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ABSTRACT
Pakistan is facing perpetual and worsening energy crisis. For vision 2025 as announced by
Government of Pakistan in 2015, the most important litmus test is to overcome energy crisis with
imaginative and innovative choices of energy alternatives. The complexity of selecting the best
energy alternative is more pronounced in case of Pakistan as many socio-economic and
environmental factors influence the choice. Our country is blessed with both renewable and
nonrenewable energy alternatives and we have to select feasible alternatives for implementation to
reduce exiting increasing gap between energy supply and demand. Economic analysis of alternatives
using cost benefit analysis (CBA), though gives better monetary picture but, does not cover the
whole spectrum of social, environmental, political and ethical aspects which are pertinent for
selection of suitable energy alternatives in case of multidimensional society of Pakistan. Therefore,
this research was aimed to develop a versatile and comprehensive framework for the socio-economic
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analysis of renewable and non-renewable energy alternatives based on factors matrix comprising
socio-economic and environmental factors. Within the factors matrix approach, three methods were
used for analysis of energy alternatives; the statistical analysis of factors matrix to obtain trend and
ratings, digital analysis of the data by computer assisted qualitative data analysis software
(CAQDAS) to get the digitally iterated and attenuated models along with representative
economathical equations and economathical analysis of equations by Newton-Leibniz integration
process to obtain numerical value of the ratings. Based on the results obtained, a trend spectrograph
has been prepared for the entire country south to north. The results obtained from factors matrix
approach were compared with those obtained from the three constituent methods of cost benefit
approach which indicated that use of both approaches in conjuncture is a necessity in Pakistan to
cover multidimensional aspects in case of economic analysis of energy alternatives. At the end,
policy recommendations have been given in the context of vision 2025. Overall, thesis is a unique
combination of theoretical, digital and mathematical economics.
Key words: Socio-economic, analysis, energy, alternatives, factors, matrix, digital, economathical,
spectrograph.
JEL Classification: O22, O55, Q42, Q48.
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Chapter 1
INTRODUCTION

1.1

Prelude

In policy domain, economic planners are responsible for selection of best alternative which
can fulfill socio-economic and environmental needs as subsequent success or failure of the initiative
depends on selection of suitable alternative. Pakistan is facing perpetual and worsening energy crisis.
For vision 2025 as announced by Government of Pakistan in 2015, the most important litmus test is
to overcome energy crisis with imaginative and innovative choices of energy alternatives. The
complexity of selecting the best energy alternative is more pronounced in case of Pakistan as many
socio-economic and environmental factors influence the choice. Our country is blessed with both
renewable and non-renewable energy alternatives and we have to implement feasible alternatives so
as to reduce exiting increasing gap between energy supply and demand. Economic analysis of
alternatives using cost benefit analysis (CBA), though gives better monetary picture but, does not
cover the whole spectrum of social, environmental, political and ethical aspects which are pertinent
for selection of suitable energy alternatives in case of multidimensional society of Pakistan. We
cannot deny the fact that each energy alternative has linkage with the masses, thus selection
methodology of alternatives for energy generation has to satisfy the existing quantitative mechanism
as well as it has to take stock of the numerous socioeconomic and environmental factors based on
opinion of population. Therefore, this research was aimed to develop a new versatile and
comprehensive framework for the economic analysis of renewable and non-renewable energy
alternatives based on factors matrix comprising socioeconomic and environmental factors. To
develop such a spectacular analysis framework, a comprehensive research roadmap was orchestrated.
First the socio-economic and environmental factors affecting different energy alternatives were
carefully selected and a factors matrix was crafted. Based on these factors, a user friendly
questionnaire was designed for collection of the opinion of people about the socio-economic and
environmental factors affecting energy alternatives. During this survey process, Itemized Rating
Scale (IRS) was used for rating of energy alternatives. Opinion from a sample size of 2400
respondents was collected from six major cities of Pakistan. To substantiate the evidence, field visits
to 14 energy projects and interviews of 20 experts were also conducted. The data obtained through
questionnaires, interviews and field visits was thoroughly analyzed by two approaches; factors matrix
approach and cost benefit approach. Within the factors matrix approach, three methods were used for
analysis of energy alternatives; the statistical analysis of factors matrix to obtain trend and ratings,
digital analysis of the data by computer assisted qualitative data analysis software (CAQDAS) to get
the digitally iterated and attenuated models along with representative economathical equations and
economathical analysis of equations by Newton-Leibniz Integration Process (NLIP) to obtain
numerical value of the ratings. Based on the results obtained, a trend spectrograph has been prepared
for the entire country south to north. Then, the data was analyzed by cost benefit approach. Within
the cost benefit approach, three methods were used for economic analysis of data; the levelized cost
method, the cost capacity ratio and the traditional cost benefit ratio. The results obtained from factors
matrix approach were compared with cost benefit approach which indicated that use of both
approaches in conjuncture is a necessity to cover the wide spectrum of multidimensional aspects in
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case of economic analysis of energy alternatives. This comparison also indicated ranking of energy
alternatives by different constituent methods of the two approaches. At the end, policy
recommendations have been proffered for future energy policy formulation and implementation.

1.2 Problem Statement
Economic analysis of energy alternatives is an intricate phenomenon. This analysis has to
cater for host of explicit and implicit socio-economic and environmental factors which affect
available energy alternatives, one way or the other. These factors are required to be thoroughly
analyzed to reach to a prudent decision about the most suitable alternative (s) for energy generation.
Similarly, population of the area is now considered as one of the stakeholder in the economic decision
making process. Therefore, economic analysis has to take into account the opinion of people since
population is par se affected positively or negatively by the implementation of a particular alternative.
Consequently, alongside traditional cost benefit approach, there was a requirement to develop a new
comprehensive framework which would take care of the different socio-economic and environmental
factors in case of energy alternatives. This new framework was named as factors matrix approach. It
was hypothesized that use of factors matrix approach in conjuncture with cost benefit approach shall
result in more comprehensive economic analysis of energy alternatives and help economic planners
to select the best option for implementation.

1.3 Research Questions
This research was undertaken to answer following fundamental questions regarding economic
analysis of energy alternatives by factors matrix approach in addition to cost benefit approach.
•

How far socio-economic and environmental factors affect energy alternatives?

•

How can socio-economic and environmental factors be netted in a factors matrix?

•

Why should we consider the opinion of the population in analysis of energy
alternatives?

•

Is factors matrix approach supplementing or contrasting cost benefit approach?

•

Does conjuncture of factors matrix and cost benefit approaches make economic
analysis of energy alternatives more comprehensive?

1.4 Need for Research
Economic analysis of energy alternatives has to consider various socio-economic and
environmental factors prevailing in a society along with quantitative analysis by cost benefit
approach. Currently, no mechanism is available for such analysis. To fill this research gap, this
research was undertaken with following overlapping dual need as shown in figure 1.
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•

To develop a new framework for analysis of socio-economic and environmental
factors in case of energy alternatives. This framework was termed as factors matrix
approach.

•

To apply factors matrix approach in conjuncture with cost benefit approach for
comprehensive economic analysis of energy alternatives.

Figure 1: Two fold need of this research

1.5

Objectives

The major objective of research was to fill the existing research gap and develop a
standardized, comprehensive, versatile and widely applicable economic analysis framework based on
explicit and implicit socio-economic and environmental factors while taking due cognizance of the
opinion of population. The objectives of the research are enumerated below.
•

To formulate a new framework for economic analysis of energy alternatives by
developing a comprehensive matrix of socio - economic and environmental factors.

•

To make economic analysis of energy alternatives comprehensive by combined
application of cost benefit approach and factors matrix approach.

•

To make the economic analysis process participatory by gathering opinion of
respondents on socio-economic and environmental factors affecting energy
alternatives.
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1.6

Scope

This research has a wide scope. The newly innovated framework of factors matrix approach
for economic analysis of available energy alternatives in Pakistan can be applied to all public and
private initiatives with different economic conditions.

1.7 Significance of Research and its Contribution to the Subject
Selection of suitable alternative is dominating feature of economic policy due to which the
subject of economic analysis is gaining policy level significance. Without such analysis, policy
decisions about economic initiatives may turn out to be worst, especially in social, ethical and
environmental context. Moreover, while we have updated almost all theories of economics, updation
of theory of economic analysis has been neglected or relegated, the least. Since ages, we rely on cost
benefit approach for economic analysis. No mechanism is available for socioeconomic and
environmental factors affecting alternatives to supplement the analysis process by cost benefit
approach. Why such an important aspect of economic theory was ignored over the years, particularly
when it is related to policy domain? Is it so insignificant? One cannot find a very rationale answer to
these mind wobbling questions. This research is unique in the following aspects.
•

It has re-lived a relatively ignored topic making significant contribution to subject of
economic policy and analysis. A new framework by the name of factors matrix
approach has been created for analysis of alternatives. As a result of this research,
economic analysis of alternatives has become comprehensive by combined application
of factors matrix and cost benefit approaches.

•

Research was qualitative and inductive in nature as a new theory (framework) was
developed which was validated by the patterns and trends obtained after analysis
of data collected from respondents. The qualitative research, associated with social
constructivist paradigm, was a very glaring feature of this research as it was related to
socially constructed nature of reality.

•

This research has created a new avenue in economic analysis of alternatives which is
required to be further explored by other researchers and planners around the globe.

•

It has potential to gain wide recognition at the national, regional and global level.
Research is first of its kind on a comparatively ignored but very valid topic.

1.8 Applicability
Analysis of economic alternatives is an important subject, particularly in the contemporary
era of technological advancement and fast development every initiative is required to be analyzed.
Besides, in today's world economic analysis has great relevance to behavioural science and the
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process is now more participatory than before. Particularly, the decisions in the fields of development,
energy and engineering projects are now taken after economic analysis of available alternatives based
on opinion obtained from respondents. Moreover, sound economic analysis is the foundation of sound
economic policy. Without comprehensive economic analysis, prudent economic policy is difficult to
emerge. Therefore, this research has great importance for economic policy makers and has wide range
of applicability. Main areas of application are enumerated below.
•
Economic analysis.
•

Economic policy.

•

Energy economics.

•

Behavioural economics.

•

Development economics.

•

Engineering economy.

1.9 Layout and Description of Research
For ease and comprehension of the readers and researchers, the study has been divided into
ten chapters as indicated in table 1.
Table 1: Layout and description of the research
Chapters
Title
Description
1

Introduction

2

Literature Review

Introduces the topic of this research, gives concise
problem statement, research questions, objectives,
significance and areas of application.

Covers relevant literature review on economic analysis
methods and voids in these methods. It also covers
detail about efforts undertaken by researchers around
the globe for economic analysis of energy alternatives.
It also highlights the use of behavioural approach in
energy economics and the relationship between energy
and socio-economic development.
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3

4

Conceptual and
Theoretical Framework
for Economic Analysis
of Energy Alternatives

This chapter explains theoretical foundation of the new
framework. It explains the overarching theory and
arguments. It elucidates the process of selection of
socio-economic and environmental factors for analysis
of energy alternatives. The development of factors
matrix for analysis of alternatives, the process of
preparation of interactive questionnaire and selection of
appropriate Itemized Scale for collection of opinion of
masses has been described in this chapter.

Research Methods
Explains the research methods which were adopted to
conduct this research. This includes the selection of

factors influencing the energy alternatives, the scale of
assessment, selection of representative sample,
collection of opinion of masses through
questionnaires, field visits, interviews of experts and
data obtained from various relevant web sites of
departments and organizations.

5

Analysis of Energy
Crisis in Pakistan

6

To understand the broader context of the ongoing
energy issue, a brief analysis of the current energy
crisis, its reasons and trend is covered in this chapter.

Techno-economic
Profiling of Energy
Alternatives for Pakistan

Energy can be generated from different renewable and
non-renewable alternatives available in Pakistan. A
techno-economic profile of these alternatives is given
in this chapter.
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7

8

Descriptive Analysis of
Data

Descriptive analysis of the data is explained in this
chapter. Initially a brief account of observations during
field visits and interviews is given in the chapter. This
is followed by descriptive analysis of the data obtained
from respondents of six cities.

Analysis of Alternatives

This chapter comprised of three main steps; statistical
analysis of data to determine ratings of the
alternatives, digital analysis of data by computer
assisted qualitative data analysis software (CAQDAS)
to obtain representative economathical equations and
finally economathical analysis using Newton-Leibniz
integration process to workout numerical value of the
ratings of energy alternatives.

by Factors Matrix
Approach

9

Analysis of Alternatives
by Cost Benefit
Approach

10

Comparison of the Two

Quantitative analysis of alternatives using traditional
cost-benefit approach. It comprised of three methods;
levelized cost method, cost capacity ratio and
traditional cost benefit ratio. Summary and conclusions
are enumerated at the end.

