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1.0 POWER DEMAND

1.1 The demand of electricity is directly proportional to
the industrialisation and standard of living of the people
in any country. In the dewveloping countries therefore
demand of electricity increases with high percentage every
year. If the electricity generation, transmission and its
distribution capacity is not increased proportionately the
entire development of the country will be adversely affec-
ted. A load survey for future demand of electricity is,
therefore, a basic necessity in every country specially so
in the developing countries.

1.2 The top planners in Pakistan as it is ewverywhere elsé,
are endeavouring to increase the rate of gorwth of per
capita income of the people to increase the general standard
of living., This is adversely affected by the growth of
population. The higher standard of living increases per
capita consumption of electricity. An idea of relationship
between the growth of population and the sale of energy
worked out from 1980-81 to 1984-85 may be had from Table No.,1
below :

(*) Ex-Chief Engineer, Thermal Power Project, Guddu.
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1.3 TABLE MO, 1

POPULATION VERSUS POWER CONSUMPTION

Year Population Per Capita Sale of  Per Capita

Million Income Engerqy Consumption
: (Rs.) (GWH) (¥ITWT)
A Actual

1980-81 78.82 725 B7393 112 134
1981-82 B81.18 751 9725 120
1982-83 B83.62 777 10755 129 .
1983-84 B86.13 B4 11888 138
1984-85 8B.71 B32 13136 148

1.4 The pupulation projections have been taken at the rate
of 3% compounded annually and the estimated rate of increase
in per capita sale of energy is approximately 7% against 3.5%
per year growth in per.capita income,

1.5 This per capita consumption of electricity for some other
countries is stated in Table No.2. The figures are available
for 1976. Rate is still higher during 1981. Comparison will
show that per capita consumption of electricity in Pakistan

is omrcrf the lowest in the world. This proves the importance
of electrical development in Pakistan,

1.6 TABLE NO.2

PER CAPTTA CONSUMPTION (Kwh)
" oF DIFFERENT COUNTRIES

1976 1981
India _ 110 i)
Indonesia 23 (*)
Iran 348 (*)
Japan 4014 ]
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TABLE NO.2
1976 1981

Malaysia

‘i) sSabah 234 :*}

il Sarwak 149 *
Mangolia 522 (*)
Nepal 8 (*)
Philippines 307 (*)
Republic of Korea 547 (*)
Samoa 116 (*)
Singapore 1772 (*)
Thailand 214 (*)  (*) indicates
Soluman Islands 66 bl figures
MNewzealand 5996 (*) not
Hongkong 1635 (*) available.
Bustralia 4337 (*)
Pakistan 94 134

2.0 POWER DEMAND SURVEY

2.1 WAPDA also has a power market survey division functioning
under the the Planning Department of the Power Wing. It carries
out detailed and comprehensive load surveys of areas served hy-
WRPDA. Load forecast is done on Micro Economic frame work basis
through field surveys, The future loads of all types of
commnities are projected on the basis of present pattern of
power consumption, taking into consideration industrial and
agricultural development programmes. The electricity demand

of districts in each Division and then of all the Divisions
located in the entire System are worked out after accounting
for transmission and distribution losses and applying
appropriate diversity factors at different stages.

2.2 The Power requirement of the development programmes are
determined on the basis-of the ‘information collected for the
sanctioned industrial projects as well as for the expansion
plans of_ the existing industrial units, the salinity control
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and reclamation schemes, vil;age electrification
programme and targets fixed for the installation of
private and public tubewells. The required information
is collected by the Power Market Survey personnel by
actual wvisit to sites and by contacting the sponscring
agencies of these projects and management of the
industrial units.

2.3 The SCARP Division of WAPDA supplies information
concerning public tubewells. The Planning and
Development Departments of the four Provinces
provide information regarding their development
programme in various sectors of the Economy.

2.4 The result of latest survey carried out
by Wapda has been given upto year 1999-2000 in
Table No. 3 below

TABLE NO. 3

DEMAND FORECAST

Year SEPTEMBER 1982 PEAK POWER DEMAND (MW)

(July- WAPDA KESC total

June) . Undiversified Diversified
a/ by

1982-83 3118

1983-84 3536 _ (continued)
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TABLE NMNo. 3 {continued)

Year SEPTEMBER 1982 PEAK POWER DEMAND (MW)

