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STIGAPORE

Singapore Thermal Power Proiect

SUMEARY

i. This report covers the appraisal of a project of the Singapore
Public Utilities Board (PUB) consisting of the first stage of the Pasir
Panjang "B" thermal power station. A Bank loan of US$15.0 million equiva-
lent has been requested to cover most of the foreign exchange cost of the
project, the total cost of which is estimated to be the equivalent of
USq2l2.58 million.

ii. The PUB has been established to take over the assets, liabilities
and responsibilities of the Electricity, WTater and Gas Departments of the
Singapore City Council which is being clisbanded.

iii. The Pasir Panjang "B" station would have an initial installed
capacity of 120 19N. The station is being designed for an ultimate capacity
of 240 IM11;7, and many features, such as the off-shore works of the cooling
water system, woulds be suitable for this c3pacity. The output of the
station would be fed into a transmission and distribution network which
covers most of Singapore island.

iv. The project is technically sound, the estimated cost is reasonable,
construction schedules are realistic, and arrangements for construction are
satisfactory.

V. The Ordinance which has established the PUB and which will govern
its operation is acceptable to the Bank.

vi. The Ordinance provides for the existing staff of the Electricity,
IWater and Gas Departments and other City Council staff to be transferred to
the PUB, but even so, the Board will be faced with a difficult staff situa-
tion. All departrents of the City Council are short of experienced staff
and a person suitable for appointment as General llanager is not available
locally. Efforts by the Government to recruit a General iianager overseas
have so far been unsuccessful.

vii. An assurance has been obtained from the Government that the Board
will continue to try and recruit a competent and experienced General hanager.
The Government has also given an assurance that the Board will use its best
efforts to retain the services of experienced staff now holding key positions
in the departnents transferred to it, and that the Board will take action to
promptly fill any present or future vacancies in such positions with quali-
fied and experienced staff.

viii. Although the financial forecast of the PUB for the next six years
is based on tentative figures in the case of the IWater and Gas Departments,
it is considered the financial position of the Board should rerain sound.
A rate covenant which will require a minimum rate of return of 8% on the
total net fixed assets in operation jab bcn agftd. c debt lirit-tion
cxovknant linkinptbt s&rticb to rcvc*nueus has also bcen agreed.
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ix. The proJect is necessary to meet exp)ected demands for power.
There is no alternative rethod of meeting these der,ands which would com-
pare favorably on an economic basis.

x. The project is suitable for a Bank loan of USi,15.0 million equiv-
alent for a period of 20 years, including a grace period of three years on
amortization payments.



SIITGAPORE

Singapore Thermal Power Project

I. INTRODUCTION

1. This report covers the appraisal of the first stage of the Pasir
Panjang "B" thermal power station with an installed capacity of 120 MW,
which is being constructed by the Singapore Public Utilities Board (PUB).

2. The estimated cost of the project is Iq6)4.75 million (USq 21.58
million) of which MN45.24 million (USI.15,08 million) would be required to
meet foreign exchange costs. The 3ank has been asked to make a loan of
MI 45.0 million (US$15.0 million).

3. The PUB has been established to take over the assets, liabilities
and responsibilities of the Electricity, Water and Gas Departments of the
Singapore City Council. The borrower would be the state of Singapore, wlich
would in turn relend to the PUB.

4. This report is based on information submitted to the 3ank by the
Government of Singapore, and on the findings of a Bank mission which visited
Singapore in June 1962.

II. ELECTRICITY, ̀"iTL:T XND G!kS SUPBLIES IN SINGAPO-E

5. The island of Singapore has an area of some 220 square miles and
a population of about 1,700,000. 'bout 60% of the population is concen-
trated in the city of Singapore. Prior to the establishment of the PUB
the Electricity,, W,ater and Gas undertakings supplying the island were owned
and operated by the City Council. The Government decided in 1959 to disband
the Council and transfer these departments to a Public Utilities Board. An
Ordinance to establish the PUB has recently been enacted.

Public Electricity Supply

6. A public electricity supply was first provided in Singapore City
in 1906 when the municipal authorities purchased during that year sore
40,000 kwh of energy in bulk from the newly formed Tranmway Company. By 1924
the energy purchased exceeded 4 million kwh per annum and the municipality
decided to build its own generating station. In 1926 the St. James Power
Thermal Station, situated on the coast about 3 riles south west of the city
center, was commissioned with an installed capacity of 2 M5W.

7. Demand for electricitv grew steadily, thou7h not especially rapidly,
and by 1937 the installed capacity of the station had been increased to 32 1NW.
During the period of rehabilitation after the Japanese occupation of Singa-
pore the demand for electricity increased rapidly and soon became more than
the St. James station could reliably reet. Frequent periods of load shedding
had to be accepted until a new thermal power station, Pasir Panjang "A"
with an initial installed capacity of 25 iw, was cormissioned in 1952.



8. Pasir Panjang "A" station is situated about 5 miles south west of
the city center. To meet increasing loads additional generating plant has
been progressively installed and the capacity is now 175 TnP.

9. The St. James power station steam plant, which had reached the end
of its useful life, was dismantled in 1958 to make way for a 36 MiVI "free
piston" installation consisting of six 6 MWJ gas turbo-alternators each sup-
plied by 8 gasifiers. Because of the high ambient terperature in Singapore,
the installation h3s been derated to 27 PWR. The installation has so far
proved to be most unsatisfactory and has not yet been taken over by the
Electricity Department. A number of modifications have to be carried out
and it is hoped these will be completed by mid 1964, but it appears doubtful
if the installation will ever be suitable for other than standby duty.

10. Two 11.25 MiW gas turbine generating sets are also being installed
in St. James power station. These sets should be in operation by October
1963. The total installed capacity of generating plant in commission will
then be 197.5 HW.

11. The Electricity Department has an extensive distribution network
covering practically all of Singapore island; it also supplies power to
Johore Bahru on the mainland of Yalaya but this supply rill be discontinued
in December 1963 when a thermal power station now under construction at
Johore Bahru is conmissioned. Primary distribution is carried out at 22 kV
and secondary distribution at 6.6 kV. Residential consumers are supplied
at 240 volts single phase 50 cycles.

Other I1ectricity Supplies

12. Apart from generating plants in Naval, M;ilitary and lir Force
establishments, there are only a few small private diesel generating sets
in operation and these are nearly all in rural areas. The Naval power
station has an installed capacity of about 6 MW which is operated during
daily peak load periods. The Military and Air •orce generating plants,
which are much smaller, are mostly standby plants. All three services ob-
tain their rain supplies from the Electricity Department.

Water Supply

13. The original works for the supply of water in Singapore were in-
stalled by the Straits Settlements Government. These works were taken over
by the Singapore Municipality in 1878. The Wtater Yepartment now supplies
the whole of Singapore island as well as the southern part of the State of
Johore on the mainland of Malaya.

14. The main sources of wvater supply are three impounding reservoirs
on the island, four impounding reservoirs in South Johore and a river intake
on the Tebrau Uiver in Johore about 7 miles from Johore Bahru town. About
80 million gallons per day can be obtained from these sources during a year



of normal rainfall. Consumption at the present time is about 75 million
gallons per day and it is expected to reach present supply capacity during
1964. A scheme to provide another 15 million gallons per day by this date
is under construction.

Gas Supply

15. The first public gas supply was provided in 1862 by the Singapore
Gas Corpany. The company continued to operate until 1901 when it was taken
over by the Singapore Hunicipality. Various types of gas manufacturing
plants were installed over the years but it became obvious in 1930 that a
major reconstruction was necessary and a new horizontal carbonization system
with mechanical coal and coke handling equipment was installed in 1932.

16. During the following ten years, until the Japanese occupation in
1942, this plant continued to operate satisfactorily and sales steadily
increased. The occupation period, however, dealt a very serious blow to gas
production and, although an extensive rehabilitation program was initiated
immediately after the war, the scarcity of plant and equipment resulted in
production lagging behind demand almost continually during the next ten years.

17. In 1956 the City Council decided, in view of the difficulties
experienced in obtaining coal at reasonable prices, to scrap the old carbon-
ization units and install an oil gasification plant which could be operated
on fuel oil similar to that used in the Pasir Panjang thermal power station.

