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FOREWORD 

Pursuant to the desire expressed by the Government of Pakistan, the Inter-
national Atomic Energy Agency has undertaken a preliminary study of the 

ts of nuclear power in this country. 

study was initiated by a visit of Mr. P ierre Balligand, Deputy 
General, Head of the Department of Technical Operations, and 

" Carlos Sanchez del Rio, Director of the Reactor Division, in 
• 1961. Later in January 1962 a team of three experts of the 
it of Technical Operations, Mr. Cavid Erginsoy, Mr. Rurik Krymm, 
iorge Petretic, spent two weeks in the country to prepare a report. 
ras considerably helped in its work by the comprehensive analysis 
intional power situation in various areas of Pakistan which had been 

. .t-u out previously and by a preliminary study on the economic feasibility 
of nuclear power which had been prepared by private consultants retained by 
the Pakistan Government. 

The variety of situations encountered in the various power areas of Pakistan 
have made this study particularly challenging. It is hoped that its results will 
prove of interest to many developing countries. 

June 1962 SIGVARD EKLUND 
Director General 
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CHAPTER I : INTRODUCTION AND SUMMARY OF CONTENTS 

The long-term requirements of economic development in Pakistan, viewed 
against its indigenous energy resources, make nuclear power a leading contender 
for the supply of future energy needs. Considering that economically exploitable 
hydro resources are confined to the north-western area of the country, that only 
small reserves of poor quality coal are found in areas remote from consumption 
centres, that domestic oil can only meet 15% of present power consumption and 
that natural gas reserves, although large by present consumption standards, are 
equivalent to less than one year of United States coal production, there are good 
grounds for investigating the potential of nuclear power reactors. 

It is therefore not surprising that attention has been directed to this source 
of energy and that the Pakistan Atomic Energy Commission has realized that the 
complexity of an extensive nuclear power programme in the future is such that 
the problem would be better faced at the time when the pressure on existing do-
mestic energy resources has not as yet become critical. 

In a country undergoing a process of rapid industrialization, both future 
demand and supply of power are however subject to wide uncertainties. On the 
demand side, industrial development planning leads to the preparation of a great 
variety of projects whose implementation and timing are understandably subject 
to revisions and changes, so that forecasts of power consumption vary within 
much wider limits than in thè case of highly industrialized countries. On the 
supply side, the intense efforts at surveying and exploring the natural resources 
of the country may lead to discoveries of new sources of fuel which would greatly 
affect the short term energy picture. 

A number of studies have already been made of the power problems in 
Pakistan and a number of comprehensive reports are available. It was not, 
therefore, necessary for the Mission to collect any raw data and develop new 
information. Al l of the main three power regions have been well investigated 
by the national power authorities and by outside consultants working for them. 
Of the reports made available to the Mission, the most useful ones for the prepa-
ration of the present study were: 

Karachi area 

"Application for loan from the development loan fund for С Station project 
Коrangi" by the Karachi Electric Supply Corporation Ltd., (Apr. 1961). [ 1 ] 

West Pakistan Grid Area 

(a) "Meeting the power needs of West Pakistan 1965-68" by the Harza Engi-
neering Company International for the West Pakistan Water and Power De-
velopment Authority. [ 2 ] 

(b) "A review of the activities of the West Pakistan Water and Power Develop-
ment Authority", (Dec. 1961). [ 3 ] 

(c) "Sui northern gas pipeline, an economic feasibility report", (Jan. 1961). [ 4 ] 
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East Pakistan 

(a) "Power Survey" prepared by International Engineering Company Ltd. for the 
East Pakistan Water and Power Development Authority, (Apr. 1960). [ 5] 

(b) Economic feasibility report on natural gas transmission to Dacca and 
Chittagong prepared for the Pakistan Shell Oil Company Ltd. [ 6 ] 

Overall Feasibility of Nuclear Power 

"A study of the economic feasibility of nuclear power in Pakistan" by 
Gibbs & Hill Inc. and Internuclear Company (Nov. 1961), referred to here-
after as "the Gibbs & Hill report". [ 7 ] 

It is against the background of this comprehensive and detailed documen-
tation that the present study has to be read. Its modest role is not to call in 
question the competent reports prepared on various aspects of the power situ-
ation in Pakistan but rather to use their conclusions in an effort to estimate the 
economic merits of nuclear power. 

The basic assumptions underlying the present report are: 

(1) With regard to general economic parameters underlying a comprehensive 
comparison of industrial projects, such as the rates of interest on domestic and 
foreign capital and the rate of foreign exchange, the report has used the rates 
which have been applied to past power projects and the official exchange rate. 
It should however be realized that in a country where total foreign and domestic 
capital resources are sharply limited against a wide variety of claims for in-
vestment, the use of the rates of interest actually paid on loans and of the off icial 
rate of exchange do not always reflect the overall scarcity of domestic and 
foreign capital. 

(2) With regard to power demand forecasts, the report is based on the latest 
estimates supplied by the competent Pakistani authorities or by consulting engi-
neering f irms retained by them. Whenever such forecasts do not extend beyond 
the short term, reasonable assumptions as to future rates of growth were made 
which will have to be re-examined periodically. 

(3) With regard to power supply, the plans prepared by the competent electric 
power authorities were generally taken as a basis. 

(4) With regard to conventional power costs, the investment costs indicated by 
the electric power authorities were accepted even though they seem in some 
cases to be on the high side. With regard to fossil fuel, the present oil prices 
and gas rate schedules were used as a basis for comparison. In the case of gas, 
this involves the assumption of the continuation of present rates, although the 
conflicting impact of improving pipeline load factors and of the imposition of 
taxes after an initial tax-free period is likely to lead to changes in gas prices in 
the future. It would be as difficult to make detailed forecasts of these changes 
as to predict the actual rate schedules which will apply to gas distribution in 
areas for which pipelines are planned but have not as yet been built. 

(5) With regard to nuclear power investment and fuel costs, the report accepts 
the estimates contained in [ 7 ] which, after careful review, appear conservative 
in the light of recent developments. 
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Operating within this framework, the present report attempts to give a range 
of estimates of the costs of conventional and nuclear power alternatives for 
different areas of Pakistan. For the Karachi area it endeavours to estimate 
approximately the present discounted value of all investment, fuel and operation 
and maintenance expenditures connected with some alternative conventional and 
nuclear solutions, as well as of their economic consequences on the systems in 
which they would operate. 

Any analysis of this kind, however approximate, requires some degree of 
knowledge of future developments in the field of power, if it is not to remain 
somewhat academic. While uncertainty about future power needs and resources 
exists in all three areas of Pakistan, it is smallest for the Karachi region. 

In the case of the Western Grid the existence of several alternative projects 
for hydro-power development, coupled with uncertainty as to the amount of power 
which will be required for tube-wells needed for preventing waterlogging, gives 
rise to a large number of possible combinations. 

In East Pakistan the delivered cost of the natural gas which might be used 
for power production remains undecided since the pipelines and distribution 
systems are still in the planning stage and no f i rm rate schedule has been 
proposed. 

A brief review of the overall power situation in the different regions of the 
country is given in Chapter П. The next three chapters deal with the economics 
of nuclear and conventional stations in each region. More specifically, Chapter III 
studies the effect on the cost of power of the introduction of a nuclear plant into 
the Karachi power system. Chapter IV deals with the Western Grid and Chapter V 
with East Pakistan taking up f irst the interconnected grid in the Eastern section 
and proceeding to consider the situation which would arrive if the Eastern and 
Western systems were interconnected. General remarks are made in Chapter VI 
regarding the type s of power reactors which should be considered and the availa-
bility of nuclear füels from different sources. Finally, Chapter VII presents a 
summary of the prospects of nuclear power in Pakistan and discusses the indirect 
benefits which are associated with a f irst nuclear plant. 
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CHAPTER II. PRESENT SITUATION OF POWER SUPPLY 
AND FUTURE DEMANDS 

We shall consider the power demand and supply in the three self-contained 
areas, namely, the Karachi area, the West Pakistan Grid area and East Pakistan. 
A natural subdivision in East Pakistan is to be made between the eastern and . 
western zones. 

2. 1 Karachi area 

As Pakistan's most important centre of population, commerce and industry, 
Karachi has shown a remarkable growth since the Partition in 1947. In addition 
to the tremendous increase in the population (from 300 000 to over 2 million at 
the present time) mainly owing to the influx from other areas, an important 
industrial complex has established itself in and around Karachi. 

The area is at present served by an isolated power system. In addition to 
an old diesel plant with small units and a total capacity of 7. 87 MW (firm capacity 
5 MW), two gas-f ired plants and a dual-fuel diesel plant supply the area. Station 
A has a total installed capacity of 19 MW and Station В of 30 MW. The dual-fuel 
diesel plant installed within the industrial complex has a capacity of 15 MW. (See 
Table I) An extension is at present almost completed at Station В which will give 
an addition of 66 MW in the form of 33-MW units, also using gas. 

It is expected that as a result of this extension the power supply situation 
will ease somewhat in the immediate future. Power has been in short supply in 
the Karachi area, especially in the last few years. The increase in the industrial 
as well as residential consumers has led to the doubling of the peak load between 
July 1956 and September 1960. The annual peak loads and production are shown 
in Table II. 

Estimates of future demand, prepared for the Karachi Electric Supply Corpo-
ration by its consultants, Kuljian Corporation of Philadelphia, envisage a rapid 
increase of the peak load in the next two years, once sufficient generating capaci-
ty is installed to meet unsatisfied demands. This period would be followed by one 
of relatively more modest increase in demand, corresponding to a doubling every 
f ive years. On the basis of these estimates, the Karachi Electric Supply Corpo-
ration has planned the addition of two units at 66 MW each around 1965. Table III 
shows the additional generating capacity under construction or scheduled. The 
total f i rm capacity by 1966 would therefore be around 200 MW. 

The Gibbs & Hill report L7] emphasizes the need for having sufficient in-
stalled capacity so that "the installed capacity less the largest unit should be suf-
ficient to meet demands". 

Further additions are therefore necessary to the Karachi system after 1966. 
Although the f i rm capacity would be increased by only 66 MW even if a larger unit 
is installed, economic reasons are given to suggest that a 100 MW plant would be 
appropriate. This unit would, according to the estimate of the average utilization, 
be operated at a 78% annual plant factor, the daily plant factor ranging from 54% 
on the minimum day to 80% on the annual peak day. 