Comparison of the two approaches of analysis was
done to highlight commonalities and differences.

Approaches of
Economic Analysis
11

Conclusions and Policy
Recommendations

-

Pertinent conclusions were drawn and policy
recommendations were enumerated in this chapter.

References
Relevant references have been provided for the quoted
text wherever applicable.
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-

Annexes

Selected questionnaires filled by respondents, list of
projects visited and people interviewed alongwith list
of current and proposed energy projects are attached as
annexes.

After this brief introduction to research proposal and objectives, clear understanding of the work
already done on the topic by various researchers is essential for which comprehensive literature
review was undertaken and the same will be discussed in the next chapter.

157

Chapter 2
LITERATURE REVIEW

2.1

Prelude

Extensive literature survey was carried out to dig out the existing efforts of researchers in the field
of economic analysis, however, since the theme of this research was comparatively new, minimum
quantity of literature could be sighted. Few researchers around the globe have emphasized the need
for revision and updation of theory of economic analysis to make it more comprehensive and
wholesome, but only few of them could be cited for practical work in this field. In literature review
the main emphasis was to find an answer to the research questions from existing literature. Very few
answers could be found. Crux of the literature review is explained below.

2.2 Economic Environment
The economic environment in modern era focuses on selection of suitable economic
alternative which is beneficial to the initiator as well as to the society. This is followed by the
selection of suitable input factors to achieve the desired out put through a conversion process. As
described by Thuesen, the cycle of all these four activities formulate an economic environment
which is shown in figure 2 (Thuesen, 2002). It can be seen in the figure that if the selection of
alternative is wrong, the whole process gets flawed. This clearly shows the significance of economic
decision making and economic analysis process to select the best alternative.
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Figure 2: Ingredients of economic environment

2.3 Rationale Decision Making Process
Rationale economic decision making is a critical matter which can be achieved through economic
analysis. Raffia in her work on economic decision making has indicated that economic analysis
follows a set of steps to reach logical conclusion. Each step of analysis is important and cannot be
skipped (Raffia, 1997). These steps are enumerated below and diagrammatically shown in figure 3.
•

Recognize a decision problem. Understanding of nature of the problem is essential
for a prudent solution.

•

Define the goals or objectives of the study.

•

Collect all the relevant information through a comprehensive data collection process.

•

Identify a set of feasible decision alternatives. Study the details of each available
alternative.

•

Select the decision criterion to be used (socio-economic and environmental factors to
be considered for analysis of the available alternatives).

•

Evaluate each alternative. (This aspect is mostly broad brushed using the costbenefit
approach for quantitative analysis as no mechanism for qualitative analysis is
available).

•

Based on the results of comprehensive analysis, select the best alternative.

Figure 3: Rationale decision making process
It can be clearly observed from figure 3 that the whole analysis process depends on
identification of alternatives. In the next section, alternative and types of alternatives are defined.

2.4 Economic Alternative
Gul in his work on economic feasibility of alternatives has defined the economic alternative
as an available option for implementation (Gul, 2013). As per investigation of Thuesen, alternative
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is proposal and a possible option for accomplishing a task and achieve the desired objectives
(Thuesen, 2002). Baumol has elucidated that in every socio-economic environment, we are face one
or more than one alternatives and considering each alternative as a standalone option that can be
adopted we need to select the best alternative for implementation (Baumol, 1977). Selection of
alternative for implementation has socio-economic consequences. This is a very vital decision as the
selection of wrong alternative for implementation can be detrimental to society rather than
beneficial. Current literature indicates that there are three types of alternatives which are confronted
in a particular situation. A general description of each type of alternative is given below.
2.4.1 Mutually Exclusive Alternative
Alternatives are said to be mutually exclusive if they are related to each other so that the
acceptance of one has effect on others. Selection of one excludes the others. Therefore, economic
analysis will ultimately result in selection of a single feasible alternative rejecting the remaining
alternatives. As described by Collier, mutually exclusive alternatives participate and compete with
each other in economic analysis process culminating at the selection of best alternative out of
available mutually exclusive alternatives (Collier, 1999).
2.4.2 Independent Alternative
An alternative is said to be independent when the acceptance of the alternative has no
influence on any other available alternative. White in his works on alternatives has explained that
selection of one independent alternative has no effect on the acceptance of any other alternative.
Each alternative is evaluated separately / independently. More than one viable alternatives may be
selected as a result of the economic analysis. The most significant characteristic of the independent
alternatives is that do not compete with one another in evaluation (White, 1998). In case of energy
economics, each source of energy can be considered as independent alternative and we can select
more than one source for energy generation.
2.4.3 Do Nothing Alternative
As postulated by Thuesen, when we don’t consider an option worth nothing and we reject it
before or after the evaluation. If we don’t select an alternative, the DO Nothing alternative is selected
by default (Thuesen, 2002).
As shown in figure 3, for reaching a logical conclusion, thorough economic analysis is
required. In the next section, a brief description of the economic analysis of alternatives is given.

2.5 Economic Analysis of Alternatives
Human quest for the best out of available options is a natural phenomenon. In reality we need
to make choices because there is scarcity of resources. Boardman in his works has explained that the
task of making best economic choices is made easier by economic analysis of available alternatives
(Boardman, 2006). Kurtz has narrated that economic analysis is a filtration process and this filtration
has three distinct stages; an evaluation of the socio-economic factors affecting available alternatives,
assessing economic worth of each alternative and eventually selecting the most feasible alternative
(Kurtz, 1995). Kurtz postulation is shown in figure 4. Similarly, Kleinfeld in his works has gone a
step ahead by explaining that economic analysis will be complete and comprehensive only when all
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explicit and implicit socio-economic and environmental factors influencing the alternatives are
considered in a rigorous analysis process (Kleinfeld, 1998). Keeney has narrated that socioeconomic and environmental factors impact the overall cost and life of the initiative. He has
emphasized the social consequences of the flawed or incomplete economic analysis. He clearly
indicated that imperfect and superficial economic analysis of available alternatives can be
detrimental to the initiative undertaken as it may badly influence the society (Keeney, 1993). As
explained by Tang, wholesome economic analysis includes both quantitative and qualitative analysis
of alternatives (Tang, 1986). For quantitative analysis we use cost benefit approach but, for
qualitative analysis we have no frame work. In the modern era, when every initiative has direct
relevance to social and communal life, we cannot ignore the qualitative dimension of economic
analysis.
As per investigation of Jafari, economic analysis of alternatives is a systematic analytical
activity based on evaluation of socio-economic factors to ultimately conclude the feasibility of
economic initiative (Jafari, 2010). Mishan has marked economic analysis as a deep investigative
process in which alternatives are compared on the basis of a defined common criteria and the best
alternative is selected after careful and incisive analysis of each economic factor influencing the
economic activity (Mishan, 1970).

Figure 4: Economic Analysis Process
Richardson in his extensive work on economic analysis of alternatives has indicated that
although cost benefit approach is traditionally used for quantitative analysis of alternatives, but there
are other secondary quantitative methods available which are actually the offshoots of the cost
benefit approach (Richardson, 2000). Brief description of these methods is given in table 2.
Table 2: Methods of economic analysis and evaluation
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Methods
Present worth analysis

Description
Find value of cash flows at time zero (present). This method is
popular because it easy to determine the economic advantage of
one alternative over another. Present worth should preferably
equal to or closer to zero (Zeleny, 1982).

Future worth analysis
Find value of cash flows at time “n”. Future worth analysis is
especially applicable to large capital investment decisions when
a prime goal is to maximize the future wealth of a corporation’s
stockholders (Brealey, 1984).
Internal rate of return analysis
Find interest rate such that present worth of cash flows is zero.
Minimum Acceptable Rate of Return (MARR) is
Rate of return or rate of interest for analysis of alternatives is the
minimum limit of rate of return that an investor will have in
mind while investing funds in an initiative (Hendrickson, 1985).
When an economic initiative is proposed, it must first go
through an analysis in order to determine whether or not it has a
positive net present value using the MARR as the discount rate
(Bierman, 1984).

Capitalized cost analysis
Capitalized cost is the present worth of an alternative that will
last “forever”. Public sector projects such as bridges, dams,
irrigation systems, and rail network fall into this category
(Collier, 1999).
Payback period analysis
Payback period is the estimated time, usually in years, it will
take for the estimated revenues and other economic benefits to
recover the initial investment and a stated rate
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All methods explained in table 2 are actually the subfields of cost-benefit analysis, which is the
oldest and mostly used method of quantitative economic analysis. Therefore, cost-benefit analysis
needs a separate treatment, which is given in the succeeding section.

2.6 Cost Benefit Analysis (CBA)
The concept of cost benefit analysis (CBA) appeared for the first time in an article by Jules Dupuit
in 1848, and as described by Arrow, the method was used and consolidated in subsequent works of
economic analysis by Alfred Marshall (Arrow, 1970). Later, the practical use of CBA was done by
USA Corps of Engineers in 1936 for proposed federal infrastructure in the USA. Foster has narrated
a more developed application of the cost benefit approach was made in construction of London
Underground Victoria Line. This transport network was developed when it was assessed that
benefits of the project were in excess of the costs (Foster, 1963). Weisbrod in his postulations on the
use of CBA explained that for economic worthiness of an alternative under consideration, the
benefits accrued by that alternative are required to be in excess of the estimated costs of that
alternative (Weisbrod, 1981).
Gul in his extensive research on economic analysis has concluded that a deep monetary
assessment of total costs against the total benefits of an alternative is referred to as CBA. The sole
purpose of CBA is to compare the alternatives and select the best one (Gul, 2013). Sen has described
that cost benefit approach is used for two purposes; first to compare the competing alternatives on
the basis of costs and benefits and second to determine the overall suitability of an initiative related
to investment decision or government policy (Sen, 2000). CBA also accounts for cost-effectiveness
analysis of alternatives and the one which is most cost effective is preferred over others. For this
purpose, as narrated by Weisbrod, benefits and costs of alternatives are expressed in quantitative
monetary terms adjusted for the time value of money, and benefits and costs over time are expressed
on a common basis in terms of their net present value (Weisbrod, 1984). Similarly, Chakravarty has
postulated that cost benefit method of economic analysis is a quantitative tool to help economic
planners in ascertaining the comparative feasibility of available alternatives (Chakravarty, 1987). As
per work of Boardman, CBA is a useful tool to identify and quantify the costs and benefits of an
initiative and converts available data into handy socio-economic evidence (Boardman, 2006).
Drewitt in his writings on cost benefit analysis has explained that this useful tool can be used
by governments and private sector organizations for evaluation and appeal of a given policy. It is an
analysis of cumulative benefits and costs that is being faced by the firms or will be faced by them in
future (Drewitt, 2006). The glaring attribute of CBA is that it can be used to predict whether the
benefits of an alternative are more than the costs in the future and by this procedure one can rank
available alternatives in terms of the cost-benefit ratio. However, Hammond has identified a very
pertinent aspect that while using CBA for economic analysis one should know that flawless
estimation of present and future costs and benefits, is difficult. CBA can only suggest a fair
assessment of the best alternative, exactness in terms of economic efficiency and social welfare are
not definite (Hammond, 2002). Tang has explained the temporal characteristic of the CBA and he
narrated that using time value of money calculations, CBA calculates costs and benefits of the
available alternatives on a common temporal base. This is often done by finding present worth of
future expected costs and benefits using an appropriate discount rate (Tang, 1988). Kurtz has
explored the usefulness of CBA for environmental assessment and concluded that choice of
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alternatives based on CBA analysis makes a huge difference in environmental interventions with
lasting effects, such as those affecting global warming and climate change (Kurtz, 1995).

2.7 Snags in Existing Methods of Economic Analysis
The existing method of analysis as enumerated in table, especially cost benefit approach have
number of glaring snags. The acumen of individual estimator estimating the monetary values of costs
and benefits is a hinge under the balance weighing benefits and costs. Shortfalls and inaccuracies in
existing methods of economic analysis are listed below.
•

Overdependence on past data to assess the future benefits and costs and making the
process of analysis just run of the mill.

•

Inapt use of heuristics to assess the monetary value of intangible elements.

•

Corroboration and looking for reasons to proceed.