'18. The first three oil gas units, each capable of producing 1.5 mil-
lion cubic feet of gas per day, were completed early in 1958. A fourth unit
was added in 1960 and a fifth unit, now under construction, is scheduled for
completion in mid 1963.

19. On the basis that two of the four units are always available for
gas production, with one unit on standby and one unit under maintenance, the
current daily production capacity is 3.0 million cubic feet per day. This
will be increased to 4.5 million cubic feet per day by mid 1963. Present
daily average output is about 2.3 million cubic feet per day.

20. The Gas Departmentts distribution system at the present time only
serves the more densely populated sections of the city and a few outlying
areas within the city area.

III. THE PUBLIC UTILITIES BOA.Z (PUB)

21. The Ordinance to establish the PUB in its original draft form,
although generally acceptable, wias unsatisfactory in some aspects. The
cri, ft v 1-s Ai~ *,ndLO :nd is no, ,. - 1 r ll -iA:ti >fictcry ilth-uth th. r vws-d
v&rcion ,.ill not 7i-.rc thc 7c crc1 -as uch fr -Y to ppoint incl control
-its -taff -s is d_siriblu.
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22. The Ordinance provides for the PUB to be established as a body
corporate with perpetual succession and a corrmon seal, which may sue and
be sued in its corporate nare. It also provides for the PUB to be estab-
lished as one financial entity but requires separate accounts to be kept
for the Electricity, Jlater and Gas undertakings.

Organization and Managerent

23. The Ordinance provides for a Board to be a-ppointed by the Yang
di - Pertuan Negara, (Head of State), consisting of a Chairman and eight
other members who shall hold office for periods not exceeding three years.
Board members will be eligible for reappointment.

24. The Ordinance also provides for the Board, with the approval of
the IMiinister_1/ to appoint a General MAnager who shall, subject to the
direction of the Board on matters of policy, be charged with the direction
of the business of the PUB, its administration and organization, and the
administrative control of its employees. It requires the Ninister before
granting such approval to consult the Public ervice Commission. The Govern-
ment realizes the PUB must have an experienced and competent General Manager
and it has been trying, so far without success, to recruit a suitable person.

25, Provision is also made in the Ordinance for the Board, with the
-approva-. of the Yinister, to appoint a Chief Financial Officer, a Chief
Electrical Engineer, a Chief later Engineer, and a Chief Gas Engineer.
Befcre granting approval the hinister is required to consult the Public
Cervic8 Commission. The present City Council Treasurer is being trans-
ferred to the Board as Chief Financial Officer and the present chief engi-
neers of the three departments are also being transferred. This arrange-
nent is acceptable to the Bank. Assurancus have been obtained
from the Government thit during the life of the loan the appointment of the
General hanager, and subsequent appointments to the post of Chief Electrical
Engineer will be subject to Bank approval.

26. The Ordinance also provides for the Board to appoint such other
staff as it may consider necessary to carry out its duties. The appointment,
dismissal and disciplinary control of these employees is vested in the
Board, but the h1inister, with the consent of the Public Service Commission,
may require that for certain posts, or classes of posts, the Board exercises
such functions on the advice of the Public Service Commission. It is
essential for the efficient operation of the Board that it should have
sufficient autonomy in controlling its oTam staff. A satisfactory under-
standing on this ratter has been ebtablished Fwith the GGv: rnr1nt.

1/ The Ordinance does not state which Iiinister will be responsible for the
PUB and the Government has not yet decided.



27. Provision is also made in the Ordinance for the existing staff of
the Electricity,, m,ater and Gas Departments, and such other persons employed
by the City Council as the P,inister may think fit, to be transferred to the
PUB. Although this will enable the operation of the utilities to continue
witihout interruption, the Board will, however, still be faced with a diffi-
cult situation, as all departments of the City Council are short of experi-
enced staff, because of the departure during the last three years of expatri-
ate officers.

28, In as3urarnoe has been obtained from the Government
that efforts to recruit a competent and experienced General Mianager would be
continued by the Board. The Government also gave an assurance that the
Board will use its best efforts to retain the services of experienced staff
now holding key positions in the departrents transferred to it, and that the
Board will take action to promptly fill any present and future vacancies
in such positions with qualified and experienced staff.

IV THlE POHEIR iKARKET

29, Sales by the Electricity iepartment during the past five years
increased at an average rate of 9.5% per annum, the increase for 1962 being
8.5%. The total number of consumers supplied has risen from 86,621 in 1958
to approximately 120,000 i 1962, an increase of about 38/%.

30. The rarket for power can be broadly divided into four main cate-
gories: (a) Lighting and fan sales, (b) Domestic power sales, (c) Industrial
power fales, and (d) Public lighting sales. Annex 1 shows the sales for the
yrears 1958 - 1962, broken down into these categories which may be summarized
as follows:

Percentage Five Year
Sales during Percentage Increase Average
1962 of Total in 1962 over Annual

Twype of Use Millions of kwh Sales Previous Year Increase

Lighting and Fans 1310 19.0 8.7 12.1
Domestic Power 211.0 30.5 6.7 10.2
Industrial Power 336.0 h8.6 9,7 8.3
Public Lighting 13.0 1.9 8.3 7.9

691.0 100.0 8.5 9c5

31. If reference is rade to Annex 1 it will be seen that the rate of
increase in industrial sales declined from 12.4% in 1958 to 3.6% in 1959 and
the rate of increase in total sales also declined from 12.3% in 1958 to 6.5%
in 1959. This was due to the City Council in 1959 requiring all new con-
sumers to pay the full cost of the supply installation. Previously, new
consumers were only required to make a contribution towards the cost of the
supply installation if the estimated return on the investment showed this
was necessary. In 1960 the Council reverted to the arrangements in force
prior to 1959.
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32. During the years 1959 - 1961 the classification of a number of
consumers was changed and this resulted in large apparent increases in
lighting and fan sales in 1960 and 1961 and domestic power sales in 1961,
and a corresponding drop in industrial power sales during 1960 and 1961.
Most of the consumers that were reclassified have now been placed back in
their former categories.

Forecast of Sales

33. The Electricity Department's forecast of sales for the years
1963 - 1968 is reasonable and acceptable; if anything it is on the low side.
The estirated sales, broken down into categories, are shown in Annex 1.
A new category, sales to a steel mill, has been added, making a total of
five main categories. In Annex 1 the percentage increases per annum,
including and excluding sales to the steel mill, are shown. The average
rate of increase per annum of total sales, during the period 1963 - 1968,
if sales to the steel mill are included, is 11.5%. If sales to the steel
mill are excluded, the rate of increase is 6.2%.

34. The Department estinates sales for lighting and fans during 1963,
based on actual sales ouring the first two months of the year, will show
an increase of 7.6% over the previous year's sales, and it expects the
annual rate of increase to gradually (ecline to 5.9% by 1968. These esti-
mates are very- conservative and may well be exceeded. It also estimates
sales for donestic power will show a 6.6iJ increase in 1963 over the
previous year's sales and it expects the annual rate of increase to gradu-
ally fall to 5.6% in 1968. These comparatively low rates of increase are
realiPtic as the Department has not purchased any domestic appliances for
hire for some years as it is the Government's policy to encourage the use
of gas for cooking and water heating instead of electricity.

35. The estimated sales for industrial power are expected to show
an average annual increase of 6,0% during the period 1963 - 1968. At the
present time about 60.0 million kwh per annum are supplied in bulk to the
Central Electricity Board (CIE) Federation of Mfalaya at Johore Bahru.
This supply will be discontinued in December 1963 when a new CEB thermal
power station at Johore Bahru is due to be commissioned. As a consequence
the sales for industrial power uring 1964 are expected to be slightly
lower than for the previous year. The estimated sales for industrial power
do not include sales to a steel mill being constructed on a new industrial
estate at Jurong which is being developed by the Singapore Government. The
Government states the mill will commence operation in April 1963 and that
during this year the estimated consumption would be 40 million kwh. Annual
consumption is estimated by the Government to increase to 60 million kwh in
1964 and then rise rapidly to 322 million kwh in 1967.

36. Although the estimated sales to the steel mill after 1964 appear
very optimistic, the total estimated sales are acceptable, as it is con-
sidered any shortfall in sales to the mill should be compensated by increased
sales to other industries and for lighting and fans. A number of inquiries
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have been received for supplies to large chemical and other industries
which will probably be established at Jurong. As the require'Ments and
dates wThen operations are likely to commence are still uncertain, sales
to these industries have not been included in the estimated sales.

