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FOREWORD

The introduction of nuclear power into the electricity generation grid of a country poses
specific requirements to the national infrastructure that largely surpass those experienced in
general industrial and energy development planning. The relatively high expenditures
associated with the construction of a nuclear power plant, and the implications for the country
and the power utility involved, require that any decision for introduction of this technology be
a sound one. Consequently, when consideration is given to the possible introduction of
nuclear power, 1t is important to carefully assess future energy supply and demand, economic
and financial implications, and requirements for infrastructure development and technology
transfer.

In accordance with its mandate of promoting nuclear technology for peaceful
applications worldwide, the IAEA offers to its Member States a comprehensive programme of
technical assistance and co-operation (TCAC), which covers many diverse areas related to
peaceful uses of nuclear energy. In the area of nuclear power planning, the overall objective of
assistance i1s to help strengthen national capabilities for: analysing projections of overall
energy and electricity demand; planning the possible role of nuclear power in electricity
supply through the determination of the economically optimal extent and schedule for the
introduction of nuclear power plants; assessing the available infrastructures and the associated
needs, constraints and possibilities for their development; and developing schedules,
programmes and recommendations for action.

The TCAC programme of the IAEA includes assistance for energy and nuclear power
planning (ENPP) studies which aim to determine the appropriate role that nuclear power could
play in satisfying the future electricity generation requirements of a country, which is
consistent with the national objectives for socioeconomic and technical development, and the
possibilities of the country to achieve these goals. ENPP studies are carried out by the IAEA
in co-operation with requesting Member States with a precise scope, organization and
duration. This type of study involves the application of several IAEA planning models and
has as its ultimate objective to enhance the planning capabilities of the country.

In 1993, the Cabinet Committee on Energy in Pakistan directed the Pakistan Atomic
Energy Commission (PAEC) to initiate studies to assess the appropriate role of nuclear power
in meeting the future electricity needs of the country. To assist in this endeavour, a national
technical co-operation project on Energy and Nuclear Power Planning for Pakistan was
initiated by the IAEA in 1994. The study focused on identifying the economically optimal
share of nuclear power in the future electricity generation mix of the country, assessing the
environmental impacts of such a development of the electricity generating system, and
analysing the financial viability of the envisaged nuclear power development programme.

The current study demonstrates how the IAEA’s integrated set of energy planning tools
can be utilized for comprehensive national analyses involving the use of: (i) MAED for
analysis of energy demand, (ii) BALANCE for investigation into the market-based allocation
of energy resources to power and non-power sectors, (iii) WASP for formulation of least-cost
power capacity expansion plans, (iv) IMPACTS for assessment of environmental impacts
associated with different electricity system expansion strategies, and (v) FINPLAN for
financial analysis of the envisaged nuclear power development plan.



The ENPP study for Pakistan is unique in the sense that all of the models developed by
the IAEA for energy, electricity and nuclear power planning were used in the study. As such,
the present publication is intended to document a good example of an ENPP study and to
serve as guidance for similar studies that the JAEA may undertake with other Member States
in the future.

Since many of the assumptions made for the study are the result of expert consensus but
have not been validated or endorsed by the Government, the present results should not be
considered to be the energy and electricity master plan of Pakistan. Likewise, the expansion
plans of the electricity supply system delineated by the study should not be taken as the
Government plan in this area. The findings of the study do, however, provide insights into
possible strategies for developing the power generating system and the necessary work to be
undertaken to supplement the results of the study or to update it if deviations are experienced
in the principal hypotheses made for the study.

Finally, it should be noted that PAEC was fully responsible for all phases of the study,
including the preparation of the present report. The IAEA’s role was to provide overall co-
ordination and guidance throughout the conduct of the study, and to guarantee that adequate
training in the use of IAEA planning models was provided to the members of the national
team, both through their attendance of regular training courses on the subject matter and
during several meetings organized within the scope of the project. The IAEA staff officer
responsible for this publication was B. Hamilton of the Division of Nuclear Power.

EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscript(s). The views expressed do not necessarily reflect those of the IAEA, the
governments of the nominating Member States or the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as registered)
does not imply any intention to infringe proprietary rights, nor should it be construed as an
endorsement or recommendation on the part of the IAEA.
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SUMMARY

1.  Objectives and Scope of the Study

The Cabinet Committee on Energy directed Pakistan Atomic Energy Commission (PAEC)
in 1993 to initiate studies to assess a realistic role of nuclear power in the future electricity
generation mix of Pakistan for the 9th Five Year Plan period (1998-2003) and beyond. In
pursuance of this directive, PAEC has conducted a detailed study on Energy and Nuclear Power
Planning for Pakistan with the time horizon up to 2023. The main objectives of this study are:

¢ To identify the optimum share of nuclear power in the future mix of electricity generation
on the basis of least-cost analysis of the expansion of electricity system,

¢ To assess the environmental impacts of such a nuclear power development, and

¢ To analyse the financial viability of the envisaged nuclear power development programme.

2.  Organization of the Study

The study has been conducted by the Applied Systems Analysis Group (ASAG) of PAEC
with technical assistance from the International Atomic Energy Agency (IAEA). A number of
Expert Missions were arranged by the JAEA for providing technical assistance to the national
team for the conduct of this study. In addition, the IAEA provided training to the members of the
national team on the use of various computer based planning models used for the analysis of
various aspects of energy and electricity planning. Experts from various national organizations
related to the energy sector and the Planning and Development Division, Government of
Pakistan, provided overall guidance to the national team during the course of the study. The
study was initiated in early 1994 and has been completed in about two years, as envisaged.

3.  Methodological Approach

Nuclear power is one of the several technological options available for producing
electricity. The future role of nuclear power can only be determined if the future development of
the electricity sector is analysed in detail by considering the expected future requirements of
electricity and all possible supply options. Further, since electricity may substitute other fuels for
some of the categories of energy end-use and the electricity generation has to compete with
energy demand in other sectors for the available primary energy supplies, it is desirable to
analyse the evolution of energy demand and supply for the entire energy system at the national
level. Such an integrated approach is provided in the set of planning methodologies developed
by the IAEA. The various models used for carrying out this study are: (i) MAED for energy and
electricity demand analysis and projections, (ii)) BALANCE for energy resources allocation to
power and non-power sectors, (iil) ELECTRIC (WASP-III plus) for formulation of least-cost
power capacity expansion plans, (iv) IMPACTS for assessment of environmental impacts of
alternative plans for electricity generation systems, and (v) FINPLAN for financial analysis of
the envisaged nuclear power development plan. All these models are inter-linked with each other
to ensure consistency and to provide feed-back information from one model to another. The use
of these models, however, requires development of scenarios with consistent assumptions on
evolution of demography, economy, technology development, energy resource development,



future prices and costs, etc. Table 1 lists the scenarios developed for this study and the main
building blocks for each scenario. The major assumptions for these scenarios are summarized in
the following section.

4. Major Assumptions
4.1. Demography

Population growth is one of the important factors determining the future evolution of
energy and electricity demand. For the present study, in line with official projections for the 8th
Five Year Plan and the Perspective Plan, the population growth has been assumed to decline
gradually from the present level of 2.9% per annum to 2.1% p.a. by the year 2008 and further
down to 1.7% p.a. by the year 2023. According to these assumptions the population of Pakistan
in 2023 will become about 235 million. Other demographic parameters, such as urbanization
rate, living standard of the population, etc. have been linked with the assumed economic activity
for different scenarios.

4.2. Economy

The level of economic activity and the structure of the economy are the most important
factors for projecting the future energy and electricity demand. The official targets for economic
growth during the 8th Five year Plan period (1993-1998) and the Perspective Plan period (1993-
2008) have been set as 7% per annum. However, some development economists believe that
even higher economic growth (8-9% p.a.) can be achieved if the economic and trade policies are
made more liberal. Keeping in view the perspectives of the Planning Commission, Government
of Pakistan, and the projections by the World Bank and the Organization for Economic
Cooperation and Development (OECD) for developing countries, three scenarios for the growth
of national economy have been developed for this study. Figure 1 shows the overall growth of
GDP assumed in these scenarios and Fig. 2 compares the corresponding evolution of GDP per
capita.

4.3. Indigenous Energy Resource Development

The petroleum exploration activity has been assumed to increase considerably with the
result that the indigenous production of oil and gas increases from 2.9 million TOE for oil and
12.4 million TOE for gas in 1993 to 11.5 million TOE and 45.1 million TOE respectively by the
year 2023. As for coal, it has been assumed that the recently identified coal field at Thar will be
developed to support some 10-15 GW of coal fired power generation capacity. In the case of
hydro power, it has been assumed that in addition to presently under-construction and planned
hydro projects, two large hydro power plants (possibly Kalabagh and Basha) with some 6 000
MW installed capacity could be constructed. As for nuclear power, it has been assumed that in
addition to the under construction Chashma Nuclear Power Project, additional nuclear power
plants will be built in the country.

4.4. Energy Imports

In view of the limited potential of energy supplies from indigenous resources, it has been
assumed that coal, oil and gas will be imported to meet the future energy requirements. Keeping
in view the present plans, three gas pipelines from Qatar, Iran and Turkemanistan have been
considered. It has been assumed that one of these gas pipelines will become operational by the
turn of this century while the other two would be available after a gap of a few years. Coal



imports have been considered for power generation for plants to be located close to coastal
areas. Siting limitations and environmental considerations, besides economics, will determine
the power capacity additions based on imported coal. Oil imports have been assumed to fill up
the gap between supplies from all sources and the projected energy demand.
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Table 1. Summary of Analyses Reported in this Study

Scenario/Case Building Blocks

A. Economic Growth
Al Planmng target growth scenarno
A2 Optimustic growth scenario
A3 Constrained growth scenario

B. Demography
Population growth projections are common n all
the scenarios Some of the parameters have been
assumed to change with economic growth scenario

C. Energy Efficiency Cases
C1 Nomnal energy efficiency improvement case
C2 Vigorous energy efficiency improvement case

D. Indigenous Energy Resource Development
Development of o1], gas and hydro resources 1s
common in all the energy supply and electric
systern expansion cases The development of coal
resources has been assumed to be more rapid in
Optimistic Case/Alternative [V

E. Gas Imports Cases
E!l Gas import allowed
E2 Gas imports not allowed

F. Nuclear Power Development Cases
F1 Gradual development of nuclear power
F2 No further development of nuclear power

G. Energy Price Scenarios
t An increase of 70% 1n real terms assumed n o1l
and gas prices and 35% n coal prices over the
30 year period
2 Pnces to remain constant 1n real terms (for
sensttivity analysis only)

Energy and Electricity
Demand Analysis Cases
1. Reference Scenario
(Combmnation of A1 & C1)

2. Optimistic Scenario
(Combination of A2 & C1)

3. Constrained Scenario
(Combination of A3 & C1)

4. Energy Efficiency Scenario
(Combination of Al & C2)

Energy Supply Analysis
Cases
1. Gas Imports Case
{Reference scenano of
energy demand with E1 &
F1)

2. No Gas Imports Case
(Reference scenario of
energy demand with E2 &
F1)

Electric System Expansion
Analysis Cases
1. Reference Case
(Reference scenano of
electricity demand with El
& F1)

2. Nuclear Moratorium
Case/ Alternative |
(Reference scenarno of
electncity demand with El
& F2)

3. No Gas Imports Case/
Alternative I1
(Reference scenano of
electricity demand with E2
& F1)

4. Energy Efficiency Case/
Alternative III
(Energy efficiency scenaro
of electncity demand with
El & F1)

5. Optimistic Case/
Alternative 1V
(Optimsstic scenario of
electricity demand with El
& F1)

6. Alternative V
(Reference Case with private
sector plants)

Environmental
Analysis* Cases
1. Case 1
{Reference Case of
Electric System
Expansion Analysis)

2.Case2

(Nuclear moratorium
case of electric system
expanston analysis)

3. Case3

(Nuclear moratorium
case of electric system
expanston analysts with
air pollution control
devices added to some
of the coal and ol fired
power plants to bning
down the emissions of
SQ, and NO, to the
levels of the Case 1)

Financial Analysis
Case

Financial analysis of
nuclear power
development
programme of the
Reference case of
electric system
expanston analysts,
and sensitivity
analysis of the
results with respect
to

1) increased capital
cost

1) higher foreign
Interest rate

1) rapid
detenoration of
exchange rate

1v) lower price of
electncity sates

* Environmental analysis has been camed out for the power sector only




4.5. Fuel Prices

In line with a number of recent projections by various international agencies, it has been
assumed for the present study that the imported o1l prices will increase in real terms at 1% per
annum till the year 2000, at 2% per annum during 2000-2010 and at 2.7% per annum thereafter.
The price of imported gas has been assumed to follow the trend assumed for oil prices. For
imported coal price, a 1% per annum increase in real terms has been assumed throughout the
planning period. As for prices of indigenous fuels, in line with govemment policy, these have
been linked with the prices of imported fuels.

5. Main Findings
5.1. Energy and Electricity Demand

Four scenarios of future demand for energy and electricity have been developed which
correspond to different levels assumed for future economic growth and energy efficiency
improvements. Figure 3 shows the evolution of final commercial energy demand in these
SCenarios.

Corresponding to the above energy scenarios the future demand for electricity has been
projected to grow at 7-11% p.a. as shown in Table 2.

The increase in the per capita electricity consumption in different scenarios is shown in
Fig. 4. Despite considerable increase by the year 2023, the per capita consumption level in
Pakistan, in the Reference Scenario, will still be only 1/4th of the present average for the
OECD countries.

The peak demand corresponding to above projections at the end of 9th Five Year Plan and
at the end of planning horizon are given in Table 3.
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Table 2. Projected Growth Rates of Electricity Consumption in Four Energy Demand

Scenarios

Growth Rate of Electricity Consumption (per annum)

Demand Scenario 1993-2003 1993-2023
Reference Scenario 8.9% 8.7%
Optimistic Scenario 9.6% 10.6%
Constrained Scenario 8.1% 6.9%
Energy Efficiency Scenario 8.3% 8.0%
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Table 3. Projection of Peak Demand for the Four Energy Demand Scenarios

Peak Demand
Demand Scenario 2003 2023
Reference Scenario 16 025 MW 83 550 MW
Optimistic Scenario 17220 MW 146 040 MW
Constrained Scenario 14 925 MW 49 415 MW
Energy Efficiency Scenario 15 020 MW 67 485 MW




The net power generation capacity additions over the 30 years study period will range
from 68 000 to 147 000 MW in different scenarios. Such a large capacity addition will not
only require large investments and commitment of other resources, it will also result in heavy
environmental burden if appropriate measures are not taken.

5.2. Overall Energy Demand-Supply Balance

In order to meet the projected energy demand, it is expected that the country will continue
to be dependent on energy imports. The energy import dependence, in the Reference Scenario,
will remain within 32-38% of the total primary energy requirements during the next 20 years but
will increase further thereafter, reaching about 48% at the end of the planning horizon. This is
despite the fact that a considerably large increase has been assumed in the future supplies from
indigenous energy resources as described in Section 4.3. The contribution of nuclear power in
total primary energy supplies has been estimated to increase from 0.3% now to 2.6% at the end
of 9th Five Year Plan (2003) and to about 9% at the end of planning horizon (2023).

If the future energy demand happens to be as projected in the Optimistic Scenario then the
energy import dependence will reach a level of about 70% by the end of planning horizon.
However, if the future energy demand turns out to be as projected in the Constrained Scenario or
Energy Efficiency Scenario, the energy import dependence will slightly decrease from the
present level of 34% to about 30%.

5.3. Least-Cost Plan for Expansion of the Electricity Generation System

Counting for the retirement of older plants, a total of 83 100 MW of power generation
capacity has to be added over the period 1993 to 2022 to meet the electricity demand as
projected in the Reference Scenario. Due to limitations on the pace of development of hydro
power and nuclear power, a large fraction of the capacity addition will have to be based on fossil
fuels. The mix of required installed capacity as determined in the least cost plan for the
Reference Scenario is given in Table 4.

The contribution of nuclear power in total capacity additions is 13 200 MW, which
remains unchanged under wide variation of certain important parameters, for example capital
cost, discount rate and prices of alternative fuels. The contribution of various sources in the
future power generation capacity for the least cost expansion plan in the Reference Case is
shown in Fig. 5.

Table 4. Projected Installed Generation Capacity Mix for the Reference Scenario

2003 2022
Hydro 6 662 MW 14 502 MW
Gas 6 364 MW 29 216 MW
Coal 1162 MW 16 150 MW
Oil 5113 MW 18 222 MW
Nuclear 1 050 MW 13 525 MW
Total 20351 MW 91615 MW
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Table 5. Alternative Expansion Plans For Electricity Generation System

Alternative
Cases

Major variations with
respect to Reference Case

Effects of variation

Alternative I

A moratorium on further
development of nuclear
power

Nuclear power plants replaced by oil-
fired plants; higher oil import
dependence, increased environmental
degradation

Alternative II Import of gas not allowed Gas fired plants replaced by oil-fired
plants

Alternative II1 Demand scenario with high | 17% lower demand, still all nuclear

energy efficiency power plants selected in the optimal

solution.

Alternative IV Optimistic demand scenario { 147 000 MW of additional power
capacity required compared to 84 000
MW in the Reference case, larger
investments and very high import
dependence.

Alternative V Private power plants First nuclear power plant shifted by one

included as committed
plants

year and some of the combined cycle
plants also delayed.




5.4. Alternative Plans for Expansion of Electricity Generation System

In order to analyse the main uncertainties surrounding the future development of the
electric sector in Pakistan, a number of alternative plans for future expansion of the electricity
generation system have been formulated and analysed. The major variations among the
alternative cases and the corresponding effects are summarized in Table 5.

5.5. Investment Requirements

The total investment required over the 30 year period for building up the electricity
generation system proposed in the Reference Case has been estimated as US $ 108 billion (in
1993 prices). This investment is some US $ 15 billion higher compared to the one required for
the case with nuclear moratorium. But if the system operation costs (fuel and O&M costs) are
also taken into account then the generation system of the Reference Case becomes economically
attractive. The cumulative cost, over the 30 year planning horizon, for system operation in the
Reference case is US $ 172 billion compared to US $ 205 billion in the nuclear moratorium case.
Further, the energy import dependence of the country in the Reference Case is lower by some 10
percentage points compared to that in the case without nuclear power.

The total investment required for building the electricity generation system for meeting the
demand projected for the Energy Efficiency Scenario is some 17% lower compared to that for
the Reference Case. Although, the investment required to implement the energy efficiency
measures has not been estimated in this study, it is felt this would be significantly lower than the
cost of avoided capacity additions.

5.6. Environmental Assessment

The environmental analysis of alternative plans for the expansion of electricity generation
system shows that irrespective of the mix of future electricity generation system, the
environmental burdens in Pakistan imposed by the electric sector will increase by a factor of
about ten. However, the electricity generation system of the Reference Case is the cleanest
system because of inclusion of nuclear power plants which do not emit any of the noxious gases
like SO,, NO,, CO,, etc. The radioactive emissions from nuclear power plants are kept well
within the permissible limits specified by the international organizations and are generally much
lower compared to that emitted by coal fired plants (the coal fired plants are not equipped with
any system for containing the radioactive elements present in the coal). Further, if pollution
control devices are added to the fossil fuel fired plants, it has been estimated that the investment
and operation costs of such devices will increase the overall cost giving again a significant
margin to nuclear power.

5.7. Financial Analysis

The financial analysis of the envisaged nuclear power development plan shows that the
plan is financially viable on technical grounds, under financing terms assumed in line with the
internationally accepted practices and the recent policy of the government for private power
producers in Pakistan. However, there may be other considerations (such as political) which may
affect the availability of financial resources for the envisaged nuclear power development plan.
For the first nuclear power plant, it has been assumed that the government will provide equity to
the extent of 22% of the investment and the remaining funds will be generated from foreign and
local loans. However, as the nuclear power plants become operational and start generating
revenues, the surplus earnings, available after meeting all operational costs, debt servicing and



dividend payment, can be used for investment in future plants. These earnings after about 15
years will become sufficient to cover almost 100% of the investment required for the subsequent
plants.

6. Conclusions and Recommendations

The detailed analyses carried out in this study show that the demand for energy and
electricity will continue to increase in the coming years at about 7% and 9% per annum
respectively, and that the future supplies from indigenous energy resources will remain
inadequate to meet the projected demand. As such, the country will continue to be dependent on
imported fuels. Furthermore, due to increased use of energy, the environmental emissions from
the energy sector will increase many folds, threatening severe degradation of natural
environment. In order to combat these problems, the study has shown that the following
measures should be taken:

e Vigorous efforts should be made to increase efficiency of energy and electricity use in all
sectors of the economy by encouraging the use of efficient appliances and avoiding
wasteful uses through appropriate fiscal and regulatory measures. Besides, concerted
efforts should be made to implement the plans for reduction in transmission and
distribution losses of electricity.

e Additional indigenous energy resources should be explored and rapidly developed with
greater emphasis on oil and gas which are expected to remain the major sources of energy
supplies in the coming years. The recently identified large coal deposit, Thar, should be
developed and put to use in an environmentally acceptable manner. Additional hydro
power resource should be developed as fast as possible.

e Concerted efforts should be made to construct additional nuclear power plants in order to
reduce the energy import dependence of the country and to avoid excessive degradation of
natural environment. Based on the analysis of various alternative scenarios, it is
recommended that construction of a 600 MW nuclear power plant should be started in the
current Five Year Plan period and of 2-3 more nuclear plants in the 9th Five Year Plan
period. Thereafter, nuclear power plants should be built at regular intervals in accordance
with the maximum technically feasible limits. The Government should provide financial
support for the first few nuclear power plants, which will generate sufficient surplus
income during operation to cover the investment requirements of the subsequent plants.

e Systematic efforts should be initiated to gradually indigenize nuclear power technology in
order to implement the envisaged nuclear power development programme in a self-reliant
manner. This will reduce foreign dependence for construction of future nuclear as well as
thermal power plants and will effectively expand the overall industrial base of the country.
In this respect, a detailed national plan should be worked out for development of the
necessary infrastructure facilities for design and engineering, manufacturing, construction
and installation of nuclear power plants. Further, the manpower requirements and the
organizational structure for implementation of the nuclear power programme should be
assessed and developed.

e A 300 MW nuclear power plant is presently under construction at the Chashma site which
can accommodate up to 10 more units. However, for reasons of phased development and
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A 300 MW nuclear power plant is presently under construction at the Chashma site which
can accommodate up to 10 more units. However, for reasons of phased development and
grid requirement, it would be expedient to identify and thoroughly investigate additional
sites in the country. Studies should, therefore, be imitiated for identification and
investigation of new sites for construction of future nuclear power plants.