The economics of a nuclear power plant installed in the Karachi system will 
be studied in detail in the next chapter. Consideration will be given to the effect 
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TABLE I [7] 

EXISTING GENERATING CAPACITY 
K a r a c h i 

Unit No. 
Name plate 

rating 
(MW) 

Date 
installed 

Total firm 
capacity 

(MW) 

Elander Road diesel 

12 .50 1933 
14 1.12 1936 
15 1.12 1936 
16 1.12 1938 
17 1.16 1941 
18 .85 1951 
19 2.00 1951 

Station total 7.87 5. 0 

Station A 

1 4.0 1946 
3 5.0 1953 
4 5.0 1953 
5 5.0 1953 

Station total 19.0 18.5 

Station В 

6 15.0 1956 
7 15.0 1956 

Station total 30.0 30. 0 

S.I. T.E. dual-fuel diesel 

1 to 11 inclusive 1.364 May 
each 1961 15.0 

196 L total 68.5 

Ï 

TABLE и [ l ] 

ANNUAL PEAK LOADS AT THE GENERATING STATIONS AND 
THE UNITS GENERATED ANNUALLY 

Year Peak load 
(MW) 

Units-generated 
(kWh) 

1957 40.6 200 714 000 

1958 44.4 241 720 000 

1959 49.9 275 334 000 

1960 53.0 310 806 000 

1961 60.0 344 996 000 
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TABLE III 

ADDITIONAL GENERATING CAPACITY UNDER CONSTRUCTION 
OR SCHEDULED 

Unit No. 
Name plate 

rating 
(MW) 

Date 
installed 

Station В extension 

Station total 

Station С 
1 
2 

33.0 
33.0 

6 6 . 0 

1962 total 134. 5 MW 

6 6 . 0 
6 6 . 0 

Station total 132. 0 

1965 total 266. 5 MW 
I 

1962 
1962 

1965 
1965 

which the introduction of a nuclear-fuelled plant will have on the investment and 
fuel costs of the system. The Karachi Electric Supply Company was considered 
as a single gas purchaser. However, the Mission was informed that the Karachi 
Gas Distribution Company was treating each station as a separate customer. In 
this report it is assumed that this situation will not continue to prevail in the 
future. 

2. 2 West Pakistan Grid area 

This large area covers northern and central West Pakistan and has a high-
voltage transmission system which is being integrated into a network linking 
hydro-electric and steam-electric stations with consumption areas. An ultimate 
connection between this grid and the Karachi area will certainly have to be con-
sidered in the future but there is not enough data at present on this forward 
planning. At least for the period of the next ten years, with which this report 
will be concerned, the Grid can be considered independently of the Karachi area. 

The area is at present supplied mainly from the Multan gas-fired thermal 
station and the Warsak hydro-electric station. Several small hydro projects and 
a few diesel and small steam stations contribute additional generating capacity 
(Table IV). The present installed capacity is approximately 450 MW, of which 
250 MW is hydro. The capability of the hydro plants in winter, when the peak 
load occurs, is rather low (146 MW) and a certain amound of water has to be 
spilled during the summer. This situation indicates strongly that hydro plants 
must be supplemented by thermal plants. The largest thermal plant at present 
is the Multan steam power plant with two 65 MW units. The scheduled additions 
to the generating capacity in the area are also shown in Table IV. 
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TABLE XI 

EXISTING GENERATING STATIONS AND SCHEDULED ADDITIONS 
WEST PAKISTAN GRID AREA 

Type plant Plant 
Installed 
capacity 

(MW) 

Capabilities 
(MW) 

Summer Winter 

Hydro 
Hydro 
Hydro 
Hydro 
Hydro 
Hydro 
Hydro 
Hydro 

Steam 
Steam 
Steam 
Steam 
Steam 

Diesel 
Diesel 

Hydro 
Steam 
Hydro 

Malakand 
Dargai 
Rasul 
Renala 
Chichoki Mallian 
Kurramgharhi 
Shadiwal 
Warsak 

Shahdara 
Lyallpur 
Montgomery 
Daudkhel 
Multan 

-Sub-total' 

Lyallpur 
Burawala 

Sub-total 

Sub-total 

I 
System total 

(1961) 

Gujranwala (1962) 
Multan Extension (1963) 
Mangla (1968-69) 

Sub-total 

System total 
(1969) 

. 20. 0 
20.0 
2 2 . 0 
1.1 

12-0 
4.0 

1 2 . 0 
160. 0 

251.1 

8.0 
14.0 
8.5 

2 0 . 0 
135.0 

185.5 

10.0 
1.6 

1 1 . 6 

448. 2 

1 2 . 0 
130.0 
3Q0. 0 

442. 0 

890.2 

20.0 
20.0 
2 2 . 0 
1.0 

12.0 
4.0 

12.0 
160. 0 

251.0 

8.0 
" 11.0 

6.0 
7.0 

135. 0 

167.0 

8.0 
1.6 

9.6 

427.6 

6.0 
130.0 

~300. 0 

436.0 

863. 6 

15.0 
15.0 
11. 0 
1.0 
6. 0 
2. 0 
6. 0 

90.0 

146. 0 

8. о ' 
1 1 . 0 
6. о 

•7.0 
135. 0 

167.0 

8.0 
1.6 

9.6 

322. 6 

6.0 
130.0 
300. 0 

"436. 0 

758.6 

There has been a rapid increase of load in recent years (Table V) and indi-
cations are that this trend will continue. However, in making estimates of the' 
future power demands, one important question has to be answered. This concerns 
the use of power for a large number of tube-wells in connection with the water-
logging problem. A survey of the Indus plain has showii that, out of the 39 million 
acres cropped annually, 11. 3 million acres were either waterlogged or mostly 
poorly drained, 4. 8 million acres were severely saline, while in another 11. 2 
million acres saline patches were common. This problem is of great seriousness 
because the 41 million people in West Pakistan depend on the 39 million cropped 
acres for food and fibre. The bulk of them also depend on agricultúre for a l iveli-
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TABLE XI 

WEST PAKISTAN GRID - ANNUAL PEAK LOAD 

Year Peak load 
(MW) 

1956 85 

1957 97 

1958 100 

1959 115 

1960 160 

hood. West Pakistan's industry, being based mainly on agricultural products, is 
also severely, if indirectly, affected by waterlogging and salinity. 

Early in 1959 a beginning was máde on a large-scale operation against salini-
ty and waterlogging and a project was launched in some of the worst affected 
areas of the central region between the Ravi and the Chenab. It is understood that 
the Central Rechna Project, which involves the installation of 1800 tube-wells, 
is nearing completion. 

The ten-year programme which has been prepared by WAPDA for the recla-
mation and drainage of 29 million acres of land envisages the construction of 
31 500 tube-wells, 7500 miles of major drainage channels and 25 000 miles of 
supplementary drains along with other ancillary works. To operate the tube-wells 
and the pumping plants the full programme will require 800 MW of power (More 
recent estimates put this figure at 600 MW. This figure is quoted in [7]) and a 
network of high tension transmission and secondary distribution lines. One of 
the largest potential uses of power in the area is therefore connected with this 
scheme. 

Even as early as 1965, however, it is estimated that a power gap of about 
50 MW will be felt in the area and by 1968 this will have widened to 150 MW. 
In order to meet increased power demands beyond 1965 three alternative plans 
have been under consideration. These relate to obtaining more power from 
Warsak, constructing the f irst phase of the Kunhar Hydroelectric Project or 
building a thermal station near Lyallpur based on natural gas. 

According to the estimates prepared for WAPDA by its general consultants, 
Harza Engineering Company [2], the 1965 power gap at peak periods will be of 
the order of 100 MW. Their recommendation is that for the ten year period, 
1965-74, action should be taken in two phases. During the first phase a 220 MW 
thermal station fuelled by natural gas should be built near Lyallpur, the f irst 
unit of 100 MW coming into operation by November 1964 and the second of the 
same capacity by November 1965. At the same time the consultants have re -
commended that studies be carried out to determine the feasibility of constructing 
a re-regulating dam at Warsak by November 1964, the purpose of this re-regu-
lating dam being to raise the peaking capacity of Warsak's four units from 90 MW 
to the maximum of 160 MW. If this should not prove feasible then both the units 
at Lyallpur should be completed by November 1964. Along with this it will be 
necessary to install the third 132 000 kV transmission circuit between Lyallpur 
and Lahore and extend the gas pipeline to Lyallpur. Since this second power gap 
is expected to. continue until the commissioning of the Mangla hydro-electric 
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consultants have recommended that either two or more units 
.d be installed at Warsak by June 1967 or, if this proves to 
a third thermal unit of 100 MW should be installed at Lyallpur 

onsultants have also considered the Kunhar Hydro-electric 
pacity 3 X 40 MW) and reported that it should follow rather 
ngla project as proposed earlier. It is understood that these 
nder consideration by the Authority and final decisions will 

ity side, the extent to which the large Mangla project will be 
another question. One plan is based on limiting the electrical 
ct to 300 MW and the other is to develop it up to its full ca-
vidently the need for and the utilization of any large blocks 
nnot be properly assessed until the situation becomes clearer 
» questions outlined above. The report of Gibbs & Hill and 
red the several alternatives, corresponding to different 
to these questions, and has concluded that, regardless .of • 

these alternatives, at least 3 50 MW must be installed in the system prior to the 
completion of the Mangla project if the full tube-well programme is to be imple-
mented. The whole of this capacity could be operated at high'plant factors if the 
Mangla project is limited to 300 MW, but only half of it would be able to keep 
a high load factor after 1968 if Mangla is developed to its full capacity of 900 MW. 
The comparative economics of a conventional and nuclear thermal plant of the 
same size will be considered in other parts of this report. It would seem from 
the technical viewpoint that while thermal capacity has to be added to the system 
in order to balance a hydro capacity which, although potentially capable of sup-
plying the area for several decades in the future, is short of water at peak periods 
and has to spill water in the summer, the availability of natural gas and the 
planned construction of new pipelines in order to distribute this gas for industrial 
purposes are factors which have to be taken into account from the viewpoint of 
the national economy. 

It is true that the rate of utilization of power seems to be limited at the 
present time not by the lack of generating capacity but by that of transmission 
and distribution facilities making the power available to consumers. It is be-
lieved that the present excess in generating capacity will be taken up in 1965 
with the improvement of the transmission and distribution systems, but the 
rate at which estimates on future needs are in fact fulfilled depends to a large 
measure on the investment in those areas of the power supply industry. 

2.3 East Pakistan 

East Pakistan is naturally divided into two zones by the large r ivers 
Brahmaputra and Padma. These two zones have to be treated separately until 
the ultimate interconnection between the two grid systems - a major technical 
undertaking - can be carried out. This interconnection is at present under study. 
Meanwhile the Eastern and Western division must be considered separately. 

With regard to the Eastern Division, a hydro-electric plant of 2 X 40 MW 
capacity has been installed at Kaptai on the Karnafuli. r iver . There is provision 
for a third unit of 40 MW capacity to be installed before 1965. The amount of 
energy which can be supplied by Kaptai in an average year is quoted as 604million 
kWh for two units and 704 million kWh for three units. The minimum flow of the 
r iver (84 days in a year on the average) corresponds to a f i rm power of 44 MW. 
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It appears that the hydro-electric potential of the area is definitely limited 
owing to regulation difficulties. The Second Five-Year Plan quotes a potential 
of "about one million kilowatts" but no hydro-electric project has been worked 
out in detail beyond the Kaptai project. 

A 132 kV double circuit transmission line links the Kaptai plant with the 
recently installed thermal plant (Siddharganj - 30 MW) on the outskirts of Dacca 
as well as to Dacca itself. A 33 kV link exists to Chittagong. Taking alsq into 
account the diesel station of 10 MW at Chittagong, the present total installed 
capacity is 120 MW. The existing diesel plant at Siddharganj has been excluded 
because it is in the process of being dismantled and its units will probably be 
sent elsewhere. 