Growth in Demand

37. The system maximum demand has increased from 105.7 Pi in 1958 to
139 NW4 in 1962, and is expected to reach 249 M1W in 1968. The actual increase
per annum during 1958 - 1962 averaged 7'8% and the average increase per
annum forecast to 1968 is 10.h%.

38. A table showing the actual and estirated knh generated and system
raximum derand, based on actual and estimated sales for the years 1958
through 1968, is attached as Anrex 2. This table also shows installed and
firm generating capacity. By reference to the table it will be seen that
standby plant has been allowed consisting of one 25 D4 turbo-alternator
set in 1963, one 25 MW turbo-alternator set and 27 IvNW of free piston capacity
in 1964, and one 60 leW turbo-alternator set and 27 HT! of free piston capacity
from 1965 omnards. Usually only one generating set of the largest capacity
on the systen is allowed as standby but the free piston installation has
so far been so unreliable that it cannot be considered as firm capacity
and it is, therefore, being regarded as standby plant as well as one of the
largest generating sets.

39. A chart is attached as Annex 3 which shows the curve of system
maximum demand. in relation to installed and firm generating capacity. This
chart chows that although firm capacity at the present time is only just
sufficient to meet demands the situation will be considerably improved when
the two 11.25 MiN gas turbine generating sets, now under construction, are
cormissdcred in October 1963. In actual practice the situation will not be
as good as indicated by the Chart, as six of the seven 25 rW turbo-alternator
sets in Pasir Panjang "A" power station are long overdue for major overhaul.
Ihis work is now at hand, and as it takes 2-3 months to overhaul each set
the standby plant position will be precarious until mid 1964 when work on
all six sets is due for completion.

Mew Generating Plant Pequirements

40. A new thermal power station, Pasir Panjang "B", with an initial
capacity of 120 P4W is being constructed. The first 60 ITAW set is scheduled
to be in operation in January 1965 and the second 60 14W set in Hay 1965.

b1. If system demand increases as expected it will almost reach firm
generating capacity by January 1965, when the first 60 MN set is scheduled
to be in commission. After the second 60 14TW set is commissioned sufficient
firm capacity should be available to meet derands until mid 1968 when it is
planned to have a third 60 NW set at Pasir Panjang "B" station in operation.
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V. THE 11ARKET FOR WATER AND GAS

42. No attempt to appraise the water and gas supply situation in
Singapore has been made in this report. The following information, which
was given by the Singapore authorities, therefore only serves to round off
a general description of the public utilities market in which the Public
Utilities Board would operate.

Water Sales

43. Sales of water increased at an average rate of 5.2% per annum
during the past five years. In 1961 water rationing had to be imposed be-
cause of a severe drought and sales were 3.6% lower than the previous year's
sales. To meet estimated demands up to 1968, a scheme on the Scudai River
in South Johore is under construction. The scheme is scheduled for com-
pletion in mid 1964. Another scheme on the Johore giver has been investi-
gated by consultants (Messrs. Binnie & Partners) and their report together
with an application from the Singapore Government for a loan to cover the
foreign exchange cost has recently been received by the Bank. If work on
the scheme is commenced in 1963 it should be in operation by 1968.

Gas Sales

44. Sales of gas increased at an average rate of 13.9K per annum during
the period 1957 through 1961. This comparatively high rate of increase is
mostly due to a reduction in the tariffs for supplies to consumers in Govern-
ment housing schemes, which took place in August 1960. The existing plant
and new plant to be completed by mid 1963 are expected to be sufficient to
reet the demand for gas up to 1967 when it is planned to have an additional
plant in operation.

Estimated Sales Forecasts for Witer and Gas

45. Tentative forecasts of sales of water and gas as prepared by
the Singapore authorities are Fiven in Annex 10.

VI. THE PROJECT

46. The project proposed for Bank financing is the first stage of the
Pasir Panjang "B" thermal power station with an installed capacity of
120 MW. The station is to be constructed on a site adjacent to the exist-
ing Pasir Panjang "tA" station. A site plan of the "A" and "B" stations is
attached as Annex 5.

47. Although the initial capacity of the station would be 120 MT,
it is being designed for an ultimate capacity of 2LO rrY and many features
such as the off-shore works of the cooling water system and the adrinistra-
tion and switchpear building would be suitable for the ultimate capacity.



h8. The station would be of the semi-outdoor type. The main building,
comprising the turbine hall and auxiliary plant annex, would be of steel-
fran]ed construction with brick walls. The administration and switchgear
buildings would also be of brick construction. The administration offices
and main control room would be air-conditioned.

49. The generating plant would consist of two 60 1IS turbo-alternator
sets and two 560,000 lb. per hour boilers. The size of the plant has been
selected having regard to the expected system load conditions. The turbines
would be designed to operate with steam conditions of 1250 lbs. per square
inch and 950 0F. The boilers would be of the semi-outdoor type, suitable
for operation on Bunker 'IC" fuel oil which would either be delivered by ship
to the "All station jetty or by pipeline from an adjacent oil refinery. Sea
water would be used for cooling purposes.

50. The station would be operated as a base load plant and during
1966, the first full year of operation with two 60 1,114 sets in commission,
the output is estimated at 707 million kwh, representing an annual load
factor of 71%. The output of the station would be stepped up from 11 kV
to 66 kV by two 72 MIVA transformers and fed into a new 66 kV transmission
system which is under construction. This system is not part of the project.

51. A more detailed description of the project is given in Annex 4.

Status of Engineering

52. The project has been planned and is being designed by the PUB's
consultants, Merz and I-cLellan of London. The consultants will supervise
the construction of the project. Preliminary work on site has been com-
pleted and design work is practically comipleted. Specifications for civil
works have been issued and international bids invited. Bids, on an inter-
national basis, have been received for the supply and erection of structural
steelwork, turbo-alternator sets, and boilers, and contracts have been
placed with the lowest bidders with Bank approval. The cost of these con-
tracts is within the estimJated costs.

Construction Schedules

53. The project is due for completion in May 1965. Work on site com-
menced in January 1963 and the first 60 M74 set is scheduled for completion
in January 1965.

5h. The scheduled dates for the commencerent and completion of the
main features of the project are as foI'.ow*s:

Construction Commences To Be Completed

Civil Works January 1963 Noverrber 1964
Main Building Septerber 1963 January 1965
Boiler No, 1 January 1964 January 1965
Turbo Alternator No. 1 Ihy 1964 January 1965
Boiler No. 2 April 1964 April 1965
Turbo Alternator No. 2 August 1964 April 1965
Electrical Works January 1964 February 1965
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55. A bar chart of construction schedules is attached as Annex 6.

Estimated Cost

56. The total estimated cost of the project and the estimated cost
of the principal features are shown in the following table. (A more de-
tailed breakdown of costs is given in the project description in Annex 4).

Estimated Cost of the Project
(IMi'5 Millions)

Foreign Exchange Cost Local Costs Total Costs

Land Acquisition - 0.25 0.25
Civil Works 5Q58 10.38 15.96
Generating Plant 26.92 4.31 31.23
Electrical Works 5.83 0.96 6.79
Miscellaneous 1.87 0.30 2.17
Engineering 2.75 - 2.75
Site Supervision - 2.00 2.00
Contingencies:

Civil Works 0.56 1.04 1.60
Mechanical and Electrical Works 1.73 0.27 2.00

45.2h 19.51 64.75

Totals expressed in Millions of US$ 15.08 6.50 21.58

57. The cost estimates are realistic and should be adequate. The
sums included for contingencies should be sufficient. This is particularly
so as all contracts for electrical and mechanical plant and equipment will
be fixed price contracts.

58. The estimated yearly expenditures on the project and Bank Loan
disbursements are as follows:

1962 1963 196h 1965 1966 Total

I4 Millions 0.07 12.83 40.85 8.94 2.06 6h.75
Equiv. US, Millions 0.02 h.28 13.62 2.98 0.68 21.58

Bank Loan disbursement
US$ Millions - 2.13 10.32 2.15 0.t0 15.00

Unit Construction and Generating Costs

59. The total estimated cost of the project is P1M864.75 million or
US$21.58 million, which is equal to a unit cost of iM539.6 or US+jl80 per
kw installed. This is a reasonable cost, especially so as many features
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such as the off-shore works of the cooling water system and the admninistra-
tion and switchgear building are designed for the ultimate capacity of the
station.