Since the power sector has been opened to private investors for construction of fossil fuel
based and hydro power plants, it would also be desirable to encourage private investors to
participate, as partners of the public sector, for the construction of nuclear power plants.

During the course of this study the Applied Systems Analysis Group has acquired very
valuable expertise on energy, electricity and nuclear power planning. This capability will
be used in future planning studies by PAEC and can also be utilized by other energy
planning organizations in Pakistan.
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Chapter 1

INTRODUCTION

1.1. Purpose and Scope of the Study
1.1.1. Background

In 1993, the Cabinet Committee on Energy, the highest decision making body in Pakistan
on energy matters, directed Pakistan Atomic Energy Commission (PAEC) to initiate studies to
assess a realistic role of nuclear power in the future electricity generation mix of Pakistan for the
9th Five Year Plan period (1998-2003) and beyond. After careful evaluation of various
possibilities, it was decided to carry out a long term study with technical assistance of IAEA.
Consequently, the JAEA was approached with a formal request to assist PAEC in this task under
the Agency's Technical Cooperation Programme. The Agency responded positively to PAEC’s
request and the Technical Cooperation Project PAK/0/006 was initiated in February 1994. The
Applied Systems Analysis Group (ASAG) in PAEC was made responsible for conducting the
study with technical assistance of IAEA' Experts. A number of national experts from energy
related organizations and the Ministry of Finance provided guidance to the national team for the
conduct of study.

1.1.2. Objectives of the Study

The specific objectives identified for the study, which laid down the basis for its scope, are
as follows:

1) To identify the optimum share of nuclear power in the future electricity supply mix of
Pakistan on the basis of a least-cost expansion planning analysis of the country's
power system,

i1) To analyse the environmental impacts of such a nuclear power development, and

1il) To establish the financial viability of the envisaged nuclear power development
programme.

1.1.3. Scope of the Study
To achieve the above mentioned objectives, it was felt that the study should include:

o a detailed analysis of overall energy demand, including electricity, and its future
evolution,

assessment of future supply potential of indigenous energy resources,

analysis of possibilities of import of various fuels,

evaluation of future options for electricity generation,

formulation of alternative expansion plans for electric sector development,

assessment of environmental impacts of future electricity generation, and

analysis of the financial requirements of the envisaged nuclear power programmes.

Further, in view of the long term implications of electricity sector development (due to
long gestation times for different power plants and their long operating lives) a 30 year time
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horizon was considered appropriate for the study. The base year as a reference has been chosen
as 1992-93 fiscal year because large amount of data required for various analyses are available
for this year.

1.2. Institutional Setup and Process for Energy and Electricity Planning

The Energy Wing of the Planning and Development Division is responsible for the
development of short, medium and long term plans for the energy sector. It interacts with
various departments dealing with different energy sources and develops the overall national
energy plan. The energy plans are worked out within the framework of the national macro-
economic development plans. Like other sectors of the economy, the energy sector has to
compete for resources under the development planning process. In principle, from strictly
economic view point, the investment allocations for different sectors should be determined on
the basis of economic efficiency. However, consistent with the objectives of socioeconomic
development of the nation, sectoral shares are determined on the basis of social marginal
productivity, although the detailed analysis required for this is not always possible since the
resources are not always given and resource mobilization is also based on the requirement. The
practical approach followed, therefore, is to determine the project wise investment requirements
under each sector and then to aggregate these to determine the overall plan requirements. It is
evident that in this process, development of sectoral plans is an important exercise in
development planning.

As for specific energy forms, the Federal Ministry of Petroleum and Natural Resources is
responsible for planning and implementation of development programmes related to all fossil
fuels, including oil, gas and coal. However, since coal is a provincial matter, the mineral
development departments in each province oversee and implement policies in respect of coal
development, particularly regarding leasing of land for coal exploration. The federal ministry of
Petroleum and Natural Resources is also responsible for development and dissemination of new
and renewable energy technologies. This responsibility is carried out through its Directorate
General of New and Renewable Energy Resources (DGNRER).

The Federal Ministry of Water and Power is responsible for planning and policy
formulation for the electricity sector. There are two power utilities in the country, Water and
Power development Authority (WAPDA) and Karachi Electric Supply Corporation (KESC),
which prepare plans for their respective areas of service and implement them after approval by
the Cabinet. Nuclear power is the responsibility of the PAEC, which is directly responsible to
the Prime Minister. Figure 1.1 shows the ministries and departments related to the energy sector.

1.3. Methodological Approach

Nuclear power is one of the various technological options for producing electricity. The
future role of nuclear power can only be determined if the future development of the electricity
sector is analysed in detail, considering future requirements of electricity and all possible supply
options. However, the electricity sector, in turn, is an integral part of the overall energy system
because, on the one hand, at the end use level electricity may substitute other fuels for some
categories of energy end-use and, on the other, electricity generation competes with energy
demand in other sectors for the available primary energy supplies. As such, for a realistic
analysis, it is necessary to analyse the evolution of demand and supply of the whole energy
system at the national level. Further, future supply potential of all indigenous energy resources
as well as import possibilities of various fuels have to be analysed. Based on the above analysis,
the least-cost analysis
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of alternative strategies for electric system expansion can be done and the possible role of
nuclear power in the future electricity mix of the country can be determined. This approach has
been followed in the present study.

In recent years, environmental concerns have been gaining increasing importance in
Pakistan. As per a recent government regulation, the proposals for all development projects have
to include an Environmental Impact Assessment (EIA) statement. The Federal and Provincial
Environmental Protection Agencies are responsible for evaluating the EIA statements. As such,
it has been decided to include in the present study environmental analysis of the electric system
expansion plans.

The financial resources of Pakistan, like in other developing countries, are very limited.
Although, nuclear power is competitive compared to other electricity generation options, it is a
very capital intensive technology. A realistic programme for nuclear power development should
be financially viable for the country. The present study, thus, includes financial analysis of the
envisaged nuclear power programme.

To carry out all the above mentioned analyses, the IAEA's set of methodologies for energy
and nuclear power planning have been used. The specific models used are: (i) MAED for energy
and electricity demand analysis and projection of electric load profiles, (ii)) BALANCE for
energy resources allocation to power and non-power sectors, (i11) ELECTRIC (WASP-III plus)
for least-cost electric system expansion analysis, (iv) IMPACTS for environmental impact
analysis, and (v) FINPLAN for financial analysis.

Energy and Electricity Demand Analysis Model

The Model for Analysis of the Energy Demand, MAED, is a simulation model designed to
evaluate medium and long term demand for energy in a country or a region. The methodology
comprises the following basic sequence of operation:

¢ Breakdown of the structure of the country's final energy consumption into a multitude
of individual categories of end-use in a consistent manner;

¢ Identification of the social, economic and technical factors influencing each category of
final energy demand,

e Specification (in mathematical terms) of the functional links between energy
consumption and the factors governing that consumption;

e Reconstruction of the country's structure of final demand based on socioeconomic and
technical data for the base year of the study (1992-93 financial year in the case of the
present study);

o Construction of "scenarios of socioeconomic and technical development"; which
consists of establishing possible future situations of the country under study with
respect to the evolution of demographic, macroeconomic, socioeconomic and technical
factors;

¢ Evaluation of the energy consumption corresponding to each scenario.
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The main features of the MAED approach are different from that of time trends and
econometric methods. The design of MAED was to overcome some of previous models'
weaknesses such as the analysis based on price elasticity which is no longer satisfactory under
the present world energy price fluctuations. The main features of MAED are to reflect:

e Structural changes affecting medium and long term energy demand by means of a
detailed analysis of the social, economic and technical system. This approach takes into
account, in particular, the changing social needs of individuals, for example, for
cooking and other appliances in households, transportation and others; and the policies
for national development including industrialization, and policies on transportation,
housing, services and national security.

e Trends in the potential market for each final energy form: electricity, coal, gas, oil,
solar energy, etc.

The MAED model consists of three modules. Module 1 is basically an updated version of
the MEDEE-2 model developed for the International Institute for Applied Systems Analysis
(ILASA) for analysis of the evolution of overall energy, including electricity, demand in a region
or country [1,2]. Module 1 is used to determine the future demand for all forms of energy in all
sectors of the economy.

The electricity demand projected with the help of Module 1 of the MAED model is in the
form of annual electricity requirements at the user end. This demand has to be converted to
hourly demand at the generation system level so that the requirements of the electricity
generation system expansion could be planned. The distribution of electrical load over time,
which characterizes the pattern of electricity usage, is crucial for selection of the generating units
to be added and for their loading in the system. The ELECTRIC (WASP) module of ENPEP
requires as input, projections of system peak demand and load duration curves. This information
has been prepared in the present study with the help of modules 2 and 3 of MAED model.
Module 2 uses annual electricity requirements in different sectors of the economy and converts
them into hourly system load by taking into account system losses (auxiliary consumption,
transmission losses and distribution losses), seasonal variation of electricity consumption in
different sectors and hourly load pattern of demand in these sectors. Module 3 rearranges the
hourly system load in decreasing order to work out the system peak demand and load duration
curves.

By means of this feature, the results from MAED can be fed directly into the ELECTRIC
module for further analysis of the least-cost expansion plan for the electricity generating system.
Technically, MAED is organized as illustrated in Fig. 1.2.

Overall Energy Demand—Supply Balancing Model

For the analysis of energy resource allocation to power and non-power sectors, the
BALANCE module of ENPEP has been used in conjunction with the ELECTRIC module. The
BALANCE module integrates energy supply and demand activities for the purpose of providing
information necessary for decision making. The supply/demand balance approach ensures that
the amounts of fuels supplied and demanded are equal and that the quantities of fuels consumed
are consistent with the costs of production/supply and the prices paid by consumers.
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BALANCE uses a non-linear, equilibrium approach for determining the energy supply
demand balance. In this formulation, an energy network is designed that traces the flow of
energy from primary resources (e.g., crude oil, coal) through to final or useful energy demand.
In a BALANCE analysis, energy demand is sensitive to the prices of supply alternatives and
supply prices are sensitive to the quantities of different fuels demanded. In its operation,
BALANCE simultaneously finds an equilibrium for all energy supply forms and all energy uses
that are included in the network. The solution generated by BALANCE provides a consistent
view of energy flow through the network for the set of assumptions and conditions that have
been provided as input to the model. The solution is in “equilibrium” because the feedback
effects of demand and supply adjusting to price differences are included in the analysis. The
energy flows and prices developed in BALANCE can be passed to the IMPACTS module that
evaluates the environmental impacts and resource requirements [3].

Electric System Expansion Optimization Model

The ELECTRIC module of ENPEP is based on the WASP-III Plus [4,5]. It determines the
electricity generating system expansion plan that adequately meets demand for electric power at
minimum cost while respecting user-specified constraints. ELECTRIC is directed to long term
planning, beyond a 10 year time horizon, and is intended to address a number of critical issues in
generation planning, including generating unit size, system reliability, details of the existing
system, seasonal variation in loads and hydroelectric availability, and appropriate simulation of
future system operation. It utilizes probabilistic simulation to estimate system production costs,
unserved energy and reliability; and dynamic programming for optimization of system
expansion policies. ELECTRIC is organized in a modular way which permits the user to
monitor intermediate results, avoiding waste of valuable computer time due to possible input
data errors.

ELECTRIC, permits finding the optimal expansion plan for a power generating system
over a period of up to thirty years , within constraints specified by the planner. The information
needed by the model includes the load forecast, characteristics of the power plants already in
operation or firmly committed; characteristics of the power plants that can be used as
alternatives for system expansion; the constraints to be considered in the analysis, such as the
number of units of each candidate plant that can be added in a given year; reliability criteria,
such as, the Loss-of-Load probability (LOLP) and minimum reserve margin to be satisfied by
each expansion policy; investment and O&M costs of each plant type as well as other technical
and economic parameters. The optimum solution is evaluated and reported in terms of minimum
discounted total cost including investment, operation and energy-not-served costs. This solution
displays the optimal expansion schedule of power plant addition to the power system selected
from the list of expansion alternatives specified by the user.

In addition, ELECTRIC allows conducting sensitivity studies on different parameters such
as fuel prices, discount and escalation rates, construction time, and energy-not-served cost. Such
capability allows the planner to make comparisons of different plant descriptions of both the
candidate and existing power plants within the optimized expansion system; and to explore
alternative ways of power system expansion as dictated by new policies and constraints within
the national development requirements. The overall organization of the ELECTRIC module is

illustrated in Fig. 1.3.
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Environmental Assessment Model

For assessment of the environmental impacts of alternative plans for expansion of
electricity generation system, IMPACTS module of ENPEP has been used in this study. Quite
frequently, an energy system that is designed solely from energy supply perspective cannot be
implemented because of environmental constraints or resource limitations. The IMPACTS
module is designed to estimate these effects. Facilities from both energy supply systems and
energy consuming systems can be included in an IMPACTS analysis. For example, coal mines,
power plants, refineries and natural gas supply pipelines may be included as supply systems.
Industrial boilers, residential space heaters, and automobiles may be included as demand
facilities. IMPACTS will determine the environmental impacts of all these type of facilities.
IMPACTS takes information from the ELECTRIC module on electricity generation by each
type of plant and the corresponding quantities of fuels used. The data required for all other
energy supply and use facilities are imported from the BALANCE module of ENPEP. The
emission factors for various pollutants, worked out by the user based on fuel characteristics and
technology, are used for evaluating the emissions of various pollutants from electricity
generation. The module allows introduction of pollution control devices to different power
plants to curtail emissions.

Financial Analysis Model

Financial analysis of the envisaged nuclear power development plan has been carried out
with the help of the FINPLAN model. This model has specifically been designed to analyse
financial viability of an investment programme of a power utility. It uses standard methodology
for preparing yearly projected financial statements, viz. Balance Sheets, Income Statements,
Cash Flow Statement, on the basis of information provided by the user on schedule of future
investments, sources and terms of financing, inflation and escalation rates, projected revenues,
etc. It also works out important financial ratios which are helpful for assessing financial viability
of a proposed investment programme.

Integration of Various Models

Figure 1.4 shows the interaction of all the models used for the study. It can be noted that
different models interact with one another and pass on relevant information which is used for
further analysis. The models also provide feedback information which in certain cases
necessitates revision of the analysis done with the previous model. For example, the
environmental analysis or the financial analysis may require revision of electric system
expansion plan worked out with the help of ELECTRIC Module. Likewise, overall energy
demand-supply balance may require revision of allocation of primary energy sources to
electricity generation. This iterative process integrates the entire energy system and ensures
consistency.
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1.4. ITAEA Support for the Study

The major tasks and activities for carrying out the study are shown in Fig. 1.5. The study
was launched in February 1994 when an IAEA expert mission visited Pakistan to assist in
finalising the work programme for the project. It was envisaged that about two years time would
be required to carry out various activities identified for the study. During this period, the national
team has been in constant touch with the IAEA's experts and has had regular meetings for
review of the progress of the study. All the analytical tools mentioned above were transferred by
the IAEA to PAEC. In addition, several members of the national team were provided formal as
well as on-the-job training by the Agency mn the use of these models. Besides a number of
technical meetings of the IAEA experts and the national team were arranged in Vienna and
Islamabad for review of the work and for providing technical guidance for the study. A total of
2.75 man-months of Expert Services, 2.75 man-months of national teams visits to IAEA and
5.25 man-months of training of the members of national team were arranged by the IAEA for
this project. This technical support from IAEA helped the national team a great deal to develop
capability for undertaking such a comprehensive study and enabled it to successfully complete
the study within the stipulated time.

1.5. Organization of Study Report

The report consists of 10 chapters. After this introductory chapter, the 2nd chapter
describes the Energy-Economy Setting in the country. It reviews historical evolution of
demography, economy and energy supplies and consumption. Chapter 3 explains the major
elements of different scenarios constructed for the study. Chapter 4 describes the future
evolution of energy and electricity demand worked out under different scenarios. Chapter 5
gives the projections of electricity demand and the peak power demand. Chapter 6 focuses on
the issue of energy resources allocation to power and non-power sectors. Chapter 7 describes the
formulation of alternative plans for expansion of electricity generation system. Chapter 8 is
devoted to assessment of environmental impacts of alternative expansion plans for the power
sector. Chapter 9 details the financial analysis of the envisaged nuclear power development plan.
And finally, Chapter 10 summarises the main conclusions and recommendations resulting from
all the analysis.
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Chapter 2

GENERAL ENERGY-ECONOMY SETTING

2.1. General Background
2.1.1. Geography and Climate

~ Pakistan is located in the north-western part of the South Asian sub-continent and lies
between 23° and 37° north latitudes and 60° and 76° east longitudes. It is bounded in the North
and north-west by Afghanistan, in the north-east by China, in the east and south-East by India,
in the south by the Arabian sea and in the west by The Islamic Republic of Iran.

The country is a land of diversified physical features, and six major physical regions can
be identified as:

1. Northemm Mountains i.e. the Karakorum, Himalayas and the Hindukash mountain
ranges, which contain some of the highest peaks of the world, e.g. Karakorum-2,
well known as K-2 (8616 meters), is the second highest peak in the world, Nanga
Parbat (8215 meters) is a prominent peak of the Himalayas and Tirich Mir (7736
meters) is the highest peak of the Hindukash;

2. The Western off-shoots of the Himalayas such as Sulaiman range lying in the west
of the country;

3. Baluchistan Plateau;
4. Potowar Plateau and the Salt Range;
5. Upper and Lower Indus Plains, which comprise about one fifth of the total land

area of the country and represent the main agricultural region of the country; and
6. The Thar desert which lies in the south-east of Lower Indus plains where the
largest identified coal resources of the country exist [6].

The total area of Pakistan is 796 thousand km®. Out of this about 0.207 million km? are
cultivated, while another 0.093 million km® are culturable waste (land area that can be brought
under cultivation with some investment). Pakistan suffers from scant forest resources. The
forest area of about 0.035 million km® [7] is quite inadequate to meet the growing demand for
timber and wood, and to conserve and protect the environment. In view of the growing
concern about environmental degradation, the Government of Pakistan has set a target of
increasing the forest area to a level of 10% in the next 15 years [8]. The current Five Year
Plan accords high priority to the development of forestry and range lands, and watershed
management, as well as, promotion of forestry on private lands.

Similar to the diversity in physical features, Pakistan has great diversity of climate. In
the northern mountains and western off-shoots of the Himalayas the winters are extremely
cold and mountains remain snow covered, while the summer temperatures reach up to 52°C at
some places in the Baluchistan Plateau and the Lower Indus Plains.

Rainfall at most of the places in Pakistan is scanty. Nearly three fourths of Pakistan

receives average annual rainfall of less than 25 cm [6]. Pakistan is on the margin of the
monsoon climate and most of the rainfall is in the months of July, August and September.
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Within the Indus Basin, flooding is an annual occurrence, and some parts of the Sind province
are dependent on flood irrigated agriculture.

2.1.2. Demography

Pakistan is a very populous country with 124.45 million inhabitants, estimated as of
January 1994. It ranks 8th in the world in terms of population [8]. The population density of
the country is about 156 persons/km’ which is rather low compared to the density in some
other developing countries such as India (269 persons/km®). This is mainly due to the fact that
the largest province in terms of area, Baluchistan, is sparsely populated.

The population census has been carried out in Pakistan at a regular interval in the past,
l.e. 1951, 1961, 1972 and 1981. However, the census due in 1991 has not been conducted so
far. Based on various population growth surveys conducted by Pakistan Statistical Bureau, the
present average annual growth rate of population is 3% as compared to a growth rate of 3.55%
p.a. during 1960s and 3.1% p.a. during 1980s. Column 3 in Table 2.1 reports the historic trend
of population growth since 1951. The reduction in the pace of population growth in the last
two decades has been possible due to the family planning programmes introduced by the
Government. In recent years, efforts in this direction have been intensified, and it is expected
that the population growth will further decrease. The major component of the social welfare
programme, being pursued in the current Five Year Plan, are: (i) provision of family planning
Services at the door steps, (ii) use of mass media to provide awareness on family planning
methods, (1i1) conducting of research studies on population planning methods and their
comparative advantages, and (iv) setting up of institutional framework for increased
involvement of Non Government Organizations (NGOs) in the advocacy and management of
family planning services [10]. As a result, it is envisaged that the population growth rate will
decline to 2.8% p.a. during 1993-1998.

Table 2.1 also reports the population of urban and rural areas. In the population
statistics, these two regions are defined on administrative basis. Before, the 1981 census, the
urban areas were defined as “All municipalities, Civil lines, areas which have been declared to
be Corporations, Municipal committees, Town Committees by the provincial Government and
Cantonments”. All these areas have distinctly urban characteristics such as running water and
sanitation systems, and most of them have population more than 5,000 persons [11]. Since the
1981 census, all areas with urban characteristics are included in the urban region irrespective
of their population.

Table 2.1. Population of Pakistan (1951-1994)

Year Total Annual No of No. of Urban Annual { Share Rural Annual | Share
Populatio Growth | dwellings Persons Populatio Growth (%) | Population Growth (%)
n Rate (Million) per n Rate (Million) Rate
(Million) (% p.a) Household (Million) (% p.a.) (% p.a.)
1950-51 3382 602 17 80 27 80 8220
1960-61 4298 243 965 484 2246 3332 183 7753
1972-73 6532 355 1088 54 16 59 462 2540 48 73 322 74 60
1980-81 84 25 323 12 59 67 2384 463 28 30 6041 272 7171
1990-91 11378 305 3584 416 3150 7794 258 68 50
1992-93 120 83 305 16 81 719 38 06 308 3150 8277 305 68 50

Source. [9, 10 & 11}
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In 1992-93 only 31.5% of the population was residing in the urban region. Thus, the
vast majority of population in the country (i.e. about 69%) still lives without basic urban
facilities. Table 2.1 shows the historical trend of urban population, its growth rates and share
in the total population in Pakistan since 1951. Starting from only 6 million inhabitants in
1951, the population in the urban region has witnessed about six fold increase during the last
43 years. However, the share of urban population in the total population has been increasing
slowly as it reached the level of about 32% in 1993 compared to about 18% in 1951 (i.e. less
than two fold increase).