The estimates for power demand which have been used in the report of Gibbs 
& Hill [7] are taken from a survey carried out in 1960 by the International Engi-
neering Corporation upon the request of East Pakistan WAPDA [5]. The survey 
was carried out on the basis of a door-to-door enquiry on possible power needs. 

The two years, 1960 and 1961, which have elapsed since the survey have 
shown that the development has been somewhat less rapid than had been antici-
pated. The main reasons for the lag have been the relatively high rates charged 
to consumers and the slow development of transmission and distribution facilities. 
However, action has been taken to remedy both of these shortcomings so that a 
faster rate of growth can now be expected. This will be further helped by the 
addition of new additional consumers such as the steel mill in Chittagong (10 MW), 
new jute mills (6 MW), a rayon plant (1 MW), a cement plant (1. 5 MW). 

With regard to the period beyond 1967, it seems clear that the low rate of 
growth (5-6%) estimated for the period from 1967 at the time of the Survey is in 
need of upward revision. The lack of information on longer-term needs was obvi-
ously responsible for this underestimate during the Survey of 1960. A 10% annual 
increase after 1967 is probably a reasonable estimate. This may well be exceeded, 
especially if adequate distribution facilities and suitable rates attract further small 
auto-producers to the integrated grid. 

In the light of these considerations and excluding from the estimates the two 
main self-producers, the Karnafuli paper mills (14 MW) and the Fenchuganj 
fert i l izer plant (36 MW), the following load demand schedule may be derived 
from the IEC Survey (Table VI). 

The exact amounts of thermal generating capacity required to meet the IEC 
load demand estimated depend on the possible contribution of Kaptai to meet 
peaks at the period of minimum flow. Assuming that Kaptai can contribute to 
peaking at its full capacity, a power gap is likely to open before 196 7 when the 
total installed capacity (excluding the Karnafulu paper mill and the Fechuganj 
fert i l izer plant) will be as follows (Table VII). 

This capacity will have to meet an estimated peak demand of 200 MW, leaving 
a gap of 40 MW. This gap requires construction of at least one unit of 40 MW if 
peak demand is to be met, and of 2 units of 40 MW if a reserve equal to the 
largest unit in the system is to be maintained. Considering the time periods in-
volved, it seems that this first power gap will have to be fi l led with conventional 
stations. Within two years, however, a new gap of 40 MW will arise. At that 
time the general power situation might be summed up as follows (Table VII I ) . 
Within this context a nuclear power station of 50 MW could be expected to operate 
at a load factor exceeding 70% during the f irst year and rising to 80%. The next 
serious consideration should, therefore, be given to its economic merits in 
comparison with a fossil fuel station. 
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TABLE VI 

ESTIMATES OF POWER DEMAND IN THE CONNECTED GRID 
OF THE EASTERN ZONE OF EAST PAKISTAN 

Year Estimated max. demand 
(MW) 

1960 50 

1961 60 

1962 70 

1963 85 

1964 114 

1965 150 

1966 174 

1967 200 

1968 220 

1969 242 

1970 268 

TABLE VII 

TOTAL INSTALLED CAPACITY BY 1967 

Plant Installed capacity 
(MW) 

Kaptai' Hydroelectric Plant 120 

Siddharganj 30 

Chittagong 10 

Total 
i 

160 MW 

TABLE VIII 

EXPECTED GENERAL POWER SITUATION BY 1969 

Peak demand, 
(MW) 

Installed capacity, 
(MW) 

Firm power, 
(MW) 

Energy production, 
106kWh 

242 240 200 Kaptai 700 

Thermal stations 510 

" Total 1210 



As regards the western zone of East Pakistan, it must be stated at the outset 
that a 13 2 kV the between Goalpara (25 MW) and Bheramara (8 MW) has been 
decided upon and is expected to be completed by 1966. The Gibbs & Hill report 
[7] indicates that a deficiency in generating capacity will exist before this time. 
The load estimates are still based on the 1960-Survey which are given in Table 
VII. In addition to these, by 1967 there will be 3 MW demand due to an extra jute 
mill at Siddharganj and an industrial estate at Pabna Rangpur. 

The extent to which these loads can be supplied after 1966 through the 132 kV 
network will depend on the speed with which lower-voltage transmission and 
distribution lines can be completed and the loads connected. As far as the gener-
ating plants feeding power into the 132 kV network are concerned, these will no 
doubt consist partly of some of the largest of the existing plants in the area, but 
mainly of new stations. However, these are problems of power generating and 
transmission planning which are independent of whether the generating plants to 
be built are conventional or nuclear. 

TABLE IX 

LOAD ESTIMATES IN THE WESTERN REGION OF EAST PAKISTAN 
According to the 1960 Survey [5] 

Year 
Load Load Year 
(MW) 

Year Load 
(MW) 

Year 
(MW) 

1960 20 1966 90 

1961 30 1967 105 

1962 40 1968 117 

1963 50 1969 128 

1964 63 1970 140 

1965 75 

Taking a usable generating capacity of 50 MW in 1967, it can be seen that 
the power gap is 55 MW at that time and that it increases to 90 MW by 1970. 

It is clear that this initial power gap of 50 MW would have to be met by 
conventional units, because of the relative short time involved, the factors 
available and reserve considerations which advise keeping a reserve capacity 
equal to the size of the largest unit in the system. 

By 1970 the problem of installing a nuclear station might arise especially 
in the light of particularly high fossil fuel costs in that region. By that time, 
however, the interconnection of the two regions may have been achieved. This 
would make the situation so much more advantageous for nuclear power by 
permitting the installation of a 100 MW plant that it seems desirable to focus 
special attention on this case. 

Should be two systems be combined, the total peak load demand in 1969 
would be 370 MW rising to 408 MW by 1970 according to the IEC estimates for 
both regions. The total installed capacity would be 345 MW leaving a power gap 
of 65 MW in terms of form power. This gap would increase to 103 MW by 1970 
and consideration of a 100 MW thermal unit is therefore justified. The situation 
by 1970 can be summarized in the following table (Table X). 
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TABLE XI 

ANNUAL ENERGY PRODUCTION IN THE 
COMBINED SYSTEM (Year 1970) 

Plant Energy-( x 10® kWh) 

Kaptai 700 

Nuclear 700 

Other Thermal 640 

' 2040 

Within this context an 80% load factor could be achieved by a nuclear station of 
a 100 MW capacity and serious consideration should be given to it. 
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CHAPTER III: EFFECTS ON THE POWER ECONOMY OF THE 
INTRODUCTION OF A NUCLEAR STATION INTO THE KARACHI ELECTRIC 

POWER SYSTEM 

The present power situation and estimated future demand in the Karachi 
area has been discussed in Chapter II. 1. The installed capacity and plans for 
future expension are shown in Fig. 1. Briefly, the extension to Station В is in 
the final stage of completion and arrangements have been made for a loan for 
the construction of the 2 X 66 MW Station С at Korangi Creek (cost of about $ 37 
million or $ 280 per gross kilowatt). It is understood that the Karachi Electric 
Supply Corporation proposes to meet further increases in demand by the con-
struction of a 66 MW extension to Station С in 1966 and another 66 MW extension 
by 1970. 

Y E A R 

Fig.l 

KARACHI ELECTRIC POWER SYSTEM 

Projected power demand and capacity 

The Gibbs & Hill report [7], in its analysis of the Karachi area, concluded 
that a 100 MW nuclear j>lant would be the most suitable size and that this plant 
initially would generate energy at a cost essentially equal to that from an equiva-
lent gas-f ired plant. Furthermore, it was indicated that the position of the nuclear 
plant would be further enhanced since nuclear fuel costs could decrease by 0. 2 
to 0. 6 mills/kWh over the operating li fe of the plant while natural gas would not 
experience a similar price reduction. 
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However, in this cost analysis no allowance was made for the impact of the 
introduction of a nuclear plant upon the cost of gas to the other gas-fired stations 
in the system, due to the lower total gas consumption and the resulting higher gas 
rates. 

We propose, therefore, to make some cost analyses taking this factor into 
account. In order to make a more direct comparison of the different alternatives 
to the proposed construction of the two 66 MW extensions to Station C, we shall 
consider the following cases: 

(la) Installation of a 66 MW gas-f ired station. 
(Ib) Installation of a 66 MW nuclear station instead of a gas-f ired station. 

(Ila) Installation of a 132 MW gas-fired station, 
(lib) Installation of a 132 MW nuclear staion. 
(lie) Installation of a 66 MW gas-fired station as in (la) followed by another 

66 MW gas-fired station 3 years later, 
(lid) Installation of a 66 MW nuclear station followed by a 66 MW gas-fired 

station. 

In addition, the costs of the same construction programmes were considered 
for the case where they would be initiated at the time when peak demand would 
reach 250 MW (about 1970 by present estimates). 

The basic data on investment, fuel and operation and maintenance costs used 
in this analysis are taken from the Gibbs & Hill report [7] and interpolated when-
ever required. The 66 MW and the 132 MW nuclear plants are assumed to be 
capable of operating as shown in Fig. 1. In this connection, it should be pointed 
out that current experience has shown that nuclëar plants can operate at plant 
factors higher than the 85% maximum which was assumed. Furthermore, liabili-
ty and plant insurance were excluded from the analysis. While liability insurance 
is a problem which each country has to solve for itself, the amount involved in 
plant insurance is relatively small in comparison with other items which have 
been neglected. Thus, if plant insurance costs as given in Gibbs & Hill [7] were 
accepted, the 0. 1 mill/kWh differential which they would cause would be more 
than offset by a probable decrease in annual operation and maintenance expenses 
of the nuclear power plant which has also not been taken into account. 

On the basis of these data and of the present gas rates schedule in Karachi, 
the total present worth costs (See App. C) for the construction, fuelling and 
operation and maintenance of the plants involved in the different alternatives 
were computed, as shown in Appendix A and summarized in Table XI. To simpli-
fy the presentation, the calculations were made for groups of years rather than 
individual years. The time weighed average generating costs for the f ive year 
period of operation which are obtained by dividing the present discounted value 
of all expenditures by the present discounted value of all the energy to be pro-
duced are also given. 