(July-  WAPDA KESC TOTAL

June) Undiversified Diversified
a/ b/

1984-85 4011

1985-86 4550 857 ¢/ 5407 5320
1986-87 5118 934 6052 5954
1987-88 5707 1018 6725 6617
1988-89 6365 1107 7472 7352
1989-90 7129 1203 8332 8198
1990-91 7985 1304 9289 9139
1991-92 8903 1411 10314 - 10148
1992-93 9900 1520 11420 11240
1993-94 10940 1642 12582 12380
1995-96 13177 1898 15075 14832
1996-97 14363 2034 16397 16134
1997-98 15584 2177 17761 17475
1998-99 16831 2330 19161 18851
1999-2000
18092 2492 20584 20253
a/ Sum total of the individual maximum demands.
by Combined system considering that the two peaks

do not occur at the same time.

c/ Integration with KESC on 500 KV extra high
voltage line effective 1985
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2.5 According to the programme power system of Wapda and
Karachi Electric Supply Corporation (KESC) would be inter-
connected on EHV in 1984-85. The demand of KESC has,therefore,
been included from 1984 onwards.

CAPABILITY LAGGING BEHIND DEMAND

3.1 In industrial countries and even in some of the developing
countries, where heavy industry has been developed to the
extent that they are capable of manufacturing their own
generating plants, the electricity generating capability is
kept in line with the increasing demand with some percentage
of reserve available all the time. In Pakistan we are handi-
capped in this respect. So far we have to depend on the
supply of equipment of generating plants and its spares from
other countries. It takes a long delivery time as well as
drains our foreign exchange resources. Since we look for aid
from country to country we cannot standardize the type and
make of the Plant in a Power Station, which adversely affects
the maintenance efficiency. Due to this reason electricity
generating capability in Pakistan is lagging behind the demand

causing heavy load shedding. For example during the year 1379-80

heavy load shedding was carried out due to lack of adequate
generating capability on the System, outages of the Machines
extremely poor voltage conditions. The extent of load shedding
during the period on the Wapda System is given in Table Mo, 4
below :

3.2 TABLE MNO.4
EXTENT OF LOAD SHEDDING IN WAPDA SYSTEM
Month Max. Load Shedding Min. Load
(M) [i}3
July 1979 76.60 42.70
August 65.00 7.00
September 130.24 21.00

{continued)
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TABLE MOD.4

{continued)
Menth Max. Load Shedding Min. Load Shedding
October 1979 79.30 30.30
Novenber 44,70 3.80
Decenber 287.10 4,05
January 1980 404,50 8.7
February 490.10 73.8
March . 238.90 17.7
BApril 272.00 5.5
May 474 .00 2.0
June 138.5 32.4

3.3 In the winter of 1981 and beginning of 1982 more extensive
load shedding had to be carried cut. This is expected to be
in the extent of 557 MW in May 1983, The position of generat-
ing capability against estimated Peak demand has been shown in
Tables for each month of the year from 1981-82 to 1999-2000
(Tables 7 to 24). The shortfall is expected to rise to 1103 MW
in May 1985 after allowing the Spinning reserve of 200 MW being
the size of largest Unit in the system at that time. From the
tables referred to it will be seen that the capability of the
Hydro-Electric Stations falls down in lower water months
although this is staggered due to big storages in Mangla and
Tarbela. Nevertheless, the electricity shortage during low
water months indicates the necessity of installing additional
thermal capacity in order to make for the reduced capability
of Hydel Stations.

PCWER. GENERATION PROGRAMME

4.1 For installing Thermal or Gas Power Stations we need Coal
and Gas resources. There is shortage of coal and the Gas
reserves are also limited. Whereas Hydel resources are still
available. Wapda has, therefore, framed a power generation
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programme given in_Tahle MNo.5 below