There have been a significant difference between the population growth rates in the two
regions. In the last three decades, the population growth rates in urban areas have been much
higher than the growth rates in rural areas. This difference is partly due to inter-region
migration. As the economy is moving towards more industrialization; with concentration of
industries in the big cities, and mechanization of the agriculture sector, better job
opportunities in the urban region induce migration from the rural to urban region. This is
putting a burden on the existing civic facilities in the urban areas and enlargement of urban
slums. To overcome this problem, the Government of Pakistan is pursuing policies to
encourage establishment of industries in the remote areas and development of infrastructure in
these regions.

Table 2.2 reports the labour force statistics of Pakistan in the two regions and on the
aggregate. The labour force participation rates have been quite low in Pakistan. According to
the labour surveys, of the 121 million persons, only about 34 million persons (around 28%)
were in the labour force in 1992-93. The major reason behind this has been the big share of
the non-working age population. For example, in 1969-70, the share of non-working age
population was about 47% which declined to about 34% in 1992-93. Another reason is low
female participation rate in the labour force. Although, females in the rural areas participate in
the family business, especially farming and related activities, their participation has not been
recognized fully in these statistics and there is an under reporting of female workers of rural
zones in the labour force. Contrary to this, the female participation rate in urban areas is low
due to social norms and lack of institutional facilities for the working mothers.

Table 2.2 also shows that the unemployment rate in Pakistan was quite low, i.e. about
2% in 1969-70, but it has been increasing over time and reached the level of 4.74% in 1992-
93. The detailed data show that the unemployment rate went up to a level of 6.28% in the
period 1990-91, and that there has been improvement in employment level in the recent years.
At the regional levels, the unemployment rates in the urban population have been higher than
that in the rural population. This trend is similar to that in most of the developing countries
indicating two phenomena: (i) rural labour migration to the urban areas for better job search
and (i1) disguised unemployment in the rural areas. One of the main goals of the current
development policy is harnessing of the large stock of human capital of the country. In this
regard, efforts have been made in three directions. Firstly, policies have been made to expand
the overall economic activities in such a way that the job opportunities expand. Secondly,
specific employment generating schemes are being implemented. Thirdly, technical and
vocational training schemes are being launched to improve the labour skill and quality of
labour services.

27



Table 2.2. Labour Force in Pakistan

1969-70 1986-87 1989-90 1992-93
Total Population (Million) 59.70 100.70 110.36 120.83
Rural 44.97 72.20 77.71 82.77
Urban 14.73 28.50 32.66 38.06
Working Age Population 32.16 67.37 73.61 79.23
(Million)
Rural 24.10 47.36 51.04 53.34
Urban 8.06 20.01 22.57 26.20
Potential Labour Force 18.11 29.60 31.82 33.57
(Million)
Rural 12.60 22.24 23.23 23.65
Urban 5.51 7.36 8.59 9.92
Unemployment Rate (%) 1.99 3.05 3.13 4.74
Rural 1.83 2.50 2.60 4.29
Urban 2.36 4.51 4.58 5.88
Labour Force Participation
Rate® (%) 30.34 29.40 28.83 27.87
Rural 31.40 30.81 29.90 28.77
Urban 27.27 26.26 26.28 25.83

() Share of potential labour force in total population
Source: [10]

Table 2.3. Sectoral Share in Labour Force (%)

Year Agriculture | Mining | Manufac- | Constru- | Electricity | Trade | Transport | Others
turing ction and Gas
1966-67 53.4 0.2 16.3 3.8 0.4 11.3 5.1 9.6
1971-72 57.3 0.5 12.5 34 04 9.9 4.8 11.3
1974-75 54.8 02 13.6 42 0.5 11.1 49 10.8
1978-79 52.7 0.1 14.5 4.9 0.7 11.1 4.7 11.2
1985-86 54.0 0.3 13.1 5.2 0.5 114 44 11.0
1990-91 47.5 0.2 12.2 6.6 0.8 13.2 5.2 14.2
1991-92 48.3 0.3 12.3 6.3 0.8 13.1 5.5 13.5
Source: [11]

The structure of the economy have changed over time and as a result the relative shares
of employed labour force in the major economic sectors have also changed. Labour
employment pattern by major economic sectors reveals that the Agriculture sector has been
the biggest employer (see Table 2.3). The sector accounted for more than 50% share in the
total employment till mid 1980s. Since then, though, the share of the Agriculture sector has
been declining, the sector still employ 48% of the total labour force. As shown in Table 2.3,
the share of the Manufacturing sector in laur employment has been declining since the late
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1960s, however, these figures do not include labour employment in the small-scale and
cottage industries for which reliable data are not available.

The shares of the Agriculture, Manufacturing and the Mining sectors together in the
working labour force declined from 70% in 1967 to 61% in 1992. This shows that in the
labour employment, the Service sector has been providing more opportunities than the
commodity producing sectors.

2.2. Macroeconomic Background

During the last 30 years (1963-1993) Pakistan's economy has grown at an average
annual growth rate of 5.7%. However, due to high population growth rate, the per capita GDP
has increased at only 2.6% p.a. during the same period. The present per capita income in
Pakistan is Rs. 14 650 (US $476'), which places the country among the low income
developing economies of the world.

Pakistan has a mixed economy where the Government plays an important role along
with the private sector in the economic development of the country. To accelerate the pace of
economic development, the Government formulates Five Year economic development plans
which are implemented through the annual development programmes. Up till now 6 Five Year
development plans have been implemented since 1960, while 1971 to 1978 was the period
when development plans were formulated only on annual basis. Table 2.4 reports the sectoral
growth rates of the economy for the period 1960-1961 to 1992—-1993. It may be noted that
among the major sectors Manufacturing and Construction stand out as the fast growing
sectors; their GDP growth rates have been in the range of 5% to 12% per annum. Although,
the Energy sector has been growing quite rapidly, its share in the total GDP is very small. The
lowest growth has been experienced in the Agriculture sector which registered the growth
rates between 3.4% to 5.5% per annum.

Table 2.4. Growth Rates of Gross Domestic Product at Constant Factor Cost of 1992—
1993

(% pa)

1961-1966 | 1966-1971 | 1971-1978 | 1978-83 1983-88 1988-1993

Agriculture 3.90 5.52 3.39 4.49 3.48 3.69
Mining 10.43 3.24 6.33 8.09 11.75 542
Manufacturing 10.57 7.56 6.14 9.87 8.21 5.94
Building and Cons. 12.01 5.20 10.09 4.68 6.82 4.56
Energy 14.75 30.34 10.92 8.15 10.76 10.95
Services 8.77 3.98 9.39 7.06 6.74 4.90
Total GDP 7.06 5.28 6.82 6.55 6.16 492

Source: Based on [10]

The structure of Pakistan's economy has undergone significant changes during the past
decades. Table 2.5 shows the sectoral shares of GDP since 1961. The share of the Agriculture
sector in GDP has declined from 45% in 1961 to 25% in 1993, while the share of the
Manufacturing sector has increased from 10% to 17% in the corresponding years. The Service

'Estimated figure of 1994-1995 [10).
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sector has grown at somewhat higher rate compared to the total economy during 1960-1993
with the result that its share has increased from 42% to 50%. The other sectors (Construction,
Mining and Energy) have small contribution in the total GDP.

Table 2.5. Sectoral Shares of Gross Domestic Product

Year 1960-61 | 1970 | 1977-78 | 1982-83 | 1987-88 | 1992-93
7

Agriculture (%) 4457 | 3880 32.96 29.90 26.31 24.81
Mining (%) 0.42 0.44 0.43 0.47 0.60 0.62
Manufacturing (%) 10.14 | 13.26 12.84 14.97 16.48 17.29
Building and Construction.(%) 3.08 3.84 4.4 4.09 4.22 4.15
Energy (%) 0.37 1.52 1.83 1.98 2.44 3.23
Services (%) 4142 | 4213 47.45 48.59 49.94 49.90
Total GDP* (Million Rs.) 201576 | 366741 | 509952 | 700332 | 944192 | 1200455
Population (Million) 462 | 6149 76.60 89.12 103.82 120.83
GDP/Capita (Rs./Capita) 4363 5964 6657 7858 9095 9935

(a) at Constant Factor Cost of 1992--93
Source: Based on {10]

Although, the Agriculture sector share in GDP has declined considerably, Pakistan is
basically an agricultural economy, with around 69% of the population living in the rural areas
and with about 48% of the labour force engaged in farming and related activities. The vast
plains of the country are among the world’s largest imigated farmlands. The major crops of
the country are wheat, rice, cotton and sugarcane. The share of wheat and rice in total farm
production is 44% and 16% respectively, while from the cash crops category the contribution
of cotton is 23% and that of sugarcane is 14%. The total cropped area in the country is 27% of
the country’s total area and is estimated at 21.7 million hectares. Over the last 3 decades, there
has been significant improvement in the application of modem inputs such as chemical
fertilizer, improved seed and farm equipment. Table 2.6 reports the historical trends in the
application of these farm inputs in Pakistan. Especially, there has been tremendous increase in
the use of chemical fertilizer which increased from 2.1 nutrient tonnes per thousand hectare of
cropped land in 1960 to about 98.9 nutrient tonnes per thousand hectare in 1993. Similarly,
there has been improvement in the availability of tractors which increased from 0.33 per
thousand hectare in 1970 to about 16 tractors per thousand hectare in 1993. Among other
inputs, there has not been much improvement in the intensity of improved seed application,
while there has been a marginal improvement in the water availability at the farm gate. With
application of new production technologies, the productivity of the agriculture sector, i.e.
yield per hectare, has improved for the major crops. In 1994-95, the yield in Pakistan of
wheat, rice and sugarcane were 2049 kg, 1580 kg, 45 243 kg, respectively. However, these
yields are still low compared to those in the advanced countries.

Similar to all other developing countries, Pakistan has been pursuing development
policies to boost the manufacturing activities in the country and thus shifting the emphasis
from the agriculture sector, i.e. primary goods production, to the Manufacturing sector.
However, since it is an agricultural economy, most industries in Pakistan are agro based;
primarily involved in processing of agricultural goods. As shown in Table 2.7, the major

30



industries of Pakistan, in terms of value added, are Food and textile, while industries such as
Iron and steel and capital goods have minor shares in the total value added of the
Manufacturing sector.

Table 2.6. Basic Data on the Agriculture Sector of Pakistan

Year Cropped Area Fertilizer Tractors Improved Seed Water
(Million off-take (No. 10° Distribution Availability
Hectares) (NT/10° Hectares) (Tonnes/10° (m’/Hectares)
Hectares) Hectares)
1960-61 14.86 2.11 na na na
1965-66 15.54 4.55 na na 5059.68
1970-71 16.62 17.04 0.33 na 5181.60
1975-76 18.02 34.37 1.20 2.40 5882.64
1980-81 19.33 55.85 4.11 3.80 6248.40
1985-86 20.28 74.54 8.93 3.07 6370.32
1990-91 21.89 86.47 12.31 3.80 6736.08
1991-92 21.72 86.74 13.88 3.04 6918.96
1992-93 21.72 98.90 15.54 2.94 7071.36

Note: NT: nutrient tonnes. na: not available
Source: [10]

Since 1960, the economy went through three eras of significant policy changes. In the
mid 1960s (2nd Five Year Plan period), vigorous development plan and policies were
followed to establish a strong manufacturing sector in Pakistan along with the increase in
productivity of the agriculture sector. In this period, liberal concessions were given to the
private sector, in terms of soft loans and cheap foreign currency, for the industrialization of
the economy. As a result, large investments were made by the public and private sectors in the
Manufacturing sector and the economy witnessed an impressive economic growth rate. But
this created a problem of income distribution. In order to correct this problem, the
Government adopted a policy of nationalization of industries and financtal institutions in the
early 1970s. Massive investments were made by the public sector in the basic industries such
as steel mill, fertilizer and cement industries. However, this trend could not be continued for a
long period. Since the late 1970s, Pakistan has been persistently following the policies of de-
regulation, privatization and liberalization of the economy. This encompasses institutional
reforms in the industrial and financial sector, dis-investment programme of the industrial units
in the public sector, grant of fiscal and monetary concessions to foreign investors to bring
them at par with their local counterparts, and induction of the private sector in the power
generation and distribution which has been traditionally in the public sector. The private
sector is being encouraged to enter almost all spheres of the economy e.g. banking, air
transportation, telecommunications, electricity generation and distribution, higher education
etc. The response to these policies have been quite encouraging as the foreign private
investment exhibited remarkable increase in the recent years. During 1994-95, foreign
investment rose to 1418 million dollars from 551 million dollars in 1993-94. A recent study
[12] shows that the emerging markets in the developing countries will witness an inflow of 50
billion dollars of foreign investment. If Pakistan continues to pursue these policies
successfully, it is expected to claim a bigger portion of this direct investment.
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Table 2.7. Value Added by Major Industries ( Million Rs. )
1984-85 Share (%) 1990-91 Share (%)

Basic Material Industries

Paper & Products, Printing & Publishing 1099 4258

Drugs & Ph., Industrial & Other Chemucals,

Petroleum Refining, Petroleum & Coal, Rubber & 10 097 21 666

Plastic Products

Non-Metallic Mineral Products 3559 8416

Iron & Steel Basic Industnes 5441 6146

Total 20196 39.16 40 486 3647
Machinery and Equipment Industries

Fabricated Metal Products 523 956

Non-Electrical Goods 1269 2801

Electrical Machinery 1558 4561

Transport Equipment 1324 2875

Measunng, Photographic, Optical Goods 121 262

Others 124 194

Total 4919 9.54 11 649 10.49

Consumer Goods Industries

Food, Beverages, Tobacco 16 332 24 218
Textiles, Wearing Apparels, Leather & Products 9087 32480

Ginning, Pressing & Bailing, Wood & Products,

Furniture & Fixture 980 1762

Sports & Athletic Goods 57 421

Total 26 456 51.30 58 881 53.04
Grand Total 51571 100.00 111016 100.00

Source: [10]

In view of these market oriented policies and the awareness that Government will be
able to invest more for human resource development, it is expected that Pakistan's economy
will grow at a rate (i.e. 7% p.a.) higher than that in the past.

With the structural changes in the economy, the composition of exports and imports has
been changing. Table 2.8 shows the total exports of Pakistan and its composition. The
economic classification of exports reveals that most export earnings now accrue from the
export of manufactured goods. Initially, in the period 1969-70, these goods had only a 44%
share in export earnings compared to the 33% share of primary goods and 23% share of semi-
manufactured goods. Over time the share of manufactured goods has increased. Since 1990,
there has been a significant increase in the share of these goods in the total export earnings.
However, all these commodities are still agro based and only their level of processing has
been increased.

The imports of Pakistan, in value terms, have been growing at the rate of 11% per
annum between 1969-1994. Over time, there has been wide variation in the composition of
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the import bill (see Table 2.9). Till the mid 1980s, the share of capital goods was declining,
while that of industrial raw material was increasing. This trend reversed in the late 1980s,
when the share of capital goods started increasing. In 1993-94, industrial raw-material has the
biggest share in the import bill. The big share of raw materials indicates the higher activity
level of processing industries. Among the industrial raw materials crude oil and petroleumn
products are the major import products. Pakistan has been importing consumer goods
including edible oil and wheat which account for about 10-23% of its import bill.

Table 2.8. Economic Classification of Exports

(US $ Mitlion)
Shares in total exports (%)
Primary Semi- Manufactured
Year Total Value Commodities Manufactures Goods
1969-70 338 33 23 44
1974-75 1039 48 13 39
1979-80 2365 42 15 43
1984-85 2491 29 17 54
1989-90 4954 20 24 56
1990-91 6131 19 24 57
1992-93 6813 15 21 64
1993-94 6803 10 24 66

Source: [10]

Pakistan has been following a trade liberalization policy for integrating its economy into
the global trading system since the mid 1980s. Some recent developments in this regard are
merging of all the para tariff in the statutory tariff regime, reduction in the maximum tariff
rate from 92% to 70% and removal of quantitative restrictions, except in few cases. The
emphasis of the trade policy is on diversity and expansion of exports and reduction in imports
by creating efficient and import-competing industries. For example, the export oriented
industries have been allowed concessional tariff treatment on the import of raw material and
machinery, while imports of several commodities have been made freely importable to induce
the local industries to become competitive. The world exports from 1987 to 1992 increased at
an annual average rate of 9.26% and during this period the share of Pakistan’s exports in the
world exports rose from 0.16% to 0.20%. Efforts are being made to increase this share
considerably in the future.

Pakistan has been having a negative trade balance for several decades, a part of which is
offset by remittances from Pakistanis working abroad. To improve the balance of trade, apart
from other measures, Pakistan opted the flexible exchange rate policy started from January
1982. In 1992-93 the average exchange rate was Rs. 25.96 per US dollar [13). During January
1982 to 1992-93, the Rupee has been depreciating at the rate of about 10% p.a. against the US
dollar.
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Table 2.9. Economic Classification of Imports

Shares in total imports (%)
Total Value Capital Raw material | Raw material | Copsumer
Year (US $ Million) Goods for Capital for Consumer Goods
Goods Goods
1969-70 690 50 11 29 10
1974-75 2114 29 9 40 23
1979-80 4740 36 6 42 16
1984-85 5906 32 6 46 16
1989-90 6935 33 7 41 19
1990-91 7619 33 7 44 16
1992-93 9941 42 6 38 14
1993-94 8564 39 6 41 14

Source: [10]

2.3. Pattern of Energy Consumption and Supplies
2.3.1. Energy Demand

The total primary energy consumption in Pakistan in the year 1993 amounted to 55
million tons of oil equivalents (TOE) comprising some 61% in the form of commercial fuels
and 38% as non-commercial fuels [14, 15]. The primary commercial energy consumption in
the same year was equal to 33.6 million TOE (Oil: 39.2%, Gas 36.9%, Hydro 15.0%, Coal
8.4% and Nuclear: 0.4%), while the consumption of non-commercial fuels (wood, dung and
crop residues) amounted to some 21.4 million TOE with the share of wood being more than
50%. The non-commercial fuels are used mainly as cooking fuels by the rural population and
urban poor.

The demand for final commercial energy in Pakistan has been increasing rapidly as a
result of developments in industry and transportation, mechanization of agriculture,
improvements in social services, rural electrification and substitution of non-commercial fuels
by commercial fuels in the households. It increased from 1.4 million TOE in 1951 to 33.6
million TOE in 1993, i.e. by a factor of 24 during the last 43 years. During the same period
the demand for electricity increased even faster, from 0.26 to 48.8 billion kW-h i.e. by a factor
of about 188. The corresponding improvements in the per capita levels of commercial energy
and electricity consumption are by factors of 7 and 58 respectively (see Table 2.10).

The composition of final energy consumption by sector and by fuel in 1993 is shown in
Table 2.11. It may be noted that the Manufacturing sector is the largest consumer of
commercial energy accounting for a share of 40.7% in the total commercial energy demand.
The shares of other sectors are; Transport: 24.3%, Residential: 16.8%, Agriculture: 10.9%,
Service: 4.6%, Construction: 0.5% and Mining: 0.3%. Energy demand by fuel type shows that
petroleum products and gas are the two major contributors which meet about 74% of the final
energy demand, while contributions of electricity and coal are 15% and 11% respectively.

34



Table 2.10. Consumption of Primary Commercial Energy and Electricity in Pakistan

Total Per Capita
Year Energy Electricity Energy Electricity
(10° TOE) (10° kW-h) (TOE) (kW-h)
1950-51 14 03 0.04 7
1960-61 3.1 1.3 0.07 28
1970-71 7.7 7.2 0.13 117
1980-81 15.2 16.1 0.18 192
1990-91 29.5 41.0 0.26 361
1992-93 33.6 48.8 0.28 404
1950-1993
ncrease 24 188 7 58

Source: {14 & 16]

Table 2.11. Final Energy Consumption in 1992-93

(Thousand TOE)
Sector 0il LPG | Gas | Coal | Electricity Total ) Total
Products Commercial non-
Comme
rcial
Agrniculture 1749 459 2208
Construction 90 1 91
Mimning 53 1 2 55
Manufacturing 1397 3606 | 2159 1051 8213 2079
Transport 4860 22 1 1 12%* 4895
Misc. Transport 390 390
Domestic 454* 87 1773 1 1073 3388 18 231
Services 188 36 335 376 936
Total 9182 145 5716 | 2161 2972 20176 20 310
Non-Energy Uses (thousand TOE)
) Fertihizer Feed Stocks (Gas): 1377
(n)  Coke: 654
(u) Ol 417
(iv)  Total Non- Energy: 2448
(v)  Bunkers: 176

Source: Based on [14]

The structure of energy demand has changed considerably over the past two decades.
Figure 2.1 compares the sectoral composition of energy demands in 1972-73 and 1992-93.
The Manufacturing and Transport sectors have been the major users of energy in these years
but the share of Manufacturing sector has declined by about 6 percentage point over the last
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20 year period, while the shares of the Residential and Agriculture sectors have increased by 9
and 3 percentage points respectively. Energy demands in these sectors have been growing at
11% and 8% per annum, respectively.

Figure 2.2 illustrates the changes in fuel composition of the final energy demands in the
period from 1973 to 1993. The most significant change is in the share of electricity. There has
been about 6 percentage point increase in the share of electricity in total final energy
consumption during this period. Petroleum products remained the major contributor in the
final energy demand, however, their share has declined by about 4 percentage points.