It should be realized that the calculations are made only for a few possible 
combinations over the near-term future. It would be idle to speculate over the 
longer term, taking into account the eventual depletion of gas reserves for power 
use, since by the time this possibility became pressing, the Karachi area and 
the West Pakistan Grid might be interconnected and the power problems would 
arise in a somewhat different way. Furthermore, the comparison was made 
under the assumption that only one nuclear power plant was introduced into the 
system at about the time when the first 66 MW extension of Station С is considered. 
To go further and endeavour to determine the system costs for a series of nuclear 
power reactors to be installed in the future would be difficult at present since 
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TABLE XI 

SUMMARY OF COST ANALYSIS OF INSTALLATION AND EQUIVALENT 
OPERATION OF ALTERNATIVE POWER PLANT IN KARACHI 

ELECTRIC POWER SYSTEM"1" 

Alternative cases 

Present value of investment 
and 25 years operation, 

$106 

Weighed cost of generation 
mills Д Wh 

Cost of money 
4°/o 6% 

Cost of money 
4% &fo 

la 66 MW gas-fired station at time of peak 
demand is 200 MW (about 1967) 53 47 7.3 7.9 , 

lb 66 MW nuclear station instead of la 58 53 8.0 8.8 

lia 132 MW gas-fired station at time of peak 
demand is 200 MW 89 79 6.3++ 6.8 

lib 132 MW nuclear station at time of peak 
demand is 200 MW 95 86 6. 7++ 7.5 

lib' Same as lib but assuming nuclear fuel 
reduction 89 82 6.3 7.1 

lie 66 MW gas-fired as in la followed by 
another 66 MW gas-fired station 3 years 
later 102 90 7.2"н+ 7.8+++ 

II d Same as lie but first 66 MW station 
nuclear* 107 95 

•JfA. 
7 . 6 W 8. 2 

lid' Same as nd but assuming nuclear fuel 
reduction 104 93 7.3 8.0 

Ilia 66 MW gas-fired station at time of peak 
demand is 250 MW (about 1970) 53 46 7.2 7.7 

Illb Same as Ша for 66 MW.nuclear station 57 51 7.8 8.6 

Illb' Same as ШЬ but assuming nuclear fuel 
reduction 54 49 7.3 8.2 

IVa 132 MW gas-fired station at time of peak 
demand is 250 MW 88 78 6.1 6.5 

IVb Same as IVa but for 132 MW nuclear 
station 92 83 6.3 6.9 

IVb' Same as IVb but assuming nuclear fuel 
reduction 86 78 5.9 6.5 

+ Data based upon use of present gas rates and the present estimated nuclear fuel costs, plant construc-
tion and operation and maintenance costs as presented in [7] . See Appendix С for detailed analysis. 

++ Excluding plant insurance [7] gives generating costs of about 6. 9 mills for both a 100 MW nuclear and 
gas-fired plant, at a 4*70 interest rate, 25 year life, and an 80% plant factor. 

+++ Approximately equivalent to la. 
v No significant* differences in cost if first 66 MW station is gas-fired followed by 66 MW nuclear three 

years later. 
* * Approximately equivalent to averagè of la and lb. 

A 
additional economies due to improving reactor technology would have to be fore-
cast. Finally, it should be pointed out that these comparisons, while they take 
into account the impact of the introduction of nuclear power upon the initial gas 
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price, do not consider the effect of the displacement of the plants by new and 
larger plants in the future. In particular, it would be expected that the gas-f ired 
plants would be gradually displaced by more efficient thermal units but that 
nuclear plants, since their fuel costs would be expected to remain significantly 
lower,-would not be so displaced. This type of analysis, however, is extremely 
complex and, because of the many uncertainties in projected nuclear and con-
ventional fuel costs, future power demand and technological developments, it 
would be of doubtful value and not warranted in this study. 

Thus, the comparisons which were made are essentially approximations to 
indicate the relative merit of various alternatives, taking into consideration the 
major near-term factors. The method of calculation presented in Appendix A, 
Table A-I , however, does permit an assessment of relative merit of nuclear 
power on the basis of changes in the basic cost assumptions and operating para-
meters. 

In particular, it permits an easy assessment of the effect of expected nuclear 
fuel cost reductions upon the comparison. The calculation is outlined in Appendix 
A, Table A- I I I and the consequences for the different alternatives presented in 
summary form in Table XI and Figs. 2 and 3. 

YEARS 

Fig.2 

PRESENT VALUE OF EXPENDITURES OF 25 YEAR OPERATION 
OF GAS-FIRED AND NUCLEAR PLANTS IN KARACHI 

Initial peak system demand 200 MW (about 1967) 

Shaded area - assumed reduction in nuclear fuel cost 

Under the assumptions given in Appendix A and as indicated by Table XI 
and Figs. 2 and 3, it might be concluded that: 

(1) The construction and 25 years operation of a 66 MW nuclear power plant 
installed about 1967 would have a discounted present cost of about $ 4 to 
$ 5 million more than that of a 66 MW gas-f ired plant at a 4% annual 
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Fig.3 

PRESENT VALUE OF EXPENDITURES OF 25 YEAR OPERATION 
OF GAS-FIRED AND NUCLEAR PLANTS IN KARACHI 

Initial peak system demand 250 MW (about 1970) 
Shaded area - assumed reduction in nuclear fuel cost 

interest rate; at a 6% interest rate the present discounted cost of a 
nuclear plant would be about $ 5 to $ 6 million greater than that of a gas-
f ired plant. 

(2) If a 66 MW plant were installed later, about 19 70, the impact upon the 
electric system and the gas cost would be considerably less and a 66 MW 
nuclear plant might be nearly competitive with a 66 MW gas-f ired plant 
at a 4% annual interest rate, provided the indicated nuclear fuel cost 
reductions were achieved in the future; at a 6% annual interest rate a 
66 MW nuclear plant would have a present discounted cost of about $ 3 
million greater than that of a gas-fired plant installed at the same 
time. 

(3) If a 132 MW nuclear plant were installed in 1967, it would be competitive 
with a 132 MW gas-fired plant installed at the same time at a 4% annual 
interest rate, provided anticipated nuclear fuel cost reductions were 
achieved; at a 6% annual interest rate the nuclear plant would have a 
total discounted cost of about $ 3 million more. 
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CHAPTER IV: THE WEST PAKISTAN GRID AND THE ROLE OF NUCLEAR 
POWER IN THE DEVELOPMENT OF A MIXED HYDRO-THERMAL SYSTEM 

The present power situation and future plans in the West Pakistan area based 
upon various studies which have been undertaken have been discussed in Chapter 
II. There are many complex factors involved in evaluating the relative merit of 
the introduction of nuclear power into this system. The evaluation can be consid-
ered in two parts: 

(1) Pr ior to the commissioning of M angla; 
(2) The long-term potential after development has grown sufficiently so that 

high plant factor thermal units will be necessary. 

Nuclear Prospects Pr ior to Mangla 

Both the Gibbs & Hill [7] and the Harza Engineering Company [2] reports 
indicate a thermal power gap after the 130 MW Multan extension and prior to the 
commissioning of the Mangla project. This has been discussed in Chapter II. Pro-
jected installed capacities and the demand of power in the West Pakistan Grid 
are shown in Fig. 4 together with the contribution from thermal power prior to 
the completion of the Mangla power plant, and (after this date) the respective 
shares of hydro and thermal power, the latter being used essentially for f i rm-
ing up. 

To meet this deficiency, one of Gibbs & Hill 's proposals - which would not 
result in any curtailment of the tube-well programme and provided Mangla were 
limited to 300 MW - was the installation of a 200 MW gas-fired station near 
Lyallpur (Chiniot) followed by a 150 MW nuclear plant by 1966. Further, they 
concluded that the construction and operation of a 150 MW nuclear plant is econo-
mical if the load available to operate the plant is above 55%. At a plant factor of 
70% the cost differential was in favour of nuclear power by about 0. 25 mills/kWh 
at 6% interest rate on investment. Power generating costs of 7. 2 and 7. 9 mills/ 
kWh were quoted for a nuclear and gas-fired plant, respectively, at a 4% interest 
rate and 70% plant factor. They concluded further that future reductions in nucle-
ar fuel cycle costs would make the nuclear plant still more competitive under 
these conditions. 

While the plant factor is of critical importance in this comparison, never-
theless, a factor of equal importance is the price of gas. This was considered 
rather simply in [7] in which a fuel cost for a 150 MW gas-fired station was taken 
at 5. 1 mills/kWh. 

The Harza report [2] considered four possible alternative courses of action 
to provide power not only prior to Mangla development but also to lay the ground-
work for the best development of the water and power resources of the Indus River 
Basin. Of the four alternatives, Plan 3 (addition of 2 X 100 MW thermal units in 
1964-66 followed by 2 X 40 MW Warsak hydro units in-1967 and a total of 600 MW 
of thermal units near Lyallpur in 1969-74) and Plan 4 (addition of 100 MW units 
in 1964, 1965 and 1.967, followed by the development of the Paras hydro project 
in 1971-73) were considered the most economical over the 1965-74 period. The 
utilization of the hydro, which is such an important factor, is indicated in Fig. 4. 
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Fig.4 

WEST PAKISTAN GRID SYSTEM FORECASTS 
OF LOADS AND INSTALLATIONS 

In their study, Harza assumed gas transmission facility adequate-to serve 
the demands of the proposed plants. The assumed gas charges were made up of 
(1) a fixed annual demand charge to recover all capital costs and return on in-
vestment and (2) a variable annual charge to recover the field cost of gas, its 
purification and operation, administration and line maintenance. Based upon their 
gas rates, power demands and steam plant cost data and length of period consid-
ered, they obtained power generating costs varying from 9 to 22 mills/kWh. 

This wide range in the cost of power generation makes it difficult to evaluate 
the merits of a nuclear versus a gas-fired plant. In addition to the plant factor, 
the price of gas for the thermal station is of paramount importance in the com-
parison. This is particularly so in ail area where no pipeline exists as yet and 
where gas-utilizing industries (cement, fert i l izer) are as yet to be established. 

The present gas pipeline extends from the Sui gas field only to Multan and 
supplies the 135 MW Multan power station as well as the adjacent fert i l izer plant 
recently completed. A study has beèn made by Snodgrass and Gibson [4] for the 
extension of the pipeline north to Wab. This extension and the projected gas- flows 
and consumption areas are shown in Fig. 5. » 

The price of gas varies considerably depending upon the demand, the distances 
involved, peak to average use and the method of cost allocation. The variations 
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Fig. 5 

PROPOSED SUI NORTHERN GAS PIPELINE 

in the price of gas in West Pakistan which are based upon the present rate sched-
ule and the data given in the reports by Snodgrass and Gibson [4] are summarized 
in Appendix B, Table B-I. The proper cost for fuel transmission depends upon 
projected demands for gas which in turn is influenced by not'only power but also 
industrial and commercial developments using gas. As hydro gradually replaces 
thermal power with the commissioning of Mangla, thermal plants would be using 
less gas and the cost of gas transmission would have to be borne more by users 
other than power operators. For the comparison of nuclear and gas-fired thermal 
plants either the whole of the pipeline cost can be allocated to a given amount of 
power generation capacity, or a part of the pipeline cost can be allocated to power 
generation and another to a projected industrial use. The first alternative obviously 
leads to higher fuel costs for power, since there is no benefit from joint use by 
other consumers. 

Because of the uncertainty as to which alternative will be adopted, detailed 
cost comparisons for various nuclear and gas-fired alternatives is necessarily 
hypothetical and of limited practical value. 

In spite of the many variables which would influence the comparison, a simple 
comparison can be made to indicate the relative merit. This is shown in Table XII. 

