 5000-10,000 MWe of Nuclear plunt
for their life time.

In view of these limitations, the Energy Sur-
vey Committee pointed to the reserves of 500,000
tonnes of thorium—described as being cqual in
magnitude valued to all the world’s uranium orc
containing 0.1% and above—with the rescrvu-
tion that thorium could be used for production
of nuclear energy only after solution of o num-
ber of problems. They also belicved that the



tonversion of thorium could best be done in a
breeder type reactors and that only when these
processes have been developed and, especially
when suitable breeder type reactors are com-
mercially available, could the country regard it-
self as being richly endowed in nuclear fuels.

An extract from “Uranium Resources——Revis-
ed Estimates December 1967”—A joint report
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by the European Nuclear Energy Agency and
the International Atomic Energy Agency—which
presents the position of our resources as on
December 1967 is enclosed as Annex. X.

5.6 The position regarding the availability
of different conventional resources of energy on
a regional basis is given in table-8.

TABLE—8

Conventional energy resources and their regional Distribution

Total Total Hydro Total Total
Region coal lignite resources (MW) at oil natural gas
reserves reserves (609 L.F.) IeServes 1eserves
106metric 10 6metric ~ A — 10 6metric 106 cubic
ton ton Total Devel‘?cped : tons metres
under
develop-
ment
1 2 3 4 5 6 7
A2
thern 5515-00 203200 8097 -0 3220-5
Souther (3980%)
11-10 7168 -9 941 -5
Wester 2288700 (13-12%) 15387 63,600
h 22 -30 107315 2450 -7
Northern (2280 )
74227 :50 2693 +7 574 -0
Eastern 21 30%)
-East 362960 12464 -4 375
North-Eastern ©30%)
TorAL 106259 -60 2063 40 41155-5 72242 153 87 63,600
(17 60%)

Note : The hydro resources are based on C.W. & P.C. ’s Hydro-Electric Survey,

6. Implications of Regional Development tor
Power supply

6.1 The fact that the energy resources of the
ccountry are not evenly distributed amongst its
political constituents—itself a changing pattern
—was realised by Power Engineers for quite
sometime, leading to pleas for rapid develop-
ment of an All-India Grid. The CWPC’s survey
of the hydro-electric resources of India (1953~
60) brought these problems of uneven dis-
tribution of the country’s energy resources into
sharp focus. A regional demarcation, based
primarily on consideration of distribution of
energy, resources and presenting a lasting geog-
raphic basis for rational planning of power was
first proposed in 1957(1%). According to these
proposals, the country was to be divided into 8
regions, self-sufficient in resources and demands.
The intention was that the economic plans drawn
up on the basis of this regional convas could be
then broken up into State components for actual
implementation according to State fiscal plans.

6.2 In 1960, the Planning Commission, real-
ising the scrious weakness introduced by plann-
ing for power in the framework .of short-term
five-year plans, called for a perspective plan for
power development for the period up to 1980
indicating the clear order of priority, the hydro,
thermal and nuclear power stations to be cons-
tructed, with their precise locations. This pers-
pective plan was prepared by the CW&PC
(Power Wing) in 1961 and circulated to the
Planning Commission and the States. It was
drawn up on the regional framework indicated at
para 6.1. above, with the slight alteration that
two of the regions in the southern part of the
country were merged to form one, reducing the
total number of self-sufficient regions from §
to 7.

6.3 This regional framework was adopted by
the Power Survey Committee in 1962 for the
first of the current series of All-India Power
Surveys. Its implications for ensuring integrat-
¢d operation of existing power systems and also

(12) “A Regional Plan for Power Development in India”—X. L. Vij & C. K. Chandran, Journal of Institute of

‘Engineers (India) June 1957.



for planning for future power development in
India were considered in detail by the Chairmen
of the State Electricity Boards and by the Co-
ordination Committee of Ministries in 1962. The
first annual power survey report published by
the Central Electricity Authority in 1963 records
in detail these deliberations from which it would
be seen that at the State level this rational
approach to electricity development in the future
found ready acceptance.

- 6.4 These proposals for regional develop-
ment of power were also described by the Ministry
of lrrigation and Power to the Estimates Com-
mittee of Parliament who, in their Report 1963,
observed as follows :—

“The representative of the Ministry stated
that Statc Electricity Boards had agreed in
principle to setting up of Regional agenci-
es for planning and genecration of power.
The Committee notes that the
Group of the Electric Power Survey had
recommended in February 1963 that the
country might be demarcated into the fol-
lowing 7 Regions, It has been proposed
that the Regional Power Agency should be
vested- with the responsibility of planning
new power stations and major transmis-
sion lines and integrated operation of power
system in the Region as a whole. The
Committee feels that the establishment of
Regional grids and regional power agencies
were developments in the right direction.
They note that a Committee will examine
the scope of the Regional Agencies and
the Central Agencies and their powers and
ancilliary matters. The proposal is of suffi-
cient importance for a Committee to go
into the question in detail and bring out
all the implications after ascertaining the
reactions in the places which would be
effected by the proposal.”

6.5 The position was reviewed by the Minis-
try of Irrigation and Power in 1364 when the
constitution of these regional agencies was taken
up. Some major departures from the earlier
policies were made at this stage. The geogra-
phically based, seven regional demarcation sug-
gested earlier was charged into a fiveregional
assembly of adjacent States into five regions viz.
the Northern, Southern, Western, Eastern and
North-Eastern. It was also decided that, in the
first instance, the regional agencies would concen-
trate on arrangements for integrated operation of
existing power system in each of the region.
They were to function in a purely voluntary
capacity but were also expected to ensure that the
power stations in each region are so operated as
to derive the maximum possible benefits to the
region as a whole,

6.6 Study Group II is now engaged upon a
study of the progress of integrated operation in
the country and the development of technical
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arrangements for load despatch, and other insti-
tational and financial arrangements. We have
to await the report of this Study Group.

6.7 It is necessary to consider afresh the im-
plications of regional approach to planning for
tuture power development in this country, which
is an inevitable step in the development of an
All-India Grid or of uniform power policy in
the country. It is not difficult to choose the
most economic schemes in each region at a
particular stage. Techniques of optimisation
and arriving at the best mix of sources of power
supply have already been developed in other
countries, and are being actively considered in
India also. The main problems lie in arrang-
ing for implementation of schemes chosen on a
regional basis, within the framework of finan-
cially independent State power systems, with
whom lies the primary responsibility for promo-
tion of schemes for expansion of power supply.
Two clear alternatives are possible viz. (i) Cen-
tral control of all Regional generation schemes,
and (ii) joint ownership of these schemes by
the States on a mutually agreed basis. In actual
operation of these regional schemes, the aspect
of ensuring equitable distribution of the antici-
pated economic benefits becomes a difficult and
crucially important problem. Within the pre-
sent institutional framework all this work would
have to be done on a purely voluntary basis.
Some feel that the only course is centralisation
of generation (major) and bulk transmission.
There are, however, others who feel that this
work should be left to Regional Electricity
Generation Boards, which are given formal legal
and financial status.

6.8 The Energy Survey Committee, while
noting that it was not certain whether volun-
tary collaboration of States can or cannot suc-
ceed in providing the means of effective organi-
sation and efficient operation of State power
systems, also pointed out the limitations of cen-
tralisation of generation and bulk supply.

“Centralisation of planning and strategic
organisation of the industry cannot, how-
ever, imply .centralised day-to-day execution
of the centrally determined policy in all its
details. It is unthinkable that the Indian
Electricity Supply system should be run in
practice as a single unit. The areas cover-
ed are too vast. Thus even if there were
central ownership and strategic control,
there would have to be decentralisation of
detailed day-to-day execution.”

After considering various alternatives, includ-
ing establishment of the Central Electricity
Generation Board, they finally recommended as
follows :— .

“Careful consideration has been given to
the organisation of electricity supply that
is most appropriate to the changing tech-
nical conditions and the need for greater



intégration than has existed in the past. We
welcome’ the creation of Electricity Supply
Regions, We hope that this very necessary
integration of the planning and operation
of the generation of electricity may be
achieved without any formal re-organisa-
tion and by the voluntary cooperation of
the State Boards within the various regions
and of the regions themselves. It will,
however, be necessary to watch carefully
the- progress of cooperation on this basis
and it may, at some stage, be necessary to
consider whether a greater degree of central
ownership and™ control of generation is
necessary condition for an effective gene-
ration policy.”

The institutional arrangements for prepara-
tion of perspective plans for power development
at Central, Regional and State levels were dis-
cussed in- detail by the Study Group and their
conelugions and recommendations are summaris-
ed in Section-8.

7. Problems of matching. indigenous manufacture
of Heavy Elecfrical Equipment to the Econo-
mic Requirements of the Power Supply
Industry

7.1 Although all early indications and
CWPC’s perspective: plan (upto  1980) called
for primary dependence on hydel development
for expansion of our power supply system, the
heavy electrical equipment manufacturing indus-
try was, for inexplicable reasons, organised with
a bias towards larger capacities on the thermal
side, and the emphasis of initial efforts was
also in that direction. These matters were dis-
cussed at an inter-ministerial meeting held in
1962 to consider manufacturing programmes of
the new factories at Tiruchi, Ramachandra-
puram, and Hardwar (Ranipur), when it was
decided” to allow “the programmes of installed
capacity and output as envisaged by them
(Heavy Electrical’s Ltd., Bhopal)” to go ahead.
The targets for steam and hydro plants werc
fixed at 2.6 million and 1.7 million, the
1970-71 outputs being set at 1.87 million and
1.1 million kW respectively. There was, of
course, the proviso that, should the requirements
of- hydro units tarn out to be larger, Heavy
Electricals would try to meet them by making
fuller uses of- installed capacity and conversion
of part of the capacity at Ranipur to meet hydro-
requirements. During the deliberations of the
Working. Group of Power Development in 1968,
it became apparent that provision for such con-
version at Ranipur has not actually been incor-
porated. The actual capability for manufactur-
ing limited hydro electric units appears to be
far less than what was sanctioned, leading to
strong preferences by the manufacturing industry
towards use of costlier steam equipment on our
power systems. The manufacture of pump
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turbine hydro units most essentially required in
the Fifth Plan period for achievement of capital
savings and improvement in the utilisation of
existing installations, and of system performance;
has not been programmed. The net result is
that, at present, the manufacturing programmes
of the heavy electrical industry, and the require-
ments of economic power supply in the power
supply industry stand opposed to each other.

7.2 The question of high prices being charg-
ed for the equipments manufactured indigenous-

ly is under consideration by a high level Com-

miittee, and it is not necessary to examine all
its aspects here. But it must be mentioned that
the iarger diffcrences in cost as compared = to
world market prices are on the hydro side, they
being much higher than international prices.
Their delivery times are even more uncertain.
The position of supply of hydro units is so un-
certain in fact that in the case of units ordered
for some of the hydel stations under construc-
tion in U.P., delays in commissioning of these
projects due to delays in supply of equipment,
have led to consideration of augmentation of
thermal capacity. to meet the “gaps”. In a
recent article (1967) by the Chairman, Bharat
Heavy Electrical Ltd., it was indicated that
orders for hydro electric machines would have
to be placed 6 to 7 years in advance, to ensure
deliveries in time. This has to be compared
with a normal delivery period of 2 years in the
case of imported equipment, Not so long ago
in this country and as practised every where-
else ordering of equipment for generating plants
was the item of lowest priority in the construc-
tion of hydro-electric projects. At present,
State Electricity Boards are faced with the pro-
blem not only of ordering this equipment ahead
cven of the sanctioning of projects but advance
payments are being demanded and made even
before the civil works at site have commenced.
1t reflects the drastic change in the equipment
supply position following organisation of indige-
nous manufacture.