In brief, the energy demand for the Residential sector has been growing most rapidly,
and among all commercial energy products electricity demand has been rising at the fastest
rate. Table 2.12 reports the historical trend of per capita consumption of energy and electricity
from 1981 to 1993. It shows that, there has been 110% increase in electricity use compared to
54% increase in primary energy consumption and 38% increase in GDP.
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FIG. 2.1. Comparison of Final Energy Consumption in the Major Sectors of the Economy (%Share in
total energy demand)

Source: [14, 16]
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FIG. 2.2. Comparison of the Shares of Fuel Types in Total Energy Demand (%Share)
Source: {14, 16]
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Table 2.12. Macroeconomic and Energy Indicators of Pakistan

Year Per Capita
Per Capita Primary Per Capita Energy Intensity
Gross Domestic Energy Electricity
Product'® Consumption Consumption | Primary Energy Electricity

Rs 1980= | TOE 1980= | kWh 1980= | TOE/ 1980= | kWh/  1980=
100 100 100 10° Rs 100 10° Rs 100

1980-81 |} 295600 10000 | 018 10000 | 19158 10000 6141 10000 6481 10000

1981-82 | 308388 10433 | 019 10556 ] 20463 106381 6154 10022 6635 10238

1982-83 | 319420 10806 | 020 11111 22102 11537 6335 10317 6919 10676

1983-84 | 322134 10898 | 021 116 67 | 23806 12426 6482 10555 7390 11403

1984-85 | 339651 11490 | 021 11667 | 24283 12675 6302 10262 7149 11031

1985-86 | 350388 11853 | 022 12222 [ 26199 13676 6332 10312 7477 11537

1986-87 | 360622 122001 023 12778 {28503 14878 6414 10445 7905 12197

1987-88 | 371235 12559 | 024 13333 | 31873 16637 66 03 107 54 8586 13248

1988-89 | 377380 12767 | 025 13889 | 32289 16854 6491 10571 8556 13202

1989-90 { 382823 12951 | 026 14444 [ 34125 17812 6826 11117 8914 13754

1990-91 | 391989 13261 | 026 14444 | 36071 18828 6619 10780 9202 14199

1991-92 | 409525 13854 [ 027 14881 38735 20227 | 6541 10651 9459 14594

1992-93 | 406625 13756 | 028 15448 | 40346 21068 | 6838 11136 9922 15310

Note @ At Constant Factor Cost of 1980-81
Source [10 & 14]

Table 2 12 also shows energy and electricity intensities, 1.e umits of energy, electricity
used per umit of value added. There has been a steady increase 1n electricity intensity which
registered about 53% 1increase 1n the 13 year peniod (1980-1993) Contrary to this, there has
been a small vanation m primary energy intensity values which has been fluctuating in the
range of 61 4 to 68 3 TOE/10°Rs of GDP dunng this period

The past expenience shows that the commercial energy consumption in Pakistan has
been growing at a higher rate compared with the growth rate of GDP, resulting in income
elasticity of greater than one, whereas the growth rate 1n non-commercial energy consumption
1s much slower than GDP It 1s expected that dunng the period 1993-1998, commercial
energy demand will increase with a growth rate of 7.3% per annum against the GDP growth
rate of 7% whereas the demand of non-commercial fuels will increase by 1 6% per annum [8]
That 1s non-commercial fuels will be replaced by commercial
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2.3.2. Structure of Energy Supply System

The pattern of commercial energy supply in Pakistan has undergone considerable
changes during the last four decades. The shares of different energy sources (coal, oil, gas,
hydro and nuclear) in the primary energy mix in selected years between 1950-51 and 1992~
93 are shown in Table 2.13. It is worth noting that oil and coal were the only fossil fuels used
in the country in the early 1950s, and they together accounted for 98% of the primary energy
supply. Following the development of natural gas reserves at Sui in the mid-1950s, gas has
gradually substituted for coal and oil and now meets about 38% of the energy requirements.
Furthermore, the construction of two large dams at Mangla and Tarbela has increased the
share of hydro from a meager 2% in the early 1950s to around 15% now.

Table 2.13. Historical Pattern of Primary Commercial Energy Consumption

1950-51 | 1960—61 | 1970-71 | 1980-81 | 1992-93

Total Primary Energy

(Million TOE) 14 3.1 7.7 15.2 336
Share of Energy Sources (%)

Coal 435 24.4 11.0 8.2 84
o1l 54.3 50.5 443 343 39.2
Gas 0.0 20.1 34.0 43.1 36.9
Hydro* 22 5.0 10.7 14.2 15.0
Nuclear* 0.0 0.0 0.0 0.2 0.4

* Conversion factor 10 550 GJ/GW h

Source Based on [14, 16]

Table 2.14 shows the course of domestic primary energy production in Pakistan in the
last four decades by source. In the 1950s, coal and crude oil had the biggest shares in total
domestic energy production but by the end of 1990 natural gas and hydro energy took over
their role and became the major contributors. Although, coal production in Pakistan has been
growing at a rate of 6% per annum, over time, there has been a 55 percentage point decrease
in coal’s share in total primary energy production. Similarly, crude oil production has been
growing at the rate of 8% per annum but its share declined by 18 percentage point in 43 years
time. Since the mid 1980s, there has been an upward trend in the growth rate of crude oil
production leading to an increase in its share in the total production. In the last 37 years
period, natural gas production has been increasing rapidly, i.e. at about 14% per annum. In the
period 1955 to 1981, its share increased from 15% to about 64% but since then it has reduced
to about 54%. Hydro is the fastest growing source of energy in Pakistan registering about 15%
per annum growth rate. In the last four decades, the share of hydro energy has been gradually
increasing (from 4% to 22%). On aggregate, the domestic energy production grew at a rate of
11% per annum. Since, in this period, the population growth rate was 3.1% per annum, the per
capita domestic energy supplies expanded at the rate of 8% per annum.
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Table 2.14. Indigenous Energy Production by Source
Unit: (000 TOE)

Year Coal Crude Oil Natural Gas Nuclear* Hydro Energy* Total
% % % Yo Y

1950-51 1 214 | 650 102 | 31.1 0 0.0 0 0.0 13 4.0 329

1955-56 | 267 357 281 376 113 15.1 0 0.0 87 11.6 747

1960-61 | 391 | 264 3071 208 626 424 0 0.0 154 104 | 1477

1965-66 | 807 | 26.2 4451 144 1490 | 483 0 0.0 340 11.0| 3082

1970~71 | 812 173 446 9.5 2614 557 0 0.0 823 17.5] 4696

1975-76 | 690 | 10.8 337 53 3907 | 613 146 23 1297 203 | 6377

1980-81 | 1045 10.2 491 438 6556 63.7 36 0.3 2158 21.0 | 10285

1985-86 | 1466 9.8] 1960 | 13.1 8146 54.4 103 0.7 3295 22.0 | 14969

1990-91 | 2043 9.8 3262} 156 11156 533 92 0.4 4369 20.9 (20922

1992-93 | 2181 961 3019} 13.2| 12411 54.5 139 0.6 5039 22.1 122790

* Conversion factor: 44.2 GI/TOE
Source: Based on [14 & 16]

The dependence on imported energy has been declining over time in Pakistan. Through
recourse to indigenous resources of gas and hydro, Pakistan has succeeded in reducing its
overall energy import dependence from 77% in 1951 to about 32% in 1993. However,
throughout this period, the country’s import dependence for petroleum products has been
quiet high. The oil crisis of 1970s highlighted the vulnerability of the economy on imported
energy. In response, efforts were accelerated to develop indigenous energy resources
especially crude oil and gas reserves. Despite expansion of domestic oil production, more than
86% of the petroleum products demand is still met by imported oil.

2.3.3. Oil Import Bill

The weakest link in the energy supply system of Pakistan has been the supply of oil
from indigenous resources. The share of imported oil in the total oil consumption of the
country hovered in the range of 80-91% until early 1980s. However, the share has now
decreased to a level of nearly 77% owing to a relatively increased petroleum exploration and
development activity during the 6th and 7th Five Year Plan periods (1983-1988, 1988-1993)
(see Table 2.15).The oil import bill is a major strain on Pakistan's economy and has been
siphoning off a large portion of its export earnings (see Table 2.16). Apart from physical
constraints on crude oil production, its availability and price in the international market are
subject to various geo-political factors. This makes the supply and price of oil quite
unreliable, and the high dependence on the imported energy increases the dependence of the
economy on the intermational market at an unacceptable high level. At present, the softening
of oil prices in the international market since 1986 has provided some relief to Pakistan.
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Table 2.15. Shares of Imports in Total Primary Commercial Energy Consumption in Pakistan

(000 TOE)
1950-51 1960-61 1970-71 1980-81 1992-93
Total [Imports|Share of| Total | Imports [Share of| Total | Imports | Share Total |Imports|Share of{ Total Imports | Share
Imports Imports of Imports of
Imports Imports
Oil 766.6 | 664.2 87% | 1568.4] 12619 80% |3405.8 | 2959.4 87% 5218.4| 47279 91%| 131748 101553 77%
"Coal 61331 3994 65% | 757.6| 367.1 48% | 847.9 357 4% 12499 ] 2049 16% 2834.9 653.9 23%
[Gas 0.0 625.7 2614.3 6555.5 12411.4
Nuclear 0.0 0.00 0.2 35.8 138.9
Hydro 31.0 18.0 58% | 154.0 0.0 0% | 8233 0.0 0% 2158.5 0.0 0% 5039.2 0.0 0%
Total|{ 1411.0 [ 1081.6 77% | 3105.7 | 1629.00 52% [7691.5| 2995.1 39% | 15218.11 49328 32% | 33599.3] 10809.2 32%

* Imported electricity from India

Source: Based on [14 & 16]




Table 2.16. Quantity of Oil Imports and Oil Import Bill of Pakistan

% of Export
Year Oil Imports Oil Imports Bill | Earnings Spent on
(10°TOE) (10°$) Oil Imports
1972-73 37 62 8
1973-74 4.1 152 15
1974-75 4.0 337 33
1975-76 4.0 378 33
197677 4.1 413 36
1977-78 4.7 497 38
1978-79 5.1 530 31
1979-80 5.6 1079 46
1980-81 58 1535 52
1981-82 6.2 1710 69
1982-83 6.3 1616 60
1983-84 6.7 1421 51
1984-85 6.5 1435 57
1985-86 6.5 1039 34
198687 7.1 814 22
1987-88 7.8 1047 23
1988-89 8.0 963 21
1989-90 9.0 1163 23
1990-91 8.7 1687 27
1991-92 9.6 1385 20
1992-93 11.0 1531 23
1993-94 12.1 1419 22

Source: Based on [10]
2.4. Energy Resources

2.4.1. Indigenous Energy Resources

The proven reserves of fossil fuels in Pakistan are extremely small; they correspond to
only 7 TOE per capita. As on June 1994, total proven fossil fuel reserve of Pakistan are:

Gas 23 Trllion Cubic Feet = 408 million TOE
il 198 Million barrels 27 million TOE

Coal 1075 Million tons 481 million TOE
Total 916 mullion TOE

]

Compared to other groups of countries, the per capita fossil fuel reserves in Pakistan in
1993 were 6 TOE compared to 143 TOE per capita in the world and 290 TOE in the OECD
countries. Coal has the largest resource potential in the country, in addition to 1075 million tons
of its proven reserves, there exist 6089 million tons of indicated coal reserves and about 69
billion tons of inferred coal reserves, while the total coal resource potential of the country is
estimated to be about 185 billion tons [14]. However, the quality of proven coal reserves is very
poor since it has high ash & high sulphur content and its heating value is only about 50% of that
of standard coal.

41



Oil and Gas: Although the proven reserves of fossil fuels are rather small, the estimated fossil
fuel resources potential is quite promising. About 800 000 square kilometers area in Pakistan
consists of sedimentary basins (onshore: 600 000 sq. km., offshore: 200 000 sq. km.). The
speculative ultimately recoverable petroleum resource potential of Pakistan has been estimated
as 5-7 billion TOE of oil and about 3.5 billion TOE of gas [17]. The oil and gas reserves
discovered so far correspond to less than 1% of the above estimated oil potential and about 11%
of the gas potential. The fact that only a small fraction of this potential has been discovered so
far is probably due to insufficient exploratory efforts.

Most of the sedimentary basins of Pakistan (except Potowar and Badin blocks) are
generally believed to be predominantly gas prone. The relatively high size of gas resource
discovery is due mainly to four major fields: Sui (192 million TOE), Mari (70 million TOE),
Pirkoh (81 million TOE) and Qadirpur (85 million TOE) which were discovered in 1952, 1957,
1977 and 1990, respectively. The new additions to gas reserves since the mid 1983, amount to
only 131 million TOE? inspite of the relatively increased exploratory effort during the 6th and
7th Plan periods. Of a total of 376 exploratory wells drilled in Pakistan till the mid 1994, 186
were drilled by the mid 1983, while 164 wells have been drilled during the 6th and 7th Plan
periods.

The total exploratory wells drilled so far make the drilling density of 0.47 well per 1000
sq. km in Pakistan, compared to 7 wells per thousand squares kilometers for developing
countries, as one of the lowest in the World. The 8th Five Year Plan envisages drilling of 142
exploratory wells during the plan period (1993-1998). It is envisaged that by the end of the 8th
Five Year Plan period, the annual production of natural gas will become 18.8 million TOE as
against 12.4 million TOE in 1992-93 resulting in a growth rate of 8.6 % per annum.

There are many uncertainties in the above mentioned estimates of speculative ultimately
recoverable oil and gas resource potential of the country, and these estimates still need to be
substantiated by the results of a sizable exploratory effort — much larger than what has been
undertaken so far. Still the experts of this field are quite optimistic about the possibility of
finding significant quantities of oil and gas reserves.

In the past, various measures were taken to enhance exploration of oil and gas resources
and development of their proven reserves. However, due to a number of institutional, procedural
and policy issues, this could not be achieved. In the current Petroleum Policy, which is a revised
version of the policy announced in November 1991, several additional incentives for producers’
prices, market assurance and taxes have been offered to increase oil exploration activities in
general, and of gas in particular.

Coal: As of the mid-1994, the total geological resources of coal in Pakistan amount to 185
billion tons of which only 0.6% corresponds to proven reserves and the rest consist of indicated
(3%), inferred (37%) and hypothetical (59%) resources [14]. The major coal fields are Lakhra,
Sonda and Thar. Lakhra, with about 1.3 billion tons of resources, is the most thoroughly
investigated coal field of the country. Lakhra coal is lignite to sub-bituminous quality with high
ash (19.2%) and sulphur (5.5%) content. Its heating value is 6,088 BTU/Ib (0.0142 GJ/kg),
Major coal seam has an average thickness of 1.8 meters. Some parts of the Lakhra field are
suitable for underground mining (which is currently being practiced), while surface mining in
other fields is possible with average stripping ratio of about 14:1. The Sonda coal field,

23 TOE = 1.06 times 10 joules.
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discovered in 1981, has 3.7 billion tons of coal resources. Based on relatively limited
investigations, it has been found that coal in the Sonda field is much deeper (80% resources are
between 150 to 300 meters) than Lakhra field but its quality is better (ash; 15.8%, sulphur; 2.7%
and heating value; 8506 BTU/Ib (0.019784 GIJ/kg)). If necessary investments are made, it is
expected to prove 0.5 to 1 billion tons of mineable reserves in Lakhra and Sonda fields in the
next few years.

The recently discovered Thar coal field, in the province of Sind, accounts for about 95%
of the coal resources in Pakistan. The quality of Thar coal field is yet to be determined reliably.
Huge capital expenditure extending over a long period of time will have to be incurred in order
to establish the Thar coal resources and develop the necessary mining infrastructure.

Most of the coal found in Pakistan is very poor in quality; it has very high sulphur, ash and
moisture content, which makes its use unsuitable for domestic and most of the industrial
applications. However, it can be used for power generation based on advanced technologies (e.g.
flue gas desulphurisation, fluidised bed combustion) provided large scale economical mines may
be developed for this purpose.

Over 90% of the coal production is from private mines. All existing coal mines in Pakistan
are underground, and labour intensive primitive mining methods are used to produce coal from
these mines. Constraints which have so far hindered the expansion in use of indigenous coal
include its poor quality, limited markets (over 90% of the present coal production is used by
brick kilns), uncertainty regarding the quantity of recoverable reserves and lack of experience
about coal production costs from a modem mine in Pakistan's environment. The domestic coal
market can be expanded in a big way if coal can be economically used for power generation
while meeting acceptable environmental standards. Recently two 50 MW units, using
atmospheric fluidised bed combustion (FBC) technology have been commissioned, one unit is
expected to be commissioned in 1996 and three more units are planned to demonstrate the
economic and environmentally acceptable use of indigenous coal in power generation.

Hydro Power: Pakistan has an identified hydro power potential of about 30 000 MW [8] of
which 4825 MW has already been developed while an additional 1634 MW (Ghazi Brotha 1450
MW, Chashma 184 MW) is under development.

There will be considerable difficulties in further expansion of hydropower. This is because
the most attractive sites have already been developed and the cost of construction of new dams is
increasing with increasing complexity of dams at less favourable sites. Further, in most cases
new sites are far away from the demand centers, thereby necessitating huge additional
investment in transmission lines and, still having their generated electricity subject to substantial
transmission losses. In view of these and other constraints (e.g. dislocation of people,
submergence of agricultural land, etc.), it would be unrealistic to assume that much more than
half of the hydro potential in the country will be exploited in the next three decades.

New and Renewable Energy Sources: There are many forms of renewable energy sources
such as biogas, wind energy, solar energy, geothermal and ocean energy which though
environmentally congenial, are not being used at commercial scale until now. Among these
technologies, solar energy, biogas plants and wind energy have been used in some places in
Pakistan, particularly in the rural areas.
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Biogas: The organic wastes from animals, humans, agricultural residues and househoild
wastes potentially contain enough energy to contribute significantly to the energy supply in
many areas, particularly in the remote rural regions. In the country, many family-size biogas
units (2-5 m’ per day) have been installed on a demonstration basis by the Directorate General
of New and Renewable Energy Resources (DGNRER) and by the Pakistan Council of
Appropriate Technology. A few larger units have also been installed on a demonstration basis.
Despite the potential of this technology, and although the country is rich in renewable
biomass resources, only some 4000 units have been installed up till now, and most of these
are not operational. Another disappointing failure, with the working units evaluated in the
field is that the gas pressure of these units is usually low, particularly in winter, so that the
operating units are not in a condition to replace other sources of energy in these areas.

Substantial advances have been made in biogas technology in recent years, with
improved fermentation technologies now available for specific wastes. But there is a need to
work out a strategy for promotion of biogas programme in Pakistan at a large scale. In the 8th
Five Year Plan the policy for renewable energy resources includes promotion of forestry,
better utilization and distribution of crop residues, improvements in efficiencies of biomass
utilization and, improvement in the market structure for fire-wood and crop residues.

Solar Energy: Pakistan lies in the latitude which has large solar radiation potential.
Consequently it has long sunshine hours and high insulation levels. The level of insulation
varies considerably over the year especially during the summer. The Meteorological
Department records the solar radiation data along with other information, such as drybulb and
wetbulb temperature, sunshine hours, rainfall, wind speed and so on at three-hour intervals.
The maximum average value of solar radiation is 709 cal/cm’ and lowest values is 244/cm?
[18].

The Solar Energy Centre of the Pakistan Council for Scientific and Industrial Research
(PCSIR) is planning a wind and solar energy project and the National Institute of Silicon
Technology is also working in the area of solar radiation and their applications in the country.
A total of 20 solar power stations with capacity of 0.45-57 kWp, have been installed in the
country. In view of the high capital costs of solar and wind energy systems, it is not expected
that these resources can be harnessed in the near future. However, there are some remote areas
in the country, where supplying energy through conventional energy systems becomes more
expensive than through renewable resources. To provide energy in these areas, it has been
planned to promote the use of renewable energy systems. During the current Five Year Plan
period, emphasis has been placed on demonstration and utilization of these energy sources in
the remote areas.

Wind Energy: Pakistan has little experience with wind energy conversion technology. Two
wind electricity generators of 20 kW capacity each have been installed by DGNRER, and
some wind-driven water-pumps have been installed by a private company (Merin Ltd.).

The major technical uncertainty with wind energy is the lack of adequate and reliable
data on the wind resources. The main source of wind speed data in Pakistan is the
Meteorological Department. The collected data is suitable only for identification of the
probable sites for installation of wind turbines. Relatively higher wind speeds in the southern
part of the country are due to intense heating of the ground. The average wind velocity in the
northern parts of the country is much below than the required values. Thus, these parts do not



offer much potential for wind energy utilization. According to the recent energy policy, a
wind resource programme would be initiated to formulate projects on location basis.

Other renewable energy sources e.g. geothermal energy and ocean energy are also
available in Pakistan, but no significant surveys have been done to estimate these resources.

2.4.2. Prospects of International Supply of Fossil Fuels

Due to population and economic growth, the world energy demand is increasing. About
70% of the world's population lives at a per capita energy consumption level one-quarter of
that in Western Europe, and one-sixth of that in United States of America. The world is
heavily dependent on fossil fuel resources and it will take considerable time for transition to
alternative energy supply strategies. Thus, the demand for coal, o1l and natural gas is likely to
rise for the next few decades. Coal is the only fossil fuel source which is likely to be available
in substantial quantities much beyond the middle of the next century.

Table 2.17 lists the global potential of various fossil fuel resources together with the
cumulative requirements of these fuels from 1990-2020, as per estimates of the World Energy
Conference [19]. If one considers the total of all fossil fuels, without making any distinction in
term of oil, gas, and coal, even the proven reserves alone are more than three times the
cumulative requirements. If one also takes into consideration the estimated additional reserves,
95% of the global potential of fossil fuel resources would still remain available even after 2020.
This apparently comfortable situation arises only when coal is taken at par with oil and gas
without any consideration to the unsuitability of coal for various uses (e.g. as motor fuel,
chemical feedstock, household fuel etc.) and the difficulties inherent in its mining,
transportation, handling etc. The situation changes if one considers oil, gas and coal separately.
It then turns out that the total proven reserves of oil are only 40% higher than the cumulative
requirements of oil, while the proven global reserves of gas are 80% higher than the cumulative
requirements of gas. This points to a comfortable situation only on a global basis. If regional
aspects are also taken into account, the actual situation will be found to be much more complex.
This is because the world resources of fossil fuels are not evenly distributed, e.g. the Middle East
countries with only 3% share in present global energy consumption, command about two-thirds
of the world's proven reserves of oil and one third of those of gas. Since the petroleum-resource-
rich countries would not like to use their reserves of oil and gas to get completely exhausted
within the next two or three decades, the international availability of these fuels will become
increasingly more difficult and expensive with time.