TABLE No. 5
CGENERATTION PROGRAMME

S5.No. HName of Power Station Installed Date of

Capacity commissioning
(M) b/
01 Tarbela Unit 5 175 October 1982
02 Tarbela Unit 6 175 Novenber 1982
03 Tarbela Unit 7 175 January 1983
04 Tarbela Unit 8 175 February 1983
05 Second Quetta Gas Turbine 25 June 1983
06 Pipri D-1 Steam (KESC) 200 Sept. 1983
07 Pipri D-2 Steam (KESC) 200 Sept. 1984
08 Tarbela Unit 9 175 December 1984
09 300 MW Gas Turbines 300 January 1985
10 Tarbela Unit 10 175 June 1985
11 Guddu Unit 4 210 Aucust 1985
12 Pipri D-3 andD-4 Steam (KESC) 400 Sept. 1986
13 Mangla Units 9 & 10 200 December 1986
14 Combined cycle steam units 150 February 1987
to be added with 300 MW GT.
15  Jamshoro Thermal 1000 February 1987
16 Pipri D=5 Steam (KESC) 200 Sept. 1987
17 Mid Country Thermal 600 December 1987
18 Tarbela Unit 11 406 May 1988
19 Tarbela Umit 12 406 Sept. 1988
20 Additional Thermal I 500 Janary 1989
21 Tarbkela Unit 13 _ 406 May 1989
22 Tarbela Unit 14 406 Sept. 1989
23 Lakhra Steam STage-I 600 February 1990
24 Additional Thermal-II 400 April 1990
25  Chashma Nuclear Unit-1 200 February 1991
26 FKchala Hydel 600 March 1991
27 Lakhra Steam Stage-II 600 October 1991
28 Thatta SteanS age-I 1000 July 1992
29 Duki Coal 100 February 1993
30 Tarbela Unit 15 406 April 1993
31 Tarbela Unit 16 406 August 1993
32 Kalabagh Stage-I 880 Seot. 1993
33 Tarbela Unit 17 406 April 1994
34 Abasian Hydel 600 Sept. 1994
35 Chashma Muclear Unit 2 900 October 1994
(continued)
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TAELE MO. 5

Sr.No. Name of Power Station

36

38
39

40
41
42
43
B

45

Kalabagh Stace-IT
Thatta Stean. Stage-II
Muclear South Unit-1
Additional Hydel-I
(From Hydel Ranking)
Additional Hydel-II
(From Hydel Ranking)
Thatta Steam Stage-III
Muclear South Unit-2
Additional Hydel-III
(From Hydel Banking)
Additiocnal Hvdel-IV
(From Hydel Ranking)
Thatta Steam Stage-IV

8/ Updated September 1982

b/ Tentative

{continued)
Installed Date of
Capacity Commissionin:
(M) by
880 Sept. 1995
500 October 1995
900 August 1996
800 October 199¢
1500 October - 1997
500 December 1997
900 October 199&
1400 Decenber 1998
1600 December 1999
500 Jamnuary 2000

The above programme is to match the latest

September 1982) combined energy requirements of
agricultural, industrial and urban sectors including
village electrification. The programme, is of course, -
tentative and would need periodic updating based on
further power market surveys and load forecasts.

5.0 SUITABILITY OF GUDDU SITE FOR EXTENSICH

Guddu site existing on the right bank of River Indus
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near Guddu Barrage was selected in 1967 for establishing
a Thermal Power Station of the capacity of 800 to 1000 MW,
It has the advantage of being close to Sui Gas Fields. The
gas pipeline was installed for supvlying gas unto 200 M
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capacity. It has a comnection with the 500 KV Line in addition.
to 220 KV and 132 KV Lines for transmission of that power tc
the Province of Sind upto Hyderabad and to Baluchistan,.as well
as in the North it is comnected with Multan. Infra structure
is already built for a big steam station and some of the civil
works and auxiliaries are already provided for extension of

the power station during construction of 210 MW Unit No.3.

The logical consequence was to add 500 MW generating capacity
at Guddu to meet the power shortage in 1983-84. Unfortunately
supply of gas from Sui Gas Fields, which was assured in 1970
for 800 MW generating capacity and for which a 16" diameter

gas pipeline was built by WAPDA has now been declared as not
available. With great difficulty additional gas supply has
now been committed at Guddu for additional 200 MW from other
sources near Sui.

5.2. Decision in making commitment for additional gas supply
at Guddu for 200 MW capacity has taken more than two years. hat
delayed our procurement action for the plant and completion of
the extension Project is therefore delayed at least two years.
At the same time demand of electricity by public is not delaved.
Therefore, Wapda is rushing to install 300 MW gas turbines a:
Guddu, where supply of gas for these gas turbines has been
assured from Mari Gas Fields. These gas turbines will be
campleted quicker than the steam Unit at Guddu and will meet the
shortage upto 300 MW in the beginning of 1985, whereas Unit No.d
at Guadu is now scheduled for middle 1985. That leaves a gap
for heavy load shedding during 1983-84.