7.3 It would be interesting to review the
foreign exchange requirements of indigenous
manufacture, for one of the main objectives of
this industry was to reduce them, and thus
enable higher targets of achievement in the
power supply industry. In the report of Com-
mittee on Public Undertakings it was indicated
that the import conient as a percentage of sale
value in the products that were then fairly
established, was as follows :

(i) hydraulic turbine 47%

(i1} hydro gencrator 70%

(iit) steam turbine 84% and

(iv) stcam turbo alternators 75%.

(13)- Twelfth Report of the“Committee on Pulic Undertakings For the Lok Sabha—Heavy Flectricals (India) Ltc'

Ministry of ID andC.A, (1964),



Recent figures of the imports content of
indigenous manufacture are not available, For
a proper economic comparison it would be

necessary to obtain this information both as
percentages of prices and in actuals from the
Heavy Flectrical manufacturing industry. It
would also enable rational view to be taken
regarding the policy to be followed in the future.
The Study Group, therefore, suggests that the
Chairman of the Power Economy Committee
may obtain information regarding foreign ex-
change involved in indigenous manufacture of
different items of heavy clectrical equipment to
enable analysis of the problem in the correct
perspective.

7.4 It would be admitted by all that manu-
facturing industries must subserve the require-
ments of the power supply industry in which the
investments already are of the order of over
Rs. 4,000 crores and Rs. 2,440 crores are to
be added in the Fourth Plan period. It cannot
obviously be the other way round. In the
interest of securing economic operation of the
power supply industry, the heavy electrical
factories would have to orient their manufactur-
ing programmes to meet the genuine economic
needs of the power supply industry, If the re-
quircment of the power supply industry dictates
are almost a total reliance on nuclear, hydro-
electric plant, the industry should gear itself to
be capable of adjusting its product pattern to
suit these requirements. As the problem of
providing peaking capacity in the most economi-
cal manner can be solved in many of our sys-
tems by introducing pumped storage installation,
the indigenous manufacture should organise
themselves to manufacture reversible pump-
turbine units and deliver them in quick enough
time. Till then these and the requirements of
low gestation period conventional hydro schemes:;
which cannot be met by indigenous manufacture
in time, should be allowed to be imported so
that large savings in capital outlays and operat-
ing expenses can be effected and power demands
are met in time.

8. Conclusions and suggestions on factors which
must prevail in the choice of alternatives in
each region

8.1 Relative costs of energy generation-hydro,
thermal and nuclear alternatives.

8.1.1 In this respect, “certain conclusions leap
to the eve” to borrow an expression from the
Energy Survey Committee. Under existing condi-
tions, and according to expected trends in the
near future of the three main alternatives-hydro,
thermal (coal fired) and nuclear, conventional
thermal schemes involve, by far, the highest costs
of energy generation in this country, which dur-
ing 1968-69 varied from 6-10 paise per unit even
at relatively new and large power stations. In
terms of capital outlays, they cost nothing less
4—T7821&P/71
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than Rs. 1800/KW iastalled today or about
}s. 2500 per KW of firm capacity on purely
thermal systems-allowing for the usual margins
to cover scheduled maintenance, spinning reser-
ves, etc. Even the rcsort to unit sizes of the
order of 200 MW-may not help bring down costs
of future thermal generation appreciably under
conditions of indigenous manufacture and rising
costs of coal.

8.1.2 The costs of generation at nuclear stations,
existing and under construction on a comparable
basis are estimated at about 5 paise to 6 paise
per kWh. With the adoption of large units of
the order of 500 to 600 MW, it has been esti-
mated by A.E.C. that the cost of generation will
reduce significantly. More detailed studies are
required to establish a realistic picture of cost of
nuclear power from stations with bigger wunits
and adpting advanced reactor concepts. Never-
theless, it has to be noted that even the cost of
energy generation from 200 MW CANDU type
reactors at about 6 paise per unit would be com-
petitive, with prevailing cost of thermal generation
at most of our thermal stations which are remote
from collieries, ever after allowing for the neces-
sary standby provisions. We are therefore, un-
doubtedly on the right path of low cost generation
in depending on nuclear powecr stations as the
cheaper of these two alternatives, at most sites
which “are remote from the collieries. But to
accept this as a major policy decision, we must
have better assurances of figures of capital and
running costs on the basis of the actual operating
performance of these stations for a few years.

8.1.3 Hydel schemes have established themselves
as undoubtedly the cheapest source of electricity
generation in India involving in the past decade
comparable and in many cases even lower
capital outlays per kilowatt of effective capacity.
Their energy generation costs range from 1 to 3
P/KWH, 2P being the overall average (not re-
presentative in all regions). Besides these obvious
and great economic benefits, the Working Group
on Power (1968) recognised the fact that non-
utilisation of hydel rcsources represented a colos-
sal irrecoverable loss of valuable natural resou-
rces. Hydel developments over the next 2/3
decades are expected to be about the same levels
of intrinsic economy as prevailing at present,
and it has been indicated that our river systems
are capable of providing 80-100 million KW of
hydel capacity at favourable sites compared to
the 7 million KW installed today.

It would be noted that maximum utilisation
of capacity is possible at thermal installations
which opcrate on the base of the load curves of
the respective mixed hydro-thermal systems hav-
ing adequate hydel capacities to operate com-
plementarily to take the low-load-factor peaks.
Examples are Neyveli (5800 kWh/kW installed)
and Trombay (5640 kWh/kW installed). On
the other hand, the average energy output of



power stations of our purely thermal systemns
huring 1968-69 was generally less than 4,000 kwh
per LW installed as a system averatve-one or two
new .iutions in a systerm may have exhibited
bette:r tigures-pointing to the conclusion that even
in ar.us proximate to our collieries, it would have
been decidedly more economic to rely on mixed
hydre -thermal power systems with their poten-
tial {or full utilisation of generating capacities
and cther great economies, rather than on purcly
ther-al installation as at present.  Providing
these primarily thermal systems also with comple-
mentary hydro peaking stations to improve their
utilisatio.n is one of utmost priority for the 4th &
5th Plans.

8.2 Relative Priorities for Development
Differcnt alternatives, hydro, thermal
nuclear

8.2.1 In regard to the relative priorities for
development of different alternatives hydro, ther-
mal and nuclear power, in view of what is stated
at para 8.1 above, there is little to add to the
conclusion of Dr, H. J. Bhabha in 1965 viz.,

“The obvious conclusion is that, wherever
power is needed and it is fcasible to gene-
rate it by water power, this should be done
in preference to other methods.”,

the recommendations in CW&PC’s perspective
plans (1962) viz,

“In view of the above capital cost compa-
risons, the far lower foreign exchange com-
ponents required for hydro schemes, their
much lower costs of generation, and the
fact that there is no depletion of natural
resources, it is obvious that, on purely eco-
nomic considerations, hydro power should
be resorted to wherever feasible and thermal
(tincluding nuclear) resources developed to
a complementary extent to meet the expect.d
deficits. This therefore has to form the
basic principle for a perspective plan for
future power development during the next
two decades”,

of
and

the recommendations of the Energy Survey com-
mittee (1965), viz.

“In the light of thesec estimatcs, it seems
clear that India will be well advised to con-
tinue to exploit hydro resources wherever
there arc suitable sites available”.
and the recommendations of the Working Group
on Power for the Fourth Plan (1968) viz.

“As power generation has to be planned
on the basis of the most economic schemes,
Loth in capital investment and in recurring
coats, it is inevitable that a greater part of

the additional capacity (required in the
Fourth Plan) would have to come {rom
hvdro schemes.”

8.2.2 The above conclusions have been

derived from an analysis of the direct costs to the
power supply industry, The actual costs of
generation during 1968-69 represents the true
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costs of power gencration to the industry, as
accounted. We may benefit from a more com-
prehensive analysis including present worth ana-
iysis etc. Typical studies of this sort on selected
power projects in this country are being carried
out by Dr. Venugopal, Member of the Power
Economy Committee in consultation with the
Member-Secretary. The results of these studies
may be awaited to consider whether the above
conclusions need to be modified on any account.
However, as the time factor of actual construc-
tion remains practically the same in all  these
alternatives, and the capital costs of hydro
schemes are either comparable to or lower than
the other alternatives, it does not appear, prima
facie, that the couclusions above would be alter-
¢d. On the other hand, a fuller economic ana-
tysis of the total investments required for differ-
ent alternatives not only in the power supply
industry, but also in the associated mining and
fucl processing industries, and those associated
with transport and disposal of fossil and fissile
fuels would tend to increase the margin of differ-
ences between the hydro costs and its alternatives
in its favour.

An cconomic factor, which requires further
analysis is regarding the relative foreign exchange
components of these alternatives under existing
conditions. At the stage when all heavy plant
and equipment was being imported, the prefer-

ence lay with hydro-electric schemes as their
capital investment had the highest indigenous
content. With recent trends of indigenous

manufacture, the position has become somewhat
different and complex. During earlier stages of
manufacture the information given by our manu-
facturers to Parliament’s “Committec on Public
Undertakings” indicated that manufacture of
hydro units had already developed to a stage
where it involved relatively lower import con-
tent than manufacture of steam sets. We have
separately recommended that the PEC may
obtain information in this regard, The exact
position may be reviewed when this information
is received.

8.2.3 Both CWPC’s perspective plan for most
economic development of power supply and the
Energy Survey Committee’s Report (1965X had
recommended—with indications of exact sites to
bz developed—that 52% of the total capacity
during 1969-74, should be of hydel installations.
Actually, they account, instead, for just 40%
of the total now (Annex. XI). Failure to deve-
lop the country’s hydel resources at a faster pace
during the past decade, and the resort instead to
large-scale thermal generation, especially in areas
within economic reach of hydel potential and
remote from our collieries, thus saddling our
power systems with energy generation costs 5-6
P higher than necessary, emerges as the most
important contributing factor to current high
prices for power supply. If the admittedly more
economic path of lowest cost developments sug-
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gested earlier had been followed, at prevailing

tarifis, the power supply industry would
generating  additional Revenue surpluses of
the order of Rs, 180 Crores during the 4th Plan.