The world will thus need to turn to relatively much more expensive unconventional liquid
and gaseous fuels, e.g. those derived from coal liquefaction/gasification, exploitation of oil-
shales, tar-sands and deep off-shore oil and gas etc. The world resources of unconventional
petroleum are believed to be much larger than those of conventional oil and gas. However
exploitation of these resources will not only be expensive but will also result in serious
environmental degradation. The same consideration also applies to conversion of coal into
gaseous and liquid fuels. Further, in the case of coal, roughly 85% of the global resources are
held by only three countries : USA, Russia and China. In view of the safety and health risks
involved in coal mining activities and serious environmental degradation caused by them, it is an
open question whether these and other coal-rich countries will be willing to produce coal much
in excess of their own needs. As such, even the long term availability of coal in the international
market will be very much constrained by the adopted policies of the above three countries.
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Table 2.17. Prospects of International Supply of Fossil Fuels

(GTOE)
Oil Gas Coal Total
Proven Reserves 137 108 606 851
Ultimately Recoverable Reserves 200 220 3400 3820
Total Reserves 337 328 4006 4671
Cumulative Demand (1990-2020) 99 60 82 241

Source: [19]

2.5. Electricity Sector Development
2.5.1. Organizational Setup for the Electricity Sector

The responsibility for overall planning and coordination of the energy sector including
electric power rests with the Energy Wing of the Pakistan Planning Commission. Since the
mid-1980s efforts have been made to induct private sector in power generation but up till
now, the power industry is essentially a public owned enterprise. In accordance with the
guidelines recommended by the Planning Commission, the Ministry of Water and Power
frames the policies for the electricity sector and oversees the implementation of these policies
and development plans by the utilities. Except for generation of nuclear power, which is the
exclusive responsibility of Pakistan Atomic Energy Commission (PAEC), the generation,
transmission and distribution of electric power in the country is handled by two organizations:
Water & Power Development Authority (WAPDA) and Karachi Electric Supply Corporation
(KESC). The domain of WAPDA extends over the whole country except about 2400 sq. km
area around Karachi which is licensed to KESC. At present PAEC is operating only one
nuclear power plant (137 MW) which is located near Karachi. The power generated by this
plant is supplied in bulk to KESC.

2.5.2. Historical Growth of Electricity Consumption

The electricity consumption in Pakistan has been growing over the last 32 years at an
average rate of 11.8% per annum, which is twice as high as the GDP growth (5.7% p.a.) and 4
times of the growth rate of per capita GDP (2.6% p.a.) in the same period. Table 2.18 shows
the total electricity consumption and its sectoral break up from 1961 to 1993. The
consumption of the Residential sector has grown much faster than the average growth in total
electricity demand, registering around 14% p.a. growth. Rural electrification and air-
conditioning are the main factors responsible for the relatively fast growth of demand in this
sector.

Among the production sectors, the maximum growth was experienced in the Agriculture
sector - more than 50 time increase in the last 32 years. This was due to a sharp increase in the
demand of electricity for irrigation. Due to the limited supply potential of canals, the
expansion in irrigation has been mainly based on tubewells. In 1960-61, the availability of

46



water at farm gate was 59 million acre feet (72.8x10° m?®), of which only 2.3 MAF (2.8x10°
m®) was supplied by tubewells (i.e. 4%). In 1992-93, water availability increased to 125 MAF
(154.2x10° m*), while the share of tubewell water increased to 37%, i.e. 46 MAF (56.7x10°
m®) [7]. Further, with rising oil prices and a relatively smaller increase in electricity price for
the Agriculture sector, there has been a trend to switch over from diesel operated tubewells to
electric pumps wherever electricity is available. It is estimated that the present total connected
load due to irrigation pumps amounts to about 1172 MW. Electricity demand from the
Industrial and Service sectors have also been growing at a high rate (i.e. 10% p.a.). However,
the growth rates for these sectors have been smaller than the overall growth rate of electricity

demand.

Table 2.18. Historical Growth of Electricity Consumption by Economic Sectors

Million kW-h
1960-61 1965-66 | 1970-71 1975-76 1980-81 1990-91 | 1992-93

Agriculture 102 480 1072 1395 2135 5620 5635
9.8) (17.9) (20.9) (20.1) (18.8) (17.8) (15.4)

Industry 615 1420 2498 3113 4525 11229 3043
(59.2) (52.9) (48.7) (44.9) (39.7) (35.6) (35.7)

Transport - - 43 45 44 33 27
(- ] (0.8) 0.7) 0.4) 0.1) 0.1)

Residential 185 358 619 1128 2696 10 409 3170
(17.8) (13.3) (12.1) (16.3) (23.7) (33.0) (36.1)

Services 137 429 900 1252 1985 4243 4617
(13.2) (15.9) (17.5) (18.0) (17.4) (13.5) (12.7)

Total 1039 2687 5132 6933 11385 31534 36492

Figures in parentheses are % shares of the total

Source: [14]

Table 2.18 also gives the shares of different sectors in total electricity consumption. It is
seen that the share of Residential has increased from 18% in 1961 to 36% in 1993 due to large
expansion in residential connections both in the urban and rural areas. The share of Industry
has decreased from 59% in 1961 to 36% in 1993. The share of the Agriculture sector in the
total electricity consumption increased during the 1960s due to increased use of electricity for
irrigation water pumping. This share remained almost constant during the 1970s but declined
during the 1980s due to higher growth of electricity consumption in other sectors. A part of
railways track was electrified in 1970. Since then no further expansion in electrification of
railways has been done. The share of the Transport sector in electricity consumption is now
only 0.1%.
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Table 2.19. Evolution of Installed Electricity Generation Capacity in Pakistan

(MW)
1970-71 1980-81 1990-91 1994-95
Hydel 667 1567 2897 4825
Share 1n Total (%) (41.17) (44.80) (35.92) (38.50)
Thermal 953 1806 5043 7572
011/Gas Steam 823 1168 2920 4340
Share 1n Total (%) (50.80) (33.39) (36.21) (34.63)
Domestic Coal Steam 15 15 15 115
Share 1n Total (%) (0.93) (0.43) 0.19) (0.92)
Combustion Turbines 115 623 1508 1108
Share 1n Total (%) (7.10) (17.81) (18.70) (8.84)
Combined Cycle - - 600 2009
Share 1n Total (%) - - (7.44) (16.03)
Nuclear - 137 137 137
Share 1n Total (%) - (3.92) (170) (1.09)
Total 1620 3498 8065 12 534
Table 2.20. Installed and Effective Power Capacity (1994-95)
MW)
Effective Capacity
Type of Power Station Installed Capacity Maximum Minimum
Hydel
Tarbela 3478 3524 1242
Mangla 1000 1035 612
Warsak 240 225 143
Small Plants 107 70 40
Sub total 4825 4854 2037
Thermal
O1l/Gas Steam 4340 na
Domestic Coal Steam 115 na
Combustion Turbines 1108 na
Combined Cycle 2009 na
Sub total 7572 7572
Nuclear 137 70
Total 12534 12 496 9679

Source [14]



2.5.3. Power Generation Capacity

Table 2.19 shows the evolution of power generation capacity of Pakistan over the last
25 years. The share of hydro capacity has remained around 40% percent during this period,
while the share of thermal plants has varied between 55-60%. There is a small increase in
power generation capacity based on coal, while the nuclear power capacity has remained
unchanged at 137 MW level since 1971. The present installed capacity is about 12 534 MW
comprising 38% hydro, 35% oil/gas steam, 9% combustion turbines, 16% combined cycle,
1% coal and 1% nuclear.

Table 2.20 gives the breakdown of the installed capacities and their effective maximum
and minimum capabilities. The large differences between the maximum and minimum
capabilities of the hydroelectric plants are due to seasonal variations in the reservoir levels
and water release patterns, the later being dictated by irrigation requirements. In the case of
thermal plants, effective capabilities correspond to derated capacities as a result of wear and
tear of the units. The firm capability as shown in Table 2.20 is about 78% of the installed

capacity.
2.5.4. Power Capacity Shortages and Load Shedding

The electricity demand reported in Table 2.18 has in fact been a suppressed demand
since the early 1980s. In 1981-82 about 20% of the peak load was not supplied [20]. The
number of pending applications for new connections was 180 thousand, and most of the
industrial units were restricted to only two shifts during the winter months when the hydro
generation capacity was at its lowest. Since then load shedding has now become a common
practice in Pakistan.

Despite a 100-fold increase in the power generation capacity over the last four decades,
the supply of electricity is still unable to keep pace with the demand. The peak demand has
been exceeding supply capability by about 15-25% in the recent years, requiring load
shedding of 1000-1500 MW each year. This level increased to about 2470 MW in 1994,
Apart from causing inconvenience to the general public, these power shortages are estimated
to be resulting in a reduction of annual gross domestic product by about 2% with a loss of
about $50 million per annum in industrial value added and an estimated $150 million per
annum reduction in the country’s exports of manufactured goods.

The government has recently taken concrete steps to reducing power shortages in the
country through quickly building new power plants both in public and private sectors and by
containing the demand through load management measures. It is planned to eliminate load
shedding by 1998.

2.5.5. Historical Pattern of Power Generation

In 1950-51, the total electricity generation in Pakistan was only 257 GW-h. During the
44 year period, (1951-1995), electricity generation grew at the rate of 13% p.a. Among the
various sources of electricity generation, the most significant expansion has been in
generation from hydro units, which, starting from 73 GW-h in 1951, registered more than 300
fold increase (see Table 2.21) till 1995. Similarly, generation from oil based units has also
been growing rapidly from 184 GW-h in 1951 to 15 742 GW-h in 1995. In the country,
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electricity generation from gas started in 1961 with total generation of 527 GW-h which

witnessed a 27 fold increase in the 34 year period (1961-1995).

Table 2.21. Historical Pattern of Electricity Generation by Source

(GW-h)
Year Nuclear Hydro Coal Gas Oil Total
Generation

1950-51 0 73 0 0 184 257
(0.0) (28.4) (0.0) (0.0) (71.6)

1955-56 0 391 0 0 288 679
(0.0) (57.6) (0.0) (0.0) (42.4)

1960-61 0 645 0 527 126 1298
(0.0) (49.7) (0.0) (40.6) 9.7)

1965-66 0 1424 178 1897 200 3698
0.0) (38.5) 4.8) (51.3) 5.4

1970-71 0 3450 202 3342 209 7202
(0.0) (47.9) 2.8) (46.4) 2.9)

1975-76 609 5438 62 3715 495 10319
(5.9) (52.7) (0.6) (36.0) (4.8)

1980-81 145 9043 48 6264 562 16 062
(0.9) (56.3) (0.3) (39.0) (3.5)

1990-91 369 18 264 41 13174 9193 41042
(0.9) (44.5) 0.1) (32.1) (22.4)

1994-95 511 22 858 40 14 394 15742 53 545
(1.0) 42.7) 0.1) (26.9) (29.4)

Figures mn parentheses are percentage share 1n total generation

Source: Based on [14 & 16]

Table 2.21 also shows the pattern of electricity generation during the 1951-1995 period,
at five-year intervals. Since 1961, hydro and gas have been the main sources of electricity
generation providing above 90% of the total requirements. Oil was the only source of thermal
generation until 1956 and contributed 72% of the total generation in 1950-51 and 42% in
1955-56. During the 1970s, the share of oil was reduced rapidly, first due to build up of hydro
capacity and later on due to use of natural gas for power generation. The oil share reached an
all time low level of 0.5% in 1978-79, but has increased again to about 34% due to the
shortage of gas in the recent years. The share of coal in electricity generation has been quite
insignificant. A 15 MW coal fired plant based on indigenous coal was installed in 1964, after
about 30 years, two coal fired units of 50 MW capacity each have been commissioned and one
more unit with the same capacity is expected to be commissioned in 1996. Nuclear power was
introduced in 1971 with the commissioning of a 137 MW plant at Karachi. The share of
nuclear power in electricity generation was about 6% during the period 1973-1976, but has
decreased since then. During 1994-95, the shares of electricity generation by source were:
hydro 43%, gas 27%, oil 29% and nuclear and coal combined were about 1%.

2.5.6. Grid System

The two electric systems operated respectively by WAPDA and KESC were
interconnected in 1985 with a double circuit 220 kV transmission line from Jamshoro to
Karachi. Until 1970 the principal transmission lines in the country were designed and built for
operation at 66 and 132 kV. In 1970, the first 220 kV line was installed and thereafter
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successive 220, 132, and 66 kV lines were built, forming a power system grid from Tarbela
and Mangla hydel plants in the north to the principal load centers and thermal power plants up
to Hyderabad/ Jamshoro in the south.

In order to improve the efficiency of its transmission network and to cope with
increasingly large power flows, WAPDA built extra high voltage (EHV) lines that operate at
500 kV. The first (330 km) of these lines was completed in 1977-78; it transmits power from
Tarbela to the Faisalabad area where it is connected to the 220 kV and 132 kV gnds. Table
2.22 gives the details of the WAPDA’s existing network of 500 kV transmission lines. In the
long rumn, it is proposed to connect future large hydroelectric plants with the system using ultra
high voltage (UHV) AC lines (higher than 500 kV) or high voltage direct current (HVDC)
lines.

The present transmission network is about 25 805 km long consisting of : 2803 km of
500 kV lines, 1943 km of 220 kV lines, 12 800 km of 132 kV lines and 8259 km of 66 kV
lines. There are about 604 grid sub-stations in service. Power is distributed at 11 kV and, for
short distances, at 400 Volts in most parts of the country.

Table 2.22. 500 kV Transmission Lines

Name of Scheme Route Length | Date of Completion
First Circuit Tarbela-Faisalabad 330 1977-78
Faisalabad-Multan-Guddu-Karachi
Faisalabad- Multan 209 February, 1981
Multan-Guddu 310 November, 1981
Guddu-Jamshoro 438 December, 1984
Second Circuit Tarbela-Faisalabad 327 July, 1985
Second Circuit Lahore-Multan-Jamshoro
Lahore-Multan 318 January, 1990
Multan-Kot Chatta 122 May, 1991
Kot Chatta-Guddu 190 May, 1991

First Circuit Tarbela-Peshawar

Tarbela-Peshawar 117 November, 1992

3rd Tarbela-Lahore
Tarbela-Lahore 347 August, 1993

3rd Jamshoro-Guddu-Multan and
2nd Multan-Gatti-Lahore
Gatti-Lahore 95 October, 1993

Total 2803

Source [21]
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2.5.7. Power System Losses

The power systems losses in the WAPDA and KESC systems, including auxiliary
consumption, are shown in Table 2.23 for the last two decades. Until 1976-77 power losses in
the WAPDA system were increasing. In the late 1970s WAPDA initiated a crash programme
to reduce the power losses by upgrading the primary transmission system, improving the
efficiency of the secondary systems and through better management. It was planned to reduce
the total system losses to about 23% by 1990. The utility was successful in achieving the
target. However, in the recent years, losses in the WAPDA’s power system have started
increasing again.

Table 2.23. Auxiliary Consumption & System Losses of WAPDA & KESC

(% of total generation)

Year WAPDA KESC
1972-73 327 15.7
1973-74 34.0 16.5
1974-75 352 16.8
1975-76 35.8 17.6
1976-77 37.6 20.2
1977-78 357 20.3
1978-79 342 20.7
1979-80 32.7 20.8
1980-81 313 27.2
1981-82 30.3 22.6
1982-83 29.7 25.6
1983-84 29.3 24.8
198485 26.7 222
1985-86 26.4 21.9
198687 249 23.6
1987-88 24.6 23.5
1988-89 239 24.2
1989-90 232 25.6
1990-91 22.8 28.4
1991-92 23.1 30.8
1992-93 233 33.6

Source: [21]

The power losses of the KESC system were significantly lower than the losses in the
WAPDA’s system. Since 1989, the losses in the KESC system have been increasing and have
become much higher than those of the WAPDA'’s system. These losses are mostly due to a
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poor and overloaded distribution system. In 1993-94 the total power losses of the two systems
were about 29%. It is believed that a part of these losses is due to "theft” by some consumers.
The utilities estimate that about 5~10% of the total generation is lost on this account. Efforts
are being made to reduce T&D losses through a number of measures. The main measures
being adopted for this purpose are:

(1) Installation of low voltage capacitors;
(2) Installation of anti-theft meter boxes;
(3) Resealing of existing anti—theft boxes;

(4) Installation of three phase meters in premises where three phase supply has been given
through single phase meters;

(5) Replacement of defective meters;

(6) Bifurcation of overloaded feeders through augmentation and extensions;
(7) Re-conductoring of primary lines;

(8) Instaliation of express feeder;

(9) Replacement of over loaded transformers;

(10) Conversion of LT lines to HT lines;

(11) Checking of defective meters.

2.5.8. Tariffs

The evolution of electricity tariffs during 1970-1994 is shown in Table 2.24. The two
major guiding principles in fixing these tariffs have been: (1) assurance of an adequate
financial return to the power generating authorities which can enable them to support a part of
their investment programmes from their own resources and (ii) protection to the Residential
and the Agriculture sectors from high electricity prices. In the early 1980s, it was decided, in
consultation with the international donor agencies, that electricity tariffs should be raised to
enable the utilities to finance 40% of their average tri-annual investment programme. As a
result, since 1984-85, the level of electricity tariff has been increased almost annually. In
nominal terms, the average revenue of WAPDA has increased from 51.69 Paisas/kW'h in
1981 to 124.09 Paisas’kW-h in 1993-94, representing an average annual increase of 6.5%. In
addition, over time, there has been significant increase in the indirect taxes on electricity sales
resulting in a significant increase in purchasers’ prices of electricity. However, this increase
has not fully checked the high growth in electricity demand. According to a recent study, the
price elasticities of electricity demand are quite low in Pakistan; in the range of —0.09 to —0.40
for the major consumer groups [20].
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Table 2.24. Electricity Tariffs in Pakistan

Category of 1970 1975 1980 1994
Consumer
Domestic 25 Paisas/kW-h + 20-25 Paisas/kW h + | 34-70 Paisas/’kW-h 54-134 Paisas’kW-h
Rs 2 0/month Rs 2 0/month + Rs 5.0/kW/month | + Rs.10 0/kW/month
Commercial | 25 Paisas’kW h + 43 749 Paisas’kW h | 90-100 Paisas’kW-h | 196-218
Rs 2 0/month + Rs 4 0/month + Rs 15 0/kW/month | Paisas’kW-h +
Rs 34 0/kW/month
Industnal
70 kW Load | 15 5 Paisas’kW-h + | 29 9 Paisas/kW h 57 Paisas’kW-h + 108 Paisas/’kW h +
Rs.5 0/kW/month +Rs 8.74/kW/month | Rs 25.0/kW/month Rs 49 0/kW/month
Up to 500 8 0 Paisas/’kW-h + 16.8 Paisas/kW-h + 36 Paisas/kW-h + 62 Paisas’kW-h +
kW Load Rs.16 5/kW/month | Rs.28 87/kW/month | Rs 62.0/kW/month Rs 138.0/kW/month
High Loads | 7 5 Paisas/kW h + 16 Paisas’kW h + 35 Paisas/kW-h + 61 Paisas/’kW h +
Rs 15 0/kW/month | Rs.26.22/kW/month | Rs 57 0/kW/month Rs.134.0/kW/month
Tube Wells
For 9 Paisas/’kW-h 14.6 Paisas/kW h 36 Paisas’kW-h 79 Paisas/’kW h
Reclamation
& Drainage
For 6 Paisas/kW-h + 9 5 Paisas’kW h + 22.3 Paisas’kW-h 45 Paisas/kW+h +
Imgation Rs 5 0/kW/month Rs 7 25/kW/month +Rs 14.0/kW/month | Rs.38 0/kW/month
Note
1 Rupee 100 Paisas
1USS 6.41 Rupees (Rs.) n 1970, and

Source. [21]

I

9 90 Rupees mn 1975 and 1981

= 30.16 Rupees (Rs.) m 1994.

2.5.9. Induction of Private Power Sector

The main reason behind shortage of installed capacity has been the unavailability of
adequate investment funds. In order to overcome this difficulty, the Government has for
sometime been trying to induct private sector into power generation. However, up till now,
only one power project has been launched. Construction of the first private power plant (a
1300 MW oil fired thermal power plant) was started in 1992 and its first unit is expected to
become operational in early 1996, Recently a new policy for private power generation has
been announced which offers attractive incentives to the private investors. The salient features
of the new policy framework are given below [22].

(1) Investors are free to choose any site and opt for any technology and fuel type, except
hydro resources of the main river Indus and the nuclear power technology.
(2) The bulk power tariff has been set as US Cents 6.5/kW-h (to be paid in Pak. Rupees for

sales of electricity to WAPDA and KESC) in the first ten years of project operation,
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while a levelized taniff over life of the project has been set as of US Cents 5.9/kW-h. In
addition to this, a premium of US Cent 0.15/kW-h has been offered to the projects of
above 100 MW capacity which are commissioned by the end of 1997 under this scheme.

(3) Both the local and foreign investors are allowed to participate in power generation
activities. The Government has established a Private Sector Energy Development Fund
(PSEDF) with the assistance of the World Bank, USAID and other multilateral lending
agencies. PSEDF may provide loan to the private power company to finance up to 40%
of the capital costs of a project, currently at a fixed interest rate of 14% per annum with
a maturity period of up to 23 years including a grace period of up to 8 years

(4) Various incentives such as permission to issue Corporate Bonds and shares at
discounted price have been given to both foreign and local companies to facilitate the
creation of a corporate debt securities market for the power sector.

(5) Some fiscal incentives are exemption from corporate income tax and various types of
indirect taxes (custom duties, sales tax, Iqra tax, Flood relief tax) on import of plant and
equipment for power generation.

This package of incentives is applicable to projects which will be commissioned before
1998. Projects to meet capacity requirement beyond 1998 will be selected through a
competitive bidding process, and will be required to use indigenous fuels, particularly coal
and hydro resources.

The response to the new private power generation policy has been quite encouraging:
(1) Eleven projects (excluding Hub) totaling 2028 MW achieved financial
closure/construction start till March 1996 (see Table 2.25 for details). All these projects are
planned to be operational by the end of the 8th Five Year Plan. (2) 33 projects of total 7,637
MW capacity are under negotiation. These projects have letters of support from the Private
Power and Infrastructure Board (PPIB). Of these projects, it is expected that a total around
3000 MW capacity would be available by June 1998 (see Table 2.25 for details of some
selected projects). (3) Various projects, with supported and unsupported proposals are under-
discussion (see Table 2.25).

The Transmission system policy for the Private Sector has also been introduced. The
fourth 500 KV line from Jamshoro-Moro-Rahim Yar Khan-Sahiwal-Lahore and between
Muzaffargarh to Faisalabad of approximately 1440 km and associated grid station will be
constructed by a UK Company.

