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Abstract
The liberalization and privatisation of the electricity sector is a recent development,
especially in developing countries. Pakistan is not an exceptional case in this regard.
Pakistan's State Owned Enterprises (SOEs) were restructured and privatised as part of
the restructuring and privatisation plan of the public sector of 1992.

Considering the extent of the debate over privatisation, restructuring and regulation of
the electricity sector in Pakistan in recent years, there has been a surprising lack of
rigorous economic analysis of the issue. This thesis aims to fill that gap. This thesis is
divided into three main parts. The objective of Part I is to present a detailed review of
previous studies on the subject matter along with an examination of the data issues for
the empirical analysis presented in Part III. Part II presents background material on
privatisation, reforms and the restructuring of the power sector in Pakistan.

Part III analyses the technical efficiency and regulation of the electricity sector in
Pakistan. The efficiency of the electricity generation and distribution sectors in Pakistan
is examined by employing and comparing both Stochastic Frontier Analysis (SFA) and
Data Envelopment Analysis (DEA) approaches. For the estimation of the generation
sector, a panel data set of 21 power plants (12 private and 9 public) for the period of
1998-2003 was used. For the distribution sector, firm level data of 9 distribution
companies for the period of 1998-2003 were used.

The estimation results for the generation sector suggest that the private firms dominate
the frontier, and are the most efficient. The mean efficiency of the sector was 81 per
cent and a change in technical efficiency of 12.8 per cent accrued over the period to

1998 to 2003, mostly due to investment by the private sector. Under the DEA model,
the mean efficiency of the sector is 74 per cent and there are 9 efficient firms, of which
7 are private and 2 are the public firms.

According to D E A estimates, in the distribution sector there was a average of almost 8
per cent technical inefficiency and 7 per cent scale inefficiency. The results also suggest
that there was a total TFP growth o f 3 per cent during the period 1998 to 2003 for this
sector. SFA results suggest, for the electricity distribution sector, a mean efficiency of
79 per cent, but there was no growth in technical change during the period 1999 to
2003, except for the Karachi Electricity Supply Corporation (KESC).

Both methodologies were suitable in estimating the efficiency level of the electricity
sector. DEA estimation results also provided several other efficiency factors, including
TFP growth of that sector. Estimation results obtained from DEA model of distribution
sector were used to calculate an X factor. This X factor was used to estimate the CPI-X
price cap regulation for the electricity distribution sector in Pakistan.

The major findings from the analysis o f the regulatory environment suggest that the
performance of the sector needs to be improved. It is also argued that the National
Electricity and Power Regulatory Authority (NEPRA) should also use a price-cap
regulation as it gives incentives to the firms to improve efficiency and performance.
With this in mind, an effective high-powered incentive regulatory regime, in the form of
price-cap regulation, is developed and recommended for the electricity distribution
sector.
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Chapter 1
Introduction and background

1.1 Background of the thesis

During the last two decades, many developing countries like India and Pakistan have
started reforms in the electricity sector. The main objective of these reforms has been to
shift the ownership from state owned centralised organisation of infrastructure to private
ownership. The reasons behind this shift of ownership were the burden associated with
price subsidies, low service quality, low collection rates, high network losses and poor
service coverage, in light of these problems, it became apparent that governments were
no longer willing or able to support existing arrangements (Newbery, 2002; Joskow,
1998). Reforms have sought to transform the state-owned centralised electricity sector
into decentralised, market-oriented industries with private sector participation.

The participation of the private sector assumes that a more efficient allocation of
resources is achieved through the market mechanism in a competitive environment. It
may also bring allocative and technical efficiency to the sector, increasing welfare.

Pakistan, as a developing country, started electricity reforms and a privatisation
program in the early 1980s. At that time, Pakistan's electricity sector was a financially
strapped

public monopoly with excessive state intervention, which

imposed

an

enormous burden on the economy in the form of operational inefficiencies and fiscal
liabilities (World Bank, 1998). After major reforms, the electricity sector of Pakistan
stands as a semi-privatised and semi-deregulated public services sector. It supplies

electricity to 12.5 million consumers countrywide and has a total installed generation
capacity o f 18,062 Megawatts ( M W ) . Out o f these 18,062 M W , the Water and Power
Development Authority ( W A P D A ) o f Pakistan has a capacity o f 9,930 M W . Private
Independent Power Producers (IPPs) have a capacity o f 5,652 M W and the Karachi
Electricity Supply Corporation ( K E S C ) has a capacity o f 1,756 M W . The rest is the
installed capacity o f nuclear and other co-generating agencies (Economic Survey 200102).

As far as transmission, distribution and customer services are concerned W A P D A and
K E S C enjoy a strong monopoly throughout the country. W A P D A is the key player and
supplies electricity to the entire country, except for Karachi and its surrounding areas
where K E S C is the sole supplier.

In the case o f ownership-based electricity generation, W A P D A , K E S C , Karachi Nuclear
Electricity Plant ( K A N U P P ) and Chashma Nuclear Electricity Plant are the four main
public sector organizations involved in electricity generation in the country. The IPPs,
the private sector entities, are also involved in electricity generation. The installed
capacity o f W A P D A ' s electricity system stood at 9,930 M W , o f which hydro was 5,009
M W (50.4 per cent) and thermal 4,921 M W (49.6 per cent) during July-March 200102. The IPPs accounted for 5,652 M W or 31.3 per cent and the rest is the installed
capacity o f K E S C and other sources like M/S Gul Ahmad and M/S Tapal Energy (262
MW).

1.2 Historical context of reforms

Electricity sector reforms have been introduced in Paicistan with different objectives. In
the early 1980s, major concerns for electricity sector reforms in Pakistan were to expand
generation capacity, increase technical, administrative and economic efficiency of
existing electricity systems, and accelerate the extension of electric services to rural
areas.'

By the late 1980s, the Government of Pakistan (GOP) had realised the importance of
indigenous energy resources in keeping pace with rising demand. The government also
envisaged rational energy pricing and institutional change, especially in the form of
private sector participation in the electricity sector. The 1990s were a period of rapid
political and economic change in Pakistan. The restoration of democracy led to the
policy of privatisation and deregulation. This policy was also the result of heavy load
shedding, corruption and organisational and institutional inefficiencies in WAPDA and
KESC, which had led to major financial crises within the organisations. The G O P
started its privatisation and reform program with the restructuring and reorganisation of
these companies.

The S"' five-year plan (1993-94 to 1998-1999) mentioned that 'issues facing the energy
sector are not only restricted to meet demand in a rational manner but also to restructure
the public sector monopolies and to address on a crash and long-term basis, the
limitations of the presently proven energy resources' (Planing Commission, 2003). The
objectives

'

of

the

plan

included

exploring

Five year plan ( 1 9 8 3 - 1 9 8 8 ) , G o v e r n m e n t of Pakistan.

3

resources,

rationalising

prices

and

decentralising and regulating the electricity sector for new agencies to promote selffinancing along with the induction o f private sector investment.

The main feature o f electricity sector reforms in the 1990s was the introduction o f the
privatisation package in 1994. The package introduced a new concept o f public-private
partnership. The package was successful and attracted foreign and local

private

investment in the country's electricity sector. A new electricity policy was introduced in
1998 and some concessions and incentives were revised. Restructuring o f W A P D A and
K E S C was also the main agenda o f this policy.

Despite the heavy reforms and private investment, only about 50 per cent o f Pakistan's
population has access to electricity. Pakistan's public electricity utilities (are still facing
serious financial problems because o f lack o f political commitment, corruption, overcapacity in generation, line losses and theft, overstaffing, increases in fuel prices and a
shortage o f funds to expand the distribution system to rural areas. Although reforms
have slowed down, the current government has re-launched the structural reforms,
which involve a separation o f policy, regulatory and operational functions, liberalisation
o f the market, and restructuring and gradual privatisation o f the restructured companies
(World Bank,

1998). The first phase sets out that K E S C and three distribution^

companies are to be privatised.

1.3 Statement of the problem

A strong, efficient and reliable electricity sector is essential for developing countries
like Pakistan. This sector is also important in developing a strong and competitive

^ K E S C , Faislabad Electric supply Company Limited ( F E S C O ) , PesFiawar Electric Supply Company
limited ( P E S C O ) and Jamshoro Electric Supply Company limited ( J E S C O )

industrial base in the country. The question is how to build such an electricity sector, at
what pace and at what cost. It is believed that access to foreign direct investment and
private sector participation along with structural and organisational reforms and
regulation are required to attain high efficiency and performance, which in turn may
lead to economic growth and stability. The government of Pakistan has taken policy and
practical steps in this regard but its impact on efficiency and growth has to be assessed.
This thesis reports an attempt to achieve this objective.

The electricity

sector reforms and the move towards privatisation establish

an

environment where foreign and local producers can compete on equal footing. It
requires a transparent electricity regulatory regime. The present study also aims to
investigate the impact of regulation on electricity prices and performance of the
companies. As discussed in earlier section, Pakistan has introduced a package of
reforms in terms of introducing private investment and participation and regulation
measures. In this regard, Pakistan also introduced a new regulatory authority. National
Electric and

Power Regulatory Authority (NEPRA). NEPRA

is responsible

monitoring and regulating all electricity tariffs, generation and transmission

for
and

distribution affairs.

Despite the major sectoral and policy reforms in the electricity sector of Pakistan, very
few studies have been done on this sector. In this regard, the role of international
funding agencies (World Bank, ADB and USAID) has been pivotal throughout the
history of the electricity sector reforms. These agencies have funded projects for
reducing expenses by reducing electricity losses, and providing electricity expansion
system bonds for the private sector. They also analysed the opportunities available for

development of the private sector generation units. However, the studies conducted by
these agencies are limited to providing data rather than any empirical

findings.

To this point no detailed and empirical study, measuring technical efficiencies and
regulatory analysis, has been conducted to assess the performance and efficiency level
of the electricity sector before and after the reforms. This thesis attempts to fill this gap.

1.4 Scope and objectives of the thesis

Evaluation of the electricity sector and state owned enterprises is a complicated issue,
especially

for

developing

countries

because

data

has

not

been

available.

A

comprehensive and empirical evaluation is not possible without examining issues such
as the optimal regulation on monopoly infrastructure, the potential for improvements in
technical and allocative efficiency, and the costs and benefits of privatisation. A
comprehensive and integrated assessment of these issues is beyond the scope of this
thesis. Instead, a number of specific issues regarding performance, efficiency and
regulation will be isolated and analysed. Effective regulation is needed for the
electricity sector activities of transmission and distribution. The question is which form
of regulation is best for the electricity sector of Pakistan. This will be answered by
looking at the experiences of other developed countries and predicting what problems
might be encountered in the implementation stage of regulation.

The electricity sector reforms in Pakistan were introduced to reach two main objectives:
efficiency improvements and scale benefits. An empirical analysis of justifications in
the context of the electricity sector reforms in Pakistan will be addressed separately. It is
acknowledged that there are political and international factors that push privatisation

and r e f o r m ; h o w e v e r this thesis d o e s not provide a political analysis of privatisation and
reform.

1.4.1 Objectives of the thesis

Given the background and p r o b l e m s outlined above, the study a i m s to look at the
electricity sector and analyse the impact of the reforms, especially on the p e r f o r m a n c e
and e f f i c i e n c y of the sector. T h e main objective of this thesis is to provide an analysis
of the technical

e f f i c i e n c y and

of e c o n o m i c

regulation

of Pakistan's

electricity

generation and distribution sector.

T o sum up, the specific objectives of the study are as follows:
1.

T o analyse the electricity sector r e f o r m s in Pakistan: their history, nature and

process.
2.

T o evaluate the operating and technical efficiency of the electricity generation

sector in order to test the hypothesis that public o w n e r s h i p is inefficient relative to
private to o w n e r s h i p .
3.

T o evaluate the operating and technical efficiency of the electricity distribution

sector and to start to d e v e l o p a regulatory f r a m e w o r k for this sector.
4.

T o e x a m i n e issues of regulation in electricity distribution in light of the specific

characteristics of Pakistan as a developing country.
5.

O n the basis of empirical analysis, to detail policy implications, such h o w to

m e a s u r e the p e r f o r m a n c e of the sector and h o w to regulate the sector.

1.5 Structure of the thesis

There are three parts in the thesis as shown in Figure 1.1. Part I gives an overview
which highlighting the economic and political background o f the electricity sector in
Pakistan.

The main objective o f Part I is to present a detailed review o f the previous studies on the
subject matter, along side the practical and data issues which provide a theoretical
framework for the empirical analysis in Part III. Part I consists o f Chapter 1 and 2.
Chapter 2 provides a review o f privatisation theories, and o f the objectives

of

privatisation. The cost and benefits o f privatisation to different economic agents, along
with

empirical

evidence,

are

then

reviewed.

This

chapter

also

discusses

the

methodologies used to measure the technical efficiency, data problems and practical
issues.

Part II presents the economic and political background material on the privatisation
reforms and restructuring o f the electricity sector in Pakistan. This is designed to
develop an understanding o f the characteristics and performance o f the electricity sector
companies in relation to government policies. Chapter 3 describes the privatisation and
energy policies in Pakistan, and the history, rationale, objectives and progress o f
privatisation in Pakistan.

Chapter 4 describes the specific characteristics o f the electricity sector in Pakistan
including restructuring, privatisation, key players o f the sector and regulation. It also
provides background information on the current regulatory body, the restructuring plans

and their progress. This part provides the foundation for the empirical analysis o f
technical efficiency and regulation in Part III.

Part III consists o f the economic analysis o f technical efficiency and regulation in the
electricity sector in Pakistan. In Part III, the theoretical framework drawn in Parts II and
I will be employed to analyze technical efficiency and regulation. The relationship
between

empirical

analysis,

theoretical

frameworks

and

policy

applications

are

presented in more detail in Figure 1.1 and will be explored in Chapters 6 to 8. Chapter 6
provides the technical efficiency analysis for the generation sector. It also tests the
hypothesis that the firms are more inefficient under public ownership. The efficiency
analysis undertaken in Chapter 7 aims to evaluate efficiency o f the distribution sector.
The technical efficiency o f the generation and distribution sectors in Pakistan is
measured

by

employing

two

state-of-the-art

methodologies:

Data

Envelopment

Analysis ( D E A ) and Stochastic Frontier Analysis (SFA). For this thesis, panel data o f
electricity generation plant and electricity supply firm for the period 1998 to 2003 was
used.

Chapter 8 explores the regulatory institutions and regimes in the electricity distribution
sector. The chapter also examines different approaches to regulation and their attendant
problems.

The main focus is to develop a system o f price-cap regulation for the

electricity distribution sector in Pakistan.

Figure 1.1 Structure of the thesis
Literature Review and
Theoretical Background
(Chapter 2)

Part 1

Regulation

Current Market
Structure of Electricity
Sector in Pakistan
(Chapter 4)

Privatisation and
Energy Policies
(Chapters)
Part
Methodology
and Data Issues
(Chapter 5)

SFA and DEA
Model for
Generation

Part
111

Efficiency
Analysis for
Generation
(Chapter 6)

SFA and DEA
Model for
Distribution

Efficiency
Analysis for
Distribution
(Chapter 7)
Conclusion and Policy
Implications (Chapter 9)

Source: Author
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Price cap
Regul^ion for
Distribution

Price cap
Regulation for
Distribution Sector
(Chapter 8)

1.6 Significance and contribution of the thesis

The study is significant from both theoretical and practical standpoints. Theoretically, it
will focus on the institutional and sectoral reforms in the electricity sector o f Pakistan.
From a practical standpoint, it will be a contribution to research material on a topic that
is o f crucial importance to Pakistan. Furthermore, it will attempt to highlight the areas
where public and private ownership can meet to maximise the performance and
efficiency o f the economic agents: government, private producers and consumers.
Finally it will provide a stepping stone for much needed further research on this and
other crucial aspects o f Pakistan's electricity sector.

There are two papers, which are arising from this thesis. The details o f the papers and
journals are as follows:
1.

Benchmarking and Regulation for the Electricity Distribution Sector in Pakistan:
Lessons for Developing Countries, South Asian Journal o f Economics.

2.

Technical Efficiency in Electricity Generation Sector in Pakistan: The Impact o f
Private and Public Ownership, Utilities Policies.
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Chapter 2

Review of literature and theoretical framework

2.1 Introduction
T h e literature on e c o n o m i c s and electricity sector p e r f o r m a n c e pertaining to empirical
findings

and theoretical rationale across countries demonstrates that the electricity

sector is one of the main sectors in public utilities. This sector is also important in
i m p r o v i n g industrial activities and social welfare, especially in developing countries
like Pakistan and India. Because of its important role, developing countries have
u n d e r g o n e restructuring, privatisation and sectoral r e f o r m s in this sector. Prior to the
1980s, economists, politicians and policy m a k e r s privatising public utilities. A f t e r this
time, this a r g u m e n t could no longer stand for reasons outlined below. Privatisation and
r e f o r m s started in public utilities in the late 1980s.

C o m m o n reasons for reform are government failure and financial crises, technological
c h a n g e s and the globalisation of the world e c o n o m y . It is generally a s s u m e d that the
increasing involvement of the private sector in government activities, such as public
services

and

utilities,

brings

better

resource

allocation

and

also

increases

the

productivity and p e r f o r m a n c e of an institution. This increase in productivity, efficiency
and p e r f o r m a n c e m a y improve the social benefit in t e r m s of the interest of the
g o v e r n m e n t , producers and c o n s u m e r s . Any study on r e f o r m s and social w e l f a r e impact
will be controversial and its results m a y be debated. T h e r e f o r e , only, f e w limited studies
have been c o n d u c t e d on this sector to estimate the social and e c o n o m i c impacts of the
r e f o r m s . H o w e v e r , the last d e c a d e has witnessed a g r o w i n g b o d y of literature on the
privatisation of the electricity sector, its regulation, p e r f o r m a n c e and pricing ranging
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from other academic fields, including environmental management, public policy and
applied economics.

Pertinently, studying sector reforms, regulation and performance, and estimating the
social cost and benefit of these reforms, has been recognised as a field of research in its
own right. The reforms in the electricity sector have been a focus of government,
international agencies^ and NGOs. Recently, there has been growing interest in exploring
the role of the privatisation of the electricity sector in determining the efficiency of firms
and estimating the social cost and benefit analysis. But there is a contradictory body of
literature on the subject matter, particularly pertaining to developing countries. Therefore,
further research in this subject matter is needed. The following sections provide an
overview of the current thinking and empirical evidence on privatisation, efficiency and
the welfare impact of reforms in the electricity sector.

2.2 Measurement of efficiency
Parametric frontier models and non-parametric methods have almost monopolised the
recent literature on efficiency measurement especially for the electricity supply sector.
Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DBA) are the best
methods to determine the efficiency and relative performance of the firms. Empirical
applications usually use either one or other of these techniques. Joint use of parametric
and non-parametric frontier methods at best can provide a cross-check and can be used
in assessing robustness of the results.

Coelli (1995) Pitt and Lee (1981) and Pollitt (1995) have used the analysis of efficiency
in their studies. There has been a large and wide-ranging collection of papers and

^ International M o n e t a r y F u n d (IMF), World Bank and Asian D e v e l o p m e n t Bank ( A D B )
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articles developed on the measurement o f productivity and efficiency. There has always
been a close link between the measurement o f efficiency and the use o f frontier
functions. Different techniques and variables have been used to estimate the frontier
production or cost function. In this study, we go through the joint use o f parametric and
non-parametric approaches as well as their application to the electricity sector o f
Pakistan.

Most o f the research papers and articles related to the measurement o f efficiency have
based their analysis on parametric or non-parametric methods. The choice o f method
has been an issue o f debate. Some researchers, like Berger (1993), prefer a parametric
approach to a non-parametric technique (Seiford and Thrall 1990). Both approaches
have advantages and disadvantages; therefore, I decided to use both approaches for my
study.

Several cross-country studies have examined public versus private ownership and the
relative efficiency o f distribution companies. Pollitt (1995) examined the effects o f the
public versus private ownership on performance through international comparisons o f
electricity generation, transmission and distribution utilities using the D E A , corrected
ordinary least square and SFA models. Whiteman (1999) applied D E A and SFA models
to seven Australian and twenty-five international electricity supply companies and
found that X-inefficiency may have declined following the reforms in the Australian
electricity sector. In addition, Meibodi

(1998), Yunos and Hawdon

(1997), and

Whiteman (1995) applied D E A to measure relative efficiency o f the electricity systems
in number o f developing countries.
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Meibodi (1998) applied parametric techniques o f efficiency to the electricity industries
o f developing countries. He found that public ownership might have an adverse effect
on technical efficiency. The substantial proportion o f the variation in efficiency within
the electricity industry in developing countries is due to the size o f the plant. The results
o f the study also indicate that increasing returns to scale are present in the electricity
generation o f most developing countries. This study also argues that developing
countries should avoid increasing inputs to increase the efficiency and productivity o f
the plant.

Meibodi conducted the study in the context o f the Iranian electricity sector using panel
data for 1990-1995. He estimated a stochastic frontier production function and applied
data envelopment analysis. For efficiency determination o f the firms, we decided to use
the similar methodology to analyse the performance and efficiency o f the electricity
sector in Pakistan.

Estache et al. (2002) argued that monitoring o f the perfonnance o f private and public
monopolies in South America is difficult. The reason is that these monopolies do not
provide

the

proper

information

to the regulator.

These

firms

only

release the

information when they have an interest in doing. The authors provide estimates o f
efficiency levels in South America's main distribution companies between 1994 and
2000. They estimated SFA and D B A models to measure the efficiency levels o f
electricity firms included in the sample.

Estache et al. also suggest that to avoid the problem created by the lack o f information,
there should be international coordination among the regulators. They believe that the
more comparable the information across countries is, the more effective the form o f
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competition and the easier it is for each individual regulator to rely on useful results in
its own regulatory settings. In Estache et al. (2002), the determinants o f efficiency and
sources o f inefficiency were not discussed, nor did the authors try to

find

the

relationship between efficiency and the size o f the firms.

Lius et al. (2000) used both parametric and non-parametric frontier methods to measure
production efficiency in the industrial sector. They argue that the joint use o f these
approaches can improve the results. The authors claim that the main disadvantage o f the
non-parametric approach is its deterministic nature. The D E A technique makes no
accommodation

for statistical

noise.

However, the parametric approach

requires

specification o f a particular technology for the frontier as well as the definition o f a
specific distribution for the inefficiency term.

Estache et al (2002) also claimed that the parametric deterministic approach for the
measurement o f productivity efficiency does not seem to be suitable for this kind o f
analysis. However, they argued that D E A provides a suitable way o f treating the
measurement o f economic efficiency. They also highlighted areas for further research,
such as estimating the efficiency level after adding pricing and increasing the large
sample size. It is worth mentioning that this study differs from that conducted by
Meibodi in 1998, where the relationship between the sources o f inefficiency and the size
o f the firm was examined, and it was found that no relationship between the size o f
firms and their inefficiencies seemed to exist. The reason is that they find decreasing
Returns to Scale ( D R S ) for the large size firms.

Lassila et al. (2002) analysed the benchmarking results o f the electricity distribution
companies in Finland. In this paper, the authors used the D E A approach to measure the
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efficiency o f 95 companies and also completed a sensitivity analysis for the period
1999-2000. The sensitivity analysis showed that the present efficiency benchmarking
method treats the network companies unequally. Changes in costs are different for
efficient and inefficient companies. For efficient companies, the change in cost has a
slow effect, for some companies there is no effect o f cost change. For inefficient
companies, the effects o f changes in operational costs are as per prediction. The authors
also argued that changes in interruption times o f customers affect the efficiency scores.
According to the authors, the D E A technique was found to be a good base for the
efficiency

benchmarking o f the distribution

companies,

but it has to be further

developed by taking into account the special nature o f the electricity distribution
business.

It seems that many authors faced problems in measuring and evaluating the results o f
D E A approach (Estache et al.2002, Lassila et al. 2002). The reason could lie in these
authors not using joint parametric and non-parametric approaches where the results
could be compared.

Jamasb and Pollitt (2001) carried out a study on benchmarking and regulation o f
electricity transmission and distribution utilities. This study stated that since the early
1980s,

many

countries,

especially

developing

countries,

have

introduced

and

implemented reforms in their electricity sectors. Many o f these reforms have unbundled
the generation, transmission and distribution o f electricity. To regulate this unbundled
sector, many countries have used the incentive regulation approach to promote the
efficiency o f these monopolies. Jamasb and Pollitt also reviewed the main approaches to
incentive

regulation

and

discussed

various

benchmarking

methods.

The

authors

presented the findings o f a survey o f the use o f benchmarking methods in O E C D and
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other countries. This paper provided a good reference guide for current available
benchmarking techniques used to measure the efficiency level o f the electricity sector.

Diewert

and

Nakamura

(1999)

conducted

a

study

of

benchmarking

and

the

measurement o f best practice efficiency o f electricity generation. In this paper, the
authors did not use either a SFA or a D E A approach. Instead, they used several simple
techniques to measure the efficiency level o f plants, including simple factor efficiency
measurement,

unit

cost,

and

muhifactor

power-plant

best

practice

efficiency

measurement. The authors' preferred measure was the ratio o f best practice to the actual
unit cost. Best-practice unit cost for a plant in a particular year was computed using the
actual input prices an the input output coefficients from the benchmarking reference to
sample that resulting in the smallest hypothetical unit cost. The authors claimed that the
single factor efficiencies for the power plants fail to identify best practice.

Whiteman (1999) estimated the potential benefits o f Hilmer and related reforms in the
electricity supply sector o f Australia. In the article, the author challenged the results o f
the Industry Commission's study (1995) o f the growth and revenue implications o f
Hilmer and related reforms. He suggested that the Commission overestimated the
revenue implications and criticised the methodology used by the Commission. He also
criticised the use o f the computable general equilibrium model O R A N l to estimate the
flow-on effects o f microeconomic reforms.

Whiteman attempted to measure the effects o f microeconomic reform in the electricity
industry. For this purpose, the extent o f X-inefficiency in the Australian electricity
industry was measured using two approaches: D E A and the estimation o f SFA. Both
techniques utilised the estimated

production
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frontiers to derive estimates o f X-

inefficiency. Quiggin (1997) suggested that being a non-parametric method, D E A fails
to account for the stochastic elements o f data, such as error in the measurement o f
variables. In this regard SFA is considered a more reliable and credible approach to
measure the X-inefficiency.

For this study, one output variable electricity-generated

( G W h ) , and three

input

variables—hydro-capacity ( M W ) , thermal capacity ( M W ) and the number o f full-time
employees—were used. The data for 39 electricity suppliers, including the seven
Australian suppliers, were obtained from Electricity Association Services Ltd and the
annual reports o f China Light and Power Company Limited. The data covered the
period 1994-1995. The Australian data related to the fiscal year 1994-95.

Whiteman (1999) claimed that microeconomic reforms in the electricity industry have
had a major impact on the services sector. The capital-intensive mining sector is a major
beneficiary o f the reduction in the price o f electricity in all three scenarios as electricity
accounts for about 11 per cent o f the intermediate inputs in mining compared to 6 per
cent for most other industries. The industries that appear to suffer from microeconomic
reform in the electricity industry are broad acre farming, food and fibre and metal
products. The study concluded that microeconomic reforms in the electricity industry
would raise real G D P by 0.02 per cent in the long run. Whiteman also cites Quiggin
(1997), who suggested that the flow-on benefits o f microeconomic reforms in the
electricity industry would be negative. However it has been estimated that a relatively
small decline in the real wage outcome could generate positive flow-on benefits for the
Australian economy.
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Zhang and Battels (1998) examined the effect of sample size on the mean productive
efficiency of firms when the efficiency is evaluated using the non-parametric approach
of DEA. By employing Monte Carlo Simulation, Zhang and Bartels found that the mean
efficiency is related to the sample size. They investigated the efficiency of electricity
distribution in Australia, Sweden and New Zealand. The simulation results found a
negative relationship between sample size and the estimated technical efficiencies. This
implies that as sample size increases the estimated mean technical efficiencies decrease
generally. The rates of decrease also depend on the sample size. When the sample size
is small the rate is high, and when sample size is large the rate is low.

2.3 Sectoral reforms and privatisation
During the last two decades, many developed and developing countries have introduced
reforms and privatised their public enterprises.
that

privatisation

can

improve

social

Governments and economists believe

welfare and

increase the efficiency and

performance of natural monopolies. As such, the numbers of privatised units are
growing over the period.

In some countries, privatisation has been carried out in response to the high debt burden
and poor state of the economy. World Bank statistics show that many countries have
been successful in increasing government revenue and reducing the debt through
pursing a privatisation policy. Between 1990 and 1998, for example, Brazil, Argentina
and Mexico obtained US $53.5, US $28.4 and US $ 30.4 billion, respectively, as a result
of privatisation. Small countries like Indonesia, Peru and Colombia received US $11.2,
US $6 and US $8 billion respectively during 1990-1998 (World Bank Development
Reports, 2000).
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As we know, generating revenue for the government is not the only objective o f sectoral
reforms and privatisation. It would be misleading to assess the success o f privatisation
solely in terms o f the revenue it generates. Although each government has its own set o f
objectives in line with its historical, political and economic background, the following
are the general objectives o f reforms and privatisation:
(i)

to improve the efficiency and performance o f the sector

(ii)

to improve the financial health o f the sector

(iii)

to increase the private sector participation

(iv)

to improve the allocation o f resources with technological advancement.

These objectives are related to microeconomic and macroeconomic perspectives. The
next section reviews the theoretical arguments that underlie the belief that privatisation
can achieve these goals, and provides a survey o f empirical studies that test the effects
observed in countries where privatisation policies have been undertaken.

Newbery and Pollitt (1997) carried out a study on the restructuring and privatisation o f
the U K electricity industry. This study used several methods to assess the economic
effects

o f privatisation:

financial

performance

analyses,

labour

and

total

factor

productivity analyses, frontier efficiency measurement and social cost-benefit analyses.
The objectives set by the authors are to identify who gained, who lost and by how much
by comparing the historical and future trends o f revenue, prices and employment. For
this purpose, the method set by Galal et al. (1994) was used.

According to the authors, privatisation is an investment project that has an associated
cost and gives a stream o f net benefits arising from the evaluated differences between
the privatised and counterfactual publicly owned industry. They divided the data into
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sub periods to d e v e l o p t w o scenarios: a privatisation scenario and counterfactual
scenario. T h e start date f r o m which the e f f e c t s of restructuring and privatisation are
evaluated is a weighted average of the years 1985-88. Actual data were used until
M a r c h 1996 and projections w e r e m a d e up to 2010. A sensitivity analysis w a s also
c o m p l e t e d for t w o scenarios: pre-privatisation and pro-Central Electricity Generating
Board ( C E G B ) .

T h e results showed that the fuel and investment effects of privatisation range between
£3.6 billion to losses of £0.4 billion. It also showed that the net gains from privatisation
w e r e higher relative to the pro-privatisation counterfactual. T h e y also claimed that
privatisation yields substantial environmental benefit, as gas generation replaces older
coal fired plants and thermal efficiencies rise at the remaining fossil fuel plant. The
overall net benefit of privatisation w a s positive and gave permanent cost reduction equal
to 3.2 to 7.5 per cent of prices.

T h e study concluded that the privatisation and restructuring of the UK electricity supply
w a s w o r t h w h i l e it—there w a s a net gain to the e c o n o m i c agents. T h e authors also
suggest t w o m a j o r areas for improving the process of restructuring and privatisation.
First, the net gain was transferred out of the country because of the change in payment
a r r a n g e m e n t s for French electricity. A c c o r d i n g to the authors, this could have been
prevented. Second, allowing more competition in generation can increase distribution of
net gain of privatisation and social welfare.

Nellis (1994) has analysed the issue in paper titled T s privatisation necessary?' In this
paper, the author argued that private ownership should be considered superior to public
o w n e r s h i p for the following reasons:
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•

Private o w n e r s h i p establishes a market for m a n a g e m e n t .

•

T h e Capital market subjects privately owned firms to greater scrutiny and
discipline than public enterprises because of g o v e r n m e n t s ' guarantees. Public
enterprises can get f u n d s easily, as compared to private firms. Public firms can
b o r r o w capital at less than market rate even at favourable conditions. All these
facilities hinder the increase in the efficiency of public firms.

•

Private firms are also subject to exit more often than public firms. Hence, private
m a n a g e r s are more likely to take active efficiency-enhancing measures to avoid
such a situation.

•

T h e r e is less political interference in the affairs of private firms. Political
interference is the main cause of low levels of efficiency and productivity in
public enterprises.

•

At the helm

of private firms are self-interested boards of directors

and

shareholders rather than the disinterested public officials w h o supervise the
public sector.

A c c o r d i n g to the author, practical solutions to improve the efficiency of public
enterprises are as follows:
•

Highly qualified mangers should be recruited and incentive packages equal to
private sector scale should be offered.

•

In the case of soft budget constraints, government should eliminate all types of
security and guarantees for the firms, and encourage them to develop their f u n d s
t h e m s e l v e s as a commercial entity. T h e s e firms should also be treated as private
sector borrowers.

•

T o m i n i m i s e political interference there should be an independent board of
directors with explicit instruction to m a x i m i s e commercial profitability.
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•

There should be a performance contract specifying mutual objectives and
responsibilities.

In the light o f the solutions offered Nellis, it can be considered that the change o f
ownership to improve the efficiency is not necessary. There are some economists and
reformists who still believe that the public sector can produce good results and improve
efficiency i f it is properly restructured and planned in line with good governance
principles. It seems that after correcting the market structure, there would be no real
difference between

public and

private ownership. Changing

policies and

giving

incentives to the management o f the public sector entities can correct the deficiency in
public enterprises. But this is a contested issue. Nellis believes that ownership does
matter and that there is a need for ownership change. In support o f this argument, the
author cited theoretical and empirical case studies showing that ownership does matter,
and that performance is improved after sale.

Megginson, Nash and Randenborgh (1994) compared the pre and post privatisation
financial and operating performance o f 81 companies from 81 countries in 32 that
industrial sectors. The study shows that post sale performance improves in terms o f
profitability and real sales. Investment spending and employment both increased.

The World Bank in collaboration with the Boston University conducted a second study
on the welfare consequences o f selling enterprises. This study analysed the pre and post
privatisation performance, in terms o f profitability and productivity, o f 12 firms in 4
countries. This study quantifies the welfare gains and losses o f the economic agents o f
the countries. The results o f the study found that in 11 out o f 12 case studies, there were
positive welfare effects because o f improved performance as a result o f the sale.
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According to Nellis (1999), there are several motives behind privatisation such as
improving efficiency and unburdening the economy. However, Nellis identifies another
reason for privatisation, namely 'compromising and back-sliding policy'. According to
the author, there are several examples o f this policy being used by different countries
especially developing countries. Normally, these governments decide one policy in a
time o f crisis but as the crisis resolves, the policy is compromised. The governments
decide to restructure and introduce policy changes but the changes are then reversed due
to political pressures. The common story in most developing countries is that the
government takes some strong steps in a crisis, but, as the crisis fades, the government
and management

start to ignore the policy measures. The paper concludes that

ownership does matter and it plays a key role in the determination o f efficiency and
profitability o f the firms.

Jamasb (2002) has analysed reforms and the regulation o f electricity sectors in
developing countries. In his paper, he claimed that the experience o f the last two
decades showed that reform and regulation o f the electricity sector is a complex issue,
especially in developing countries, where there is no developed private sector, weak
economic and political institutions and a shortage o f human resources. Moreover, these
countries have no regulatory experience in any sector. It is now recognised that reforms
need equal attention to institutional structure and capabilities. Second, subsidy issues
should

be addressed

along with

the reform

process. A

lack o f broad

political

commitments on pricing policy can destroy the whole reform process. Examples o f such
cases are the experiences o f Latin American countries in the 1950s and 1960s.

The other lesson drawn by the author is that reform must ensure a fully functioning
transmission system grid. I f the existing transmission system is not supporting the
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liberalised market then it can create problems such as network congestion and barriers
to access. If there is vertical integration then this will create regional monopolies and
prevent the competition between firms.

According to Jamasb, the main expectation from the wholesale market involvement of
the private sector is that competition will improve efficiency in the generation sector,
leading to lower prices. But experience does not demonstrate this. In Pakistan, for
example electricity tariffs increased and service quality remained same. If there was any
benefit or social gain as result of reforms and competition, it was not passed on the
customers.

It is also observed that many developing countries can benefit from adopting a single
buyer model combined with competition among the generators for supplying large
users. But this competition

may not benefit in the presence of subsidies,

low

consumption and insufficient competition. It is also argued that there should be a
gradual reform process, along with institution-building and human resource training.
Although restructuring of firms may take a short time, the emergence of competition
can

take

longer.

Another

experience

mentioned

by the

author

is that

stable

macroeconomic conditions and political stability are crucial to the reform system. It is
suggested that policy makers' commitment to reforms and the regulators' credibility
through

a transparent

system

can

increase confidence among private

investors.

Countries should also try to attract foreign investment as well as domestic capital to the
sector.
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The question of whether reform in developing countries creates benefits and at what
cost has not been solved so far. There is no clear answer and there are mixed results.
The benefits and cost of reforms and privatisation vary from country to country. There
are different lessons to be learnt from reform to date, but the question that remains
unanswered is which package of reform is best—the gradual approach or delay? Each
country

has

adopted

different processes

and

is faced with

different

problems

consequences of the reforms.

The benefit of privatisation and reform is a contested and controversial issue. Several
economists have studied the benefits of privatisation and have claimed that privatisation
affects the productivity and profitability of firms (Whiteman, 1999; Sheshinkski and
Luis Felipe, 1998). If there is an increase in profitability without an increase in
productivity then firms have exploited their customers. Studies on the cost and benefit
of privatisation carried out by Whiteman (1999), Stubbs and Macatangay (2002) and
Sheshinski and Luis Felipe (1998) showed that privatisation increases profitability and
efficiency in competitive and monopoly sectors. These studies also emphasised the
value of a well-established regulatory system; without strong regulation reforms and
privatisation may not be effective. One common issue that arises in empirical literature
is that privatisation may have a negative impact on employment in the short run. Such a
decline in employment may create political instability in the country. This is a challenge
to the designers of regulatory policies, especially
macroeconomic

in natural monopolies. At a

level, no conclusive evidence can be drawn but the trends are

favourable in terms of foreign direct investment, the public sector deficit and stock
market capitalisation.
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Another challenge after privatisation is the protection of foreign investment. This issue
is important in making privatisation successful. Pakistan provides a useful example. The
government of Pakistan made long-term purchase agreements with H U B C O and IPPs at
relatively high rates compared to other developing countries, for example Bangladesh.
The new government was reluctant to accept the agreement and tried to change it. This
created a serious issue between the government and HUBCO. H U B C O threatened to
wind up all investments in Pakistan. Foreign investors were insecure. This dispute also
sent a negative signal to potential investors and new investment stopped during this
period.