(Annex-Xil). This figure of cost benefit would
increase during the 5th Plan if steps are not
immediately taken to put the country’s power
development plans back on the path of lowest
cost developments. The main reasons for our
inability to ensure choice of schemcs for ex-
pansion of power generation and supply follow-
ing the pati of lowest cost developments in tuc
past are (1) delay in adopting the regional appro-
ach to power development—which alone wouid
have provided the necessary wide canvas for
choice of the inost economic alternatives, (ii) a
consistent lack, in the final stages of pianning,
of a perspective approach designed to sccure
lowest cost developments, (iii) expectations of
large surpluses (subsequently behind) of  by-
product fuels from coal washeries, (iv) and a
general prevailing impression about large aad
decisive differences in the “construction time”
factor in favour of conventional thermal genera-
tion. Other reasons, less important, are the
large-scale dependeice during the past decade
on tforeign aid and hence on alternatives wiich
inevitably invoived choices with higher import
contents, and the orientation of our public sector

heavy clectrical cquipment factories towards
manufacturing steam  generating units.  Now

that the rcasons for higher power supply costs
are apparent, and it is desired that they should
be reduced, remedial measures must be  taken
and rational considerations aliowed to prevail in
the future in the choice of schemes for expan-
ston of power generation and supply.

8.2.4 Costs of energy generation and supply
in this country have now to be drasticaily con-
trolied and reduced; full utilisation of generating
facilities alrcady buiit up has to be ensured; and
~we have also to ensure that limited capital allo-
cations to the power supply industry go tae
farthest distance in meeting our estimated defi-
cits. To achieve these objectives, it is inescap-
able that, during the Fifth and Sixth Plans, the
bulk (about two-thirds) of new generating capa-
city to be added must be derived from hydro
sources, both of the energy intensive and peaking
categorics, as laid down most recently by the
Inter-ministeriai Working Group on Power for
the Fourth Plan (1968) which took into ac-
count the requirements of the Fifth Plan. For,
this alone can arrest the steady increases in costs
of power supply. The balance of new generat-
ing capacity should be derived from super-stcam
power stations, cmploying the largest possible
unit sizes, and located at the coal washeries/
coal mines, since this alternative is bound to be
cheaper in the immediate Tuture, and in the long
tun than locating the thermal stations far away
fron: the collieries.  Nuclear power gencration
would have to be resorted to prefercntially at
all points which are remote from collicries and

be

involve long haulage of coal in steadily increas-

ing mecasure. The above provides the broad
guidelines for future power policy to ensure

utmost economy in power generation and suppiy
for the foresecable future, accordingly the cuirent
costs and trends in the fields of hydro, thermal
and nuclear generation. It has to be noted,
however, that a predominantly hydro based
power plan involves considerably greater effort
at the stages of investigation and planning, and
the iustitutional apparatus for this has to be
arranged.

8.3 Institutionul changes necessary o ensure that
cconomic plans are drawn up, implemented
and thar the power stations are operated for
optimum economy

3.3.1 The Study Group noted that in the
pust high cost power stations have come to be
developed at several places and on an exlensive
scale, in preference to cheaper alternatives. 'The
impact of these departures from the economic

plans drawn up by the perspecuive  pian  and
tinergy Survey Committee during the  Fourth

Plan has been estiniated as high as Rs. 180 cror-
es of additional costs of power supply. This has
jargely been the result of the lack of adherence
to the perspective plan for power development
and. advance action thercon at the appropriate
time. * It was the unanimous conclusion of all
icmbers that it is imperative now that a pers-
pevtive plan aimed at securing the lowest cost
paths of development should immediately be
drawn up at the Central Ievel and its adherence
cusured. Al necessary efforts should bz made
for progressing investigations on a country-wide
Fasis and on preparation of proper reports. The
Study Group considered that the main weak-
nesses lie in the institutional arrangements and
that building up adequate machinery to improve
the! present state of affairs is the paramount
necd.  The objectives and the work involved has
first o be spelt out,

8.3.2 The work involved in ensuring economy
in power supply could bz considered broadiy in
three cutegories; (a) investigations and plarning,
covering the cntire process from the station or
project concept, its preliminary and detailed in-
vestigations in the field, project designs, fitiing
the scheme into perspective plans, and exiend-
ing right up to the stage of initiation of construc-
tion; () actual constraction; and (¢) coordina-
tion of operation of the station into State/re-
gional power systems. It is a highly complex
tochnical function, which also involves cxten-
sive co-ordination of the activities of a number
of organisations at State/regional and Central
levels. The Study Group felt that, as at present
situated, it would have to be tackled from two
points of view, one, the long-term (when the
desired institutional re-modelling is complicted);
and the other, to mest the immeadiate short-term
requirement of suitably orienting the Fifth Plan
programnme, which would have to be done with-
in the existing frame-work.



The long-term economic perspective plan, it
was felt, would have to be drawn up independ-
ently for the power sector and co-related and
fitted into the overall economic plans. As future
power development cannot be organised ration-
ally and economically on a state basis, the study
group felt that the perspective plan should be
prepared on a Regional basis. The Fourth Plan
recognises this as a basis feature of future plan-
ning which has been accepted by the National
Development Council.

The Study Group felt that perspective plans
could easily be made on the basis of regional
demands for power, projected from historical
trends. These demands for power could be ad-
justed for any departures that would be seen to
be necessary, on a comparison with overall per-
spective projections, which, it is understood, arc
made from time to time by the Planning Com-
mission. The long-term plan would have to be
reviewed at regular intervals, which may corres-
pond with the periods for which the perspective
plans of the Planning Commission are prepared,
and in any case should be reviewed every year,
on the basis of up-to-date information available.
The Study Group felt that the longterm. perspec-
tive plan must provide sufficient flexibility for
changes which may be required to meet short-
term requirements of the overall economy but
must always be such as to ensure power supply
ahead of demand. Once finalised, there should
be a firm commitment to implementation of this
perspective plan at the desired rate, at the Cent-
ral/State levels. No uneconomic schmes should
be considered as individual additions thereafter-

8.3.3 Planning at the Central level

The Study Group reviewed the present posi-
tion of rcsponsibility for planning for power at
the Central level, and found that it is at present
divided between the Planning Commission, the
CW&PC (Power Wing), the Technical Advisory
Committec (now the Ad hoc Committec), the
Ministries of Irrigation & Power and Finance.
The Study Group considered that this division
of responsibility was not conducive to a unified
and purposeful approach which is so essential
now for economic planning in the power supply
industry. It felt that the entire work of prepar-
ing long-term perspective plans should be ent-
rusted to a single centralised agency which is
competent to carry it out, and ensure that the
above objectives are achieved. The work invol-
ved being primarily of a technical nature, the
main question to be decided is whether this cent-
ral responsibility should be discharged by the
CW&PC (Power Wing) or the Central Electri-
city Authority.

The CW&PC has been set up primarily as a
high level Consultant body to function at the
request of State and other organisations. Tt has
no statutory authority for carrying out investi-
gations and this seems to be the biggest bottle~
neck in implementation of economic plans. Not-
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withstanding major contributions e.g. national
hydro-electric surveys (1953-60). preparation of
the first perspective plan for power development
(1962) and other important contributions to
planning and designs of power projects, it would
be noted that the CW&PC was not entrusted by
the Central Government with the work of investi-
gations of 62 hydel sites. Its co-ordinating rofc
in this regard has not been effective, judged by
resuits. The position is best summarised by Dr.
Bhagvantam, Chairman of the CW&PC Reorgani-
sation Committee in March 1969, in his letter
of transmittal of the Committee’s report :

“By and large, the CW&PC had during
the course of its existence over the last two
decades discharged its functions satisfacto-
rily, commensurate with the status given 1o
the organisation, and the responsibility de-
volving on those at the top level. Never-
theless, the Committee feels that it could
have done much ‘better had it been given
adequate powers to deal with the problems
at a national level.”

The Central Electricity Authority, on the other
hand, cven now enjoys statutory status and has
the responsibility inter alia to develop a sound,
adequate and uniform national power policy,
and to co-ordinate the activities of the various
planning agencies in the country, to carry out
such investigations as are necessary and to collect
and record all data concerning generation, dis-
tribution and utilisation of power and the deve-
lopment of power resources. These powers, it
may be noted were vested in the CEA on the
basis of the recommendations of the Select Com-
mittec appointed by the Constituent Assembly
to consider the Electricity Supply Bill-which
ultimately became the Electricity (Supply) Act,
1948—which deliberately widened the scope and
functions of the Authority. They had felt even
then that non-statutory institutions would not
serve the purpose even of discharging the duties
of the Electricity (Supply) Act of 1948, The
Indian Atomic Energy Act, 1962, while em-
powering the Central Govt. “to develop a sound
and adequatc national policy in regard to atomic
power”, also lays down that the Central Govern-
ment should “co-ordinate such policy with the
CEA”. This Act further directs (a) that the
Central Government should “fix rates for and
regulate the supply of electricity from ato:mic
power stations with the concurrence of  the
CEA”, and (b) that “differences of opinion
between the Central Govt. and any State Elec-
tricity Board in regard to construction of neccs-
sary transmission lines (for inter-State supply of
power from nuclear power stations), the matter
shall be referred to the Central Electricity Autho-
rity whose decision shall be binding on the
partiecs concerned”. Tt is c¢lear from the iabove,
that the required status to ensure that the work
of planning for power development is carried

out unimpeded, already vests in the CEA, in
Principle.



It was noted that the Bhagvantam Committee
has rccommended, though not unanimously, that
the Central Electricity Authority should concern
itself in future only with arbitration work and
that its functions other than arbitration should
be added on to the Power Wing of the CW&PC,
“after undertaking such legislation as may be
necessary”,

No particular reason has been advanced by the
Bhagvantam Committee beyond the statement :
“This Committee also feels that the CEA should
concern itself with arbitration work only and
nothing else”. Tn his dissenting note Shri H. R.
Bhatia, recalls the views of the Government of
India on the Gokhale Committee’s recommenda-
tions regarding the CEA :

“The Central Electricity Authority is
charged inter-alia with the development of
a sound, adequate and uniform national
power policy and particularly with the co-
ordination of the activities of the planning
agencies in relation to the control and utili-
sation of national power resources. In
view of the heavy programme of power deve-
lopment in the country, any change in the
Constitution of the Central Electricity
Authority, and reduction of its functions to
a mere Arbitration Board would be a retro-
yrade step.”

This was the view then indicated by the Minis-
try of 1&P to the Estimates Committee of Parlia-
ment in 1963, Shri Bhatia has argued that the

_present situation calls for greater concentration
ol effort and strengthening of CEA rather than
weakening it, It is noted that the present posi-
tion is that a final decision on the question has
yet to be taken by the Government of India.

In this connection, the Study Group feels that,
when a statutory authority like the Central Elec-
tricity Authority is already in existence, is fully
invested with powers to undertake all the work
required on rational considerations, and it is
admitted on all hands that it is lack of this statu-
tory status which has been inhibiting the work of
the CW&PC it is obviously not necessary to look
for any other agency to carry out this task. As
Shri Bhatia has stated, there is no point in intro-
ducing or attempting fresh legislation merely for
taking away functions from the Central Electri-
city Authority and eintrusting it to another Com-
mission. 'The Study Group, therefore, came to
the conclusion that the overall responsibility for
planning for power, including investigations, and
processing of schemes right upto the point of
mitiation of construction, should be centralised
clearly, as required by existing legislation with
the Central Electricity Authority. This will, in
cffect, mean activisation of the Central Electri-
city Authority which has never been set up as a
futi-time body, and is, therefore, not adequately
cquipped now to discharge this responsibility.
The CW&PC has been carrying out these res-
ponsibilities on a de facto basis. In fact, there
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appears to be no reason why the CW&PC (Power
Wing) or the units thereof which are engaged on
this work, should not be reconstituted as the
Central Electricity Authority, and the Authority
further strengthened on a technical and adminis-
trative plane to discharge these and other cent-
ralised functions indicated in the Bhagwantam
Committee report, effectively.