•

No mechanism for qualitative analysis of alternatives. Thus, existing analysis
methods lack comprehensiveness and completeness since qualitative component of
analysis is ignored.

•

Opinion of masses is not taken into consideration (non-participatory).

•

Existing analysis methods, including cost benefit approach, being rigid in framework
do not contemplate the possibility of trade-off when costs and benefits of the
alternative are either high or lower. This is indicated in the analytical matrix shown
in figure 5.

Benefits Lower

Benefits Higher

Reject

?

?

(trade-off is required
here)
Accept

Costs Higher

Costs Lower
(trade-off is required
here)

Figure 5: Analytical matrix of cost-benefit analysis
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Richardson in his work has indicated the major flaw in cost benefit approach is that quantitative
analysis is never neutral; rather the estimates are generally biased. Also, certain intangible inputs
which cannot be quantified into monetary value. For example, law and order situation,
environmental and aesthetic effects, innovations and creativity, social, moral and ethical aspects are
all economic intangibles and these cannot be omitted from analysis (Richardson, 2000). Similarly,
Neumann has clearly indicated that the rigid stance that an act should not be undertaken unless its
benefits are more than its costs may come in conflict with social welfare and ethical considerations
(Neumann, 1944). Richardson while explaining the ethical dimension of cost benefit analysis
indicated that an initiative may be morally and ethically wrong albeit its monetary benefits may
outweigh the costs (Richardson, 2000).

2.8 Economic Analysis of Energy Alternatives
Availability and capacity to generate energy is vital for development of a country. Human beings
need energy to perform work and create sustained livelihood. According to International Energy
Agency (IEA) lack of access to; at least the equivalent of 35 kilogram per capita per year energy for
cooking, 120 kilowatt hours electricity per capita per year for lighting, most basic services (clean
drinking water, communication, health facilities, education etc.) makes a person energy poor (IEA,
2010). Many socioeconomic and environmental factors effect energy alternatives and each factor is
required to be analyzed for product decision making.
Electricity plays major role in improving the standard of life and creates livelihood opportunities
especially in rural areas. Poor’s life cannot be changed without access to efficient energy resources.
For example in the rural areas of Pakistan, woman’s life is consumed in collection buffalo dung
cakes and firewood for their livelihood and they are suffering from different health issues. In this
context, for the rural population which is almost 65% of the total population of Pakistan, access to
clean energy sources for cooking like electricity and gas means improvement in living standards,
better health and time saving. According to IEA, income poverty has a direct relationship with
energy poverty and income poor are mostly energy poor though the vice versa may not be always
valid (IEA, 2010). Thus, poverty is more where access to energy is less and vice versa. Similarly,
Jain established a strong relationship between energy and welfare of the masses and concluded that
welfare of masses increases or decreases with the level of energy consumption. In the process it was
also established that there is a negative correlation between energy poverty and access to modern
energy sources. So, alleviation strategy of energy poverty must focus on access to modern energy
sources by the masses especially poor (Jain, 2004). Another aspect is the affordability of modern
energy sources especially by those with low income for whom availability of cheaper energy is
crucial to earn and sustain their livelihood. According to IEA, major contributors to disturbing
poverty in developing countries are the lack of electricity and heavy dependence on traditional
biomass by greater part of rural population. Lack of electricity boosts poverty and contributes to its
perpetuation by retarding production and industrial activities and creation of joblessness (IEA,
2010).
The overall energy landscape in under developed and developing countries indicates that majority
of poor depend on inefficient and inadequate biomass energy, animal power and own labour to meet
their subsistence needs in the absence of efficient energy sources. Kanagawa pointed towards the
same aspect and highlighted that energy resources must be improved to enhance the living standard
of the people and to eradicate poverty in society. Availability of energy is essential for the better
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health care facilities and education. Achievement of equitable, durable and sustainable development
can only be realized with access to efficient energy resources (Kanagawa, 2005). Considering this
narrative, many researchers around the globe have carried out their investigations to find out the best
solution to existing energy shortfall in their respective countries. Economic analysis of the available
energy alternatives and the effects these are likely to generate in case of their utilization or nonutilization has been the topic of research for last about a decade.
Alkire in her works found that there is solid bond between human welfare and consumption of
energy (Alkire, 2007). In a study of 60 populous countries of the world by Pasternak it was found
that Human Development Index (HDI) and annual per-capita electricity consumption was positively
correlated. He further emphasized that more and more energy sources should be used for generation
of energy and its beneficial use (Pasternak, 2000). Bielecki in an investigative effort concluded that
there is no chance of satisfaction on energy consumption and therefore more energy is required to
be generated by optimum utilization of the available resources (Bielecki, 2002). Clancy added social
angle to need of energy by finding that energy generation has emerged as the key public issue as
shortage of energy supply affects social and communal life. Survey showed that 13 % of the total
households in England are suffering from fuel poverty due to high prices of fuel (Clancy, 2003).
Pachauri in a deep empirical effort on the households of India concluded that the level of energy
poverty reduces due to rapid development and increase in energy supply increases the development
(Pachauri, 2004). Stephen investigated the renewable energy potential in Kenya to meet the needs
of electrification of the poor households and raise their standard of living. He focused solar and
hydro energy generation. The results showed that if there was 10% increase in energy generation,
poverty levels reduced by 42% in Kenya. Thus, there is a direct relationship between use of energy
and poverty and to reduce energy poverty, more and more energy alternatives are required to be
exploited (Stephen, 2004).
Pachauri in an empirical study concluded that use of clean and efficient energy increases the social
welfare as there is a strong correlation between social well-being and use of clean and efficient
energy resources. He emphasized that the more the availability of energy, the more the well-being
of masses (Pachauri, 2004). Catherine examined UK Government’s initiatives to generate more
energy from different alternatives so as to eliminate energy poverty in the common people by 2016.
She investigated the characteristics of vulnerable households and inferred the relationship between
energy poverty and energy consumption (Catherine, 2007). Tennakoon launched an extensive
research endeavor to find out extent of energy poverty in Sri Lanka due to lack of energy generation
efforts from the available alternatives. Results from the two approaches; quantitative approach and
pricing approach, showed that Sri Lanka is confronting rising energy poverty of 83% especially
energy poverty in terms of cooking is very high due to non-availability of modern energy means for
cooking (Tennakoon, 2009).
Khandker investigated the welfare effects of energy use on households in rural Bangladesh. The
result showed that access to modern sources of energy improved the standard of living of households
in rural Bangladesh. Due to positive impacts of modern energy sources now energy poverty of
households in rural Bangladesh has reduced to 58% (Khandker, 2009). Barnes thoroughly compared
the energy use in urban and rural areas of India and concluded that persons in energy poverty were
also facing income poverty but all energy poor were not income poor. He substantiated his findings
that in rural India, a higher proportion of 57 % households were energy poor while a smaller
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proportion of 22 % were income poor while in urban India, the energy poverty was 28% and income
poverty was 20%. He also concluded that there is a requirement to generate more energy from
different alternatives available to halt the increasing trend of energy poverty in India (Barnes, 2012).
Researchers around the globe have used Lorenz Curve, Gini coefficient and Sen Index to estimate
relationship between energy poverty and economic inequality. Marcio investigated the impact of
energy poverty on economic inequality in Brazil using all three indexes. It was concluded that
economic equity can be achieved to a greater extent by provision of energy means to rural areas like
rural electrification will enhance the standard of living of poor population in those areas (Marcio,
2010). Jain examined the energy problems of rural and urban population of India. The results
indicated that energy poverty in rural areas was almost twice of that in urban areas (approximately
60% and 30% energy poverty was observed in rural and urban India respectively). Moreover,
research concluded that 44% households in India have no access to electricity and this trend is rising
with increase in population. As a generalized estimate, poor spend approximately 12% of their total
income to get energy in any form (Jain, 2010).
According to Alkire, socio-economic impacts of energy poverty are multi-dimensional and
far deep reaching. It greatly disrupts all aspects of human socio-economic life like gross reduction
in agriculture productivity, lack of access to clean water, reduction in rate and quality of education,
substandard health facilities and unemployment. Energy poor are compelled to spend a large portion
of their earning and time to get energy in any form which ultimately leads to the income poverty
(Alkire, 2010). Similarly, Mirza in his extensive research has discussed the characteristics of
different energy means and consequences of its use by conduction a comprehensive energy poverty
survey in Pakistan using data of 2008 and 2009. He elucidated that rural population of Pakistan uses
different inefficient energy means like firewood, plant waste, kerosene oil and animal waste due to
which a huge proportion of 76.6% of rural households have to face perpetual energy crisis. In Punjab
province of Pakistan, 71.7 % of rural households of the total rural population were found energy
poor (Mirza, 2010).
Nussbaumer after reviewing existing literature has criticized the efficacy of existing
measurement methods of energy poverty quoting statistics from several African countries. As a
result of his research, he proposed a new composite index for energy poverty measurement called
Multidimensional Energy Poverty Index (MEPI). MEPI has proved to be very useful in measurement
of energy poverty. It covers all the dimensions; the incidence of energy poverty, the intensity of
energy poverty and lack of access to modern energy means. Based on MEPI, the countries are
categorized according to the level of energy poverty on the MEPI scale of 0.1 to 0.9 in the ascending
order of energy shortage. MEPI is being extensively used to get exact picture of energy crisis so as
to design a comprehensive policy for generation of energy from the available alternatives
(Nussbaumer, 2011).
Not many researchers can be quoted who attempted to carryout economic analysis of energy
alternatives, the reason being the fact that energy and its sources are scarce compared to demand and
therefore each and every source is explored without adequate socio-economic analysis. Mayra in her
work on economic analysis of energy alternatives described that global warming and natural
environmental variations coupled with volatility in petroleum oil market have inspired researchers
to find out appropriate energy alternatives so that global energy crisis can be reduced to some extent.
In her investigation, she explained that feasible economic alternatives are required for energy
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generation and this feasibility can be determined after careful socio-economic analysis of energy
alternatives (Mayra, 2013). Nathan has also explained in his work on socio-economic analysis of
renewable energy alternatives that the alarming price hike of oil and natural gas has become a
unbearable burden on national economies, therefore the need to pursue and explore more energy
alternatives has become a compulsion (Nathan, 2008). Robert has described in his work on
comparative analysis of environmental impact of transportation fuels that all energy alternatives
should be used after economic analysis. The best alternative should have maximum socio-economic
and environmental pluses (Robert, 1993). Similarly, Jorgenson has explained in his investigation on
economic analysis of alternative energy growth patterns that before launching a particular energy
initiative economic and social benefits are required to be measured objectively (Jorgenson, 1974).
Nathan in his works on framework for energy alternatives has elaborately emphasized the need for
objective socio-economic and environmental assessment of energy alternatives before adopting a
framework for implementation (Nathan, 2008).