Apart from the benefits of privatisation, there are some basic principles of privatisation,
which are vital to achieving the overall objectives. These were principles are set by the
British government. In 1988, the British Government set six principles, which they
sought to satisfy. The principles are as follows;
1.

Decisions about electricity supply should be driven by customer need.

2.

Competition is the best guarantee of customer interest.

3.

Where

a

natural

monopoly

remained,

regulation

should

promote

competition, control prices and protect customer interests.
4.

Security and safety of supply must be assured.

5.

Customers should be given rights and safeguards.

6.

All those who work in the industry should be offered a stake in its future and
freedom to manage their affairs without government interference.

The British experience served as a model and a warning to developing countries. There
are three pertinent lessons. There should be first a separation of generation; second,
efficient market configurations; and third, a framework of tight competition policy and
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natural m o n o p o l y regulation. T h e s e points are crucial for m a k i n g the privatisation
policy e f f e c t i v e and successful. T h i s may help in m a x i m i s i n g the w e l f a r e of consumers.

T o sum up, there are indeed some benefits of privatisation at micro and m a c r o levels.
W h a t is most significant in achieving the goals and m a x i m i s i n g social welfare is the
m e t h o d of privatisation and regulation. Objectives cannot be achieved without proper
process.

Privatisation without effective regulation would be a useless effort and m a y create
political problems, especially in the developing countries. T o m a k e the privatisation of
the electricity sector successful, it is necessary that principles and objectives should be
well set out and issues properly addressed. A sound regulatory system to monitor the
privatisation and reform process is crucial. All these steps help to maximise the
potential benefits of privatisation.

Privatisation is justified by theories of government failure. T h e choice of privatisation
m e t h o d f r o m both transactional and non-transactional types should be m a d e on the
objectives o f privatisation.

2.3.1 Costs and benefits of privatization
T h e r e are costs and benefits of privatization. It can bring costs and benefits to different
e c o n o m i c agents like consumers, workers, government and assets buyers in various
ways.
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2.3.2 Consumers

As an important economic agent, the consumer can most likely be affected by
privatization. If privatization togetlier with competition can achieve objectives of
efficiency and cost reduction, producers can improve performance and efficiency in
operation and provided this gain is passed to consumers then privatisation would bring
some benefits to consumers in terms of low price and improvement in quality of service.
Privatisation

has sometimes been associated with the removal of various cross-

subsidies. This will benefits some consumers and harm others.
For analytical purposes, it is often convenient to separate the effects of changes in
regulation from those of changes in ownership. This permits an analysis of the effects of
privatization in which output prices, and therefore consumer welfare, are held constant.

2.3.3 Employees
Privatisation has both benefits and costs to employees. It can reduce the number of
employees through restructuring and privatization because the management may not be
willing to maintain the overmanning and labour surplus associated with the public
ownership. On the benefit side while privatization leads to employment reduction,
productivity gains from employment cuts results in wage improvement for employees
who remained with privatized firms. Privatisation can create new j o b s at enterprise level
and sectoral level when privatized firms use assets more productively and invest in new
projects.

There are some arguments

for and against the objectives of privatisation

that

government should consider before making any decision on privatisation. If the
government has to privatise SOEs, it should give priority to the industries that will most
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benefit the consumers in the economy after privatisation. There should be a cost and
benefit analysis of privatisation. Priority should be given to the loss making units to
reduce the budget deficit.

Sequencing of privatisation is very important. Sequencing in the form of ownership
transfer is an important issue. To maximise gains from privatisation, sequencing of
privatisation is needed. Sequencing should start with restructuring industries to create a
competitive environment, establishment of a regulatory body to regulate the natural
monopoly and then transfer can be undertaken.

Results of empirical studies of privatisation are still inconclusive as to whether
privatisation has more benefits than costs. The performance and efficiency studies show
that superiority of performance of private firms over SOEs is inconclusive. The
performance of firms also depends on factors other than ownership.

2.4 Cost-benefit analysis approach (CBA)

There are two broad methods used to analyse the impact of liberalisation (Pollitt, 1997).
One method is analysing the historical data of firms using an econometric approach.
This approach is called frontier analysis, and is used to measure the efficiency of firms.
This approach is widely used by Coelli et al. (1998) and Burns and Weyman-Jones
(1994). Frontier analysis has been criticised for not directly addressing the issue of
whether

liberalisation

environmental

is

socially

beneficial.

This

approach

also

ignores

impact of privatisation. Proponents of the Computational

the

General

Equilibrium (CGE) method include Chisari et al. (1999), where the macroeconomic and
distributional

impact is discussed but the overall social cost-benefit analysis of

liberalisation is not.
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Cost-Benefit Analysis (CBA) is one way to organise, evaluate and present information
about actions taicen by the government to improve social welfare. This analytical tool
often applies non-market values to notions of well-being for which no market process
exist. Its use is complicated, expensive and controversial. This analysis is normally used
to measure the merits and demerits of public actions in terms of monetary value. The
objective of the public sector actions is to maximise the welfare of society as compared
to profitability, which is the primary drive of the private sector. To assess the public
benefit costs are indirectly estimated in monetary terms. In this case, the benefit is not
measured in terms of the private sector profit but is an estimated surplus of monetised
benefits overestimated cost. Based on this principle, CBA is an attempt to evaluate
government policy in terms of losses and gains to society. This method can be used
before and after the action to evaluate its merit and demerits.

Recently, this method has been used increasingly to evaluate privatisation and reforms
for sectors like utilities, energy, water resources and health. In the US, federal agencies
have used C B A since 1930. The government initially used it to evaluate the economic
feasibility of water resource projects, applying it later to public infrastructure and more
recently to social regulations (Moore 1995).

2.4.1 Limitations of CBA

Recently, the body of literature on the application of SCBA to the electricity sector has
been growing. Studies conducted by Newbery and Pollitt (1997), Pollitt (1999) and
Green and McDaniel (1998) used SCBA. But the method has limitations,
a)

There are difficulties in estimating the cost of a project.
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i)

It is difficult to predicting technical innovations, which may reduce long-term
compliance costs, leading to an over-statement of costs relative to benefits.

ii)

The project may have hidden costs.

iii)

Costs of pollution are difficult to quantify,

b)

It is difficult to estimate benefits.

Generally, benefits are measured in terms of net revenue or profit in the case of
agricultural output or industrial production. But it is sometimes difficult to measure the
benefit when these are collective or public in nature and there is no market value that
can be directly used to compare monetary costs.

Benefits that are collective in nature are valued in monetary terms in a formal c o s t benefit analysis. In general, the following problems may be faced in measuring benefits;
•

monetisation of positive benefits

•

scope of benefits; and

•

comparing benefits and costs that accrue at different points in time.

Problems in measuring costs and benefits must be considered in a full comprehensive
CBA. Reliable data is also necessary to conduct SCBA. Potts (1999) suggested that
excessive emphasis has been given to the estimation of distribution weights in the
context of a single figure measure of project worth, and that more attention should be
given to the distribution impact of the privatisation. He also suggested that the direct
and indirect impacts of privatisation should be measured. He recommended an approach
where direct measurement of income effects can be adjusted using shadow price
estimates to determine indirect income effects.
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2.5 Economic regulation in the electricity sector

As the electricity sector is characterised as a natural monopoly, regulation of this sector
is needed to maximize social welfare. Viscusi et al. (2000) and Ogus (2002) defined
that regulation is the use of government power for the purpose of restricting the
decisions of economic agents. There are many types of regulation, which are often
classified into social and economic regulation. Social regulation covers the area of
environmental regulation and consumer protection and labour conditions in terms of
occupational health and safety and equality, whereas economic regulation is mainly
exercised in relation to activities that lack competition, particularly with natural
monopoly. This section will discuss the theories and studies on economic regulation.

The early studies focused on how to define and regulate price. Weyman-Jones (1994),
Armstrong et at. (1994), Crew and Kleindorfer (1986), Train (1991), Waterson (1988)
reviewed the literature on this issue.

The purpose of regulation

is minimise the deadweight

loss and maximize

the

distributive and economic efficiencies. Most of early regulatory tools concentrated on
how to control prices and various theories of pricing for natural monopoly such as
marginal pricing, price discrimination, peak load pricing and Ramsey pricing were
developed.

The design of regulatory regimes varies in different countries due to differences in
objectives of regulation legal and institutional frameworks and regulatory governance.
Stern and Holder (1999) outline the regulation of infrastructure industries in developing
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countries in Asia, Estache et al. (2003) have explored the experience of regulation in
Latin America. Dyck and Telia (2002) measured the efficiency of firms in the Chilean
electricity distribution industry by the ratio of reported costs to revenue during 1988-99.

Estache et al. (2003) provided evidence that in Latin American countries prices
renegotiated concession contracts granted to the distribution companies under price-cap
regulation are higher than hybrid regimes, which are still higher than under rate of
return regulation. One possible reason for renegotiation by the firms is that under the
same terms of contract firms do not gain any profit from the improvement in efficiency.

Dyck and Talla (2002) explained that under price-cap regulation in the electricity
distribution industry, the incentives to reduce costs are strongest at the start of the
regulatory period and weakest as the new rate review approaches. The estimated cost
function is U shaped across the regulatory period. Dyck and Telia studied the strategic
behavior of firms and found that cost-padding does exist, and that the regulators may
incorporate these exaggerated costs in the new regulatory prices due to regulatory
capture.

Carrington et al. (2002) presented benchmarking analysis for an Australian regulator
that derives measures of efficiency for Australian gas distributors relative to US
counterparts. Carrington et al. found that benchmarking results should never be used in
an entirely perspective manner to set X factor for use in price-cap regulation. However,
the performance measures can be combined with other relevant information, including
submissions from firms regarding important omitted factors, to assist the regulators in
implementing regulatory structure, providing incentives for performance improvements
(Carrington 2002:215).
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Cubbin and Stern (2005) assessed 28 developing countries over tiie period 1980-2001
to determine whether the existence of a regulatory law and higher quality governance
are significantly associated with superior electricity outcomes. Their analysis draws on
theoretical and empirical work on the impact of independent central banks and
developing country telecommunications regulators. Cubbin and Stern found that
regulatory law and high-quality governance are positively and significantly associated
with higher per capita generation capacity levels. The results are quite significant and
not endogenously biased.

In the literature, different approaches of benchmarking and regulation have been
discussed. Each approach has its own advantages and disadvantages. Different countries
use different methodologies based on their environment, skills and

experiences.

Historically, the most commonly used regulatory methodology has been 'bottom-up
regulation'. This means the prices are set on the cost information of the regulated utility
(such as rate of return regulation, see, for example Berg and Tschirhart 1998).

Rate of return (ROR) regulation is a traditional method, allowing the utility to cover its
operating and capital cost, as well as to make a return on capital investment. The
problem with this approach is that it does not provide incentives for cost savings and
efficiency improvements.

To overcome the problems of the ROR approach, incentive-based regulation methods
such as price-cap, revenue cap, partial cost adjustment, yardstick competition, targeted
incentive approaches and hybrid schemes have been proposed.''

" T h e review of the incentive based regulation method in this section is largely based on Hall (2000);
J o s k o w and S c h m a l e n s e e ( 1 9 8 6 ) and J a m a s b and Pollitt (2000).
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With the incentive-based price-cap (revenue-cap) method, the regulator tries to provide
incentives to the f i r m s by setting an upper limit for the price (revenue) according to the
cost of utility. N o r m a l l y , the regulator fixes the price-cap for several years. T h e problem
in this regulation is that a firm may report a high cost of production in order to prevent
reduction of the price-cap. If this happens, the regulator would fail to provide the benefit
of regulation to the public.

T h e a d v a n t a g e s of price-cap regulation are numerous. First, under price-cap regulation,
the regulated firm will take the m a x i m u m price as given and seek to minimize costs and
invest at levels that are efficient, given the levels of demand resulting from the ceiling
prices. Second, rate-payers also gain, as part of the expected increased efficiency will be
passed on to them via profit sharing. Third, prices are likely to be lower than they would
be u n d e r R O R regulation. A s long as the X factor is positive, the rise in price will
a l w a y s be slower than the general inflation rate.

Shleifer (1985) proposed a yardstick competition method to avoid the asymmetric
information problem created by setting benchmarking criteria across the industry. In
this m e t h o d , an incentive is given to the firm to reduce costs and improve its efficiency
level. But this form of regulation

is more suitable for h o m o g e n e o u s firms. For

h e t e r o g e n e o u s firms, there would not be reliable benchmarking, or else they could
collude, which w o u l d falsify the results of regulation.

T h e creation o f a fair competition in the industry and setting a ' f a i r ' price is the
objective

of

regulation.

All

approaches

face

limitations

in

their

practical

i m p l e m e n t a t i o n . There is no 'right' method or model for the best regulation. T h e
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regulatory method should be adapted to the situation, considering the market structure,
environment and characteristics of the industry.

2.5.1 Regulation in developing countries
The regulation of the electricity sector is a new phenomenon in developing countries.
The question is whether developing countries can adopt the regulatory model used by
developed countries. Joskow (1998:4) suggested that there are many differences in their
state of development, including the performance of the infrastructure sector, market and
institutions,

which

regulatory regimes.

developing countries should take

into account

in

designing

There are some fundamental differences between developed and

developing countries, such as high population, political

instability and

lack of

institutional and human capacities. Laffont (1998), Stern (2000) and Beato and Laffont
(2002) have studied the specifics of developing countries, and have identified issues that
must be taken into account when regulatory frameworks are developed in developing
countries. These characteristics can be summarised as follows.

2.5.1.1 Corruption
Fischer and

Serra (2000:188) concluded that the regulators and bureaucrats in

developing countries receive low salaries, leaving them open to be easily captured. Low
salaries and benefits increase the risk of corruption in developing countries.
.2.5.1.2 Political instability
Political stability and the continuity of policies are important in building the confidence
of investors and increase predictability of the institutions. Developing countries do not
have constitutional control of the government and the ability to write long-term
contracts. The checks and balances provided by well-functioning democracies, court
systems, government auditing bodies and other counter powers causes governments to
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be less easily captured by interest groups. A lack of democracy and well-functioning
institutions leads to uncertainty in future regulation. In addition, the regulators are often
subject to pressure from populist politicians and industry lobbyists (Fischer and Serra
2000:188).

2.5.1.3 Financial and human constraints

In developing countries, the

financial

constraints are greater than

in

countries. Therefore, the information rents are higher. Both the strength of

developed
financial

constraints and the high cost of public funds favour less powerful incentive regulation.
The choice of regulation mechanism also depends on the macroeconomic stability of a
country. R O R regulation works poorly in countries with rapid inflation and unstable
interest rate because capital cost accounting systems and methods for calculating costs
of capital and allowed rates of return do not work well in unstable macroeconomic
environment. Regulatory lag can also be a big obstacle in attracting investment in such
environment.

In the initial stage of a regulatory regime, the availability of experts and auditing
m e c h a n i s m s are so poor that powerful incentive regulation should be adopted. Using
this type of regulation, short-run efficiency can be promoted. In this stage, developing
countries should develop a good auditing and regulatory capacity.

2.6 Summary
The above-cited studies, based on theoretical and empirical evidence, identified several
important aspects of the electricity sector, its privatisation and efficiency determination.
From the literature, it is clear that stochastic frontier analysis and cost-benefit analyses
are widely used to measure the efficiency of firms and to evaluate the governments'
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actions in undertaking privatisation. Both methodologies are applied to the electricity
sector. It is also clear from the literature that these methodologies have certain
limitations. There are several flaws and drawbacks inherent in each methodology as
mentioned by other economists and researchers. However, in the case of efficiency
measurement, the joint use of parametric and non-parametric approaches will allow the
results to be compared. These approaches are unable to evaluate the governments'
decision to privatise and the welfare gain/loss to the economic agent as a result of the
decision to privatise the sector. To capture this aspect of the study and to evaluate the
decision to privatise in terms of losses and gains, CBA is recommended.

CBA is

considered complex and data sensitive. In my study, to achieve the objectives and to
ensure comprehensibility, I have decided to use both the approaches of SFA and DBA. I
am also interested in conducting CBA to evaluate the privatisation and restructuring of
the electricity sector in Pakistan, but I have limited this study to the application of SFA
and DEA for the following reasons.
i)

Privatisation in Pakistan started in the late 1980s at a slow speed. Only one
thermal plant in the public sector has so far been privatised. Since 2003, the
electricity
(KESC),

distribution

companies

Faisalabad Electricity

Karachi

Electricity

Supply Company

Supply

Corporation

(FESCO) and

Peshawar

Electricity Supply Company (PESCO) have been put on the privatisation
agenda.

Therefore, data after privatisation are not available. Cost and benefit

analysis approach cannot be used for this study. This area is left for further
research and study on the electricity sector in Pakistan.
ii)

The SCBA methodology does not address environmental and quality issues.
Without estimating these factors, the distribution impact of welfare gain/loss
may be incomplete.
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iii)

T h e objective of this study is to analyse the p e r f o r m a n c e and efficiency of the
electricity sector and S C B A is ultimately not part of this study.

T h e r e f o r e , on the basis of above-mentioned reasons, this study will be limited to the
technical e f f i c i e n c y and p e r f o r m a n c e analysis by using the S F A and D E A approaches.
T h i s analysis will be helpful to regulate the sector. A well-regulated sector will be
helpful in supplying reliable electricity to the customer at the most efficient level. This
high quality and efficient sector will also improve the welfare level of the customers.
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Chapter 3
Privatisation and energy policies in Pakistan

3.1 Introduction and economic background
The state of Pakistan's economy at the time of independence in 1947 can be
illustrated by the fact that despite the first government budget projecting a revenue
of R s l 5 0 million (US$30 million), and the government had to borrow Rs80 million
(US$16 million) from the Habib Bank of Pakistan to pay the salaries of the
government employees and meet other day-to-day expenses. At that time, only 159
companies were registered in the area presently known as Pakistan. The first
industrial project launched in independent Pakistan was 'Den tonic Tooth Powder'
and the inauguration of Pakistan's first bottled drink, 'Pakola' was such a big event
it was performed by the prime minister of Pakistan.

In contrast, in the recent 2004-2005 Budget, the tax revenues are projected to be
more than Rs728 billion (US$12.3 billion) and the total estimated expenditure
Rsl 050.4 billions (US$17.8 billion).'' This clearly shows the magnitude of growth
that Pakistan has experienced since independence. Now, thousands of registered
companies are operating in Pakistan.

Since independence, the economic policies of Pakistan have followed the planning
of a broader framework of a mixed economy. The objectives of economic planning
were modernisation of agriculture, industrialisation and expansion in exports and.

See Government of Pakistan, Economic Survey 2004-2005.
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ultimately, accelerated e c o n o m i c growth.^ T h e public sector played a significant
role in achieving e c o n o m i c growth. In the early 1960s there w a s a high growth rate
in the country due to the public sector investment, especially in big projects like
building d a m s . But in the early 1970s there w a s political instability as well as big
policy c h a n g e s occurring.

In 1971, the government of Zulfikar Ali

Bhutto

introduced policy changes focusing on different sectors of the economy. O n e big
c h a n g e w a s the nationalisation of industrial units in 1972. Bhutto took the oath on
21 D e c e m b e r , and on 1 January 1972 his government issued the nationalisation
and e c o n o m i c reforms order, nationalising 31 key industrial units, breaking the
b a c k b o n e of the 22 rich families w h o were controlling Pakistan at that time. T h e
selection of the 31 key industrial units nominated by the government for take over
under

the

nationalisation

order

was

selective

and

politically

biased.

The

g o v e r n m e n t selectively picked some units and excluded others in the same sector.
This policy only worked for five years and was changed by the new government of
General Zia-ul-Haq in 1977. This government decided to privatise the nationalised
units after nearly eight years and this policy of privatisation is still continuing
under a m o r e solid institutional framework. Despite the frequent changes in the
g o v e r n m e n t since 1985, (five regular and six caretaker governments), there has
been c o n s e n s u s on the continuation of the privatisation policy.

3.2 Rationale of privatisation in Pakistan

T h e basis and rationale of privatisation was arose from the negative experience
f r o m the nationalisation policy. The decision to nationalise might have been be
good at the time in the sense that it stopped the concentration of wealth and
' C h u a d h a r y a n d A b e ( 1 9 9 9 ) call it i n c o n s i s t e n t p l a n n i n g .
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resources in the hands of 22 families. However, whether the objectives of
nationalisation w e r e achieved need to be tested. It also created several serious
e c o n o m i c and policy p r o b l e m s for the e c o n o m y . In addition to industrial units, the
g o v e r n m e n t o w n e d and operated services in banking, energy,

communication,

infrastructure and transport. All this w a s too much for a government of a poor
country

with

meagre

resources,

f u n d s and

managerial

skills.

State

Owned

Enterprises ( S O E ) eventually presented the following characteristics, according to
Privatisation C o m m i s s i o n (PC) of Pakistan:
•

m i s m a n a g e m e n t s and over-staffing

•

inappropriate and costly investments

•

poor quality and coverage of services

•

high debt and fiscal losses; and

•

production

and

profits that were

below their

potential

(Privatisation

C o m m i s s i o n 2000).

in d e v e l o p i n g countries, the managers of S O E s often promote their own interests.
Staff and m a n a g e r s are often appointed regardless of their qualifications or
appropriateness. Cross subsidies and low pricing is a c o m m o n practice of SOEs in
d e v e l o p i n g countries. T h e s e policies provide benefit to a f e w interest groups at the
e x p e n s e of the general public. Heavy financial support and grants were provided to
Pakistani S O E s , creating a burden on the economy. Normally, this

financial

support is provided from loans taken from banks and other international

financial

institutions. This also led to an increase in internal and external debt. Ultimately
the public suffered form poor basic facilities. T h e result w a s 33 per cent of the
population living in below the poverty line. In short, Pakistan's S O E s have failed
to deliver the objective of the nationalisation policy. Keeping this background in
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m i n d , the g o v e r n m e n t o f Pakistan ( G O P ) started the privatisation process. For this
purpose,

the

Privatisation

Commission

(PC),

the

Board

of

Privatisation

C o m m i s s i o n ( B P C ) and the Cabinet C o m m i t t e e on Privatisation (CCP) w e r e
established in 1991. Recently, in 2 8 S e p t e m b e r 2000, the G O P promulgated a new
Privatisation C o m m i s s i o n O r d i n a n c e 2 0 0 0 to strengthen the P C s ' legal authority as
a c o r p o r a t e b o d y for i m p l e m e n t i n g the g o v e r n m e n t ' s privatisation policy.

3.3 Objectives of privatisation in Pakistan

A c c o r d i n g to the PC, only a strong and d y n a m i c private sector can help Pakistan to
a c h i e v e its long-term e c o n o m i c growth and sustainable development objectives
(Privatisation C o m m i s s i o n 2000).

T h e g o v e r n m e n t ' s pursuit of liberalisation and privatisation is aimed at promoting
m a r k e t - b a s e d , private sector led growth. In the early stages of establishment, there
w a s no mission statement for privatisation and no set objectives w e r e mentioned.
N o w the P C has c o m e up with a clear mission statement for privatisation in
Pakistan.

Privatisation

is envisaged to foster competition, ensuring greater

investment,

c o m p e t i t i v e n e s s and modernisation, resulting in the e n h a n c e m e n t of e m p l o y m e n t
and provision of improved quality products and services to customers and a
reduction in the fiscal burden (Privatisation C o m m i s s i o n 2000).
T h e o b j e c t i v e s of privatisation as outlined by the PC, are
•

creation of m a r k e t based e c o n o m y
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•

an increase in capital investment

•

promotion of the expansion and efficiency of private sector enterprises

•

encouragement of competition and abolition of monopolies, especially the
public sector monopolies

•

generation of employment opportunities through a wider private sector
investment and industrial base

•

improvement of the quality of goods and services

•

a decrease in the opportunities for misuse and corruption by the officials,
public sector managers and politicians.

The above objectives are quite ambitious, but privatisation is neither necessary nor
sufficient for the realisation of objectives of economic growth (Kemal 2001). For
example, the mobilising of savings, economic stability, reversing capital flight and
improving the quality of goods and services do not soley rely on privatisation.

In my study, I will not examine all the objectives of privatisation as set by the PC,
but I will analyse some of them, especially the efficiency of firms, and provide an
overall assessment of privatisation. Pakistan's experience of privatisation has a
much broader framework and it is not limited to any specific area or industry. It
covers banking, utilities, energy and transportation sectors. So far, a large number
of public sector units have been privatised and other public units, including banks,
a telecommunication company and electricity sector firms, have been placed on the
privatisation list. To be specific, I will only focus on and examine the electricity
sector of Pakistan. The other sectors are left for future research.
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3.4 Modes of privatisation in Pakistan

Public units m a y be privatised in different w a y s . M a n y countries have different
e x p e r i e n c e s o f privatisation. Public sector enterprises m a y be liquated or divested
partially or c o m p l e t e l y . T h e divesture m a y take different forms, including floating
shares in the stock market, sales through

financial

institutions, equity tap and

outright auction ( K e m a l 2001). Figure 3.1 s h o w s several options for privatisation
and private participation. At one end are those in which g o v e r n m e n t retains full
responsibility

for operation,

maintenance,

capital

investment,

financing

and

c o m m e r c i a l risk—at the other are those in which the private sector takes full
responsibility for operations and financing. According to Figure 3.1, Pakistan used
m i x options for private participation and privatisation.

Pakistan has followed a diverse approach in privatising public sector units. A n y
m o d e of privatisation used by the G O P has doubts in the minds of the general
public. It is generally believed that the privatisation process is not transparent.
F o l l o w i n g are the six different m o d e s through which units in Pakistan

were

privatised in 1997
(i)

divestiture through bids

(ii)

floating of shares through stock e x c h a n g e

(iii)

sale to w o r k e r s ' m a n a g e m e n t groups on the basis of evaluation of
assets,

liabilities and

net worth

and

matching the m a x i m u m

bid

received
(iv)

sale to ' M O D A R A B A '

c o m p a n i e s (Islamic profit and loss sharing

principle), w h i c h raises f u n d s for purchasing shares
(v)

m a n a g e m e n t contracts with ' M O D A R A B A ' c o m p a n i e s ; and
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(vi)

lease m a n a g e m e n t c o n t r a c t s w i t h t h e w o r k e r s for a s p e c i f i c period to
e n a b l e t h e m to b u y o u t t h e e n t e r p r i s e s

in w h i c h t h e y h a v e

been

working.
W h i l e t h e p r i v a t i s a t i o n p o l i c y w a s i n t r o d u c e d by the G O P , the f o l l o w i n g three
m o d e s for privatisation w a s mentioned
Figure 3.1

Options for privatisation

Divestiture

^ ^

O
O
Build -Operate
Own Contracts

C
<u
a

-

Concessions

VI
<U
>

c
Build -Operate
Contraas

03
'C
cu

-Transfer

Lease

Management
Contract

^ —

^ x ^ r v i c e contracts

Unlimited
Years

duration

(Source: World Bank Privatisation Toolkit: Cross-sector (1998)

i)

total d i s i n v e s t m e n t t h r o u g h c o m p e t i t i o n b i d d i n g

ii)

partial d i s i n v e s t m e n t with m a n a g e m e n t control

iii)

sales/lease assets and property.

S o far, o n l y a Roti ( B r e a d ) plant is f u l l y liquidated, w h i c h is the option o f total
d i s i n v e s t m e n t t h r o u g h c o m p e t i t i v e b i d d i n g . T h e r e a s o n for not f o l l o w i n g the
l i q u i d a t i o n o p t i o n is that the P C insisted on the o p e r a t i o n o f the unit a f t e r the sale
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for

employment

generation.

A

12

per

cent

share

of

the

Pakistan

T e l e c o m m u n i c a t i o n C o m p a n y and a 10 per cent share of Pakistan International
Airline (PIA) h a v e been floated in the stock e x c h a n g e . It is interesting to note that
the m a n a g e m e n t of the Kot A d d u thermal p o w e r station has been handed over with
only 26 per cent of shares going to the private c o m p a n y . In Pakistan, most units
w e r e privatised through bidding.

T a b l e 3.1 s h o w s the allocative key responsibilities in the banking sector in
Pakistan. In all cases, divesture w a s the option for privatisation and m a n a g e m e n t
was

handed

over to the

private

sector. Public and

private participation

is

m a i n t a i n e d in t e r m s of c o m m e r c i a l risk, investment and asset ownership for most
privatised units.

Presently, the question is which m o d e of privatisation is the most feasible and
e c o n o m i c a l l y viable. T h e realisation of the objectives also depends on the m o d e of
privatisation, the restructuring and privatisation cost, the timing of cash flow and
the post privatisation structure. It is beyond the scope of this study to e x a m i n e
w h e t h e r the objectives of privatisation have been achieved for all sectors. I have
f o c u s e d only on the electricity sector, which is considered to be an engine of
g r o w t h in the industrial and agricultural sectors of Pakistan. This sector has the
biggest n e t w o r k and provides services to more than 12 million customers.

In next section I review and analyse the energy policies that played an important
role in attracting the private sector, as well as ensuring the regulation of this sector.
T h i s section will outline the background, objectives and process of privatisation of
the electricity sector in Pakistan.
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Table 3.1
N a m e of B a n k

Allocation of key responsibilities of private participation for the
Option
for
privatisation

Operation
and
maintenance
Private

Asset
ownership

Capital
investment

Commercial
risk

Duration

Private and
Public

Private

Private

Unlimited

Muslim
Divestiture
Commercial
Bank (86 per
cent)
B a n k e r s Equity Divestiture
( 2 6 per cent)
H a b i b Credit
Divestiture
and E x c h a n g e
(70 per cent)
National B a n k
Divestiture
of Pakistan
(37.3 million
shares)
United B a n k Ltd. Divestiture
(51 per cent)

Private

Private and
Public

Private

Private

Unlimited

Private

Private and
Public
Private and
Public

Public and
Private
Private

Public and
Private
Private

Unlimited

Private

Private and
Public

Private and
Public

Private and
Public

Unlimited

Private

Private and
Public

Private

Private

Unlimited

Bank A l f l a h

Private

Private

Private

Private

Unlimited

Allied Bank
Limited (51 per
cent share)

Divestiture

Divestiture

Unlimited

Source: A n n u a l Report (2002). Privatisation C o m m i s s i o n of Pai<istan, G o v e r n m e n t of Paicistan.

3.5 Power policies in Pakistan

In Pakistan, power generation occurs mainly in the public sector. In this sector,
there

are

two

main

vertically

integrated

utilities:

the

Water

and

Power

Development Authority (WAPDA) and the Karachi Electricity Supply Corporation
(KESC). In response to the lack of funds, the expected growth in electricity
demand and the poor performance of the public sector, the G O P decided to
mobilise the private sector resources by allowing private plants to generate
electricity. In 1985, the G O P first announced policy steps to attract private sector
investment to this sector. The response was that the first private sector power
project of 1,292 megawatt (MW) ' H u b Power project (HUBCO), was initiated.
This project was unique and was the largest in the world. It took almost 12 years
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for H U B C O to reach completion in March 1997, when it was fully commissioned.
After that, the G O P introduced several other new policies: the 1994 power policy,
followed by the 1995 Hydel policy, the 1995 transmission line policy, the 1998
power policy and finally the 2002 power policy (Annual Report 2000, PPIB).
These policies were introduced to attract private investment. The most successful
was that o f 1994, which attracted private investment in thermal power generation,
while the 1998 power policy was considered a failure in the sense it attracted only
a single letter o f interest (LOl). The government decided to revise its power policy
so as to make it more investment-friendly. The following are the salient features o f
different power policies.

3.5.1 Features of the power policy of 1994

The power policy o f 1994 was the first power policy in Pakistan, which invited
private sector participation in electricity generation to meet the growing demand
for electricity. The following are the main features o f the Policy.
•

The investors were free to propose the site and opt for their choices o f
technology and fuel.

•

Investors could propose projects based on hydro, or other renewable and/or
non-conventional sources o f energy.

•

The power was to be purchased by W A P D A / K E S C

under long-term

contracts covering the concession period.
•

The policy offered up-front bulk power tariffs.

•

Thermal projects were to be implemented on a Build-Own-Operate ( B O O )
model.

•

The availability o f draft security agreements was assured.
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•

Convertibility o f Rupees and availability o f foreign exchange to cover
necessary expenses o f tiie projects was assured.

•

The P S E D F could provide up to 40 per cent o f the capital costs o f the
project.

•

Section 13 o f 1947 Foreign Exchange Regulation Act was to be reformed.

•

Income earned from the sale o f electricity was exempted from corporate
tax.

•

Investors would be exempted from sales tax, Iqra®, flood relief and other
surcharges.

•

Investors w o u l d be exempted from custom duties on the import o f plant
and other equipment.

•

Investors w o u l d be exempted from income tax in Pakistan for foreign
lenders.

Table 3.2 presents the options for private participation under power policies during
the period 1994-2002. It is evident from Table 3.2 that the G O P offered different
options in each power policy. The most successful option was the B O O model
offered in the power policy o f 1994. In all policies, private ownership was the only
option and no public-private participation was introduced.

Although the G O P

provided 40 per cent o f development funds through the W o r l d Bank, capital risk
remained on the head o f the private sector.

' Iqra was a surcharge imposed on imports to promote literacy.
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T a b l e 3.2

O p t i o n s for the private participation u n d e r p o w e r policies

Policy
Year

Option

Asset
ownership

1994

Buiit-ownOperate
(BOO)
Build-OwnMainlain
(BOM)
Build-OwnTransfer
(BOOT/BOO

Private

Operation
and
maintenance
Private

Private

Private

Private

Private

1995

1998

2002

Capital
investment

Capital
risk

Duration

Private

2 5 - 3 0 years

Private

30 years

Private

40 per cent
from
PSEDF
40 per cent
from
PSEDF
Private

Private

30 years

Private

Private

Private

30 years

S o u r c e : Privatisation C o m m i s s i o n of Paicistan (2002)

U n d e r the 1994 policy, Pakistan offered internationally competitive terms to attract
investment

for the private sector p o w e r projects. T h e

incentives of g o v e r n m e n t

guarantee

1994 policy provided

for p a y m e n t of W A P D A

and K E S C

the

power

p u r c h a s e obligations and for fuel supply from public sector entities. Other incentives
included reduced local currency investment requirements, simplified procedures and
attractive bulk p o w e r tariffs (6.5 cents per Kilowatt-hour).

A s a result of this 'open

h a n d e d ' policy for foreign investors, the G O P received 127 applications for projects
totalling 2 6 , 0 0 0 m e g a w a t t s and issued 33 letters of support for 7,740 megawatts.
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3.5.2 Features of the transmission line policy of 1995

The power policy of 1994 was very successful in attracting private investment to the
generation sector. As a result, excess supply of electricity in Pakistan was created.
Under the policy, W A P D A was bound to purchase all electricity produced under longterm purchase agreements. Then the G O P realised that the benefits of additional power
generated would not be passed on to the consumers; transmission lines were not able to
bear the additional

load and transfer it effectively to the distribution

network.

Accordingly, the G O P decided to introduce a new transmission line policy based on the
pattern of the 1994 power policy. Under this policy, the following incentives were given
•

transmission lines to be identified by the G O P and constructed and maintained
by the private sector sponsor;
implementation of Projects on Build-Own Maintain (BOM) model
policy to cover transmission line and grid station above 220 KV
right of way to be provided by the power utility
term of Agreements to be 30 years.
selection of sponsors through international competitive bidding;
transmission company to be paid service charge in $/month/Km
exemption from corporate income tax and custom duties
availability of PSEDF for up to 40 per cent of the project capital cost.

The policy was not successful as compared to that of 1994. The 1995 policy could help
in providing the excess electricity supply to across of Pakistan. Still, many rural areas
do not have access to electricity. Until 1995-1996 rural levels of electricity grew at an
average rate between 9.5 and 11 per cent.^

' Government of Pakistan, Economic Survey of Pakistan 2000-2001
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3.5.3 The power policy of 1998

In 1998, a power policy for IPPs was announced, with the aim of meeting the energy
demands of the country through the exploitation of indigenous resources.

Many

expectations relating to attracting new large-scale FDI were pinned on this policy.
Unfortunately, it did not receive an overwhelming response. Under the 1998 policy, just
one single letter of interest was issued for a 450 megawatts coal-based project.
Subsequently, the government decided to review its power policy, making it more
investor-friendly. The main features of this new policy were as follows:
•

Feasibility studies for projects were prepared before bids were invited.

•

Hydel projects were to be operated on the Build-Own-Operate-Transfer (BOOT)
model (Transfer of assets to the province), and thermal projects on a BuildOwn-Operate (BOO) basis.

•

The G O P guaranteed the terms of executed agreements, including payment
terms.
Projects were implemented through both solicited and unsolicited proposals.
Permission was given to issue shares and corporate bonds at a discounted rate.
Uniform tax facilities for the private sector instruments.
A long-term credit facility provided a portion of the capital cost of the projects.
Section 13 of 1947 Foreign Exchange Regulation Act was removed/reformed.
A 90 per cent First Year Allowance (FYA) for hydel and indigenous coal base
projects was provided to cover the cost of machinery and equipment.
N o respite from custom duties, sales tax, Iqra, flood relief and other surcharges
including import licence fees was given.
Permission was given to raise local and foreign finance.
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•

Hydroelectric projects were to be transferred to the province in which they are
situated at the end of concession period.

•

The G O P was to bear the hydrological risi<c.

3.5.4 The power Policy of 2002 and its salient features

In 1985 initiatives were started to attract foreign investment in the power sector in
Pakistan. These initiatives were followed by a series of power policies. The power
policy currently being implemented in the country is the policy for power generation
2002. It provides handsome incentives to the private sector.