In this example it is noted that the total capital investment for 3 X 132 MW 
gas-fired stations and necessary facilities for gas transmission from the Sui gas 
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TABLE XII 

COST COMPARISON OF THE INSTALLATION OF A 
132 MW NUCLEAR VERSUS A GAS-FIRED PLANT 

NEAR L Y A L L P U R + 

Installed station capacity, MW 
la 

132 MW 
Gas-fired unit++ 

lb 
132 MW 

Nuclear unit++ 

Increase in cost 
due to use of 

Nuclear 
$106 

Nuclear unit 0 132 

Gas-fired units 3 x 132 2 X132 

Total station 3 X132 3 X 132 

Capital investment, $ 10 6 

132 MW nuclear plant - 42 

132 MW gas plant 29 -

Gas transmission, Sui to Lyallpur 38+++ 25* 

Total 67 67 

Fuel cost. Mills/kWh 

Gas delivered 2.3 to 2 .5 * * 0 

Nuclear - 2.8 to 2 . 0 * * * 

Five year fuel cost 1. 32 to 1. 44 1. 61 to 1.15 ±0.3 
- at 10% plant factor, $ 10 6 

The total thermal capacity requirement presented in this example is comparable to that given in the Harza 
Report, [ 2 ] . 

+ + The cost of installation and operation of two 132 MW gas units required for both cases la and lb would be 
the same and hence excluded from the cost comparison. 

+ + + Cost of a 16 in pipeline to provide peaking capacity for 400 MW (3 x 132 MW) of gas-fired capacity; data 
from [ 2] . 

* 2/3 cost of 16 in pipeline taken which provides peaking capacity for 2 x 132 MW gas-fired plants, the other 
1/3 of the cost allocated for other use; alternatively, all the cost of a smaller pipeline could be taken 
which would provide the same service, could be considered. 

* * Based upon a purified gas and pipeline maintenance and distribution cost of about 1. 0 to 1.1 Rs/Mcf; ob-
tained from Appendix B, Table B. L 

* * * See Appendix A 

field to Lyallpur is comparable to the capital investment in 2 X 132 MW gas-fired 
stations, 1 X 132 MW nuclear station and the necessary gas transmission facilities. 
Therefore, the relative merit of the two alternatives would depend essentially 
upon their operating costs. As indicated, it would appear that initially the gas 
fuel cost will be slightly lower but, later, if the reduction in nuclear fuel is real-
ized, the gas cost would be higher. Also, initially, other operating costs of a 
nuclear station would be higher. 

It is noted that, as shown by Fig. 4 and the Harza study, after the commission-
ing of Mangla the thermal stations will be operating at very low plant factors vary-
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ing from a few percent to 20% in the period 1969-74/ depending upon the various 
power schemes proposed. Thus, for this period the thermal station would be used 
for peáking only. 

For peaking stations, however, the difference for fuel and other operating 
costs is of minor economic significance compared to the initial investments. For 
example, as shown in Table XII, a variation of 0. 3 mill/kWh for 132 MW plant 
operating 5 years at 10% plant factor (876 h/yr) would only amount to 0. 3 million 
dollars. 

Thus we have a comparison between a nuclear and a conventional station for 
peak load duty. The two alternatives have comparable investment costs, and the 
annual operating costs are relatively small compared to the capital investments. 
The technical operating characteristics of the alternatives must also be consider- . 
ed. Experience with the Shippingport nuclear station, when used as a peak load 
facility, shows that a reactor can follow all system load change demands in its 
power range. It also can be shut down and started up under controlled conditions 
at a faster rate than that of any conventional modern station in the system in which 
it operates. 

In summary, it appears economic ally and technically feasible to utilize nuclear 
power to meet a part of the need for firming up the hydro capacity in West Pakistan. 
Since nuclear power would meet only a portion of the future thermal demand, its 
introduction would not have a deleterious impact upon projected plains for the ex-
tension of the gas lines which is necessary for the industrial development of this 
area. Further, after Mangla, when the thermal system load factor develops and 
a possible reduction in nuclear fuel costs is realized, savings in operating costs 
could result by using the nuclear station at base load. 

Long-term Aspects 

While natural gas represents a very important resource in West Pakistan, 
it is not inexhaustible. Further, in addition to its use for power, it is valuable 
as a raw material for many processes, such as ferti l izer, cement and steel pro-
duction. The major reserves are located at the Sui gas field. Proven reserves 
are estimated at 5 X 1012 ft3. Snodgrass [4] has predicted that if an active market 
develops, additional reserves would be discovered equal to at least the proven re-
serves. 

Gibbs & Hill [7] in their analyses of the long-term use of natural gas for power 
generation concluded that: 

(1) Because of lack of hydro potential and limited gas supply in the Karachi 
area the use of imported fuels would have to be considered for power 
generation within 25 years. 

(2) in less than 40 years the demand in West Pakistan will far exceed the 
total available hydro potential plus maximum power generation which 
might be supported by natural gas. Hence, production of electric energy 
from either imported fuels of nuclear power eventually would be required. 

The f irst conclusion is based upon a dedication of 1. 2 X 1012 ft3 of gas to the 
Sui - Karachi gas line of which 30% would be for power generation. The second 
conclusion is based upon a projected need for a capacity of over 18 million kW 
in West Pakistan in 40 years which would exceed the sum of the hydro potential 
(10 million) and of the maximum power generation potential which could be sup-
ported by natural gas (2. 4 million kW, corresponding to about 5 X 1012 ft3 of gas 
consumption in 40 years, or one-half the predicted reserves). 
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The gas suppliers would be critical of a policy of dedicating only a certain 
quantity of gas for a specific purpose, in order to conserve its use for the future. 
They would contend that the potential of the gas should be developed to the maxi-
mum, particularly since new gas reserves would undoubtedly be found as demand, 
increases and there is an economic .justification for further exploration, • 

For the long-term analysis, it might be more appropriate to consider Karachi 
and the West Pakistan Grid together since the two areas will ultimately be inter-
connected in spite of the long distances between them, and not consider a specific 
dedication for the Karachi area. Fig. 6 shows the gas consumption for Karachi, 
based upon electric load growths as indicated in the Gibbs & Hill report, and for 
the West Pakistan Grid based upon the load as discussed previously in this chapter 
(Harza Plan 3). For the long-term projections a doubling time of ten years was 
taken. 

P R E O I C T E O R E S E R V E S - SNODGRASS 

0 
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<л < 
о 

Fig. 6 

GAS CONSUMPTION IN WEST PAKISTAN 

As indicated in the figure for the case where total gas requirements for over-
all use are equal to three times the power generation needs the proven resources 
would be exhausted in 35 years (about 1990). For a doubling in demand every 10 
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years the projected reserves would then be exhausted in about 45 years. This 
projection is essentially the same as given by Gibbs & Hill for West Pakistan. 

Since a supply of fuel should be assured for the lifetime of a station, or about 
30 years, it would appear not too premature to consider the possible introduction 
within the next ten years of nuclear power as a supplement to the use of gas-fired 
stations. 

The cost analyses given in Chapter III and previously in this chapter indicate 
that nuclear power might be of interest at present to f i l l the need of part of the 
thermal power in West Pakistan. Its prospects are expected to be even more 
favourable in the future. Hence it might be desirable to initiate a very modest 
nuclear power programme, even at some economic penalty, so as to insure against 
the uncertainties in the future. 
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CHAPTER Y : FEASIBILITY OF NUCLEAR POWER IN EAST PAKISTAN 

There is little doubt that if the present drive towards the industrialization of 
East Pakistan is to be sustained in the face of limited hydro-electric and fossil 
fuel resources, nuclear reactors are likely to become a major source of power 
in this area of the country. The problem of timing, however, is made somewhat 
difficult bythe relatively low present level of power consumption, the uncertain-
ties about the time of interconnection between the Western and Eastern regions, 
and about the load demand development beyond the next f ive years. 

The recent plans for the laying of a gas pipeline from Rashidpur to Dacca 
make natural gas-fired stations as well as oil stations possible alternatives to 
nuclear power. This has had some influence on the presentation of the present 
chapter. 

Since, in contrast to West Pakistan, no f i rm gas price schedules can be 
forecast at present, detailed computations of the present worth value of alterna-
tive solutions would be subject to wide margins of uncertainty. Under these con-
ditions, the best method of presenting the cost comparison appeared to be to de-
termine the cost of fossil fuel for which nuclear power reactors become com-
petitive and to compare it with that of present and anticipated fossil fuel for a 
50 MW unit in the Eastern Grid and for a 100 MW unit in the combined grid. 

1. The Eastern Grid 

Concerning the eastern region of East Pakistan, where the bulk of the in-
dustrial and power production is concentrated, we see that during the next f ive 
years the Kaptai hydro-electric plant is likely to provide the greater part of the 
annual energy requirements and that thermal plants will have to be assigned 
semi-base or peaking duties. However, thermal plants will contribute in-
creasingly larger amounts of energy after 1967 and as was seen in Chapter H, a 
thermal power plant of 50 MW could operate at a 70% plant factor by 1969 and at 
an 80% load factor by 1970. 

The investment, fuel, operation and maintenance costs, quoted by Gibbs & 
Hill [ 7 ] f o ra 50 MW nuclear power plant tobe installed in East Pakistan, appear 
conservative. The estimate given for the capital cost of a 50 MW oi l- f ired station 
is also reasonable and although the capital cost of a gas-fired station would be 
somewhat lower, the differential between the investment costs of a nuclear and 
fossil fuel fired station will remain in the range of 10 million dollars. For a 
station operated at an 80% load factor with a l i fe of 25 years this would lead to a 
differential in the capital cost components of 1.9 mills/kWh at 4% and of 
2.3 mills /kWh at 6%. To these should be added the differentials of 0.33 mills/kWh 
for operation and maintenance and of 0.19 mills/kWh for insurance. Thus, the 
total differential of the capital, operation and maintenance, and insurance com-
ponents of the generating cost is of the order of 2.4 mills (at 4%) and 2.8 mills 
at 6%. The nuclear fuel cost component has, on the other hand, been estimated 
at 3.15 mills/kWh. 

Consequently, the nuclear power will be competitive in East Pakistan if con-
ventional fuel costs are above 5.55 mills/kWh (if the comparison is made at 4%) 
and above 5.95 mills/kWh (if the comparison is made at 6%). To put it in a 
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summary form, it may be said that a conventional fuel cost of 6 mills/kWh corre-
sponding to a cost of about 51 cents per 106 BTU for a 50 MW conventional unit 
would make a nuclear power reactor clearly competitive under the above as-
sumptions. The cost of conventional fuel must, therefore, be considered both 
in the case of oil and gas. 

(a) Competition with Oil 

To make the comparison a fair one the mission believes that the import duty 
statutory charges and the government surcharge amounting to approximately 
Rs.16.8 per long ton should be excluded from the cost of fuel oil since they 
represent revenues to the government of Pakistan. Under these conditions the 
cost of fuel oil is approximately: 

TABLE х ш 

COST OF FUEL OIL IN EAST PAKISTAN 

Cost/ton Cost/106 BTU Cost/ton 
(RS) Cents 

Chittagong 

Dacca 

100 

121 

2.41 51 

2.92 61 

The figure of 61 cents per 106 BTU in Dacca gives a fuel cost of 7 mills for 
an oi l- f ired station of 50 MW with an efficiency of 11.400 BTU per kWh at an 
80% plant factor, that is more than 1 mill above the threshold of competitiveness 
with nuclear power. Consequently, even after exclusion of the government 
charges and duties, a nuclear power reactor operated at 80% plant factor is 
clearly competitive with an oi l- f ired plant of the same size in the Dacca area. 