2.9 Behavioural Approach in Energy Economics
There is a growing trend of using behavioural approach in energy economics. Energy is considered
as the basic need for living. Contemporary researchers have emphasized the qualitative and
quantitative analysis of available energy alternatives. Opinion of the people, being the ultimate
recipients of the energy, is now one of the important criteria for selection of the energy alternatives.
According to Alberto, behavioural approach in energy sector has increased the consumer's
participation in energy related decisions and resultantly investment in energy sector has enhanced
(Alberto, 2012). Marius in his work on behavioural approach to energy efficiency has explained that
behaviour of population can easily indicate the present and future energy needs. Consumers can
indicate the energy development priorities (Marius, 2008). Heracles has developed a framework for
using multi-criteria behavioural techniques for policy designing and planning of renewable energy
alternatives. This behavioural analysis technique was found useful for energy related decisions
(Heracles, 2005). Bernheim has reflected that there is no doubt that behavioural approach gives
much deeper insight into the opinion of masses compared to quantitative methods. Behavioural
approach studies the impacts of psycho-social, moral and emotional dimensions on the economic
decisions making of human and institutions for resource allocation including energy generation and
distribution (Bernheim, 2008). Robin in his research on behavioural economics has indicated that
existing quantitative economics focuses on mathematical calculations and its standard rigid
framework does not have any space for behavioural and cognitive aspects influencing the socioeconomic life of individuals. On the contrary, it is behavioural economics which considers human
behaviour as basis for all his economic decisions (Robin, 1998). Stephen has narrated that in future
energy generation from different alternatives will also depends on opinion of consumers as they are
the terminal recipients of advantages or disadvantages of the energy initiative. Therefore, population
has to be one of the stakeholders in energy initiatives. Opinion of the population should be given
due weight in selection and implementation of a particular energy alternative. This is like achieving
user satisfaction right from the start (Stephen, 2004). Jorgenson has explained that population is
ultimate recipient of every energy initiative. Any decision taken on mere quantitative analysis
ignoring the opinion of masses will not be prudent. This is like facing user dissatisfaction from the
start. In today's modern era, people are very well aware about the pluses and minuses of different
energy alternatives. Therefore the opinion of population will add to the analysis and will make it
more comprehensive and complete (Jorgenson, 1974).
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2.10 Relevance of Energy to Socio-economic Development
Energy crisis is a global phenomenon. Developing world is facing the huge challenge of energy
poverty. According to the International Energy Agency (IEA), on the landscape of developing world,
approximately 1.6 billion people are currently living without any access to electricity. Energy
poverty is nothing but lack of access to modern energy sources. The life of large population in
developing countries is negatively affected by energy shortfall (IEA, 2010). Energy poverty is
inversely related to access to modern energy means; the more the access, the less the energy poverty.
According to World Economic Forum, access to energy is a key factor in improving standard of life
and plays an important role in economic development of a country. Consequently, in 2014 a new
initiative has been launched by United Nation as the “International Year for Sustainable Energy for
All”, with objective of reducing energy poverty at the global level (IEA, UNDP and UNIDO, 2010).
Morris in his works on domestic energy poverty has explained that when households neither have
access nor affordability to have even the minimum energy required for living needs, they are said to
be in energy poverty. This minimum requirement of energy for the households changes depending
of the geographical location of country and region. Households need energy for lighting, cooking,
heating or cooling. It is difficult to have precise estimate of households energy needs, but generally
provision of 1 unit of electricity per day per household is an agreed scale of basic energy need. Many
developing countries are striving to provide 30 units of electricity per month to households as
minimum standard to be achieved (Morris, 2009). Kanagawa categorized the basic energy needs as
under (Kanagawa, 2005).
•

Minimum energy required for survival (cooking, heating and lighting) and energy
needs for basic services such as health, education and communications.

•

Minimum energy needs for productive uses.

•

Minimum energy required for recreation and enjoyment after fulfilling the previous
categories.

Experts have hitherto taken the quantity of minimum energy into focus for estimation of basic
energy needs for human living. However, recently researchers around the globe have realized that
energy quantity and quality both should be considered to address the global environmental concerns
linked with energy. The basic energy needs should be fulfilled quantitatively as well as qualitatively
to avoid the harmful environmental effects of uncleaned energy. Summarizing the literature on the
basic energy needs for living, it can be concluded that if a person does not have access to minimum
energy needs as shown in figure 6, he is energy poor.
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Figure 6: Basic energy needs for living
(Source: International Energy Agency, 2011)

Kammen in his work on clean energy for development and economic growth has explained that
rural areas in developing countries lack modern efficient and clean energy systems. People of rural
areas are dependent on biomass such as wood waste, coal, bushes, and shrubs. These rural areas are
without modern and efficient energy infrastructure such as power generation plants, transmission
and distribution lines to deliver energy to poor households in these areas. Some developing countries
have developed modern and efficient energy infrastructure through help from foreign donors, but
still substantial rural population of these countries is dependent on biomass (Kammen, 2001).
According to the International Energy Agency (IEA), use of biomass energy may increase in South
Asia and Sub-Saharan Africa due to increase in population. These countries do not have the capacity
to supply modern and efficient energy means at the door steps of households living in the rural areas
(IEA, 2010).
Cabraal in his work on productive uses of energy for rural development elaborated that more
efficient and cleaner energy types will be used by households as the income increases. Low income
households will remain engaged in the use of low quality, cheap and unclean energy types having
low efficiency. Thus, per capita income has direct linkage with the quantity and quality of energy
types used by households (Cabraal, 2005). According to a survey by World Health Organization
(WHO), over three billion people across the globe are dependent on biomass energy such as bushes,
shrubs, animal waste, leaves and coal to meet their basic energy needs. Bulk of this figure belongs
to Asia and Africa. For example, 90% of the rural population in Afghanistan, 80% in Ghana, 72%
in India, 70% in Pakistan is dependent on biomass energy. Households shift to higher quality energy
with increase in per capita income (WHO, 2006). According to World Bank, the use of biomass
energy by households across the world remained at 25% since 1975 and this trend is almost constant
(World Bank, 2010). Summarizing the literature, specific relationship between energy and socioeconomic factors is described below.
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•

Household Energy Needs. For poor population of the world living in the developing
and underdeveloped countries, minimum energy needs at the household level is
related to cooking, lighting, heating or cooling to survive with

•

fair degree of comfort and living standard. However, the minimum requirement of
energy by households is often poorly understood by energy planners in general, and
this aspect is hardly covered in energy policies which are mostly focused on
electricity supply instead of alternative households’ energy options (Hafiz, 2014).
The Energy Sector Management Assistance Program (ESMAP) of World Bank has
estimated that 82% poor population across Africa has to use fire generated from waste
wood and bushes to cook their food. These poor families do not have access to
electricity and other refined forms of energy (ESMAP, 2003). According to
assessment of IEA, sizeable percentage of population in developing countries of
South Asia and Africa is still without electricity access as shown in table 3. In
Pakistan only 62.4% of the population has access to electricity while 37.6% are
without electricity and are compelled to use domestic fuels such as wood waste,
bushes, shrubs, leaves, animal dungs and charcoal to live their life (IEA, 2014).
In many poor countries, as explained by Kandpal, about 70% of the poor households
in Congo, Liberia and other countries of Sub – Saharan Africa use biomass and
domestic fuels for cooking and survival. Consequently, these poor people are
surviving with extremely bad standard of living and they are suffering many health
and environmental issues (Kandpal, 1994). About 2.7 billion households use biomass
and raw fuels to meet their basic energy needs according to IEA estimates. A sizeable
percentage of these households are poor and have to live on less than US $2 per day,
surviving their lives in perpetual poverty (IEA, 2014). Hammond in his works on
energy and poverty has clearly indicated that access to cleaner fuels is limited to rich
of the world and a greater proportion of households in Africa and Asia are using
biomass and raw fuels for daily life. The irony is that this trend is likely to remain so
in the near future, rather it is likely to increase in the future owing to prevailing
poverty and low per capita income in these regions (Hammond, 2002).
Table 3: Electricity access and consumption in developing countries
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(Source: IEA, 2014)

United Nations Development Programme (UNDP) has estimated that household
energy demand in the countries with per capita income less than $ 1000 has been
more than 50% of the total energy demand while demand of energy for industrial
sector is less than 2% (UNDP, 2010). According to IEA studies with increase in per
capita income of households, the use of cleaner and more efficient energy fuels
increases and consequently their move up on the energy ladder. This has a
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psychological dimension. When per capita income increases, the demand for comfort
and consequently demand energy efficiency increases (IEA, 2010).
Figure 7 shows energy ladder in relation to households’ priority of fuels. As
households move up the energy ladder, the prosperity increases.

Figure 7: Energy ladder and prosperity
•

Health. In developing and under developed countries, women are excessively
committed in collection of wood waste, bushes and shrubs for fulfilling basic energy
needs as explained by Pimentel in his works (Pimentel, 1984). And women remain
busy in kitchens to cook food. They are fatigued and living in deteriorated health
conditions owing to excessive work and indoor pollution due to burning of biomass,
wood waste, shrubs, bushes, animal dungs and charcoal. Due to this long-term
exposure to indoor air pollution they become prey to acute respiratory infections, lung
cancer and asthma. As estimated by World Health Organization (WHO), due to
indoor air pollution nearly two million excess deaths of women and children occur
mainly due to diseases of respiratory infections and

•

lung cancer. This 4% of the stock of global burden of deaths due to diseases. The
dilemma is that global share of deaths due to environmental effects of uncleaned and
hazardous fuels is more than malaria and tuberculosis each year around the world
(WHO, 2006).
Education. Energy poverty and education are strongly linked. The more the energy
poverty, the less the enrolment in schools and vice versa. Khandker in his work on
welfare impact of rural electrification indicated that 60% of primary schools
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developing countries are without electricity. Statistics show that only 2% of the
schools have electricity in Burundi and Guinea. The situation is more aggravated in
Congo where for a population of 75.5 million only 8% schools are electrified. 43%
of this population is children under 14 years. In Asia, about 23% of the schools lack
basic energy needs (electricity, clean water). In Pakistan, 27 % of the primary schools
are without electricity (Khandker, 2009). According to International Energy Agency
there is a strong relationship between access to energy needs and education. Countries
where basic energy requirements are available in the schools have higher literacy
rates (IEA, 2010). The literacy rates of developed countries are high and the same are
low for the developing and under developed countries for the same reasons.
•

Development. Development is dependent on availability of energy because
industries, transport, machines all require energy for operation and functioning.
Energy is also required for functioning of business, commerce and public services
such as education, communication and healthcare. Alkire in her work on
Multidimensional Poverty Index (MPI) has indicated that poverty indicators such as
infant mortality, illiteracy, life expectancy and fertility rate has direct linkage with
non-availability of energy means. The rapid urbanization in many countries of the
world has been intensified due to lack access to energy in the rural areas of those
countries. People migrate to urban cities to seek better living conditions (Alkire,
2010). According to World Bank research, countries with higher energy consumption
have higher economic growth and better human welfare (World Bank, 2010). The
picture is hazy about the reverse relationship; whether higher economic growth gives
boost to energy consumption or not. It seems that there is a contrast in developed and
developing countries. Developed countries, through structural changes and increase
in energy efficiency, have delinked energy consumption from economic growth.
Whereas, in developing countries there is a strong direct relationship between energy
consumption and economic development. According to IEA estimates, countries with
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higher per capita energy consumption also have higher per capita GDP, i.e. far better
standards of living; while countries with low per capita energy consumption have low
per capita GDP. Therefore there is a direct relationship between per capita energy
consumption and per capita GDP. On the global landscape, countries that consume
more energy are living in prosperity, and countries that consume less energy are living
in poverty (IEA, 2014). World over it is a recognized fact that standard of living
improves with increase in energy consumption. Empirical study by Barnes indicates
that standard of life of households improves with increased access to cleaner and
efficient energy alternatives. Higher energy consumption is also linked to increase in
per capita monetary gains which lead to better quality of life. The diet, nutrition and
health improve with use of cleaner and efficient energy alternatives. Unless access to
cleaner and efficient energy is improved, poverty cannot be alleviated, rather poverty
increases with less consumption of energy. In the context of developing countries,
shifting to costly energy alternatives will result in further reduction in energy
consumption and may increase poverty. Therefore, a balanced approach of gradual
shifting to efficient and cleaner energy alternatives needs to be adopted by energy
policy makers and planners (Barnes, 2012). According to latest IEA estimates,
countries with greater per capita electricity consumption in kilowatt hours have
higher HDIs compared to those having less per capita electricity consumption (IEA,
2014). This relationship is shown is in figure 8.
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Figure 8: Per capita electricity consumption (Kilowatt hours per year) and Human Development
Index
(Source: International Energy Agency, 2014)

2.11 Major Conclusions from Literature Review
Major points from the extensive study of relevant literature can be summarized as under.
•

There is strong relationship between the lack of access to energy and poverty. This
relationship is two way. As explained by Alkire, the relationship is cyclic in nature.
People with lack of access to cleaner and efficient energy become victim of poverty,
low per capita income and low living standards. This is coupled with their
compulsion to use proportion of their income on getting uncleaned expensive energy
means and combat the resultant health issues (Alkire, 2009).

•

To improve the quality of life of poor population in developing countries, access to
cleaner and affordable energy alternatives is essential. The link between energy and
poverty has been established with accuracy by many socio-economic researchers.
Empirically this has been proved that bulk of poor population in developing countries
rely on biomass energy to fulfill their basic energy needs.
About 70% of the poor population of developing countries does not have access to
electricity and compelled to live low quality life full of worries. Bulk of the poor
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•

population dependent on biomass live in Africa and Asia. This is an established fact
that poor of Africa and Asia can enjoy a better quality life only when they have
access to clean and affordable energy alternatives as explained by Pachauri
(Pachauri, 2003).
The fact that access to cleaner and affordable energy alternatives has strong
relevance to the quality of life of poor people in developing countries, there is a
requirement to focus on provision of electricity and modern forms of energy to these
poor people developing countries (Kessides, 2013). As explained by IEA in its
extensive research that in the context of energy policy, there is a need to increase the
availability and affordability of electricity in developing countries and take out the
poor people from clutches of uncleaned and inefficient energy means having adverse
health and environmental effects. This strategy will improve their quality of life and
will help to alleviate perpetual poverty in these countries (IEA, 2014).