3.5.4.1 Objectives of the policy

The main objectives of the policy are as follows:
•

to provide sufficient capacity for power generation for the lowest cost, avoiding
capacity shortfalls;

•

to encourage the wide use of indigenous recourses, including renewable energy
resources, human resources, and the participation of local engineering and
manufacturing capabilities; and

•

to ensure that all stakeholders are looked after in the process, for example winwin situation for all and to safeguard the environment.
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3.5.4.2 Scope of the power policy;
The scope of the policy covers:
•
•

the private sector projects
public sector projects

•

public-private partnership projects

•

projects developed by the public sector and then divested.

The salient features of the policy covers private, public-private and the public sector
projects, and include:
•

bids on tariffs would be through International Competitive Bidding (ICB).

•

the utilisation of indigenous resources including hydroelectric, coal, gas and
renewable

resources

is encouraged

through

active

involvement

in

local

engineering, design and manufacturing capabilities.
•

A customs duty is imposed at the rate of 5 per cent on the import of plant and
equipment not manufactured locally.

•

The use of renewable energy sources, hydroelectric and fuels other then oilbased fuels is encouraged through a full levy of income tax on oil based power
projects.

•

for projects above 50 megawatts, one-window support is to be provided at the
respective provincial /azad j u m m o and kashmir level.

•

The ministry of water and power (through PPIB) is to remain the focal point at
the federal level.

•

Raw sites, where feasibility studies are not available, welcome unsolicited bids.
The sponsors of feasibility studies on raw sites will retain the first right of
refusal.
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A two-part tariffs structure, consisting of a fixed capacity and variable energy
component, is recommended with the proviso that fixed capacity payment for
hydroelectric projects would fall between 6 0 - 6 6 per cent of the total tariffs.
Any

hydrological

risk

is

to

be

borne

by

the

power

purchaser

(WAPDA/NTDC/KESC).

Table 3.3

Completed energy transactions and options for privatisation during

1990-2000
N a m e of unit

Mari G a s (20

Option for

Operation

privatisation
Divestiture

and

Asset

Capital

Commercial

maintenance

ownership

investment

risk

Private

Private

Private

Private

Unlimited

Private

Unlimited

per cent)

Duration

and
Public

Kot A d d u

Partial

Power

Divestiture

Company

with

(36per cent)

Management

Private

Private

Private

and

and

Public

and Public

Private

Private

Public

control
Dliurnal

Divestiture

Private

Private

Ratana

Divestiture

Private

Private

Private

Private

Unlimited

Turkwal

Divestiture

Private

Private

Private

Private

Unlimited

Adhi

Divestiture

Private

Private

Private

Private

Unlimited

Unlimited

S o u r c e : A n n u a l Report (2002), Privatisation C o m m i s s i o n of Pai<istan

3.6 Analysis of power policies.

Pakistan has established a track record of successfully attracting IPPs under four
policies. The most successful policies have been those of 1994 and 1995. But these two
policies also led to a heavy cost to the G O P and electricity consumers in terms of
foregone tax revenue and high tariff rates. A relatively high tariff rate (6.5 cents/KW)
and a guarantee to purchase all electricity produced were offered to IPPs. This created
pressure on the G O P economically and politically. Consequently, the G O P decided to
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revise the incentive package for foreign investors, and the exemption from taxes and
duties were withdrawn in the power policies of 1998 and 2002. In the two later policies
of 1998 and 2002, several changes in incentives can be seen. For example, the B O O T
model was adopted, and consequently, no tax, surcharges and duties exemption are
given to investors.

The revised conditions of the policy also implied that that all hydro projects would be
transferred to the relevant province after the concession period. Another difference in
the policies is financial support to the investors. In the early two policies, support was
provided through PSEDF (Private Sector Energy Development Fund). This facility is
removed in later policies, but the permission to issue shares and bonds is granted to
raise the funds to support the capital cost of the project. Generally it is observed that the
early policies were more investor-friendly than the policies of 1998 and 2002. As a
result, no significant investment was attracted by the policies of 1998 and 2002 because
of their tight nature and the lack of incentives offered to investors. Tables 3.1 and 3.3
illustrate methods of privatisation and private participation, especially in the power
sector. The tables show that the G O P mainly adopted a divesture policy as a method of
privatisation and allowed the private sector to operate and finance the units after
privatisation. The G O P minimised its role in running the public sector units. This
indicates that the G O P is quite interested in and serious about expanding the private
sector participation and attracting foreign investment. As mentioned earlier, there are
two main reasons for doing so. First, the government is not in a position to bear the
financial

loss of operating poorly performing public sector units. Second, it was also

interested in improving the efficiency of public firms and creating a competitive
environment. Tables 3.1 3.2 and 3.3 explain the options used for privatisation by the
government to achieve its goals, ft can be stated that the government has successfully
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privatised units, reducing its fiscal budget deficit and also increasing the competition
a m o n g firms through introducing different policies. These policies opened the door for
liberalisation in Pakistan.

3.6.1 Comparison of policies

The 1994 private power policy framework and the 1995 hydroelectric power policy
framework were based on tariffs announced up-front by the government, and attracted
private investment for over 3,000 megawatts of capacity. While the up-front tariffs
approach greatly simplified and accelerated the process of acquiring new capacity in the
backdrop of heavy load-shedding, it was not based on a competitive framework for
acquisition of new capacity. The policies of 1998 and 2002 are based on setting tariffs
as a result of a competitive process through which the sector will be invited to offer the
lowest rate for the delivery of electricity. The policies of 1994 and 1995 predominantly
resulted in private investment in oil and gas-fired power-plants, mainly based on
imports. The government is now taking a proactive role in promoting the use of
indigenous resources, such as coal and hydroelectricity resources, in power generation.
The earlier two power policies provided internally competitive incentives and an almost
blanket exemption from all duties and taxes. These policies could not protect the local
engineering industry and equipment manufacturers from power plants because they
were not able to compete with duty-free imported equipment. The policies of 1998 and
2002 eliminated this inequality and promoted the use of indigenous power resources by
protecting the local industry. This may have a positive impact domestically in terms of
import duty, tax revenue and use of local resources, but may not be able to attract a
significant amount of foreign investment. As a result of tight policies as compared to
1994 policy, the response from investors is not overwhelming.
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Table 3.4 gives details o f upcoming transactions. Tiiere are two units in the financial
sector and four are from the power sector on the privatisation agenda. Divesture is the
main option for privatisation for unlimited duration.

N a m e of unit

Option for
privatisation

Asset
ownership

Capital
investment

Commercial
risk

H a b i b Bani< Ltd ( H B L )

Strategic sale

Private

Private

Private

Divestiture

Private

Private

Private

and Public

and Public

and Public

Duration

Unlimited

(51 per cent share)
National

Investment

Trust

( N I T ) (58 per cent share)
National

Power

Construction

Divestiture

Private

Divestiture

Private

Private

Unlimited

Private

Unlimited

Private

Private

Unlimited

and Public

and Public

and Public

Private

Private

Private

and Public

and Public

and Public

Strategic sale

Private

Private

Private

Unlimited

Divestiture

Private

Private

Private

Unlimited

Company (NPCO)
Karachi

Electric

Supply

Corporation (KESC) ( 5 I ^ 7 p e r
cent)
Faisalabad

Electric

Supply

Divestiture

C o m p a n y (Fesco)

Unlimited

(56 per cent)
Genco I (Jamshoro)
(51 per cent)

S o u r c e : A n n u a l Report (2002), Privatisation C o m m i s s i o n of Pakistan
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3.7 Summary

The process of privatisation in Pakistan commenced in 1985. During the period of
1985-2002, Pakistan has diversified its experience of privatisation. Moves towards
privatisation in Pakistan were the result of the negative experience of the nationalisation
policy of 1972. The rationale of privatisation is that the experience of owning and
operating nationalised units failed. As a result of the nationalisation of units, the SOEs
displayed the following characteristics: mismanagement and over-staffing, inappropriate
and costly investments, poor quality and coverage of services, and high debt and fiscal
losses.

In Pakistan, privatisation was started with the following objectives: creation of a
market-based economy, increasing capital investment, promoting the expansion and
investment of private sector enterprises, and encouraging competition and efficiency in
private sector enterprises. The question is whether these objectives have all been
achieved. This study will attempt to determine this. Pakistan mainly used four modes of
privatisation: floating of shares in the stock-exchange, full liquidation of units, selling
units through bidding and transferring management, and selling the units to workers'
groups with management control.

The electricity sector is one of the main sectors to be privatised.

To facilitate

privatisation, to attract private and foreign investment, the GOP introduced the four
power policies discussed earlier. As a result of the introduction of those policies,
Pakistan was able to attract project of more than 3,000 MW. After analysing these
policies, it is evident they inconsistent in terms of incentives and models adopted. The
policies that are currently in place are tighter and less-investor friendly. Second, earlier
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policies provided an internationally competitive package of incentives including total
tax and duties exemptions, as well as offering a high tariffs rate. But these policies
failed to create significant levels of competition in the industry, and could not protect
the domestic manufacturers equipment for the electricity generation sector. Despite all,
this, these policies also led to heavy cost in terms of foregone tax revenue and the tariff
burden on consumers. The later policies of 1998 and 2002 provided fewer incentives for
investors but encouraged the use of indigenous energy resources and

provided

protection for the domestic engineering industry, which may have a good impact on the
economy in terms of domestic production, employment and government revenue.
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Chapter 4
Structure of the electricity sector in Pakistan
4.1 Introduction
Electricity is a main engine for economic activities and industrial growth. Reliable,
secure and cheap electricity supply is needed for commercial activities. In developing
countries, it is one of main sources of employment, as well as a primary source of
revenue for the government. It has three main subsections: generation, transmission and
distribution. Before the 1980s, it was considered as a public sector natural monopoly.
Over the last two decades, it has experienced the restructuring, privatisation and private
participation. Due to reforms and globalisation, this sector has been liberalised in many
countries.

In Pakistan, as in other developing countries, the electricity sector is a vertically
integrated public sector monopoly. In such a public-owned sector, there may be
evidence of planning, the cost of which is paid by the customers in the form of higher
tariffs and poor quality service. One of the reasons for this situation is political
intervention, which is common in developing countries, especially in South Asia. As a
result, over-staffing, mismanagement, inefficiency and unreliability of supply are the
main characteristics of the sector. In addition, there are high levels of system losses and
poor cost recovery from the customers, affecting the financial health of the sector. In
late 1980s, the government of Pakistan realised that there was also a pressure from
international donor agencies (IMF, World Bank and ADB) to introduce reforms in this
sector. Thus in 1990s, the government liberalised the sector and invited private sector
participation and foreign investment in thermal generation. This was the beginning of
the liberalisation of electricity in Pakistan.
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In this regard, the G O P introduced several p o w e r policies (see C h a p t e r 3) and a
restructuring plan f o r the sector (discussed in Section 4.8.2.1). In the following sections
the current and f u t u r e structure of the sector is analysed in detail.

4.2 Overview of the electricity sector in Pakistan
Currently the electricity sector in Pakistan is characterised as a semi-public and semiprivatised vertically integrated sector. There are t w o main players in the public sector:
W A P D A and K E S C . Overall, the Federal Ministry o f Water and P o w e r is the principal
organ that introduces and implements policies. W A P D A and K E S C are publicly-owned
units. K E S C is a public limited c o m p a n y , established in 1931 under the Indian Act that
provides electricity for Karachi and its surrounding areas. K E S C is ranked a m o n g the
top 15 Pakistani c o m p a n i e s in t e r m s of market capitalisation and is listed in all stock
e x c h a n g e s of Pakistan. It is engaged in generation, distribution and transmission. It total
covers a total area of 6,000 square kilometres and it has a customer base of 1.7 million
people, p r e d o m i n a t e l y in urban areas. T h e total population in its area is more than 10
million. It has 9.91 per cent share of installed generation capacity. Due to poor
p e r f o r m a n c e , p o w e r and

financial

losses, the G O P has decided to privatise it and

currently it is on the privatisation a g e n d a of the government.

W A P D A is a key player in the electricity sector of Pakistan. It w a s created in 1958 as a
semi-autonomous

body

for the purpose

of carrying out accelerated

and

unified

d e v e l o p m e n t of water and p o w e r resources. It supplies electricity to the entire country,
except for Karachi and its surrounding areas.
discussed in detail in Section 4.8.

65

T h e key players o f this sector are

In case of electricity generation, WAPDA produces 54.7 per cent of electricity used, and
100 per cent of distribution. There are in total 13 million consumers, out of an estimated
22 million households. About 55 per cent of the total population is estimated to have
access to electricity. Only 40 per cent of rural areas have access to electricity. It seems
that 45 per cent of the total population (60 per cent in rural areas) do not have access to
electricity. These people use alternative sources of power such as oil and so on.

The accrued liabilities of WAPDA and KESC run into over Rs60-70 billion. Both the
key players in the public sector are facing losses, and their financial position is unstable.
Because of these problems, the GOP introduced a plan for the restructuring and
privatisation of this sector to improve the efficiency and service quality. These policies
were discussed in the previous chapter.

4.3 Methods of Generation
In Pakistan, electricity is produced by different sources. The following are the main
sources of electricity generation in Pakistan.

4.3.1 Hydro-electric Plants
In this method of generation, energy is converted into electricity through a running
turbine with a falling water stream. These turbines are coupled with generation; when
turbines rotate, they also run the generators. Capacity to generate and the capacity of the
hydroelectric plant as whole are determined on the basis of the number of turbines/
generators. For hydroelectricity, multi purpose water reservoirs and run of the river
plants can be used. In multi-purpose water reservoirs, water can be stored and
discharged according to irrigation requirements. In dams, electricity generation is a
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secondary objective while the storage of the water is the primary objective. The
availability of a suitable site for the plant and dam is the core issue; it takes a long time
to decide and is very expensive in capital cost. Because of the environmental problems
of constructing dams for electricity generation, it also becomes a political issue. The
current example is the construction of the KALA BAG dam. Over the last twenty years,
G O P decided to construct the KALA BAG dam, which was deemed to be the most
desirable and feasible way to overcome water shortages and to control the wastage of
water. The G O P has even arranged the financing from international donor agencies for
this ambitious project. But it has been a political issue since its inception and now its
construction may lead to political instability, and perhaps even civil war. Therefore,
recognising its importance but eager to avoid political problems each government has
left it for the subsequent government as an unfinished agenda item.

The advantage of hydroelectricity plants is that they have small operating costs and are
a very cheap source of electricity generation. They are also considered as a one of the
most reliable sources of electricity for countries that are rich in water resources and
have a good rainfall. Pakistan is one such country; thus, the potential for hydroelectric
generation is good. According to estimates, Pakistan has a capacity to produce
hydroelectricity of 30,000 MW, which is almost double the current demand. (The
current utilization is only 5,010 MW.) There are several factors that affect capacity,
such as annual rainfall and seasonal variation of reservoir levels and consequent
reduction in the power output of storage type hydroelectric projects in Pakistan. There
are two main dams in Pakistan used for electricity generation: Terbela and Mangala.
Terbela, with maximum head of 400 ft, experiences variation of 230ft while Mangia has
a 162 ft variation against the maximum head of 360 ft. The flow of Terbela dam is from
November to June when the capacity reduces to as low as about 1350 MW against the
maximum of 3703 MW during high head period (August to September, 15 per cent
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permissible overloading in units I-IO). W A P D A ' s hydroelectricity generation capacity
varies between of 1,990 M W and 5,128 MW over the cycle of the y e a r / Another
problem with this system, especially in agricultural countries, is the fear of less
available power at the tail end of the irrigation system. There is also displacement of
ecological systems and habitats. There are also some concerns regarding unforeseen
events (earthquakes, massive flooding). It is believed that if these factors were measured
in monetary terms then hydroelectricity would be more expensive than other sources of
electricity generation.

Figure 4,1 Installed capacities in Pakistan 2002
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Source: Annual report (2002), Private Power Independent Board
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4.3.2 Thermal generation

In the thermal generation method, several types of plants are used to generate
electricity.
•

Steam plants: coal is burnt in a boiler to produce high-pressure steam to drive a
turbo generator.

•

Gas turbine: high-pressure gas (substitute fuel) is used to drive a turbine - t h i s
method has a quick start up.

•

Diesel units: acts similarly to a diesel engine to run a generator set- this method
has a quick start up.

•

Combine cycle units: combines the features of gas and turbine and steam units,
that is the exhaust of the gas turbine is combusted to produce steam, which also
drives a steam.

The main advantage of a thermal generation plant is that it can be set up fairly close to
the demand centres. Second, it has a moderate capital cost (about $0.8 million/MW) as
compared to a hydroelectric plant. It does not take much time to set up ( 2 - 3 years). The
major problem of such plant is that it has fairly high operating costs. IPPs are mainly
using these types of plants for electricity generation. Pakistan has a 10,000 M W total
thermal capacity. It is interesting to note that it has 30,000 M W hydroelectric capacities
and 10,000 M W of thermal capacity, but major investment is coming via thermal
generation. Third, hydroelectricity is relatively cheaper but the government is promoting
thermal generation. As a result, electricity tariffs have increased and this has also
affected the purchasing power and demand for electricity in Pakistan.
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Thermal generation in Pakistan is produced by WAPDA, KESC and IPPs. W A P D A
thermal power plants generated 18.59 K W H of energy during over 2001-2002. The
energy generated is 62 per cent from gas, 36 per cent from furnace oil and 2 per cent
from coal. IPPs have a 5,549 MW-installed capacity with 31.4 per cent share in total
installed generation capacity.

The choice of fuel is an issue in this method. The cost of generation directly depends
on the fuel: local versus imported, alternative uses of fuel versus power generation.
Pollution is another major issue in this method. The thermal power generation plant
may create air pollution and waste. As mentioned earlier, the price of thermal power is
much higher than other forms of generation. Even Pakistan is offering a relatively
higher price to IPPs than other regional countries like Bangladesh. As a result new IPPs
are investing in this sector in Pakistan.

4.3.3 Nuclear plants

In nuclear plants, nuclear fuel (uranium) is used in a reactor where an enormous amount
of heat is generated in a controlled nuclear reaction. The heat-energy is used to generate
steam, which drives electric generators. The waste material of this plant can be used for
making nuclear weapons.

Nuclear plants are very capital intensive and take 7 to 10 years for construction. They
also require full infrastructure for nuclear fuel beneflciations preparation and waste
disposal. Due to the requirement for special infrastructure and safety standards, the
operating cost is very high as compared to input cost because oil, gas or coal is not
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needed for inputs. Pakistan has two such nuclear plants for electricity generation with a
capacity o f 462 M W .

The main issues in these plants are radiation and safety concerns. There is always
pressure from the international community to ensure that consumed fuel should not be
used to produce weapons.

4.4 Power generation resources in Pakistan
Pakistan has rich potential for electricity generation. It has two main resources:
indigenous coal resources and potential hydroelectric resources.

4.4.1 Indigenous local coal resources

In Pakistan, total coal resources are estimated to be 185 billion tonnes, which could
effectively be utilised for power generation and in other coal-based industries. These
resources also include the recently discovered deposit o f coal, estimated to be 175.5
billion tonnes, in the Tharparkar area in the province o f Sindh. There are other
significant coal deposits available for power generation at the Sanda and Lakhara areas
in Sindh province. In Punjab province, these deposits are available at the Salt Range.
There are several places in Baluchistan province where coalfields have been discovered.

As per the geological survey o f Pakistan, the break up o f local coal deposits in the
various parts o f the country can be seen in Table 4.1.
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T a b l e 4.1

Coal deposits in Pakistan
Quantity (billion tonnes)

Sindh coal resources

184.6

P u n j a b coal resources

0.256

Baluchistan coal resources

0.195

N W F P coal resources

0.0181

Source: Annual report (2002), Private Power Independent Board

4.4.2 Potential hydroelectric resources

Pakistan also has the potential for hydroelectric power generation. There are several
small to m e d i u m size hydroelectric power projects.

Currently the government is also

encouraging private investment in this area. According to W A P D A , it is estimated that
h y d r o p o w e r potential in Pakistan is about 30,000 M W , out of which hydel power
potential is around 20,000 M W , whereas the existing hydroelectric capacity in operation
is only 5,010 M W . Hydroelectric resources are mostly concentrated in the northern
m o u n t a i n o u s regions of Pakistan.

Despite the h u g e amounts of available resources of coal and hydroelectric, Pakistan is
under-utilizing these resources for power generation. For thermal power generation,
plants are mostly operating on oil, which is imported from other countries. Pakistan
needs to start n e w projects for hydroelectricity generation to meet the future demand for
electricity (Table 4.2). N e w hydro projects could not be started because of the social and
political impact o f these projects. By looking at the future demand and supply position
in Pakistan (see Section 4.5) it b e c o m e s clear that Pakistan will need increased levels of
p o w e r generation to meet the growing demand of electricity. A s domestic consumption
of oil in the transportation sector and the price of oil are increasing in international
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markets, the g o v e r n m e n t is encouraging generation plants to be converted to natural gas.
U n d e r the 1995 p o w e r policy, the government is encouraging the use of domestic coal
for electricity generation.

4.5 Demand and supply position in Pakistan

Since the 1980s, p o w e r supply has lagged behind demand in Pakistan, resulting in m a j o r
load-shedding

of electricity generally

peaking

in two separate periods: once

in

m i d w i n t e r and again in m i d s u m m e r . In midwinter, load-shedding is caused by a
shortage of water and low hydroelectricity.

This problem is compounded by low

thermal generation occurring at that time because of the diversion of gas supplies to
meet the higher domestic demand during winter. The m i d s u m m e r load-shedding is
again due to the low levels of water because of the high demand of water for irrigation.

T h i s shortage of electricity supply and increasing demand for electricity continued
throughout the 1990s. In 1992, the government decided to liberalise the generation
sector to meet the high d e m a n d for electricity. As a result, the 1994 policy, as discussed
in C h a p t e r 3, was introduced. This was the first power policy in Pakistan's history and it
attracted private investment and increased generation capacity of electricity. The current
and future position of d e m a n d and supply of power as estimated by PPIB in 2003 are
presented in Table 4.2. T h e y show that from 1999 to 2006, there would be surplus of
electricity. With available installed capacity, there would be again shortage of supply up
to 2010.
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T a b l e 4.2
Year

P o w e r d e m a n d and supply position in Pakistan
Firm Supply

Peak Demand

Surplus/Deficit

(MW)

(MW)

(MW)

1999-2000

13,445

11,296

2,149

2000-2001

13,716

11,852

1,864

2001-2002

13,693

12,443

1,250

2002-2003

14,336

13,071

1,265

2003-2004

15,046

13,831

1,215

2004-2005

15,082

14,642

440

2005-2006

15,072

15,483

-411

2006-2007

15,091

16,548

-1,457

2007-2008

15,055

17,689

-2,634

2008-2009

15,055

19,080

-4,025

2009-2010

15,055

20,584

-5,529

Source: Annual report (2002), Private Power Independent Board

T h e r e are three main sources of electricity generation in Pakistan. A s Figure 4.1 shows,
thermal generation has the highest share (69.1 per cent). This thermal generation
includes public and private electricity generation. T h e hydroelectric and nuclear power
have 28.3 and 2.61 per cent share respectively. To meet the demand for electricity in the
future the g o v e r n m e n t is planning to build multi-purpose dams. So far, because of their
social and environmental cost, the government is facing tough political

resistance

against its new dam policy. A s shown in Table 4.2, to meet the demand, the government
will have to increase the installed capacity.

Table 4.2 shows that the demand for

electricity in 2 0 1 0 would be almost double that in 1999-2000. T h e reasons for this high
d e m a n d are high e c o n o m i c growth at 6.6 percent in 2 0 0 5 - 0 6 , Pakistan's e c o n o m y has
g r o w n at an average rate of almost 7.0 per cent per annum during the last four years
( 2 0 0 2 - 0 3 to 2 0 0 5 - 0 6 ) and over 7.5 percent in the last three years ( 2 0 0 3 - 0 4 to 2 0 0 5 06), thus positioning itself as one of the fastest growing e c o n o m i e s of the Asian region.
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T h e growth m o m e n t u m that Pakistan has sustained for the last four years is underpinned
by d y n a m i s m

in industry, agriculture and services, and the e m e r g e n c e of a n e w

investment cycle with the investment rate reaching a new height at 20.0 percent of G D P .
T h e r e f o r e , the pre-requisites for sustained economic growth appear to have gained a
firm

footing during the last four years (Government of Pakistan, Economic Survey

2 0 0 5 - 2 0 0 6 ) . A n o t h e r reason for increasing demand is village electrification.

T h e r e are t w o possible options for increasing the supply: the government allows new
thermal electricity generation or builds new dams to generate hydroelectric electricity.
T h e r m a l generation has the advantage in that it can provide electricity in short periods,
as c o m p a r e d to other power plants, but it has high variable cost.

4.6 Methods of electricity transmission
Technically, electricity is generally produced away from the consumption centres and
has to be transmitted through transmission lines. There is a chance of transmission
losses if the distance between the generation and consumption points is high. This loss
o f electricity can be minimised by increasing the voltage of transmission. Normally, this
voltage is high at generation centres and step down transformers decrease the voltage
near the c o n s u m p t i o n centres.

In Pakistan, there is a central transmission c o m p a n y — N a t i o n a l Transmission C o m p a n y
(NTC).

NTC

is a subsidiary c o m p a n y of W A P D A . N T C buys electricity from

generation c o m p a n i e s and transmits it through distribution companies. W A P D A again
plays an important role in the transmission of electricity. It has a widely spread
transmission system that covers the whole of Pakistan, except Karachi. Its system
c o m p r i s e s an Extra-High Voltage ( E H V ) primary transmission system (2,803 circuit
kilometres (cct kms) of 500 KV lines and seven grid stations) and a secondary
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transmission system (23,000 cct k m s of 220 KV and 66 KV lines nearly 600 grid
stations).

In 1995, the G O P invited private investment for improving its transmission system by
introducing a transmission policy. Under this policy the private sector was expected to
set up E H V transmission lines in a Build-Own and Maintain ( B O M ) basis.

4.7 Electricity distribution
In the electricity distribution system, from the city-gate grid station, electricity is further
carried

into the demand

centre by a system of

1,000 voltage transmission

and

distribution lines and further step down substations. Normally, 11 KV lines convey
p o w e r to the city centre, and are stepped down to 4 0 0 V / 2 2 0 V supplies through polem o u n t e d transformers for residential consumers. There are different categories of
electricity supply in terms of consumers, and electricity for industrial consumers in
generally supplied at higher voltage.

T h e distribution system works as the backbone for the power sector. An efficient and
reliable distribution system is required for transferring power to customers.

Any

interruption in the distribution system is a major cause for c o n s u m e r s ' irritation. In
Pakistan, there are nine distribution companies (Discos). A Chief executive heads each
c o m p a n y . T h e area of jurisdiction in respect of each distribution c o m p a n y is presented
in Table 4.3.
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Table 4.3

Electricity distribution companies and their area of jurisdiction

N a m e of distribution
company

Area of jurisdiction

LESCO

S h e i k h u p u r a , K a s u r , Lahore, O k a r a

GEPCO

G u j r a n w a l a , Siaikot, M a n d i B a h a u d d i n , H a f i z a b a d , N a r o w a i , G u j a r a t

Faisalabad,

Sargodha,

Khushab,

Jhang,

Toba

Tek

Singh,

Bhalwal

FESCO
M i a n w a i i , B h a k k a r Districts of P u n j a b P r o v i n c e

lESCO

Islamabad, Rawalpindi, Attock, Jhelum, Chakwal

Rahim
MEPCO

Yar

Khan,

Muzaffargarh,

Multan,

Dera

Ghazi

Khanewal,
Khan,

Sahiwal,

Leiah,

Rajan

Pakpattan,
Pur,

Vehari,

Bahawalpur,

Lodhran, Bahawalnagar

PESCO

Whole Province o f N W F P

W h o l e P r o v i n c e of Sindh e x c e p t Karachi w h e r e K E S C is r e s p o n s i b l e for
HESCO
distribution of p o w e r

QESCO

W h o l e P r o v i n c e of Balochistan

KESC

K a r a c h i a n d its s u r r o u n d i n g a r e a s

S o u r c e : W A P D A website: http://202.38.50.35/htmls/pdistribution-index.html
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4.8 Key player of the sector
The power sector in Pakistan is a vertically integrated public monopoly. Within this
structure there are four main key players.

4.8.1 National Electricity and Power Regulatory Authority (NEPRA)

N E P R A is an independent and autonomous regulatory institution that acts as a referee in
the interest of consumers, investors and the government. It also promotes competition
where feasible. It was created in December 1997 to introduce transparent economic
regulation, based on sound principles, to the electric power sector in Pakistan. N E P R A
reflects the country's ability to enter the new era as a nation committed to free
enterprise, and able to meet its social objectives, improving the quality of life for its
people and providing them with opportunities for growth and development (NEPRA
2000).

The main functions of N E P R A are as follows:

•

licensing and license enforcement

•

regulation and tariffs settings

•

dispute resolution (only of regulatory nature)

•

other related matters (standards codes, specification and safety and so on)

From these at the above functions, it is clear that the j o b N E P R A was created to do is to
regulate and monitor the sector. The j o b of regulator is important in improving the
efficiency and quality of the services.
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4.8.2 Water and Power Development Authority (WAPDA)

W A P D A was created in 1958 for the purpose of coordinating and giving a unified
direction to the development of water schemes in the power sector, as identified earlier
by the respective electricity and irrigation departments of the provinces. The charter of
duties of W A P D A is to investigate, plan and execute schemes for the following fields:

•

generation, transmission and distribution of power

•

irrigation, water supply and drainage

•

flood management

•

inland navigation

W A P D A is one of the largest employers of human resources in Pakistan. It has two
major functional wings to look after its functions, namely the power wing and the water
wing. The set up of the power wing can be seen in Figure 4.2
Figure 4.2 Current market structure of power sector
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Source: World Bank website: http://poverty.worldbank.org/files/13928_pakistan_psia_ppt.pdf
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4.8.2.1 Restructuring and privatisation of WAPDA

Under the power wing, there are three generation companies, one transmission company
and eight distribution companies. These cover almost the whole of Pakistan, except
Karachi and its surrounding areas. Two distribution companies (FESCO and PESC) are
to be privatised in first phase. After that, other companies may be privatised. WAPDA
is currently being heavily restructured.

Figure 4.2 shows the current structure of the

sector, while Figure 4.4 shows the post-restructuring scenario. Almost 60 per cent work
of restructuring has been completed.

Figure 4.2 clearly shows that the public sector side is much heavier than the private. The
public sector has an almost 100 per cent share in distribution and hydroelectricity
generation. There are three generation companies (Gencos) working under WAPDA to
produce thermal electricity generation. As mentioned earlier, WAPDA is under a heavy
restructuring plan, the post restructured scenarios are presented in Figures 4.4. There are
number of reasons that have pushed the government, to privatise its power sector and to
pursue private sector participation.

There were fiscal losses as a result of power losses. According to estimates, there were
3 0 - 4 0 per cent power losses of the value of more than Rs40 Billion (approximately 1
per cent of GDP). Because of these liabilities the government was at serious risk of
macroeconomic instability. To reduce the fiscal losses, the government had to raise the
tariffs rate frequently, which increased public anger. A rise in utilities tariffs was also
considered one of the main causes of the increase in poverty in the country. There was
also overstaffing, mismanagement and corruption in the sector.
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All these factors contributed to the move to restructure and privatise the sector. So iin
1992, the G O P introduced an unbundling plan for the power sector, presented in Figure
4.3.

Figure 4.3

FOCUS

OF

Focus of W A P D A ' s restructuring

WAPDA's

RESTRUCTURING

. TRANSFORMING THESE ORGANIZATIONAL COMPONENTS

Source: W A P D A restructuring plan presentation

According to the annual report of NEPRA (2000) the electricity industry was facing the
following main concerns:
i)

The financial position of the two public sectors (WAPDA and KESC) had been
gradually destroying W A P D A ' s

financing

gap during FY 2001-02, which,

according to their statement, was Rs21 billion and is expected to grow in the
next financial year. KESC, which generates about 12 per cent of the power in the
country is in a worse financial position and had a financing gap of Rs23 billion
in the same financial year (KESC 2002).
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11)

During FY 2001-02, the government had to undertake extensive financial and
capital restructuring of the public sector utilities to maintain its financial
viability.

The government has carried out a number of steps to restructure WAPDA.

•

The G O P carried out debt equity of Rs2 billion for W A P D A ' s outstanding debt
service liability.

•

G O P deferred recovery of W A P D A ' s DSL amounting to Rs20 billion. A debt
equity swap for this DSL of Rs20 billion would be carried out during FY 200203.

•

The G O P paid Rs3.6 billion to WAPDA on account of the adjustment of an
additional surcharge against GST and the recovery of W A P D A ' s dues against
non-payment and subsidy cases.

All this shows how much the GOP paid to maintain the financial viability of WAPDA.
To avoid further expenditure, the GOP decided to restructure and then privatise its
distribution and generation sector. For this purpose, with the help of the World Bank,
IMF and ADB, the GOP made a plan for restructuring of WPADA with the following
primary objectives:

W A P D A ' s 12 companies would be prepared for their transition towards a
corporate and commercial operating environment through business process
reengineering.
A change management program would be instituted to train staff in the
management latest techniques and practices.
A framework for a competitive modern power sector would be developed for
cost-effective operations and for the provision of affordable electrical power to
customers.
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In the light of above-mentioned objectives, the picture of restructured WAPDA is
presented in Figure 4.4.

Figure 4.4

W A P A D A (Post-restructuring scenario)

Source: WAPDA restructuring plan presentation

Figure 4.4 illustrates that the generation sector is divided in to three main generation
companies (GENCOs), while the distribution sector is divided into main eight
distribution companies (DISCOs). The following is the summary of completed work in
this regard.
1.

establishment of 12 corporate companies

2.

adopting a balance sheet approach for annual accounts

3.

preparing three DISCOs for privatisation

4.

completion of phase-I of transmission line

5.

licensing from NEPRA for the GENCOs and DISCOs.
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There would be a big shift to private sector. This is evidence the GOP is committed to
liberalising and privatising the electricity sector. Further work is still needed in this
regard-the whole distribution and generation sector has to be privatised in future. The
impact of liberalisation and privatisation on the economic agent has yet to be seen. This
would be an interesting area for future research.

4.8.3 Independent power producers
Private power plants were mostly installed during the late 1980s and early 1990s after
the load-shedding rises of the 1980s. Kot Addu Power Company and HUBCO are the
two largest IPPs in Pakistan. According to the 1994 power policy agreements between
the IPPs the Government of Pakistan, WAPDA/KESC is bound to buy the power
produced by them at a mutually agreed rate.

Some of the IPPs are producing power for industrial purposes. It is estimated that such
IPPs are producing about 1,000 MW. Under the 1994 power policy, 16 independent
power producers (IPPs) achieved financial closing with a total gross capacity of 2930
MW. The total cost of these projects, as approved by the GOP, is US$3,150 million.
These capital costs are mainly financed by International Finance Corporation (IFC),
EXIM Bank of Japan, US EXIM, ADB, and a host of commercial banks. So far, 30 IPPs
have shown interest in power generation. The following is the list of commissioned
IPPs.
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Table 4.4 List of commissioned IPPs
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Project name
AES Lalplr Limited
AES Pak Gen (Pvt)
Limited
Altern Energy Limited
Fauji Kabirwala Power
Company
Gul Ahmad Energy Ltd
(GAEL)
Habibullah Coastal Power
(Pvt) Co.
Japan Power General
(Pvt) Limited
Kohinoor Energy Limited
Liberty Power Project
Roush (Pakistan) Power
Limited
Saba Power Company
Limited
Southern Eletric Power
Company
Tapal Energy Limited
Uch Power Limited
Hub Power Project

362
365
14
157
136
140
120
131
235
412
114
115.2
126
586
1292

Note: The IPPs at serial numbers 1-14 come under the 1994 power policy. In addition to these, the 1292
MW Hub power project was in process before the 1994 policy and was commissioned in March 1997.
The IPPs at serial numbers 5 and 13 are supplying power to KESC while the remaining 13 are supplying
power to WAPDA.
Source: NEPRA Annual report (2000).
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4.8.4 Karachi Electricity Supply Corporation (KESC)
The Karachi Electricity Supply Corporation was incorporated on 13 September 1913
under the Indian Companies Act 1882, as amended to date under the Companies Act
1984. The company is listed on the Karachi, Lahore and Islamabad stock exchanges.
The Ministry of Water and Power looks after the affairs of the corporation at federal
level.

The corporation is principally engaged in generation, transmission and distribution to
industrial commercial, agricultural and residential consumers under the Electricity Act
1910. The licensed area of KESC is spread over the entirety of Karachi and its
surrounding area - an area of 6,100 sq.km. It has more than 1.36 million customers. It is
also considered as a major company of Pakistan. It has more than one thousand
employees.

Currently the GOP is planning to privatise KESC. For this purpose, the GOP carried out
financial and capital restructuring of KESC, which included:
• converting the GOP's outstanding loans against KESC into government equity
amounting to Rs83,176 million
• reducing capital to eliminate KESC's accumulated losses, amounting to
Rs57,202 million
To overcome the financial burden created by the poor financial performance of KESC,
the GOP decided to privatise it. Initially the GOP decided to sell 51 per cent of its
ownership, along with transferring the management contract to strategic investors.
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Table 4.5

Installed Capacity of KESC

INSTALLED CAPACITY

(MW)

Oil/ Gas

1,576

Gas Turbine

180

Total Generation Capacity

1,756

O T H E R D E D I C A T E D CAPACITY
(MW)
Karachi Nuclear Power

125

Private Sector Power Plants

265

Total Capacity

390

D E M A N D STATISTICS
System maximum demand (MW)

1,885

Energy distributed (GWh)

11,547

Source: Annual Report (2000), Privatisation Commission ofPaicistan

4.9 Electricity tariffs
Power tariffs are the key to the sustainability of the power utilities, the competitiveness of
export goods and the welfare of the general public. The determination of tariffs appears to
be a simple matter of demand, which could be easily resolved. However, the peculiar
nature of the production, ownership and control of utilities, technology, and fuel used for
power, and government taxes have turned it into a complex issue.