60. The estimated cost of energy generated by the Pasir Panjang BTB"
station in 1966, the first full year of operation with two 60 MW sets in
commission, is 112.32 cenbs (US 7.7 mills) per kwh sent out, which is
reasonably low cost thermal power. Details of generating costs are given
in Annex 7.

VII. FUTURE EXPANSION PROGRAlS

Electricity Supply

61. In addition to the project, the Electricity Department has an
expansion program covering the period 1963 througk 1968 estixated to cost
14196.82 million (USN32.27 million). Provision has been made in the financi-
al forecast for this program, which is made up of the following items:

Estimated Cost
Expressed in Niillions of:

H-11- US$

(a) Installation of Two 11.25 HlJT Gas
Turbine Sets St, James Station
To be commissioned in 1963 8.65 2.88

(b)]. Installation of No. 3 - 60 UW Set
Pasir Panjang "B" Station
To be cormissioned in 1968 21.47 7.16

(c) Installation of a 66 kV transmission
system. To be completed in 1965 14.60 L.87

(d) Expansion of the existing 22 kV
distribution system, 1963 - 1968 14.67 L.89

(e) Expansion of the existing 6.6 kV and
low voltage distribution systems,
1963 - 1968 31.23 lo.h1

(f) Installation of a distribution system
for Jurong Industrial Estate
To be completed in 1965 6.20 2.06

96.82 32427

62. To cope with increasing loads on the existing distribution system
a 66 kV transmission system (Item c) has been planned and is being installed
by the Electricity Department. Radial feeders are being installed to points
on the perimeter of the main load centers where they will feed into the exist-
ing 22 kV distribution system through step-down transformers. The consul-
tants have examined the Department s plan and consider it sound in principle
and necessary to meet future demands. 14ork on the scheme has already com-
menced and it is scheduled for completion early in 1965, before the second
i/ Expenditure up to December 1968 only. Total estimated cost is Y$22.60

million (USV7.53 million).
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60 114 generating set at the Pasir Panjang "B" station is commissioned. Work
has also comnenced on the expansion of the existing 22 kV, 6.6 kV, and low
voltage distribution systens (Items d and e). A large industrial estate
is being developed by the Government at Jurong. 1he installation of a dis-
tribution system to supply factories on the estate (Item f) is well advanced.
A steel mill which is being built on the estate is scheduled to commence
operations in April 1963.

ltfater Suppl-y

63. The Singapore authorities presently expect to spend about 1$92.00
million for the expansion of facilities in the Water Department during the
period 1963 through 1968. This provisional program has not been appraised
but has been used as a basis for the tentative financial forecast shown in
Annex 10, which was prepared by the Singapore authorities.

Gas Supply

64. The estimated capital expenditure by the Gas Department during
the period 1963 through 1968 is about $149,60 million, This program, which
is also provisional, has been used by the Singapore authorities for the
preparation of the tent3tive financial forecast shown in Annex 10.

VIIIL FINA;ICIIL XSPECTS

Present Financial Position of the City Council

65. As previously stated in para. 5 of this report, the Singapore
Government decided in 1959 to disband the City Council and establish a
Public Utilities Board to take over its three trading departments, i.e.,
the Electricity, Water and Gas Departments. VThile all of its other responsi-
bilities were taken over by the Government during 1961 the City Council con-
tinued to operate the three trading departments until recently on an interim
basis.

66. Separate accounts for the Electricity, 3ater and Gas Departments
were kept within the accounts systems of the City Council. Balance sheets
for 1961 and 1962, however, have not yet been prepared because a number of
matters dealing with the transfer of assets to the Government during 1961
are still unsettled. The financial position of the City Council as of
December 31, 1960 is summarized below.
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City Council Electricity, Gas and
Total WvTater Departments

(in mill. =XI4n) (in mill. kVlT
Assets

Fixed assets at cost 4623 48 373.22
Mlon-realizable assets at cost 15e60 -
Current assets and investments 112.59 35,70

590.67 L,08.92

Liabilities

Reserves (including depreciation) 344h27 219.57

Loans outstanding 298.33 254Q53
Less sinking fund 75,27 68.76

Net loans outstanding 223 06 185.77

Creditors 23.34 3,58

Total liabilities 590.67 408,02

67. The outstanding loans, some of which date back to 1930, were
floated on the London and Singapore security markets by the City Council
and provision for repayment was rade through annual sinking fund contri-
butions out of revenue. The average rate of interest on external loans
outstanding is 4.3%.

68. Sinking fund and depreciation fund investments were made in sterling
and lvialayan dollar dated debentures mostly redeerable at par. Sound finan-
cial management was exercised with regard to providing the necessary cash at
the redemption dates of the City Council loans.

Past Operating Results of the Electricity, Water and Gas Departments

69. The available accounts of the three trading departments reflect
the practice of the City Council with regard to charges in lieu of depreci-
ation. In the case of assets purchased out of loans provisions for sinking
fund contributions according to the terms of the loans were made rather than
provisions for depreciation based on the useful life of the assets. Adequate
straight-line depreciation was charged, however, in the case of assets pur-
chased out of internally penerated cash. In order to establish a basis con-
sistent with commercial practice for comparison of past and future opera-
tional results a recalculation of depreciation had to be made for this
report, using the straight-line method and conservative estimates of the
useful life of all assets.
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70. The operating results so calculated are shown in Annex 8 and
Annex 10. The rate of return on aver-age net fixed assets in operation in
the Electricity Department was 802% in 1958 and increased to 10.9% in
1962. In the W,lJater Department the rate of return was 7.7%O in 1962 and in
the Gas Department the rate of return was 8.6% in 1962. These rates are
satisfactory.

71. The total debt service of the three departments was covered
2.1 times by internal cash generation in 1962 which is satisfactory.

Estirated Future Operating Rtesults of the Electricity Department

72. On the assumption that the existing electricity tariffs would be
maintained and that the average revenue per kw1h would drop from presently
7.28 M cents to 6.30 M cents in 1968 due to an increasing proportion of
sales to industrial consumers, the Electricity Department is expected to
increase its rate of return on average net fixed assets in operaticn from
11.7% in 1963 to 13% in 1968 (see Annex 8).

FBrnancial Plan for the Electricity DeDartment

73. The financial plan for the expansion program of the Electricity
DJeoartment for the period 1963 - 1966 is summarized below. This plan
shows that a substantial amount of funds would be generated from internal
sources. (The project is to be completed by mid 1965 but payments on
cap4tal expenditures are rade through 1966.)

Summary of Financial Plan

for the Electricity Department

1963-1966 1967-1968
Requirements (MTill.

Capital Expenditures 129.92 31X58
Debt Service 49.68 28.91
Refund of deposits 7 38 -

Total Requirements 186098 60.49

Sources of Funds

Internal cash 142.61 95.68
IBRD loan 45-00
Capital receipts from consumers 22,6 1.00

Total Amount of Funds 189.97 96.68

Cash surplus 2X99 36.19

Internal cash net of debt service during
construction period 92.93

In % of capital expenditures 72%



- 15 -

74. A detailed forecast of requirements and sources of funds is shown
in Annex 9. The temporary cash deficits in the Electricity Department in
1963 and 1964 would be covered through additional borrowings (see Paragraph
78). After this short period annual surpluses would be available in this
department whicih in 1965 and 1966 would presumably be used to finance ex-
penditures in the Wdater and Gas Departments. No additional working capital
would be required since the present amount is ample and would still be
adequate in 1968. No provision for additional working capital has therefore
been made in the forecast.

Estimated Future Operating hesults of the Water and Gas Departments

75. The financial position of the Public Utilities Board cannot be
judged without considering the financial position of all three departments,
i.e., the Electricity, rl-ater and Gas Departments. It has been difficult,
however, to obtain reliable data for the Water and Gas Departments, and
no appraisal of the expansion program of these two departments is attempted
in this report. Tentative financial forecasts prepared by the Singapore
authorities which are shown in Annex 11, indicate as an order of magnitude
capital expenditures during the period 1963 through 1968 of about Nt92
million in the Water Department and about W,$19.6 million in the Gas Depart-
ment. On the assunption that tariffs for the sale of uwater and gas remain
at existing levels the approximate rate of return during 1963 - 1968 would
range from 8.3% to 6.2% in the WATater Department and from 7.3% to 10.2% in
the Gas Department. (See Annex 10).