The Study Group rcalised that the implemen-
tation of schemes included by the Central Elec-
tricity Authority in the perspective plans wouid
always depend on the availability of funds, and
that the Planning Commission are essentially
concerned with this aspect. 1t would be neces-
sary for the CEA to ascertain the position of
availability of funds from the Planning Comnus-
sion and to adjust their programmes accordingly
The Study Group felt that the Planning Commus-
sion may be requested to advise the CEA of the
extent of funds available in a particular 5-yew
plan or a particular year for the development of
power and the CEA may then communicitc
sanction to schemes within the limits of avail-
able funds. It would improve matters further,
if a representative of the Planning Commission
functions on a part time basis on the Authority.
The ministries of Trrigation & Power, Financc
and Law are already rcpresented on ihe C.ASAL.
in that capacity. Of the basis of these sanctions of
the CEA, the regional authorities, the tate
Government and Electricity Boards may then
procced to issue final sanctions and execute pro-
jects.

The Study Group considered in some detail the
mechanics of preparation of the perspective plan
and of ensuring, on short-term and long-term
basis, that investigations of power projects are
actually carried out on an adequate basis. The
time has clearly come when the original jurisdic-
tion of the CEA for currying out investigations
and overall planning it the best regional and
national interests, should be invoked to remedy
th> prevailing ills. For long-term regional plan-
ning, the Study Group felt that advantage should
be taken of existing institutions at Regional/State
levels for they would be in the best position to
cvaluate new schemes for expansion of power
generation and supply in the best interests of the
region as a whole. They should be encouraged
to take thc help of CW&PC/other consultants
in preparing feasibility reports as nceded to ex-
peditc work. These feasibility reports should
be forwarded to the Central Electricity Author-
ity who would fit them into their overall pers-
pective plan, After the inclusion of schemes in
the perspective plan detailed designs for projects
selected on regional basis may be arranged.
In this, again, either the help of CW&PC's de-
sign organisation, or of consultants already work-
ing in this field may be utilised when needed.

The Study Group felt that the inmmcdiate
problem concerns the selection of schemes for
nieeting demands during the Fifth Plan period
as it may be some time before the CEA is fully



constituted and activised. For this purpose, it
was agieed that the Planning Commission would
imnieciately address all Blecuicity Boards and
state Governments asking them to forward to
tie Ceutral authoriiies concerned a list of ail
proposais for expansion of power generation and
suppiy on the most economic iines, along with
icasibility reports prepared on the bdasis ol inves-
tigations carried out- The Pluaning Commission
would make it clear to the State Governments
that the object to locate all economically bene-
duiar schemes and that these schemes will be
considered irrespective of the availability of de-
mands for power in the respcctive States or of
financial resources within the State Plans, 1t
would aiso have to indicate that in future follow-
ing decisions {aken at the National Development
Council, prioritics for schemes of power gene-
ration and suppiy would be based on choosing
the most cconomicaily beneficial ones in cach
Region. '1he schemes proposed by the State
Governments will be scrutimsed on these lines
Ly the CW&PC (Power Wing) and tiicreaiter the
State  Governments/Electricity Boards  would
02 requested (o prepare and forward detailed
project reports in respect of those schemes which
arc approved 1w principle.  The Study  Group
telt thai if this position is made clear to various
States, on the basis of investigations carried-out
s far, suiticient  project  proposals/fcasibiiity
reports; detailed project reports would beforih-
coniing to choose the most economical scheines
for the Fifth Plan. 1t will also act a5 a
meentive o e States well endowed with naturat
resources to investigate them quickly and prepaic
schemes for their development to ect yegional
requitements. The iurther programine of investi-
cations can be reviewed by the CW&PC/CEA
atter the response to this approach is known.

srent

8.3.4 Construciion of Projects :

The question of the agency for construction of
schiemes chosen essentiaily on regional basis was
considered by the Study Group. They felt thut
at hmes and u1ocertain cases such as nuclear
power stations it may be more appropriate for
the Centre w dircetly undertake the construction
wid maintenance of some of these stations.  in
other cases, the aliernative of the States them-
selves implementing these projects on a joint
vonture, perhaps with central assistance cunnot
be ruled out, as in this manner, it would be pos-
sible to uiilise local eathusiasm to the maximuin
possible extent. It is also entirely possible that
certain States would have built up  adequate
technical capucity, though not cndowed with alf
the financial resources to implement large sche-

mes of regional importance, euntirely by them-
selves. i such cuses, with an adequate assur-

ance taat the Staies concerned would implenent
the scheme in tme according o the requirements
of e entiee region, ¢ven this alternative  of
catrusting the implementation of regional pro-
jeets o such well-equipped  individual — States
should be considered. The Study Group was of
the view that a pragmatic approach to the prob-
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lem of construction of power schemes selected
on a regional basis, which would keep all these
aiternauves open, would be preferable. They
leit that the institution of Control Boards which
has developed to meet the pattern of require-
inents of constructing large multistate, multiple-
purpose projects and has been extended even to
sing-purpose power projects located in  onc
State, can be usefully foliowed. In regard to the
composition of the Boards, their accountability to
the authorities, financing etc. the Study Group
suggested that it should follow closely the pat-
tern of financing of the projects.

5.3.5 Regional Eleciricity Boards

I'ie regional organisations would be primarily
concerned with censuring maximum economy at
ihe stage ol operation of the power systems. In
cach region, they would have to be adequately
organised and equipped to ensure that the State
power systems are operated in an  integrated
manier, i.e., as il the entire power facilities werc
under a common ownership. The rclationship
of the Regional Electricity Boards to the Centrai
iidectricity Authority requires to  be  clarified
eitieer the Eicctricity (Supply) Act, 1948 which
creates the Central Electricity Authority, nor the
reselutions ol the Government which create the
Hegional Electricity Boards, clarifies the assum-
puiva. made in some quarters, that the Regional
waatiricity boards tunction under the Central
Hlectricity Authority.  Actually, they are at pre-
seut only voluntary asscciations of State Electri-
city Boards, who have given their consent to the
inhwoinal policy ol integrated operation of power
systetits of contiguous States, for mutual advan-
tage.  According to the resoiution, the Boards
are supposed to fusiction in an advisory capacity,
but constituted as they are, of powertul execu-
tive bodies, there is nothing to prevent decisions
thken by ihem in concert, from being immedia-
toly impiemented.  Regional load despaich cen-
ttes wre W be set up under the Fourth Plan for
cnsuring  the uecessary co-ordination of State-
Central power stations/systems for integrated
operation. In this connection, the question of the
authority for operation of the Regional centres
becomes important.  This is essentially an opera-
tional function and it is obvious that necessary
authority for the purpose would have to be rele-
giuted 1o the regionai organisation by the State
organisations, who own most of the facilities in
thewr respective arcas. It is considered however
that the regional organisations would have to be
conziderably strengthened on the technical side,
and given statutory recognition—the difference
from statutory authority—should be noted, The
iciationship between the CEA and the Regional
izlectricity Boards should also be clearly spelt
out.

The Study Group felt that once the Central
Plevtricity Authority is constituted as recommen-
ded by them, and the Regional itlectricity Boards
are aiso duly strengthened they will be in  an
advautageous position to assist the Central
Electricity Authority in planning for expansion



of power supply in each region according to the
best cconomic interest und the interest of the
region as a whole. -

8.3.6 Special Situations :

With the suggestions made above, the Study
Group felt that it would be possible to deal with
problems of the Fifth Plan, and, on building up
of the Regional Electricity Boards and the Cent-
ral Electricity Authority, the problem on a long-
term basis also can be etfectively tackled: How-
cver they recognised that there would be certain
areas of the country, such as the Indus Valley,
Godavari Basin etc., where the magnitude of
the schemes, geographical locations etc. are such
that the above institutional arrangements may
not be adequate. In such cases, separate River
Valley authorities may be more conducive both
for conducting of the investigations in their res-
pective valleys and for executing the projects
as individual schemes find a place in the overall
perspective plan.  These are, however. speccial
cases which should be dealt on their merits.

8.4 Indigenous manufacturing capacity of heavy
electrical equipment -

At present the requirements of different kinds
of heavy clectrical equipment—hydro, thermal,
nuclear etc.—for maximuin economy of the power
supply indusiry, and actual capacity built-up in
the equipment manufacturing industry, are un-
fortunately opposite to each other. The industry
ostensibily has surplus capacity to meet require-
ments of thermal units, but is woefully short on
capacity to supply hydro units, and consequently
strongly prefers the former to be utilised  in
greater measure on our power system. For cvery
1000 MW of conventional thermal capacity which
is substituted for hydel installations at prevailing
investment and operating costs, the power supply
industry would have to incur additional working
expenses of order of Rs. 25 crores every year.
besides arranging for the additional initial invest-
ments required, which would vary with the actual
costs of the hydel schemes so postponed. Tt
can ill afford to pay this pricc for the failure of
the heavy clectrical equipment manufacturing in-
dustry to organise itself for manufacture of hydro
unifs, on the originally targeted scale (1.8 million
KW annually, plus converted capacity at Ranipur)
and at conventional pace. The -Study Group
recommends that an appropriate resolution oh
the subiect may be immediately forwarded by
the PEC to the Government in view of its impor-
tance.

8.5 Central Assistance :

The inability of the various States to provide
adequate financial resources for expansion of
power-supply on the scales required even to main-
tain historical rates of growth has often been set
out as one of the reasons for the low allocations
to power in the Fourth Plan. Central involve-
ment would obviously have to be on a more gene-
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rous scale than in the past to correct this situa-
tion, but it would have to be judiciously orient-
cd towards those sohutions which represent the
most cconomic ones fer the States, the regions
and the country as whole. At present, there are
no clear principles guiding the indirect central
assistance which accompanies decisions to cons-
truct certain projects c.g. MNeyvell,  Damodar
Valley power stations and nuclear pewer stations.
cither wholly or partly in the Central = sector.
Undoubtedly, these decisions are regarded by the
States as major forms of Central assistance, and
often lead other States to clamour for them,
cven when the solution are prima facie unattrac-
tive on a techno-economic basis. The immediate
interest of Kerala in a nuclear station illustrates
the point. The Study Group might like to sug-
gest that in a choice of schemes on a regional
basis, and particularly for deciding on the scope
of Central assistance to these projects, a set of
financial principles which clearly put a premium
on the most cconomic alternatives would have to
be laid down and followed uniformally to avoid
uneconomic solutions and avoidable friction.