(b) Competition with Gas 

The construction of a gas pipeline to supply the Dacca area with natural gas 
from the field of Rashidpür or possibly from Titas is at present under consider-
ation. While the investment and operation and maintenance costs of the pipeline, 
compressors and distribution facilities have been estimated, the future schedule 
of gas prices remains hypothetical. However, the authors of the feasibility study 
have stated that gas prices will have to be aligned on oil prices in the area. If 
this proposal is implemented, the above conclusions on competitiveness with oil 
would retain their validity for the case of gas-fired plants. If, on the other hand, 
gas prices were established on the basis of cost rather than on that of equivalence 
with imported fuel prices, the situation would have to be considered again in the 
light of the proposed schedule, especially in the view of the foreign exchange 
savings which gas seems to of fer . 

Although these foreign exchange savings will no doubt be significant, an accu-
rate determination would require a detailed breakdown of the structure of gas 
prices. An estimate which would be based on the foreign currency requirements 
for the transmission facilities alone would not be quite realistic, as the authors 
of the feasibility study of gas transmission to Dacca and Chittagong themselves 
recognize, considering that distribution facilities would also call for foreign 
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exchange expenditures and that foreign stockholders would presumably be en-
titled to repatriate at the official rate of exchange dividends, the total amount of 
which would be rather large if prices of gas are made equivalent to those of oil. 
Nevertheless, this question deserves serious scrutiny as soon as the details of 
proposed gas schedules have been finalized. 

2. The Combined System 

If the Eastern and Western regio connected and a power reactor 
of a 100 MW can be operated at an 8 эг, the competitive position of 
nuclear power will of course be enha: ; .fferential of the capital oper-
ation and maintenance and insurance ч of generating costs would de-
crease to 1.6 mills/kWh at 4% inter j-2 mills/kWh at 6% interest 
rate. Added to a nuclear fuel cost ; kWh, this would set a 4.4 to 
4.8 mills/kWh threshold for fossil fuel costs or of 39 to 42 cents per 106 BTU 
for a 100 Mw conventional station with a heat rate of 11 400 BTU/kWh at an 
80% plant factor. , . 

While the question of the optimum location of a station of this size in an inte-
grated network would have tobe the subject of a special analysis, it is clear that 
savings of at least 2 mills/kWh as compared to the cost of power from fossil fuel 
f ired stations would be the minimum expectation if the present prices of oil are 
maintained and gas prices aligned on them. 

3. Conclusions 

The conclusions of the Mission are therefore: 
(1) The present high fuel oil prices prevailing in East Pakistan and the in-

tended alighnment of gas prices with these oil prices make nuclear re-
actors an attractive power source in this area. 

(2) A 50 MW nuclear plant in Dacca is operated at a sufficiently high load 
factor which, according to IEC estimates, would be achieved by 1969-70 

, and would be competitive in the Eastern Grid and yield substantial savings 
if the present oil prices are maintained and future gas prices aligned on 
them. 

(3) If a decision is made to interconnect the Eastern and Western divisions, 
a 100 MW nuclear plant should be considered for 1969-70 as an alterna-
tive to the 50 MW station since it would yield substantially larger savings 
than a 50 MW unit. 
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CHAPTER VI: POWER REACTOR TYPES AND SUPPLY OF NUCLEAR FUELS 

It is not intended in this report to make a detailed analysis of all the power 
reactor types and to make recommendations as to which .type of reactor would be 
best suited to Pakistan. The understanding of the Mission is that the Pakistan 
Atomic Energy Commission is interested only in proven reactor types for which 
extensive operating experience is already available. This approach is very logi-
cal and is certainly the best way to benefit from the know-how accumulated in 
advanced countries which have spent a great deal of time and money in developing 
commercial nuclear plants. 

If power reactors are divided into two categories, namely enriched uranium 
reactors and natural uranium reactors, the boiling water or the pressurized 
water type can be easily taken as a representative of the f irst category and the 
gas-cooled type as that of the second category. Al l three have sufficient design 
and operational experience behind them to qualify as "proven" types. Close 
behind these groups come the organic moderated for the enriched category and 
the heavy-water moderated for the natural category. Although operating experi-
ence is still lacking for the latter, heavy-water reactors are potentially capable 
of achieving very low fuel costs and their progress should be watched closely. 

The IAEA follows the progress of all the power reactor types and receives 
cost information about them as it becomes available. At present, the cost data 
available for the natural uranium gas-cooled reactors re fer to rather large sizes 
(of the order of 300 MWe) while the enriched uranium reactors have been evaluated 
down to small sizes. This is presumably why the recent feasibility study by 
Gibbs & Hill [ 7 ] has taken an enriched uranium system (the boiling water) as a 
basis for comparison. 

In this report we have followed the same method and used the same data as 
the above-mentioned consultants. These are, in the opinion ofthe IAEA Mission, 
quite realistic and perhaps on the conservative side as regards nuclear power 
costs. It must be emphasized that the boiling water system is only one of the 
proven systems and further studies or actual bids may well show that another 
type is more favourably placed. Nevertheless, this reactor should serve as a 
very useful example in making this preliminary assessment of the prospects of 
nuclear power in Pakistan in comparison with conventional power. The selection 
of a reactor type with its own fuel cycle characteristics must remain the subject 
of further investigation, which can be undertaken once the general conclusions of 
this Report are considered and found to warrant further action. 

As regards the contribution of the local industries to the manufacture of the 
different items that go into a power plant or to the construction and erection of 
these, there is probably no difference between the above reactor types. Pakistan, 
like many countries of the world where manufacturing industries are in the 
process of rapid development but are not yet capable of producing economically 
the specialized power plant equipment, is at present importing heavy machinery 
and components for al l i ts industrial undertakings. A nuclear power station does 
not in this respect constitute a source of greater dependence on outside suppliers 
than a conventional station. 
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It is true, however, that the question of fuel is on< 
wherever the introduction of nuclear power is considerec 
as a conventional power plant uses either indigenous fuel 
plies of conventional fuel as are widely available from m 
fuels are much more closely tied to governmental policie 
tries and not enough competition exists to claim that a re 
to choose its supplier of nuclear fuel. Present day nucle 
are in fact very much influenced by governmental regulati 
established for enriched uranium by the United States of 
is available to countries wishing to establish power reac 
leased but sold on the same price basis upon which a dorr 
States is required to pay a lease charge. A recent rei 
uranium ore has led to a corresponding reduction in the p 
and also in the schedule of prices for enriched uranium ал 
States of America. 

Natural uranium, on the other hand, is more widely 
countries, both in the form of metal or oxide and as fabi 
Regarding fabricated natural uranium fuel elements, prices have been quoted at 
present only by the United Kingdom. For the preparation and fabrication of en-
riched fuel, f i rm prices have been quoted, by the United States of America only, 
but potentially these services could be provided by many of the atomically ad-
vanced countries. Eventually the preparation and fabrication of either natural or 
énric rformed domestically by a country embarking 
on a gramme. 

( f enriched fuel, there will certainly be possi-
biliti eprocessed in countries other than the United 
State ng the considerable costs of long distance 
shipp at present certain guarantees of buyiiig back 

• irrac lom guarantees to buy back natural uranium 
fuel in burn-up and the United States of America 
guar; /alue of irradiated enriched fuel. Considering 
that Pakistan may possess useful deposits of uranium, a certain amount of 
technical know-how should be obtained in a small-scale operation in the metal-
lurgy and fabrication of uranium. Such an operation would, within the frame-
work of the overall atomic energy programme, provide good experience and 
training to lay down the foundations of a fuel element industry in the future. Such 
activity is however not necessarily tied to the f irst nuclear power plant to be 
built in Pakistan. 
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CHAPTER VII: CONCLUSIONS 

Possibly the most important single justification for the active interest 
shown by the Pakistan Atomic Energy Commission in investigating the feasibili-
ty of nuclear power in Pakistan lies in the fact that the conventional energy re-
sources will not, in the long run, suffice by themselves to give a reasonably 
high per capita consumption of electricity which is characteristic of a developed 
country. It is true that West Pakistan has a theoretical hydro potential esti-
mated at 10 million kW, but this is concentrated mostly in the northern part of 
the country and only a part of this potential can be considered economically ex-
ploitable because good sites are rather few and away from load centres. Al-
though this hydro potential can support an extensive power development pro-
gramme for some time, it cannot be regarded as sufficient in the long run. 
Moreover, the experience in other countries has shown that hydro capacity has 
to be backed up by sufficient thermal capacity. To enhance system dependabili-
ty, the only known domestic fuel resource for thermal power is natural gas with 
present estimated reserves equivalent to 356 million tons of coal. First, this 
reserve cannot be regarded as very large and, secondly, in a growing economy, 
a versatile and valuable material such as gas cannot be committed for large-
scale power production only. In East Pakistan where the population pressure 
is much higher, the overall energy resources are poorer. The area has a very 
small hydro potential and limited quantities of natural gas and coal. Assuming 
that the country could continue to grow economically at a reasonable pace, re-
sulting in a corresponding rise in industrialization and per capita kWh con-
sumption, an alternate source of energy to supplement the existing resources 
would be needed. This is where nuclear power could play an important part. 
Along with the local fuel such as gas and imported oil, nuclear power could be 
used to meet the growing energy requirements of Pakistan. There is no doubt 
that the diversification of fuels has always a beneficial effect on the power econo-
my, both regarding reliability and stability of prices. 

In this context, the f irst nuclear power station which is at present under 
preliminary .consideration should be regarded as the first step in this long-range 
programme for nuclear power which must eventually be undertaken. Independent-
ly of whether the f irst nuclear plant is slightly more or less economical than a 
conventional one serving the same purpose, there will be several indirect benefits 
accruing from it which are of great significance. The construction of the f irst 
nuclear power-station in Pakistan will provide the country with the necessary 
first-hand experience in such matters as operation and maintenance, nuclear 
safety, third-party liability and insurance, fuel management and training oftechni-
cal staff. On the basis of actual experience gained as a result of this undertaking, 
Pakistan will be in a position to decide upon how rapidly or how slowly it wishes 
to proceed with its nuclear power programme. 

Economic considerations may not, in the initial years of the f irst nuclear 
power station, be entirely favourable in comparison with a conventional power 
station producing the same amount of electricity. The above-mentioned benefits 
are, however, of such importance as to warrant the investment of the relatively 
small additional sums in order to justify the construction of a nuclear power 
plant. Furthermore, over the whole lifetime of the nuclear station, the expected 
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reductions in the nuclear fuel costs may eventually lead to the 
this cost differential. 