Overall Financial Position of the PUB

76. A summary of the detailed financial data for the 7lectricity
Department and the tentative figures for the Water and Gas Departments is
shown in Annex 11. It indicates that the overall rate of return on total
net fixed assets in operation of the PUB would increase from 9.7% in 1962
to 10.5% in 1968, assuming that all tariffs remain at the presently exist-
ing levels.

77. The Government of Singapore has agreed to cause the PUB to main-
tain its tariffs at levels sufficient to yield a rate of return on its
total net fixed assets in operation of at least 8%. This would enable the
Board to create reasonable reserves in accordance with Sect. 26 of the
Public Utility Ordinance. This is satisfactory to the Bank.

78. The PUB would still be confronted with a cumulative cash deficit
reaching I$1'h7.0 rmillion in 1965 (see Annex 11) which would require outside
financing. 4pproximately M$52.0 million would be needed to cover the
deficit and the additional debt service during the period studied in this
report, assuming terrs of up to 20 years repayment for additional loans at
approxirately 5$1% interest. The Government of Singapore has asked the Bank
to cover part of these financial requirenents through a loan for the water
expansion program. The foreign exchange cost of this program is tentatively
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estimated to be 14 200 million. Since the appraisal of this project
has not yet been completed the estimates of financial requirements made
in this report are merely indicating the order of magnitude of additional
borrowing by the iUB.

Borrowing Powers of the PUB

79. The borrowing powers of the City Council were governed by Local
Government Ordinance, Supplement No. 60, August 13, 1957. The new Public
Utilit-y Ordinance provides in Section 24 that "all loans raised by the
City Council by the issue of debenture stock and any other loans raised
by the City Council for the purposes of the water, gas and electricity
undertakings of the City Council under the provisions of any hunicipal
Ordinance, 1957 ... shall be deered to have been raised by the Board on
the same terms and conditions on which such loans were raised by the City
Council."

80. With regard to these loans deemed to have been raised by the PUB
and with regard to all future loans to be raised by the PUB, the Public
Utility Ordinance provides in Section 25 that they, together with all
interest and other sums payable in respect thereof, shall be charged
indifferently upon all the revenues of the PUB and shall rank equally one
with another, with priority over any other charge on the revenues of the PUB.
The PLulic Utility Ordinance further provides with regard to the loans
Twhich were raised by the City Council and then transferred to the PUB
that if the revenues of the PUB are insufficient to repay the loans referred
to, together with all interest and other sums payable in respect thereof,
such lcans and other sums shall form part of the public debt of Singapore.

81. The PUB would cover its annual debt service on existing loans
including interest and amortization of the proposed Bank loan for the
power project between 2.8 times and 3.5 tim.es during 1963 - 1968. (See
Annex 11). IJhile the borrowing powers of the City Council were limited to
a certain amount of debt related to the tax revenues of the municipality
the PUB would not be subject to a specific limitation of debt. The consent
of the J"iinister is, however, required for any borrowing and the Government
of Singapore has agreed during negotiations not to permit the PUB to incur
any additional long-term debt unless the net revenue of the PUB for any
twelve consecutive months out of the fifteen-month period last preceding
the date of incurring such debt shall not be less than 1.5 times the maximum
debt service requirements in any succeeding fiscal year. This is satis-
factory to the Bank. The additional financing presently indicated to be
required for the overall expansion program of the PUB could be obtained on
reasonable terms under this covenant.

82. A tentative estimate of the overall financial position of the PUB
assuming additional loans of Ni52.0 million indicates that the debt:equity
ratio would improve from 55:45 in 1963 to 42:58 by the end of 1968 (see
Annex 12). This is satisfactory.
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Accounting and Audits

83. The City Council generally followed a nethod of accounting aimed
at the budgetary control of its financial affairs. First steps have been
taken to organize the Electricity Department1s accounting system along
corrercial lines. Accurate financial information required for this report
vas therefore available with regard to the operations and financial plans
of this department, whereas such information was unavailable in the Water
and Gas Denartments.

84. The Government of Singapore agreed during negotiations that it is
irperative for the PUB to organize the accounting system of the PUB in
accordance with sound commercial 3ccounting practice and to recruit addition-
al qualified and experienced personnel required for this purpose.

85. The Government of Singapore also agreed during negotiations to
cause the accounts of the SUB to be regularly audited at le3st once a year,
by independent auditors acceptable to the Bank.

IX. CONCLUSIONS

86. The project is technically sound, the estimated cost is reasonable,
constr ction schedules are realistic, and arrangements for construction are
satisfactory,

87. The project is necessary to meet expected demands for power.
There is no alternative method of meeting these requirements which would
compare favourably on an economic basis.

88. The Ordinance which has established the PUB and which will govern
its operations is acceptable.

89. The present financial position of the PUB is sound. The financial
forecast shows this position is expected to be raintained.

90g The project is suitable for a Bank loan of US.15.0 million equiva-
lent for a period of 20 years, including a grace period of 3 years on
amortization payments.



SINGAPORE

ELEC0TRCTY LP2ARTMENT
ACTUAL SALRS 958-1962

(Millions of leK')

igtl sd FPas Doeestic Power Indutrial Powr Public Lightig, etc. Tots. Seine
gb tr SPercentage Percentage Percentage Peentntageecege Pe Pefoentage 5eraentage Percentage Percentage

Y-ar i-creane of Tote.. .ore.s. of Tote]. for..a. ar Tote] Increse of Tote. Inereeee
Actual s per&IIIII Sales gog, per Ahnu! Sales e.h per Annon Sales klh Per AnnD Ssee keb Per Ann es-

1958 81.3 9.7 16.5 1478 13.9 30,0 253 5 12l 51 .5 9.9 fl.S 2.0 492.5 12.3 158
1959 89.4 10.0 17.0 1 9.7 30.9 262.7 3.6 So.l 10.5 6.1 2.0 524.7 65 1959
31960 104.2 16.5 18.0 178.0 9.8 30.9 284.4 8.3 49.3 11.0 4.8 1.9 577.6 10.1 1960
1961 120.5 15.6 18.9 197.8 11.1 31.1 306.3 7.7 48.1 12.0 9.1 1.9 636.6 20.2 1961
1962 131.0 8.7 19.0 012.0 6.7 30.5 336.0 9.7 48.6 13.0 8.3 1.9 691.0 8.5 1962

Aver ge percentage
increase per ennee's 12.1 10.2 8.3 7.9 9.5

Averg. percentage
of total sales 17.8 30.7 49.5 1.9

ESTIMATED SAILES 1963 - 1968

Total Sales
ightie and ena LesacDastio FPwer Indostrlal Pcver publioiighlng,etc. Steel Mill T1tal Sein Sc ercentfg

IP'ercwentage Percentage Percentage Percentage Porcentage Percentatagc Perceotege Percentage Pgroctageo
leer macnc-an of Total Inorenee ef Totel Inareone of Total Increfe of Total Increase ef Total Incrense In-reon
Eeuttated let per Ane Slon klet per Aleee Sle,S kle per A- Seine hwh por esnu Sales klh per Anews So1les -e per A-ue klet per Anns YSer

1563 141 7.6 18.0 225 6.6 28.8 362 7.7 46.3 13.8 6.2 1.8 40 W _ 5.1 782 13.2 742 7.4 1963
3964 152 7.8 18.5 239 6.2 29.1 356 1/_ 1.6 43.3 14.6 5.8 1.8 60 50.0 7.3 822 5.1 762 2.7 1964
1965 163 7.2 18.1 254 6.3 28.1 383 7.5 42.5 15.4 5.5 1.7 87 45.0 9.6 972 9.7 815 7.0 1965
1966 174 6.7 17.6 269 5.9 27.3 412 7.5 41.7 16.2 5.2 1.6 116 33.3 11.8 987 9.4 871 6.9 1966
2967 185 6.3 14.8 284 5.6 22.7 443 7.5 35.4 17.0 6.9 1.4 322 117.6 25.7 1,251 26.7 923 6.7 1967
1968 396 5.9 14.9 300 5.6 22.9 476 7.5 36.3 17.8 4.7 1.4 322 - 24.5 .,312 4.9 990 6.6 1968

Average pereentege
In-resa' per Annee 6.9 6.0 6.0 5.4 11.5 6.2
1963 - 1968

A-eren percentage
of total ealee
1963 - 1968 17.0 26.5 40.9 i.6 14.0

/ Selll sopply to JIhere SBlhrn to bh di.continned in Deneaber 1963.
V Stell ..lfl coese.ption in 1963 savers eight -onths operation.