8.6 Collection and publication of data -

The Study Group noted that the collection and
publicution of data, particularly of actual data
regarding investment costs, operating performance
of power stations and power systems of different
categorics is not being discharged. In fact, the
information collccted by Member (Comml.),
CW&PC was found to be the only data regarding
actual costs which is available to us on some
dcceptable and uniform basis. The great value
of this data in introducing a sense of practical
cconomics was accepted by members, who felt
that collection and publication of relevant cost
and cconomic data regarding generation and
operation of power systems would go a long way
towards introducing the necessary cost conscious-
ness in the power supply industry and the count-
ry as a whole. This is a statutory function of
CFEA, which it has not baen able to discharge so
far. It should be organised to do so without
delay.

8.7 Economic factors for
in each region :

power  development

The main economie factors which must pre-
vail in the choice of appropriate sources of power
supplv in each region in the country can now be
considered. Future expansions of capacity
must be planned not merely on a calculation of
the deficit between maximum demands and the
firm capacity of individual State systems as at
present but after assessing the full energy poten-
tial of each Regional Grid and the firm capacity
of the Regional Grid as a whole. The effect of
diversities in demand in the Region must also be
taken into account to arrive at the Regional
maximum demand, and the regional energy re-
quirements. The most economical paths for
meeting the deficits in these two categories dur-
ing the 5th Plan, for which options are still open,



have then to be faid down on a long-term basis.
Owing to shortage of time, schemes/sites of
development are not being suggested in this paper
in complete detail.  Such details can easily be
worked out once the approach indicated below
is generally approved by the Study Group.

Northern Region

In the Northern Region, at the end of the 4th
Plan the aggregate installed capacity would be
6060 MW, of which 3000 MW will be hydro,
2600 MW thermal, and 400 MW nuclear. To
reducc the cost of power in this region, the bulk
of its power supply can and must be derived
from the hydro electric resources, with initia-
tion of large-scale nuclear generation to meet de-
mands of the carly eighties. That the main
sources of hydro power in H.P, and J&K are
not unfavourably located and are ample enough
to meet the combined requirements of all these
States and Punjab, Haryana, Delhi, - Northern
Rajasthan and perhaps the western most part of
U.P. for the forsecable future is beyond doubt.
Unfortunately U.P. does not have major econo-
mic hydel located within its boundaries and this
is the main rcason why during the past decade
they have resorted, in increasing measures to
high cost thermal alternatives. Consideration of
development of the colossal hydro resources of
the Sarda and Karnali rivers on the basis of
international co-operation is, therefore, an urgent
economic necessity and would provide very
large blocks of power, at the lowest possible
costs, and with an area of reticulation spreading
up to Delhi, Rajasthan and stretching well into
the Eastern Region of the country. The econo-
mic imperatives of hydel development in this
region are so great that the setting up special
“Indus Valley” and “Ghagra Valley” authorities,
charged with full responsibilities for this work to
be done on time-bound schedules, should be
considered.

Fastern Region :

This is a region of large coal reserves, which
has relied, almost exclusively, on thermal genera-
tion in the past. The aggregate capacity in the
region by 1973-74 would be 4600 MW, of
which only 900 MW is hydel, the balance being
conventional steam units. The Region thus has
ample “energy” potential for meeting even Sth
Plan nceds, and what it needs most urgently is
low investment “peaking” hydro units which
would enable fuller utilisation of these thermal
installations, and bring them up to the levels of
performance actually attained at Neyveli and
Trombay. The 1000 MW Koel Karo project and
pumped storage installations. e.g 200 MW
Konar scheme are examples which must be consi-
dered for urgent implementation by the end of
the Fourth Plan or early in the Fifth Plan.
Others can be planned and worked out as requir-
ed._ Thereafter, the relative economics of deve-
loping the Himalayan hydro resources just be-
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yond the Northern border of the region and con-

ventional thermal/nuclear altematives_ wopld
need to be studied in the context of reducing
costs of supply in the region.

In the southern part of the” Region, Orissa,

with its untapped hydel potential, can adequately
provide all the low cost power it needs during
the Fifth and Sixth Plan periods. There are
attractive schemes like Upper Indravati 600 MW,
Upper Lokab (180 MW), Tikkarpara etc. which
the State has already investigated and can be
taken up to meet the requirements of the State
as well as the region.

Southern Region :

This region, with an aggregate capacity of 5000
MW by 1973-74 of which 3600 MW would be
derived from hydro resources has a good mix of
different sources. For meeting future demands.
Kerala and Mysore have a number hydel sites
which can adequately meet the requirements of
the Fifth and Sixth Plans. Mysore State in
particular, has a wealth of hydel resources, as
yet untapped. which can not only meet its re-
quirements during the Fifth and Sixth Plan
periods but also leave adequate surpluses for
meeting the requirements of Tamil Nadu in the
most_economic manner. The hydel resources
of Andhra Pradesh are located to the far North
of the Region on inter-State stretches of the
Godavari and its tributaries and requires a com-
prehensive basin-wise approach for their imple-
mentation. It is unlikely that coal-based thermal
generation at Singareni could provide an econo-
mic. source of power supply to resource scarce
Tamil Nadu, competitive either with local nu-
clear generation or imported hydro power from
Kerala and Mysore. Development of the seaso-
nal potentialities of the Cauveri river on the
inter-State stretch between Sivasamudram and
Mettur through installation of reversible pump-
turbines, offers a spectacular possibility of large
scale seasonal energy generation combined with
firm peaking capacity located at the centre of
gravity of the entire Southern Region, with major
possibilities of all round economy. In the
Southern Region, with the range of alternatives
presented on a regional canvas, available resour-
ces can casily sustain a programme of predomi-
nant hydro generation to meet the total demand,
through schemes involving the lowest investment
and energy costs.

Western Region :

Gujarat and Maharashtra have little untapped
water power potential and they are located far
away from the collieries. The Narmada river,
which has a limited potential of about 2000 MW
at 3 or 4 sites below Punassa, is the source of im-
portance in the western portion of the State.
Madhya Pradesh has a number of hydel sites on
its northern and southern peripherics—viz. the
southern tributaries of Ganga, and the Indura-
vati river (Godavari valley), which it could use-



fully exploit to bring down prevailing high costs
of generation. The basic probiem 1n tuc Wes-
tern Region would be to provide energy at the
lowest cost levels at the western fringe of this
area viz. the coastal stretch between Bombay,
Ahmedabad and Surat. Located as it is, the
nuclear alternatives are prima facie the only
answer for low cost energy supply in this area.
However, to operate the nuclear stations at base
load, it would be desirable to provide comple-
mentary hydro peaking alternatives, and inten-
sive surveys would have to carried out to ensure
that straight hydro peaking schemes and pumped
storage developments are developed in time.
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North-Eastern Region :

This is a region, where there is a natural abun-
dance of hydro power. Demands even by 1980
would not utilise more than a smait traction of
the firm power resources based largely on run-
of-the-river developments. It can, without doubt,
sustain all its industries on water power alone
at the lowest cost levels. This region has such
abundant resources of cheap power that special
efforts would in fact be called for to utilise these
hydel resources by relying on them for various
electricity-intensive alternatives such as produc-
tion of fertilizer and enrichment of uranium, if
considered necessary,

ANNEXURE—J(A)
COST OF ENERGY FROM HYDRO POWER PLANTS

Installed Firm Estimated  Inves‘rrent Cest
caprceity annual investment cost/kW of
MW) energy cost installed firm
S1. - Power Plant potential on (Rs.) energy
No. million generation generaticn
kWh (Rs. lakhs) (Paise/kWh
1. Bhakra Nangal 1084 3540 8571 750 26
2. Kundah (stages I, IT & III) 425 1745 6423 1510 2-76
3. Sabarigiri . . 300 1335 4300 1430 2-42
4, Koyna (stages I & I) 540 2150 5644 1040 197
5. Rihand . 300 900 3754 1250 3-12
6. Ranapratapsagar 172 500 1328 770 1-99
7. Sharavathi 890 4680 10096 1140 1-62
8. Parambikulam-Alliyar 185 586 1746 940 2-24
9. Knodiar 100 342 1482 1480 3-25
10. 1dikki StageI . 3% 1865 6820 1750 2-74
11. Kuttiadi . 75 273 825 1100 226
12. Yamuna Stage II 360 1140 7017 1950 462
13. Koyna Stage I1I 320 590 3800 1190 482
14. Pandiar-Punnapusha 100 415 1525 1525 276
15. Jawaharsagar . . . . . . . 99 316 1842 1860 4-37
16. Beas-Sutlej Link (Dchar and 5th unjt at Bhakra
R.B) . . . . . . . 780 3900 13938 1790 2-68
17. Baira Siul 200 950 1873 940 1-48
18, Salal 270 1740 5225 1940 <26
19. Logtak 70 368 1006 1440 2-05
Note : o

1. Inworking out cost of energy generation, interest has beecn assumed at 69 and depreciation on sinking fund

basis.

2. Asconsumption by power station auxiliaries is very smellin the hydro plants, the cost of energy sent out
will be approximately the same as the cost of energy generation,

3. Power plants at SI. Nos. 1—6 are completed. Power plants at SI. Nos. 7 & 8 are partly completed. The rest

of the plants are under construction.
5—-7821&P/71



ANNEXURE—I(B)
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COST OF ENERGY FROM THERMAL POWER PLANTS

Instailed  Estima- Invest- Ccest cf energy
St Power Plant capacity ted e e e
No. (MW) invest- cost/ Generaticn (paise/kWh)
ment kW
cost on  installed 459 50% 60 % 7% 75%
generation  (Rs.) P.F PF. PF. P.F. PF.
(Rs.
lakhs)

1 2 3 4 5 6 7 8 9 10

1. Bandel 330 3362 1020 4-88 4-62 422 304 3-82

2, Chandrapura 3rd Unit 140 1261 900 429 4-05 3:70 345 335

3. Indraprastha (Delhi) 187 -5 2533 1350 7-70 7-35 6-83 645 6-30

4, Harduaganj Stage Il 100 2000 2000 9-12 8 -60 7-83 7-29 705

5. Xorba-Stage II 200 3028 1510 6-03 563 5-04 4-62 4-45
6. Kothagudam—Stage {1 120 1333 1110 609 5-80 5-38 5-07 494

7. Talcher 250 2967. 1150 5-11 4-80 4-34 4-Cl 3-87

8. Satpura . 3125 3925 1260 534 5-02 4:54 4-19 4-05

9. Pathrathu 400 5271 1320 5-65 531 4-80 4-43 4-29
10. Santaldih 280 7500 1560 5-99 560 499 4-56 4-38
11, Pathrathu extension . 220 3698 1680 646 6-02 536 4-90 471
12. Obra extension 300 5334 1780 7-18 671 602 5-53 533
13. Harduaganj—Stage IV 110 2156 1960 9-03 8-52 7-76 7-22 7-C0
14, Nasik 280 4785 1710 728 6-84 6-17 569 5-51
15. Ennore 340 5814 1710 8-09 7-65 698 650 6-32
16. Badarpur 3¢0 56C0 1870 9-02 8-53 782 7-30 7-10
17. Bhatinda 220 4090 1860 8-79 8:30 759 7-67 6-87
18. Ukai 480 68C0 1420 7-09 672 6-17 5-78 5-62
19. Kothagudam—Stage 111 220 44C0 2CCO 8-24 772 6-<S 639 6-17
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ANNEXURE—I(B)

Cost of energy

)?é Sent out (paisc/kWh) B
BE TE PE B Vi

1 ' 2 s e
1. Bandel 531 5-C2 458 428 41
2. Chandrapura 3rd Unit 4-66 4-40 4-20 374 R
3. Indraprastha(Delhi) 836 8-00 743 702 6%
4. Harduaganj State IIT 993 936 8 -51 7-93 70
5. Korba-—Stage II 656 6-13 5-48 503 4w

6. Kothagudam—>Stage 11 6-63 6-31 5-€6 5-51 5 -
7. Talcher 556 522 4-72 4-36 42
8. Satpura . 5-80 5-46 494 456 40
9. Pathrathu 6-14 5-78 5-22 482 SAN
10. Santaldih 6-52 669 5-43 4-96 47
11. Pathrathu extension . 7-04 655 583 533 S
12. Obra exténsion 7-82 7:30 655 6-02 RPN
13. Harduaganj-—Stage IV 9-83 9:27 8-44 7-86 g
14. - Nasik 7-92 7:-45 671 619 599
15. Ennore . 8 -80 832 760 7-07 (s
16 Bédarpur . 9-81 9429 8-51 7-94 !
17. Bhatinda . 9:56 9-04 8-26 769 7dw
18. Ukai . . . 7-70 7-30 6-71 628 Gl

19. Kothagudam—Stage 111 8:96 8:41- 7-56 6-96 6

{)n working out cost of energy, interest has been assumed at 6% and depreciation on sinking fuu!
asis.