Regarding the practical steps which will have to betaken fc 
a nuclear power project, the importance of the time element m ' 

-estimated. The period between the preliminary evaluation of t 
nuclear power and the commissioning of a nuclear plant is prol 
of 6-7 years. In estimating nuclear power costs over the lifeti 
therefore, one is attempting to look at a period of 25 years, th 
which is already 6-7 years ahead. The difficulties inherent in 
are obvious, especially since the field is developing so rapidly 
best way to obtain precise cost data at any particular time wou 
an invitation of bids. Until that stage is reached, cost compar: 
taken as general guides which should help policy decisions to fc 
whether further action is warranted. The conclusions of the recent feasibility 
report prepared by Gibbs & Hill [ 7 ] for the Pakistan Atomic Energy Commission 
is that further action is definitely warranted. It is also the view of the IAEA 
Mission that the Pakistan Atomic Energy Commission, together with the national 
power authorities, should pursue the matter further. 

There is no doubt that the power development in all the regions must be 
watched closely and with an eye to determining the most opportune time for the 
establishment of a nuclear power plant for the benefit of national economy. At 
the present time the characteristics of the Karachi region appear to be the most 
suitable for the near future. This area has been suffering from a serious 
shortage of power in recent years and its past development shows that it is 
capable of absorbing important additions to generating capacity in a relatively 
short time. The area has no indigenous resources for power and depends on the 
natural gas transported from Sui. Although the existing 16 in pipeline can support 
a greater load than is at present available, two important developments will 
certainly take place during the lifetime of a nuclear power plant built towards 
the end of the sixties. One is that the interconnection between the Karachi area 
and what is at present the West Pakistan Grid Area will be completed. This will 
facilitate a more rational utilization of the thermal plants available in the inter-
connected region. The second possible development is that more natural gas 
will be needed in the area for industrial purposes other than for power production. 
The existence of a nuclear power plant in the system will delay the date when a 
new pipeline will be needed. Karachi, being an important seaport and also the 
largest industrial centre in Pakistan, has the necessary facilities for receiving 
and handling all the heavy and specialized equipment for the construction of a 
nuclear power plant. 

The factors in East Pakistan which affect the prospects of nuclear power are 
somewhat different from those in Karachi. 

In the eastern region, if the load demand estimates of IEC are fulfilled by 
1970, a 50 MW nuclear power plant could be operated at an 80% load factor and 
would produce power at a substantial saving in comparison with a fuel oil plant of 
the same size at present fuel oil prices. The possibility of transporting natural 
gas from the Rashidpur or Titas fields to Dacca may alter the picture in the 
astern region if future gas rates are based on cost plus a reasonable return to 

investors. If on the other hand, gas prices are aligned on the equivalent oil 
prices, the conclusions on the advantages of nuclear power would retain their 
validity. 

In the western region, the even higher cost of fuel oil and the absence of 
gas would at present indicate an economic case for a nuclear plant after the 
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necessary transmission and distribution facilities have been completed in the 
western region. Should the interconnection between this region and the Eastern 
Grid take place, in the combined system a 100 MW nuclear unit could operate at 
an 80% load factor when total demand would be of the order of 408 MW (that is by 
1970 by present IEC estimates) and its economic advantages will be particularly 
attractive. 

Looking forward into the future when the industrial and residential demands 
are developed, East Pakistan will be a promising situation for nuclear power. 
This part of the country has smaller energy resources and a larger population 
than West Pakistan. It will certainly need a supplementary source of energy in 
the future for a full development. 

In the West Pakistan Grid Area, the predominance of hydro once the Mangla 
project is built leads to a low utilization factor in the case of a thermal power 
plant built before Mangla. The relevant comparison in that case is between a 
nuclear and a gas-fired plant built for peaking purposes. Although the normal 
practice is to consider a nuclear plant economical only for base-load duty, the 
gas-fired alternative in this case also carries high investment costs because of 
a pipeline. 

The long-term prospects of nuclear power in West Pakistan and Karachi are 
similar, since either these two areas will be interconnected or in both cases a 
nuclear plant can be assigned base-loads. The alternative conventional fuel is, 
in both cases, natural gas. 

Once a decision of principle is taken to go ahead with a nuclear power plant 
project, a detailed study will have to be made of all the factors which will affect 
the specifications and therefore the cost of the station. The Atomic Energy 
Commission, together with the national power authorities, will have to consider 
the establishment of a project group which can collect all the nationally available 
information and provide the necessary continuity throughout the project. Although 
specialized advice and consultation may be necessary from the- outside on specific 
issues, the success with which such a project can be brought to completion and 
the plant efficiently and economically operated depends on the national group. 
Pakistan already has a sound programme of training and research in many special-
ized fields in atomic energy and a research reactor is now under construction. 
This reactor will certainly be of great help for the training of nuclear engineers 
and technologists. It is from this group and from conventional power engineers 
that the nucleus of power reactor engineers responsible for solving the many 
problems involved will be drawn. 

Pakistan, like any other Member State, may request technical advice and 
experts from the Agency in all phases of the project, especially in the preparation 
of the specifications, the selection of a site and evaluation of the safety of the 
reactor, preparation of the necessary health and safety regulations, evaluation 
of bids and the training of personnel. The Agency may also be requested to 
assist Pakistan in obtaining fuel and the necessary outside financing for a nuclear 
power project. 
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APPENDIX A 

BACKGROUND DATA FOR COST ANALYSIS OF NUCLEAR 
PLANTS IN KARACHI ELECTRIC POWER SYSTEM 

Included in the Appendix are: 

Fig. A - 1 Effect of the use of nuclear power in Karachi on consumption and cost of gas 
Table A - I Cost comparison of installation and operation of alternative power plants in the Karachi Electric 

Power System 
Table A - II Cost comparison of installation and operation of 66 MW and 132 MW nuclear and gas-fired plants 

about 1970 
Table A - III Effect of future nuclear fuel cost reduction on electric generating costs 

The hases of the data have been indicated in the footnotes or mentioned in the text. However, a few comments 
are pertinent with regard to the nuclear fuel costs. The present nuclear fuel cost estimates -(2.8 to 3. 0 mills/kWh) are 
taken from the Gibbs & Hill report [7] . However, with nuclear power still at an early stage of development, impor-
tant reductions in the fuel costs are expected as a result of technical advences. 

Reductions in fuel cost are expected from higher burn-ups and lower preparation and fabrication and reprocess-
ing costs. For these reasons, future fuel cost estimates as low as 2 mills/kWh have been given [8 ] , and have there-
fore been considered in Table B-I and this report as a possible future nuclear fuel cost. 

Fig.A-1 

EFFECT OF GAS CONSUMPTION 
AND INCREASED COST BY USE OF NUCLEAR POWER 

IN KARACHI ELECTRIC POWER SYSTEM 

43 



H 
к 
h 

со 
Е-" 
Й <¡ 
J 
Рн 
tí 
H 
£ 
o 
Рн 
H > 
ы 
H 
<5 
Й tf 
H 
Ен 
J < 

К 
О 

H 
H со >* 
en 

Рч « 
О H 
Й ^ 
o g 

s 8 
H H 
& о 
о H 
Q H Й H < 
Й 
о 
I—I 
h 
с 
J 
< 
h со 
Й Ь-1 fe 
о 
Й 
о со i—i tó < 
Дн g 
о 
и 
H 
со 
О 
О 

в 2} _ 
u ¡2 « » 

£ 

f 

t 

f 

в « ° 3 g » 
a ni о a r¡ a) 
! " В Л 
г; 
fta§ 

>н 
2 

СО 03 
00 
.3 й) со 
3 о <о ~ 
I 8 д о 

со 
8 о 3 "Н 
м «» ni и 
о д з ^ в s SN. 

и о тН 
«У 

да 
J 
а 
2 

о •s з О, "Н « в» и 

0 S 5 
§ в Р.°Ь 
•а ч 

1 g § £ 1) й Ü ? W> во в. è 
oí 3 
С V •5 s? Е — 2 ¡3 > 

I i l 

•8 s F ü "3 >s " « 

гН r-í 00 со 00 тН от •ф со о от от оо 
OS .4 со с- со из с- оо со ю" tr~ •ф со ю 00 

тН с- ю ю 03 со •ф со о о» со т—1 о 
ОТ гН со 00 о гЧ оо со ю Û0 СО U3" оо оо с- 00 ю оо 

О о с-со ю от 00 оо со ? о о с-со $ от оо 00 со 
1-Î со со со СО со гН гН со со со со 

о о 00 с- 1С œ СО о» t-от со со о о 00 с- 1Л от гН от с-от 
г-! со' со' со' со 1-1 1-Î со со' •ф, со 

00 СО 00 (N 00 со 00 со со •ф со со со 
о о о о о о о о 

со со со со о» <35 от от 
» о о о о о о о о 

CO 
О 

CO 
О 

е- со о о 
о 4-* о о о 
со ТН о о 

•ф* 

со r-t с- Е-о от 00 оо 
со 1-5 I - i г Н 

СО О о 
TÍ 

о 

о 
СО 

о •ф 

о 
со 

о 

о 
со 

о 

о 
со 

00 (N 

tr- ti- с- с-ee co со со 
о о о о 

со со со со ю ю из ю 

с- с- с- с-со со со со •ф •ф 
о о о о 

о СО о оо о гН со 
о СО to 

ю со 

л 

а 
2 а 

«о ю 

о СО 

СО ю 

о 
00 

со ю 

о 
со 

со m 

о СО со 

ю со 

л 

1 
а 
2 

44 



to 
-о с « 

о а о 

о U 

2 

тз с я 
в 0) 
•о 
4) 
00 се M u > ta 

ce u 

2 
о о оа 
60 
С 
а о 

•i-i СО .а 
В ¡ 
о 

а « U >> 

te 
Е и 

•о <U м (1) ТЗ —ч « tí О О 
тз 

^ 5 

•а te о 
I—I 

•s 

л <и 
1-1 <u а 

te о 
о X! 