Pakistan is trapped in a vicious circle of increasing electricity tariffs. Publicly-owned
electric utilities have been posting losses over the last decade. Multilateral institutions
have been forcing the GOP to reduce losses by increasing electricity tariffs. This
increase in tariffs, further proliferated electricity theft, leading to even higher losses.
The high tariffs rate has also distorted the terms of trade, cost of production and welfare
level of consumers. A study conducted by the World Bank (2003), states that the high
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tariffs rate is one of the reasons in behind increasing poverty in Pakistan.

High

electricity tariffs have a severe e c o n o m i c and social impact.

T h e tariffs structure in Pakistan is differentiated by categories of c o n s u m e r s (mainly
domestic,

commercial,

industry

agricultural

and

bulk

consumers),

by

levels

of

c o n s u m p t i o n s and by voltage supply ( A D B , 1997). T h e tariffs have been reviewed from
t i m e to time by the government in the past, and are being reviewed currently by a
N E P R A - b a s e d proposal m a d e by generation and distribution firms. T h e tariffs consist of
a base tariff, c o m p r i s i n g a capacity charge and an energy charge, and a fuel adjustment
surcharge, which is calculated on the basis of the average fuel cost. Currently the same
tariffs exist for each c o n s u m e r class throughout the country. For political reasons,
domestic, agricultural and F A T A / A J K tariffs have historically been low and subsidised.
But currently the subsidy has been withdrawn and a G S T has been imposed on
electricity supply. In Pakistan, electricity tariffs have always remained the

most

politically charged and debated issue of the last two decades because of its direct impact
on customers.

4.10 Village electrification
At the inception o f W A P A D A (1958), the number of electrified villages in the country
w a s 609 out of 125,083 villages in Pakistan. W A P D A initiated an extensive Rural
Electrification Program with a view to lifting the socio-economic status of the people of
Pakistan in rural areas that are deprived of one of the basic amenities.

Rural electrification has not only the improved standard of living but has helped to
increase agricultural outputs. Rural electrification has also facilitated the integration of
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the rural population and aided their migration to the cities ( G o v e r n m e n t of Pakistan,
E c o n o m i c Survey of Pakistan, 2 0 0 2 - 0 3 ) .

In Pakistan, 70 per cent of the population lives in rural areas and 40 per cent of people
in rural areas still do not have access to electricity (Government of Pakistan, Economic
Survey of Pakistan, 2 0 0 2 - 0 3 . To address this, the G O P introduced a power sector
d e v e l o p m e n t program of which rural electrification is an integral part. The n u m b e r of
villages with access to electricity has increased to 73,063 in 2001-2002 (Table 4.6).
Even a m o n g the cities and t o w n s there are numerous places that do not have electricity
because they cannot afford to pay for it. If this trend continues, it will take a further 30
to 4 0 years to give every village access to electricity, which is not very encouraging.
T h e G O P , should take further steps to provide electricity to the villages, but it is
recognised that this cannot be done without financing. T h e situation is that the public
sector utilities are already in poor financial condition and have less money to devote to
village electrification and public sector development projects.

Considering

the 8 per cent high demand

growth

and the 2.1

per cent

village

electrification growth rate, the G O P m a y face serious shortages in the electricity supply
in the future. O v e r time, d e m a n d for village electrification will also increase which will
further pressure the government. Table 4.6 shows the trend in the village electrification
growth rate. It can be seen that it w a s high in early 1990s but it has been steadily
declining since despite the onset of the public sector development program. This is
mainly attributable to the poor performance of public utilities and a lack of f u n d i n g for
such projects. T h e government has decided that all villages would be electrified before
the end of 2 0 0 7 ( G o v e r n m e n t of Pakistan, Economic Survey 2005-2006).
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Table 4.6

Year

Target

Village electrification

Realiz; Progressive Total

Per cent
Growth
(per cent)

1992-93

2,070

4,824

45,644

1993-94

4,500

5,283

57,170

11.6

1994-95

2,000

6,243

62,127

12.3

1995-96

5,000

4,957

64,568

8.7

1996-97

4,000

2,441

65,951

3.9

1997-98

4000

1,383

67,183

2.1

1998-99

4,000

1,232

68,292

1.9

1999-2000

1,852

1,109

69,887

1.6

-

2000-2001

-

1,595

71,561

2.3

2001-2002

-

1,674

73,063

2.4

2002-2003

-

2,246

73,807

3.1

2003-2004

-

7,193

81,000

9.7

2004-2005

-

9,467

90,467

11.7

Source: G o v e r n m e n t of Pakistan, Economic Survey of Pakistan 2 0 0 2 - 2 0 0 3
Note: - m e a n s data is not available
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4.11 Summary
The electricity sector o f Palcistan is a vertically integrated monopoly, in its early stage
o f evolution. Due to its large size, an expansion in demand and supply, and efficiency,
there has been a reorganisation and restructure o f the entire sector. This move has
emerged concurrent with the changes in the political and economic status o f the country.
The need for the rapid expansion o f the power sector coupled with the limited financial
capability o f the government to support such expansion spurred on privatisation. The
privatisation process revealed institutional

inefficiencies o f the power sector and

instigated reforms.

Currently, the power sector is working as a single-buyer model. There is a single buyer
( W A P D A , K E S C ) choosing from various generators ( G E N C O S , D I S C O S and the
N T C ) and selling electricity to all costumers. Although IPPs are playing a very
important role in thermal generation, W A P D A and K E S C as public utilities remain the
main players o f the sector. However, with the current regulatory body, N E P R A , the
functioning o f the sector is relatively well monitored. The electricity tariffs in Pakistan
remain a volatile political and social issue. Tariffs are high as compared to other
regional countries, and are a burden on consumers.

The aims and objectives o f power sector policy are channelled towards a deregulated
and competitive power industry. However, because o f long time-frames involved in
developing such a massive sector, these objectives are still overly ambitious.
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T o sum up, all m o d e l s and equations defined in the previous sections will help us to
d e v e l o p a b e n c h m a r k i n g and regulatory f r a m e w o r k for the electricity sector of Pakistan,
w h i c h is n o w core issue after the liberalisation of the sector. A reliable and scientific
regulatory f r a m e w o r k will also be helpful in promoting competition and cost savings in
the sector. Eventually, it will provide benefits to the electricity users by reducing
electricity tariffs. T h i s will go s o m e w a y in alleviating the poverty experienced by m a n y
electricity users.
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Chapter 5
Methodology framework and data issues
5.1 Introduction
Parametric frontier models and non-parametric methods have almost monopolised
recent literature on efficiency measurement, especially for the electricity supply
sector. Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA)
are the best methods to determine the efficiency and relative performance of the
firms. Empirical applications usually appear as either one or other of these
techniques. Coelli (1995) Pitt and Lee (1981) and Pollitt (1995) extensively used
these methodologies. More detailed reviews can be found in Lovell and Schmidt
(1980), Schmidt (1986), Bauer (1990), and Greene (1993).

There has been large and wide-ranging collection of papers and articles developed on
the measurement of productivity and efficiency. There has always been a close link
between the measurement of efficiency and the use of frontier functions and nonparametric estimation approaches. Different techniques and variables have been used to
estimate the frontier production or cost function. In this study a joint use of parametric
and non-parametric methods is used.

Most of the research papers and articles related to the measurement of efficiency have
based their analysis on parametric or non-parametric methods. The choice of methods
has been an issue of debate. Some researchers like Berger (1993) preferred the
parametric approach to the non-parametric technique (Seiford and Thrall 1990). Both
approaches have advantages and disadvantages. Therefore, I decided to use both
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approaches for my study. By doing so, one can hope to avoid some of the weaicnesses
inherent in the approaches.

5.2. Theoretical framework of SFA model specification

To estimate the efficiency level of the firms, we will use the econometric model and
DEA models to assess the efficiency performance of Pakistan's electricity generation
and distribution sector. In this study, I would test two parametric models, a CobbDouglas model and a Translog model by Maximum Likelihood (ML), and two nonparametric DEA models (one with variable returns to scale (DEA-V) and the other with
constant returns to scale (DEA-C)).

As proposed by Aigner, Lovell and Schmidt (1977), the stochastic frontier functional
model would be:
\nY„ = f{X„.f,p)

+ &,

(5.1)

Where Yu is the output of the firm / at time t; X„ denotes a (I x ^ ) vector of inputs; / ( . )
represents a suitable functional form such as Cobb-Douglas or translog functional form;
t represents time, Ps are unknown technological parameters to be estimated. The error
term is

E i t =

vit-)j,it,

where vitare assumed independent and identically distributed random

errors, which have normal distribution with mean zero and unknown variance,CTV',and
Hit are non-negative random variables that represent technical inefficiency (Aigner,
Lovell and Schmidt (1977).

The model defined in Equation (5.1) is called the stochastic production frontier model
because the output is bounded above by the stochastic variable, / ( X ( , / ; / ? ) + F „ The
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error term can be positive or negative, and so the stochastic frontier outputs vary about
the deterministic part of the frontier model,

f{Xi,.f,p).

This study adopts the approach

of Coelli et al. (1995) to construct a single stage estimation of technical inefficiency and
its determinants. From Equation 5.1, for the /-th firm in the /-th period, the distribution
of fait, is obtained by a truncation at zero of N{m„ a^);

where

=

(5.2)

where z^, pxl a vector of variables affecting the technical efficiency of a firm and S is
an Ix p vector of parameters to be estimated. Equation 5.1 and 5.2 are estimated
simultaneously by the software package, version Frontier 4.1. This software program is
developed by Coelli (1996b) to estimate model by simultaneous maximum likelihood
estimation of the stochastic frontier and the model of technical inefficiency effects. This
program

utilizes the parametrisation

by replacing

cr^ and

withcr^^ + cr„^

and

y = ( j I /( crl + o l ) . After obtaining the estimates, this program also gives the estimated
technical efficiency scores of each plant in each year. Following Coelli et al. (1988),
these score are calculated by using

where 0 ( . ) is the distribution function of the standard normal random variable.
n

y = a] /(

+

=

al and a , = [ r d

-

(

5

.

4

)

The value ofTE,, score will take a value of between zero and one. A given value of
TE,! say 0.60 implies that the given firm is only 60 per cent of its maximum potential
output.

The model defined in Equation (5.1) is called the stochastic frontier model because the
output is bounded above the stochastic variable,
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F„. The error term can be

positive or negative, and so the stochastic frontier outputs vary about the deterministic
part of the frontier model, {Xuj\/?).
The basic features of the model as defined above are illustrated in figure 5.1.

This

represents two firms, i and j, using some inputs (X) to maximise the output (Y). The
inputs are represented on the horizontal axis and output is on the vertical axis.

Figure 5.1 The Stochastic Frontier Production
Frontier output
+

>0
Production function
y = (xy3)

Frontier output
+

<0

Source: Author
The observed inputs and outputs are represented on the graph. Figure 5.1 clearly
indicates the level of output when vi > 0 and < 0. The observed outputs may be greater
than the deterministic part of the frontier if the corresponding random errors are greater
than the corresponding inefficiency effects.

One of the advantages of the stochastic frontier model is that it permits the estimation of
error terms and tests the null hypothesis using maximum likelihood methods. There are
some problems with the stochastic frontier model which are commonly discussed in the
literature. The main criticism is that generally there is no justification for the selection
of any

particular

distribution

for the

w„. The specifications of more

general

distributional forms, such as the truncated-normal (Stevenson 1980) and the two
parameters gamma (Greene 1990) have been used to partially alleviate this problem.
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5.3 The stochastic frontier model for the electricity generation sector

As a result of a long-term purchase agreement with the government of Pakistan, the
tariffs rate is fixed, and government is bound to supply fuel at fixed prices. This means
the objectives of the private generation plants are to maximise production rather than
minimise costs. In my study, nine publicly owned plants are examined, with the obvious
objective attempting to maximise production at the given level of inputs. Therefore, I
decided to use the production function rather than a cost function to estimate the
efficiency of the firms. The translogarithmic and the Cobb-Douglas production function
are the two most common functional forms, and have been used in empirical studies on
production, including frontier analysis. In this study, the most general functional form
for the stochastic frontier for electricity generation in Pakistan will be determined after
hypothesis testing.

The following functional form of the model is used to estimate the translog model;
In Y„ =
p, \nX\.,

p, In X,„ + p . In X,„ + p , X , „ + p , In X,„ + p , X , „ +
+ p. In X,„ in X

/?„ In X^,, + p,. In
>^.6X3,, ln^4„ +

+ p,

+ P, In X ,„ In X

+ p,. In X,„ In X +
+ Pn lnX^„

In

+ p,, \nX,„X,„

+ p,. In X,,,^,,, +
+

+

+
+ v„ - / / „

(5.5)

where Y,/ is electricity output (MkWh) by the ith plant in the t-th year used as an output.
Xi is an installed capacity (MW) used as a capital. X2 represents fuel consumption
(BTU), X3 is fuel type (dummy variable), X4 represent as plant factor (per cent), X5 is
time. Fuel type is a dummy variable, which is defined as fuel oil = 1; otherwise O.pi are
unknown parameters to be estimated.
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The above model does not include technical efficiency variables. As pointed out by
Coelli, Perelman and Romano (1999), measuring net efficiency is an important issue as
it allows one to predict how companies would be ranked if they were able to operate in
equal environment. To capture this, assume a function given by (5.6).
m„=
where,

(5.6)
is the system losses (per cent) by observation i in period t,X7„ used for

ownership (dummy variable), Xg,, represent maximum demand (MW)
where

' N ( 0 , a ^ ) and ownership is a dummy variable which is defined as public

ownership is 1, otherwise 0. v„ are iid, and N(0, c r / ) random errors, and are assumed
to be independently distributed of the
associated

with

technical

which are non-negative random variables

inefficiency, which are assumed

to be

independently

distributed, such that the distribution of u^, is obtained by a truncation at zero of the
normal distribution with mean m,,II and variance cr,/ .

5.4 The stochastic frontier model for the distribution sector

It is known that most firms examined in this study are public companies, and their
objective may not be to maximise profit. So, we will use the production function rather
than a cost function to estimate the efficiency of the firms for the distribution sector.
The translogarithmic and the Cobb-Douglas production function are the two most
common functional forms, which have been used in empirical studies on production,
including frontier analysis. In this study, the most general functional form for the
stochastic

frontier for electricity distribution

production function:
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in Pakistan would

be a translog

In Y „

=

+

+ /?4 In X
P , In X

In X
+

+

+

In X

In X ,„ In Z , +
in X

+

, In X 3,,
In X

in X 3,, + /? , in X

In X 3,, +
+ v„

-

(5.7)

where Y„ is electricity distributed used as out put by the i-th firm in the t-th year;X
represent capital (length of distribution line in Kilometers), number of
permanent employees, time respectively. Pi are unknown parameters to be estimated.
I/;, are iid, and N(0, o " / ) random errors, and are assumed to be independently
distributed of the «„ which are non-negative random variables associated with technical
inefficiency, which are assumed to be independently distributed, such that the
distribution of M„ is obtained by truncation at zero of the normal distribution with mean
m„ and variance
m„ =5,+S, i n +
where

so that
S, In

+

+

(5.8)

represent service area (Kilometers), residential share (per cent)

and time trend respectively. A brief description of the variables is given in Table 5.1.

For the estimation of the model the program developed by Coelli et al. (1998) would be
used. As suggested by Coelli et al. (1998), the alternative models would be estimated
and the preferred model would be selected using Likelihood Ratio (LR) test discussed in
Section 5.6. Table 5.2 gives a descriptive statistics of key variables.

5.5 The estimation of the models

The model defined in Equations 5.5 and 5.7 can be estimated using maximumlikelihood (ML) method.

The more demanding and more commonly used method is

ML. The ML method requires numerical maximisation of the likelihood function. The
difficulty of numerical compilation has lessened in recent years with the availability of
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computer programs, such as the F R O N T I E R 4.1 program (Coelli 1996b). The M L
estimates are more efficient than OLS (Coelli 1995).

For the estimation o f the model the program developed by Coelli (1996b) would be
used. The three steps pointed out by Coelli 1996b) are First O L S estimates o f the
function are obtained.

Then a two-phase grid search of y is conducted; with the P

parameters (excepting po) set to the O L S values and the po and CT^ parameters adjusted
according to the corrected ordinary least squares formula presented in Coelli (1995).
Any other parameters (|a, r| or 8's) are set to zero in this grid search. Finally the best
values selected in the grid search are used as starting values in an iterative procedure
(using the Quasi-Newton method) to obtain the final maximum likelihood estimates.

5.6 Hypothesis testing and output elasticities

For the models defined in Equations 5.5 and 5.7, several null hypothesis tests can be
conducted. The commonly found null hypotheses in the literature are as follows.
First hypothesis test is to select the preferred functional form for the model. This can be
done as suggested by Coelli (1996b), Domah (2002) where the preferred model can be
selected using Likelihood Ratio (LR) test^ This test would be based on the Log
Likelihood functions as follows:
L R = -2[LR-LU],

(5.9)

where LR is the log Likelihood o f the restricted model and Lu is the Log Likelihood o f
the unrestricted model.

® Likelihood ratio test can be used only if the hypotheses involved are nested.
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Second, there are no technical inefficiency effects in the model. This can be done by
several ways like Wald test. Tests will be conducted assuming that HO : 7 = 0 versus
H,: r = 0- As mentioned by Coelli (1996b), this test is explicitly or implicitly
conducted in almost every empirical analysis involving the frontier model since the first
application by Aigner, Lovell and Schmidt (1977). If Ho: 7 = 0 is true then the
statistics is asymptotically distributed as a standard normal random variable. However,
the test must be one sided because y cannot take the negative values.

The third null hypothesis is to find out the impact of technical efficiency variables. This
is done by imposing a restriction that 5. are equal to zero. It implies that there is no
technical inefficiency in the sector.

5.6.1 Output elasticities

As it is known that the coefficient of the Translog production function will not give any
direct interpretation, we can calculate the elasticities of output with respect to each of
the inputs corresponding to the model above:
5Y.

=

=

(5.10)

While the returns to scale would be calculated from the sum of the output elasticities as:
el,

(5.11)

Where Elk is a sum of all output elasticities.
The returns to scale after including technical efficiency variables can be defined as
relating to a change in all inputs and maximum demand. That would be:
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5.7 Total factor productivity and its decomposition
A f t e r estimating the T r a n s l o g models, the next stage is to calculate the total factor
productivity c h a n g e ( T F P C ) by using the SFA results for each firm at each data point.
F o l l o w i n g O r e a (2002) and Coelli (2003), the log of the T F P C between period t = 0 and
t = 1, for the n-th firm. T h e T F P C model can be defined as:

In

TFP

'TFP nO y= In

TE
'TE „c

+ 0.5

'dt

+

'dt

(5.13)

W h e r e the three t e r m s on the right hand side of Equation (5.13) are the T E C , TC and
S E C t e r m s respectively. The technical efficiency measure is the technical efficiency
score obtained from the estimation of Equations 5.5 and 5.7. T h e technical efficiency
c h a n g e ( T E C ) evaluated at the period 0 and 1 data points, and can also be derived
directly f r o m the coefficient estimated for Equations 5.5 and 5.7. The change in scale
e f f i c i e n c y requires calculating the production elasticities ( e ^ , ) from Equation 5.10. The
scale factors (SFm) can be calculated from Equation 5.11. The technical change (TC)
m e a s u r e requires calculating the partial derivatives with respect to time at each data
point. For firm n in period t this is defined in Equation 5.14.

=

+

(5-14)

T h e a b o v e - d e f i n e d equations will help us in estimating Equation 5.11, which will give
us the T F P C for each firm at each data point. T h e value of T F P C derived from Equation
5.11 can also be c o m p a r e d with value of T F P C obtained from the estimation of D E A
M a l m q u i s t index. This index would be used in determining the benchmarking criteria
across the firms involved in the distribution sector. On the basis of benchmarking and X
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factor, the price-cap regulation would be developed for the distribution sector in
Pakistan.

5.8 Data envelopment analysis and different efficiency concepts
U s i n g linear p r o g r a m m i n g techniques, D E A calculates the efficiency of an organisation
within a g r o u p relative to the observed best practice within that group. The organisation
can be a w h o l e agency (for e x a m p l e health department), separate entities within the
a g e n c y (for e x a m p l e , hospitals), or disaggregated business units within the separate
entities (for e x a m p l e , hospital wards).

T o discuss the concept of D E A in detail, it is necessary to present the basic efficiency
c o n c e p t s associated with D E A . The most c o m m o n efficiency concept is technical
e f f i c i e n c y : the conversion of physical inputs into outputs relative to best practice. T h e
second concept is allocative efficiency; it refers to whether inputs, for a given level of
outputs and set of input prices are chosen to minimise the cost of production, assuming
that the organisation being examined is already technically efficient. Finally, cost
e f f i c i e n c y refers to the

combination

of technical

and

allocative

efficiency:

an

organisation can only be considered efficient if it is both technically and allocatively
efficient. Cost efficiency is the product of technical and allocative efficiency.
T h e basic c o n c e p t s of efficiency are presented in Figure 5.2.
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Figure 5.2: Illustration of efficiency concepts

Isoquant

Capital

Isocost line

Source: Author

Figure 5.2 shows the different combination o f inputs and levels of efficiency. L is a cost
line, which shows how many units o f inputs can be used at given prices. The isoquant is
a locus o f all possible combinations o f inputs which give the same level o f output. The
equilibrium point is determined where isoquant is tangent to cost line. In the figure,
point C is the equilibrium point. It is also called efficient point, giving the maximum
output at minimum level o f input. The point marked A would be technically inefficient
because more inputs are used than needed to produce the level of output. Point B is
technically efficient but not cost efficient because the same level of output can be
achieved at point C with a lower cost. The cost efficiency would increase if a firm
moves from point A to C (OA-OA")/ O A . This would be sum o f an allocative efficiency
measured by the distance O A ' V O A ' technical efficiency improvement measured by the
distance (OA-OA')/OA. The technical efficiency is measured by checking whether
inputs are needed to reduce to catch the frontier and it is called "radial contraction" of
inputs because the point o f operation moves along the line from where the organisation
was to where the organisation is now.
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5.9 What questions can DEA help us answer?

A simple D E A provides the technical efficiency scores o f each firm at a point o f time. It
also gives an average efficiency score for the sector over the given period. This helps us
to determine a benchmark towards which performance can be targeted. The actual levels
o f input use or output can serve as specific targets for a less efficient organisation, while
the process o f benchmarking can be provided for the information o f managers in order
to improve performance.

Fried and Lovell (1993) listed the following as questions for managers that D E A can
help to answer.
•

" H o w do I select appropriate role models to serve as possible benchmarks for a
program o f performance improvements?

•

Which production facilities are the most efficient in my organisation?

•

I f all my operations were to perform according to best practice, how many more
service output could I produce, and how much could I reduce my resources
inputs, and in what areas?

•

What are the characteristics o f efficient operating facilities and how much can
they guide me in choosing locations for expansion?

•

What is the optimum scale for my operations and how much would 1 save if all
my facilities were the optimum size?

•

How do I account for differences in external circumstances in evaluating the
performance o f individual operating facilities?"

The model outlined in the following section would be able to answer these questions.
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5.10 The DEA model
DEA is a linear programming based technique for measuring the relative performance
of organisational units where the presence of multiple inputs and outputs makes
comparisons difficult. The mathematical model is as follows:

Max

h =
Ev,;

subject

'Jo

to

^ r V r j

Z

^

<1,

i = \,...,n{for

all j)

i

^^

(5.15)

The u's and v's are variables of the problem and are constrained to be greater than, or
equal to, some small positive quantity s in order to avoid any input or output being
ignored in computing the efficiency, s can be any positive value greater than zero. The
solution to the above model gives a value h the efficiency of the unit being evaluated. If
h = 1 then this unit is technically efficient relative to the others. But if it is less than 1
then some other units are more efficient than this unit, which determines the most
favourable set of weights.

To solve the model, we need to convert it into linear programming formulation, which
is as follows:
Max

h =
r

subject

to

dual

=100(%)

r

-V, < - f
-u^<-s

I

variable
Zo

i=\,2,--',m
r=\,2,--',t

K
^^
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(5.16)

W e call this formulation the C C R model. Assigning a dual variable to each constraint in
the primal m o d e l and constructing a new model on these variables can construct the
dual m o d e l . T h i s is s h o w n below.
M i n

lOOZo

-

f

-

^

i

subject

r

to

J

J

T h e dual variables A's are the shadow prices related to the constraints limiting the
efficiency of each unit to be no greater than 1. A binding constraint implies that the
corresponding unit has an efficiency of 1 and there will be a positive shadow price or
dual variable. H e n c e positive shadow prices in the primal, or positive values, for the A's
in the dual, correspond to and identify the peer group for any inefficient unit.

The above m o d e l s assume constant return to scale. If we add a variable to the model, we
can construct a D E A model with the variable returns to scale. Variable returns mean
that we might get different levels of outputs due to reduced performance or economies
of scale. Banker, Charnes and Copper (1984) proposed the following DEA model,
which shall be referred to as the B C C model.
With 8 being a small positive quantity, B C C Model is as follows:

Max h =

- "o
r

subject

to

= 100(%)
i

r
- V ,

i
< - £

- u ^ < - £

i =

1,
(5.18)

r = \ , - - - , t
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The efficiency computed from the B C C model is pure technical efficiency, whereas the
one from the C C R model is the aggregate measure o f technical and scale efficiency.
Therefore, pure scale efficiency can be defined to be C C R efficiency over B C C
efficiency (Banker, Chames and Copper, 1984).

The concern with the D E A model is that by a judicious choice o f weights a high
proportion o f units will turn out to be efficient and D E A

will thus have little

discriminatory power. The first issue to note is that a unit which has the highest ratio o f
one o f the outputs to one o f the inputs will be efficient, or have efficiency very close to
one by putting as much weight as possible on that ratio and the minimum weight on the
other inputs and outputs. Previous research implies that the number o f units evaluated
should be greater than two times the total number o f variables.

Another concern regarding D E A is that a unit can appear efficient simply because o f its
pattern o f inputs and outputs and not because of any inherent efficiency. To resolve this
issue is we may constrain the weights. Determining a minimum weight for any input
and output would

ensure that each

input and output played some part in the

determination o f the efficiency measure. Similarly, a maximum limit could be placed on
weights to avoid any input or output being over-represented. An arbitrary application o f
weights restrictions would be difficult to justify, but recognizing that the weights imply
a value or a cost associated with an input or an output, then investigation o f the
particular context may lead to justifiable restrictions on the weights. W e can also
incorporate environmental factors into the model as either inputs or outputs. One
approach to incorporating environmental

factors is to consider whether they are

effectively additional resources to the unit in which case they can be incorporated as
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inputs, or whether they are resource users in which case they may be better included as
outputs.

For the estimation of these non-parametric analyses, DEA-C and DEA-V, cross-section
data are adequate. Panel data are needed when Malmquist productivity indexes over
time are to be computed. There are several possibilities for estimation but we will try to
use the panel data under two different assumptions concerning returns to scale-variable
(Model-V) and constant (Model-C), and would calculate the average of the efficiency
scores of each firm. The results obtained from these models will be compared with the
econometric model. There are several possibilities for the DEA. The DEA can be
conducted using the program FRONTIER 4.1, GAMS Version 10.4.

5.11 Malmquist indices of productivity growth
Panel data allows total factor productivity change (TFP) to be estimated using DEA.
These indices can be decomposed into technical efficiency change and technical change.
The DEA-like program can be used to calculate the Malmquist index of productivity
change (Coelli, 1996a).

The Malmquist index measures the TFP change between two data points by calculating
the ratio of the distances of each data point relative to a common technology. Following
Fare, Grosskopf, Lindgren and Roos, (1989) specification of an output-based oriented
Malmquist productivity change, it is expressed as a geometric mean of two output based
Malmquist indices as given in Equation (5.16).
Ml

(5.19)
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Equation 5.17 will give us the productivity o f the production point

the production p o i n t > ; , ) . The value o f

relative to

represents the distance from the frontier.

A value greater 1 will indicate positive TFP growth from period t to period t+1. The
index given in Equation (5.19) is a combination o f two indices; one index uses period t
technology and other uses t+1 period technology. The subscripts mm^ and d^ indicate
that it is an output-based productivity index.

The D E A P 2.1 program developed by Coelli (1996a) gives five indices in its output file:
( I ) Technical efficiency change relative to C R S technology (EFFCH), (2) technological
change (frontier shifts) abbreviated as T E C H C H , (3) pure technical efficiency change
relative to a V R S technology (PECH), (4) scale efficiency change (SECH); and (5) total
factor productivity change (TFPCH).

W e implement D E A in three stages as described. In Model 1, the D E A scores are
generated from 1 output and 2 inputs program. In model 2, the same sample data o f the
SFA model were used. In the third stage, the efficiency scores calculated in Model 1
were used to estimate the Tobit model, whereby the explanatory variables are per capita
electricity consumption,

maximum

demand, plant factor, load factor, number

of

customers and ownership as a dummy variable.

5. 12 Data and its sources

The whole study is divided into two main sectors, generation and distribution. For the
generation sector, the dataset consists o f a sample o f 21 generation plants in Pakistan
(12 private and 9 public) involved in electricity generation. Most o f the private plants
were newly established after 1995, as compared to the publicly owned plants. K E S C is
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the oldest distribution company and it also has generation capacity (1,756 M W ) , but its
major function is retail distribution. For this reason, it is dropped out and included in the
distribution sector in Pakistan. Currently, in the electricity generation sector, there are
three main sources o f electricity generation: hydroelectric (28.3per cent), thermal (69
per cent) and nuclear (2.61 per cent). Nuclear generation has a small share in total
electricity

generation,

and

hydroelectric

generation

has

a

different

production

technology, thus, it was decided that the focus should be on thermal generation. A
separate study for hydroelectric generation can be done in the future. In thermal
generation, there was an issue o f comparability o f plants because different types o f fuel
are used for electricity generation. Accordingly, a commonly used method is adopted.
All fuel consumption (gas, high-speed furnace oil, low speed furnace oil, high-speed
diesel and combined fuel consumption) were converted into British Thermal Units
(BTU), ensuring that comparison is being made for similar technologies. The panel data
covers the period

1998 to 2003 and was obtained during fieldwork and through

company's annual reports.

In the electricity distribution system, from the city-gate grid station, electricity is
further carried into the demand centre by a system o f 1,000 voltage transmission and
distribution lines and further step down at substations. Normally, a 11 K V line
conveys power to the city centre, and is stepped down to 400 V/220 V supplies
through pole-mounted transformers for residential consumers. There are different
categories o f electricity supply in terms o f consumers and electricity for industrial
consumers in generally supplied at a higher voltage.

In Pakistan, there are nine distribution companies (DlSCOs). All D I S C O s are
publicly owned companies. Before 1997, these D I S C O s operated as a single entity.

Ill

In 1997, these companies were declared independent under the Companies Act 1973.
N o w they have separate financial accounts. This explains why data is collected from
financial reports from 1998 to 2003.

Following Coelli (2003), panel data o f 21-generation plants and nine distribution
companies are expressed in deviation from their sample means. The reason is to
linearise the data. This is simply a change in units o f measurements and does not
change the underlying data. This approach has the advantage that the estimated firstorder parameters in the Translog function can now be directly interpreted as
estimates o f the production elasticities, evaluated at the sample means (Coelli,
2003:59).

5.12.1 Variables and data problems

The data for empirical analysis for chapter 6, 7 and 8 consists o f power plants and data
from distribution companies. Before explaining each set o f data and variables used in
this thesis, it is important to mention that data limitations exist. This study is the first
study o f this kind on the electricity sector in Pakistan. Coelli et al. (2003) mentioned
clearly that limited access to the data o f public utilities is the norm for developing
countries, therefore the good proxies o f variables for frontier models are always rarely
obtained. Such data problems also exist for advanced countries where data is easier to
access. They also face a data constraint due to the nature o f public utilities. Therefore,
for this study the data problem is acknowledged.
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5.12.2 Thermal power generation plants in Pakistan

Pakistan's electricity generation consists o f two major types o f power plants: thermal
and hydro power plants. Thermal power plants generate electricity by converting the
heat from fuel combustion into mechanical energy and then electricity via several types
o f generation system; conventional steam turbine, gas turbine, combined cycle and
diesel engine system (field visit 2004). The conventional thermal and combined cycle
thermal power plants generally serve as base load plants, whereas gas turbine, diesel
thermal and hydro power plants supply electricity for the peak load and reserve
capacity.

In this study, the data covers all the thermal power plants. The data for these plants are
mainly obtained from two sources. For private power plants, the data was obtained from
the company's annual reports. These reports were collected during the field visit in
Pakistan. For public plants, the data was obtained from the various issues o f power
system statistics, published by W A P D A ' s planning department.

In the obtained sample data set, some observations are not available in certain years
because some units had started operations in later years, or closed down due to high
costs o f operation, lower electricity demand and service life expiration. To reduce the
data set to the balanced panel data, the units with incomplete data and the missing data
o f some units before 1998 are eliminated. Most o f the eliminated units are private power
plants. Eventually the final balanced panel data set consists o f 21 power plants (12
private and 9 public) covers period o f 1998 to 2003.

A description o f key variables in the balanced panel data is briefly explained as follows.
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The output is the electricity generated by each plant with average output in this sample
being 1747.04 M k W h . The minimum electricity generated during this sample size is 4
M k W h and maximum is 7161.0 M k W h .

The most troublesome variable is labour. According to W A P D A ' s official information,
the data o f labour for each plant was not recorded as it was considered as a single entity
in the public sector. For private power plants, it was observed and discussed with plant
managers that all new plants are automatic and not much labour is involved in running
and operating these plants. Most o f the labour involves supervision and starting up the
plants. As these plants work continuously on a 24 hours basis, only one or two staff
members are involved in operating the plants. The labour component is not directly
related

to electricity

generation

but

it

is related

to administrative jobs

in

the

headquarters. Therefore expenditure on labour or number o f employees does not reflect
the true cost or contribution to the electricity generation. Therefore, labour was not
included in the model.

Another key variable is fuel consumption. Each type o f power plant has a particular
combination o f fuel used in the different electricity generation system. The conventional
thermal power plants use fuel oil and natural gas as their main fuel whereas the
combined cycle power plants employ natural gas. The gas turbine power plants use
diesel oil.

In thermal generation, there was an issue o f comparability o f plants because different
types o f fuel are used for electricity generation. Accordingly, a commonly used method
is adopted. A l l fuel consumption (gas, high-speed furnace oil, low speed furnace oil.

14

high-speed diesel and combined fuel consumption) were converted into British Thermal
Units (BTU), ensuring that the comparison is being made for similar technologies.

To avoid difficulties in comparing different physical plants using different fuels, it is
ideal to convert volumetric measures o f fuels into British Thermal Units (BTU).

The

converted number can be then aggregated into a fuel figure. The fuel will be converted
into BTU by using the conversion factor o f the W A P D A ' s planning department'.

The

last variable is plant factor (plant utilization in per cent). The data is obtained from the
various issues o f "Power system o f statistics twenty seventh issue" published by power
wing W A P D A . The average plant utilisation is 43.05 per cent. The maximum plant
utilisation is 90.70 per cent while minimum is 6.67 per cent (Table 5.1)

To capture the variation in technical inefficiency across Pakistani thermal power plants
several firm specific variables (ownership, maximum demand, load factor, per capita
consumption) are included in the technical inefficiency model. These variables are
called technical efficiency variable as these are beyond the control o f power plants. For
ownership a d u m m y variable , which takes the value 1 for the public power plants and 0
other wise, is included to capture the effect o f ownership.

' W A P D A 2003, Appendix I
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Tables. 1

Descriptive Statistics of key variables of the generation

sector

models

Variable

Units

Mean

Std.Error

Std.Dav.

Min

Max

1945.01

4.00

7161.00

71.09

462.83
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1638

3770.28

2.376E+15

38.74

2.11628E+14

67.53

21.50

6.67

90.70

506.23

9609

11145

Units
1747.04
Output

generated

71.09

(MkWh)
Installed
483.52
Capital

capacity
(MW)

Fuel
BTU

1.886E+13

per cent

43.05

Consumption
Plant Factor

Max. Demand

MW

10469.5
11.37

Source: Author" s own calculations

5.12.3 Distribution companies in Pakistan

In Pakistan, there are nine distribution companies (DlSCOs). All DISCOs are
publicly owned companies so far but the government is interested in privatising
them. Before 1997, these DISCOs operated as a single entity. In 1997, these
companies were declared independent under the Companies Act 1973. Now they
have separate financial accounts. This is the reason that the date set covers the period
of 1998 to 2003.Table 5.2 shows the summary statistics of key variables.
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Table 5.2

Descriptive statistics of the key variables

Variables

Units

Mean

Std.Dav.

Minim

Maxim

Output

KWh

5527.41

2062.58

1788.65

10657.41

Distribution lines

KMs

37946.35

16016.91

14868.00

70293.00

T r a n s f o r m e r capacity

MVA

12413.22

3531.94

5201.00

21548.00

Labour

No. Of workers

2950.722

1549.01

1434.00

6132.00

Service A r e a

Sq. K M s

87779.69

101824

6000.00

347190.00

Source: A u t h o r ' s o w n calculations

5.13 Developing a price-caps regulation
In most electricity systems, the distribution network accounts for 30 to 40 percent of
total costs of supply and exhibit substantial potential for efficiency improvements. In
developing countries, due to technical and non-technical losses, the actual share of
distribution costs may be substantially higher (Jamasb, 2002).

Many countries involved in the restructuring and liberalisation of electricity sectors
are also engaged in undertaking regulatory reforms of the sector. There are several
regulatory frameworks in practice. The most commonly used are rate of return,
revenue-cap and price-cap regulation. The most widely used

incentive-based

regulation is the price-cap regulation, based on the RPI-X model first adopted in
regulation of telecommunication sector in the United Kingdom (Jamasb and Pollitt,
2001).

It was decided that a regulatory mechanism for the distribution sector of Pakistan be
developed. For this purpose, the price-cap regulatory scheme is selected. The reason
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for its selection is that the price-cap model promotes cost-savings and can be
combined with other incentive schemes. Cost-saving eventually will benefit the users
of electricity and will also help in reducing tariffs rates.

The price-cap method was first proposed by Littlechild (1983). In this approach, the
price is set for 3 to 5 years based on the Retail Price Index (RPI) and efficiency
factor X. The price remains the same for the period and the utility keeps or shares the
achieved cost savings. Equations 5.19 and 5.20 show how the price ceiling for i is
set.