•

Access to electricity in developing countries is an exclusive luxury enjoyed by the
rich living in urban areas. Alkire in her works has explained that in developing
countries, power sector reforms are mostly focused on improvement of existing
infrastructure suffering from heavy line losses and illegal connections. Therefore, for
improvement of quality of life of poor population, policy formulation and
implementation has to be re-orientated and re-configured to focus on extending the
facility to poor population. For this, developing countries are required to build their
capacity and generate more energy from available renewable and non-renewable
energy alternatives (Alkire, 2009).

•

The major contributor to higher poverty levels in developing countries is the lack of
access to modern and efficient energy means. Therefore, access to modern
forms of energy is essential to overcome poverty, increase economic growth and
promote human and social capital (Ahmad, 2014). Moreover, it will also help in
achieving Millennium Development Goals (MDGs). Strategies aimed at poverty
alleviation and achievement of the MDGs will not meet success if huge proportion
of people has no access to electricity and cleaner and efficient energy means. These
objectives can only be achieved with increase in access of poor population to
electricity and cleaner and efficient energy means. There has to be a wholesome
effort aimed at provision of proper heating, energy efficient lights, water pumps,
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•

energy efficient housing and transportation options to poor population of developing
countries (Elahee, 2010).
A glance on the Energy Development Index (EDI) for 2014 in figure 9 shows that
most of the Africa and South Asia is in the lower half of the chart which amply
explains the prevalence of feeble socio-economic conditions in these regions.

•

With availability of modern and efficient energy means, the productivity of
agriculture and industrial sectors improves manifold. Consequently, employment
opportunities increase and per capita income also increases resulting into overall
improvement of standard of life of people and socio-economic environment. This
also results into higher economic growth and development. On the contrary if
modern and efficient energy means are not available, it will grossly reduce the
productivity and adversely affect per capita income of the people resulting into
increase in poverty. Therefore, prosperity and poverty are closely linked with energy
(Siddayao, 1993).

•

On the global landscape countries with higher per capita energy consumption also
have higher per capita GDP and far better standards of living. On the other hand,
countries with low per capita energy consumption have low per capita GDP and low
standards of living and poverty. Energy is the breathing source of all
sectors of economy. Like it energizes human, it energizes socio-economic
environment as well resulting greater economic activities. It is a straight relationship.
Countries that consume lots of energy are living in prosperity, and countries that
consume little energy are living in poverty.
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Figure 9: Energy Development Index (EDI) for selected countries of the world
(Source: International Energy Agency, 2014)

•

Energy enhances food security of poor through use of modern energy means for
agriculture and irrigation. Modern energy means ensures consistent food supply
throughout the year which generates extra income for poor households in rural areas
of developing countries. Extreme poor and rural households are suffering from
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hunger which can be eliminated to greater extent by us of efficient, cleaner and
inexpensive energy alternatives. By using such energy alternatives, food productivity
will increase manifold by elimination of pre and post-harvest losses.
•

Employment opportunities increase with access to efficient and modern forms of
energy alternatives. Greater employment opportunities for the working poor reduce
poverty levels at the country level. Poor labour and workers’ employment in formal
and non-formal sectors is positively linked to increased access to efficient and
modern forms of energy such as electricity. Many small informal workers require
electricity for their daily earning. Increased employment opportunities for the
working poor contribute to greater income generation and fight against poverty.

•

As explained by Bazilian, increase use of efficient and modern energy alternatives
contributes to the transformation of economies from agriculture to industry. In the
advanced industrialized economies efficient, cleaner and modern forms of energy
means play a key role in the more advanced value added activities. Greater energy
access and use is a pre-requisite of industrial advancement and economic
development (Bazilian, 2010).

•

Researcher like Jorgenson has worked on the economic and environmental benefits
of energy and has elucidated that improved and efficient energy alternatives reduce
the amount of fuel used by households resulting into direct cash savings. Modern
forms of energy are environment friendly and decrease respirational health issues
due to smoke emission from use of outdated biomass energy. There are many allied
benefits such as relief to women and children from collection of wood, bushes a nd
animal dung for combustion, providing more time to women for other healthy and
income generating activities (Jorgenson, 2009).

•

Enhanced energy access is also linked with improving access to safe water and
sanitation in developing countries. Recent estimates by IEA show that about 33%
population lack access to safe water and about 23% of the population lack access to
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lavatories and other means of sanitation in developing countries (IEA, 2011). Solar
hand pumps and solar tube wells can be suitable options to ensure access to safe
water and sanitation in developing countries.
•

Modern health services are greatly enhanced by use of efficient, cleaner and modern
means of energy. Cleaner and efficient means of energy are used for lighting in the
health centers, refrigeration of medicines and medical equipment. Night medical
facility in the rural health centers is dependent on provision of electricity. The
availability of electricity is also helpful in use of more advanced medicines and
medical equipment which helps to combat fatal diseases in the rural areas of
developing countries. The modern means of energy also helps to enroll and retain
qualified medical staff and paramedics in rural health centers. Thus, availability of
efficient and advance means of energy ensures better health services and reduces
deaths due to diseases.

•

Researchers have empirically proved that use of modern means of energy enhances
the quality of educational services. This has positive effect on the school enrolments
and increases the prospect that drop out will be less and enrolled children will attend
to schooling with enhanced interest (Ilhan, 2014). Bizdek has investigated the effects
of electrification of schools in rural on students and teachers. It was concluded by
him that good teachers were attracted to electrified schools and enrolment of students
were more in the schools with electricity.

•

Moreover, the drop out were less from electrified schools (Bizdek, 1993).
It has also been proved that in the rural areas of developing countries, gender equality
and school enrollment of girls expand with use of cleaner and efficient energy
alternatives. Global studies by United Nations Economic Commission for Africa
concluded that percentage of women in poverty is more than men (UNECA, 2010).
Karekezi in his work on gender related studies has indicated that effects of poverty
on women and men are different. Women are affected more than men. In rural areas
women suffer from deficiency due to non-availability of efficient and cleaner energy
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alternatives (Karekezi, 2002). Availability of modern energy means for agriculture
helps girls to stay in schools and reduces rate of dropouts. Cleaner and modern
energy means for cooking alleviate girls’ commitment of traditional fuel collection
and they can attend to schools.
•

Use of modern, efficient and low cost energy alternatives in transport industry is
positively correlated to economic development. Low cost energy efficient passenger
and goods transport increases economic development. Benefits are more pronounced
in case of long distance transportation of passengers and goods. Emergence of
Compressed Natural Gas (CNG) in transport sector has validated the fact that
efficient and low cost energy means are user and environment friendly. Developed
countries have created a network of surface and underground railway networks and
metros because rail and metros are cheap and energy efficient transport options for
passenger and goods transit. However, with the exception of India and China,
developing countries make limited use of lowercost energy efficient rail transport for
passenger and goods transit mainly due to low maintenance of tracks, locomotives
and cabins owing to low investment.

Review of literature on the topic of research also indicated that institutional measures are required
to re-define, re-configure and re-design the energy policies in developing and under developed
countries. Energy policies should have pro-poor orientation to ensure enhanced availability of
efficient, cleaner, modern and affordable means of energy to those socio-economic sectors which
has greater relevance to standard of life of poor population such as health, water, education,
agriculture and transport. From policy point of view, the ongoing search for win-win energy
solutions that advocate renewable energy as the best energy should consider overcoming social
injustice and inequality that enhances poverty and cause misery. For the developing and
underdeveloped world, over stressing on renewables may be impractical for the time being since it
may delay the availability of energy for the basic needs of poor population who are negligible
contributors to global carbon emission. In the words of Asif, for the time being we need to have
cleaner fuel alternatives combined with efficient and low cost end use devices that would persuade
poor to move to a sustainable renewable energy alternatives in the longer run (Asif, 2009).
With the argument that energy is essential for health, maintaining an acceptable standard of living,
education and development including HDI, it is concluded from literature survey that greater the
energy, greater the development and less the poverty. Towards that end, we need to generate
maximum energy by optimally utilizing the available energy alternatives, but due to socio-economic

182
constraints we cannot go for exploiting all the resources simultaneously with equal thrust, instead
the best and most suitable alternative (s) has to be selected for energy generation. This can only be
done through comprehensive economic analysis of the available energy alternatives. The efficacy of
traditional economic analysis methods notwithstanding, analysis of available energy alternatives
from socio-economic and environmental point of view in the modern era needs a very innovative
approach. For this innovative and new economic analysis approach, conceptual and theoretical
framework is explained in the next chapter.
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Chapter 3
CONCEPTUAL AND THEORETICAL FRAMEWORK FOR ECONOMIC ANALYSIS
OF ENERGY ALTERNATIVES

3.1

Prelude

As explained earlier, for quantitative economic analysis of alternatives cost benefit approach is
available. But, some social, ethical, moral and environmental factors cannot be monetarized in
classical sense instead these can only be assessed though opinion of the respondents. On the other
hand, to cater for these important factors alongside cost benefit approach there is no framework
available. Neglecting these factors in case of energy alternatives can seriously mislead us with
ultimate selection of a wrong choice. Without analysis of socioeconomic and environmental
factors, economic analysis of energy alternatives may be unjustified on many accounts in the
modern era. Therefore, the development of a new framework for analysis of socio-economic and
environmental factors is a necessity to make the economic analysis of energy alternatives
comprehensive. This framework is called as factors matrix approach. To address the socioeconomic, ethical and environmental needs, economic analysis process has to include both factors
matrix approach and cost benefit approach as shown in figure 10. The use of both approaches
shall make the economic analysis comprehensive.

Figure 10: Components of economic analysis of alternatives
Figure 10 clearly indicates the research gap. Quantitative component of economic analysis of
alternatives is available in the shape of cost benefit analysis, but hitherto qualitative component
(factors matrix approach) is missing. While the theory of economics have attained exceptional
heights, the economic analysis process needs to attain a matching elevation. We need to make
this process comprehensive by inclusion of qualitative component in the shape of factors matrix
approach. Although the exponents of cost benefit analysis claim that they have included
qualitative aspects, such as environmental and social welfare aspects, in the framework but it is
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hard to deny that the very basic nature of the framework of cost benefit analysis is quantitative.
If a table is used as a chair it does not become a chair. Therefore, to make economic analysis of
energy alternatives a comprehensive paradigm, a new framework in the form factors matrix
approach was developed which is elucidated in the subsequent sections.

3.2 Overarching Theory
This research is qualitative and inductive in nature. A new framework in the shape of factors
matrix approach was developed in the research for socio-economic analysis of energy alternatives
and then it was validated by the analysis of data obtained from 2400 respondents from six major
cities of Pakistan along with 20 experts and field visits to 14 projects of energy production sector.
The core of qualitative research is the overarching theory. In case of this research, the overarching
theory is paraphrased as under.
"Selection of suitable energy alternative (s) is influenced by socio-economic and
environmental aspects which are required to be considered along with monetary
costs and benefits. However, currently there is no mechanism available for
analysis of socio-economic and environmental factors. There is a need to
construct a new framework to be used in conjunction with cost benefit approach
for economic analysis of energy alternatives. Since the new framework is related
to analysis of socio-economic and environmental factors affecting energy
alternatives, it is suitably termed as factors matrix approach. By use of factors
matrix approach in conjunction with cost benefit approach, economic analysis of
energy alternatives will become comprehensive."
In case of inductive research old theory is not tested like quantitative deductive research, rather
a new theory is developed which is validated by the data obtained from interviews, survey, visits
and discussions. Therefore, in case of inductive research, predetermined hypothesis are not
formed, rather the arguments of overarching theory are formulated which are logically developed
and validated at the end by analysis of the data. The arguments of overarching theory of this
research were designed as under.
•

Argument 1. Are energy alternatives affected by socio-economic and
environmental factors?
o

Null Argument, A0= No o
Alternative Argument, A1=

Yes
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•

Argument 2. Is it required to have a new framework in the form of factors matrix
approach for analysis of socio-economic and environmental factors affecting
energy alternatives?
o

Null

required o

Argument,

A0=

Not

Alternative Argument,

A1= Yes required
•

Argument 3. Is factors matrix approach supplementing cost benefit approach?
o

Null

Argument,

A0=

Contrasting o Alternative Argument,
A1= Supplementing
•

Argument 4. Is factors matrix approach making economic analysis of energy
alternatives comprehensive?
o

Null Argument, A0= No o
Alternative Argument, A1=

Yes
As against hypothesis in quantitative research which are required to be validated most often
econometrically, these arguments can be validated either theoretically or numerically by logics
and argumentative science. The same was the core of this research. Logic flow chart for t hese
arguments is shown in figure 11.
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Figure 11. Logic flow chart for the arguments of research
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3.3 Conceptual Contours of Framework for Factors Matrix Approach
The factors analysis approach is very comprehensive and it is part of principal components
analysis (PCA) technique which is being used widely in the social research. A detailed roadmap
was worked out for development of the new framework of factors matrix approach. Conceptual
contours of this roadmap are as under.
•

Contour 1. The socio-economic, ethical and environmental factors affecting the
choice of energy alternatives in Pakistan were selected. Selection of these factors
was very complicated task. Host of factors affect energy alternatives and bringing
all those factors into a single matrix was a tall order. For this purpose discussions
with 20 experts were conducted and number of existing energy projects were
visited. Development of factors matrix took lot of time as it was required to be
comprehensive and relevant.