In addition to building up of new capacity in the private sector, the Government of
Pakistan also plans to privatize nearly 6000 MW of its existing thermal power generating
assets. In the first phase, 26% shares of the 1600 MW gas and oil fired Kot Addu power plant
have been sold to the private sector. WAPDA will eventually sell all its thermal power plants,
retaining only its hydro generation capacity. The Government has also drawn up plans to
privatize the country’s other large utility, Karachi Electric Supply Co., which will sell plants
of 1400 MW capacity. Moreover, the Government will privatize the Faisalabad Area
Electricity Distribution System, which serves about 1 million customers in the central Punjab
region.
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Table 2.25. Private Power Projects (As on March-1996)

Investment
Private Company Type of Capacity Cost Year of
Plant/Fuel MWw) (Million §) |(Commissioning
Financially Closed
Hub Power Ltd. Fuel o1 1300 1882 1996*
AES Lal pir Ltd. Fuel o1l 337 375 1997
AES Pakgen Ltd. Diesel o1l 336 349 1997
Davis Energen (Pvt) Ltd. na 10 12 1997
Gul Ahmed Energy Ltd. na 125 138 1997
Habibullah Energy Ltd. na 140 156 1997
Japan Power Generation Ltd. | Diesel oil 107 123 1997
Kohinoor Enerygy Ltd. Natural Gas 120 139 1997
Power Generation System Ltd. | na 110 140 na
Southern Electric Power Ltd. | na 112 119 1997
Hawkins Uch Power Medium BTU- 525 625 1997
Natural Gas
Trnstar Energy Ltd. Diesel o1l 105 110 1996
Sub-Total 3327 4168
Some Proposed Private Power Projects
Wak Power n.a. 800 1200 1998
Enron Deve. Corp Furnace O1l 760 - 1998
Fauyn (FEBCO) na 350 na na
Fauj Foundation Furnace O1l 350 475 1997
Spencer Gen. Furnace O1l 330 413 -
Sub-Total 2590
Some Private Power Projects under Negotiations
Consolidated Electric Power Indigenous 1,320 1,600 1998
Asia (First phase) Coal
Consolidated Electric Power | Indigenous 5280 5500 2000
Asia (planned) Coal
Hong-Pak United Power Indigenous 1320 1670 na
Generation Coal (2 x 660)
BBI Indigenous 200 220 na
Coal
B.C Hydro Inter. Hydro 1140 na na
Synergics Inc. Hydro 500 na 2000
Sub-Total 9760
Grand Total 15677

*First unit of 323 MW
Source [10]

2.6. Energy Investments

In line with the Govermment's policy of increasing self-reliance energy supply,
increasing emphasis has been placed on the development of this sector since the mid 1970s.
Table 2.26 shows the total public sector investments and its sectoral shares in the 8 Five Year
Plans. It may be noted that since 1978 (5th Five Year Plan) the energy sector has been

56



claiming the largest share in the total public sector investments. The major public sector
mvestments have been in the Power sector, which increased from Rs. 60 billions in the 6th
plan to about Rs. 90 billion in the Seventh plan. This increasing emphasis on the power sector
is a consequence of the basic strategy embodied in the Sixth and Seventh Plans which aimed
at achieving the twin objectives of reduction in load shedding and rapid electrification of the
rural areas. It may be noted that the share of fuels sector used to be low in the total public
sector investments in the energy sector, however, there has been a significant increase in
public sector investment in it too.

As already discussed, heavy emphasis has been placed on promotion of private sector
activities through deregulation of the economy in order to transfer the bulk of the financial
burden from the Government's budgetary resources to the private sector's own resources. It is
envisaged that the share of private sector in total fixed investment during the Eighth Plan
period will be 56% as compared to 41.2% and 44.3% during the Sixth and Seventh Plan
periods, respectively. Similarly, within the energy sector, the share of private sector
investments in the total energy sector investments is expected to increase to 53% in the
current plan period from 21% and 12% during the Seventh and the Sixth Plans. Further, in
addition to its participation in traditional areas related to production, transportation and
distribution of oil, gas and coal, the private sector, for the first time, is being involved in
power generation activities. To promote private sector investment in the power generation, a
private sector fund of about US $600 million has been created to provide loans to potential
investors up to 40% of the project cost. Resources for this fund have been contributed by the
World Bank, USAID and other bilateral and multilateral agencies.

2.7. Environmental Aspects

In Pakistan, the energy system’s contribution to environmental degradation is in three
ways: (1) deterioration of air quality in the large cities, (ii) deforestation and (iii) soil
degradation. Emissions of pollutants from transport vehicles and industries operating on fossil
fuels are the major cause of air pollution. The other two impacts have their origin in the use of
non-commercial fuels which are the mainstay of some 70% of the country’s population living
in rural areas as well as of urban poor. In the rural areas a large fraction of agricultural wastes
and dung are also being bumt as fuel instead of being used as manure due to scarcity of
fuelwood and inability of the masses to buy commercial fuels. This deprives the soil of vital
nutrients, and damages the soil fertility of the already scarce agricultural land.

In the coming years, the air quality problems in large cities will exacerbate unless strong
remedial measures such as: (i) switching to low sulphur and lead free fuels, (ii) introduction of
mass transit systems, (iii) introduction of pollution control devices in industries operating in
and around large cities are introduced. Additional energy related environmental concerns,
which may arise in future, include those related to: (i) large scale production and use of
indigenous coal resources, (ii) development of large storage hydro projects and (iii) provision
of large-scale energy facilities.

Atmospheric emissions of CO,, SO,, NO, and particulates due to energy use and power
generation in Pakistan during 1992-93 are reported in Table 2.27. It may be noted that the
present emissions of CO, in Pakistan (about 19 million tons of carbon) are about 0.3% of the
global CO, emissions (some 6000 million tons of carbon). The present level of SO, emissions
in Pakistan, though significant, are much lower than the emissions in some of the Asian
countries, e.g. China, India and the Republic of Korea.
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Table 2.26. Public Sector Investments under Five Year Plans

(Rs. Billion)

I Plan 11 Plan 111 Plan Non-Plan V Plan V1 Plan VII Plan VIII Plan
(1955-1960) | (1960-1965) | (1965-1970) Period (1978- (1983-1988) | (1988-1993) | (1993-1998)
(1970-1978) 1983)

Industry 0.74 0.48 0.79 11.29 2540 12916 9.0 1.9
Agriculture 0.46 0.91 1.38 6.49 14.86 17.302 15.6 5.7
Minerals 0.12 0.09 0.27 0.49 0.40 1.090 7.0 6.6
Transp. & Comm. 1.08 1.60 2.82 15.66 35.21 41.750 61.5 130.6
All Other Sectors 1.86 6.24 6.18 27.77 38.06 85.136 132.6 305.3
Energy 0.6 1.29 1.76 13.84 38.83 84.216 124.3 302.0

(Share of Total) (12%) (12%) (13.3%) (18.3%) (25.4% (34.7%) (35.5%) (40%)
Power 0.57 1.16 1.57 10.88 28.12 60.619 90.2 2127
Fuels 0.03 0.13 0.19 2.96 10.71 23.597 34.1 89.4
Total 4.86 10.61 13.20 75.54 152.76 242.41 350.0 752.1

Source: [10]




Pakistan fully shares the world-wide concem for global warming resulting from CO,
emissions due to continued heavy reliance on fossil fuels. However, the country's immediate
concern is to provide adequate energy to meet its socioeconomic development requirements,
and to achieve a high level of energy self-sufficiency. For this reason, the country will have to
follow a supply strategy involving an appropriate mix of hydropower, fossil fuels and nuclear
energy, making maximum feasible use of indigenous resources. But at the same time, to check
the expected increase in emissions from energy use and conversion, Pakistan has made plans
to improve the energy efficiency levels rather than applying the harsh methods, such as CO,
tax, to cut down the emissions.

Table 2.27. Atmospheric Emissions due to Energy Use (1992-93)

Sector CO, SO, NO, Particulates
(Million Ton) (000 Ton) (000 Ton) (000 Ton)
Agriculture 54 333 1164 3.9
Household/Service 7.2 32 6.2 0.7
Industry 21.8 437.5 45.8 302.1
Transport 16.0 70.5 189.4 10.6
Power 19.5 199.2 73.0 5.2
Total 69.8 743.7 430.8 3225
Source: [23]

As for other energy-related environmental issues, the Government of Pakistan generally
follows the environmental guidelines laid down by the World Bank and the Asian
Development Bank, while implementing large-scale energy projects. However, as yet, the
country does not have an explicitly stated, generic environmental policy. A National
Conservation Strategy has been formulated by the Ministry of Environment & Urban Affairs,
which recommends a number of policies and measures on environmental issues in various
economic and social sectors. It also proposes to make all the planning agencies directly
responsible for the maintenance of ecological systems and processes, and for the sustainable
use of natural resources.

Prior to 1980, environmental issues did not receive much attention in Pakistan. It was
only in 1983 when the Environmental Protection Ordinance was approved which allowed for
the creation of Environmental Protection Agencies at federal and provincial levels. But
necessary legislation enabling these agencies to enforce environmental standards were not
promulgated until recently.

The practice so far in Pakistan has been to select various commercially available
technologies for power generation purely on the basis of cost-economics keeping in view the
availability of corresponding primary fuels. Since early 1980s, the World Bank Guidelines for
Developing Countries for environmental protection have also been followed, while approving
different power projects. As a result, for example, a proposed project comprising 2 x 350 MW
steam plant based on indigenous coal from the Lakhra field was abandoned because it could
not meet the requisite environmental standards in the absence of FGD, while with FGD it was
unable to compete economically with the available alternatives based on imported coal and
oil.
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Very recently, the Government has established the National Environmental Quality
Standards relating to municipal and liquid industrial effluents, industrial gaseous emissions
and motor vehicle exhaust and noise [24]. Since the power sector has been declared an
industry, the National Environmental Quality Standards related to industrial units would also
be applicable to power projects. In the case of new projects, these Standards are applicable
from 1st July 1994, while for existing plants, these would be enforced from 1st July 1996.

2.8. Policies and Plans to Promote Energy Efficiency

Various agencies are engaged in activities related to energy conservation and improvement
of energy efficiency in all sectors of the economy. The National Energy Conservation Centre
(ENERCON), established in 1986, is responsible for planning and coordination of activities
related to energy conservation and improvement of energy efficiency in all sectors of the
national economy. ENERCON has identified the potential of energy savings in various sectors
and is implementing a number of programmes for realization of this potential with the help of
international donor agencies. These programmes include tune up/ retrofit of boilers/ furnaces in
industries, auto tuning in the road transport sector, retrofit and redesign of tubewells in the
agriculture sector and efficiency improvement in commercial and domestic lighting. Recently,
the Center has also involved private sector in its efforts. A National Energy Conservation
Buildings Code, which includes recommended specifications for both the design of buildings
and the use of equipment to heat, cool and light the buildings, has been approved by the
Government for adoption on a voluntary basis.

In the power sector, WAPDA has been working on reducing transmission and distribution
losses. The utility has reduced the system losses from 29% in 1984-85 to 24% in 1994 as
discussed in section 2.5.7. The Hydrocarbon Development Institute of Pakistan (HDIP) has been
promoting compressed natural gas (CNG) consumption in private transportation to substitute
diesel and gasoline use. For the non-commercial energy products, the Pakistan Council for
Appropriate Technology (PCAT) has been promoting new design of wood stoves. These stoves
are 30% more efficient than the traditional stoves and are also smoke free (The Pakistan Council
for Appropriate Technology (PCAT) and Gesellschaft fiir Technische Zusammenarbeit (GTZ) of
Germany have done considerable development and promotional work in Pakistan in this field).

Public education is an important part of energy conservation and energy efficiency
programmes of all the organizations. Mass media has been used to increase public awareness
and workshops/ seminars are being arranged to train engineers, technicians, managers, etc., to
implement energy conservation programmes.

At present, the Government of Pakistan is implementing its 8th Five-Year Plan. For the
energy sector, the plan aims to promote energy demand management, which includes
improvement in energy efficiency. The policy measures identified for this purpose are as
follows:

(1) Review and rationalization of the structure of duties/taxes to promote procurement of
energy conservation equipment and materials.
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(4)
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Policy package for promoting the use of high efficiency appliances/vehicles and building
materials, mandatory energy efficiency labeling and setting up standards and codes
wherever feasible.

Introduction of mass transit systems for major cities, improvement in railways.

Recovery of cost of service from all categories of consumers except low-income
consurmers.

Reduction of losses in transmission and distribution of electricity.

Rationalization of energy prices to discourage wasteful use of energy in all sectors of the
economy.
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Chapter 3

DEFINITION OF SCENARIOS OF SOCIO-ECONOMIC DEVELOPMENT
AND OF ENERGY DEMAND AND SUPPLY

3.1. Introduction

The primary objective of the study is to identify the optimum share of nuclear power in the
future electricity supply mix of Pakistan. Since the development of nuclear power can only be
implemented gradually over a long period, the main issue of the study can be analysed by
considering a long planning horizon. Further, in view of the long lead time for planning and
construction of power projects and long operation lives of power plants, it is desirable to
consider a planning horizon of two to three decades. However, such a long planning horizon
introduces to the analysis a number of uncertainties, for example, future electricity demand,
primary energy supplies from indigenous sources, fuel import possibilities, development in
electricity generation technologies, environmental concerns, financial resource availability, etc.

There is no unique analytical methodology available to handle all these uncertainties. The
most suitable approach, generally adopted, is the development of scenarios with consistent
assumptions for future evolution of important driving parameters. In the context of energy and
electricity planning, the important parameters are: (i) demography, (ii) structure and growth of
economy, (ii1) development of indigenous energy resources and their future supply potential, (iv)
prices of internationally traded fuels, (v) developments in electricity generation and
environmental control technologies and (vi) developments in regional or international
environmental frameworks related to emissions of acid rain precursors or greenhouse gases, etc.

Generally only a few scenarios are developed based on the judgement of experts of a given
field, covering plausible range for future evolution of the main driving parameters. A limited
number of scenarios facilitates the comprehension of the spirit of the scenario and the
differences among scenarios. This chapter describes the main features of the scenarios of socio-
economic development and of energy demand and supply analysed in the study.

3.2. Demography

The population growth rate in Pakistan has been around 3% per annum for the last 10
years. The government is conscious about the rapidly growing population and has been
pursuing an intensive population welfare program aimed at curtailing population growth. The
current official targets for the Perspective Plan (1993-2008) envisage reduction in population
growth from 2.9% now to 2.1% by the year 2007-08 [8]. For the present study, this target has
been adopted as the basis of the demographic scenario. Since the study period extends to 2022—
23, the population beyond 2007-08 has been projected in line with the World Bank's estimates
for population growth in Pakistan during the period 20002025 [25].

Only one scenario of population growth has been considered in the present study. Other
demographic parameters e.g. urban—rural split and employment rate have been linked with
economic growth scenarios, since the level of economic growth is expected to have significant
impact on these parameters. Corresponding to one of the economic scenarios (Planning Target
Growth Scenario) the projections of various growth demographic parameters are reported in
Table 3.1.
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Table 3.1. Projections of Demographic Parameters (Planning Target Growth Scenario)

Year 1992-93 1997-98 2002-03 2007-08 2012-13 2017-18 2022-23
Total Population (Million) 120 83 138.92 158.64 177.74 196.72 215.61 234.57
Growth Rate (%) 2.83% 2.69% 2.30% 2.05% 1.85% 1.70%
Rural Population (Million) 82.77 92.38 102.48 111.62 120.40 128.98 137.46
Growth Rate (%) 2.22% 2.10% 1.72% 1.52% 1.39% 128%
Share (%) 68.50% 66.50% 64.60% 62.80% 61.20% 59.82% 58.60%
Urban Population (Million) 38.06 46.54 56.16 66.12 76.33 86.63 97.11
Growth Rate (%) 4.10% 3.83% 332% 291% 2.56% 231%
Share (%) 31.50% 33.50% 35.40% 37.20% 38.80% 40.18% 41.40%
Population of Large Cities (Million) |  23.56 29.87 37.12 44.97 53.71 62.76 72.74
Share in Total Population (%) 19.50% 21.50% 23.40% 25.30% 27.30% 29.11% 31.01%
Persons per Household 7.19 7.09 6.99 6.89 6.79 670 6.60
Persons per Household (Rural) 7.244 7.156 7.068 6.982 6.896 6.812 6.729
Persons per Household (Urban) 7.075 6.962 6.851 6.743 6.635 6.530 6.426
Rural Households (Million) 11.43 12.91 14.50 15.99 17.46 18.93 2043
Growth Rate (%) 2.47% 2.35% 1.97% 1.77% 1.64% 1.53%
Urban Households (Million) 5.38 6.68 8.20 9.81 11.50 13.27 15.11
Growth Rate (%) 4.44% 4.16% 3.65% 3.24% 2.89% 2.64%
Total Households (Million) 16.81 19.60 22.70 25.79 28.96 32.20 35.54
Working Age Population (Million) 79.23 92.30 107.41 123.50 141.02 158.01 175.31
Growth Rate (%) 3.10% 3.08% 2.83% 2.69% 2.30% 2.10%
Share (%) 65.57% 66.44% 67.71% 69.48% 71.69% 73.28% 74.74%
Potential Labour Force Actually 31.98 37.83 4451 51.98 60.26 69.52 79.80
Working (Million)
Growth Rate (%) 3.42% 331% 3.15% 3.00% 2.90% 2.80%
Share (%) 40.36% 40.99% 41.44% 42.09% 42.73% 44.00% 45.52%




The projected urban—rural split has been worked out in line with historical trends and the
8th Five Year Plan's perspective on urbanization. This extrapolation indicates that even by the
year 2023 the majority of the population (58.6%) will still be living in rural areas. The share of
population living in large cities has been estimated in view of past trends. Household sizes in the
rural and urban areas are also essentially extrapolations of the past trends. Potential labour force
is projected in line with overall population growth. The labour force actually employed has been
projected till the year 2008 on the basis of official targets for creation of employment, while for
the remaining period this parameter has been extrapolated.

3.3. Macro-economy

The future developments on the international economic scene will have considerable
impacts on the prospects of economic growth of developing countries. Historical trends have
shown that higher economic growth in developed countries helps achieving higher growth in the
developing economies. The international trade and capital flows play a major role in boosting
economic growth in the developing countries. The inflation and interest rates in industrialised
countries also affect the performance in developing countries. As a result of the conclusion of
General Agreement on Trade and Tarff (GATT) and establishment of World Trade
Organisation (WTO), it is hoped that the volume of intemational trade will increase considerably
and both, the developing and developed countries, will benefit from competitive and free trade
environment. Further, the domestic polices in developing countries are being made more
conducive to capital-in-flow. Explicit incorporation of the effect of all these parameters in the
study scenarios would require use of macro-economic models which is beyond the scope of this
study. However, based on recent estimates by the World Bank [26] and other organisations,
economic development scenarios for Pakistan can be developed which would cover a wide range
of possibilities.

The World Bank [26] has estimated that the world economy as a whole will grow at about
3.2% p.a. during 1994 and 2003. The OECD countries have been projected to grow at 2.7% p.a.
while the growth in developing countries as a group has been estimated as 4.8% p.a. As in the
past, there will be a wide variation in the economic growth in different developing countries.
The economic growth in South Asia has been estimated at 5.3% p.a. In view of many
uncertainties, an overall lower growth (3.6% p.a.) in the developing countries has been
considered by the World Bank as another possibility. Corresponding to that, the economic
growth in the South Asia has been projected as 4.2% p.a. Another recent study [27] has
projected economic growth for the next 20 years period as: for OECD: 1.9-2.6% p.a.; for
developing countries: 4.3-6.2% p.a. and for South Asia: 4.1-5.8% p.a.

Keeping in view these perspectives and the perspectives of the Planning Commission,
three scenarios of economic growth in Pakistan, viz. (a) Planning Target Growth Scenario, (b)
Optimistic Growth Scenario, and (c) Constrained Growth Scenario have been developed.

The Planning Target Growth Scenario reflects essentially the perspective of the Planning
Commission and incorporates official targets. The Optimistic Growth Scenario corresponds to
the high world economic growth cases of the World Bank and OECD studies, while the
Constrained Growth Scenario corresponds to low economic growth cases of these studies. The
overall economic growth in these macro-economic scenarios have been assumed as: Planning
Target Growth Scenario 7.0% p.a., Optimistic Growth Scenario 8.5% p.a., Constrained Growth
Scenario 5.7% p.a. The quantitative details are given in the following paragraphs.
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Table 3.2. Eighth Five Year Plan (1993-1998) and Perspective Plan (1993-2008)

Economic Targets

(1992-93 Billion Rs.)

1. Sectoral Growth Targets of
The Eighth Five Year Plan (93-98)
1992-1993 Annual
Bench Mark | 1997-1998 Growth
Rates(%)
1. Agriculture 301.9 382.8 49
Major Crops (127.1) (156.7) 43
Minor Crops (49.5) (60.3) 4.0
Livestock (113.9) (152.7) 6.0
Fishing (7.8) (9.0) 29
Forestry (3.6) 4.1) 2.8
2. Mining & Quarrying 8.5 14.6 114
3. Construction 544 79.2 7.8
4. Manufacturing 218.5 3499 9.9
Large Scale (152.1) (250.6) 10.5
Small Scale (66.3) (99.3) 8.4
5. Electricity & Gas Distribution 41.9 62.2 8.2
6. Services 606.6 838.6 6.7
GDP (at Factor Cost) 1231.8 1727.3 7.0
2. Major Economic Indicators & Population:
Perspective Plan (1993-2008)
1993-1998 1998-2003 2003-2008
GDP & Population Growth Rates
-GDP (% p.a.) 7.0 7.0 7.0
— Population (% p.a.) 2.85 2.69 23
— Per Capita Income (% p.a.) 4.1 4.2 43
1997-1998 2002-2003 2007-2008
Composition of GDP (% Shares)
— Agriculture 22.1 19.6 17.1
— Manufacturing 20.3 22.7 25.1
— Others 57.6 57.7 57.8
Source: [8]

3.3.1. Planning Target Growth Scenario

This scenario has been developed as a reference scenario (see Table 3.2) and it essentially
reflects the official targets for the 8th Five Year Plan (1993-98) and Perspective Plan (1993-
2008). Table 3.3 gives the growth rates of various sectors of the economy as projected for this
scenario. In this case the growth rates have been assumed in line with the 8th Five Year Plan
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(1993-98) and Perspective Plan (1993-2008) targets, and by extending similar trends till the
year 2022--23. The Agriculture sector has registered a growth of 3.4 to 5.5% p.a. during the last
30 years. The future growth rate for this sector has been assumed as 4.9% p.a. during 199398,
declining gradually to 4.1% p.a. by the year 2008 and then to remain constant until the year
2023, so that the agriculture GDP per capita during the period increases by about 80% reflecting
improvement in availability of food. The official target for growth in the Manufacturing sector is
9.9% p.a. during the 8th Plan, 9.4% p.a. and 9.2% p.a. during the 9th and 10th Five Year Plans
respectively. Thereafter, it is assumed that in line with the projected trend the growth rate of this
sector would further decline gradually to 8.6% p.a. by 2023. Table 3.4 gives the shares of
various sectors in total GDP.