P, , = P, , + R P I - X , ) +1-Z,

(5.19)

P = Y^P,q.

(5.20)

For each year, the price ceiling Ft would be calculated based on the previous year's
price ceiling Pt-i, adjusted by RPI minus the efficiency factor X calculated by using
above defined SFA and DEA models. Z is the adjusted factor, which accounts for the
effect of exogenous extraordinary factors affecting the firms' costs.

To sum up, all models and equations defined in the previous sections will help us to
develop a benchmarking and regulatory framework for the electricity sector of
Pakistan, which is now the core issue after the liberalisation of the sector. A reliable
and scientific regulatory framework will also be helpful in promoting competition
and cost savings in the sector. Eventually, it will provide benefits to electricity users
by reducing electricity tariffs. This will go some way toward alleviating the poverty
experienced by many electricity users.
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5.14 Summary
O n e justification for privatisation is the poor performance and lack of efficiency of
SOEs. T h i s justification is widely examined by both theoretical and empirical studies as
discussed in Chapter 2. T h e primary aim of this chapter is to develop an empirical
model to m e a s u r e the technical efficiency of the electricity generation and distribution
sector in Pakistan using a comparative application of nonparametric and parametric
a p p r o a c h e s and e m p l o y i n g both p o w e r plants and distribution level data sets. On the
score

of technical

efficiency, a price-cap

regulation

can

be developed

for the

distribution sector. This chapter also discussed the technical inefficiency model by
using firm specific variables to capture the effect of different characteristics of firm on
inefficiency levels. This chapter also discussed the selection of variables, data and its
sources. It is worth mentioning that data limitation exists especially for developing
countries like Pakistan.
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Chapter 6
Empirical analysis of the electricity generation sector
6.1 Introduction
As discussed in Chapter 3 and Chapter 4 the privatisation and restructuring o f
SOEs were proposed. One justification for privatisation is the poor performance,
lack o f funds and lack o f efficiency in these SOEs. This justification is examined
by both theoretical and empirical studies. It is generically believed that SOEs are
less efficient than private firms. This hypothesis has been extensively tested by
many studies in both developed and developing countries as discussed in Chapter
2 and Chapter 5. Chapter 5 presented a detailed discussion o f the methodologies
used to estimate and measure the technical efficiency, data issues and the choice
o f variables. Based on the framework developed in Chapter 5, an empirical
estimation result for the electricity generation sector is presented in this chapter.

The primary aim o f this chapter is to measure the technical efficiency o f the
electricity generation sector in Pakistan using a comparative application

of

parametric and non-parametric approaches and employing power plant level data.
This chapter also provides a comparison o f efficiency level between public and
private power plants.

This chapter also examine the technical inefficiency model using power plant
specific variables to capture the effect o f different characteristics o f power plants
on inefficiency levels. The objective o f the estimation is to determine the technical
efficiency level o f the sector and to identify any existing technical inefficiency.
O n the basis o f the estimated technical efficiency at the plant level, ranking o f the
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plants is also discussed. At the end o f this chapter, a comparison o f the two
methodologies used in the estimation is also provided.

Technical efficiency is estimated by using two methodologies, stochastic frontier
analysis (SFA) and data envelopment analysis (DEA). For the estimation o f the
models, panel data for 21 power plants (twelve private and nine public) over six
years (1998 to 2003) is used. Due to the difference in technologies and fuel
consumption by the plants, the electricity generated by the plants was converted
into British Thermal Units (BTUs).

6.2 Review of literature on efficiency measurement

There is a wide-ranging body o f literature on efficiency measurement, particularly
in terms o f using the SFA and the D E A approaches. Hiebert (2002) provides a
good brief summary o f on the literature.

Coelli (1995) Pitt and Lee (1981) and Pollitt (1995) have widely used the analysis
o f efficiency in their studies. There is a large and wide-ranging collection o f
papers and articles on the measurement o f productivity and efficiency. There is a
close link between the measurement o f efficiency and the use o f frontier
functions. Different techniques and variables have been used to estimate the
frontier production or cost function. In this study, we go through the joint use o f
parametric and non-parametric approaches as well as their application to the
electricity sector in Pakistan.
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Most o f the research papers and articles related to the measurement o f efficiency
have based their analysis on parametric or non-parametric methods. The choice o f
method has been an issue o f debate. Some researchers, like Berger (1993), prefer
a parametric approach to a non-parametric technique (Seiford and Thrall 1990).
Both approaches have advantages and disadvantages; therefore, I decided to use
both approaches for my study.

Several cross-country studies have examined public versus private ownership and
the relative efficiency o f distribution companies. Pollitt (1995) examined the
effects o f public versus private ownership on performance through international
comparisons o f electricity generation, transmission and distribution utilities using
the D E A , corrected ordinary least square and SFA models. Whiteman (1999)
applied D E A

and SFA models to a sample o f thirty-two electricity supply

companies and found that X-inefficiency may have declined following the
reforms in the Australian electricity sector. In addition, Meibodi (1998), Yunos
and Hawdon (1997), and Whiteman (1995) applied D E A to the measure relative
efficiency o f the electricity systems in number o f developing countries.

Meibodi (1998) applied parametric techniques o f efficiency to the electricity
industries o f developing countries. He found that public ownership might have an
adverse effect on technical efficiency. The substantial proportion o f the variation
in efficiency within the electricity industry in developing countries is due to the
size o f the plant. The results o f the study also indicate that increasing returns to
scale are present in the electricity generation sector o f most developing countries.
This study also argues that developing countries should avoid increasing inputs to
increase the efficiency and productivity o f the plant.
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Meibodi conducted the study in the context of the Iranian electricity sector using
panel data for 1990 to 1995. He estimated a stochastic frontier production function
and applied data envelopment analysis. For efficiency determination o f the firms,
we decided to use a similar methodology to analyse the performance and
efficiency o f the electricity sector in Pakistan.

Estache et al. (2002) argued that monitoring o f the performance o f private and
public monopolies

in South America

is difficult. The reason is that these

monopolies do not provide the proper information to the regulator. These firms
only release the information when they have an interest in doing so. The authors
provide estimates o f efficiency levels in South America's main

distribution

companies between 1994 and 2000. They estimated SFA and D E A models to
measure the efficiency levels o f electricity firms included in the sample.

Estache et al. (2000) also suggest that to avoid the problem created by the lack o f
information, there should be international coordination among the regulators.
They believe that the more comparable the information across countries is, the
more effective the form o f competition and the easier it is for each individual
regulator to rely on useful results in its own regulatory settings. In Estache et al.
(2002), the determinants o f efficiency and sources of inefficiency were not
discussed, nor did the authors try to find out the relationship between efficiency
and the size o f the firms.

Luis et al. (2000) used both parametric and non-parametric frontier methods to
measure the production efficiency in the industrial sector. They argue that the
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joint use o f these approaches can improve the results. The authors claim that the
main disadvantage o f the non-parametric approach is its deterministic nature. The
D E A technique makes no accommodation for statistical noise. However, the
parametric approach requires specification o f a particular technology for the
frontier as well as the definition o f a specific distribution for the inefficiency term.

Estache et al. (2002) also claimed that the parametric deterministic approach for
the measurement o f productivity efficiency does not seem to be suitable for this
kind o f analysis. However, they argued that D E A provides a suitable way o f
treating the measurement o f economic efficiency. They also highlighted areas for
further research, such as estimating the efficiency level after adding pricing and
increasing the sample size. It is worth mentioning that this study differs from the
study conducted by Meibodi in 1998, where the relationship between the sources
o f inefficiency and the size o f the firm was examined, finding that no relationship
between the size o f firms and their inefficiencies seemed to exist. The reason is
that they find decreasing Returns to Scale ( D R S ) for the large size firms.

Lassila et al. (2002) analysed the benchmarking results o f electricity distribution
companies in Finland. In this paper, the authors used the D E A approach to
measure the efficiency o f 95 companies and also completed a sensitivity analysis
for the period o f 1999 to 2000. The sensitivity analysis showed that the present
efficiency

benchmarking

method

treats the

network

companies

unequally.

Changes in costs are different for efficient and inefficient companies. For efficient
companies, the change in cost has a slow effect, for some companies there is no
effect o f cost change. For inefficient companies, the effects o f changes in
operational costs are as per prediction. The authors also argued that changes in
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interruption times o f customers affect the efficiency scores. According to the
authors, the D E A technique was found to be a good base for the efficiency
benchmarking o f the distribution companies, but it has to be further developed by
taking into account the special nature o f the electricity distribution business.

It seems that many authors faced problems in measuring and evaluating the resuhs
o f D E A approach (Estache et al.2002, Lassila et al. 2002). The reason could be
that these authors not using joint parametric and non-parametric approaches where
the results could be compared.

Jamasb and Pollitt (2001) carried out a study on benchmarking and regulation o f
electricity transmission and distribution utilities. This study stated that since the
early 1980s, many countries, especially developing countries, have introduced and
implemented reforms in their electricity sectors. Many o f these reforms have
unbundled the generation, transmission and distribution o f electricity. To regulate
this unbundled sector, many countries have used the incentive regulation approach
to promote the efficiency o f these monopolies. Jamasb and Pollitt also reviewed
the main approaches to incentive regulation and discussed various benchmarking
methods.

The

authors

presented

the

findings

o f a survey

o f the use

of

benchmarking methods in O E C D and other countries. This paper provided a good
reference guide for current available benchmarking techniques used to measure
the efficiency level o f the electricity sector.

Hawdon (1998) employed data envelopment analysis to estimate the technical
efficiency o f the electric power sector o f 82 developing countries in 1988 under
both constant and variable return to scale.
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6.3 Results and analysis
The estimated technical efficiency is obtained by estimating several different
translog and Cobb-Douglas models with different variables, and the best model
was selected on the basis of hypothesis testing as presented in Equation 6.1. The
variables and descriptive statistics of the data are presented in Tables 6.1 and 6.2.
Table 6.1

Inputs and output in SFA and D E A Model

Model 1
Inputs

Model 2
Output

Inputs

Output

Units

Installed

Generated

(MW)

(MkWh)

Fuel Consumption

Fuel Consumption

Environmental

(BTU)

(BTU)

Variables

Fuel Type ( D u m m y Variables)

Fuel Type ( D u m m y

Load

Variables)

cent)

Plant

System Losses (per

Installed Capacity ( M W )

Capacity

Units

Generated

(MkWh)

Plant utilization factor (per cent)

utilization

factor (per cent)

Factor

(per

cent)
Max.

Demand

(MW)
Per

capita

Consumption ( M W )
Ownership
(dummy variable)
Source: Author
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Table 6.2

Descriptive Statistics of key variables of the models

Variable
Output

Units
Units
generated
(MkWh)

Mean
1747.04

Std.Error Std.Dav.
71.09
1945.01

Min
4.00

Max
7161.00

Capital

Installed
capacity
(MW)
BTU

483.52

71.09

462.83

117

1638

1.886E+13

38.74

2.11628E+14

3770.28

2.376E+15

per cent

43.05

67.53

21.50

6.67

90.70

MW

10469.50

11.37

506.23

9609

11145

Fuel
Consumption
Plant Factor
Max. Demand

Source: Author's own calculations

There are several approaches used to measure the performance of the firms. In this
study the most commonly known approaches are used to measure the performance
of the firms involved in electricity generation. We examined the performance by
using, a parametric approach (SFA) and a non-parametric approach (DEA) and
productivity growth for the period of six years of panel data.

6.3.1 The stochastic frontier model for the generation sector
As a result of a long-term purchase agreement with the government of Pakistan,
the tariffs rate is fixed, and government is bound to supply the fuel at fixed prices.
This means the objectives of the private generation plants are to maximise the
production rather to minimise costs. In my study, nine publicly owned plants are
examined, and it can be found that there is an obvious objective to maximise
production at the given level of inputs. Therefore, I decided to use a production
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function rather a cost function to estimate the efficiency of the firms. The
translogarithmic and the Cobb-Douglas production function are the two most
common functional forms, and have been used in empirical studies on production,
including frontier analysis. In this study, the most genera! functional form for the
stochastic frontier for electricity generation in Pakistan would be determined after
hypothesis testing.

However, the following functional form of the model can be used to estimate the
translog model. The equation (5.5) is reproduced here.
lnY„ = y3„+/?, lnX,„

In X

p. In X ^ „ + p. In X,„ In X
y5„XS„ + p , , \ r , X , „ X , „ +
+ PM "nX3„X,„

+ p,

+

+

+ p. In X „, In X,,, + /?,„ In X,,,^,,, +
In

\nX,„X,„ +

I n X ^ , , + p,,

+ p,. In X

+ P , , X , „ In A",,,
+ v„

-

(

6

,

where Y» is electricity output (MkWh) by the ith plant in the t-th year used as an
output. Xi is an installed capacity (MW) used as a capital. X2 represents fuel
consumption (BTU), X3 is fuel type (dummy variable), X4 represent as plant
factor (per cent), X5 is time. Fuel type is a dummy variable, which is defined as
fuel oil = 1; otherwise O.Pi are unknown parameters to be estimated.

The above model does not include technical efficiency variables. As pointed out
by Coelli, Perelman and Romano (1999), measuring net efficiency is an important
issue as it allows one to predict how companies would be ranked if they were able
to operate in equal environment. To capture this, assume a function given by (6.2).
5,+S,X,„+5,X,„+5,X,„+e„
Where,X^,, is the system losses (per cent) by observation i in period
for ownership (dummy variable), Xg,, represent maximum demand (MW)
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(6.2)
used

1

)

where £„~

and ownership is a dummy variable which is defined as

public ownership is 1, otherwise 0. v„ are iid, and N(0, c j / ) random errors, and
are assumed to be independently distributed of the

which are non-negative

random variables associated with technical inefficiency, which are assumed to be
independently distributed, such that the distribution of M„ is obtained by a
truncation at zero of the normal distribution with mean m„ and variance cr,/ .

6.4 The rationale for the selection of input and output variables

The data included in this study cover the entire electricity generation sector. The
data consists of 12 private and 9 public power plants for the period of 1998 to
2003. The electricity generation sector produces a homogenous output.

The data include the actual production figures measured in MkWh and maximum
capacity of the power plants measured in MW, as well as the input variables,
namely installed capacity (MW), fuel consumption (BTU), Fuel type as dummy
variable and Plant utilization factor or capacity utilization factor (per cent). Fuel
type is a dummy variable showing the plant main energy use defined as oil, gas or
combination of oil and gas. Plant utilization or capacity utilization is defined as
the ratio of observed output to the capacity of the plants. A summary of key
variables are presented in Table 6.1 and summary statistics of key variables are
presented in Table 6.2. In addition to the input variables some environmental
variables are also included in the model to capture inefficiency factors such as
System losses (per cent), maximum demand (MW) per capita consumption of
electricity, and ownership as dummy variable.
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Following Coelli et al. (2003), panel data o f 21 generation plants are expressed
in deviation from their sample means. The reason is to linearise the data. This
is simply a change in units o f measurements and does not change the
underlying data. This approach has the advantage that the estimated first-order
parameters in the translog function can now be directly interpreted as estimates
o f the production elasticities, evaluated at the sample means (Coelli, 2003:59).

Before explaining each set o f data and variables used in this thesis, it is important
to mention that data limitations exist. This study is the first study o f this kind on
the electricity sector in Pakistan. Coelli et al. (2003) mentioned clearly that
limited access to the data o f public utilities is the norm for developing countries;
therefore the good proxies o f variables for frontier models are rarely obtained.
Such data problems also exist for advanced countries where data is easier to
access. They also face a data constraint due to the nature o f public utilities.
Therefore, for this study data problem is acknowledged.

In this study, the data covers all the thermal power plants. The data for these
plants are mainly obtained from two sources. For private power plants, the data
was obtained from the companies' annual reports. These reports were collected
during the field visit in Pakistan. For public plants, the data was obtained from the
various issues o f power system statistics, published by W A P D A ' s

planing

department.

In the sample data set, some observations are not available in certain years
because some units had started operations in later years, or closed down due to
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high cost o f operation, lower electricity demand and service life expiration.

To

reduce the data set to the balanced panel data, the units with incomplete data and
the missing data o f some units before 1998 are eliminated. Most o f the eliminated
units are private power plants. Eventually the final balanced panel data set
consists o f 21 power plants (12 private and 9 public) covers period o f 1998 to
2003.
Table 6.1 gives a list o f variables used to estimate the models while Table 6.2
shows the summary statistics o f each variable in the balanced panel data. A
description o f key variables in the balanced panel data is briefly explained as
follows.

The output is the electricity generated by each plant, with average output in this
sample being 1747.04 M k W h .

The minimum electricity generated during this

sample size is 4 M k W h and maximum is 7161.0 M k W h . The most troublesome
variable is the labour. According the W A P D A ' s official information, the data o f
labour for each plant was not recorded as it was considered as a single entity in
the public sector. For private power plants, it was observed and discussed with
plant managers that all new plants are automatic and not much labour is involved
in running and operating these plants. Most o f the labour involves in supervision
and starting up the plants. As these plants work continuously on a 24 hour basis,
only one or two staff members involved in operating the plants. The labour
component is not directly related to electricity generation but it is related to
administrative jobs in the headquarters. Therefore, expenditure on labour or
number o f employees does not reflect the true cost or contribution to electricity
generation. Therefore, labour was not included in the model.
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Another key variable is fuel consumption. Each type o f power plant has a
particular combination o f fuel used in the different electricity generation systems.
The conventional thermal power plants use fuel oil and natural gas as their main
fuel whereas the combined cycle power plants employ natural gas. The gas turbine
power plants use diesel oil.

In thermal generation, there was an issue o f comparability o f plants because
different

types o f fuel

are used

for electricity

generation.

Accordingly,

a

commonly used method is adopted. All fuel consumption (gas, high-speed furnace
oil, low speed furnace oil, high-speed diesel and combined fuel consumption) was
converted into British Thermal Units (BTU). ensuring that the comparison is
being made for similar technologies.

To avoid difficulties in comparing different physical plants using different fuels, it
is ideal to convert volumetric measures o f fuels into BTU. The converted number
can be then aggregated into fuel figure. The fuel will be converted into BTU by
using conversion

factor o f the W A P D A ' s

planning department'".

The last

variable is plant factor (plant utilization in per cent). The data is obtained from the
various issues o f "Power system o f statistics twenty seventh issue" published by
W A P D A . The average plant utilisation is 43.05 per cent. The maximum plant
utilisation is 90.70 per cent while minimum is 6.67 per cent (Table 6.2)

6.5 Results from stochastic frontier analysis

In this section, SFA results o f the translog Equation 6.1 are discussed. The data
covers nine public and twelve private thermal power plants (conventional thermal

' W A P D A (2003), Appendix I
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or steam, gas turbine and combined cycle power plants). The dataset consists o f an
annual measure o f output (electricity generated in G w h ) and four inputs: capital
(installed

capacity

MW),

fuel

consumption

(BTU),

plant

factor

(capacity

utilisation in per cent), fuel type (dummy variable), and time trend for the period
1998 to 2003. The balanced panel data is used for the measurement o f technical
efficiency o f whole sector. The model specifications, data issues and choice o f
variables were discussed in detail in Chapter 5. The results and the summary o f
likelihood tests are presented in Tables 6.3 and 6.4. Two main results are o f
interest here. First, the best functional form for the industry is a translog
functional form with some environmental variables. Second, almost all technical
inefficiencies are explained by the model rather than statistical noise. The main
results are explained in the following sections in detail.

6.5.1 Choosing a preferred functional model specification
Several tests have been conducted to choose the correct functional form o f the
model for the estimation. The first test was conducted to determine whether the
Cobb-Douglas is the right functional form. The test involved imposing the
restrictions /?gto P^^, = 0 on the translog model. The likelihood test ratio X (Table
6.3) is 132.0; the critical value (5 per cent chi-square value) is equal to 8.54. So
the null hypothesis cannot be accepted. Hence, we can conclude that the translog
functional form is better than Cobb-Douglas function.
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Table 6.3

L i k e l i h o o d ratio tests for the whole generation sector model

2^-Critical

Null Hypothesis

DECISION

Value

STATISTICS

8.54

132.00

H 0 : Rejected;

Ho: ^ = 0

12.48

3,4702,046

H 0 : Rejected

Ho:

10.37

17.80

H 0 : Rejected;

10.37

131.84

H 0 : Rejected;

8.54

149.58

H 0 Rejected;

Ho: A

/?20=0

H 0 :

=

=

H0:

= <52 =0

=0

Source: Author's own calculation

6.5.2 Technical inefficiency in the sector

The second test that was performed on the SFA model was to determine whether
there was any technical inefficiency in the generation sector. This was done by
imposing the restriction on the SFA translog model that^ = (Jg = J , =

= 0•

we can see in Table 6.3, the calculated statistical value is 131.84, which is higher
than the critical value o f chi-square o f 10.37. This allows us to retain a model that
includes the environmental variables.

The preferred translog model has a value y = 0.999 (Table 6.4) for the estimated
stochastic model. The value o f y = 0.999 is not unusual. Coelli (1995) reported
the value y = 0.999. This indicates two important things: first 99.9 per cent
variation in the data among the firms can be explained within the model. Only the
0.1 per cent is statistical noise, which is quite low, especially for a developing
country like Pakistan. So, it is shown that most o f the difference among firms is
due to inefficiency and not due to stochastic error. Second, all predicted technical
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inefficiency is fully accounted for by the technical efficiency variables (S,) used
in the translog model. This is an important implication: there are identifiable
inefficiencies among firms, and, on this basis, we can develop a reliable
benchmarking criterion.

It is interesting to note that all technical inefficiency factors included in the
translog model are jointly statistically significant (Table 6.4). Environmental
variables (system losses and maximum demand) included in the model have a
negative sign, which implies that these factors have a positive impact on the
output level of the plant. The factor of public ownership was also included in the
model to find out what impact of public ownership had on the output of a plant.
The results suggested that the variable of ownership has a positive sign, implying
that public ownership has an adverse impact on the output level. This implies that
the technical efficiency variables have a significant positive impact on the
efficiency o f the generation plants, except the variable of public ownership. It can
be posited that that public ownership has a negative impact on the technical
efficiency of generation plants, while system losses and maximum demand have a
positive impact on the efficiency of the plants. It is worth mentioning that these
environmental variables, 5i, shift the mean value of the distribution of inefficiency
term rather than directly affecting the magnitudes of inefficiencies of the plants.
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Table 6.4

Production frontier parameters for whole generation sector
(1998-2003)

Coefficients

Maximum
likelihood
estimation

T-ratio

OLS

T-ratio

0.834(0.733)***

1.138

1.759(2.378)****

0.739

0.916(0.570)**

1.604

0,114(1,801)

0.063

0.158(0.047)*

3.366

0,365(0,118)*

3.093

1.416(0.588)*

2.406

-0,474(1.981)*

-2,395

-0.196(0.386)*

-5.086

3,389(0.986)*

-3.434

-0.434(0.672)

-0.646

4,702(1,189)*

3,951

-0.214(0.115)

-0.185

0.053(0.357)

0.149

0.028(0.015)**

1.816

-0.077(0.048)**

1.600

P g Log KFT

-0.279(0.327)

-0.852

3,066(0.907)*

3.380

P 9 Log KPF

0.175(0.114)***

1.533

0,278(0,339)****

0.819

P

iQ LogKTime

-0.144(0.121)

-0.119

-0,104(0,407)*

-2,572

P

, , LogFCFC

0.001(0.002)

0.959

-0.001(0.003)

-0,304

P

,2

LogFCFT

0.064(0.049)***

1.300

0.125(0.1088)****

1,155

P

,3

Log FCPF

-0.147(0.022)*

-6.461

-0,105(0.475)*

2,221

-0.043(0.024)**

-1.777

-0,079(0.050)**

-1,579

-0.039(0,542)

-0.073

-1.796(1,127)**

-1,593

-1.366(0.398)*

-3.433

-0,264(0,919)*

-2,879

1.467(0.626)*

2.341

0,294(0.967)*

3,039

1.111(0.1774)*

6.312

1.939(0,373)*

5,195

0.399(0.337)***

L118

-0,113(0,651)**

-1.743

-0.131(0.270)

-0.484

-0,559(0,556)****

-1.005

-0.298(0.917)

-0.324

-0.568(0.827)

-0.687

1.117(0.217)*

5,135

-0.5010(0.690)

-0.725

0.509(0.052)
0.999(0.000)
34.897
131.857

9,745
2089,306

P

0 Intercept

/?,LogK
P

2 LogFC

/ ? 3 FT
P

4 LogPF

P

5 Time

P

6 LogKK

P ,

Log KFC

P u

Log

FCTime
/?,5

Fin

/?,6

FTlogPF

/?

Fllime
LogPFPF

P 19 Log
PFTime
P

20 Time

Square

(System
losses)
d j (Ownership)
(Jj (max.demand)
Sigma square
Y
LLF

X

-31.031

Note:
Standard Errors in parentheses, *, **, **** and **** means significant at 1 per cent 5 per
cent, 10 per cent and 15 per cent level respectively.
Source: A u t h o r ' s own estimations
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6.6 Summary of output elasticity
S F A a l l o w s us to estimate the output elasticity. A s w e know, the estimated
c o e f f i c i e n t s of the translog m o d e l d o not directly allow any interpretation. So,
output elasticity w a s measured at m e a n s of relevant data points. T h e results of the
estimated elasticity are presented in Table 6.5 and obtained from Equation 5.4.
T h e output elasticity of capital is equal to 0.916. it shows that in electricity
generation

capital

(installed

capacity)

has a significant positive

impact

on

electricity generation. This elasticity value is similar to the elasticity calculated in
other previous studies. Positive but higher output elasticity with respect to
installed capacity w a s also reported by Lovell and Schmidt (1980) and Kopp and
Smith (1980).

With regard to the elasticity of fuel inputs (0.158), w e found it to be inelastic. This
s h o w s that fuel inputs are a significant constraint as compared to capital on
production e f f i c i e n c y . It can be implied that adding more fuel inputs may not
increase the generation of electricity significantly. In our case, both

input

elasticities are positive in signs.

T a b l e 6.5

O u t p u t elasticity for w h o l e electricity generation in Pakistan

W i t h respect to

E s t i m a t e d elasticity

Capital

0.196

Fuel c o n s u m p t i o n

0.158

Fuel type

1.416

Plant factor

-0.196

R e t u r n s to scale

1.57

Source: Author's own estimations
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The regression indicates increasing returns to scale (1.57) for the electricity
generation sector. It implies the whole sector has increasing returns to scale. This
confirms that as the private plants are quite new, they have the capacity to
increase output i f demand increases. Some plants are even operating at a very low
level o f their installed capacity.

6.7 Ranking of firms and technical change

With regard to technical efficiency change, the results show that there is a high
level o f positive technical change in public plants as compared to private plants.
The technical efficiency change presented in Table 6.8 indicates that the highest
level o f technical efficiency change was in a public plant, N G P S Multan (90.66
per cent) and in a private plant, S E P C O L (45.84 per cent), during the period o f six
years. The lowest technical change in a private plant was in A E S L A L P I R (-14.92
per cent) and in a public plant was in TPS G U D D U E (5-13) (-2.64 per cent). The
results indicate that in terms o f technical change, public plants are performing
better than

private

plants. This

might

competition.
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be the result

o f restructuring

and

Table 6.6

Estimated technical efficiency change
between 1998 and 2003
Estimated technical

Year/Firm

efficiency change

KAPCO

28.59

HUBCO

0.22

KEL

-0.44

AESLALPIR

-14.92

AESPakGen

14.31

SEPCOL

45.84

HABIBULLAH COASTAL

3.31

FKPCL

7.71

ROUSCH

-9.81

SABA

-1.31

JAPAN POWER

4.13

UCH POWER

11.59

Average Private

7.43

TPSJAMSHORO

17.07

GTPSKOTRI

2.81

FBC LKHRA

2.38

TPSGUDDU(l-4)

9.08

TPS GUDDUE (5-13)

-2.64

T P S M . GARH

13.52

SPS FAISALABAD

-0.09

GTPS FAISLABAD

46.85

NGRPS MULT AN

90.66

Average Public

19.96

Average/plant

12.80

Source: Author's own estimations.

Note: Figure in the table shows the change between end points.
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Figure 6.1 shows the efficiency score o f public and private plants.

It clearly

shows that the performance o f the public plants was quite good in 1999 when the
private plants emerged in the industry. But as new private plants entered the sector
the government decided to buy electricity from private plants. As a result, the
scale level o f the public plants was affected.
realised

that

private

electricity

generation

The new government in 2000
is expensive.

As

a

result,

the

government increased demand for public plants; they started to pick up their
performance and now both sectors almost running on the same line.

Increase in

demand for the public plants had a positive impact on the output and scale level o f
the public plants and also increased competition in the sector. One implication
from the results reported in Table 6.6 suggests that changes in ownership do not
necessarily lead to improve efficiency. The results o f previous studies using both
public and private firms from various countries shows that public firms performed
at least as well as private. Meibodi (1998) investigated the technical efficiency o f
the

Iranian

electricity

industry

by comparing

it with

26 other

developing

countries. He used panel data, collected on thermal power plants, covering the
period

1987 and

1988 to ensure that the sample constitutes a homogenous

technology. Both data envelopment analysis and stochastic frontier analysis were
employed to estimate the technical developing countries.

Table 6.7 indicates that on average the highest score was for a private plant, U C H
Power (95 per cent), and the lowest efficiency score was for a private plant
S E P C O L (74 per cent). It also indicates that no plant, from either public or private
sector, is operating on the frontier. O n average, the efficiency score is 81 per cent
for the whole sector. This means that there is a 19 per cent inefficiency rate in this
sector.
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Table 6.7

Estimated efficiencies for electricity generation: SFA Results

Year/PublicFirm
KAPCO
HUBCO
KEL
A E S LALPIR
A E S PakGen
SEPCOL
HABIBULLAH
COASTAL
FKPCL
ROUSCH
SABA
JAPAN P O W E R
UCH P O W E R
Average Private
Public Firm
5TPS
JAMSHORO
O T P S KOTRI
FBC L K H R A
TPS G U D D U (14)
TPS
GUDDUE
(5-13)
TPS M. G A R H
SPS
FAISALABAD
GTPS
FAISLABAD
NGRPS
MULTAN
Average Public
Average/Year

1998
0.546
0.850
0.990
0.844
0.680
0.329
0.982

1999
0.868
0.863
0.958
0.965
0.880
0.310
0.938

2000
0.830
0.836
0.964
0.939
0.906
0.939
0.979

2001
0.837
0.814
0.822
0.916
0.882
0.904
0.892

2002
0.830
0.963
0.908
0.932
0.929
0.989
0.719

2003
0.800
0.983
0.973
0.587
0.987
0.967
0.994

Average/Firm
0.785
0.885
0.936
0.864
0.877
0.740
0.917

0.822
0.991
0.818
0.668
0.968
0.791

0.208
0.767
0.879
0.995
0.985
0.801

0.877
0.705
0.782
0.663
0.995
0.868

0.942
0.881
0.934
0.913
0.908
0.887

0.911
0.824
0.906
0.799
0.954
0.889

0.904
0.769
0.914
0.850
0.913
0.887

0.777
0.823
0.872
0.815
0.954
0.854

0.832

0.758

0.825

0.730

0.874

0.852

0.812

0.990
0.648
0.719

0.904
0.836
0.792

0.930
0.920
0.420

0.924
0.988
0.839

0.928
0.950
0.814

0.927
0.989
0.824

0.934
0.889
0.735

0.982

0.986

0.293

0.265

0.820

0.881

0.705

0.958
0.120

0.768
0.986

0.953
0.124

0.905
0.675

0.915
0.668

0.918
0.820

0.903
0.566

0.276

0.629

0.661

0.663

0.646

0.678

0.592

0.132

0.967

0.817

0.817

0.950

0.915

0.766

0.629

0.847

0.660

0.756

0.841

0.867

0.767

0.721

0.821

0.779

0.831

0.868

0.878

0.814

Source: Author's own estimations.

6.8 DEA Malmquist efficiency change

The Malmquist index measures the TFP change between two data points by
calculating the ratio of the distance of each data point relative to a common
technology. A value greater than 1 will indicate positive TFP growth from period t
to period t+1 otherwise it shows deterioration in TFP growth.

Basically, this

index is a combination of two indices. One index uses period t technology and
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other uses t+1 period technology. To estimate the index, the D E A P 2.1 program
developed by Coelli (1996a) was used. It decomposes the index into five indices
in its output file. It gives technological efficiency change relative to C R S
technology

(EFFCH), technological

change

(frontier shifts) represented as

T E C H C H , pure technical efficiency change relative to a V R S technology (PECH),
scale efficiency change ( S E C H ) and total factor productivity change (TFPCH).

The results confirm the results obtained through SPA, which also show that there
was a positive technical change in the generation sector over the period o f six
years. The average D E A technical efficiency is still less than unity ( 0.84), so it
can be posited that the sector has a capacity o f 16 per cent to improve and to
achieve a level o f full efficiency.

Table 6.8 and 6.9 report the results o f the D E A Malmquist efficiency, technical,
pure, scale and TFP change. Table 6.8 provides cumulative indices o f technical
efficiency, technical change and TFP change over the period o f six years. The
results, indicate that on average there was a 3 per cent growth in efficiency
change. O n average there was 0.3 per cent deterioration in technical change. For
TFP change for the sector over the period o f six years there was 3.4 percent
technological growth. It implies that during this period the frontier has moved
slightly outwards. For the whole generation sector on average, there was 3.2 per
cent pure and 0.2 per cent scale efficiency deterioration over the period 1998 to
2003.
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Table 6.8

Year

Cumulative indices of technical efficiency change; technical
change and TFP change P E A results
Pure

Scale

Efficiency

Technical

Efficiency

Efficiency

TFP

Change

Change

Change

Change

Change

1999

1.06

1.00

1.07

0.98

1.06

2000

1.02

0.99

1.05

0.97

1.02

2001

0.96

1.08

0.94

I.Ol

1.04

2002

1.03

1.00

1.03

0.99

1.03

2003

1.07

0.94

1.05

1.01

1.01

Average

1.030

1.003

1.032

0.998

1.034

Source: Author's own estimations.

Table 6.9 gives a comparison of the public and private efficiency growth. In
terms of public and private sector, it shows there was 0.01 per cent growth for the
private sector and 0.06 per cent TFP growth for the public sector. It also indicates
that the performance of the public sector in terms of technological change,
managerial and TFP growth are similar to each other. It shows that the both sector
are having competition and moving along the same line. This is also because of
unexpected increase in electricity demand that the public and the private plants are
working around the clock to meet the demand. Due to the increase in power
demand over the period, the utilisation capacity of power plants also increased and
as a result scale efficiency for the plants increased.
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Table 6.9

D E A Malmquist index summary of firm means

Private Firms
KAPCO
HUBCO
KEL
AES LALPIR
AES PakGen
SEPCOL
HABIBULLAH
COASTAL
FKPCL
ROUSCH
SABA
JAPAN
POWER
UCH P O W E R
Average
Private Firms
Public Firms
TPS
JAMSHORO
OTPS KOTRI
FBC LKHRA
TPS G U D D U
(1-4)
TPS G U D D U E
(5-13)
TPS M. G A R H
SPS
FAISALABAD
GTPS
FAISLABAD
NGRPS
MULTAN
Average Public
Average/Y ear

Technical
Change
1.00
0.98
1.03
1.00
0.98
1.00

Pure
Efficiency
Change
1.00
0.97
1.00
0.92
1.00
1.24

Scale
Efficie
Change
1.00
0.98
1.00
0.97
1.01
1.00

TFP
Change
1.00
0.94
1.03
0.90
1.00
1.24

1.00
1.00
1.05
1.00

0.99
1.00
0.98
1.03

1.00
1.00
1.05
1.00

1.00
1.00
1.00
1.00

0.99
LOO
1.04
1.03

1.00
0.98

1.04
1.00

1.00
1.00

1.00
0.98

1.04
0.99

1.01

1.00

1.01

0.995

1.01

1.05
1.00
0.92

1.00
1.00
1.00

1.05
1.00
0.92

1.00
1.00
1.00

1.05
1.00
0.922

1.00

1.00

1.00

1.00

1.00

1.00
1.00

1.00
1.00

1.00
LOO

1.00
LOO

1.00
LOO

1.24

1.00

1.24

1.00

1.24

1.08

1.00

1.08

LOO

1.08

1.24
1.06
1.03

1.00
1.00
1.003

1.24
1.06
1.032

1.00
1.00
0.998

1.24
1.06
1.034

Efficiency
Change
1.00
0.95
1.00
0.90
1.03
1.24

Source: Author's own estimations.

To explain the efficiency performance of each individual firm, we also estimated
the DEA two-stage model. The results of technical efficiency and returns to scale
are presented in Table 6.11 which shows that the private firms (HUBCO,
H A B I B U L L A H , KEL, FKPCL, SABA and JAPAN power) could attain an
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efficiency score 1. This implies that these firms are operating on the frontier.
There were only two firms in the public sector (OTPS K O T R I

and

FBC

L A K H R A ) able to score 1. O n average, there was 16 per cent inefficiency under
the V R S assumption and 19 per cent inefficiency under the C R S assumption. This
implies that the generation sector as a whole has high level o f inefficiency.

W e also examined the effect o f ownership.

The results suggest that there is a

negative impact o f public ownership based on SFA results. The null hypothesis is
accepted, that public ownership might have an adverse impact on technical
efficiency scores. The results presented in earlier sections also support the
position that private plants have less variation and are more managerially efficient
than public firms. However, these finding are not correct across the board. One
issue confirmed by the results is that in this sector there is a high capacity to
improve the efficiency o f the plants involved in the electricity generation. To
determine the sources o f efficiency, two-stage estimation was carried out and the
results are discussed in Section 6.9.