•

Contour 2. The big question was how these socio-economic and environmental
factors will be measured or assessed? For this we required a scale of assessment,
but again the question was which scale? After a series of discussions with my
supervisor and experts, itemized rating scale (IRS) was selected for evaluation of
the social, ethical, moral, economic and environmental factors.

•

Contour 3. How to get opinion of experts, academia, researchers, investors and
educated commoners about these selected factors? For this a questionnaire was
formulated.

•

Contour 4. The question was which techniques should be used for analysis of data
on socio-economic and environmental factors matrix obtained from respondents?
For this purpose three techniques were used; the statistical analysis of factors
matrix to understand the trend and rating of the energy alternatives, the use of
digital software CAQDAS (computer assisted qualitative data analysis software)
for digital analysis of the data, and economathical analysis by use of NewtonLeibniz integration formula to find the numerical values of the ratings of energy
alternatives. These steps are explained in the succeeding sections.
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3.4 Construction of Factors Matrix
The most important step of research was the selection of suitable socio-economic and
environmental factors for analysis of energy alternatives. All pertinent explicit and implicit
factors influencing energy alternatives were required to be included in the representative matrix.
After detail discussions with experts and in depth study, representative factors matrix was
constructed which is shown in table 4. This factors matrix contained 26 relevant socio-economic,
environmental and ethical factors. Preference was given to energy alternative which met the
socio-economic and environmental factors of the matrix optimally. These 26 factors are
applicable in almost every situation, thus constructed matrix has wide range of application.
Table 4: Factors matrix for analysis of the energy alternatives
Socio-economic and

Abbreviation

Description

Environmental
Factors
Cost of material and
resources

CMR

Cost of material and resources is always a variable. Material
may be required for construction, production and maintenance.
It also includes resources employed for implementation of the
policy.

Availability of
material
and
resources

AMR

If material and resources are not available, it may have to be
arranged from a far off distance or may have to be imported from
another country which will involve expenditure, increasing the
cost manifolds. In some energy alternatives, like wind,
machinery and spares required for installation, operation and
maintenance are mostly not locally available. This reduces the
capacity factor and increases the cost of such kind of energy
alternatives.
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Availability of
desired
workmanship

AW

It needs to be seen whether the required labour and
workmanship is available locally or they have to be
shifted from some other location. If the employees,
especially managerial level and below, have to come
from far off distance, then boarding and lodging
facilities may have to be developed which will
increase the costs. In case of dependence on foreign
experts the expenditure is very high.

Salaries and wages
of work specialists

SWS

Salaries and wages of the work specialists is an
important consideration. If the work specialists are
available at lower salaries, this will accrue
considerable economic benefits. In some energy
alternatives, like solar and wind, either limited number
of local experts is available or not available at all. This
increases the cost of these energy alternatives
manifolds.

Salaries and wages
of non-specialists

SWNS

Working hours

WH

A sizeable portion of the employees will be
nonspecialists. If these non-specialist workers are
available at low salaries, this will also add to the
economic benefits.

The more the working hours, the more the work. More
working hours ensure optimum usage of the human
capital. Moreover, the duration working hours has
relevance to sunshine or day light hours which affect
the performance of energy alternatives like solar.
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Transportation costs

TC

If the material is required to be shifted from some other
area or country through road, rail, sea or air, it will
increase the costs. Transportation costs can be interpreted
as the costs incurred on transportation of raw material
from some other area to the location of initiative and costs
incurred on transportation of finished product from
location of the alternative to the market.

Maintenance costs

MC

The short and long term maintenance costs have great
impact on the overall feasibility of different energy
alternatives. If the maintenance is required to be
undertaken by foreign experts, the cost will further go high.

Costs due to climatic
conditions

CCC

Maintenance costs will increase if an alternative is located
in heavy rainfall zone, flood plain or seismic zone. Global
warming has effect on the development and maintenance
costs.

Environmental effects

EE

Energy alternatives may have positive or negative
environmental effects. The negative effects such as air and
noise pollution, smoke, chemicals, sewerage, impurities etc
reduce the feasibility of an alternative in modern era, even
if the costs are less. The positive environmental effects
include good aesthetics, cleanliness, greenery, tourism and
improved living contributing to improved sanitation, health
and hygiene.
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Social effects

Ethical and moral
effects

Location

Employment
opportunities

SE

EME

L

EO

If an energy alternative has adverse social effects, it
should not be undertaken, even if the costs are less.
An alternative should be declared feasible if it is
socially plausible and ensures social welfare. For
example, if hydro energy alternative is likely to create
social unrest, due to socio-political sensitivities, it may
be relegated to other energy alternatives.

There are initiatives which have zero costs and
maximum profits, but are not suitable ethically and
morally. The ethical and moral considerations may
supersede all other considerations, depending on the
ethno-religious fiber of the society. There are ethnic
sensitivities associated with different energy
alternatives in Pakistan.

Many energy alternatives are rejected due to bad
location. Accessibility to road, rail and air network
facilitates transportation to and from the location of
initiative. Location of the available energy alternatives
has direct relevance to the overall costs.

Is the alternative creating some employment
opportunity for the population? If it is creating, this
will increase the benefits and social welfare of the
local populace. If it is not, it will not be preferred by
the respondents.
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Profitability
and
revenue generation

PRG

Alternative should ensure desired profitability and
intended revenue generation. If an energy alternative
is considered as below the intended profitability and
revenue generation, then some other alternative should
be selected. In traditional cost benefit approach, this is
the only criteria for selection of an alternative.

Capital and
technological costs

CTC

Every energy alternative will require some
technological and capital investment. The cost
incurred on such paraphernalia should be less.
However, no compromise on the quality of capital,
equipment and technology should be accepted to
avoid long run maintenance costs.

Land costs

LC

Land may be required for many purposes. For main
site, internal network, residences, offices, warehouse,
stores and waiting area etc. Moreover, economic
policy initiative may involve compensation for the
land acquisition. Land cost and revenue both should
be critically ascertained.

Infrastructural
development

ID

Even the smallest economic initiative or policy action
will require infrastructure development. Internal
roads, paths, buildings, papers, multimedia, halls etc
are the common requirements. These costs should be
kept minimal and effort should be made to select the
alternative with minimum infrastructure development
requirement.
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Law and order

LO

Law and order and security situation in the area
where energy initiative is being undertaken should be
critically viewed. It should be analyzed whether the
deteriorated security situation is temporary or will
remain for considerable period of time. Are the
workers working for a particular energy initiative
safe and free to work?

Aesthetics

AS

The energy alternative should not cause disturbance,
rather should preferably add to the beauty of the
environment. For example hydro energy alternative
adds beauty to the environment.

Timeframe for
completion and
implementation

TCI

The lesser the time for implementation and
completion of the energy alternative, the better it is.
Results of a particular energy alternative should be
visible soon after its implementation.

Design life

DL

Design life should be more. Life cycle cost and
maintenance requirements should be less for the
energy alternative to be best. An alternative with
maximum design life, but more maintenance
requirement should preferably be avoided.

Sustainability

S

The selected energy alternative should be sustainable
in nature. Without sustainability, an alternative may
not give the desired benefits in long run.

Fulfillment of intended
purpose

FIP

Is the alternative fulfills the intended purpose? Is it beneficial for
the population? Is it solution of the problem or part of the
problem? Such like aspects are required to be kept in mind to
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select the
best energy alternative.

Potential for expansion

PE

Energy alternative should have potential for further expansion
with minimum costs. However, this is an added advantage and is
not a guiding criterion.

Local and foreign
recognition

LFR

If the energy alternative has local and foreign recognition and
acceptance, it may act as magnet for foreign investors and this
will increase the benefits considerably. An available energy
alternative which has local acceptance and ensures the socioeconomic welfare of the society may be considered as feasible.
The selected energy alternative for implementation should be
within the laws and legal rights.

This matrix was very relevant to analysis of available energy alternatives. Analysis of these 26
socio-economic and environmental factors created a clear picture of suitability or unsuitability of
energy alternatives. Details are covered in chapter 6.

3.5 Scale of Assessment
Theoretically, scale represents a mechanism by which objects and elements are
distinguished on the basis of variables of interest. Selection of suitable scale of assessment for
economic analysis of the socio-economic and environmental factors was a key facet of this
research. But the question was which type of scale should be used? As per practice in quantitative
and qualitative economics; measurement scale, rating scale and ranking scales were the available
three choices. The measurement scale was rendered unsuitable by qualitative nature of the data
as it was hard to quantify implicit dimensions of social, moral, ethical and environmental factors.
Likewise, ranking scale was inappropriate since the ranking of socioeconomic and environmental
factors of matrix was not in line with objectives of this research. Therefore, the only scale suiting
this research was rating scale and the same was used for rating of the socio-economic and
environmental factors. There are many types of rating scales available such as Dichotomous,
Category, Likert Rating, Semantic Differential, Numerical, Itemized Rating, Constant Sum
Rating, Staple and Graphic Rating. The question was which rating scale should be used? Since
the data contained socio-economic, ethical, moral and environmental dimensions and each factor
was required to be rated by respondents with varying characteristics, Itemized Rating Scale was
considered to be the most suitable for assessment of factors in the matrix. This scale is easy to
comprehend as pointer is provided for each factor and respondent has to choose appropriate
number for each factor. Now the question was what should be the pointer? After considerable
deliberation it was decided to offer a five pointer (1, 2, 3, 4, and 5) to respondents for rating of
each factor of matrix. Interpretation of the scale is shown in table 5.
Table 5: Explanation of the scale, its meaning and arithmetic range
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3.6 Formulation of Questionnaire
A questionnaire is a basic ingredient of research by survey method. Questionnaire is comprised
of a set of questions relevant to research theme. Questionnaire is distributed to respondents with
the purpose to gather their opinion about socio-economic and environmental phenomena affecting
the research theme. Respondents answer the questions with full liberty as per specified scale of
assessment. Thereafter, these questionnaires are compiled so as to know how the people think
about a particular factor. Questionnaires are often used by researchers of social sciences to
investigate a socio-economic phenomenon. Questionnaire with a representative random sample
helps to find out the opinion and behaviour of a large group of people. It specifically helps
economists to make prudent decisions about a socio-economic initiative based on the opinion of
respondents. For example if an economist finds that 80% of the representative respondents favour
the proposed factor, he may conclude that principally 80% of all population favours the proposed
initiative.
Before formulation of the questionnaire to collect respondents opinion about socioeconomic and
environmental factors affecting energy alternatives, few important aspects were kept in focus to
ensure accuracy and unbiased results. These aspects are given below.
•

Wording of the question can reveal the answer. Therefore, the questions were
required to be framed in a neutral way leaving choice of answer with respondents.

•

Confusing questions were avoided and complete clarity of the question asked was
provided to respondents during the survey process.

•

Difficult words were avoided and questions were framed in simple language.

•

Getting a random sample from the population can be difficult, due effort was made
to create a genuine random sample out of population comprising five categories;
academia/ researchers, experts, investors, community leaders and educated
commoners.