Consumption by power station auxiliaries has been assumed at 8 7;.

The cost of energy at 75% P. F. has been indicated to enable comparison with nuclear plani.
whose economics are being considered on this basis. [t has to be ncted that it would not he po.
sible to operate thermal power plants-at such high plant factors.

Power plants at SL. Nos.1to 8 are completed. Power plant at SI. No. 9 is partly completed. 1w
rest are under construction. - oo

Power plants at SI. Nos. 1 to 9 were either completed (fully or partly ) or under advanced st
of construction at the time of devaluation and this is reflected in their capital outlay.

The cost of Ukai power plant (S1. No. 18) is based on the indications given during the Annn!
Plan discussions (1970-71). It appears to be on the low side. On the basis of Rs. 1800/- per by
installed obtaining at plants under construction at present, the costs of energy generation/sent o
at 60% P. F. would be 690 paise and 750 pais¢ per KWh.
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ANNEXURE—IL

COMPARISONS OF COSTS OF ELECTRICITY GENERATION IN TYPICAL THERMAL
‘ AND NUCLEAR STATIONS

(Approximate plant size 300—700 MW)

1. Capital Costs

Rs, per kW of capacity

Storage Storage Storage Thermal Nuclear
Hydel Hydel Hydel Plant Plant
Plant Plaat Plant
designed designed designed
for for for
75% 60% 30%
Plant Plant Plant
Factor Factor Factor
1 2 3 4 5
Period 1965-66 to 1970-71
Indigenous Investment . . . . . . 905 776 516 380 750
Imported equipment 201 194 180 570 750
Asgsumed tax on imported equipment . . 66 64 59 188 248
Interest during period of construction 387 341 249 205 474
Total investment per kW Capacity . . 1559 1375 1004 1343 2222
Period 1970-71 to 1975-76
Indigenous Investment 956 824 561 595 1110
Imported equipment . . . . . 152 146 135 255 300
Assumed tax on imported equipment . 50 A8 45 84 99
Interest during period of construction 382 336 344 168 405
Total Investment per kW Capacity . . . . 1540 1354 985 1102 1904
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ANNEXURE II—Contd.
II. Operation Costs
Stations Constructed during 1965-66 to 1970-71

Paise per kWh.

Storage Hydel Thermal
Zero Cost Coal Medium Cost Coal
Assumed Plant Factor . 75%  60% 309 75% 60% 0%  75% 60% 30%
Financial Charge . 2-4 27 4-0 23 28 5+6 2-3 28 56
Fuel costs .. .. .. 0-1 01 0-1 1-5 1-5 15
Operation & Ma!ntenanCe 0-2 0-2 03 0-2 0-3 0-5 0-2 0-3 Q-5
Special Insurance
Total cost per kWh. 26 29 43 26 32 62 4-0 46 76
Stations Constructed during period 1970-71 to 1975-76
Financial charges 2-4 26 39 19 23 4.6 19 23 4.6
Fuel costs . . .. .. .. 0-1 01 0-1 14 14 14
Operation & Malntenance 02 02 0-3 0-2 0-3 0-5 0-2 03 0.5
Special Insurance
Total cost per kWh. 246 2-8 42 22 27 5.2 35 4.0 65
ANNEXURE II-—Contd.
1I. Operation  Costs
Stations Constructed during 1965-66 to 1970-71
paise per kWh
Thermal Nuclear
High Cost Coal
Assumed Plant Factor . 5% 607 30% 5% 60% 30%
Financial Charges . 243 2-8 56 3.7 17 9.3
Fuel costs . . . 32 32 32 06 06 06
operation & Maintenance G2 03 0-5 0-3 0-4 07
Special Insurance . 0-1 01 02
Total cost per kWh. 5.7 63 93 47 5.8 10-8
| Stations Constructed during period 1970-71 to 1975-76
Financial charges 19 2-3 4-6 32 40 8.0
Fuel costs . . 30 30 3.0 05 05 0-5
Operation & Mamtenancc 0-2 0-3 0-5 0-4 0.5 0-7
Special Insurance . .. 0-1 0-1 0.2
5-1 56 81 4.1 5.0 9.4

Total cost per KWh.

Extracted from report of the energy survey of India Committee (1965).
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ANNEXURE—-—’III :

TYPICAL COST OF ENERGY GENERATION IN MIXED HYDRO-THERMAL SYSTEMS

CaASE—A.,

Assume that thermal and hydro installed capacities are approximaiely equal i.e. for 1 kW of
thermal capacity, there is 1 kW of hydro capacity for complementary operation,

(/) With 2 kW of installed capacity, a total load of 1-5 kW at bus bars can be met
(i) Annual ener gy correspondmg to 1:5 kW of load at 60 A annual system load

factor . 7900 kWh.
(iif) Annual energy generation correspondmg to (ii) above assummg 6% for auxnhary con-
sumption and transformer loss on the average . 8500 kWh.
(iv) Annual energy generation from thermal stations . . . 5500 kwh.
‘ hydro station 3000 kwh.
(v) Annual charges for energy generation
Thermal
(a) Interest @ 6% of capital outlay at Rs, 1800/~ per kW ., . Rs.
(b) Depreciation X Rs.
(¢) Operation and maintenance . Rs.,
(d) Fuel charges (at pit head rates) Rs,
ToTtaL Rs.
Hydro
(@) Interest charges @ 6% o f capital outlay of ‘Rs. 1200/- per kW installed (i.e.
corresponding to Rs. 2000/- per kW.of firm power at system load factor Rs.
(b) Depreciation Rs.
(¢) Operation and Maintenance . Rs.
ToTAL Rs.
Total annual charges Rs. 272.604-Rs. 89.40=Rs,
(viy Cost of energy generation =Rs.
4-26 P/kWh
(vii) Cost of energy at power station bus bars.: Rs.
=n
4-58 P[kWh

Case—B

Assume that thermal and hydro installed capacities are approximately in the ratio 2 : 1 i.e. for 2 kW of thermal capa.

city there is 1 kW of hydro capacity for complementary operation.

) t\’Nlﬂn 3 kW of installed - capacity. a total load of 2-5 kW' at b‘us bérs can
¢ met.

(iiy Annual energy corresponding to 2:5 kW of load at 609 annual system load
factor . . . . . . . . . . .

.

(i) Annual energy generation corresponding to (ii) above assummg 6% for auxmary
consumption and transformer loss on the average

(iv) Annual energy generation from thermal station
Hydro Station

11,800 kwh.

12,600 kWh.

9,600 kWh.
3,000 kwh.
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ANNEXURE [II—Contd.
(v) Annual charges for energy generation

Thermal
(@) Interest @ 6% of capital outlay at Rs, 1800/- per kW . . . . . Rs. 216 00
(b) Depreciation . . . . . . . . . . . . Rs, 59:20
(c) Operation and Maintenance . . . . . . . . . . Rs. 50-00
(d) Fuel charges (at pit head rates) . . . . . . . . . Rs. 157-00
TotaL . . . . . . . . . . . Rs. 522-20
Hydro
(@) Interest charges at 6% of capital outlay of Rs. 1200/- per kW installed (i.e.
corresponding to Rs. 2000/- per kW of firm power at system load factor) . Rs. 72-00
\b) Depreciation . . . . . . . . Lo, . . Rs, 340
(c) Operation and Maintenance . . . . . . . . .. Rs, 14-00
ToraL . . . . . . . . . . Rs, 89 -40
Total annual charges—Rs. 522-204+Rs, 8940 . . . . . . . Rs. 611 -60
(vi) Cost of encrgy generation . . . . . . . . . . Rs, 611 -60
12600
4-85 P/KkWh
(vii) Cost of energy at power stationbusbars = . . . . L Rs. 611 -60
18100
5.18 P kwh.

NoTE : 1. Depreciation has been worked out on sinking fund basis assuming an interest rate of 6%,. In the
case of hydro prejecs, it has been assumed that (i) 2/3 of the total capital outlay will be on Civil
Works and the balance in elecirical works and (i) the civil woiks have a life of 1€0 years and
the2 electrical works have a life of 35 years. In the case of thermal plants, the life has been assumed
at 25 years. :

2. The cost of coal for thermal stations has. been assumed at Rs. 30/- pertonne and spccific consumption
at 0-35 per kWh.
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ANNEKURE—VH(A)

CONSTRUCTION PERIOD OF RECENTLY COMPLETED HYDRO PROJLCTS 11 - i

Installed Date Date Date Date Date Date t

Si. Name of State capacity of of of of of of 1
No. Project [no. and  comme- submi- sanc- com-  com- Com- {:
size of ncement ssion  tion mence- -mission- pletion o
Unit of of of ment ing of SO
(MW)  investi- first project of of Project ot d
gation pro- by active first o
posal Plan- cons- Unit live
ning  truction RS
Commis- work avtin e
sion e
Vi
1 2 3 4 5 6 7 8 9 10 i
1. Kundah Stage I &
i . . Tamil Nadu PH I-2x20 1947 1952 Sept., June March, Junc
PH II-4 x 25 1955 1956 1960 1961
2. Kundah Stage Il Tamil Nadu PH I-1 %20 *  QOct., Sept, Jan., Feb., Ieb..
PHII-1x35 1959 1960 1961 1964 1966
PH II1-2 X 60
PH IV-1x50
PH v-1x20
3, Mettur Tunnel Tamil Nadu 4x50 **  Nov., Jan., Aug, Aug, July,
1957 1960 1960 1965 1966
4, Panniar . . Kerala 215 1953 1954  Aug., 1956 Dec., Jan..
(Approx.) 1956 1963 1961
5. Sholayar . . Kerala 3x18 1953 1954 Aug., Nov,, May, May,
(Approx.) 1960 1960 1966 1968
6. Sabarigii . . Kerala 6x50 1953 | 1955 Aug, Feb., April Nov.
1960 1961 1966 1967
7. Sharavathi StageI Mysore 2x89 1952 1954 June Oct., Dec.,  June.
1956 1959 1964 1065
8. Sharavathi Stage II Mysore  6x89 1952 1954 June 1963 Oct,, Murch
1956 1967 1967
9. Koyna StageI . Mahara-
shtra 4 x 60 1946 1950 1953 March May Feb.
1956 1962 jum
10, Koyna Stage 1l . Do. 4%75 1953 June, March, Junc.
1964 1966 1967
11. Upper Sileru . Andhra
Pradesh 2x60 1954-55 1957  Sept., April, Oct, March,
1959 1961 1967 1968

12. Gandhi Sagar . M.P./ .
Rajasthan 5::23 .. 1949@ . Jan, Nov., 3 Unii-
1953 1960 Muaich,
[
(A
191, 1
4th tn
Muaich
1067
(Sth
Ll

13, Ranapratap Sagar M.P./
Rajasthan 4 x43 1949@ May, April, Jan, My,
1960 1962 1968 196

14, Bhakra Nangal . Punjab/
Haryana/.
Rajasthan
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ANNEXURE VII (A)—contd.