6.9 Comparison of SFA and DEA methodologies
The choice o f the estimation method is a contentious one. It depends on sample
size, technology and the distribution o f inefficiency. The findings from Bankar,
Gahd and Gorr (1993) suggest that the choice o f the 'best' estimation method is
likely to be much more important in the presence o f a measurement error. Low
levels o f estimation error mean an absolute deviation between the results o f D E A /
SFA and 'actual' efficiency scores, which varied between 0.03 and 0.11. At
higher levels o f measurement error, the gap between the estimates and actual
efficiency scores widened with mean absolute deviations between 0.08 and 0.40.
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In short, neither method performed satisfactorily for high measurement errors
(Bani^ar, Gahd & Gorr, 1993)

The estimation results from the two-state-of-the art methodologies are slightly
different. The results from non-parametric approach (DEA-CRS and DEA-VRS)
are similar. When considering the frontier under the variable return to scale
assumption, the efficiency levels o f each from DEA-VRS and SFA are not much
different. The scores from SFA are lower than DEA-VRS in most o f the plants
and slightly lower on average. The correlation analysis shows that both results are
positively correlated (0.63). The least inefficient firms identified by the D E A and
SFA are same (SPS F A I S A L A B A D ) , although value o f efficiency score for each
firm is different.

To analyse the generation sector on the ownership basis, a separate translog
models for each sector were estimated. On average, there is not much difference
for private firms, 88 and 85 per cent for D E A and SFA, respectively. For public
firms, SFA and D E A results vary markedly— 77 per cent and 55 per cent
respectively. O n average for the whole period from 1998 to 2003, there is not a
big difference in the results o f SFA (81 per cent) and D E A (84 per cent). At the
plant level efficiency score, there are eight plants operating on the frontier,
according to D E A results, and no plant was found efficient in the SFA results.
However, there are five plants in the SFA results that have an efficiency score o f
more than 90 per cent. The SFA and D E A results tend to identify the same plants
as best and worst in the sample.
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The literature shows that there is a fundamental difference in the efficiency scores
o f both approaches. The SFA gives the net efficiency score after adjusting for the
effects o f technical

efficiency

variables,

while the simple

DEA

does

not

accommodate them. That is why in D E A the score at plant level is relatively
higher than in SFA efficiency scores. The question as to which approach is more
reliable needs further research and also depends on the quality o f the data. Both
approaches have some advantages and disadvantages as discussed in Chapter 2.

6.10 DEA efficiency results and the determinants of efficiency

As the SFA and D E A analysis show that the firms are different in efficiency level,
there is a need to find out the determinants o f efficiency. The differences in firms'
efficiency level should allow for further inquiry into the sources o f efficiency and
the causes o f such differences among firms, which is o f great importance for
improving the design o f policies to deal with those sources.

In this section, the sources o f inefficiency are determined by using a Tobit model
analysis. Pitt and Lee (1981) investigated technical efficiency variation among the
Indonesian weaving firms by regressing the inefficiencies, obtained from an
estimated stochastic frontier, on a vector o f firm-specific factors, such as foreign
ownership, age and size. Coelli (1995) mentioned a serious flaw in this approach.
In

the first stage, the inefficiency

effects are independent

and

identically

distributed, while in the second stage they were assumed to be independent and
identical factors, which implied that they were not identically distributed (Coelli,
1995). Because o f this problem, Pitt and Lee (1981) and Majumdar (1996) used
the D E A efficiency score in the second stage estimation. Favero and Papi (1995)
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realised that the power generation plants normally have scale inefficiency. In this
study, results confirm that there is scale inefficiency among the generation plants.

Based on the reasons outlined above, DEA-VRS efficiency scores were used to
investigate the determinants o f efficiency. In the second stage estimation, the
D E A - V R S efficiency scores were submitted to the Tobit model in order to test the
null hypothesis that the public ownership has negative impact on efficiency o f the
power plants. The reason for selecting a Tobit model is that the dependent
variable is restricted to a value between zero and one. For the estimation o f the
model, maximum likelihood method was used. To estimate the model, several
variables, such as plant size, public ownership, plant utilisation, fuel consumption,
fuel t>pe and electricity generated were used as independent variables. Finally,
after several estimations, a preferred model was selected. The selected model is
similar to the model used by Yunos and Hawdon (1997), Pitt and Lee (1981)
Mayers. Harris and Lansbury (1994) and Meibodi (1998). In the model, an
attempt was made to assess the impact o f public ownership and the size o f the
plant. The selected model is as follows:
D E A V R S = 3.54-0.172

OWNERSHIP+3.6030UTPUT-3.361SIZE+0.045FUEL

COST-1.446FUEL TYPE-2.987PLANT F A C T O R
Where D E A
ownership
(MkWh),

VRS

(dummy

is D E A V R S efficiency scores. Ownership means Public
variables), Output

Size represents

installed

is electricity generated by the

capacity

(MW),

while

fuel

cost

firm,
means

consumption o f fuel converted into BTU, fuel type is a dummy variable and Plant
factor represents as capacity utilisation o f the plant.
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Table 6.10

Tobit model estimation results

DEAVRS

Std.er

95 per cent

Scores

Coefficient

ror

Ownership

-0.172

0.124

-1.39

Output

3.603*

0.810

4.45

Size

-3.361*

0.837

Fuel cost

0.045

Fuel type

t

P>t

Confidence

Interval

-0.437

0.092

0.000

1.876

5.330

-4.01

0.001

-5.147

-1.576

0.031

1.44

0.172

-0.021

0.112

-1.446*

0.339

-4.26

0.001

-2.169

-0.723

factor

-2.987*

0.801

-3.73

0.002

-4.696

-1.278

Constant

3.544*

0.952

3.72

0.002

SE

0.141

0.021

Plant

5.575

* indicates the statistically significant estimates at 1 per cent significance level.
Source: Author's own estimations.

The results presented in Table 6.10 of the model are broadly expected and confirm
the results of previous studies such as Meibodi (1998). As can be seen from the
results, public ownership is negatively related to the efficiency of the firm. This
resuh is consistent not only with previous studies on the same subject matter, but
also confirm the result of SFA for the same sample size. The SFA in this study
also shows that there is a negative relationship between efficiency and public
ownership. Similarly, the plant size, fuel type and plant factor are negatively
related to the efficiency level. The significance of these variables indicates that the
larger plant may not have the economies of scale. Therefore it can be concluded
that technical efficiency deteriorates as the plant size increases. This is also
confirmed by the positive relationship between output and efficiency level. It
shows, at the given plant size, that technical efficiency improves as the output
increases. By looking the DEA scale efficiency and level of scale results suggest
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that mostly larger plants have DRS In the sample. It Implies that the larger plant
size does not guarantee economies of scale. The DEA results also show that on
average, there is 4 per cent scale inefficiency, while more private firms are
operating on the frontier than public firms. It also confirmed by the average
efficiency score that private firms have higher efficiency scores (90 per cent) than
public firms (76 per cent). The variable plant factor, which describes the average
output level at a given capacity to generate electricity over the year, has a
significant negative relationship with efficiency level. It is known that there is 4
per cent scale inefficiency and most plants in the private sector are operating at
low plant factor, which is contributing negatively to efficiency of the plant. This
can also be confirmed by Table (4.2), which shows surplus electricity generation
as compared to the existing demand. As discussed in Section 4.4, Pakistan has
sufficient resources and potential scale (Table 6.11) to increase the electricity
generation in case of demand increases in the future.
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Table 6.11

Efficiency summary of D E A results (1998-2003)

Private Firms
KAPCO
HUBCO
KEL
AES LALPIR
AES PakGen
SEPCOL
HABIBULLAH
COASTAL
FKPCL
ROUSCH
SABA
JAPAN
POWER
UCH P O W E R
Average
Private
Public Firms
TPS
JAMSHORO
OTPS KOTRI
FBC L K H R A
TPS G U D D U
(1-4)
TPS G U D D U E
(5-13)
TPS M. G A R H
SPS
FAISALABAD
GTPS
FAISLABAD
NGRPS
MULTAN
Average
Public
AverageAf ear

CRSTE
0.899
1.00
1.00
0.750
0.937
0.333

VRSTE
1.000
1.000
1.000
0.750
1.000
0.333

Scale
Efficiency
0.889
1.000
1.000
1.000
0.937
1.000

Scale level
drs
crs
crs
crs
irs
crs

1.000
1.000
0.750
1.000

1.00
1.00
0.750
1.000

1.000
1.000
1.000
1.000

crs
crs
crs
crs

1.000
0.937

1.000
1.000

1.000
0.937

crs
irs

0.88

0.90

0.98

crs

0.667
1.000
1.000

0.750
1.000
1.000

0.889
1.000
1.0000

drs
crs
crs

0.667

0.750

0.889

drs

0.889
0.889

1.000
1.000

0.889
0.889

drs
drs

0.333

0.333

1.000

crs

0.667

0.667

1.000

crs

0.333

0.333

1.000

crs

0.716

0.759

0.951

crs

0.812

0.841

0.968

crs

Source: Author's own estimations.
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6.11 Empirical results: public and private ownership models

6.11.1 SFA results for private models

In

Section 6.3 the empirical

investigated.

The data covers

results for the whole generation

sector were

12 private thermal power plants, which

are

conventional thermal power plants. The data set consists o f an annual measure o f
output (electricity generated in G W H ) and five inputs: capital (installed capacity
M W ) , fuel consumption (BTU), plant factor (capacity utilisation in per cent), fuel
type ( d u m m y variable) and time in period 1998 to 2003. The balanced panel data
was used for the measurement o f technical efficiency o f the whole sector. W e
estimated a single translog model and attempts have been made to

assess the

impact o f public ownership by introducing a dummy variable o f ownership in the
same model. At the end the comparison o f the results on the basis o f ownership
and methodology used was also discussed. To find out the consistency in results,
we divided the data into two sample sets on the basis o f private and public
ownership. Using this data, two separate translog models were estimated using
SFA methodology and four models were estimated using the D E A methodology.
Similar to Section 6.5.1, hypothesis tests were conducted and translog functional
form was selected for the model (Tables 6.12 and 6.13). The null hypothesis tests
suggested that the translog model with environmental variables for the private and
public models were the better specification.
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Table 6.12
Likelihood ratio tests for public generation sector model
Null Hypothesis
;^.TEST
DECISION
Critical

STATISTICS

Value
H0 :

=

= /?4 = /?5 =

= A o = A , = PN =

=

=

=

=

Pm = P^^ = A o = 0

8.76

42.90

H 0 : Rejected;

r = o

12.48

15,278

H Q : Rejected

= 0

8.461

109.46

H 0 : Rejected;

Hq:

8.761

31.64

H Q : Rejected;

Ho:

7.04

26.58

H 0 : Rejected;

HO:
HO

Source: Author's own estimations.

Table 6.13

Likelihood ratio tests for private generation sector model

Null Hypothesis

/-TEST
Critical

DECISION

STATISTICS

Value
H0:

=

=

= /?5 = A

PU = PM = A s = A o = 0

H0 :

=

H 0:

=

=

=0

=0

=

8.76

75.42

H 0 : Rejected;

12.48

14,212

H 0 : Rejected

8.76

-215.62

H 0 : Rejected;

8.76

91.64

H 0 : Rejected;

7.04

69,354

H 0 : Rejected;

Source: Author's own estimations.

Tables 6.14 and 6.15 present SFA estimation results for private and public models
respectively. In Table 6.15, most of the variables are significant and the value of y
= 0.999 which indicates that 99.9 per cent variation in the data can be explained
within the model. Only 0.1 per cent is statistical noise, which is quite low,
especially for a developing country like Pakistan. The environmental variables
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(system losses and per capita consumption of electricity) used in the model were
found significant and have positive impact on the technical efficiency of the
private plants. It can be concluded that any increase in system losses and per
capita consumption of electricity increase the demand for the electricity and as a
results the plants increase electricity generation, which ultimately leads to an
increase in the technical efficiency of the plants. As the private plants are
operating at low capital utilisation, any increase in electricity demand will
increase their productivity and technical efficiency as they have potential to
increase output.
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Table 6.14

SFA estimation results for private generation plants
(1998-2003)

Coefficients

Maximum

t-ratio

OLS

t-ratio

likelihood
P

-0.082(0.11)

Q Intercept

-0.746

^LogK

1.093(0.151)

[3 2 Log K square)

0.154(0.132)

/ ? 3 Log K X log FC

0.007(0.016)

/ ? 4 Log K X FT

0.327(0.245)

/ ? 5 Log K X log PF

-1968(0.156)

P

P
P

1.16***

0.677(0.460)***

1.471

0.368(0.720)

0.510

-0.534(0.053)****

-1 007

1.333***

1.452(1.490)****

0.974

0.157(0.255)

0.613

-0.104(0.504)

-0.206

0.007(0.232)

0.072

-0.001(0.011)

-0.142

0.070(0.232)

0.302

-0.253(0.141)**

-1.800

-1.552(0.0785)**

-1.976

-1.001(1.413)

-0.708

3.438(0.732)*

4.694

-2.698(0.980)*

-2.751

0.4921(1.024)

0.480

0.347(2.253)

0.154

-6.272(13.52)

-0.463

3.803(2.041)**

1.862

-1.239(0,639)**

-1.938

-2.046(1.331)***

-1.536

-1.256***
0.747
-0.033(-0.021)

LogFC
g

0.190

0.47

0.090(0.121)

^ Log K X Time

P ,
P

7.202»

0.081(0.429)

-1.519"*

Log FC square

-0.004(0.002)
-2.006*

9 Log FC X FT

0.043(0.069)

,0

-0.088(-0.043)

0.618

Log FC X Log

PF

-2.007*

yS,,

Log

X

FC

0.025(0.017)

Time

1.434***

Pm

LogPF

/?,3

Log

0.071(0.434)
PF

1.003(0.153)
6.531*

Square
P

0.164

L o g P F x FT
Log

PF

x

-1.173(0.502)

-2.334*

1.094(0.183)
5.955*

Time
0.473(0.620)
>0,6
P

^.j

FT

0.763

FT square
FT X Time

-4.671(1.084)
-4.308*
-1.147(0.324)
-3.542*
0.182(0.157)

P

,9

Time

P

20

Time square

1.158***
0.910(0.365)
2.490*

Technical
Inefficiency M o d e l
-1.040(0.144)
(Log

system

-6.906*

losses)
(PCCE)
Sigma square
7
LLF

X
Note:

-7.224*

-11.494(1.664)

1.781(1.016)
0.204(0.022)
0.999(0.0000)

1.752***
9.104*
14,212.29*

13.619

59.432
91.625
Standard Errors in parentheses, * * * and * * * m e a n s significant at 1 per cent 5 per cent

and 10 per cent level respectively
S o u r c e : A u t h o r ' s o w n estimations.
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Table 6.15

SFA results of efficiency for private plants (1998-2003)

Year/Firm

1998

1999 2000 2001

2002

2003

Average/
Firm

KAPCO

0.80

0.97

0.92

0.98

0.99

0.96

0.94

HUBCO

0.96

0.99

0.99

0.95

0.94

0.82

0.94

KEL

0.84

0.92

0.95

0.94

0.97

0.93

0.93

AES LALPIR

0.83

0.96

0.93

0.94

0.99

0.89

0.92

AES PakGen

0.71

0.99

0.99

0.96

0.96

0.99

0.93

SEPCOL

0.22

0.28

0.94

0.95

0.99

0.94

0.72

HABIBULLAH

0.88

0.95

0.99

0.98

0.97

0.98

0.96

FKPCL

0.72

0.19

0.83

0.93

0.91

0.89

0.75

ROUSCH

0.94

0.91

0.76

0.94

0.89

0.86

0.88

SABA

0.97

0.91

0.78

0.94

0.92

0.91

0.91

JAPAN POWER

0.79

0.99

0.65

0.92

0.81

0.84

0.83

UCH POWER

0.60

0.95

0.99

0.93

0.97

0.93

0.90

Average

0.77

0.83

0.89

0.95

0.94

0.91

0.88

COASTAL

Private/year
Source: Author's own estimations.
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Table 6.16

D E A results for private plants (1998-2003)

Firm

CRSTE

VRSTE

Scale Efficiency Scale level

KAPCO

0.657

0.985

0.667

HUBCO

1.000

1.000

1.000

KEL

0.491

1.000

0.491

Irs

AES LALPIR

0.607

0.697

0.871

Irs

AES PakGen

0.512

0.587

0.873

Irs

SEPCOL

0.014

1.000

0.014

irs

HABIBULLAH

1

1.000

1.000

-

FKPCL

0.678

0.678

1.000

-

ROUSCH

0.960

1.000

0.960

Irs

SABA

0.572

1.000

0.572

Irs

JAPAN P O W E R

0.359

0.626

0.574

Irs

UCH P O W E R

1.000

1.000

1.000

Average Private

0.654

0.881

0.752

drs
-

COASTAL

-

irs

Source: Author's own estimations.

6.11.2 SFA results for the public plant model

The data covers nine public thermal power plants, —which conventional thermal
or steam, gas turbine and combined cycle power plants. The data-set consists of an
annual measure of output (electricity generated in Gwh) and five inputs: capital
(installed

capacity

MW),

fuel consumption

(BTU),

plant

factor

(capacity

utilisation in per cent), fuel type (dummy variable) and time in period of 1998 to
2003. The balanced panel data is used for the measurement of technical efficiency
of whole sector. Table 6.15 presents the SFA results of the public generation
model. On the basis of the results presented in Table 6.12, a translog model with
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environmental variables was selected. To capture the variation in technical
inefficiency across public plants in this sector two specific variables (system
losses and per capita consumption of electricity) are included in the technical
inefficiency model. The estimates, shown in Table 6.15, indicate the estimate of y
= 0.999, which is not significantly different from one at 1 per cent level of
significance. It indicates that the stochastic frontier model is not significantly
different from the deterministic frontier. All the deviation from the frontier results
from technical inefficiency. The results of the inefficiency model also show that
system losses are statistically significant from zero at 1 per cent significance level
and has positive impact on technical efficiency as expected. The results of per
capita consumption of electricity were found to be statistically insignificant.
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Table 6.17

SFA estimation results for public generation plants

Coefficients

Maximum
likelihood
-48.40(2.66)*

P 0 Intercept

19.07(1.37)*

/?|LogK
P 2 Log K square)
/? 3 Log K

X

4 Log K

X

/? 5 Log K

X

log FC
FT
log PF

^ Log K X Time

P
P n
P

8 Log FC square

P

9 Log FC

P

,0 Log FC

X

Log FT
X

Log PF

Log F C x Time

X2

P

13 Log PF Square

P

,4 Log PF

LogPF

X

FT

/ ? 15 Log P F x Time

17

14.06(0.19)*
1.49(1.03)
-7.26(0.91)*

1.90(0.53)*
-6.44(0.35)*
-0.37(0.19)*
1.73(0.53)*
-37.07(1.54)*

P

P^,

-1.86(0.60)*

-4.52(0.91)*

LogFC

/?,,

-0.20(0.60)

FT
FT square

-8.89(0.77)*
-5.61(1.35)*
3.95(0.66)*
-1.85(0.24)*
3.41(0.17)*

18 FT X Time

0.69(0.55)***

P

,9

Time

9.29(2.65)*

P

20

Time square

1.38(0.767)**

t-ratio

-18.15
13.91
-0.34
-3.07
71.19
1.44
-7.90
-4.94
3.59
-18.01
-4.94
3.22
-22.07
-11.52
-4.13
5.93
-7.53
1.90
1.27
3.50
1.79

OLS

t-ratio

-41.79(58.88)

-0.70

22.12(49.99)

0.44

-7.08(38.50)

-0.18

-1.80(10.80)

-0.16

9.97(7.29)

1.36

-4.31(7.69)

-0.56)

-13.48(7.17)

-1.87

-81.96(6.06)

-0.13

2.81(4.81)

0.58

-4.83(3.58)

-1.34

1.36(3.42)

0.39

4.79(3.50)

1.36

-25.23(18.60)

-1.36

-1.58(4.25)

-0.37

1.78(4.99)

0.35

3.15(2.65)

1.18

6.39(14.05)

0.45

-5.65(20.35)

-0.277

1.81(2.38)

0.75

25.57(17.93)

1.42

1.84(2.30)

0.80

Technical Inefficiency Model
-1.11(0.66)***
-1.68
(Log system losses)
5-2 (PCCE)
Sigma square
y
LLF

X

-4.24(1.15)*
-3.66
0.09(0.98)

0.10
3.02
1.30(0.43)*
0.9999(0.000)* 15,278.35

0.452

31.62

Note:
Standard Errors in parentheses, *, ** and *** means significant at 1 per cent 5 per cent and 10
per cent level respectively
Source: Author's own estimations.
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The SFA efficiency scores reported in Table 6.16 indicate that on average there is 35
per cent inefficiency in public plants. The most efficient plant is SPS Faisalabad. The
least efficient plant is OTPS Kotri. During 1998-2000, some plants had a very low level
of efficiency. The reason is that during this period private generation started and to
support the newly established private plants the government shifted demand to the
private plants. As a result these plants were operating at very low level of their capacity.
This reason is also confirmed by the results reported in Table 6.19. In comparison with
the DEA results, we found 49 per cent and 10 per cent inefficiency for CRS and VRS
models respectively. In terms of the most efficient and inefficient plants, the results are
consistent. This means that the consistency in identifying the most and least efficient
power plants by different techniques is met. Figure 6.1 shows a comparison of public
and private generation plants. It indicates that at average level the private plants have
higher technical efficiency as compared to the public plants. The highest gap between
the efficiency score of both sectors was at 2001.
Table 6.18

SFA results of efficiency for the public plants

Year/Firm
TPS
JAMSHORO
OTPS KOTRI
FBC LAKHRA
TPS GUDDU
(1-4)
TPS GUDDUE
(5-13)
TPS M. GARH
SPS
FAISALABAD
GTPS
FAISLABAD
NGRPS
MULTAN
Average
Public/year

Average
/Firm

1998

1999

2000

0.31
0.19
0.40

0.95
0.61
0.85

0.18 0.65
0.26 0.14
0.93 0.93

0.96
0.99
0.95

0.89
0.55
0.49

0.66
0.46
0.76

0.91

0.95

0.91 0.35

0.74

0.51

0.73

0.96
0.22

0.52
0.34

0.93 0.35
0.83 0.94

0.30
0.78

0.37
0.96

0.57
0.68

0.88

0.92

0.52 0.91

0.98

0.42

0.77

0.95

0.97

0.95 0.33

0.96

0.25

0.57

0.58

0.99

0.13 0.65

0.50

0.86

0.62

0.60

0.68

0.63 0.58

0.80

0.59

0.65

2000

Source: Author's own estimation.
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Figure 6.1 Technical efficiency of public and private plants SFA results
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S o u r c e : A u t h o r ' s o w n estimations (Table 6.15 and 6.18)

Table 6.19

DEA results for the public plants

Firm
TPS
JAMSHORO
GTPS KOTRl
FBC LAKHRA
TPS
GUDDU
(1-4)
TPS GUDDUE
(5-13)
TPS M. GARH
SPS
FAISALABAD
GTPS
FAISLABAD
NGRPS
MULTAN
Average
Public/vear

CRSTE

VRSTE

Scale
efficiency

Scale
level

0.591
0.675
0.654

0.634
1.000
1.000

0.933
0.675
0.654

irs
irs
irs

0.521

0.536

0.972

irs

1.000
1.000

1.000
1.000

1.000
1.000

0.037

1.000

0.037

irs

0.180

1.000

0.180

irs

0.006

1.000

0.006

irs

0.518

0.908

0.606

irs

S o u r c e : A u t h o r ' s o w n estimations.
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6.12 Summary
In summary, this present chapter analysed the performance o f electricity generation
plants, measuring relative efficiency. The techniques employed include calculation o f
partial

productivity

measures,

the

traditional

OLS

estimation,

SFA

and

DBA

approaches. To determine the robustness between the D B A and SFA efficiency scores,
an estimation o f correlation was also undertaken.
According to two the main approaches, D B A V R S and D B A C R S , the private firms
dominated the frontier.
Before concluding this chapter, three points worth mentioning.
The electricity generation sector o f Pakistan was liberalised in early 1990s. As a result
o f the first power policy, private electricity generation was allowed. So most o f the
private plants

started their production

after

1995, and

in technology

and

their

experiences are recent as compared to the public generation plants.

First, there is only 0.1 per cent statistical noise and 99.9 per cent data is explained
within the model. Secondly, it is interesting to note that some technical inefficiency
factors included in the translog production function have positive significant effect,
excluding ownership. Third, the mean efficiency o f the sector by using translog model
is 81 per cent and there was 12.80 per cent o f growth during the period o f 1998 to 2003.
In the sector there is 19 per cent inefficiency. Under D B A model, the mean efficiency o f
the sector is 84 per cent and there are eight efficient firms o f which six are private and
two are public firms (Table 6.11).

The comparative analysis o f technical efficiency o f panel data for 21 electricity
generation plants over a period o f six years suggested that there are identifiable

162

technical inefficiencies in electricity generation. It invites further reforms, competition
and suitable regulation for the sector.
The SFA analysis shows that few inefficiency factors included in the model are
significant and determine the sources o f inefficiency.

The Malmquist D E A analysis shows that in terms o f efficiency and scale efficiency, the
performance o f private firms is better than the public ones. The performance o f public
firms is comparatively better than private firms in terms o f technical efficiency change
and pure efficiency change.

O n average, for the public plants, there was 0.1 per cent

TFP growth over the period o f 1998 to 2003, which is significantly lower as compared
to other sectors o f the economy. This could be higher by the spread o f modern
technology in the electricity sector, increase in demand, increased technology enhancing
input use driven by market forces and policy support.
Regarding the impact o f public and private ownership, there is a reason to believe that
public ownership has an adverse impact on the technical efficiency o f the plant under
SFA results. Second stage estimation also confirms this outcome. This result is in
accordance with the previous empirical studies (Meibodi 1998), which find evidence o f
a higher efficiency o f the private firms. Figure 6.1 shows that on an average level the
private plants have higher efficiency than the public plants.

It also indicates that over

the time period the efficiency o f public and private plants is decreasing but the declining
trend for the public plants is much higher than the private plants. Finally, the analysis
also shows that there is not a significant difference in the production structure o f public
and private plants; therefore, after adjusting for the inefficiency factors, these could
effectively be benchmarked against each other. N E P R A should take some steps to
improve the efficiency o f the sector.
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Chapter 7
Analysis of the electricity distribution sector
7.1 Introduction

The liberalisation of public utilities, especially the electricity sector, in developing
countries is a recent trend. In addition, some developing countries are in the phase of
developing a regulatory framework for the liberalised sectors. These countries are
facing the core issue of how to transform public utilities into market-oriented and
regulated entities. Pakistan is no exception and has been actively deregulating its
electricity sector since 1982. During this period, several reforms have been introduced
to make the sector more efficient, competitive and market-oriented. In 1994, the
generation sector was liberalised and the distribution sector was unbundled in 1997
from 'electricity supply area board' into nine regional distribution companies (WAPDA
2002).

The objective of reforms and privatisation was to improve the efficiency and
performance of the electricity distribution sector and to reduce the fiscal burden on the
government. To regulate and monitor the performance of this sector, the government
formed an independent regulatory body (NEPRA) in 1998. NEPRA is responsible for
issuing licenses, tariff-setting and monitoring the performance of the sector. Its success
in this role will be analysed in Chapter 8, and speculation about the benchmarking and
regulatory framework for the electricity distribution sector in Pakistan will also be
addressed in the next chapter. This chapter will measure the efficiency and performance
of the electricity distribution sector in Pakistan.
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To measure the performance of the sector, partial productivity and empirical methods
are computed. In the partial productivity approach, several standard ratios and indices
were estimated. For the purpose of empirical analysis, two widely used approaches
(SFA and DEA) were also used. In the estimation, panel data of nine distribution
companies of last six years (1998-2003) were used. In the estimation, several CobbDouglas and Translog models using the maximum likelihood estimation method were
estimated with different variables. The final model was selected on the basis of
hypothesis testing. As all firms in the sample are publicly owned and their objective is
to maximise production at a given cost, therefore a DEA out put oriented model was
used in the estimation. A list variables used in the estimation is presented in Table 7.1.
Table 7.1

List of variables used in the estimation
Model 2
DEA

(SFA)

OLS
Inputs

Outputs

Inputs

Outputs

Input

Outputs

Length of

Electricity

Length of

Electricity

Length of

Electricity

distribution

distributed

distribution

distributed

distribution

distributed

(KWh)

lines (KMs)

(KWh)

lines (KMs)

(KWh)

lines (KMs)

Labour (No. Of

Labour (No.

Labour (No.

workers)

of workers)

of workers)

Transformer

Transformer

Transformer

capacity

capacity

capacity (MVA)

(MVA)

(MVA)

Environment
variables
Service area
(KMs)
Residential
share (per
cent)
Source: Author.
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7.2 Ownership and institutional structure
Historically, the power sector was mostly operated by a publicly-owned

natural

monopoly with the high degree o f integration. The main reason for such an ownership
structure was to provide cheap power, and it was believed that public utilities have large
economies o f scale due to their large size. Pakistan's electricity sector remained a stateowned natural monopoly since independence. For the distribution o f power, the whole
o f Pakistan was divided into nine 'electricity supply area boards'.

These boards were controlled and monitored by W A P D A . To keep the electricity tariffs
lower and more accessible to poor people, the government provided subsidies to
W A P D A until the early 1990s. Due to an increase in power losses, the government
budget deficit and the poor performance o f the boards, the government decided to
withdraw the subsidy and make the sector more market-oriented and competitive. For
this purpose, these 'area boards' were transformed into nine regional distribution
companies since 1997, with a view to privatising them later on.

7.3 Operating performance of the sector

Since the 1980s, power supply has lagged behind demand in Pakistan. As a result, huge
load-shedding occurred to manage the power demand. To overcome this problem, in
1992 the government decided to allow private generation. As a result, 1,601 M W power
supply increased during 1999 to 2004.Currently, there is a surplus o f 440 M W (Table
4.2). There is a need to measure the performance o f the distribution sector after the
liberalisation.

In this regard, some standard ratios are used to measure the operating

performance o f the sector.
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7.3.1 Power losses
To measure the operating performance of the sector, power losses are good indicators.
Low power losses show better operating performance in the sector. The power losses
are calculated by the following formula;
Power Losses = Electricity delivered (KWh) X I 0 0
Electricity generation (KWh)

Table 7.2 shows that power losses were at 23.4 per cent in 1992, which is quite high.
Over the period of 12 years, power losses have increased despite several efforts made
by the government to minimise them (Government of Pakistan, Economic Survey
2003). Still in 2003-04, power losses were at 25.1 per cent, which is significantly high
as compared to developed countries like Japan where it was 6 per cent in 1999 (Ingco,
1996). In Iran it was 18.5 per cent in 1993 (Meibodi 1998) as compared to Pakistan
where it was 23.34 per cent. Studies carried out by the World Bank suggest that the
economic level of losses should be between 7 and 10 per cent (Pearson 1991). Using the
latest technology, Schramm (1993) also suggests that these losses should be 7 to 10
percent. This shows that the power losses are quite high in Pakistan and serious efforts
should be made to minimise them.
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Table 7.2

System losses in Pakistan (per cent)
Auxiliary'

Year

consumption

T & D losses*

Total

1992-93

2.3

21.1

23.4

1993-94

2.6

21.6

24.2

1994-95

2.6

21.4

24.0

1995-96

2.9

21.5

24.4

1996-97

2.4

21.7

24.1

1997-98

2.0

23.9

25.9

1998-99

1.7

25.8

27.5

1999-00

2.1

25.1

27.2

2000-01

2.0

23.8

25.8

2001-02

2.2

23.6

25.8

2002-03

2.1

23.8

25.9

2.0

23.1

25.1

Jul-March
2003-04

Source: G o v e r n m e n t of Pakistan. E c o n o m i c Sur\ ey (2002-2003).
* T & D = Transmission and Distribution

The main reasons for such high power losses are illegal connections, and non-payments
by politicians, industrial groups and the government departments (field visit to Pakistan
2003). Second, Pakistan has a poor transmission and distribution network; as a result
there are frequent system failure especially during peak period (May to September).
NEPRA as a regulator should introduce some measures to reduce the system failures
and system losses.
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Figure: 7.1

2

I

System Losses in Pakistan 1992-2004

TSDLi

24

Total

1992-93

1993-94

1994-95

1995-96

1996-97

1997-98

1998-99

1999-00

2000-01

2001-02

2002-03

Jul-

2003-04

March
Years

Source: P o w e r s y s t e m . Statistics Twenty Seventh Issue (2003)
Note: The difference between total and T& D losses are auxiliary losses.

7.3.2 Energy consumption
Table 7.3 shows electricity consumption from 1990 to 2003. On average, households
are the largest consumers of electricity (40.7 per cent) and industrial consumption
constitutes the second highest amount (29.4 per cent). This also indicates an increasing
trend of electricity consumption for households over the period between 1990and 2003:
consumption increased by almost 7 per cent for household consumers over last 13 years.
In contrast to household usage, the industrial and agricultural sectors decreased their
consumption share by 4 and 3 per cent, respectively. The common reasons for their
decreasing shares were the high electricity tariffs (Section 7.3.1) and unreliability of
electricity supply. Second, due to high tariffs and poor quality of service, natural gas
presents a more viable alternative for industrial consumption (Government of Pakistan,
Energy Book 2002).
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Table 7.3

Consumption of electricity (sectoral shares)
Street

Year

Household

Commercial

Industrial

Agriculture lights

Others

1990-91

33.0

6.6

35.6

17.8

-

6.9

1991-92

33.8

6.3

36.3

17.3

-

6.2

1992-93

36.1

4.7

35.7

15.4

0.8

7.1

1993-94

37.7

4.8

33.8

15.4

0.8

7.4

1994-95

39.3

4.9

31.6

15.8

0.8

7.5

1995-96

40.9

5.2

29.1

15.9

0.9

7.9

1996-97

41.4

5.2

27.9

16.5

0.9

8.0

1997-98

42.1

5.2

27.6

15.5

0.9

8.6

1998-99

44.8

5.5

27.9

12.9

0.5

8.2

1999-00

47.1

5.6

28.9

9.9

0.5

7.9

2000-01

46.9

5.7

29.5

10.1

0.4

7.3

2001-02

45.9

5.8

29.9

11.1

0.4

6.9

2002-03

44.9

6.1

30.7

11.4

0.5

6.4

(13years) 41.1

5.5

31.1

14.3

0.7

7.4

Average

-

N o t available

Source: Government of Pakistan, Economic Survey (2002-2003).
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Figure 7.2 Consumption of electricity in 2 0 0 2 - 0 3 (sectoral share)

Agriculture
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Source: Data in Table 7.3

7.3.3 Capital utilisation
An optimal use of capital and available installed capacity is crucial for an efficient
power sector. Load factor (LF) is a measure of optimum use of capital in the power
sector. It is a ratio between electricity generated (MkWh) and peak demand. The LF can
be calculated on follows:
Load factor = Electricity generated (Kwh) X 100
Peak demand (KW) x 8760

A 100 per cent load factor indicates that capacity is used continuously for 24 hours a
day and 8,760 hours in a year. For the power supply sector in Pakistan, the load factor
was 66.34 in 1998 and 66.48 in 2002. This implies that 33.57 per cent of capital was not
used. Pollitt (1995) mentioned a 92.9 per cent load factor for the state-owned electricity
company of Thailand, which was the highest in the world. As Table 7.4 shows,
maximum demand is increasing but load factor is not increasing to meet the demand.
N E P R A as a regulator should introduce a performance target for the power generators at
the time of issuing of license and tariff-setting.
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Table 7.4

Maximum demand and load factor

Year

Maximum

demand

Energy generation

Load factor (per cent)

(MW)

GWh)

1998

9165

53259

66.34

1999

9242

53683

66.31

2000

9609

55873

66.38

2001

10128

58455

65.89

2002

10459

60860

66.43

Source: W A P D A 2003.

7.4 Results of data envelopment analysis

Efficiency of the distribution sector is measured for 1998 to 2003 as a part of estimating
the productivity growth in this sector. This allowed for assessment of the performance
of the sector after the reforms were fully implemented.
Table 7.5

Descriptive statistics of the key variables

Variables

Units

Mean

Std.Dav.

Minim

Maxim

Output

KWh

5527.41

2062.58

1788.65

10657.41

Distribution lines

KMs

37946.35

16016.91

14868.00

70293.00

MVA

2950.722

1549.01

1434

6132

Transformer
capacity

No. Of
workers (full
Labour

time)

12413.22

3531.94

5201.00

21548.00

Service Area

Sq. KMs

87779.69

101824.8

6000.00

347190.00

Source: A u t h o r ' s calculations.
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7.4.1 DEA efficiency results
The DEA efficiency results are presented in Table 7.6. The efficiency scores indicate
the potential for the distribution companies to increase output at given inputs. An
efficiency score equal to 1 means that the firm is maximising the output at given inputs
or minimising the inputs at a given output level, depending on the methodology used to
estimate the DEA.

To estimate the performance and efficiency of the companies several models with
different variables were estimated. The DEA can be estimated by choosing the option of
CRS or VRS. The DEA-CRS efficiency score suggests that, on average, the companies
have the potential to increase their efficiency up to 14 per cent. There are four
companies (KESC, MEPCO, FESCO and LESCO) that could achieve one efficiency
score. The least efficient company is HESCO (0.576), which has almost 42 per cent
inefficiency.

DEA-VRS can provide the better relative performance of the companies. So we also
estimated the DEA-VRS model. DEA-VRS resuhs suggest that there are six relatively
efficient companies (KESC, QESCO, MEPCO, GESCO FESCO and LESCO). The
three efficient firms in DEA-CRS are also efficient under VRS assumption. The three
other companies were slightly inefficient in the CRS model, though they became
efficient in the VRS model. On average, the sector is 92.1 per cent efficient, which is
quite significant. Only 8 per cent inefficiency in the sector was found. The least efficient
company is again HESCO (58.8 per cent). These results are better than in the CRS
model because in the VRS model companies are benchmarked against companies of
similar sizes. It also shows the better performance of the sector as compared to the CRS
model.
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Table 7.6

Summary results: efficiency of distribution companies in
Pakistan 1998-2003 (DEA output oriented)

Company

CRS

VRS

Scale

Nature of scale in

efficiency

efficiency

efficiency

efficiency*

1.00

1.00

1.00

-

0.749

0.856

0.875

drs

0.670

1.00

0.670

irs

1.00

1.00

1.00

-

0.576

0.588

0.979

irs

0.929

1.00

0.929

irs

1.00

1.00

1.00

-

0.775

0.846

0.916

irs

1.00

1.00

1.00

-

Mean Efficiency

0.856

0.921

0.930

Minimum

0.576

0.588

0.670

Maximum

1.00

1.00

1.00

Efficient Companies

4

6

4

Karachi Electricity Supply
Corporation (KESC)
Peshawar Electricity Company
(PESCO)
Quetta Electricity Supply
Company (QESCO)
Multan Electricity Power
Company (MEPCO)
Hedrabad electricity Supply
Company (HESCO)
Gujranwala Electricity Supply
Company (GESCO)
Faislabad Electricity Supply
Company (FESCO)
Islamabad Electricity Supply
Company (lESCO)
Lahore Electricity Supply
Company (LESCO)

Note: * irs = increasing returns to scale, - constant returns to scale and drs= decreasing returns to scale.
Source: Author's own Calculations.
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At this point, it is important to note that the performance and efficiency of companies
may also be affected by other factors such as system losses, government policies and the
size o f service areas. The DEA itself does not accommodate for the effect of such
factors. Second, the companies may not be able to achieve maximum efficiency level
because o f these factors.