•

Guidance was provided to respondents during survey, but bias was avoided. They
were not compelled to give desired answer rather they were at will to respond the
way they felt like.
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There are numerous ways of delivery of questionnaires to respondents. The selection of
distribution mode depends on factors such as; costs, respondents, transport, respondents’
willingness to contribute and location of the respondents.
After considering all these aspects, a focused and relevant questionnaire was orchestrated
for collecting the opinion of 2400 respondents of six major cities of Pakistan. It comprised 26
simple questions relevant to factors enlisted in the factors matrix shown in section 5.4.
Respondents were required to answer the questions as per the specified rating scale as shown in
table 5. Questionnaire was valid for all energy alternatives. Questionnaire is shown in table 6.
Table 6: Specimen of questionnaire formulated to obtain opinion of respondents
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As can be seen, questionnaire had information about title, name, occupation, designation,
organization and age of the each respondent of the sample. At bottom of questionnaire, each
respondent had to sign it with date.
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3.7 Analysis of Energy Alternatives by Factors Matrix Approach
The data about socio-economic and environmental factors affecting energy alternatives obtained
from respondents through questionnaires was thoroughly analyzed. Three techniques were used
for analysis of factors matrix. First, statistical analysis of factors matrix was carried out to find
rating of different energy alternatives. Second, the use of digital software CAQDAS (computer
assisted qualitative data analysis software) for digital analysis of the data to obtain digitally
iterated and attenuated three dimensional models along with representative equation. Third, use
of economathical analysis of the equations obtained from digital analysis by using NewtonLeibniz integration formula to find the numeral values of the ratings. These steps are shown in
figure 12.

Figure 12: Techniques for analysis of qualitative data obtained by questionnaires
A brief description of the three methods used for analysis of factors matrix is given below.
•

Statistical Analysis. For the statistical analysis of factors matrix, latest statistical
analysis system (SAS) was used. Descriptive statistics like mean, mode, median,
standard deviation, variance, confidence interval, skewness and Kurtosis were
found for each energy alternative. These statistics were very useful for assessment
of the trend and ratings of the energy alternatives. Specifically, following aspects
were deduced from statistical analysis.
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o

Based on the average ratings (or mean) obtained for the alternatives,
alternatives were rated as bad, slightly good, good, better and best as per
the scale of assessment.

o

To know the tendency of central dispersion, difference between mean,
mode and median for all the alternatives was critically observed.

o

The standard deviation values for energy alternatives clearly indicated the
concentration or dispersion of data around the mean.

o

The confidence interval value indicated a range of values containing the
true mean of the population.

o

Skewness is a measure of the asymmetry of the probability distribution of
a variable about its mean. Normal distribution has no skewness as shown
in figure 13. Positive and negative skewness of energy alternatives
indicated few low or few high values in the data set respectively. It
revealed the strength of respondents’ agreement or disagreement for
energy alternatives.

o

Normal distribution curve has zero kurtosis (mesokurtic). Negative
kurtosis (platykurtic) of alternatives meant that the curve for those
alternatives was flatter than normal distribution curve. In other words,
fewer observations clustered near the average and more observations
populated on the extremes. Positive kurtosis (leptokurtic) of alternatives
meant that the curve for these alternatives was slimmer than normal
distribution curve. In other words, more observations clustered near the
average and fewer observations populated on extremes. Illustration is
shown in figure 14.
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Figure 13: Skewness tendencies of data

Figure 14: Kurtosis tendencies of the data
•

Digital Analysis. After statistical analysis, data was fed into latest digital software
CAQDAS (computer assisted qualitative data analysis software) for digital
analysis. Computer Assisted Qualitative Data Analysis Software (CAQDAS)
offers tools that assist in conduct of rigorous analysis in qualitative research such
as analysis of records, deciphering of texts and codes, analysis of subjective
material, contents and discourses. CAQDAS has variety of uses and applicability
in psychological and behavioural sciences, economics and finance and other fields
of social sciences. The software efficiently manages organization and analysis of
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material. The multifaceted benefits are accrued by using this software such as
minimal manual and clerical work, economizing on the time, easy handling of
enormous data, inbuilt flexibility and validity of research. CAQDAS is a single
recipe for all the tasks related to data collection, organization, staking, analysis
and representation.
With the help of CAQDAS, data was iterated and attenuated by the software and
net three dimensional models showing trend slabs for each energy alternative were
obtained with precise equation of the trend and value of R2 . A specimen digital
model is indicated in figure 15 which shows the trend of rating of energy
alternatives in six cities. Detail about using this software is covered in chapter 4.

Figure 15: Specimen digital attenuated three dimensional model for assessment of
rating trend
On x value of equation shows location and y value shows numerical value of rating
of energy alternatives.
•

Economathical Analysis. After the digital attenuated rating trends of alternatives,
the rating was quantified by application of economathical analysis using
NewtonLeibniz integration process (NLIP) as shown in equation (1).

where "n" is the number of factors or cities which were considered in this study.
The term "equation" is the equation that we obtained through digital iteration and
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attenuation and this equation is called economathical equation. The solution of
equation (1) will give us numerical value of the rating for alternatives.
The Newton-Leibniz integration formula as shown in equation (1) is very useful
and easy integration technique. In this technique the function f(x) is divided into
‘n’ equal parts to integrate it over interval [p, q]. Then estimated polynomials are
found for the given functions which are integrated to approximate area under the
curve.
Economathical analysis is different than mathematical analysis. In mathematical
analysis, equation derived through mathematical process is used for analysis.
Moreover, mathematical analysis is valid to all fields such as pure science,
management and social science. In contrast, economathical analysis is restricted
to socio-economic phenomenon. The equation used for economathical analysis
obtained from analysis of qualitative data through CAQDAS or any other
software.

After theoretical and conceptual structure for the new framework of factors matrix
approach, the research methods have been discussed in the next chapter.
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Chapter 4
RESEARCH METHODS

4. 1 Prelude
This research encompassed relevance to numerous fields of economics, but as shown in figure
16, core of the topic was economic analysis (yolk gear) with subsidiary as behavioural
economics (smaller grey gear) using energy economics (dotted gear) as tool for application of
the new framework of factors matrix approach for analysis of the energy alternatives in
Pakistan. In behavioural studies, research design gets complicated since the data is required to
be obtained for many variables to perform multidimensional analysis. Moreover, economic
analysis was main ingredient of the topic which involved real investigative effort to reach to the
depth of phenomenon for accurate analysis. This research was exploratory, inductive and
qualitative in nature as it was to explore a new avenue for comprehensive economic analysis.
This called for a very innovative research design, much different than the traditional one.
Research design is described in the succeeding sections.

Figure 16: Focus of research topic
4.2

Research Design

Due to multidimensional strands of the topic, an all-encompassing and systematic
research design was orchestrated for achievement of research objectives and validation of
hypothesis. Figure 17 shows flowchart of research design.
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Figure 17: Flowchart of research design
An explanation of the steps involved in conduct of research is given below.
•

Step 1. Comprehensive survey of literature on the subject of research.

•

Step 2. Development of a new conceptual and theoretical framework for analysis
of energy alternatives.

•
•

Step 3. Data collection by field visits, interviews and survey methods.
Step 4. Overview of energy crisis and alternatives available in Pakistan for
generation of energy.

•

Step 5. Descriptive analysis of data.

•

Step 6. Analysis of energy alternatives by factors matrix approach.

•

Step 7. Analysis of energy alternatives by cost benefit approach.

•

Step 8. Comparison of the two methods of analysis.
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•

Step 9. Conclusions and policy recommendations.

Literature review has already been explained in chapter 2, remaining steps are briefly explained
in the succeeding sections.
4.3

Development of New Framework for Analysis of Alternatives

We can carry out quantitative analysis of energy alternatives by application of cost benefit
approach but we do not have mechanism for analysis of socio-economic and environmental
factors affecting energy alternatives (qualitative component in the shape of factors matrix
approach). In the modern era, the scope of economic analysis has enlarged and it includes both
qualitative analysis alongside the quantitative analysis. To fill this research gap, a new
framework analysis of energy alternatives by factors matrix approach was developed. The
overarching theory of the new framework, arguments to be validated by data analysis and
conceptual contours of the factors matrix approach have also been elucidated in chapter 3. Just
to recall, the formulation of new framework had three distinct steps as under.
•

Factors Matrix. Development of factors matrix encompassing relevant
socioeconomic and environmental factors was the first important step. These
factors were selected carefully to represent the socio-economic and
environmental conditions of Pakistan. After lots of deliberation, 26 socioeconomic and environmental factors were selected for analysis of energy
alternatives by factors matrix approach.

•

Scale of Assessment. Itemized Rating Scale was used for rating of the
socioeconomic factors affecting energy alternatives. Five points scale of 1, 2, 3,
4 and 5 was used to rate the socio-economic and environmental factors of matrix
with 1 representing bad and 5 representing best.

•

Formulation of Questionnaire. Formulation of appropriate questionnaire for
gathering opinion of 2400 respondents from six major cities of Pakistan was the
third step. 26 crisp and easy to answer questions pertaining to socio-economic
and environmental factors were included in the questionnaire with five boxes in
front of each question. Questions were framed in a simple way so that
respondents can easily understand and reply. They just had to tick relevant box
in front of each question. 4.4

Data Collection
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The complexity of this research can be well understood as it involved the collection of both
primary and secondary data. Secondary data was required for understanding the nature, causes
and analysis of existing energy crisis while primary data on the socio-economic and
environmental factors affecting energy alternatives was to be collected from respondents.
•

Secondary Data. Reliable and authenticated secondary data about existing
energy crisis was collected from websites, journals and prominent new national
and international news papers. Few of the major sources of information are
indicated below.
o

Statistics given on the web portal of Economic Survey of Pakistan
(www.finance.gov.pk/survey). The document issued on energy was of
special focus.

o

Statistics given at web site of International Energy Agency
(www.iea.org). o Statistics given at the web site of World Energy
Outlook
(www.worldenergyoutlook.org). The energy figures pertaining to South
Asian countries were given special attention.

o

Valuable information provided at United States Energy Information
Agency (www.eia.gov).

o

Latest issues of National and international impact factor journals such as
International Journal of Energy Policy, Elsevier Journal of Energy,
Wiley Journal of Energy Research, Pakistan Development Review etc
were thoroughly surveyed for relevant information.

o

Special features on energy in reputed daily such as The News, Dawn,
Reuters, and Express Tribune etc. were of great help for collection of
secondary data.

•

Primary Data. Comprehensive primary data collection process was adopted for
collection of respondents' opinion about socio-economic and environmental
factors affecting energy alternatives. Data was collected by field visits,
interviews of experts and survey method for gathering opinion of respondents.
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Data obtained in field visits and interviews was used for analysis of energy
alternatives by both factors matrix approach and cost benefit approach while the
data obtained through survey method was used for analysis of energy
alternatives by factors matrix approach only. The scheme of primary data
collection is shown in figure 18. Each step of the data collection process is
succeeding sections.

Figure 18: Data collection process
4.4.1 Field Visits
For conduct of meaningful research, it is always beneficial to carryout detailed field visits of
the ongoing projects as it gives insight about the prevailing conditions in the study area. Author
conducted field visits to 14 energy projects to determine: first, the prevalent conditions of the
projects; second, the problems being faced by the officials and workers and third, cost and
benefits of these projects. Following steps were undertaken during these field visits.
•

Comprehensive filed visit plan comprising energy alternatives and people to be
visited was formulated. A list of projects visited is attached as Appendix A.
These projects were located in all the four provinces of Pakistan and in Azad
Kashmir. Description of filed visits is covered in chapter 7.

•

Each factor was discussed with experts, officials and workers associated with
the energy project. Selected community leaders, academia, researchers,
investors and educated commoners were interviewed during the process filed
visits.
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•

Opinion of the experts was recorded and important notes were endorsed on the
forms. These notes served as guidelines for progress of this research.

•

Selected ongoing energy projects were visited to know about the resources being
used and the performance of these projects. An insight on the availability of
resources, labour and experts was also focused during these visits.

•

Social, economic and environmental conditions were observed during visit of
energy projects.

4.4.2 Interviews
Interview is an effective method to know about the opinion of experts about different
alternatives. In this research, semi structured interviews of 20 experts of different energy
alternatives were conducted by the author. For this purpose following steps were undertaken.
•

List and addresses of the people to be interviewed was prepared. Total of 20
experts for different energy alternatives were interviewed. List contained experts
for all available energy alternatives. List of experts interviewed was attached as
Appendix B.

•

Concerned expert was contacted for finalizing the date and time of interview at
least a month in advance.

•

Semi structured interviews were conducted by the author. Opinion of experts
was recorded after thorough discussion on each socio-economic and
environmental factor of the factors matrix, giving full liberty of expression to
experts. Each expert was asked about the cost and benefits of each alternative.

•

Experts were requested to give their input on desirable energy mix for Pakistan
and also guidelines for reducing the existing worsening energy crisis.