F.tinated loads, dai.7 load fPtotr and daily and annual .. ne..pti.cs of the steel nill ace f.Urollowes

leer lead Deil Lo!d F tor al Conascptin

1963 10 73 175,000 40
1964 10 73 175700t 60
1965 19 76 261,000 87
1966 19 76 350,060 126
1967
ensearda 50 81 970,0CC 322

The plant is en he eperated 330 days nalh yper.
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ELECT'! lCITY 3-TPAR .WT

Actual -nid Zstimaaed Kwh Generatedi und Sold, Sys
t
om Maxiraum De=and

Installed and Firm Generntin- Cacacity. Annual Loas Faco and System Lo~ses

Pyatem Iosses
(Including System 'Installed Capacity

Kwh Kwh used in System Annual Mlaimum Fpasir St. Jao.,cs St. James Pasir
Generated Kwh Sold Power Station) load Factor Denand Punjang Free Piston Gas Turbine P-njang Firm Capacity

Year (Millions) (Millions) % "_A (181) "A" Installation LIstallation "13" 'Total (1v4)

ACTUAL

1958 571 492 13.8 (1.7 105.7 150 - - - 150 125
1959 616 525 14. ' 62.3 112.8 150 - - - 150 125
1960 659 578 12.3 63.2 11;,.5 150 - - - 150 125
1961 720 637 11.5 63.o 128.5 150 - - - 150 125
1962 794 691 13.0 65.0 139.0 175 - - - 175 150

E3TI ATZD

1963 900 782 13.0 65.6 156 175 - 22.5 J- 197.5 172.5
1964 945 822 13.0 65.4 165 175 27 - 22.5 - 224.5 172.5
1965 1,038 902 13.0 64.9 183 175 27 22.5 120 344.5 257.5
1966 1,135 987 13.0 66.7 194 175 27 22.5 120 344.5 257.5
1967 1,438 1,251 13.0 69.0 237 175 27 22.5 120 344.5 257.5
1968 1,510 1,312 13.0 (69.0 249 175 27 22.5 180 v / 404.5 317.5

1/ Two 11.25 14W.f gas turbine sete to 22 commissioned in October 1963 NIote: 1963: one 25 14W set allowed as standby
2/ 27 IMW free "iston capacity to be commissioned mid 1964

T/ Io. 1 60 1411 set Pasir Panjung "3" to he commissioned in January 1965 1964: one 25 11W set and 27 1411 free piston engine capacity allowed as standby
.o. 2 60 IIX set Pasir Punjang "B" to be commissioned in May 1965

4/ lo. 3 60 IIW set Pasir Panjsng "-3" Lo be commissioned in July 1968 1965 onmard: one 60 11Wf1 set and 27 1HU free giston engine capaciLy allowed as standby
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ANNEX 4

DETAILED DESCRIPTION OF THE FROJ7T,T

The Pasir Panjang "B" thermal power station is to be constructed on a
site adjacent to the existing "A" thermal power station which is situated
on the coast about 5 miles south west of the center of $ingapore City. Al-
though the station is being designed for an ultimate capacity of 240 NWJ,
only 120 IPi of plant would be installed initially but many features, such
as the off-shore works of the cooling water system and the administration
and switchgear building, would be designed and constructed for the ultimate
capacity.

The station would be of the semi-outdoor type. Thj main building com-
prising the turbine hall and auxiliary plant annex would be of steel-framed
construction with brick walls. The administrative and swiitchgear building
would also be of brick construction. This type of co4struction will harmo-
nize with "A" station buildings and wiill cost very little more than a
lighter type using imported materials, as good qualiy bricks are obtain-
able from a brickworks near the site. A reinforced oncrete bridge would
give access between the administration building and/ the turbine hall at
ope,ating floor level. The administration offices/and the main control room
would be air-conditioned.

Sea water would be used for cooling purposes. The layout of the proposed
cooling water system, which is shown in Annex i, has been arranged to permit
the construction of a further intake and pumpiphg station, if it shOuld be
decided at a future date to construct another station adjacent to the "B"
station. The system would comprise triple iAitake culverts each 7 ft. square,
supplying water to a screen chamber and pumping station situated on the
foreshore. From the pumping station an inlet ring - main culvert 6 ft. 6 in.
square would supply water to the main condensers and turbo-alternator auxi-
liary coolers. Cooling water for the cox•densers would be returned to the
sea through twin 6 ft. 6 in. square culverts and an outfall structure, situa-
ted south east of the "A" station outfall. The cooling system would be
designed for maximum siphon effect to reduce purping head to a minimumm

The generating plant would consist of two turbo-alternator sets each
with a rnaximum continuous rating of 60 jTII and a continuous economic rating
of 48 MIJ, and two boilers each with maximum continuous rating of 560,000
lbs. per hour and a continuous economic rating of 420Q000 lbs. per hour.
The size and type of plant has been selected having regard to the expected
system load conditions.

The turbines would be designed to operate with steam conditions of
1250 p.s.i. and 9500F. At the economic rating the specified back-pressure
would be 2.25 inches Hg with cooling water supplied to the condensers at
850F. Each turbine would be directly coupled to a 60 IN, 3-phase, 11 kv,
0.8 pf, 50 cycle alternator.
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The boilers would be of the seml-outdoor type suitable for operation
on bunker "C" fuel oil. They would be designed to operate wiith steam condi-
tions of 1300 p.s.i. and 965F at the stop valves. At the economic rating
the boiler efficiency would be specified as not less than 93,. Each boiler
would be supplied complete with all necessary auxiliary equipment including
forced and induced draft fans, oil handling, heating and 24 hour daily ser-
vice storage facilities.

Fuel oil supplies to the daily service tanks would be drawn from the
bulk storage tanks existing at the "A"l station. Oil is delivered to the
bulk storage tanks either by ship at the station jetty, or by pipeline from
an adjacent oil refinery.

There would be six stages of feed water heating, including a deaerator
heater for the reduction of the oxygen content in the feed water. Three
electrically driven boiler feed pumps would be provided, each pump being
designed to deliver the requirements of one boiler. Two pumps would normal-
ly be in service, the third pump being on standby. Boiler make-up water
will be obtained from public supply mains.

Provision would be made for each boiler and its associated turbo-alter-
nator to be operated as a unit and all operational controls and instrument
panels for the two units (Sets Nos. 1 and 2) would be centralized in the
turbine hall in an air-conditioned enclosure. Although the maTn steam and
£ved jeter pipework system wiould be designed for unit operation, inter-
connection wiould be provided so that in an emergency any boiler could be
operated with an adjacent turbo-alternator.

The output of the station would be stepped up from 11 kv to 66 kv by
two 72 1v71A transformers and fed into a new 66 kv transmission system which
is being constructed by the Electricity Department. This system is not part
of the project. All switching would be carried out at 66 kv by 2500 'AA
circuit breakers.