The average scale efficiency of 92.1 per cent indicates that that the sector is not working
to full scale. The least scale efficient company is Q E S C O (0.670). Its low scale
efficiency is quite understandable because of its large service area and low population
and customer density. H E S C O is the only company that is operating below the average
efficiency level. One positive aspect is that it has IRS, so it may achieve higher
efficiency level in the long run if the same trend continues in the future. Only one
company (PESCO) has DRS, four IRS (QUESCO, HESCO, GESCO, lESCO) and four
(KESC, M E P C O , FESCO, LESCO) have CRS.

The DEA-VRS also provides information on peer and peer weights. The inefficient
firms may improve their performance by choosing the policies and management
structures of their respective peer company. Companies' peers and peer weights derived
from the VRS efficiency model for the preferred model are given in Table 7.7. For
example, PESCO is an inefficient company (0.856) and its peer is LESCO with peer
weight 1. This implies that PESCO should follow the management policies of LESCO
to improve its performance. Similarly, lESCO has four companies as peers (MESCO,
FESCO, L E S C O and QESCO).
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Table 7.7

Peers and Peers Weight for less efficient companies

Company

Peers and peer
weights

Peshawar Electricity Company

LESCO

(1.00)
Hedrabad Electricity Supply Company

Islamabad Electricity Supply Company

LESCO

QESCO

(0.834)

(0.166)

(MEPCO) (FESCO)

LESCO

(0.241)

(0.286)

(0.133)

QESCO
(0.339)
Source: A u t h o r ' s o w n calculations.
Note: peer w e i g h t s are in parentheses.

Tables 7.8 and 7.9 provide the summary of output and input targets with radial and
slack movement for inefficient companies. According to Table 7.8, the highest radial
movement is in HESCO and the minimum is in lESCO. This implies that HESCO,
PESCO and lESCO should improve their output at given input level. It also suggests
that these companies should increase their output level at given inputs or reduce inputs
to maximise the output level. These over-employed inputs are mentioned in Table 7.9.
These data indicate that two inputs (Distribution Lines and Transformer capacity) are
over-employed by these inefficient companies (PESCO and HESCO). They also suggest
that PESCO and HESCO should reduce the input level of length of distribution lines
and transformer capacity. Table 7.8 suggests that HESCO is highly under-productive
with respect to available transformer capacity. Similarly, PESCO is producing less as
compared to its length of distribution lines. It is not possible to reduce the length of
distribution lines and transformer capacity, especially in the short run. The output can
be

increased

by

increasing

the number of customers
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and

the

rate of

village

electrification. Therefore, these companies should increase the output level at given
inputs to improve the efficiency of the companies.

Table 7.8

Summary of output target and radial movement for
less efficient firms
Original output

Radial (2)

Projected sales

value (sales)

movement

value (1+2)

6528,000,000

1098,000,000

7626,000,000

3917,230,000

2739,604,344

6656,834,344

3942,200,000

7156,247,27

465,782,4727

Company
Peshawar

Electricity

Supply Company
Hedrabad

electricity

Supply Company
Islamabad

Electricity

Supply Company
Source: A u t h o r ' s o w n calculations.

Table 7.9

Summary of input targets and slack movement for
less efficient firms

Company

Original

Original
value

of

value

of

Slack

Slack

Projected

movement

movement

value

Projected
of value

of

distribution

transformer

for

for

distribution

transformer

lines

capacity

distribution

transformer

lines

capacity

lines

capacity

PESCO

47570.00

4055.00

-14646

-930

32894

3125

HESCO

53532

4621.00

-23242

-1776

30289.679

2844

lESCO

34499.00

1950.00

0

0

34499.00

1950

Source: A u t h o r ' s o w n calculations.
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7.5 Total factor productivity growth in the distribution sector
The Malmquist index of productivity change maices it possible to assess the changes in
TFP for the distribution companies. Table 7.10 presents annual productivity change for
the distribution companies over 1998 to 2003 and decomposition of productivity
changes. A value larger than 1 for Malmquist index or any of its components shows
positive growth in efficiency. A value of TFP smaller than one means deterioration in
TFP. The average growth rate in the specific source is the difference between the
measured index and 1. On average, the total factor productivity change is 1.030, which
implies that there was 3 per cent annual average growth rate in the sector over the six
years. The value is small and not quite significant as compared to other sectors of the
economy (agriculture 6.7 per cent and manufacturing 12.7 per cent), despite the reforms
and restructuring of this sector. It is interesting to note that there is at least growth in
this sector after private investment. The highest improvement was in technological
change over the period 1998 to 2003 (5.6 per cent). There were no improvements in
efficiency or scale change over the last six years.

Table 7.10

Malmquist Index Summary of Annual Means for all firms

Years

Efficiency
change

Technical
change

Pure

Scale

Total factor

efficiency

efficiency

productivity

change

change

change

1998

1.00

1.00

1.00

1.00

1.00

1999

0.962

1.064

0.992

0.969

1.023

2000

1.012

1.037

0.996

1.018

1.050

2001

0.996

1.034

0.978

1.018

1.030

2002

0.974

1.030

0.976

0.998

1.003

2003

0.937

1.117

0.996

0.941

1.046

Mean

0.976

1.056

0.987

0.988

1.030

Source: A u t h o r ' s o w n calculations.
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Figure 7.4 presents the trend o f efficiency change, technical change and total factor
productivity change over the period 1998 to 2003. It is evident from Figure 7.4 that
most of the growth in total factor productivity was due to technical change. During the
period o f six years, both technical and total factor productivity change had an increasing
trend while efficiency change had a declining trend. The results also suggest that
improving scale and pure efficiency could increase growth in efficiency of the firms.
This implies that there was a rapid technical change during the period 1998 to 2003.

Table 7.11 provides the Malmquist index summary of firms' means. It indicates that the
Q E S C O scored the highest TFP growth over the period (8.0 per cent). There was a 6.7
percent technical change and 1.2 percent scale and efficiency change during the period
1998 to 2003. PESCO had deterioration in all sources of efficiency except technical
change while KESC, Q E S C O and LESCO showed positive improvements in all sources
of efficiency. On average, there was 5.6 per cent growth in technical change and 3 per
cent growth in TFP change. On average, an almost I per cent deterioration was found
in efficiency change, technical change and pure efficiency change. The sector can show
better performance in these areas. For most firms in the sample there was significant
technical performance. The highest technical performance was in M E P C O (9.5 per cent)
and lowest in KESC (2.8 per cent). The results also suggest that the distribution
companies should adjust their scale level. Deteriorations were found in pure and scale
efficiency for most companies in the sample. Table 7.11 also suggests that the
inefficient companies should improve their scale efficiency by increasing number of
connections. Scale efficiency will help to improve the performance of the company as
well. As there is already 3 per cent TFP annual growth, it would also improve if the
companies improve their technical and scale efficiency.
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Figure 7.4 Efficiency change, technical change and total factor
productivity change during 1998-2003
Effciency change, technical change and total
factor productivity cahnge
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Source: Author's own estimations
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Table 7.11

Company
Karachi
Electricity
Supply
Corporation
(KESC)
Peshawar
Electricity
Company
(PESCO)
Quetta
Electricity
Supply
Company
(QESCO)
Multan
Electricity
Power
Company
(MEPCO)
Hedrabad
electricity
Supply
Company
(HESCO)
Gujranwala
Electricity
Supply
Company
(GESCO)
Faislabad
Electricity
Supply
Company
(FESCO)
Islamabad
Electricity
Supply
Company
(lESCO)
Lahore
Electricity
Supply
Company
(LESCO)
Mean

Malmquist index summary of firm means

Technical
change

Pure
efficiency
change

Scale
efficiency
change

Total factor
productivity
change

1.00

1.028

1.00

1.00

1.028

0.942

1.055

0.964

0.977

0.994

1.012

1.067

1.00

1.012

1.080

0.981

1.095

1.00

0.981

1.074

0.934

1.078

0.936

0.998

1.007

0.963

1.046

1.00

0.963

1.007

0.964

1.047

0.978

0.985

1.009

0.990

1.045

1.010

0.980

1.035

1.00
0.976

1.042
1.056

1.00
0.987

1.00
0.988

1.042
1.030

Efficiency
change

Source: Author's own calculations.
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7.6 The stochastic frontier model for the distribution sector
It is known that most firms examined in this study are public companies, and their
objective is not to maximise profit. So, we will use the production function rather than
a cost function to estimate the efficiency of the firms. The translogarithmic and the
Cobb-Douglas production function are the two most common functional forms, which
have been used in empirical studies on production, including frontier analysis. In this
study, the most general functional form for the stochastic frontier for electricity
distribution in Pakistan would be a translog production function: The equation 5.7 and
5.8 are reproduced here.
In
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p , + p , \n

+

P , \n
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Where Y» is electricity distributed used as out put by the i-th firm in the t-th year;X hi
X2„,X3,„

represent capital (length of distribution line in Kilometers), number of

permanent employees, time respectively. Pi are unknown parameters to be estimated.
v„ are iid, and N(0, c r / ) random errors, and are assumed to be independently
distributed of the

which are non-negative random variables associated with technical

inefficiency, which are assumed to be independently distributed, such that the
distribution of M„ is obtained by truncation at zero of the normal distribution with mean

w„ and variance a J' 2, where
m..

In

+

In

+

+ £„
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(7.2)

Where X^,,, X,,,, X^,, represent service area (Kilometers), residential share (per cent)
and time trend respectively. A brief description of the variables is given in Table 5.1.

For the estimation of the model the program developed by Coelli et al. (1998) would be
used. As suggested by Coelli et al. (1998), the alternative models would be estimated
and the preferred model would be selected using Likelihood Ratio (LR) test discussed in
Section 5.6.
Table 5.2 gives a descriptive statistics of key variables. For the estimation of the model
the program developed by Coelli et al. (1998) would be used. As suggested by Coelli et
al. (1998), the alternative models would be estimated and the preferred model would be
selected using Likelihood Ratio (LR) test discussed in Section 5.6.

7.7 Results of stochastic frontier analysis
This section deals with the empirical results obtained from the estimation of the translog
model (Equation 7.1). The results and summary of hypothesis tests are presented in
Table 7.12 and Table 7.13, respectively.

In Table 7.12, the first results tested were the OLS estimates for the parameters of the
model. The OLS model assumes that there is no technical inefficiency (no term M^, is
included in the model). The OLS estimates of

and

are unbiased but

and erf

are biased (Coelli et al. 1998). We can also observe for the preferred translog model that
y = 1 correct to the third digit behind decimal place and the estimated standard error is
0.001. These results show that the vast majority of residual variables are due to
technical inefficiency ( / i „ t e r m ) and the error term

which is approximately zero. To

test whether a traditional average response function is an adequate representation of data
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(;)/ = 0 ) , w e observed that the value of y is significant at 1 per cent significant level and
null hypothesis that y = 0\s rejected. Hence, it proved that the traditional average
response function is not an adequate representation of data. The main hypothesis tests
and results are explained Table 7.12.

Table 7.12

Likelihood ratio tests

Null hypothesis

Critical
value

A =o

;ir^Test

Decision

statistics

H 0:

A-

H 0

7 =0

3.36

H 0 :

^

8.76

58.84

H 0 Rejected

10.37

68.70

H 0 Rejected

H 0

"
^ 5 = 0

10.37

28.70
5.15*

• M e a n s significant at 1 per cent l e \ e l .
S o u r c e : Autinor's o w n estimations.
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H 0 : Rejected
H 0 : Rejected

7.7.1 Selection of functional model specification

To select the preferred model, we estimated several models with several different
variables. Finally, a model was selected on the basis o f generalised likelihood ratio
tests. To choose the correct functional form o f the model several likelihood test have
been made (Coelli et al. 1998; Sharma et al. 1999). The first test was conducted to test
whether Cobb-Douglas is the correct functional form. This test involves imposing the
restriction

/?4 = A

= A

= A

= A = A = 0 on the translog model. The likelihood

ratio test X given in Table 7.12 is 28.70, which is significantly higher than 10.37 at 5 per
cent chi square value. Hence, the null hypothesis cannot be accepted. This means that
the translog functional form is the preferred form for the data.

7.7.2 Technical inefficiency in the sector

To test the null hypothesis that there is any technical inefficiency in the distribution
sector, a full translog model with three technical efficiency variables was estimated.
This
that7 =

was

done
= J, =

by

imposing

the

restriction

on

SFA

translog

model

= 0 . As we can note from Table 7.12, the log likelihood function

for the full translog frontier model is calculated to be 101.96 and the value for O L S fit
o f the production function are 67.61, which is less than that for the translog model. This
implies that the generalised likelihood ratio statistics for testing for the absence o f the
technical inefficiency effect can be calculated as:
L R = -2[67.61-101.96] = 68.70

The L R value o f 68.70 is significant because it exceeds the critical value o f

at a 5

per cent level, that is 10.37 for the degree o f freedom equal to 5. Hence, the null
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h y p o t h e s i s o f n o technical inefficiency in the distribution sector cannot be accepted. It
implies that there are technical inefficiencies in this sector.

W e also note that the value of 7 = 0 . 9 9 9 o r equal to one and standard error is 0.15. It
indicates that the true y value is concluded to be greater than one and y estimates are
not significantly different than one. Both these results suggest that the stochastic frontier
model m a y not be significantly different from the deterministic frontier, in which there
are no r a n d o m errors in the production function.

These

findings

have

interesting

and

important

implications.

The

value

of

y = 0.999 implies that the 99.9 per cent variation a m o n g the firms can be explained
within the m o d e l . There is only 0.01 per cent statistical noise, which is significantly
low, especially in a case of developing country like Pakistan. Hence, it s h o w s that most
of the d i f f e r e n c e s in efficiency level a m o n g the firms are due to inefficiency factors
rather than to stochastic error. It also c o n f i r m s that all predicted technical inefficiency is
fully accounted for by the TE variables

) used in the translog model. This is again an

important implication in the sense that there are identifiable inefficiencies a m o n g the
firms and on this basis reliable benchmarking criterion can be developed.

Table 7.13

s h o w s that J , (service area) is statistically significant and it has an appropriate sign as
well. This implies that by increasing the size of service area, firm efficiency will
increase accordingly. This factor has a positive impact on the efficiency of the firm.
This implication is understandable, as the D E A estimates suggest that the inefficient
firms h a v e over e m p l o y e d the inputs of length of distribution

lines ( L D L )

and

t r a n s f o r m e r capacity ( T C ) as compared to the service area. If the service area further
increases, both inputs of length of distribution line and transformer capacity can be fully
utilised. A s a result, the output (electricity delivered) and n u m b e r of c u s t o m e r s may
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increase as compared to the increase in the volume o f inputs and, consequently firms'
efficiency may increase.

Currently, 50 per cent o f the population has no access to the electricity (Governemnt o f
Pakistan, Economics Survey 2002-2003). Efforts should be made to provide electricity
to the entire population. This implication is also confirmed by the other environmental
variable

(residential share). The J J s significant with negative sign implying that the

increase in residential share (RS) will improve the efficiency level o f the firm. It can be
concluded that by increasing number o f customers in residential areas' firms will be
able to increase their efficiency levels.
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Table 7.13

SFA and OLS regression results

Coefficients

Translog

t. value

C o b b Douglas

t. value

Intercept: P q

-0.061(0.095)

-0.647

0.342(0.012)*

26.803

/ ? i ( L n dist.lines)

-0.625(0.151)*

-4.134

-0.308(0.050)*

-6.066

P

2 (Ln labour)

-1.423(0.370)*

-3.838

0.127(0.030)*

4.225

P

3 Ln ( T i m e )

0.453(0.081)*

5.560

-0.214(0.700)

-0.306

-0.754(0.245)*

-3.072

0.058(0.133)

0.440

-2.525(0.587)*

4.300

0.096(0.098)***

0.980

0.161(0.084)**

1.906

0.225(0.016)*

13.276

0.194(0.015)*

12.346

-0.057(0.0235)**

-2.439

-0.123(0.012)*

-9.518

-14.813(1.331)*

-11.112

-19.636(0.807)*

-24.327

0.325(0.085)*
0.001(0.000)*
0.9999(0.193)*
101.967
68.70

3.817
5.505
5.154
87.611
124.52

0.196(0.076)**
0.002(0.000)*
0.9999(0.028)*

2.566
5.548
35.182

/ ? 4 Ln dist.lines x
log dist.lines
P

5 Ln dist.lines x

In labour
J Ln dist.lines x
In T i m e
/? ,

Ln labour x In

labour
8 Ln labour x In
Time
5 Ln T i m e x In
Time
Technical
inefficiency
model
(Jq (Intercept)
<5, (Ln service area)
5 2 (Ln residential
share)

(Time)
Sigma square

y
LLF

X

Note: Standard errors in parentheses,

** and *** m e a n s significant at 1 per cent, 5 per cent and 25 per

cent level respectively
Source: A u t h o r ' s o w n estimations.
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7.7.3 Summary of output elasticity

S F A a l l o w s us to estimate the output elasticity. A s SFA estimates d o not directly
provide any elasticity m e a s u r e m e n t (Coelli et al., 1998). T h e output elasticity is
m e a s u r e d at the m e a n s of relevant data points. T h e results of the estimated elasticity are
presented in T a b l e 7.14 and obtained from Equation 5.7. T h e output elasticity of capital
( L D L ) is equal to - 0 . 6 2 5 , which implies that any increase in capital ( L D L ) m a y not
have any significant increase in output (electricity delivered). L D L is less elastic in
t e r m s of output. With regard to the elasticity of labour, it is equal to -1.423 and it is
more elastic in nature, implying labour is quite elastic in terms of output. So, it can be
stated

that

there

is

a

direct

significantly

positive

relationship

between

labour

( e m p l o y e e s ) and energy delivered. This also indicates that efficient labour is very
important to improve the efficiency level of the firm.

T a b l e 7.14 O u t p u t elasticity for the electricity distribution in Pakistan
With respect to

Estimated elasticity

Length o f distribution lines

-0.625

Labour

-L423

Time

0.453

Returns to scale

-1.595

Source: Author's own estimations.
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The variable time trend has elasticity equal to 0.453. It is less elastic with a positive
sign. It implies that over the period time has positive impact to output.

To measure the returns of scale for the whole sector, returns to scale (RTS) are also
estimated. According to the results, that the whole electricity sector has increasing
returns to scale (-1.595). This result is consistent to the findings of the DEA estimation.

7.8 Technical efficiency change: SFA results
The results of technical efficiency change (TEC) presented in Table 7.15. TEC are
estimated as

TEC = Log (TElArEO)X 100
T E l = Technical efficiency score in current period
TEO = Technical efficiency score in base period

The TEC shows how much technical efficiency improved/deteriorated between the two
periods.

According to TEC results, there was highest TEC in KESC (4.44), showing

that technical efficiency improved by 4.44 per cent for KESC between 1998 and 2003.
These findings are consistent with what was observed during the field visit to Pakistan.
For the purpose of privatising KESC, the government invested in restructuring and its
infrastructure, and, as a result, there is positive technical efficiency improvement.
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Table 7.15

Estimated technical efficiency change from 1998-2003:
SFA results

Company Name

Technical efficiency change
(TEC)

Karachi Electricity Supply Corporation (KESC)
Peshawar Electricity Company (PESCO)

4.44
-16.43

Quetta Electricity Supply Company (QESCO)

-13.78

Multan Electricity Power Company (MEPCO)

-10.19

Hedrabad electricity Supply Company (HESCO)

-23.87

Gujranwala Electricity Supply Company
(GESCO)

-17.13

Faislabad Electricity Supply Company (FESCO)

-83.78

Islamabad Electricity Supply Company (lESCO)

-14.45

Lahore Electricity Supply Company (LESCO)

-10.05

Mean

-21.07

Source: Author's own estimations.

There was no positive technical efficiency change evident, except in KESC. According
to the TEC results, the highest deterioration was in FESCO (83.78 per cent) and lowest
was in LESCO (10.05 per cent). It is interesting to note that FESCO and KESC are on
the list of firms that the government plans to privatise in the near future. On average,
there was 21.07 per cent deterioration in TEC for the whole distribution sector from
1998 to 2003.

7.9 Ranking of firms
On average, the whole sector has an efficiency level of 79 per cent, which is quite low.
According to the SFA efficiency score presented in Table 7.16, there is no firm operating
on the frontier. The highest score is for LESCO (93 per cent) and the lowest efficiency
score was found for QUESCO (56 per cent). The results confirm what was observed in
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the field visit to Pakistan (March to April 2004): L E S C O has the advantage of a large
number of customers as well as high customer density.

Table 7.16

Estimated efficiencies for electricity distribution: SFA results

Year/Firm
Karachi Electricity
Supply Corporation
(KESC)
Peshawar Electricity
Company (PESCO)
Quetta Electricity
Supply C o m p a n y
(QESCO)
Multan Electricity
Power Company
(MEPCO)
Hedrabad electricity
Supply Company
(HESCO)
Gujranwala Electricity
Supply C o m p a n y
(GESCO)
Faislabad Electricity
Supply Company
(FESCO)
Islamabad Electricity
Supply C o m p a n y
(lESCO)
Lahore Electricity
Supply C o m p a n y
(LESCO)
Mean

1998

1999

2000

2001

2002

2003

Average/Firm

0.855

0.811

0.804

0.758

0.768

0.893

0.815

0.998

0.937

0.901

0.855

0.845

0.834

0.895

0.624

0.541

0.535

0.543

0.547

0.538

0.555

0.942

0.878

0.862

0.857

0.842

0.846

0.871

0.838

0.749

0.726

0.685

0.649

0.638

0.714

0.829

0.776

0.744

0.741

0.720

0.687

0.750

0.931

0.902

0.859

0.842

0.759

0.151

0.741

0.789

0.757

0.727

0.702

0.683

0.675

0.722

0.995
0.867

0.951
0.811

0.925
0.787

0.909
0.766

0.899
0.746

0.895
0.684

0.929
0.777

Source: Author's own estimations.

As was discussed in Section 7.6.2, residential share has a positive impact on the
efficiency level. So L E S C O is relatively more efficient than Q U E S C O due to its large
residential share. Table 7.16 also indicates that there is not much difference among the
firms' efficiency scores. Across the sector, there is high inefficiency. N E P R A should
recognize that the performance of the sector is poor and should set performance targets
and incentives to the distribution companies when setting the electricity tariffs. Figure
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7.5 shows the trend in estimated efficiency scores for the electricity distribution sector,
indicating that over the period 1998 to 2003 the average efficiency scores of the sector
declined. During the last six years, there was an almost 18 per cent decline in the
average efficiency scores. NEPRA, as the regulator, should introduce some measures to
improve the performance of the distribution companies.

Figure 7.5: Estimated efficiency for electricity distribution sector in Pakistan:
SFA results
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Source: Author's own estimations

7.10 Comparison of methodologies
Table 7.17 presents summary results obtained from the two methodologies, SFA and
DBA, for the period 1998 to 2003. It lists the average efficiency score (AES), technical
efficiency change (TEC), the number of efficient firms, and their maximum and
minimum efficiency score. Generally, we observe that both methods have done a
reasonable j o b of measuring efficiency and technical efficiency change. The efficiency
score and number of efficient firms in SFA approach are different from DEA approach,
which may be due to functional form of the model.
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Table 7.17

Comparison of results

Estimates

SFA Model

DEA Model

Average efficiency score

79 per cent

92 per cent

- 2 1 per cent

5.6 per cent

No. of efficient firms

0

6

Max. efficiency score

93 per cent

100 per cent

Min. efficiency score

56 per cent

58 per cent

Average technical efficiency change

Source: Author

Comparing the efficiency score from both approaches, little difference can be found.
The DEA efficiency score is higher than in the SFA approach. Because of high
efficiency score obtained in the DEA approach, a higher number of efficient firms
found.

Several previous studies (Meibodi, 1998; Coelli et al., 2003) have discussed the
differences in these two methodologies.

According to Coelli et al. (1998:240), 'The

DEA method is more sensitive to year-to-year changes, while the stochastic frontier
method appears to smooth these effects to some degree. Hence, where the data series
begins and ends can influence the measures obtained'.

Second, the SFA model is constrained by parameterisation and is unable to respond
quickly if there is any sudden change in technology.

To ensure comparability between the various approaches, the three techniques used the
same efficiency concept of technical efficiency, and sample of firms (balanced panel of
nine firms for the period 1998 to 2003). For the regulator, this is of paramount
importance, as it ensures a consistent and reliable efficiency score. Bauer et al. (1998)
194

proposed a set of consistency conditions, which, if met, would mean the choice between
approaches could be avoided. Generally there are three consistency conditions:
(i)

efficiency measurements should be consistent in their efficiency levels

(ii)

consistent in ranking o f firms

(iii)

identification o f the 'best' and the worst performer.

In terms o f the first condition that efficiency measurements should be consistent in their
efficiency levels, the Kruskal-Wallis (non-parametric) test was carried out with the null
hypothesis that different methodologies have no influence on the efficiency level of the
firm. This test seeks to determine whether different methodologies, such as DEA-CRS,
DEA-VRS and SFA approach have no influence on the data variable of 'efficiency
level'. The data variable o f efficiency level was recorded on an ordinal scale. Since the
null hypothesis is not rejected (P = 0.117) it can be concluded that the different
methodologies have no statistical influence on the measurement of efficiency level of
the firm in the same sample size. That is, this consistency condition is met. It indicates
that the regulator can translate efficiency measures one-for-one into the X factor. To
find out the rank correlation between pairs of approaches, Spearman's rank correlation
was calculated. All the correlations between pairs of approaches are positive and
significantly different from zero at 1 per cent level of significance. The correlation is
particularly high between non-parametric approaches (Spearman's rank correlation
between DEA-VRS and DEA-CRS is 0.69). Therefore, there is a reason to believe that
methodologies are consistent under this condition.

If the consistency in efficiency and rankings is not met, then there is a third condition of
identifying best and worst performers. This would help to discriminate the X factor
among groups o f firms in the sector. All methodologies confirmed the consistency in
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identifying tiie worst and the best performer. According to the DEA-CRS, DEA-VRS
SFA (Cobb-Douglas) and SFA (Translog) approaches, L E S C O is the best performer
and H E S C O is the worst performer. The third consistency condition is also met. The
advantage o f knowing i f the different approaches are consistent in identifying the best
and worst firms is that, even i f the first two consistency tests fail, a 'mild' form o f
benchmark regulation can be relied on (Estache et al., 2002).

For our estimated models, in each different approach, all consistency conditions were
met, which supports the proposition that using these results a reliable benchmarking
regulation can be developed.

7.11 Summary

The issue o f efficiency is one that is considered highly important in the electricity
distribution sector. This is seen in the fact that the objective o f the reforms was to
improve the performance o f the sector and to provide cheap and reliable electricity to
consumers. Overall, the results suggest that the distribution sector reforms were
unsuccessful in contributing to the performance o f the sector. In conclusion, there are
still possibilities

for efficiency

improvements

in the sector. According to

DBA

estimates, in the sector there is almost 8 per cent technical inefficiency and 7 per cent
scale inefficiency. Most inefficient firms have over-employed inputs. As the electricity
is available to 60 per cent o f the population, the companies should increase their output
to reduce their inefficiency.

The results also suggest that there was technological growth during the last six years,
and, as a result, there was 3 per cent TFP growth in the sector, which is low as
compared to other sectors in the economy. After the reforms and the introduction o f a
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new regulatory framework, the prices increased significantly. The reason for the price
increase may be the withdrawal o f the government subsidy, increasing oil prices and the
learning stage o f regulatory body (NEPRA).

In terms o f RTS, the sector has increasing returns to scale. In the sector, inputs are overemployed and to the best use o f inputs companies should increase the number o f outputs
through increasing the number o f customers. Power losses are significantly high and
serious efforts are needed to remedy this; the technical power losses of the distribution
and transmission network should be improved.

As the SFA results suggest, Translog functional form is the best representation o f data
for the electricity distribution sector.
The following important findings from SFA estimation are worth mentioning:
•

There is only 0.01 per cent stochastic noise and 99.9 per cent o f data is
explained within the model.

•

A l l technical inefficiency variables had an appropriate signs, showing that these
inefficiency factors have effects on the efficiency level o f firms.

•

The mean efficiency o f the sector estimating by using the translog model is 79
per cent, and there is no growth in technical change during the period 1999 to
2003, except for K E S C . In the sector there is still 21 per cent inefficiency
according to SFA estimates.

The comparison o f SFA and D E A estimates suggests that both approaches did a good
j o b in measuring the efficiency o f the sector. On average and in identifying the most and
least efficient firm, there is not a significant difference.
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If the theoretical efficiency improvements suggested in this study were to be realised
during the next few years, the customers of the electricity distribution sector would save
a significant amount on their electricity bills, which is one of the main cause for
increasing poverty in Pakistan. Moreover, low electricity prices will also encourage
competition

and

competitiveness

in

other

parts

of

the

economy.

Intensifying

competition and meeting the catch-up factor would, in turn, lead to further reduction in
electricity prices. Consequently, the true potential for savings at the consumer end
would most likely be even higher.

All consistency conditions are met. In Chapter 8, a review of regulatory methodologies
and the performance of NEPRA were analysed. On the basis of efficiency results
discussed in this chapter, X factors for the distribution companies were estimated and
price-cap regulation for the electricity sector in Pakistan was also developed.

7.11.1. Policy issues
The above analysis suggests several important policy lessons for the electricity sector in
Pakistan as well as for other developing countries considering major electricity reforms
and regulation.

The first is that labour is not the only factor for productivity growth. Indeed, the
adoption of new technologies, and strong transmission and distribution systems are also
important for this sector. The improvements in the sector after the restructuring and
unbundling of the sector as major share of TFP were contributed to by technological
development.
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The second lesson is that the regulator's job does not stop with the determination of
tariffs and the issue of licenses to companies. The regulator should also develop a
database for the estimation of efficiency and X factor to measure the performance of the
companies.
The third lesson is that power losses are increasing despite several efforts made by the
government. The fourth lesson is that NEPRA should make efforts to increase the
efficiency of the firms in the sector. The fifth lesson is that electricity prices increased
significantly after the reforms. This may be significant burden on the consumers and
have negative impact on other industries. The objective of the reforms to lower
electricity prices and ensure a reliable supply of electricity may not have been achieved
yet.
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Chapter 8
Price-cap regulation for the electricity distribution
sector in Pakistan
8.1 Introduction
The main aims of power sector reform are to develop mari<et orientation and to improve
the performance of the distribution sector. This can be achieved by using the discipline
of the product and capital markets to achieve allocative and internal efficiency through
the price mechanism, competition and privatisation (Vickers and Yarrow, 1988). These
reforms generally involve the introduction of liberalisation and competition in a
generation sector and unbundling of the distribution sector.

To achieve the objectives of reforms, a regulatory framework is crucial; such a
framework is introduced to protect the public interest. Baumol (1995) defines the
purpose of economic regulation as protection of the public from the detrimental
consequences of inadequacies of competition.

The regulator creates an environment

conducive to competition in such parts of the market where market forces fail. But the
main problem for the regulator is asymmetric information. The regulator's information
about the true cost of the regulated firm is always incomplete. This asymmetric
information problem leads to difficulties in determining the efficiency and performance
of the firm. So, in order to minimise the asymmetric information problem and reach the
best efficiency measurement, a reliable methodology is very important.

In this chapter, a review of commonly used methodologies for electricity regulation is
presented. The current regulatory framework for the electricity sector was analysed and
a price-cap regulation also proposed for the electricity distribution sector in Pakistan.
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8.2 Traditional view of a natural monopoly

A natural monopoly exists when there is great scope for economies of scale to be
exploited over a range of output. It implies that a single firm can produce at a lower cost
than two or more firms.

Natural monopoly is associated with the network industries like electricity distribution
and telecommunication because of their similar characteristics. A natural monopoly also
has a high ratio of fixed to variable costs. For example, the fixed costs of establishing an
electricity network might be very high, but the marginal cost of supplying extra units of
electricity is very small. In this case, the average total cost will continue to decline as
the scale of production increases over the range relevant to the size of the market.

Figure 8.1

Traditional view of natural monopoly
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Quantity

Electricity distribution was considered to be a natural monopoly. The argument was that
the existence of several companies supplying the same area would be an unnecessary
multiplication of cables and transformers. The perception of natural monopoly is now
changing. A regulated natural monopoly with competition is considered more efficient
than an unregulated natural monopoly because the natural monopolist has the freedom
to set a profit maximising (or loss minimising) price output. To avoid the abuse of
monopoly powers the government regulates the sector through:
•

cap on price increases

•

increase of competition
•

•

the monitoring of service quality and penalising poor performance
ensuring

a

monopoly

is

regionally

divided,

and

allowing

performance

comparison among different firms.
A review of different approaches to regulation is presented in section 8.3.

8.3 Main approaches to electricity regulation

In the literature, different approaches of benchmarking and regulation have been
discussed. Each approach has its own advantages and disadvantages. The choice of a
regulatory approach is a debated issue. Different countries are using different regulatory
methodologies based on their environment, skills and experiences. Historically, the
most commonly used regulatory methodology has been 'bottom-up regulation'. This
means the prices are set on the cost information of the regulated utility (such as rate of
return regulation, see for example Berg and Tschirhart, 1998).

The rate of return (ROR) regulation is the traditional method, allowing the utility to
cover its operating and capital costs, as well as giving a return on capital investment.
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T h e p r o b l e m with this approach is that it does not provide incentives for cost savings
and e f f i c i e n c y i m p r o v e m e n t s but instead rewards on investment.

A s a result of e x a m i n i n g the shortcomings of the R O R approach,

incentive-based

regulation m e t h o d s such as price-cap, revenue-cap, partial cost adjustment, yardstick
competition, targeted incentive approaches and hybrid s c h e m e s have been p r o p o s e d . "

With the incentive-based price-cap (revenue-cap) method, the regulator tries to provide
incentives to the f i r m s by setting an upper limit for the price according to the cost of
utility. N o r m a l l y , the regulator fixes the price-cap for several years. T h e problem in this
t>pe of regulation is that a firm m a y show its high cost of production in order to prevent
the lowering of the price-cap. If this happens, the regulator would fail to provide the
benefit of regulation to the public.

Shleifer (1985) proposed a yardstick competition method to avoid an a s y m m e t r i c
i n f o m i a t i o n problem by setting benchmarking criteria across the industry. In this
method, an incentive is given to the firm to reduce cost and improve the efficiency
level. But this f o m i of regulation

is more suitable for h o m o g e n e o u s firms. For

h e t e r o g e n e o u s firms, there would not be reliable b e n c h m a r k i n g or they would be able to
collude, w h i c h would falsify the results of regulation.

T h e creation of a fair competition in the industry and setting a ' f a i r ' price is the
objective

of

regulation.

All

approaches

face

limitations

in

their

practical

implementations. T h e r e is no 'right' method and model for the best regulation. T h e

" The review of the incentive based regulation method in this section is largely based on Hall (2000);
J o s k o w and S c h m a l e n s e e (1986); and J a m a s b and Pollitt (2000).
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regulatory method should be adapted to the real life situation, considering the market
structure, environment and characteristics of the industry.

8.4 Regulation in developing countries

The regulation of electricity sectors is a new phenomenon in developing countries. The
question is whether developing countries can adopt the regulatory model used by
developed countries. Joskow (1998:4) suggested that there are many differences in their
state of development, including the performance of the infrastructure sector, market and
institutions that developing countries should take into account when designing the
regulatory regimes.

There are some fundamental differences between developed and

developing countries, such as high population levels, political instability and a lack of
institutional and human capacity, which impact on the development of an effective
regulation. Laffont (1998), Stern (2000) and Beato and Laffont (2002) have studied the
specifications that developing countries must take into account when developing a
regulatory framework. These specifications can be summarised as follows.

8.4.1 Corruption
Fischer and

Serra (2000:188) concluded that the regulators and bureaucrats in

developing countries receive low salaries, which can allow them to be easily captured
by interest gains. Low salaries and benefits increase the risk of corruption in developing
countries.

8.4.2 Political instability
Political stability and the continuity of policies are important in building the confidence
of investors and increasing the predictability of institutions.
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Developing countries do

not have constitutional control of the government and the ability to write long-term
contracts. The lack of checks and balances provided by well-functioning democracies,
court

systems,

government

auditing

bodies

and

other

counter

powers

causes

governments to be more easily captured by interest groups. A lack of democracy and
well functioning institutions also adds to the uncertainty of future regulation. In
addition, the regulators are often subject to pressure from populist politicians and
industry lobbyists (Fischer and Serra 2000:188).

8.4.3 Technical and financial constraints
Technical and

financial

constraints include managerial deficiencies and a lack of

administrative and regulatory capacity. The shortage of regulatory staff is a major
obstacle to establishing effective regulatory institutions (Stern 2000:137). The other
defining characteristics of developing countries are financial constraints, which results
from the inefficient credit and capital markets, and the difficulty of attracting the
necessary foreign capital.