5.3 During the construction of Unit No.3 following structures
mﬂequigmnthasbaen'installed,ﬁﬁ.chisalsotabeusedfor
nic No. 4 : '
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- br—B1 64~ Feeder Pump House —foundations—

2, Chemical Water Treatment Plant

3. Fuel and 0il Storage Facilities

4. Clarified Water Tank 500 M?

5. Dirty and clarified.Condensate Storage Tanks
6. Electrolyser Plant.

7. Mortar Preparation Plant.

8. Chimey for Boilers 3 & 4

9. Neutralization Pond.
10. 250 MVA 15.75/220 KV Block Transformer

for Unit 4,

11. Foundations for Extension of 220 KV Switchyard.

5.4, That shows the advantages of Guddu site against any other
site for installation of additicnal 200-250 MW Steam.Unit. The
cost of this extension Project has been estimated as Rs. 2408
millions including a foreign exchange portion of Rs.1150.
millions.

5.0 MCSDF GUDDU [RIT-4

6.1 The cost per unit generated is estimated at 30.05 Paisa
per KWH at a benefit/cost ratio of 1.2 : 1. The rate of
depreciation and salvage value of the Project is given in Table
No. 6 below :

6.2 TABLE No.6
. Year Income Interest O&M Depre- Total Profit(+)
' on Fore- Charges ciation Charges loss (-
ign & Cost.
Local Com-
ponent.
1 2 3 4 5 6 y /

1985 229.07 245,09 51.27 75.85 372.21 (=) 243.14
1986 246.17 241,39 54.35 75.85 371.59 (=) 126.42
1987 262.72 237.29 57.61 75.85 370.75 (=) 10B.03
1988 277.74 232.76 60.49 75.85 369.10 (=) 9n.36
1989 293.56 227.73 63.52 75.85 367.10 (-) TB.54
1980 310.33 222.18 66.69 75.85 364.72 (-) 5R.39
=\

1991 325.86 216,02 70.02 75.85 361.89 36.03
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1 2 3 1 5 6 7
1992 342,176 209.20 73.53 75.85 358.58 (-) 16.42
1993 352.42 201.65 75.74 75.85 353.24 (=) 0.82
1994 362.98 193.29 ©  78.01 75.85 347.15 (+} 15.83
1995 373.88 184.02 80.35 75.85  340.22 (+) 33.66

1996 385.10 173.75 B2.76 75.85 332.36 (+) 52.74
1997 396.66 162.35 85,24 75.85  323.44 (+) 73.22
1998 404.60 149.73 86,94 75.85 312.52 (+) 92.08
1999 412.68 135,73 BB.62 75.85 300,20 (+) 112.48

2000 420.92 120.20 90.46  75.85 286.51 (+) 134.41
2001 429.34 102.98 92.27 75.85 271.10 (+) 158,24
6.3 At this stage it is pointed out that this is customary :o

justify a Project through cost benefit ratio worked out on the
basis of cost of Unit generated and the selling price of the
Unit. In fact this is not correct as the benefits of electricity
are mich more and much diversified than only selling price of

the unit. This can be briefly described as:

6.3.1 a)

6.3.2 b}

6.3.3 )

The Project would yield an average annual rate of
return of about 9.5% on equity after accounting
for annual depreciation.

The Project would meet power shortage on the system
during the coming years. The availability of power
would provide impetus to undertake development
programmes in the sectors of agriculture and indus-
tries. The increasing development activity would
provide new job opportunities to the increasing work
force.

There would be substantial increase in revenues of
Federal and Provincial Governments due to levies and
taxes on agricultural commodities and industrial
goods. Provincial Governments will also be benefited
by increased quantum of electricity duty.
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7.0 MAN POWER REQUIREET

7.1 For execution of the Project approximately 103 persons

of all categories skilled and unskilled are required while
for operation about 150 persons mostly technical will be
required at Cuddu. If this is constructed samewhere else
than at Guddu many more personnel will be needed.

7.2 The manpower trained during the execution of Stage-I
and II of the Project is available for Unit No.4. In
addition reqular training programme is carried out at Guddv
for training Engineers and staff in the Training Institute
established at CGuddu.

IIPORTANCE OF GUDDU PCRER STATION

8.1 Guddu is going to be the biggest Thermal Power Station
Complex with a total capacity of 950 I5 till Jam-Shoro and
Thatha Steam Power Stations are developed by the close of

this century. Importance and central position of Guddu
Thermal Power Station in the Mational Grid can be seen on the
diagram of PAXISTAN ELECTRICITY GRID FIGURE MNo.1. Development
of Baluchistan and Sind larcely depends on the capab:l.iity of
Guddu,

B.2 In Guddu Raw Gas is being used for power generation which
is approximately one third in price of purified gas anc
approximately one tenth cf the cost of HSD being used in Gas
Turbines. Therefore generation cost at Guddu is cheapest
amongst all other thermal power stations of the country.
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