The Estimated Cost of the Project

A breakdown of the estimated cost of the project is given in the follow-
ing table:
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Estimated Cost of the Project

(in Millions of 14 .nd US.fi)

Foreign Local Total
Exchange Cost Expressed in:

Prelimrinary W.-orks -- -7 -__

Acquisition of land _ o.25 0.25 o.08
Site investigations, etc. 0,04 1.35 1.39 o.46

Sub-Total -070 T17 1.64 07,7,

Civil Works
s,eneral-civil works including off--

shore works 2.81 6.08 8.89 2.96
Structural steelwork 1.36 0.29 1.65 0.55
Building superstructure including chimney 1.37 2.66 4.03 1.34

Sub-Total 7g7 9.03 TZ -T77 7.7

Mechanical and Electrical WIorks
Boiler Plant 10.08 2.06 12.14 4.05
Turbo-Alternator plant 12,68 1.62 14.30 4.77
Pipework and boiler feed pumps 2.43 0o49 2.92 0.97
Cooling water pumps and screens 1.34 0.11 1.45 o.48
Turbine hall crane 0.39 0°03 0.42 Qol4
66 kv switchgear 2.24 0.24 2.48 0.83
Auxiliary switchgear o.66 0.08 0.74 0.25
Triansformers, main and auxiliary 1.75 0.12 l187 o.62
Cabling 0.92 0.37 1.29 0o.3
Lighting installation o.26 0.15 or41 o.14

Sub-Total 32.75 727 3T502 12.65

Miscellaneous Works 1.87 0.30 2.17 0.72

Engineering l/ 2.75 - 2.75 0.92

Site Supervision - 2.00 2.00 0.67

Contingencies 2/
Civil WoT7rks 0.56 1.04 1.60 0653
Mechanical and Electrical Works L173 0.27 2.00 o.67

Sub-Total 2.29 1031 760 1.2-0

TOTAL L45.2 19651 64.75 21658

Totals expressed in Millions of US,, 15.08 6650 21658

1/ Engineering Cost - 4.4% of Total Cost.
2/ Contingencies calculated as follows:

Civil W4orks 10lo on foreign and local costs
Mechanical'^Works 5% on foreign and local costs
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SINGAPORE

PASIR PANJANG "B" THERMAL POWER STATION
CONSTRUCTION SCHEDULE

1963 1964 1965
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CIVIL WORKS

Site Levelling and Access

General Civil Works r : 

Cooling Water System _ __w_

Structural Steelwork

Station Building *****

POWER PLANT

Boiler No.1 I - -

Turbo-Alternator No. I

Boiler No. 2

Turbo-Alternator No.Z 2

Cooling Water Pumps ..

Cooling Water Screening Plant - l

66KV Switchgear and Transformers f f' It i1I

Auxiliary Switchgear and Transformers

Cabling _ 1

Manufacture and shipping Construction Erection

MARCH 1963 IBRD-1029R
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PASIR PANJANG "B" THERi.NAL PFO.T'iR STATION

Generating Costs in 79A4

Total Investmenr M $64 0 75 million

Installed Capacity 120 NW
Anmual load factor 7?l.V%
Kwh ,enerated 740 million
K.wh used in stationi (4e5%) 33 million
Kwh sent out 707 million
Annual average gross thermal
efficiency 31 6%

Heat value of fuel 18,500 B.T.U. per lb.
Unit cost of fuel M 345 per 7ong ton (22h0 lbs.)

or US 36,2 cpnts per million B.T.U.

Annual fuel consumption 192,666 tons

Annual Costs

Fixed Costs

Interest at 5-3/It% per annum
on 14 36475 million M $3.72 million

Depreciation at 4%, per annum
on M $64.50 million 2.58

6.30 million

Operating Costs

Fuel M $8.67 million
Salaries and wages, repairs

and maintenance 1,45
10.12 million

Total Arnnual Costs M $16.42 million

Cost per kwh generated M 2.22 certsor U>S. 7e4 mills

Cost per lcwh sent out Ni. 2.32 cents or U.S. 7.7 mills



ELECTRICITY DEPAR0MMT

PUBLIC UTILITIES BOARD - SINGAPORE

Income Statements
(in million M$)

Years ending December 31 1958 1959 1.960 1961 1962 1963 1964 1965 1966 1967 1968
- ------------------ Actual ---------------------- ------------- Estimated ----------- ------------

Power sales (mill kwh) 492 525 577 637 691 782 822 902 987 1251 1312

Average rate per k.b (in M Cents) 7.53 7.51 7.31 7.28 7.28 7.16 7.08 6.99 6.89 6.26 6.30

Revenue from sales 37.06 39.45 42.17 46.41 50.37 55.99 58.25 63.05 68.00 78.35 82.68
Other revenue 2.59 2.61 2.79 2.43 2.38 2.32 2.40 2.40 2.40 2.140 2.4C

Total Revenue 39.65 42.06 44.96 48.84 52.75 58.31 60,65 65.45 70.40 80.75 85.08

Administrative expenses 2.59 2.45 2.48 2.89 3.35 3.47 3.27 3.37 3.41 3.48 3.55
Fuel costs 9.37 8.82 10.20 11.61 9.97 11.05 12.70 13.64 14.52 18.57 19.014
Operating and maintenance costs 2.48 2.60 2.96 3.21 3.56 3.80 3.80 4.1C 4.25 4.25 4.35
Distribution costs 3.28 3.07 3.29 3.30 3.72 4.03 4.35 4.50 4.67 4.86 5.05
Other costs including municipal

rates 2.17 2.40 2.48 2.95 3.04 3.16 3.11 3.50 3.50 3.50 3.50
Depreciation 7.86 8.46 9.52 9.94 1.58 11.43 12.73 13.37 15.35 16.22 16.43

Total Operating Costs 27.75 27.0 30.93 33.90 34.22 36.914 39.96 42.48 45.70 50.o8 51.92

Net IncKme from Operations 11.90 14.26 14.03 14.94 18.53 21.37 20.69 22.97 24.70 29.87 33.16

Interest on existing loans 6.43 7.09 7.11 7.11 7.11 6.98 6.98 6.98 6.98 6.98 6.98
Interest on IBRD loan - - - - .48 1.37 2.26 2.42 2.42 2.34
Loan discount amortized .23 .43 .46 .46 .43 .43 .43 .37 .29 .29 .23

Total Charges to Operating
Income 6.66 7.52 7.57 7.57 7.54 7.89 8.78 9.61 9.69 9.69 9.55

Net profit 5.24 6.74 6.46 7.37 10.99 13.48 11.91 13.36 15.01 20.18 23.61

Average net fixed assets in
operation 145.00 155.70 161.30 163.50 170.45 183.32 }94.20 220.79 242.99 247.36 252.32

Rate of return in % 8.2 9.2 8.7 9.1 10.9 11.7 10.7 10.4 10.2 12.1 13.1



ELECTRICITY DEPARTMENT

PUBLIC UTILITIES BOARD - SINGAPORE

Statement of Requiremerna and Sources of Funds

(in million M$)

Years ending December 31 1962 1963 1964 3965 3966 3967 1968 1963-66 1967-6

(Actual) ------------------------ ---------- Estimated ----------------------------------

Requirements:

Capital expenditures
IBRD Project .07 12.83 40.85 8.94 2.06 - - 64.68 -

Pasir Panjang B (Stages 3 and 4) - - - - 4.19 11.46 5.82 4.39 17.28

Other Projects 18.91 28.85 17.03 8.47 6.70 7.00 7.30 61.05 14.30

Total capital expenditures 41.60 57.80 17.41 12.95 18.46 13.12 129.92 31.51

Debt Service
Interest on existing debt 7.11 6.98 6.98 6.98 6.98 6.98 6.98 27.92 13.96
Contributions to sinking fund 5.83 3.63 3.64 3.60 3.51 3.44 3.29 14.38 6.73
Interest on IBRD loan - .48 1.37 2.26 2.42 2.42 2.34 6.53 4.76

Amortization of IBRD loan - - - .85 1.69 1.77 8 3.4

Total debt service i12 11.09 11.99 12.84 13.76 14.53 14.36 28.91

Total requirements 31.92 52.77 69.87 30.25 26.71 32.99 27.50 179.60 60.)49

Sources of Funds:

Internal cash 29.11 32.80 33.42 36.34 40.05 46.09 49.59 142.61 95.68
IBRD loan - 6.38 30.96 6.44 1.22 - - 45.00 -

Capital receipts .91 .86 .50 .50 .50 .50 .50 2.36 1.00
Refundable deposits 6.80 - 4.20 -3.18 - - - _ - 7.38 -

Total Amount of Funds 36.82 35.84 61.70 43.28 41.77 46.59 50.09 182.59 96.68

Deficit/Surplus * 4.90 - 16.93 - 8.17 + 13.03 * 15.06 * 13.60 * 22.59 * 2.99 * 36.19



PUBLIC UTILITIES BOARD - SINGAPORE

Tentative Financial Forecasts

For Water and Gas Departments

(in million M$)