а 
Е 

с » 
о 
•С 

tí 
te 

тз о 
cu 

-§ а) 
й-a < 

и <u <Л 

ТЗ о 
1) а 
и 43 

•Й о а ТЗ 

щ J3 

оо с •1-1 тз с <U M te & 
ü 
о [ы 

m > 
о а) ft 

а) .tí 
CU 
Е 
-tí 
£ 
M 

о 3 тз о 
О) Xt 

Е я VI 
CU Л 
t̂  XI 
ТЗ cu > 
-о 
сл й 
В 
ci 
cu 
te > 
tí CU « cu l-l ft 

te 
3 o1 
<u 
Oí 00 te 
CU > te 

o te 
cu 3 i—i te > тз 

i* 5 § S « 2 ^ л 

já 
jí *-» 
cu 
tí 

I 
ft 
E 
с o o 
00 
te 
i? 
В 
3 

ТЗ te cu S о tí « 'О- Ю 
° S й « S ^ ^ О 
се тз ^ « 
s a 
• U 
> M 2 Й 
£3 S. 
" s C-l ° 3: 
«л « 3 CQ a) eo 
H o 
tí tí te te r—4 i—I ft ft 
73 S « ni i* о) С и 
00 о 
> ТЗ á « 
<N СО 
я ÍS О 3 

а) и с ш 

CU ^ О > т Ï 2 M *J 

« is о, >ч -a 
о 
>ч 

й « 
- ^ • 

® о — CD 
1 2 8-^ "О О 
f a g о а се 1-1 „ л « й а> с (U с се 

се CU 
> -S (О 

Q) СО g 
о ce --ï 
* 3 НОИ 

тз е се 

тз с 3 
с о > 
"5Ь 
о о 

а) ьо се t-< 4) > te 
тз о 4-J J3 Ор CU 
£ 

00 

45 



e о и 

а СО 
С H 

£ 
Й « S & > 

f 

tu л 
м В=-
о «> 
о 

•а "а 
с о 

СО M 
8. о 

О в» 
с m с w <U .tí 
и £ -i rri Г** 

ел 

a a s » 00 § Э ° 
•S S » 
«> » <D О „ •—i 2 2 о Я s jb <ü w r¡ s 

Л 

О «о и ° 

1 ^ ь, 5 

« и 
дз ' 3: « с л О п) 

ТЭ с о •г* 
Св 

ft°b 

m о f-i м i—i 
g 00 ft 
60 
я 3 с 

с "г «I с 

Е > 2 a> á <D S > ! 
m и 

•О I« Sf о s .S 
^ s a, 

as ça 

о tr- Tf tr- со 00 <м 00 см с- TP Ю о ю со ю 
• as ca OS со тР OS OS со CJ <м tr1- (N со оо со tr-(M тН 1—1 tr- TP 1-t 00 

о о 00 со ю ю > - | со <N о <N о ю СО i-
as IN OS ю 00 тр OS со N (N 00 TÍ со са ю co (M 1—1 I-t 00 тн rH гН гН OS 

о ю tr- as 00 о LO tr- Т* о» 00 о tr- CD ю 00 со о tr- co 1Л оо со 
r-ï es ci со со' (N г-5 es ci со со ci 
o> <N 00 iO IN с̂- о (N 00 Ю (N tr-о 00 tr- OS as аз о со c- OS OS os 
r-5 О ci СО TÍ СО •и о ci CO тР со 

ю (М OJ сз tr- со CD со со т* Tí ri Tp ю 1Л ю 
о о о о о о о о 

ю ю ю ю СО CD Tj< Tt< Tí со со СО CD 
о о о о о о о о 

со Тр со (N со гН 
о о о о 

Tf с- T-t о 
ю TÍ 
о о о о M 4-> 
со I—1 о о 
TÍ TÍ TÍ 

Ю CD со тС 1-1 гН гН со со (М со со со 
со со (N cj ci OÎ 

о с- со со • 00 00 00 оо 
TÍ со со со (Ñ (N OÎ ci 

Л со 
со 
TÍ 
(N 

<N Tf 

X! CD 
C0 
Th 
ci 

<N CO CO CO OS со со со с- OS OS OS 
o о о о 

Ю СЧ <N CO OS i-l rH rH I-t i-H I—1 

о о о о <N оо 1-1 CJ t-t r-t со CO 

Ю <N 

X! 
Л 
a •H 
2 â 

<N со со со OS со со со tr- as аз as 
es о о о 

Ю СЧ CJ (N as rH г—( 1-1 rH гН гН 

о о о о <м 00 гН (N г-1 гН со со 

со со оо гЧ 
гН OS 

Ю (M 
£ « 
r-H 

2 

4 6 



e о о 

3 со < 
H 

С! <ц 0) ш to 3 о 
G 73 ^ & > to-

m 
§ 1 8 
S S -Я 

со 

f 

•g"0» § g 
13 ce о -

о .и «э-

+-J са M & 
О 

S 5 S £ 

S 

от « 
вд Ё <u 

<u от 3 с ОТ M al 1) СЛ m 
от 
О « О 

Й 4-) 3 С! О 
s S о ja 

СО О «о и 2 

"ü JS 3 \ [ч J3 

•о 
(3 о •а " 
и 

л « £ 
« е л о л ч о С! -НДэ g 

Й м СО СА £ о Ы г-Н В М)А и 
00 

а « с 

з с С! 
< 

« г* 
» Е С Я <и ¡5 и Я 2 > >> Ч-» 

3 M 
4 

И ьр я ,д 

<и 

г-Н г-Н с о 0 0 с - •ф ir- 0 0 г Н г-Н с о г-Н ю | ю с ч 

« 5 ОЗ « 5 о 1Я с о г Н o s с - о о с о о ю ю о ю 0 0 
г-Н Г-н г Ч 1—f Г-н г Н 0 0 ( N гН I—1 гН 1—1 г—11 а з 

i—I г -| о с о гН а з 0 0 ( N ^ гН ю гН Г-н е - с о 

ОЗ СО гН с - гН с о г-Н с - 0 0 с о о с - а з ю с о с -
i—1 г-Н г-н г-Н ( N гН о N г-н т-Н гН Г-н 1—|| о 

1—1 гН 

О - Ф с— T P о з 0 0 о ^ с— •ф о з о о 
о о о с о ю 0 0 с о о 0 0 с о ю о о с о 

г-Н о с о с о с о ( N г-н о <М с о с о см 

о а з 0 0 ю ( N с - о а з о о ю ( N с -
о о о с - о з а з о з о о о с - а з ОЗ а з 

г-Н о N с о ^ с о г Ч о ( N с о •ф с о 

с о с о с о с о о о о 
ю ю ю ю с о с - с - с -

о о о о о о о 

0 0 1 Л ю « 3 
с о с о с о с о с - г - с -

о о о о о о о о 

ьо 
5 

о (N 00 со с- со с-
со со со со 

со г-Н о о 
•ф •ф 

<м со со со 
о з со СО- со 
с - ОЗ ОЗ ОЗ 

о о о о 

ю ( N (N (N 
а з г Н Г-н г-н 

г-н Г-н г Н 

о о о о 
CQ оо г Н (М 
г-н г-Н со со 

СО (М (N (N 

XI 

ю 
с о <N 

СО 
1 

0 0 
1 

Г-н 
1 

1 
с -

Г-н T i l а з Г-н 

г- со о о 
•ф •ф 
о о о о ^ 

со г-н о о 
тН 

со Г-н с - с -аз Tf (N CQ 
(N со со со 

-l-f ю 4-1 г- со ю ю 
со со со со 

00 сз 

(М со со со 
ОЗ со со СО 
с - о з о з о з 

о о о о 

U О О о 
ОЗ с о с о с о со ю ю ю 
+ + + + 
2 2 Z Z со со со со 
ю ю и з ю 

о о о о 
( N 0 0 Г-н <м 
г-н Г-н СО с о 

ю со ( N со 0 0 Г-Н 1 1 1 1 с-
г-н -ф о з г Н 

x¡ £ Л 

47 



TABLE A- I I 

COST COMPARISON OF INSTALLATION AND OPERATION 
OF 66 MW AND 132 MW NUCLEAR AND GAS-FIRED 

PLANTS ABOUT 1970* 

Case 
nib 

66 MW Gross 
nuclear 

Ша 
66 MW Gross 

gas-fired 

IVb 
132 MW Gross 

nuclear 

IVa 
132 MW Gross 

gas-fired 

Capital, $106 28.4 19. 1 42. 2 29. 0 

$ / kW net 450 300 335 230 

Mills/kWh 

Capital 3. 9 2. 6 2. 9 2. 0 

Operation and 
maintenance 0. 9 0. 6 0. 6 0. 45 

Fuel 3. 0 4. 0 2.8 3J5 

Total (excludes 
insurance) 

7.8 7. 2 6. 3 6. 1 

Case la and lb 8. 0 7.3 

Case lia and lib 6. 7 6. 3 

* Basic data obtained from Table I. Peak demand of system, 250 MW ; cost of money, 4%/yr . (6. 4% / yr. 
sinking fund); plant life, 25 years; plant factor, 85% (7450 h/yr). 
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TABLE A - I I 

EFFECT OF FUTURE NUCLEAR FUEL COST 
REDUCTIONS ON ELECTRIC GENERATING COSTS 

Annual Reduction 
Period, nuclear in nuclear Present Worth Present Value 
year Generation, fuel cost factor $10® 

ending 10® kWh mills/к Wh 4<7o/yr 6<7oyr 4<7o/yr 6<7o/yr 

lib* 132 MW Nuclear plant 

Case ПЬ 95.3 86.3 

1 - 3 0.792 0 2. 78 2. 67 

4 - 8 0. 933 2. 8 to 2. 6 3. 95 3.54 0. 74 0. 66 

9-16 if 2. 8 to 2. 3 4. 92 3. 89 2. 30 1.82 

17-25 1» 2.8 to 2. 0 3. 97 2. 68 2. 96 2. 00 

Total fuel Reduction 6. 0 4.5 

Case lib minus fuel reduction 89.3 81.8 

Mills/kWh 6. 3 7.1 

lid' 66 MW Nuclear plant followed by 66 MW gas-fired 3 years later 

Case Ш 106. 7 95.5 

1 - 3 0. 467 0 2. 78 2. 67 

4 - 8 tf 2.8 to 2. 6 3. 95 3.54 0. 37 0. 33 

9 -16 » 2. 8 to 2. 3 4.92 3.89 1. 15 0.91 

17 -25 ft 2.8 to 2. 0 3. 97 2.68 1.48 1. 00 

Total fuel reduction 3.0 2.2 

Case Ш minus fuel reduction 103.7 93.3 

Mills/kWh 7.3 8.0 
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APPENDIX A 

OUTLINE OF THE PRESENT WORTH METHOD 

The main purpose of this method is to introduce the time element in the cost picture in a systematic fashion 
and its sole assumption is that an amount of money, a, today will be worth a (1 + i)11 in n years from the date of re-
ference, where i is the rate of interest (or the cost of money) expected to prevail during this period. On that basis, 
any irregular sequence of payment, Px, P2 . . . . Pn. (or credits) made (or received) in future years 1, 2, 3 n, has 
a present worth value: 

Pi P2 pn 

P w " (1 + i) + (1 + 1)2 + {1 + i)n ( 1 ) ' 

which can be summed up as 
J = n 

pw = ТГТТ^Г С2) 
Pj 

j = 1 (1 + i)J 

Furthermore, simple algebra will show that this present worth value is also equivalent to a regular annual series 
of identical payments spread over n years, each payment being equal to 

P = p w J - f A i j H C3) 

Thus the present worth method permits transforming an irregular set of variable amounts of money separated by 
varying time intervals either into an equivalent total at one point of time or into an equivalent set of equal annual 
amounts spread uniformly over the period considered. 

In the case of a power station expected to operate with variable parameters over its life this determination in-
volves three successive steps: 

(1) A point of time reference would be selected. It could for instance be the date when the station is first oper-
ated at full power. 

(2) The present worth of all expenditures and credits should be computed at this point. 
(3) The present worth of all the units of energy expected to be produced by the station if they were charged at 

the uniform cost to be determined is calculated at the same point. In this present worth expression the gen-
erating cost appears therefore as an unknown. 

(4) The present worth of all expenditures and credits connected with the operation of the station is then equated 
to the present worth of all the energy it is expected to produce and the generating cost of the unit of energy 
is obtained from this equation. 

The method can easily be extended to a sequence of stations as has been done in Chapter Ш. 
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