(¢) Ganguwal . 2x24 1945%%* 1945 .. 1948 Jan., Jan., 7
1955 1955

1x29 Dec.,

(b) Kotla . . 2x24 July, July, 8
1956 1956

1x29 Dec.,

(¢) Left Bank
(Bhakra) . 5x90 1948 Nov., Dec, 12
(Bhakra 1960 196
Dam) (Al 5 :
Unit)
com-
‘mis-
sioned)

(d) Right Bank
(Bhakra) . 5x120 May, Dec.,
1966 1968

15. Yamuna Stage 1 U. P. 3x11-25
*3x17 1947 1948  Maré, 1960/ Nov., Not
1967 1961 1965 yet

16, Rihand . . U. P 6x50 1945 1952 ££Apr., 1961/ Mar,, 4%

Prel. 1957 1957 1962 1966

inves-

tiga-

tion

1951-

52

detailed

investi-

gations

17. Hirakud ., . Orissa  4x37-5 1045 Jgng @@1951 1956 1958/59% 7
194

*The Stage I1I development had been envisaged while revising the proposals for Stages1 & 11 in 1953-54, and
the project has been implemented on this basis, .
*¥As this is a development at the existing Mettur Dam, no major investigations were involved.

@The proposal was for a unified development of the Chembal Valley, the construction of which was taken up
in stages. :

***Some investigations had been carried out during 1916 to 1919.

£ Stage I was aproved by U. P. Government in 1949 but work was postponed duc to paucity of funds.

The work was restarted in 1956-57° but again stopped till the investigation of Koch Dam was completed.
Active construction started in 1960-61,

££Global Tenders were invited and work awarded to M/s. Hindustan Construciion in Amit, 1955, but the
work started in April, 1957.

@@In 1948, the Government of Orissa accorded administrative approval to the construction of Hirakud
Dam. Preliminary work started in May, 1948 and completed by September, 1950. The Dam was com-
pleted in 1957,

%Hirakud Stage I completed in 1958-59 while Stage I in September, 1963,
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ANNEXURE VII(B)
PERIOD OF CONSTRUCTION OF SOME HYDRO PROJECTS IN FOREIGN COUNTRIES

Sl Name of Project Country Installed No. and Date of Date of Period
No. capacity Unit commence- comple- of
size ment tion construc-
of of tion
construc- project
tion
(MW) (MW) (Years)
1 2 3 4 5 6 7 8
1. Glen Canyon U.S.A. 896 8x112 May, 1957 1964
2. Palisades . U.S.A. 116 4%29 1951 1957 6
3. Melton Hilladam—TVA US.A. 72 2%36 Sept., 1960 Nov., 1964 4%
4, Serrabonoon France 920 480 1955 1961 6
5. La Bathic Power Project France 528MVA 6xX88MVA 1956 1962 6
6. Fessenheim France 180MVA 4xX45MVA 1952 1957 5
7. Vogelgrum France 1S6MVA  4xX39MVA 1955 1959 4
8. Marocolsheim France 168MVA 4 xX42MVA 1956 1961 5
9. Phenau France 168MVA 4 x42MVA 19560 1963 3
10. Harrsele Sweden 225MVA 3X75MVA  June 1963  Sept., 1957 43
(2 Units
commis-~
sioned)
11. Kaunerta Development Austria 385 SxXT7 1961 1965
12. Upper Tuloma USS.R 225 4 %5625 1961 Sept., 1965 4
13. Mauvoism Switzerland  252-5 1949 1958
14. The River Caroni Project—Macagua
No. 1 Venezeula ' 370 6x61-5 1954 1962 8
15. Pullinque Chile 48 3x16 1954 1961 7
16. Volta River Project—Akosombo
Dam . . . . Ghana 512 4x128 May, 1961 1966 5
17. Mangla Dam Pakistan 1000 10X 100 July, 1962 July, 1967 5
2 Units
commis-

sioned)
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ANNEXURE—IX

COAL WASHERIES PROGRAMME

(Quantities in million tonnes per annum)

1:33

Sl Name Owner Present/ Estimated availability
No. rated of washery by-product
Capacity fuel Remarks
Raw Clean 1970- 1971- 1972-  1973-
coal coal 71 72 73 74
input output
1 2 3 4 5 6 7 8 9 10
Two Product
1. Lodna Turner 050 030 0-07 0-08 0-08  0-08 Rated capacities
Morrison is expected to
be expanded
during the
Fourth Plan
period.
2. Durgapur . West Bengal 1-20 060 0-14 0-14 0-22 0-30
(DCOP)
3. Dugdall H.S.L. 240 1-20 0-29 0-29 0-29 040
4. Bhojudih . H.S.L. 200 1-40 054 0-54 0-54 0-55
- 5, Kathara . N.C.D.C. 3-00 1-50 1-05 108 1-08 1-44
6. Sawang ., . N.C.D.C. 0-75 G-50 0-18 0-18 0-18 0-24
7. Gidi . N.C.D.C. 2-84 1-80 0-09 0-13 026 0-80
(Blendable)
12-69 730 2-36 2-44 265 3-81
Three Product
1. West Bokato , TISCO 0-45 0-30 0-07 0-07 0-07 0:08 Rated capacities
are  expected
2. Jamadoba . TISCO 1:44 1-00. 024 024 027 035 to be expan-
ded during the
Fourth Plan
period.
3. Durgapur . H.S.L. 1:50 1-90 0-16 0-16 0-16 0:16
4. Dugdal. . H.S.L. 240 1-44 024 025 025 0-41
5. Patherdih . H.S.L. 200 1:30 0-30 0-30 0-30 0-30
6. XKargali . N.C.D.C. 272 1-80 027 027 0-40 0-40
7. Chasnalla . 1ISCO 2470 1-90 0-05 005 0-19 0-34
ToTAL 1321 8-64 1:34 167 2-04




ANNEXURE—X

Extract from “Uranium Resources—Revised
Estimates December, 1967—A joint Report by
the European Nuclear Energy Agency and the
International Atomic Energy Agency.

Uranium Resource Estimates—India :

The greatest effort in the devclopment of
uranium resources in India continues to be focus-
sed on the Singhbhum thrust belt in Bihar, where
lately a few new deposits have been located.
Exploration including substantial core drilling,
is also underway, however, in several areas.

The bulk of the evaluated reserves of 72,500
short tons U308 in the Singhbhum thrust belt is
of low grade, ranging between 0.02 to 0.49%
U308, out of which 15,000 short tons U308 are
contained in the orc averaging 0.05% U308 and
above. The latter includes the reserves of Jadu-
guda with an average overall grade of 0.07%
U308, even after taking into account 0.1% U308
ore locally met at depth in a few bore holes. The
exact price category is uncertain and only some
3,000 short tons of Reasonably assured Resources
and Estimated Additional Resources of about
1,000 short tons U308 expected below 600 metres
depth may be classified in the § 10 to 15 per
pound range (the cost of extraction being near
the maximum of this range. (The balance of
11,000 short tons of U308 contained in the ore
averaging 0.05% U308 and above is considered
to be marginal, due to lack of by-products,
remoteness from the established mill at Jadu-
guda and consequent haulage involved etc.
Hence they may be tentatively classified under
$ 15—30 per pound price range.

The extensive (37,500 short tons) low grade
material between 0.02 and 0.049% U308 can
be economically worked only if large scale open-
cast operations are undertaken and high percen-
tage of recovery achieved by low cost methods
of treatment. Besides this, there are 3,000 short
tons of Reasonably Assured and 17,000 short
tons of estimated Additional Resources obtain-
able as by-product of mining for copper
in the extensive Roam-Rakha-Tamapahar
deposit with reserves of 98 million tons
of  copper ore containing on an aver-
age 0.02% U308. The lower grade urani-
ferous copper ores of the Mosabani Mine, from
the tailings of which averaging 0.012% U308
the uranium could not be extracted economically
due to poor recovery, have, however, been left
out of consideration. As the percentage recovery
of uranium for the Roam-Rakha-Tamaphar ore
achievable under full scale conditions is not
known, the 20,000 short tons of resources avail-
able from this source have been tentatively inclu-
ded in the $ 1530 category.
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The monazite deposits of India contain about
one part uranium to 25-30 parts thorium. Out
of total resources of 16,500 short tons available
from this source, the reasonably assured 10,000
short tons U308 are mainly in the States of
Kerala and Madras where detailed exploration
has been carried out. In this case also the price
category is uncertain because it would depend
upon the market for thorium and rare earth
chlorides produced. Hence, the entire resources
may be provisionally placed in over $15 per
pound category.

The possiblities for additional resources are
considered good, although data are still inade-
quate for estimation in this category. The large
deposits in the Singhbhum belt have good possi-
bilities of extensions below the persent explored
depth of 600 metres and grade may continue to
improve with depth. 1t is learnt that in the
major deposits at Jaduguda and Narwapahar
exploration below 600 metres will be undertaken
shortly. Furthermore, untested parts of the
Singhbhum belt which are covered with allu-
vium are favourable for additional near-surface
deposits.

Uranium mineralisation has been found in the
Himalaya mountains at several localities in the
form of uraninite kinlets along joints and frac-
tures in quartzites intermittently over a strike
distance of 150 kilometres and also as dissen-
minations in chlorite schists.  Assessments of
reserves are however not yet possible, as the ex-
ploration is in early stages. Lately uranium-
bearing phosphorites have been located in the
Krol series (Permo-carboniferous to Trias) and
in the carbonaceous shales underlying it, which
are being investigated.

Potential, but unestimated, low grade uranium
resources also exist in carbonaceous clays asso-
ciated with lignite deposits in South India, in
uranium-bearing argillaceous sediments of seve-
ral areas, in phosphatic nodules in Madras, etc.

X X
X X

X X
X X

Thorium Resource Estimates :

The almost total absence of a - commercial
market for thorium as a nuclear fuel at present,
and the uncertainty regarding its future has re-
legated this mineral to a comparatively minor
position in the present report.