Years ending December 31 1962 1963 1964 1965 1966 1967 1968
(Actual) ----… Estimated -----------------------------------

WATER DEPARTMENT

Sales of water in mill.
gallons per annum 22,949 24,o96 25,876 27,156 29,200 31,244 33,343

Average rate per 1000 gallon 86.7 85.4 85.0 84.5 84.0 83.5 83.0
(in M Cents)

Revenue from sales 19.90 20.59 22.10 22.95 24.53 26.09 27.67
Operating costs 10.12 10.13 10.46 10.65 11.14 11.63 12.11
Net revenue 710.4 11.74 12.30 13.39 14.46 15.56
Depreciation 3.00 3.08 3.22 3.96 4.17 4.24 5.78
Net income from operations 7 7.3b 8.52 8.34 9.22 10.22 9.78

Rate of return:

On average net fixed assets in
operation (in %) 7.7 8.3 8.5 7.4 7.9 7.4 6.2

GAS DEPARTMENT

Revenue from sales 5.06 5.93 6.54 7.20 8.08 9.02 9.72
Operating costs 2.60 3.07 3.56 3.92 4.36 4.79 5.19
Net revenue 2.86 2.98 3.28 3.72 4.23 4.53
Depreciation 1.10 1.20 1.38 1.48 1.60 1.69 1.78
Net income from operations 1.36 1.66 1.60 1.80 2.12 2.54 2.75

Rate of return:
On average net fixed assets in
operation (in %) 8.6 8.8 7.3 7.8 8.6 9.8 10.2



PUBLIC UTILITIES BOARD - SINGAPORE

Tentative Cash Flow and Financial Ratios
(in million M$)

Years ending Decemiber 31 1962 1963 1964 1965 1966 1967 1968 1963-1968

Actual ------------ ----------- Estimated --------------------------
Total Requirements of Funds

Electricity Department 18.98 41.68 57.88 17.41 12.95 18.46 13.12 161.50

Water Department 4.99 15.42 18.85 26.49 18.50 8.61 4.05 91.92

Gas Department 3.49 5.25 3.00 3.10 2.80 2.70 2.75 19.60
Total capital expenditures 27.46 62.35 79.73 147.00 34.25 29.77 19.92 273.02

Debt Service
Electricity Department 12.94 11.09 11.99 12.84 13.76 14.53 14.38 78.59
Water Department 5.76 4.11 4.12 4.12 4.10 4.08 4.04 24.57

Gas Department 1.35 1.30 1.30 1.30 1.29 1.28 1.24 7.71

Total debt service 20.05 16.50 17.41 18.26 19.15 19.89 19.66 110.87

Total Requirements 47.51 78.85 97.14 65.26 53.40 49.66 39.58 383.89

Total Sources of Funds

Internal cash
Electricity Department 29.11 32.80 33.42 36.34 40.05 46.o9 49.59 238.29

Water Department 9.78 10.46 11.74 12.30 13.39 14.46 15.56 77.91
Gas Department 2.46 2.86 2.98 3.28 3.72 4.23 4.53 21.60

Total internal cash 41.35 46.12 48.14 51.92 57.16 64.78 69.68 337.80

IBRD Power loan - 6.38 30.96 6.44 1.22 - - 45.oo

Capital receipts from conemars 1.63 1.50 .90 .90 .90 .90 .90 6.oo
Refundable deposits 8.44 - 3.12 - 4.18 - 1.00 - .50 - .33 - - 9.13

Total Amount of Funds 51.42 50.88 75.82 58.26 58.78 65.35 70.58 379.67

Deficit/Surplus + 3.91 - 27.97 - 21.32 - 7.00 + 5.38 15.69 + 31.00 - 4.22

Cash at beginning of year + 5.40 9.31 - 18.66 - 39.98 - 46.98 - 41.60 - 25.91 + 9.31

Cash at end of year ¢ 9.31 - 18.66 - 39.98 - 46.98 - 41.60 - 25.91 + 5.09 + 5.09

Estimated maximum additional borrowings 520.00

less: approximate additional debt service 52.00

Approximate cash surplus at end of 1968

Financial Ratios:
Total net income 26.65 30.42 30.81 33.12 36.04 42.63 45.69

Average total net fixed assets in operation 273.71 291.51 315.87 356.53 384.24 411.19 436.85
Rate of return in % 9.7 10.4 9.8 9.3 9.4 10.4 10.5

Ana:1 Debt Serric, CoveraRe:
(before adiitional borrowing of M#52.0 mill.) 2.1 2.8 2.8 2.8 3.0 3.3 3.5



PUBLIC UTILITIES BOARD - SINGAPORE

Tentative Statement of Assets and Liabilities
(irn million MU)

Years ending December 31 1959 1960 1961. 1962 1963 1964 195 3966 1967 1968
---------------- Actual -L961 -timated ----------------------

ASSETS

Gross fixed assets in operation
Electricity Department 215.40 224.30 239.50 258.38 287.26 304.29 366.55 377.40 406.86 419.98
Water Department n.a. n.a. 124.20 127.80 133.70 155.40 165.70 271.70 217.06 221.12
Gas Department n.a. n.E. 22.21 25.70 30.95 9 3.85 42.55 45.30
Total gross fixed assets in operation n.a. n.h. 385.91 411.8B 451.91 493.64 569.30 SB8.95 666.47 6e6.3g

Depreciation
Llectricity Department 53.80 63.30 73.20 83.78 95.21 107.94 121.31 136.66 152.88 169.31
Water Department n.a. n.a. 37.00 40.00 43.10 46.30 50.20 54.40 58.60 64.40
Gas Department n.a. n.e. 7.64 8.74 9 _' 11 32 12.80 14.40 16.09 17.87
Total depreciation n.a. n.a. 117.84 132.52 148.25 165.56 184.31 205.46 227.57 251.58

Net fixed assets in operation
Electricity Department 161.60 161.00 166.30 174.60 192.05 196.35 245.24 240.74 253.98 250.67
Water Department n.a. n.a. 87.20 87.80 90.60 19.10 115-50 117.30 158.46 156.71
Gas Department n.a. n.a. 1 14.57 1.96 21.01 22.63 24.25 25.45 26.46 43
Total net fixed assets in operation n.. ne 6.7 279.-36 303.66 32808 34.99 383.49 43.0 434.1

Ibrk in progress
Electricity Department - - - .10 12.90 53.75 8.90 11.00 -
Water Department n.a. n.a. - 1.39 10.91 8.06 24.25 36-75
Gas Department n.a. n.a. - - - - - - - -
Total work in progress n.a. n.a. - 1.49 23.8l 61.81 33.15 47-75 -

Total net fixed assets
Electricity Department 161.60 161.00 166.30 174.70 204.95 250.10 254.14 251.74 253.98 250.67
Water Department n.a. n.a. 87.20 89.19 101.51 117.16 139.75 154.05 158.46 156.71
Gas Department n.a. n.a. 14.57 16.96 21.01 22.63 24.25 25.45 26.46 27.43
Total net fixed assets n.a. n.a. 260.07 280.85 327.47 389.89 418.14 431.24 438.90 434.81

LIABILITIES

Larned surplus 87.77 98.88 130.68 152.40 174.79 200.42 223.30 235.98
Capital contributions 8.80 18.87 17.25 13.97 13.87 14.27 14.84 15.74

Total equity 96.57 117.75 147.93 166.37 1e8.66 214.69 23.14 251.72

Loans outstanding 249.80 249.80 249.80 249.80 249.80 249.80 249.80 249.80
Less: sinking fund 78.30 86.70 95.80 105.70 116.10 3.26.8o 138.30 149.80
Net amount of loans 171.50 163.10 154.00 144.10 133.70 123.00 111.50 l100.O
Proposed IBRD power loan - - 6.38 37.34 43.78 44.15 42.46 40.69
Additional borrowing - - 19.16 42.08 52.00 49.40 46.80 42.40

Total long term debt 171.50 163.10 179.54 223.52 229.48 216.55 200.76 183.0g

Total capitalization 268.07 280.85 327.47 389.89 418.14 431.24 438.90 434.81

Debt: Equity Ratio 64:36 58:42 55s45 57:43 55:45 50:0 46:54 42:58

/ Excluding working capital.
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