8.4.4 High cost of public funds
The cost of public funds refers to the marginal cost of public funds, which is the social
cost of rasing one unit of funds. The cost of public funds in developing countries is
higher than in developed countries. Because of inefficient tax systems raising public
funds creates a deadweight loss. The common estimate of the deadweight loss is around
0.3 in developed countries (Fischer and Serra 2000), meaning that to raise one unit of
account costs citizens 1.3 units. According to the World Bank data, the deadweight loss
in developing countries is often greater than 1; for example, it is 1.2 Malaysia and 2.48
in the Philippines.
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8.5 Experiences of developing countries in regulation

The choice of the regulatory regime is based on the political and economic structure of
the country. As argued in the last section, developing countries have different
characteristics compared to developed economies. Therefore, developing countries
cannot easily adopt the regulatory model of developed countries. Some adjustments are
needed, according to their political and economic structure. The design of a regulatory
framework for the electricity distribution

sector also depends on objectives of

regulation, specific legal and institutional frameworks for regulation, and the regulatory
governance in each country (Stern and Holder, 1999).

This section focuses on the experiences of developing countries in regulating the
electricity distribution sector. This section also discusses the new regulatory regime of
incentive regulation, in order to investigate the effectiveness of this regime in
developing countries and taking into account the specific characteristics of the
developing countries.

Latin American countries were the first group of developing countries that introduced
reforms to restructure the electricity sector. They also established regulatory bodies to
enforce the regulation in natural monopolies in the early 1980s. The experience of
adopting price-caps in highly uncertain environments with weak regulatory capacity
showed that there was downward trend in public infrastructure investment and that the
investment level was not adequate for growing demand (Estache et al. 2003:2).
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Estache et al. (2002) argued for coordination with other regulators to avoid
asymmetric

problem

distribution,

and

for yardstick

for most

regulation

countries,

the

in

South

performance

America.
comparison

For
can

the

electricity
only

be

international. For a m o r e effective form of competition, there should be cross-country
information, and each individual regulator should be able to rely easily on useful results
in its o w n regulatory settings.

Bitran and Serra (1998) explained that because of the problem of a lack of information
in d e v e l o p i n g countries, regulators employing incentive regulation have had serious
difficulties in collecting cost data from firms. Therefore, it is difficult to set X factors
for firms. T h i s unavailability of data gives some discretionary p o w e r to regulators, and
they set the X factor on the basis of the best available data. O n e w a y for regulators to
r e m e d y this information problem is to use international benchmarks, adjusted to specific
country conditions (Kessides 2004:125).

D y c k and Telia (2002) measured the efficiency of firms in the Chilean electricity
distribution industry by the ratio of reported costs to revenues during 1 9 8 8 - 9 9 , and
found that it improved over time but the gains were not passed to the consumers
because of regulatory failure.

T h e regulatory experiences of developing countries show that they lack institutional and
h u m a n capacity to regulate the sector. There is a lack of information, which m a k e s it
very difficult for a regulator to m a k e a regulatory decision. Political influence and
lobbying a f f e c t s the capacity of the regulator to work independently and effectively.
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8.6 Electricity price development in Pakistan

T h i s section describes the price development in Paicistan before and after liberalisation.
In the distribution sector of Pakistan, there are two key players: the Water and Power
Development
(KESC).

Authority

WAPDA,

with

(WAPDA)

and

nine regional

Karachi
distribution

Electricity
companies,

Supply

Corporation

is responsible

for

supplying electricity to w h o l e the of Pakistan except Karachi and its surrounding areas.
K E S C is responsible for Karachi and its surrounding areas.

In the case o f W A P D A , the impact of the liberalisation of generation and

the

unbundling of distribution in the sector is clear (Figure.7.1). T h e average price curve
s h o w s that prices have significantly increased for all main customers

(domestic,

c o m m e r c i a l and industrial). T h e prices remained stable between 1982 and 1997. There
w a s no significant change in prices except for commercial customers. T h e m a x i m u m
price increased in 1 9 9 7 - 1 9 9 8 . During the period of 19 years, prices for domestic
c u s t o m e r s increased 645 per cent, 910 per cent for commercial and 633 per cent for
industrial customers. Interestingly, prices for commercial and industrial

customers

increased m o r e than the average increase.

Similarly for the K E S C customers, electricity prices have increased for all types of
customers.

Surprisingly, a 244.05 per cent price increase occurred

for domestic

customers, and a 644 per cent for commercial, and a 351.62 per cent for industrial
customers. T h e r e w a s a 345.14 per cent increase for average sale price during the period
1984 to 2002. Is there any country w h e r e prices increased more than 300 per cent over
the period of 19 y e a r s ? T h e only case is Pakistan, w h e r e 33 per cent of the population
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earns less then US$1 per day. These unaffordable electricity prices contradict the
objectives o f liberalisation and restructuring o f the electricity sector.

The objective o f liberalisation and restructuring o f the electricity sector was to provide
cheap, efficient and reliable electricity. The situation is that the prices have significantly
increased. The sudden rise in prices could be explained by the following:
•

before 1997, the prices were controlled and subsidised by the government

•

the government abandoned the subsidy on electricity prices

•

price-setting was handed over to N E P R A in 1998, which determined the price
on market basis

•

oil prices increased during this period

•

above all, distribution companies are bound to buy electricity from IPPs at the

high tariffs rate o f US7 cents per unit. This price was much higher in South Asia (field
visit to Pakistan, March 2004).
These factors gave a big push to the electricity prices and broke the backbone o f
customers as well as the industrial structure in Pakistan. How this impacted on
commercial activities and the competitiveness o f the industry would be a good area for
future research. Apart from other external sources o f inefficiency, it is quite possible
that the firms did not fare well. In the following section we will examine the
performance o f the sector by estimating the efficiency level.
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Figure 8.2

Average electricity prices in 1984-02

Average Electricity Prices In Pakistan (1984-2002,1984= 100)
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8.7 Electricity regulation in Pakistan

In 1992, the government approved WAPDA's strategic plan for the privatisation of the
power sector. This plan sought to meet three crucial goals:

1

enhance capital formation;

2

improve efficiency and nationalization of tariffs

3

provide a competitive environment for private investment through privatisation.

The reason to make such a major decision about the power sector of Pakistan was that
there was extreme government involvement in management, political interference, and a
tariffs structure distorted by cross subsidies. A critical element of the strategic plan was
the creation and establishment of a 'regulatory authority' to oversee the restructuring
process, monitor the performance and to regulate the monopolistic services.
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Under the Regulation Generation, Transmission and Distribution o f Electric Power
ACT,

1997, N E P R A

was established (Gazette o f Pakistan, December

16, 1997).

N E P R A was created to introduce transparent and judicious economic regulation, based
on sound economic principles, to the electric power sector o f Pakistan.

According to the Act, N E P R A was entrusted with the following powers and functions:

•

granting licences for generation, transmission and distribution o f electric power

•

prescribing procedures and standards for investment programs by generation,
transmission and distribution companies;

•

prescribing and enforcing performance standards for generation, transmission
and distribution companies;

•

prescribing a uniform system o f accounts for generation, transmission and
distribution companies

•

prescribing fees including fees for grant o f licences and renewal thereof

•

prescribing fines for contravention o f the provisions o f this act

•

determining tariffs, rates, charges and other terms and conditions for the supply
of

electric

power

services

by

generation,

transmission

and

distribution

companies and recommend to the federal government for notification
•

reviewing organisational affairs o f generation, transmission and distribution
companies to avoid any adverse effect on the operation o f electric power
services and for continuous and efficient supply of such services

•

encouraging uniform industry standards and code o f conduct for generation,
transmission and distribution companies

•

tendering advice to public sector projects

•

submitting

reports to the Federal Government

generation, transmission and distribution companies
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in respect o f activities

of

•

performing any other function which is incidental or consequential to any of the
aforesaid functions (NEPRA annual report, 2001).

8.8 Regulatory effectiveness in Pakistan
Stern and Cubbin (2003) mentioned six key aspects of good regulation based on Stern
and Holder (1999). These six aspects of effective regulation are:
1.

clarity of roles and objectives

2.

autonomy

3.

participation

4.

accountability

5.

transparency

6.

predictability.

In 1998, the National Energy Raters Association (NERA) published a report on six
Asian developing countries on the six regulation criteria mentioned above. Table 8.1
shows the ranking of the Asian utility regulation framework in 1998. It shows that
Pakistan has the highest score in autonomy and lowest in predictability. In other criteria
it scores 3. NEPRA, according to this assessment, has very high autonomy, has clear
well-defined functions and have full powers to perform its duties without the
interference of the relevant ministers. Stern and Cubbin (2003) however criticised the
NERA report for giving too much weight to stated plans for the establishment and
enhancement of regulation rather than actual achievements.
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Table 8.1

Ranking of Asian utility regulation framework, 1998

Categorisation by criteria

C o u n t r y and
Sector

Clarity

Formal

Informal

attributes

attributes

Autonomy

Accountability Participation

Transparency Predictability

Bangladesh
Electricity

2

2

2

1

1

1

Federal

2

3

2

1

3

1

Electricity, Orissa

4

5

4

5

5

2

Natural G a s

1

1

1

1

3

1

Telecom

3

4

4

5

5

3

Transport

1

1

1

1

1

1

Natural G a s

1

1

1

1

1

1

Telecom

3

3

2

3

1

I

Transport

3

3

2

2

1

2

Water

3

2

2

2

1

2

3

4

3

3

3

2

Electricity

3

3

2

3

2

3

Water

3

3

3

3

3

2

India
Electricity,

Indonesia

Malaysia

Pakistan
Electricity
Philippines

Scoring: Each sector w a s ranked on 1 - 5 scale where 1 indicates no merit with regard to the criteria for
e f f e c t i v e and independent utility regulation and 5 represents best O E C D practice.
Source: "Government and Regulatory Regimes for Private Sector Infrastructure D e v e l o p m e n t ' A report
by N E R A for the A D B , A D B R E T A 5 7 5 8 - R E G . Manila, 1998, Table 3.8. Stern and Holder (1999) Table
2, also Stern and Cubbin (2003) Table 2.
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During the field visit to Paicistan, it was observed after discussions with stakeholders,
that the autonomy and predictability are actually very low in practice. There are cases
where N E P R A raised the power tariffs but due to political pressure on the government
from the public and from opposition parties, the prime minister reduced the power
tariffs without even consulting N E P R A (Staff reporter, Jang 2003). This experience
confirms that N E R A ' s report overstated the planned autonomy o f N E P R A and actually
N E P R A is still struggling to get that autonomy. Secondly, N E P R A is an advisory body,
which determines the tariffs changes, and gives recommendations to the Federal
Government. The final decision on the tariffs change is still in the hands o f the
government.

In the next section the actual performance o f the N E P R A in the six years since its
establishment as a regulatory body is analysed.

8.8.1 Performance of NEPRA
In this section, we will investigate how N E P R A performed in achieving its objectives,
and how it monitored the distribution sector to improve the performance of the
distribution sector. The mission statement o f N E P R A says:
' W e shall strive to develop and pursue a Regulatory Framework, which ensures the
promotion o f safe, reliable, efficient and affordable electric power to the electricity
consumers o f Pakistan ( N E P R A 2000).
To analyse the performance o f the distribution sector and its effective regulation, a few
key indicators have been selected:
1.

electricity prices

2.

capital utilization

3.

system losses

4.

quality o f service.
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We will investigate NEPRA's regulatory role in terms of the selected indicators.
Changes in these indicators will show the performance and effectiveness of NEPRA.
1.

Electricity prices. As analysed and discussed in Section 8.6, electricity prices in

Pakistan increased significantly. Figure 7.1 shows that the major price increase was
after 1997-98. In 1998, the real commercial price was US4.65 cents per unit, which
increased to US31.1 cents per unit in 2002. There was a 568 per cent change in real
price for commercial consumers in terms of US currency. In Pakistani currency, it was
750 per cent during the same period. The average sale price of electricity was US7
cents/unit in 1998 and it increased to 11.47 US cents per unit. As a result there was a
133 per cent blow up in the real average sale price of electricity during the period
between 1998 and 2002. This price increase could not improve the technical and scale
efficiency of firms because these firms argued for increases in prices rather than
minimising the cost or improving their efficiency.

This huge price increase is not affordable to the low-income households of Pakistan. It
can be posited that NEPRA was not successful in maintaining prices or providing
electricity at affordable prices to the Pakistani people. How they can afford to pay
USl 1.47 cents per unit for electricity when 33 per cent of the population earn less than
US$1 a day?
2.

Capital utilisation. Load factor (LF) is a measure of optimum use of capital in

the power sector. In this section we will analyse whether NEPRA was successful in
increasing the capital utilisation in the distribution sector. Was the use of available
capacity increased during the period 1998 to 02? Table 7.5 shows that LF was 66.34 per
cent in 1998 and 66.43 per cent in 2002. Although there was a small improvement in the
load factor during this period there is almost 34 per cent capacity underutilisation. This
implies that 34 per cent of the distribution network is not being used. If the capacity
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were fully utilised, Pakistan could provide electricity to the non-electrified villages and
it could also export to the neighbouring countries like Afghanistan.
3.

System losses. In terms of system losses there was decline during the period of

1998 to 02, although it was not due to NEPRA. During this period, the government
established the Army Monitoring Team (AMT) and gave it the task of resolving
consumer complaints and checking the performance of public departments. The A M T
mostly received complaints about DlSCOs.

As a result of A M T inspection, system

losses started to decline in this period. Despite the efforts of the government, are still
25 per cent system losses. NEPRA should take steps to reduce them. These losses can
be

reduced

by

encouraging

distribution

companies

to

install

energy

efficient

transformers and motors.

4.

Quality of Service. Despite the availability of surplus electricity, consumers are

facing load-shedding and interruption. During the field visit to Pakistan (March 2004),
it was observed that, on average, there was undeclared load- shadding for three hours
per day in the name of maintenance of the network. Reliable electricity supply is a big
issue and consumers are not satisfied with the service of DISCOs (field visit to
Pakistan). More than six years of its establishment, NEPRA had not finalised standards
code of practice for generation, distribution and transmission to maintain the quality of
service (NEPRA 2000).
5.

Efficiency. The issue of efficiency is one that is considered highly important to

the electricity sector. This is seen in the fact that the stated objective of NEPRA was to
improve the efficiency and performance of the distribution sector and to provide
affordable electricity to the consumers of Pakistan. As discussed in Section 7.11, overall
results suggest that there are possibilities for efficiency improvements in the distribution
sector. According to DEA efficiency estimates there was 8 per cent technical
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inefficiency and 7 per cent scale inefficiency. Most inefficient firms over-employed
inputs. The results also show that there was 3 per cent TFP growth in the distribution
sector, which is low when compared to other sectors in the economy (9.2 per cent
growth in the large scale manufacturing, 8.8 per cent growth in the services and 6.7 per
cent for the agricultural sector during 2003-2004). When SFA efficiency estimates are
taken into account, the efficiency picture is gloomier. The mean efficiency o f the
distribution sector was 78 per cent and there was 21 per cent deterioration in technical
change, meaning that there is 22 per cent inefficiency in this sector. In conclusion there
is inefficiency in the distribution sector and efforts should be made to reduce it.

8.9 Developing price-cap regulation
In most electricity systems, the distribution network accounts for 30 to 40 per cent o f
total costs o f supply, and exhibit substantial potential for efficiency improvements. In
developing countries. Because o f technical and non-technical losses, the actual share o f
distribution costs may be substantially higher (Jamasb, 2002).

Many countries have been involved in the restructuring and liberalisation o f the
electricity sector recently. Many have also engaged in regulatory reforms o f the
distribution sector. There are several regulatory frameworks in practice. The most
commonly used frameworks are rate o f return, revenue-cap and price-cap regulation.
The most widely used incentive-based regulation is price-cap regulation based on the
RPI-X model first adopted in regulation o f the telecommunication sector in the United
Kingdom (Jamasb and Pollitt, 2001).

This section proposes a regulatory mechanism for the distribution sector o f Pakistan.
For this purpose, the price-cap regulatory scheme is selected because the price-cap
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model promotes cost savings and can be combined with other incentive schemes. Cost
savings will eventually will pass on the benefits to the user, and will also help in
reducing the tariffs rates.

The price-cap method was first proposed by Littlechild (1983). In this approach, the
price is set for 3 to 5 years based on the Retail Price Index (RPI) and efficiency factor
X. Prices remain same for the period and the utility keeps or shares the achieved cost
savings. Equations 8.1 and 8.2 reproduced below show how the price ceiling for i is set.

+

(8.1)

^ =

(8.2)

For each year, the price ceiling Pt would be calculated based on the previous year's
price ceiling: Pt-i adjusted by RPI minus the efficiency factor X calculated using above
the defined SFA and DBA models. The Z is an adjustment factor, which accounts for
the effect of exogenous extraordinary factors affecting the firm's costs.

The models and equations defined in Chapter 5 will help us to develop a benchmarking
and regulatory framework for the electricity sector of Pakistan, which is now a core
issue after the liberalisation of the distribution sector. A reliable and scientific
regulatory framework will also very be helpful in promoting competition and cost
savings in the distribution sector. Eventually, this will provide benefits by reducing the
electricity tariffs to electricity users (the majority of who are living below poverty line).

8.9.1 X Factor and price-cap regulation for 2002 to 2007
To translate efficiency scores into CPI-X, DEA efficiency scores were used because
DEA 2.1 software decomposes the efficiency estimates into several other indices like
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pure and scale efficiency and TFP growth. Table 8.1 presents the calculation o f X factor
for the distribution sector in Pakistan. The average frontier shift for the whole sector is 3
per cent. The average catch-up factor for the distribution sector is 3.8 while the
m i n i m u m factor is zero. There are six companies in the distribution sector which have
zero catch-up factors, while the highest catch-up factor is 3.8 ( G E S C O ) . By using 3 per
cent as X factor for the industry, the price-cap is calculated. The price-cap for the whole
sector with 3.27 per cent Retail Price Index (RPI) for 2002 is 0.27 per cent increase a
year for the next five years.

RPI does not include petroleum products as a consumer commodity, and the above
price-cap does not give a realistic price change for the distribution sector. To make it
realistic, some adjustments were required. Therefore, we decided to add the fuel and
lubricant price index as an adjustment to the proposed price changes. In 2002 to 03, the
fuel and lubricant price index was 117.91 at the base year 2000-01 (Government o f
Pakistan, Economic Survey, 2004) that implies that there was 17.91 per cent fuel prices
were increased as compared to 2000-01. For the purpose o f adjustment, the 17.91 per
cent fuel price change was added to the final proposed price. In 2002-03 the price o f
high-speed diesel was Rs24 (US$0.41). Therefore, as fuel price adjustment o f US0.07
cents should be added in to the proposed price change for the next five years. Finally,
the price for all D l S C O s would be RS3.77 (US6.51 cents) per unit for all DISCOs, and
for K E S C it would be Rs3.78 (US6.52 cents) per unit.

In the distribution sector there are six firms that have lower X factor than RPI. These
companies have a lower catch-up factor and higher profit margin as compared to other
companies. The other three companies that have a higher X factor and catch-up factor
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should reduce their cost and improve their performance to obtain a higher profit margin.
They should improve productivity and technical efficiency to compete with other firms.
Compared with the previous price increase by N E P R A , our study suggests a lower price
increase for the distribution sector. In this study, the sources o f inefficiency for each
firm were identified, and the catch-up target was set for the next five years. That catchup factor and the sources o f inefficiency were missing in the determinations o f N E P R A .
According to Coelli et al. (2003), a regulator should never use these performance
measures in an entirely perspective manner. The X- factor and catch up factors given in
Table 8.1 should only be used as a basis for regulation. A regulator should give the
companies an opportunity to explain why that firm is different from other firms in the
sample. For example, a distribution company with low population density can argue that
it cannot achieve sector level X factor because it has lower number o f customers and
high operating and capital cost. Therefore, considering these two factors, the regulator
should make some adjustment.

Knowing which o f these factors is more important is

difficult for a firm and a regulator. The regulator will need to consider each firm on a
case-by-case basis but should avoid the use o f firm-specific TFPC measures at all cost,
because the incentives in the price cap regulation will be lost.
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Table 8.2: Calculation of X factor for 1998-2003
Catch- Up
Firm

Frontier Shift

X-

Factor

TE

(per cent)

(per cent)

(per cent)

1.00

0

3

3

0.856

1.4

3

4.4

1.00

0

3

3

1.00

0

3

3

0.588

3.8

3

6.8

1.00

0

3

3

1.00

0

3

3

0.846

1.5

3

4.5

(LESCO)

1,00

0

3

3

Mean

0.921

0.8

3

3.8

Minimum

0.588

0

3

3

Maximum

1.00

3.8

3

6.8

Karachi Electricity
Supply Corporation
(KESC)

Peshawar Electricity
Company (PESCO)

Quetta Electricity Supply
Company (QESCO)

Multan Electricity Power
Company (MEPCO)
Hedrabad electricity
Supply Company
(HESCO)
Gujranwala Electricity
Supply Company
(GESCO)
Faislabad Electricity
Supply Company
(FESCO)
Islamabad Electricity
Supply Company
(lESCO)
Lahore Electricity
Supply Company

Source: Author's own estimations.
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8.10 Summary

This

chapter

discussed

and analysed

the methodologies

of regulation

and

the

performance of the current regulatory framework in Pakistan. On the basis of the poor
performance of the current regulatory regime, a price-cap regulation for the electricity
distribution sector is also proposed.

The creation of fair competition in the industry and the setting of a 'fair' price is the
objective

of

regulation.

All

approaches

face

limitations

in

their

practical

implementation. There is no 'right' method and model for the best regulation. The
regulatory method should be adapted to real-life situations, considering the market
structure, environment and characteristics of the industry.

The performance indicators show that NEPRA is still behind achieving its goals, even
six years after its establishment. On paper, it has full autonomy but in actuality it is
working as a recommendatory body to the government. Second, NEPRA should be
using price-cap regulation instead of rate of return. The ROR method supports the
investors and gives incentives to them to show high costs of production to claim high
tariffs. As we have seen, there are high electricity prices, low capacity utilisation, high
system losses and low efficiency in the distribution sector. NEPRA, as a regulator,
should take some action to improve the performance of the distribution sector and
ensure a reliable electricity supply at affordable prices in a competitive environment.

The proposed RPI-X framework has limitations as the firms can provide relevant
information; on possibly omit important factors to assist the regulator in implementing
the regulatory structure, providing incentives for performance improvement.

222

Chapter 9
Conclusion and policy implications

9.1 Summary and findings of the thesis
T h e design o f electricity reform is an emerging issue. T h e existing literature on the
subject is limited, particularly pertaining to Pakistan, and further research is needed.
T h e existing literature either focuses particularly on the efficiency m e a s u r e m e n t of
f i r m s or on the regulation of public utilities. The very reason that this study w a s
undertaken

w a s to draw attention to the

issues of electricity,

privatisation

and

regulation. Thus, in light of the available literature, this study is an attempt to cover the
m a i n issues of privatisation, restructuring and regulation of the electricity sector in
Pakistan.

T h e process of privatisation in Pakistan c o m m e n c e d in early 1980s. During the period
1985 to 2002, Pakistan had a diverse experience of privatisation: privatisation in
Pakistan w a s a result of the c o u n t r y ' s negative experience of the nationalization policy
of 1972. T h e rationale for privatisation is that the experience of owning and operating
the nationalized units failed. A s a result of the nationalisation of units, the SOEs
presented the following characteristics: m i s m a n a g e m e n t and over-staffing, inappropriate
and costly investments, poor quality and coverage of services, and high levels of debt
and fiscal losses.

In Pakistan, privatisation w a s initially undertaken with the following objectives: to
create a market based e c o n o m y , to increase capital investment, to promote expansion
and

investment

in private sector enterprises, and to encourage
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competition

and

efficiency in private sector enterprises. The question o f whetiier these objectives were
achieved

is still to be addressed

by researchers. To achieve the objectives

of

privatisation, Pakistan used four main modes o f privatisation: floating shares on the
stock exchange, full liquidation o f units, selling units through bidding and transferring
management and selling the units to a worker's group with management control.
Considering the extent o f the debate over privatisation, restructuring and regulation o f
the electricity sector in Pakistan in recent years, there is a surprising lack o f rigorous
economic and empirical studies. This thesis aims to fill that gap.

The electricity distribution sector is one o f the most important sectors to be privatised.
To enable privatisation and to attract private and foreign investment, The

GOP

introduced four power policies. The first successful policy was the 1994 power policy,
followed by the 1995 transmission line policy, the 1998 power policy and the 2002
hydro generation policy. As a result o f these policies, Pakistan was able to attract
projects o f more than 3,000 M W . After analysing these policies, it is evident that they
are

inconsistent

in terms o f

incentives

used and

models adopted.

These were

increasingly tight and less investor-friendly. It was observed that the early policies were
more investor-friendly and provided internationally competitive packages o f incentives,
including total tax and duties exemptions, as well as offering high tariff But these
policies could not create the competition the industry needed, and failed to protect
domestic manufacturers o f plant equipment for the electricity generation sector. These
policies also led to heavy costs in terms o f foregone tax revenue and tariffs burdens on
consumers. The later policies o f 1998 and 2002 provided fewer incentives for investors
but encouraged the use o f indigenous energy resources and provided protection for the
domestic engineering industry, which may provide a positive impact on the economy in
terms o f domestic production, employment and government revenue.
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T h e electricity sector o f Pakistan is a vertically integrated public monopoly. It is in the
early stage o f evolution. B e c a u s e o f its large size and the expansion in d e m a n d and
supply, there has been a reorganisation and restructuring of the entire sector. It emerged
in t a n d e m with c h a n g e s in the political and e c o n o m i c scene in the country. The need for
rapid e x p a n s i o n of the p o w e r sector, coupled with limited

financial

capability of the

g o v e r n m e n t to support such expansion, presented the argument for privatisation.

Currently, the p o w e r sector is working in a single buyer model. There is a single buyer
( W A P D A , K E S C ) choosing from various generators ( G E N C O S ) and selling electricity
to all costumers. A l t h o u g h IPPs play an important role in thermal generation, W A P D A
and K E S C as public utilities still remain the main players in the sector. However, with
the current regulatory body, like N E P R A , the functioning of the sector is relatively well
m o n i t o r e d . T h e electricity tariffs in Pakistan remain an inflammatory political and social
issue. T h e s e tariffs have remained relatively high as compared to other regional
countries and are one of the main burdens on c o n s u m e r s ' utility bills.

T h e a i m s and objectives of power sector policy are channelled towards creating and
fostering a deregulated and competitive p o w e r industry. However, because of long time
f r a m e s involved

in developing such a massive sector, the achievement of these

objectives is still s o m e w a y off.

A restructuring, privatisation and regulatory f r a m e w o r k w a s proposed in the master plan
o f 1982, and therefore, the first objective of the thesis w a s to analyse the p e r f o r m a n c e of
the generation and distribution sectors in terms of operating and technical efficiency.
T h e objective w a s to e x a m i n e the empirical basis for the justification for privatisation
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that h a v e b e e n claimed in recent years and develop a regulatory f r a m e w o r k for the
distribution sector. A h h o u g h there are number of justifications for privatisation, this
thesis f o c u s e s only on the one important argument that privatisation can improve the
technical e f f i c i e n c y of public firms.

T h e m e a s u r e m e n t of technical efficiency of the electricity generation and distribution
sector in Pakistan w a s estimated by employing the t w o state-of-the-art methodologies:
Data e n v e l o p m e n t analysis and stochastic frontier analysis, using both power plants
(public and private) and supplier level data sets. The estimation results for the
generation sector suggest that the private firms dominated the frontier.

T h e f o l l o w i n g points are worth mentioning in regard to the estimation results for
the electricity generation sector

T h e r e w a s almost 0.1 per cent statistical noise and 99.9 per cent of the variation in the
data w a s explained within the model. It is interesting to note that technical inefficiency
factors included in the translog production function have positive significant effects
except for o w n e r s h i p which implies that public ownership has an adverse impact on the
e f f i c i e n c y of the plant. T h e mean efficiency of the sector by using Translog model is 81
per cent and there is 12.80 per cent efficiency change on average during the period 1998
to 2003, which is mostly due to investment by the private sector. In the sector there is
still 19 per cent inefficiency. Under the D E A model, the mean efficiency of the sector
w a s 84 per cent and there are thirteen efficient firms in which nine are private and four
are public f i r m s (Table 6.11). There is 4 per cent scale inefficiency in the sector. There
is higher scale inefficiency in the public sector than private sector. The D E A results also
suggest that mostly firms are operating at constant returns to scale.
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The comparative analysis of technical efficiency of panel data of 21 electricity
generation plants over a period of six years suggested that there are identifiable
technical inefficiencies in electricity generation. This invites further reforms,
competition and suitable regulation for the sector.
To determine the effects of technical efficiency variables like ownership, plant factor
and fuel type, a second stage estimation was done by using the Tobit model. The Tobit
model analysis confirms the results of the Translog model that ownership has a negative
impact while plant factor and fuel type have positive impacts on the efficiency of the
plant.
The Malmquist DEA analysis shows that, in terms of efficiency and scale efficiency
change, the performance of private firms is better than that of public firms. This implies
that the private firms performed better in improving their efficiency and scale of
production. The performance of public firms is comparatively better than that of private
firms in terms of technical efficiency change and pure efficiency change. These results
are confirmed, as the public firms have the advantage of having duel fuel system. In the
public sector on average, there was 0.01 per cent TFP growth over the period of 1998 to
2002, which is very low, compared to other sectors of the economy (Table 6.9).
Regarding the change in technical efficiency, there was small growth in the public and
private plants. There was on average3.2 per cent growth in the pure efficiency change in
both sectors. In terms of scale efficiency growth, there was 0.05 per cent deterioration in
the private sector and 0.02 per cent deterioration in the public sector on average level.
For the whole sector, there was 3.6 per cent scale efficiency growth on average. Table
6.9 also provide the TFP growth for the public and the private sectors. According to the
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results reported in Table 6.9, there was almost 3 per cent growth in the efficiency
change in the sector on average level. For the comparison of public and the private
sectors, there was 0.1 per cent growth in the public sector and 0.01 per cent TFP growth
in the private sector.

Regarding the impact of public and private ownership, according to SPA results, public
ownership has an adverse impact on the technical efficiency of the plant. Second stage
estimation also confirms this outcome. This result is in accordance with the previous
empirical studies (for example Meibodi

1998), which found evidence of higher

efficiency in the private firms.

The issue of efficiency is one that is considered highly important in the electricity
distribution sector. This is evident" in the fact that the objectives of the reforms were
designed to improve the performance of the sector and to provide cheap and reliable
electricity to the consumers. Overall, the results suggested that distribution sector
refonns were unsuccessful in contributing to the performance of the sector and that
possibilities for efficiency improvements remain in the sector. According to the DEA
estimates in the sector, on average there is almost 8 per cent technical inefficiency and 7
per cent scale inefficiency (Table 7.6). Mostly inefficient firms have overemployed
inputs. As the electricity is available to 60 per cent of the population, the companies
should increase their output to reduce their inefficiency.

The results also suggest that there was technological growth during the last six years,
and, as a result, there was 3 per cent TFP growth in the sector during the period of 1998
to 2003 (Table 7.10), which is low when compared to other sectors in the economy.
After the refomis, and the introduction of a new regulatory framework, the prices
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increased significantly. The reason for the price increase may have been attributable to
the withdrawal of the government subsidy, rising oil prices and a stage of learning by
the regulatory body (NEPRA).

In terms of RTS, the sector shows increasing returns to scale. In the sector, inputs are
over-employed and to best use the inputs companies should increase output by
increasing the number of customers. Power losses are high and serious efforts would be
made to reduce them.

The following important findings from the SFA estimation suggest that
•

There is only 0.01 per cent stochastic noise and 99.9 per cent of the data is
explained within the model.

•

All

environmental

variables

had

appropriate

signs and

were

statistically

significant. This also shows that these inefficiency factors have effects on the
efficiency level of firms, which help in determining the sources of inefficiency.
•

The mean efficiency of the sector by using translog model is 79 per cent and
there is no growth in technical change during the period 1999 to 2003 except for
KESC. In the sector there is still 21 per cent inefficiency on average according
to SFA estimates.

A comparison of SFA and DEA estimates suggest that both approaches were successful
in measuring the efficiency of the sector. At the average level and identifying the most
and least efficient firm, there were not many differences.

The next objective was to explore an appropriate design for a regulatory institution for
the electricity distribution sector.
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This thesis studied regulatory regimes, the experiences of developed and developing
countries and analysed them in the light of the specific characteristics of developing
countries such as Pakistan. Like other developing countries, Pakistan also faced the
common problems experienced by developing countries such as corruption, regulatory
capture, absence of sophisticated cost accounting and auditing systems and a lack of
regulatory capacity, particularly in the area of human resources. These factors affect the
choice and design of the regulatory institution. Based on these factors, it can be posited
that a specialised and independent regulatory body for the electricity distribution sector
in Pakistan is necessary.

This

thesis

discussed

and

analysed

the

methodologies

of regulation,

and

the

performance of current regulatory frameworks in Pakistan. On the basis of the poor
performance of the current regulatory regime, a price-cap regulation model was
proposed for the electricity distribution sector.

Electricity prices have significantly increased over the last few years, and this is
considered one of the main reasons for increasing levels of poverty in the country.
Hence a price-cap regulation is recommended because it acts to control prices paid by
customers while at the same time providing strong incentives for electricity distribution
companies to improve the efficiency of its operation. It also proved a very powerful and
effective way of introducing the effects of competition to a market where a single
supplier is dominant.

The performance indicators showed that NEPRA is still behind in achieving its goals.
On paper, it has full autonomy but it actually functions as a recommendatory body to
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the government. It is recommended that N E P R A use price-cap regulation instead o f rate
o f return. The R O R method supports the investors and gives them incentive to show
high cost o f production in order to claim high tariffs. As we have seen, in the
distribution sector there are high electricity prices, low capacity utilisation, high system
losses and low efficiency. N E P R A , as a regulator, should take actions to improve the
performance o f the distribution sector and ensure a reliable electricity supply at
affordable prices in a competitive environment. Such action can be based on the setting
o f benchmark levels o f efficiency for the distribution companies.

This thesis estimated the X factor for use in price-cap regulation for the distribution
sector in Pakistan. The aim o f this exercise was to demonstrate the practical use o f
price-cap regulation for the sector and to aid understanding o f this issue. Problems
presented by lack o f data and asymmetric information faced by the regulator in Pakistan
are more common than in developed countries. The analysis o f price-cap regulation
demonstrates that the electricity price for all D I S C O s should be increased by US 6.51
cents per unit for the period 2003 to 2007. For K E S C , it should be increased by US 6.53
cents per unit for the period 2003 to 2007.

It is the function o f N E P R A to impose regulation on privatised firms in such a way that
after privatisation they achieve high annual cost reduction and achieve more efficiency
than under public ownership.

9.2 Limitations of the study

The availability o f data is necessary for any empirical study. As previously mentioned
the lack o f availability o f data limits this study to looking at privatisation, efficiency and
regulation.
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As the electricity sector was liberalised in 1992 and the first private plant was
established in 1994, this study is limited to measuring the efficiency of private and
public plants. Therefore, efficiency analysis of generation sector was conducted over the
period 1998 to 2003. The year of 1998 was selected because this was the year that most
of the private plants started their production.

Similarly, the distribution sector was unbundled into nine regional companies in 1997.
Therefore, there was no supplier level data before 1997 and efficiency analysis for this
sector was also conducted during the period 1998 to 2003. As most of the data was
obtained from the annual reports of the companies, it could be the over/undervaluation
of the price-cap regulation that ultimately will change the determination of electricity
prices.

On a general note, there is a reason to believe that the models used in this study, though
quite technical and sophisticated, are imperfect. Benchmarking results should never be
used in an entirely prescriptive manner to set X factors for use in price-cap regulation.
However, the performance measure can be combined with other relevant information,
including submissions from the firms regarding possibly important omitted factors to
assist the regulator (Coelli et al 2002:215).

As we have used the production functions to measure the efficiency level, variables
such as electricity generated/distributed, installed capacity and transformer capacity,
labour and fuel consumption are well documented and can be verified from other
sources. Therefore, there is a reason to believe that the data used in this study is reliable
and obtained from the best available sources.
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9.3 Policy implications
This section attempts to draw out the policy implications from the findings of this
thesis. This thesis does not provide a clear answers as to whether the electricity sector in
Pakistan should be privatized, and how this will affect the consumers, but aims to
discuss the options where benefits from the privatisation of DISCOs are enhanced. The
benefits of privatisation for consumers can be enhanced if the privatised firms are
operating at high efficiency level and consumers can buy electricity at affordable prices
with a high quality of service. To improve the performance of the electricity sector in
Pakistan, the following measures should be taken:
•

Improve

the

technical

efficiency of

inefficient DISCOs

and

electricity

generation plants
•

improve the scale efficiency of the public and private generation plants

•

reduce the system losses

•

improve the service quality and reliability of the electricity supply

•

N E P R A should use price cap-regulation instead of rate of return regulation to
set the electricity tariffs.

This thesis has established there are substantial gains to be made in all these areas.
However achieving those gains depends on effective and fair regulation. Effective
regulation needs a regulatory body free from political constraints and corruption, but is
instead independent, competent, predictable and accountable. It should have operational
and financial autonomy. Attempts should be made to build up regulatory capacity and
design effective regulatory regimes.
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N E P R A should have the power to implement its decision rather than to make
recommendation to the government. Second, while improving its human resources
capacity, N E P R A should conduct an empirical analysis before making any decision
about tariffs changes.

9.4 Further research
While this thesis tried to cover the main issues of privatisation, restructuring and
regulation of electricity sector in Pakistan, there are other interesting issues that should
be consider for further research. This thesis investigated the performance of the
electricity sector in terms of efficiency and regulation but still further research is
required in this area especially to know whether privatization of the electricity sector
should be continued and find out the impacts of tariff reforms on poverty level.

There are two broad fields for further work. One is a cost and benefit analysis of
privatisation in terms of social gain and loss for the economic agents could be studied.
This study can determine whether the privatization of the electricity sector was socially
beneficial for the society and how it benefited the economic agents.

Second, as electricity tariffs significantly increased after the liberalization of the
electricity sector in Pakistan, a study could be conducted to determine the impact of
high tariffs on the levels of poverty in Pakistan. This study could determine how a
change in electricity tariff affects the consumer's purchasing power and ultimately leads
to poverty. This study could find a relationship between the reform of electricity tariff
rates and changes in real the incomes of families of various types (eg location,
demographic structure, etc) defined as living in poverty.
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