Total known resources of thorium, the availa-
bility of thorium, the availability of which is
considered to be reasonably assured , are still
estimated at more than half a million short tons
of thorium oxide. This figure only includes
tonnages which may be exploited under present
technology at prices less than $10 per pound of
THO2. 1t is not considered realistic to include
a further estimate of resources above this price,



artly because current indications are that such

market might never exist, and partly because
‘he data available on higher cost thorium resour-
ces is totally inadequate.

More than half of the presently known 500,000
{or more) tons of low-cost THO2 is to be found
in placer deposits in India and other parts of the
world. Most of the remainder is in veins in the
United States and in the uranium ores of the
Elliot Lake district of Canada. The economic
availability of the thorium in placer deposits is
presently contingent on the marketing of rare
earths and other co-products, and although the
demand for these products has recently shown
an increase, the resultant production of thorium
is still relatively small. Similarly, therc has been
no incentive for large-scale production from the
vein deposits of thorium in the United States.
Thus the majority of these resources are likely
to be preserved during the forseeable future until
the utilisation of thorium for nuclear power be-
comes feasible on a large scale.

However, thorium resources in Canada are
intimately associated with uranium reserves. As
the present demand for thorium is so limited,
most of the thorium produced as a result of
uranuim production ends up in the tailings
dumps. Reserves in the dumps are estimated to
contain 35,000 tons THO2.

It is considered that the total estimated Addi-
tional Resources of thorium at less than $10 per
pound is just under one million tons THOZ, on

the basis of exploration experience in known
areas of mineralisation.
% X X X X % X
X X X X X X XX
Definitions

1. In view of current trends in the marketing
of uranium resources, it appears no longer realis-
tic to consider $5 per pound U308 as attain-
able lower limit for bulk purchase.

_The three original price ranges are therefore
retained in the following modified form :
Less than § 10 per pound U 308
$ 10 to § 15 per pound U 308 4*
$ 15 to 30 per pound U 308
The form of the tables has been modified in
order to emphasize the difference in reliability
of the estimates of low-cost resources as coml-

pared with those in the medium to high price,
brackets.

A distinction has also been made between
by-product and main-product uranium.

2. Once again each price range is subdivided
into two categories,

The term Reasonably Assured Resources as
employed in the previous report, has been retained
for.the first category, and refers to material
which occurs in known ore deposits of such

grade, quantity and configuration that it can,
*On the basis of 1967 Costs,
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within the given price range, be profitably
removed from the earth and processed with
currently proven mining and processing techno-
logy. Estimates of tonnage and grade are based
on specific sample data and measurements of
the deposits and on knowledge of ore-body habit.
Reasonably Assured Resources in the less than
$ 10 per pound category are equivalent to re-
serves in the mining sense.

A slight change in terminology has been intro-
duced for the second category which is now
called Estimated Additional Resources rather
than “possible additional resources” as in the
previous report, which might have been inter-
preted as a maximum. Furthermore, in the
presentation of the figures, an attempt has been
made to distinguish between estimates of resour-
ces attributed to unexplored extensions to known
ore bodies and those which are postulated to
exist in geologically favourable areas.

A further qualification of the total deposits
estimated in the three price ranges'of the two
categories, is provided by the chart supplement-
ing Table 1 which indicates the geological nature
of the resources.

3, Figures for uranium resources, reserves and
production refer to U308, and the basic unit
adopted for commercial transactions is the pound
of U308 contained in chemical concentrate.

ANNEXURE—XI

installed hydro, thermal and nuclear capacities
as reccommended in the CW&PC’s perspective
plan by the Energy Survey of India Committee
and the Working Group on Power during the
Fourth Plan and as per present programme.

Installed capacity (MW)

Year
Hydro Thermal Nuclear Total
1 2 3 4 5

As per CW & PC’s Perspective Plan :

1965-66 5394 7832 150 13376
1970-71 11299 10702 975 22976
1975-76 18854 13802 2325 34981
1980-81 28144 17012 4825 49981
As per Energy Survey of India Committee
(Corresponding to the growth of overall

economy at an annual average rate of 6%)

1970-71 9830 8830 580 19240
1975-76 14800 12400 1500 28700
1980-81 23900 18300 4000 46200
As per Working Group on Power

during the IV Plan :
1973-74 11262 13875 1000 26137
1978-79 21588 17730 2100 41418
As per actuals/planned during
the Fourth Plan :

1965-66 4094 6080 10174
1969-70 6131 8948 400 15479
1973-74 9097 13038 1000

23135




ANNEXURE—XII

Savings that could have been effected during
the Fourth Plan if the economic path of develop-
ment suggested in the .CW&PC's . Perspective
Plan (1962) had been 4ad0pted.

The CW&PC’s Perspective Plan (1962) had
recommended a higher proportion of hydro-elec-
tric development in the country and envisaged
that in 1970-71, 50% of the total installed capa-
city would be in hydro-electric installations and
in 1975-76 hydro-electric installations would
constitute about 54% of total installed capacity.

The hydro-thermal distribution in the country
at present and as anticipated in 1973-74 as per
Fourth Plan is as under :—

1969-70  1973-74

MW MW
Hydro . . . . . 6100 9100
Thermal . . . . . 8900 13000
Nuclear . . . . . 400 1000
ToTAL 15040 23100

H the Perspective Plan of CW&PC had been
followed, for the same total installed capacities
at present and in 1973-74, the hydro-thermal
distribution would have been approximately as
under :—

1969-70 1973-74
MW MW
Hydro . . . . . 7700 12500
Thermal/Nuclear . . . 7700 10600
TOTAL 15400 23100

Higher hydro capacity affords savings on two
accounts (i) savings on fuel cost due to lower
energy generation from thermal sources and (ii)
savings on other annual charges due to lower
depreciation and operation and maintenance
charges at hydro-clectric plants.

Savings in Fuel Costs during the Fourth Plan :

{a) Energy generation as per actuals/
estimates in 1969-70 and anticipated

in 1973-74 as  per present
Programme :—
1969-70 1973-74
MW MW
Thermal/Nuclear 33,340 58,000
Hydro 22,850 37,000
TortaL 56,190 95,000

7—7821&P/71—GIPP
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(b) Energy generation in 1969-70 a
1973-74 if the Perspective Plan h
been follewed :

1969-70  1973-744

T MU Mu,
Thermal/Nuclear 29,000 46,00t
Hydro . 27,300  49,00C
ToTaL 56,300 95,000

(¢) Additional Thermal Generation in (a’

above : .
1969-70 4,340 million
units
1973-74 12,000 million
units

(d) Total additional thermal generatior

during the 5-year period (1969-70 t
1973-74) due to not following tht
Perspective Plan=40,000 MU.

(e) Cost of fuel for additional thermal
generation during the 5-year period at
the fuel cost of 3p/unit.

Rs. 40,000 X 106 X3

100
=Rs, 120 crores

Note : 1f Perspective Plan had been follow-
ed, the installation of thermal power
plants at locations far away from
collieries would have been avoided.
At these locations, the cost of fuel is -
more than 3p/unit).

I1. Saving in annual Depreciation and O & M
Charges during the Fourth Plan.

(a) Additional thermal capacity during the
Fourth Plan due to non-adherence to
the CW&PC’s Perspective Plan :

1969-70 1600 MW
1970-71 2000 MW
1971-72 2400 MW
1972-73 2900 MW
1973-74 3400 MW

(b) Assume that the capital outlays per
kW of installed capacity are the samr
in both the alternatives and it 1
Rs. 1800 per kW installed.  Saving
in depreciation charges if the hydro
alternative is adopted is about 1.2%
of capital outlay and saving in O&M
charges is about 1.5% of capital out-
lay.  Thus, the total saving if hydro
alternative is adopted is 2.7% of capi-
tal outlay.

1(\(>\< 1800 (1600-- 20002400 -+2900-- 3400)

%106

‘ =Rs. 59 crores.
ITL. Total Savings during the Fourth Plan .
Savings in fuel cost

i.e. Rs.

Ings 1 . . Rs. 120 crores
Savings in annual charges . Rs. 59 crores
ToraL . . . Rs. 179 crores
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NOTES
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- - —— et = — -

INTER STATE BOUNDARY_..__

INTERNATIONAL BOUNDARY.-- -
HYDRO CONCENTRATION .. __

COAL & LIGNITE _________.
RESERVE CONCENTRATION

OlL & GAS RESERVE __
CONCENTRATION

THE TERRITORIAL WATERS OF INDIA EXTEND INTO THE SEA TO A
DISTANCE OF TWELVE NAUTICAL MILES MEASURED FROM THE APP-

ROPRIATE BA

SE LINE.

THE BOUNDARY OF MEGHALAYA SHOWN ON THIS MAP 1S AS

INTERPRETED FROM THE NORTH-EASTERN AREAS(REORGANISATION'

ACT, 1971, BUT HAS YET TO BE VERIFIED.
L
TOTAL COAL | TOTAL [HYDRO RESOURCES (MW AT 80%L.F. [TOTAL OF
~ . |RESERVES LIGNITE RESERVES
REFIR € 010N RES RESERVES [ """~ [DEVELOPED AND .
s . - 10 METRIC TONS|10 M.TON UNDER DEVELOPMENT |IOM.TONS
ANDAMAN ﬁ AND . o
b I | SOUTHERN $515.50 2032.00 | 8097.0 3220.5 (39.80%) |
NICOBAR lSLAN%%
RA NP} o I wesTERN Mo 7168.9 941.5 (13.12%)
Q
0 m | NORTHERN 22887.00 20.30 | 10731.8 24530.7 (22.60%) 133.87
Ir | EASTERN 74227.30 — 2693.7 574.0 (21.30%)
¢ Y |NORTHEASTERN| 3629, 60 - 12464 .4 37.510.30 %)
1} J
.} X
P TOTAL :— 106,250.40 |2063.40 {41155.% 7224.2 (I7.60% 153.87
2 ]
NICOBAR q
1S (INDIAY

(;\L\é&
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ANNEX -MIL

L EGEND

TOWN oo e o)
INTER STATE BOUNDARY—- v — e
INTERNATIONAL BOUNDARY- - - —rmome
HYDRO CONCENTRATION - -
COAL & LIGNITE —— - —__.
RESERVE CONCENTRATION

OlL ¢ GAS RESERVE
CONCENTRATION )

IRS OF INDIA EXTEND INTO THE SEA TO A
AUTICAL MILES MEASURED FROM THE APP-

SHALAYA SHOWN ON THIS MAP 1S AS
THE NORTH - EASTERN AREAS({REORGAMISATION 1
ET TO BE VERIFIED.

THYDRO RESOURCES (MW AT 80%L.F. | TOTAL OIL|TOTAL N ATURAL]
RESERVES |GAS RESERVES
ToTAL |PEVELOPED AND
UNDER DEVELOPMENT [IOM.TONS |10 CU METRES -
8097.0 3220.5 (39.80%) | W
7168.9 941.3 (13.12%)
10731.5 2450.7 (22.60%) 153.87 || 63,000
2693.7 $74.0 (21.30%)
12464 .4 37.510.30%)
J
4115%.5 72242 (T.60% 183.87 63,000
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