Table 3.3. Projected Growth Rates of Gross Domestic Product (at Constant Factor Cost
of 1992-93)

[% p.a.]
Planning Target 1993 - 1998 — | 2003- | 2008- | 2013- | 2018 -
Growth Scenario 1998 2003 2008 2013 2018 2023
Agriculture 4.90 4.50 4.10 4.10 4.10 4.10
Mining 11.40 10.00 9.00 9.00 9.00 9.00
Manufacturing 9.90 9.40 9.20 9.00 8.80 8.60
Building & Construction 7.80 7.00 7.00 7.00 7.00 7.00
Energy 8.20 8.50 8.50 8.50 8.50 8.50
Services 6.70 6.90 6.93 6.77 6.65 6.55
Total GDP 6.98 6.99 7.00 7.00 7.00 7.00
Optimistic Growth Scenario
Agriculture 4.90 5.25 5.50 5.40 5.20 5.00
Mining 11.40 11.00 10.00 10.00 10.00 10.00
Manufacturing 9.90 11.00 12.50 12.00 11.50 11.00
Building & Construction 7.80 7.70 7.50 7.50 7.50 7.50
Energy 8.20 8.75 9.00 9.00 3.00 9.00
Services 6.70 7.85 8.70 8.50 8.50 8.50)
Total GDP 6.98 8.00 9.00 8.99 9.02 9.00
Constrained Growth Scenario
Agriculture 4.90 4.30 4.00 4.00 4.00 4.00!
Mining 11.40 9.00 8.50 8.00 8.00 8.00
Manufacturing 9.90 7.50 6.70 6.30 6.00 5.50
Building & Construction 7.80 6.50 5.50 5.00 5.00 5.00
Energy 8.20 7.50 7.25 7.00 7.00 7.00
Services 6.70 5.95 5.40 5.25 5.15 4.80
Total GDP 6.98 6.01 5.50 5.34 5.26 5.00
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Table 3.4. Projected Sectoral Shares of Gross Domestic Product (at Constant Factor
Cost of 1992-93)

[Percentage]

Planning Target Growth | 1992-93 | 1997-98 | 2002—03 | 2007-08 | 2012-13 | 2017-18 | 2022-23
Scenario

Agniculture 24 81 22.49 19.99 17.43 15.19 13.24 11.54
Mining 0.62 0.75 0.87 0.95 1.04 1.15 1.26
Manufacturing 17.29 19.78 22.11 24 .48 26.86 29.20 3145
Building & Construction 4.15 4.31 431 431 431 431 431
Energy 3.23 3.42 3.67 3.93 422 4.52 4.85
Services 49.90 49.25 49.05 48.89 48.37 47.58 46.59
Total GDP 100 100 100 100 100 100 100,
Total GDP (Billion Rs.) 1200.46] 1682.31| 2358.16| 3307.14] 4638.03[ 6505.47| 9123.76}
GDP/Capita (Rs./Capita) 9935 12 110] 14865 18606 23576/ 30173] 38896
Population (Million) 120.83( 138.923]| 158.641| 177.743| 196.724| 215.607| 234.568
Optimistic Growth Scenario

Agriculture 2481 22.49 19.76 16.79 14.20 11.88 9.86
Mining 0.62 0.75 0.87 0.91 0.95 0.99 1.04
Manufacturing 17.29 19.78 22.68 26.57 3044 34.08 37.32
Building & Construction 4.15 431 4.25 3.97 3.70 345 3.22
Energy 3.23 342 3.54 3.54 3.54 3.54 3.54
Services 49.90 49.25 48.90 48.23 47.16 46.06 45.02
Total GDP 100 100 100 100 100 100 100
Total GDP (Billion Rs.) 1200.46 1682.31] 2472.22} 3803.60( 5849.28] 9006.26(13 855.24
GDP/Capita (Rs./Capita) 9935| 12 110f 15584 21399 29733 41772 59067
Constrained Growth Scenario

Agriculture 24 .81 22.49 20.73 19.30 18.10 17.04 16.25
Mining 0.62 0.75 0.87 1.00 1.13 1.29 1.48
Manufacturing 17.29 19.78 21.21 22.44 23.48 24.32 24.90
Building & Construction 4.15 431 4.41 4.41 434 4.29 4.29
Energy 3.23 342 3.67 3.98 4.30 4.67 5.13
Services 49.90 49.25 49.11 48.87 48.65 48.40 4795
Total GDP 100 100 100 100 100 100 100
Total GDP (Billion Rs.) 1200.46] 1682.31| 2252.26| 2944.03| 3819.49| 4935.16| 6297.75
GDP/Capita (Rs./Capita) 9935 12110] 14197 165631 19415 22890| 26848

The Manufacturing sector consists of large scale industries and small scale industries. The
large scale industries can be further subdivided in to basic materials, machinery and equipment
and consumer goods industries. Table 3.5 gives the composition of basic materials, machinery
and equipment and consumer goods industries along with their shares in the manufacturing
value added, for 1987-88. The historical shares of small scale, basic materials, machinery and
equipment and consumer goods industries in the manufacturing sector value added are shown in
Fig. 3.1. It may be noted that consumer goods industries have the largest share and machinery
and equipment industries have the smallest share. Further the share of small scale industries has
been slightly increasing during the recent years. However, due to the high growth rate envisaged
for the Manufacturing sector as a whole the share of small scale industries has been projected to
decline. Within the Manufacturing sector, the growth rate of small scale industries has been
projected to decline gradually from 8.4% p.a. during the 8th Plan to 6.5% p.a. by the terminal
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plan period while the large scale industries has been projected to decline from 10.5% during the
8th Plan and declining gradually to 9.2% p.a. by the terminal period.

As for the breakdown of the large scale industries into basic materials, machinery &
equipment and consumer goods, the historical trends in Pakistan and other developing
countries [10, 25 and 28] have been kept in view, in addition to the official targets for the 8th
Plan for the production of various major industries. The growth rate of basic materials
industries has been assumed to increase initially and then to decline gradually. For the 8th Five
Year Plan period (1993-98) the growth in this sub-sector has been assumed as 10.5% p.a.,
increasing to 10.8% p.a. in the next five year period and then decreasing gradually to 9.2% p.a.
by the last five year period (see Tables 3.6 and 3.7). The machinery & equipment industries
have been assumed to grow at even higher rates: 15.8% p.a. during 1993-98, 14.8% p.a. in
1998-2003 and further declining in the subsequent periods reaching to 11% p.a. by the
terminal period. For the consumer goods industries, the growth rates have been adjusted in
such a way that the share of this subsector declines from the present value of 37.3% to 30.7%
by the terminal year. The growth rate in this subsector declines from 9.5% p.a. for the 8th Five
Year Plan period to 7.8% by the end of planning horizon.

Table 3.5. Shares of Various Industries in the Value Added of Large Scale
Manufacturing Industries (1987-88)

PSIC Industries Share [%)] | Share [%)]
Code ©
Basic Material Industries
34 Paper and Paper Products, Printing and Publishing 5.8
35 Chemicals, Petroleum Refining, Petroleum & Coal 52.2
Products, Rubber and Plastic Products
36 Non-metallic Mineral Products (except petroleum 23.7
and coal)
37 Iron & Steel Basic Industries 18.3
Total 100.0 35.6

Machinery and Equipment Industries
38 Fabricated Metal Product and Equipment 100.0 10.0

Consumer Goods Industries

31 Food, Beverages and Tobacco 513

32 Textile, Wearing Apparels and Leather 40.1

33 Wood, Wood Products including Furniture 09

39 Other Manufacturing Industries and Handicraft 7.8
Total 100.0 544
Total large Scale Manufacturing 100.0

@ Pakistan Standard Industrial Classification Code

Source : [10]
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FIG. 3.1. Share of Consumer Goods, Basic Materials, Machinery & Equipment and Small
Scale Industries in Manufacturing Sector Value Added

Note: Breakdown of value added of Large Scale Manufacturing Industries into sub components is not
available after 1987-88.

Source: Based on {10]

The Service sector has been assumed to grow at more or less the same growth as the
overall GDP. The contribution of the remaining sectors in the total GDP is relatively very small.
Their growth rates have also been assumed in line with the targets for the 8th Five Year Plan.
The per capita income (in constant rupees of 1993) in this scenario would increase from Rs.
9,935 in 1992-93 to Rs 18,606 by 2007-08 and to Rs. 38,896 by 2022-23.

3.3.2. Optimistic Growth Scenario

As an altermative to the Planning Target Growth Scenario, this scenario has been
developed to explore the implications for the energy sector of a higher economic growth which
may be achieved if the international economic environment is favourable and the domestic
economic policies are restructured to gain maximum advantage. Some of the fast developing
economies in Asia—Pacific region, e.g. South Korea, China, Thailand, have experienced even
more than 10% p.a. economic growth for some years in the recent past. In Pakistan also, some
development economists believe that significantly higher economic growth than that adopted for
the 8th Five Year Plan, could be attained. As such, this optimistic scenario has been developed
to cover an extreme possibility. The overall economy in this scenario has been assumed to grow
at 7% p.a. in the 8th Five Year Plan period, gradually attaining a growth rate of about 9% p.a. by
2008 and then to remain constant thereafter. The main contributor to such a high growth would
be the manufacturing sector with growth rates of 10-12% per annum during the 1992-93 to
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2022-23 period. The growth rate for all other sectors have also been assumed somewhat higher
than those for Reference scenario. The per capita income (in constant rupees of 1993) in this
scenario would increase from Rs. 9,935 in 1992-93 to Rs. 21,399 by 2007-08 and to Rs. 59,067
by 2022-23.

Table 3.6. Growth of Manufacturing Industries in the Three Scenarios

[% p.a]
1993 - | 1998~ | 2003~ | 2008 — | 2013 - | 2018 -
1998 2003 2008 2013 2018 2023
Reference Scenario
Total Manufacturing 9.90 9.40 9.20 9.00 8.80 8.60
Basic Materials 10.53 10.85 10.20 9.66 9.41 9.22
Mach. & Equipment 15.80 14.81 13.50 12.52 11.76 11.02
Consumer Goods 9.50 8.61 8.50 8.27 8.01 7.77
Small Scale Industry 8.40 7.19 7.00 7.02 6.76 6.52
Optimistic Growth Scenario
Total Manufacturing 9.90 11.01 12.50 12.00 11.49 11.00
Basic Materials 10.53 12.80 14.35 13.45 12.50 11.50
Mach. & Equipment 15.80 16.90 17.70 16.25 14.75 13.60
Consumer Goods 9.50 10.01 11.40 10.60 10.00 9.70
Small Scale Industry 8.40 8.55 9.25 9.00 9.00 9.00
Constrained Growth Scenario
Total Manufacturing 9.90 7.50 6.70 6.30 6.00 5.49
Basic Matenals 10.53 8.45 7.48 6.74 6.18 5.51
Mach. & Equipment 15.80 11.80 10.09 8.89 8.23 7.26
Consumer Goods 9.50 7.00 6.28 5.89 5.53 4.96
Small Scale Industry 8.40 5.80 5.00 5.00 5.03 4.96

3.3.3. Constrained Growth Scenario

This scenario has been developed as another alternative to the Planning Target Growth

Scenario with the underlying assumption that the international economic environment will not
improve significantly and the economic growth in the developed countries would remain
depressed, resulting in less demand for the produce of developing countries and thereby having a
depressing effect on their economies. The overall economic growth in this scenario has been
assumed to decrease gradually from the 7% p.a. target for the 8th Five Year Plan to 5.5% during
2003-08 and to about 5% during 2018-23. The per capita income (in constant terms) in the year
2022-23 would be 2.7 times the 1992-93 value, i.e. reaching a level of Rs. 26,848, which is
about 70% of the value for the Planning Target Growth Scenario.
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Table 3.7. Structure of Manufacturing Industries in The Three Scenarios

[% Shares]
1992-1993| 1997—- | 2002— | 2007- | 2012- | 2017- | 2022-
1998 | 2003 | 2008 2013 2018 2023

Reference Scenario

Basic Maternials 24.4 25.1 26.8 28.1 28.9 29.8 30.6

Mach. & Equipment 6.9 8.9 11.4 13.8 16.2 18.5 20.6

Consumer Goods 37.3 36.6 35.3 342 33.1 31.9 30.7

Small Scale Industry 314 29.4 26.5 23.9 21.8 19.9 18.0
Optimistic Growth Scenario

Basic Maternals 24.4 25.1 27.2 29.5 315 329 33.7

Mach. & Equipment 6.9 8.9 11.6 14.5 17.5 20.2 22.6

Consumer Goods 373 36.6 35.0 333 313 29.2 27.6

Small Scale Industry 314 29.4 26.2 22.7 19.8 17.7 16.1
Constrained Growth Scenario

Basic Materials 24.4 25.1 26.2 27.2 27.8 28.0 28.0

Mach. & Equipment 6.9 8.9 10.9 12.7 14.3 15.9 17.3

Consumer Goods 37.3 36.6 358 35.1 344 33.7 32.8

Small Scale Industry 31.4 29.4 27.1 25.0 23.5 22.4 21.9

3.4. Indigenous Resources Development

The following paragraphs provide a summary of the main assumptions and the assumed
production or exploitation levels of indigenous energy resources.

Oil & Gas: As already discussed in section 2.4, Pakistan has fairly good reserves of
natural gas but very meagre reserves of oil. However, undiscovered resources of oil and gas are
estimated to be very promising. Intensive exploration has not been possible so far due to lack of
financial resources and the perception among some exploration companies that the sedimentary
basins of Pakistan are more gas prone and exploration for gas was not considered as attractive as
for oil. Since early 1990s, through successive petroleum policies, a number of incentives have
been provided for exploration of both oil and gas. In the light of these policies it is expected that
oil and gas exploration activity will increase significantly in future compared to past experience.
It has been assumed that the exploration activity will increase from the 8th Five Year Plan
(1993-98) target of 142 wells to 197 wells during 9th Five Year Plan (2003-08) period and to
285 wells during the 13th Five Year Plan (2018-23) period. These projections are in line with
the “Base Case” considered by the Energy Wing and DGPC [29, 30]. Based on the scenario of
exploratory effort, projected quantities of additional oil and gas reserves discovered and
production profiles of oil and gas have been estimated using a petroleum model developed by
ASAG and Hydrocarbon Development Institute of Pakistan (HDIP). The model uses geological
parameters such as resource potential, success ratio, size of discoveries and probability of oil or
gas, etc. to determine the addition to reserves and maximum production profiles for oil and gas.
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The details of this methodology and main input parameters are described in Appendix E. The
resulting projections of future oil and gas production are reported in Table 3.8.

Table 3.8. Scenario of Exploratory Effort for Oil and Gas and Projected Production

Profiles of Oil & Gas
1993 — | 1998 — | 2003 — | 2008 ~ | 2013 - | 2018 -
1998 2003 2008 2013 2018 2023
Exploration Wells 142* 170 197 230 259 285
i1l Reserves Discovered
(MTOE) 272 315 329 56.3 57.7 65.7
Gas Reserves Discovered
(MTOE) 107.0 1093 | 211.8 | 1204 | 1784 191.8
1992-93(1997-98 1 2002- 12007-08( 2012~ | 2017-18 | 2022—
03 13 23

Projected Production of
0il and Gas

Oil (MTOE) 29 4.6 5.3 5.9 7.7 9.5 11.5

Gas (MTOE) 12.4 16.1 242 32.7 399 433 45.1

* Eighth Plan Target

Coal: Among the various coal fields in Pakistan, only Lakhra has sizeable proven reserves
to support some 1000-1500 MW coal fired power capacity. However, since the sulphur content
of Lakhra coal is very high (about 5.5%) some SO, control technology will have to be used for
utilization of this coal. Fluedised bed combustion (FBC) technology is already being tried for
use of Lakhra coal. It has, therefore, been assumed that 1000 MW coal fired power plants of
FBC type will be built on Lakhra coal. Further, in view of the large size of Thar coal field, it has
been assumed that some 10-15 GW coal fired capacity of conventional steam plants can be
based on Thar coal in the next 30 years period. However, in view of the long lead times required
for investigations and field development, it has been assumed that a part of future coal fired
capacity will have to be based initially on imported coal which, if technically feasible, will be
switched to indigenous Thar coal later on. As the identified resources of Thar coal are very large,
it has been assumed that the coal production will be primarily determined by the demand for this
coal by the power sector. As for non—power sector, use of coal is only envisaged for bricks kilns.
It has been assumed that this non-power sector demand, which 1s expected to grow at the rate of
the construction sector, will all be met from various coal fields in the country. The demand for
coking coal will all be met from imports.

Hydro: As already mentioned, some 4,825 MW hydro capacity has been developed while
another 1,635 MW (Ghazi Barotha and Chashma) is under construction. Future development of
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hydro power is constrained by a combination of technical, economic, environmental and socio-
political factors. Construction of two large hydro projects, (Kalabagh, 2780 MW and Basha,
3360 MW) with a total installed capacity of about 6000 MW is under consideration/being
planned. In addition, further extension of Tarbela and construction of Kohala run-of-river are
also being planned. Assuming all these hydro projects will materialize, it is expected that the
hydro capacity by the end of planning horizon will reach to a level of about 14500 MW.

3.5. Energy Imports

As mentioned in Section 2.3, Pakistan is dependent on imports for about one-third of its
commercial energy requirements. At present, crude oil and oil products (including LPG) are
imported for meeting about three-quarters of oil requirements besides importing coking coal for
steel industry. The size of the country’s indigenous energy resources will entail continuation of
import of fuels for meeting future energy requirements. Besides, import of gas from
neighbouring countries is also being planned for future. In this regard the Government has
signed three memoranda of understandings with the governments of Qatar, Islamic Republic of
Iran and Turkemanistan [10]. The capacity of gas pipelines from Qatar (of 1700 km length) and
Iran (of 1600 km length) are expected to be about 1.6 billion ft'/day (45 million m*/day) each
and the investment cost of these pipelines are estimated to be about US $4 billion and US $3
billion respectively. The capacity and investment cost of gas pipeline from Turkemanistan (of
1400 km length) has not been estimated yet but are believed to be similar to the gas pipeline
project of the Islamic Republic of Iran. The import of gas from Turkemanistan is very uncertain
due to the fact that the pipeline has to pass through Afghanistan, which at present is politically
unstable. All these projects have uncertain investment costs and the gas purchase prices for these
projects have yet to be negotiated.

In view of the economic uncertainties for all these projects and political risks involved,
two cases of gas import have been considered. In the first case it is assumed that all the three gas
pipeline projects will materialise. The Pakistan—Islamic Republic of Iran project, which is
considered to be at the most advanced planning stage, has been assumed to become operational
in 2001, while the Pakistan—Qatar and Pakistan—Turkemanistan projects have been assumed to
be implemented sequentially after a gap of few years. In the second case no import of gas has
been considered in order to estimate the extent of oil imports necessary to meet the future
primary energy requirements.

As for import of coal, it has been assumed that all requirements of coking coal will be met
from import. In addition, steam coal will be imported for fuelling coal fired power plants to be
located on coastal areas. In view of environmental concerns, it has been assumed that a
maximum of 7000 to 10 000 MW coal based power capacity can be built near coast line because
of limitations in the number of appropriate sites. A part of this capacity will be based on
imported coal, which if technically feasible may latter be switched to indigenous coal from the
Thar field.

No limit has been assumed for oil imports which are assumed to fill the gap left by the
supplies from indigenous resources and the imports of gas and coal. Pakistan is also planning to
import electricity from Tajikistan for which an agreement has already been signed between
WAPDA and Tajikistan, but due to the civil war in Afghanistan, the en route country for
transmission lines, the commissioning schedule of this project is very uncertain and this project
has not been considered in the present study.
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3.6. Energy Prices

International prices of crude oil after experiencing large variations during the 1973 to 1986
period have shown relative stability in recent years (see Fig. 3.2.). Similarly the international
prices of steam coal have also shown relative stability since 1985 (see Table 3.9). Projection of
prices of internationally traded fuels, i.e. crude oil, steam coal etc., for planning studies covering
a period of two to three decades is an essential component of such studies. However, considering
the large number of factors determining the change of international fuel prices (e.g. economic
growth of various regions of the world determining the increase in energy demand; availability
of alternate fuels and technologies, say, natural gas, hydro and nuclear power; technological
developments in energy supply and use; global environmental concerns and political factors) a
reliable and robust projection can hardly be attempted.

Nevertheless, various international agencies have made projections of internationally
traded fuels, which vary considerably showing large uncertainty of these projections. For
example, the fuel price projections recently reported by IIASA International Energy Polls vary
from constant fuel prices to a fuel price escalation of 3.2% p.a. in real terms from 1990 to
2020. The median value of these polls are often used for planning purposes, which correspond
to crude oil prices to escalate at the rate of 2.1% p.a. for the period 1990-2020 [34]. The
recent OECD study “World Energy Outlook™ has adopted two projections of crude oil prices:
1) prices to remain constant in real terms at a rate of US $ 18/bbl for the period 1993-2010 and
11) to increase the prices to a level of US $ 28/bbl up to 2005 at an average growth rate of
5.1% p.a. and to remain constant afterwards till the year 2010 [27]. The recent projections of
OPEC assume that during the period 1994-2000, the price of oil, in real terms, will remain
constant and after the year 2000 will increase at the rate of 3.5% p.a. [35].

Table 3.9. Cost of Imported Steam Coal for Japan from various sources ( Average Unit

Value, CIF) [US $/metric tonne]
Total Austral. | Canada USA S. Africa CIS China
1980 54.60 55.41 56.10 70.45 41.46 45.59 50.03
1981 65.22 65.51 62.53 72.63 54.76 63.19 64.79
1982 64.92 64.86 62.70 71.72 61.50 63.43 65.94
1983 55.53 55.92 61.35 66.60 51.91 43.09 54.39
1984 49.67 51.11 48.71 59.71 45.45 38.30 49.09
1985 4532 44.40 43.66 56.74 45.81 41.08 49.16
1986 44.86 44 44 44.02 55.11 44.96 4427 45.98
1987 41.49 42.27 40.61 46.89 40.91 39.44 37.80
1988 42.63 43.34 42.95 48.01 41.16 40.23 38.51
1989 48.76 49.78 45.38 52.78 44.68 4543 45.74
1990 50.98 52.24 48.26 53.16 47.94 46.54 47.59
1991 50.43 51.68 46.76 52.36 48.36 4493 47.69
1992 48.47 49.29 46.30 51.22 46.92 43.73 46.04
1993* 46.72 46.88 46.92 51.90 45.78 41.74 45.53

* Average for first and second quarters. Source: {32, 33]

75



45

25 | -

20 |

US $/Barrel

15 | -

10 |

1972 1975 1978 1981 1984 1987 1990 1993
Years

FIG. 3.2. Historical Spot Price of Crude Oil*

* 1972- 1986 Arabian Light; 1986 — 1993 Dubai
Source: [31]

After reviewing the above mentioned projections by various experts and institutions,
projections for future prices of imported fuels have been developed. For imported oil prices, an
increase of 1% p.a. in real terms during 1993-2000 has been assumed. In the subsequent period
this increase has been assumed as 2% p.a. during 2000-2010 and 2.7% p.a. during 2010-2023.
A comparison of these projections with some other recent studies [27, 34 and 35] is given in
Fig. 3.3. For imported gas, it has been assumed that its prices will follow the trend of
international oil prices. The domestic prices of oil products and gas will also follow the
international oil price trend in line with the current policy of the Government. For imported coal
based on medium term projections of OECD [27], an increase of 1% p.a. in real terms
throughout the planning horizon has been assumed (see Fig. 3.4.). It has been assumed that the
prices of domestic coal will also follow the trend of international coal prices.
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3.7. Nuclear Power Development

Nuclear power technology was introduced in Pakistan in 1971 when a 137 MW CANDU
type reactor was built with Canadian assistance. The construction of Pakistan’s second nuclear
power plant, a 325 MW PWR, with the assistance of China is underway at present and the plant
is expected to be completed by 1998. In spite of the keen interest of Pakistan in the building of
additional nuclear power plants, it took some two decades to start construction of the second
nuclear power plant due to unfavourable international environment coupled with the lack of
indigenous technological and industrial capability for independent design and construction of
nuclear power plants. Pakistan is now planning to make large scale use of nuclear power in
future. It is planned to systematically develop local capability, leading progressively to
increasing indigenous design, engineering and manufacture of nuclear power plants together
with their components and fuel.

Two possibilities for nuclear power development have been considered. In one case the
nuclear capacity is allowed to increase gradually with the addition of successive 600 MW
nuclear power plants. It has been estimated that the maximum technically feasible additions of
nuclear power capacity up to the year 2022 would be about 13500 MW. In order to analyse the
economic, fuel import and environmental advantages of a nuclear power programme, a “Nuclear
moratorium scenario” has also been considered. This scenario includes only the 325 MW
nuclear power plant under construction with no further addition of nuclear power plants.

3.8. Energy Efficiency and Conservation

In spite of very low level of present energy consumption, it is believed that a large amount
of energy and electricity is wasted due to poor efficiency of end-use appliances and high losses
in transmission and distribution. The National Energy Conservation Centre (ENERCON) has
been making concerted efforts to reduce energy wastage through encouraging conservation and
efficiency improvements. The main thrust of ENERCON's effort is directed towards providing
technical support to various energy consumers, manufacturers, public agencies etc., in the form
of energy audits, demonstration programmes, feasibility studies or simply expert advice on
energy conservation. Some of the specific measures envisaged in different sectors of
consumption along with the estimates of energy savings potentials are as follows [36, 37 and
38]:

Industry: Technical services comprising; (a) boiler/ furnace tune-ups; (b) steam system
surveys and; (c) electrical system surveys, can each lead to an average efficiency improvement
of 5-8%. In brick-kilns up to 30% savings can be achieved by improving the combustion
efficiency and design of brick-kilns.

Buildings: By using efficient lighting designs up to 70% of lighting electricity can be
conserved. Efficient and improved building designs can save up to 20% of the total energy
requirements.

Agriculture: In this sector up to 17% energy can be saved through retrofits, i.e.
overhauling of existing tubewells while introduction of improved and efficient design tubewells
can save about 35% of the energy. Better operation and maintenance of tractors can lead to about
18% savings in fuels.
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Transport: Proper tuning of auto (petrol) cars can conserve up to 10% of the fuel
requirements and improving truck designs (i.e. redesigning the crown of private trucks) can save
up to 21% of the energy consumed by the present model trucks.

Power: The power sector transmission and distribution losses (including auxiliary
consumption) for the country can be reduced from the present level of about 25% to a level of
about 15% by the year 2006 by the strengthening of T&D system and adoption of various
administrative measures [20]. Appropriate tariff and non-tariff measures can lead to overall
energy conservation in the power sector and also reduce peak demand.

Regarding realization of the above mentioned potential for energy efficiency improvement
and conservation in various sectors, two cases have been considered viz. one envisaging normal
evolution in line with recent experience (reference as nominal case) and the other envisaging
vigorous efforts. The second case assumes realization of most of the estimated potential for
energy efficiency improvement and conservation by the end of planning horizon. The
quantitative details are given in Chapter 4 and Appendix B.

3.9. Environmental Issues

As mentioned in Section 2.7, energy production and use activities are among the largest
sources of environmental degradation. The use of non-commercial (traditional) fuels is resulting
in deforestation and soil erosion, while the use of commercial fuels is causing deterioration of air
quality in the urban areas besides resulting in emission of large quantities of SO,, NO, and CO,.
Within energy sector, electricity generation is a major source of emission of these
environmentally damaging gases. It is feared that if the present trend of increasing use of fossil
fuels for power generation continues in future, the environmental problems will exacerbate in
the coming years.

In order to analyse environmental implications of future power generation in Pakistan,
particularly that of nuclear power generation, a comparison of alternative plans for expansion of
electric sector has been be made with respect to their environmental burdens and costs involved
for reduction in environmental emissions.

3.10. Construction of Energy/Electricity Demand and Supply Scenarios

With the combination of the various assumptions, spelled out in the previous sections, on
future evolution of demography, economy, energy resource development, fuel prices, etc.,
energy/electricity demand and supply scenarios have been constructed, which cover a wide
range of possibilities for future development. These scenarios are described in the following

paragraphs.

Four scenarios for future energy and electricity demand namely Reference Scenario,
Optimistic Scenario, Constrained Scenario and Energy Efficiency Scenario have been
constructed. The Reference Scenario corresponds to the Planning Target Growth Scenario of
economy. The Optimistic Scenario corresponds to Optimistic Growth Scenario of economy
while the Constrained Scenario corresponds to Constrained Growth Scenario of economy. The
population growth assumption is common to all scenarios, while nominal evolution of energy
efficiency improvement is assumed for the Reference, Optimistic and Constrained Scenarios.
The Energy Efficiency Scenario corresponds to the Planning Target Growth Scenario of
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Table 3.10. Summary of Analyses Reported in This Study

Scenario/Case Building Blacks

Energy and Electricity
Demand Analysis Cases

Energy Supply Analysis
Cases

Electric System Expansion
Analysis Cases

Environmental
Analysis* Cases

Financial Analysis
Case

A. Economic Growth
Al Planning target growth scenario
A2 Optinustic growth scenario
A3 Constrained growth scenario

B. Demography
Population growth projections are common n all
the scenarios Some of the parameters have been
assumed to change with economic growth scenario

C. Energy Efficiency Cases
C1 Nominal energy efficiency improvement case
C2 Vigorous energy efficiency improvement case

D. Indigenous Energy Resource Development
Development of 011, gas and hydro resources 1s
common 1n all the energy supply and electric
system expansion cases The development of coal
resources has been assurmed to be more rapid in
Optimistic Case/Alternative IV

E. Gas Imports Cases
El. Gas import allowed
E2 Gas imports not allowed

F. Nuclear Power Development Cases
F1 Gradual development of nuclear power
F2 No further development of nuclear power

G. Energy Price Scenarios
1 An increase of 70% in real terms assumed n ol
and gas prices and 35% n coal prices over the
30 year peniod
2 Prices to remain constant in real terms (for
sensitivity analysis only)

1. Reference Scenario
(Combination of Al & Cl)

2. Optimistic Scenario
(Combination of A2 & C1)

3. Constrained Scenario
(Combination of A3 & Cl)

4. Energy Efficiency Scenario
(Combination of Al & C2)

1. Gas Imports Case
(Reference scenarto of
energy demand with E] &
Fl)

2. No Gas Imports Case
(Reference scenario of
energy demand with E2 &
Fl)

1. Reference Case
(Reference scenarnio of
electricity demand with E1
& F1)

2. Nuclear Moratorium
Case/ Altemmative |
(Reference scenario of
electricity demand with El
& F2)

3. No Gas Imports Case/
Alternative Il
(Reference scenario of
electricity demand with E2
& F1)

4. Energy Efficiency Case/
Alternative 111
(Energy efficiency scenario
of electricity demand with
El & F1)

5. Optimistic Case/
Alternative IV
(Opumustic scenario of
electricity demand with El
& F1)

6. Alternative V
(Reference Case with private
sector plants)

1. Case 1
(Reference Case of
Electric System
Expansion Analysis)

2. Case 2

(Nuclear moratorium
case of electnc system
expansion analysis)

3.Case3

(Nuclear moratorium
case of electric system
expansion analysis with
arr pollution control
devices added to some
of the coal and ol fired
power plants to bring
down the emmissions of
SO, and NO, to the
levels of the Case 1)

Financial analysis of
nuclear power
development
programme of the
Reference case of
electric system
expansion analysis,
and sensitivity
analysis of the
results with respect
to

1) increased capital
cost

1) higher foreign
nterest rate

) rapid
detenioration of
exchange rate

1v) lower price of
electricity sales

* Environmental analysis has been camed out for the power sector only




economy and energy efficiency improvements in line with vigorous energy efficiency policy case.

On the supply side, two possibilities for overall energy supply—demand balance are considered,
viz. with imported gas and without import of gas. These two scenarios are considered for the
Reference Scenario energy demand and have been constructed to analyse allocation of available
energy supplies between power and non-power sectors.

As for the future expansion of electricity generation system, five cases have been considered.
The Reference Case assumes electricity demand as projected in the Reference Scenario, maximum
feasible development of indigenous energy resources along with the possibility of import of gas.
Two alternatives to the Reference Case considered are a nuclear moratorium case and a case without
import of gas. In addition to these three cases, electric system expansion corresponding to optimistic
demand scenario and energy efficiency scenario have also been considered.

Besides the above five cases for the analysis of future expansion of electricity generation
system, another case has been analysed to assess the impact of incorporating the planned private
power projects as firmly committed plants. About 4,300 MW capacity is being planned by the
private power sector for which various agreements have been concluded between the Private Power
and Infrastructure Development Board and the private investors. These plants in the Reference case
were assumed to be candidate plants.

Environmental analysis of two electric system expansion cases, i.e. the Reference Case
and Nuclear Moratorium Case have been considered, while the financial analysis of only nuclear
power development in the Reference Case has been considered. Table. 3.10 summarises the
construction of all these scenarios.

NMEXT PAGEIS
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Chapter 4
ENERGY AND ELECTRICITY DEMAND ANALYSIS

4.1. Introduction

Projection of energy demand is the first analytical step of the overall integrated energy
planning following the collection and organization of energy data and formulation of economic
growth scenarios. There are a number of approaches and techniques that are now in use for
projecting energy demand for an economy or for different economic sectors separately, and with
the time horizon varying from a few years to several decades. These techniques vary from some
very simple ones requiring minimal amount of data and needing only desk top calculators to
others that are very data intensive and need digital computers for their applications. For the
present study the MAED model has been used for the analysis and projections of the demand for
energy by various economic sectors as well as by categories of different end uses. This model
provides a detailed framework for estimating energy demand implications of a user specified
socioeconomic and technological development scenario. A brief account of the methodology of
this model is given in Chapter 1.

The first step in the application of the MAED model is the reconstruction of the energy
consumption by sector and by categories of end uses for a base year. This step, which aims at
facilitating the understanding of energy consumption mechanism, requires detailed information
about demography, economy, energy consuming technologies/equipment and energy
consumption. In the second step, several probable demographic, economic and technological
development scenarios are constructed and the corresponding demand for energy is estimated.

Details conceming the reconstruction of the energy consumption for the base year are
presented in Appendix A and the description of how the statistical data and other available
information was processed in order to prepare input data related to the four scenarios is given in
Appendix B.

4.2. Reconstruction of the Base Year of the Study

The application of the MAED model requires detailed information about demography,
economy, energy consumption including energy consuming technologies, etc. This information
is required to be assembled at first for a base year which is used as the reference year for
perceiving the evolution of energy system in future. Selection of the base year is made on the
basis of, (i) availability of data and (ii) the assessment that the data are representative of the
economic and energy situation of the country. As the Applied Systems Analysis Group had
already carried out some studies on energy demand assessment for Pakistan using an adapted
version of MEDEE-2 model [39, 40], the status of availability of data was known to the study
team. After reviewing the available data and considering the five year planning cycle in
Pakistan, the 1992-93 fiscal year has been selected as the base year for the study. This fiscal
year corresponds to the end of the 7th Five Year Plan.

Most of the information needed for the application of the MAED model was available for
the base year. However, in some cases either the information available was not up-to-date, or no
information was available. In such cases estimates have been made on the basis of information
available for some previous year or reported in the literature for other countries. The main data
sources and assumptions for this phase of the study are summarized below.
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A summary of demographic parameters, structure of GDP and composition of
manufacturing sector, for the base year, has already been given in Chapter 3. The following
section describes the major assumptions made for regrouping/estimation of base year energy
consumption and for derivation of base year MAED parameters.

4.2.1. Energy Consumption

Energy consumption data are regularly collected and published by the Ministry of
Petroleum and Natural Resources in its annual publication Energy Yearbook. These data are
collected from oil distribution companies, gas distribution companies and power utilities and
federal and provincial departments relating to coal mining.

One anomaly of the published data on energy consumption is that the use of HSD for
tractors and other farm machinery (other than diesel operated irrigation pumps) is lumped in the
transport sector. The consumption of HSD for tractors and other farm machinery has been
estimated on the basis of information about the number of tractors, their average fuel usage and
their annual utilization, available from various sources [10, 41, 42] and the estimated HSD
consumption in the Agriculture sector has been deducted from the Transport sector.

Energy consumption data for the Construction sector are not available. The fuel use in this
sector has been estimated by assuming an energy intensity of 0.5 Mcal/US §$ for Pakistan in
1992-93, in the light of 1980s data of some Asian countries. The estimated Construction sector
HSD consumption has been deducted from the transport sector.

The Mining sector energy consumption data are also not available and are included in the
industrial sector. Based on responses to questionnaires for Census of Mining Industries 1988—
89, carried out by the Federal Bureau of Statistics (FBS), the fuel use in this sector has been
estimated.

Although the fuel consumption data of the Manufacturing sector as a whole are available,
its breakdown into four sub-sectors (i.e. basic materials, machinery and equipment, consumer
goods and small scale industries) is not available and was estimated on the basis of [43] and
reports of OCAC and Gas Distribution Companies [44—47]. Further, the self-generated and co-
generated electricity consumption by the four manufacturing sub-sectors was estimated in the
light of information given in [48— 51].

Electricity used in oil transportation through pipelines is not reported separately and is
included in the manufacturing sector. This electricity use has been estimated from specific
electricity consumption of 0.0358 kW-h/ton-km reported in [52].

The use of non-commercial fuels in urban and rural households has been estimated from
[15].

Final energy consumption data for the base year as given in Pakistan Energy Yearbook
and as reconstructed for the MAED application are given in Tables 4.1 and 4.2, respectively.
The difference between the two tables is due to different accounting of consumption of various
fuels in some sectors, as explained above, and the use of coal which is believed to be under
reported in the Energy Yearbook, as pointed out in [29]. In the light of the Energy Wing's
estimates, the coal consumption figure for manufacturing sector has been increased by a factor
of 1.5.
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Table 4.1, Commercial Final Energy Consumption (1992-93) as given in the Pakistan Energy Year Book

Energy Uses:

Unit: TOE
Sector MS HOBC | Kerosene | HSD* | LDO FOu | Aviation Total LPG** Gas Coal Electricity Total
Fuel O1l Products
Domestic 641 734 641734 109016] 1773331 1446 1072565 3598092
Agriculture 299 243 299 243 458914 758 157
Transport |1 081 738 146 946 1279]4 886 376 1010] 45713 253 800 6416 862 736 21991 6419797
Industries 126 087 54111323 694 1450 322 3606 926| 1439122 1062222 7558592
Commercial 36339 335228 190 000 561 566
Other Govt 17277 8395 17 393] 132050 286] 24363 173 764 373528 186 009 559 537
Total 1099 015] 155 341 660 406{5 144 513| 301 0801393 7701 427 564 9 181 689 145 355} 5716 221| 1440 568 2971 908§ 19455 741

*

** 75% of total LPG 1s allocated 1in Domestic Sector and 25% 1n Commercial Sector

Non-Energy Uses:

1 Fertilizer Feed Stocks (Gas)
2 Coke

3 (o]1]

4 Total

5 Bunkers

1377217

653 887
416 699

2447 803
176 386

TOE

TOE
TOE

TOE
TOE

(60% of supplies to fertilizer)

(Production+Imports-Exports)

HSD consumption for tractors in agriculture sector 1s not separately available and 1s included in the transport sector
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Table 4.2, Final Energy Consumption Reconstructed for the Base Year (1992-93)

Energy Uses: Unit: TOE

Sector MS HOBC | Kerosene HSD (LDO F Ol Awviation Total LPG Gas Coal | Electricity Total Total

Fuel O1l Products Comm Non-Comm
Fuels Fuels

Agriculture 1 450 184] 299 243 1749 427 458914 2208 341
Construction 90 000 90 000 450 90 450
“Mlmng 53 088 53088 635 1571 55294
Manufacturing 72999 54111323 694 1397234 3060629112 158683] 1050882 8213090 2078 810,
Transport 1 081 738| 146 946 1279 |3 346192 43 759 240 116 4 860 030] 21803 736 496 11518 **| 4894 583
IMISC Transport 17 277 8395 17393 132 050 1296] 26317 187 448 390 176 390 176
Domestic 453 706 * 453 706| 87213]1773 331 1446 1072 565 3 388 261 18 231 000,
Service 188 028 188 028] 36 339| 335228 376 008 935 603
Total 1099 015| 155341] 660406 (S 144 513| 301 0801 393 770 427 564 9 181 689] 145 355|5 716 2212 160 625 2971 908 20175798 20309 810

Total including Non-Commercial fuels

* Includes 402 210 TOE of kerosene consumption for highting by non-electrified households
** Includes 9319 TOE consumed 1n pipelines for petroleum transportation and 2199 TOE used i Traction

Non-Energy Uses:

|

2 Coke

3 (0]]]

4 Total

5 Bunkers

Fertilizer Feed Stocks (Gas)

1377217

653 887
416 699

2447803
176 386

TOE

TOE
TOE

TOE
TOE

40 485 608 TOE




4.2.2, Estimation of Base Year MAED Parameters

The application of the MAED model requires the determination of several parameters for
the base year and then their projections for the selected future years. The number of such
parameters is about 200. In the present study some additional variables have been considered for
the projection of energy demand of the Agriculture sector. In view of the large differences in the
income and energy consumption patterns, the energy demand of households has been analysed
and projected separately for rural and urban households, and then combined to get the energy
consumption of all the households. Further, projection of energy consumption in some activities,
i.e. electricity used in transportation of oil through pipelines, non-energy oil products
consumption in various sectors, feedstocks used in the fertilizer industry and kerosene used for
lighting, has been made outside the model, due to either the inability or inflexibility of the
MAED model in handling these activities. All the base year parameters, and projected
parameters, are given in Table B.1, of Appendix B.

The sectoral value added and the final energy consumption, in the base year are used to
estimate the energy intensities of motor fuels and specific uses of electricity for the Agriculture,
Construction and Mining sectors (see Table 4.3).

Manufacturing sector is generally very energy intensive. Due to the possibility of interfuel
substitutions, technological developments leading to efficiency improvements and possibility of
co-generation of electricity, the thermal uses in Manufacturing sector are considered at the level
of useful energy. Table 4.4 gives the base year energy intensities of the four manufacturing sub-
sectors. Information about the distribution of useful thermal energy requirements of
Manufacturing among furnace and direct heat, steam, and space/water heating in Pakistani
industries is not available. These distributions have been assumed in the light of information
about the use of thermal energy in Manufacturing industries of some developing countries ( i.e.
Republic of Korea and Thailand) for which such information was available in the literature [53,
54). For the derivation of the MAED parameters related to co-generation the ratio of
heat/electricity in the output of co-generation systems has been assumed as 3:1 in line with Ref.
[55]. The efficiency of co-generation has been assumed as 70% and that of self-generation has
been assumed as 30%.

Table 4.3. Energy Intensity in Agriculture, Construction, Mining and Manufacturing
Sectors for the Base Year (1992-93). [Final Energy /10’ Rs. of Value Added]

Value added Motor fuels Specific uses of Thermal uses
10° Rs. [kcal/Rs.] electricity [kcal/Rs.]
[kW-W/10°Rs.]
Agnculture 297.816 62.1 18.9 0
Construction 49.807 19.1 0.1 0
Minmng 7.403 76.7 2.6 0
Manufacturing 207.568 3.7 71.5* 288 [useful
energy]
458 [final energy]

* Includes self-generated and cogenerated electricity, estimated as 15% of the grid supplied electncity
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Table 4.4. Energy Intensity in the Manufacturing Subsectors for the Base Year (1992-93)

Value added Motor fuels Specific uses of | Thermal uses
10° Rs. [10° kcal/10°Rs.] electricity* [Useful energy}]
[kW-h/10°Rs.] [kW-h/10°Rs.]
Basic material 50.636 7.9 135.9 829
Machinery & equipment 14.262 24 40.6 88
Consumer goods 77.402 24 70.3 336
Miscellaneous 65.268 24 29.7 5
Manufacturing total 207.568 3.7 71.5 335

* Includes self-generated and cogenerated electricity, estimated as 15% of the grnid supplied electricity

Fuel used in the Transport sector during the base year 1992-93 has been divided into t