4.4.3 Collection of Respondents’ Opinion through Survey Method
Field survey is one of the appropriate methods for research in social sciences. Collection
respondents opinion through questionnaire is one of the most effective methods of conducting
social research. It is a method to collect information, about different factors affecting a
phenomenon, from a sample of individuals in a systematic way. It is the method which helps in
getting the accurate statistical data about available energy alternatives based on the opinion of
respondents, mostly with the help of questionnaires which are given to them and they are at
liberty to fill them the way they feel about a particular factor. In this research, opinion of people
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was collected through questionnaire for analysis of energy alternatives by factors matrix
approach. For this purpose, following procedure was adopted.
•

An interactive and easy to follow questionnaire was designed. Total 26 questions
were included in the questionnaire.

•

Itemized rating scale of 1 to 5 was used for rating of the factors in factors matrix
with 1 representing bad and 5 representing best.

•

Questionnaires were distributed in a simple random sample of 400 respondents
from six major cities (Karachi, Quetta, Multan, Lahore, Islamabad and
Peshawar).
Total sample size was 2400 respondents. Size of the sample is shown in figure 19.

Figure 19: Size of the sample for study
•

Selection of random stratified sample of 400 respondents from six cities was
based on the following facts.
o

Generally for collection of respondents’ opinion on socio-economic and
environmental factors affecting energy alternatives, a random stratified
sample of this magnitude is acceptable.
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o

A varied sample configuration was kept which included different
categories of respondents irrespective of sex and creed. The mixed
configuration of sample catered for bias and sampling error.

o

The level of awareness in the respondents about the socio-economic and
environmental factors included in the factors matrix suggested that a
sample size of 2400 respondents was sufficient to represent the opinion
of population.

o
•

Sample of this size was manageable in the given timeframe for research.

The random stratified sample from each city was designed to include all faction
of society so as to have holistic view of the problem. Stratified sampling divides
the population into categories called strata and a random sample is taken of each
category. For instance, the population might be separated the basis gender,
technical expertise, profession and education. A sample is taken from each of
these strata using random sampling techniques. The world over recognized
biggest advantage of stratified random sample is that it yields more accurate
results than simple random sample. Moreover, it can show different tendencies
within the same category. Five stratums were selected for sample of this
research. These stratums include technical experts, academia/ researchers,
investors, technical experts and educated commoners as shown in figure 20.
Sample from each stratum was selected randomly without any gender It was
ensured that at least 20% from each stratum are females. The characteristics if
the sample design are indicated in table 7.
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Figure 20: Strata of sample of respondents from each city
Table 7: Characteristics of respondents' sample
Composition

Education

Technical

Minimum

Experts

Postgraduate

Political and
community
leaders

Minimum

Age

Gender

Size

Type/ Category

100

Government and
private sector

50

Top, mid and lower

Graduate

tier leaders having
representation in
masses

Academia and
researchers

Minimum

Investors

Minimum

100

Graduate

Intermediate

Public and private
sector

50

Public and private
sector
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Educated
commoners

•

Minimum

100

Not applicable.

Metric

A methodical procedure was implemented for distribution and collection of the
questionnaires. Four workers helped the author in this process. Questionnaires
were distributed in different cities sequentially, not concurrently, as on spot
guidance was required to be given to respondents for filling of the
questionnaires.
During the process, guidance on following aspects was provided to respondents.
o
The purpose of the survey was explained to respondents.
o

How to answer these questions? Respondents were told that they have
flexibility to answer whatever they feel like. Filling on spot
spontaneously was encouraged.

o

Respondent were requested that no space should be left blank. “Not

applicable” may be written in the respective row if the question is felt to
be irrelevant. o Overwriting and crossings should be avoided.
o

Extra sheet (s) may be used for remarks and explanation, if req.

o

Each respondent was requested to fill in his or her credentials and sign
the questionnaire.
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4.5 Analysis of Existing Energy Crisis and Alternatives Available in Pakistan for Generation of
Energy
Pakistan is suffering from consistent energy crisis. The demand and supply gap of energy is
consistently swelling owing to increase in the consumption by increasing population. Currently,
the demand of basic form of energy i.e. electricity is approximately in excess of 20000
megawatts while the supply is approximately 15000 megawatts. To cater for this huge shortfall,
Government of Pakistan needs to undertake energy generation initiatives for which suitable
energy alternatives are required to be selected. Few foreign countries, like USA, Turkey, China,
Korea and Iran have promised to assist in successful completion of the initiatives, provided they
are sure that the selected energy alternatives are the most suitable amongst the available.
Due to financial constraints, Pakistan too can ill afford haphazard investment, particularly in
energy sector. Therefore, suitable energy alternatives are required to be selected for investment
and implementation to minimize the existing shortfall. Such alternatives should be feasible from
socio-economic and environmental point of view. Pakistan is blessed with both renewable and
non-renewable energy alternatives. There is a need to have thorough qualitative (factors matrix
approach) and quantitative (cost benefit approach) analysis of the available alternatives to have
an insight of the comprehensive economic suitability of these alternatives. However, to have a
clear picture, there is a need for in-depth study of the existing energy crisis, its causes, and
implications. Similarly, a techno-economic survey of the available energy alternatives and their
exiting potential of energy generation in Pakistan. These critical dimensions of research are
explained at length in Chapter 5 and 6.
4.6

Descriptive Analysis of Data

Data collected through field visits, interviews and questionnaires was descriptively analyzed.
The observations noted during field visits to energy projects and discussions with focused
groups of workers and experts was transformed into conclusions through in depth analysis. Data
obtained from field visit of each energy alternative was handled in separately. Similarly, the
data obtained through interviews of experts was studied and guidelines were extracted for the
future course of action to have concrete solution of the existing energy crisis. The analysis of
data obtained on socio-economic and environmental factors affecting energy alternatives
through questionnaire was really a tricky and complex affair. Therefore, data obtained through
questionnaires was handled with care to avoid inaccuracies. Scheme showing steps of data
handling is shown in figure 21 and the same are explained in succeeding sections.
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Figure 21: Scheme of data handling for the data obtained through
questionnaires
4.6.1 Sequencing and Categorization of Questionnaires
A standardized procedure was used to arrange questionnaires in a sequence in different folders.
Since the data was to be referred recurrently for calculation and analysis, sequencing and
categorization was done with care to avoid confusion. Procedure for sequencing and
categorization of the questionnaires is described below.
•

Questionnaires were filed as per different energy alternatives. Separate folders
were maintained for different energy alternatives for each city.

•

Compilation of data for different energy alternatives was done in following five
heads for the six selected cities; experts, community leaders, investors,
academia/ researchers and educated commoners.

•

Folder was tagged with the name of the energy alternative.

•

Each folder had five heads properly tagged with the name of the head.

•

Folder of each energy alternative was signed by the author and supervisor. These
folders were kept under safe custody for future data handling.

215
4.6.2 Data Tabulation and Compilation
Data was handled statistically by adopting a systematic procedure. First of all data cleaning
was done in which data was thoroughly examined and flawed data was corrected. During this
process, essential and non-essential information was segregated and missing data was injected
after referring to relevant questionnaires. By this process data was fine-tuned and all loop holes
were appropriately addressed.
After data cleaning process, data was finally tabulated for all the renewable and nonrenewable
energy alternatives separately for each city. These tables highlighted the percentages of
respondents in six selected cities giving particular rating to socio-economic and environmental
factors affecting particular energy alternative. These tables reflected behavioural aspects of
respondents as they rated socio-economic and environmental factors according to their feelings.
In behavioural science, these tables are very import as these indicate the behavioural tendencies
of respondents about socio-economic factors affecting choices. Highest percentages were
focused as these were of significance reflecting dominant opinion of respondents. These high
percentages were shaded in light grey colour for easy reference. Tabulation of respondents
opinion in such a way was very useful for analysis and drawing conclusions.
Opinion of respondents was very exciting as different percentage of respondents gave different
rating to socio-economic and environmental factors of factors matrix. For wholesome picture,
data of each alternative was tabulated in a summarized from. The main objective of tabulation
was to know maximum percentage of respondents in six cities assigning particular rating to the
socio-economic and environmental factors in the matrix. The maximum percentage of
respondents assigning particular rating to socio-economic and environmental factors actually
characterized the general opinion of population of that city. For example, if the 80% of
respondents rated the availability of material and resources as 5 (easily available) then that
would mean that rating was representing the general opinion of the population.
4.6.3 Data Summation
After tabulation, data for each energy alternative was summarized. These summaries were
prepared for renewable and non-renewable energy alternatives for each city. In these
summaries, ratings deduced from highest percentages of respondents opinion, were written
against each socio-economic and environmental factor. These summaries were prepared with
the aim to be used for further analysis.
4.6.4 Data Analysis
After summation of the data, detailed data analysis was carried by factors matrix approach and
cost benefit approach to validate the overarching theory and its arguments. The detail of data
analysis is covered in succeeding sections.
4.7

Analysis of Energy Alternatives by Factors Matrix Approach

As described earlier there is no framework available for analysis of socio-economic and
environmental factors affecting each energy alternatives. The newly developed framework in
the form of factors matrix approach was used for analysis of socio-economic and environmental
factors. It encompassed three processes;
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•

Statistical analysis using statistical analysis system (SAS) for descriptive
statistics which included mean, mode, median, standard deviation, variance,
confidence interval, skewness and Kurtosis. This analysis also indicated trend
and rating of energy alternatives.

•

Digital analysis with latest computer assisted qualitative data analysis software
(CAQDAS) to obtain digitally iterated and attenuated three dimensional rating
models for energy alternatives along with representative equation and value of
R2. These equations, which are obtained after digital attenuation and iteration
process, are called economathical equations.

•

Economathical analysis by application of Newton's Leibniz integration method
to obtain numerical value of rating of each energy alternative.

Before going ahead, there is a requirement to briefly introduce the various methods
which were used for analysis of energy alternatives by factors matrix approach.
What is statistical analysis system (SAS) which was used for statistical analysis of
data? SAS (Statistical Analysis System) is versatile software developed by SAS Institute for
statistical and predictive analytics for application in applied, pure and social sciences. Initial
version of SAS was developed at North Carolina State University from 1966 to 1976. SAS was
improved in 1980s and 1990s by adding modern interfaces and added constituents. Software
was further improved with addition of a point and click interface in 2004. Similarly, its
applicability in social sciences increased manifold due to addition of social analytics version in
2010.
SAS is a very useful and versatile software package that is used for statistical analysis
of data for variety of uses. SAS is user friendly software having a graphical point and click user
interface for the users. This is especially helpful for the researchers of social sciences. SAS has
two simple steps; a DATA step, which creates a SAS data set by saving and operating the data,
and a PROC (PROCESS) step, which processes, investigates the data. The DATA step has two
types of statements; executable statement to take an action, and declarative statements to read
or alter a data set. Moreover, the DATA step is comprised of compilation and execution phases.
Declarative statements are activated to identify the syntax errors in compilation phase.
Executable statements are activated in execution phase. Software automatically organizes data
into tables with rows called ‘observations’ and columns called ‘variables’. Furthermore,
elements of data are additionally explained by descriptors. The PROC step consists of
procedures in the shape of PROC statements. These more than 300 procedures are the tools
containing programmes to process the data and analyze it. PROC statements have the option to
display results graphically. Repetitive tasks can be performed by the option of SAS macros.
Using output delivery system, SAS provide the facility to publish data in HTML, PDF, Excel
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and other formats. The SAS software is available with 200 constituents. Few major SAS
components include:
•

SAS/STAT - Statistical analysis (this was used for statistical analysis of data).

•

SAS/GRAPH – For graphics and presentation of the data and results.

•

SAS/ETS – For econometrics and time series analysis in social sciences.

•

SAS/INSIGHT – For data mining and data organization.

What is computer assisted qualitative data analysis software (CAQDAS) which was used
for digital analysis of data?
CAQDAS, Computer Assisted Qualitative Data Analysis was launched by Fielding and
Lee in 1991. Computer Assisted Qualitative Data Analysis Software (CAQDAS) comprised
inbuilt useful suites that are helpful in qualitative research especially social sciences. It is
particular efficient in data and argumentation analysis. CAQDAS is widely used in psychology
and social sciences. Its application in economic analysis increased after its added features to
digitally analyze the complex economic data. The software is very flexible and performs many
functions from data management to data analysis. Software has edge over others in its unique
feature of handling qualitative data for economic analysis. Few of the major components of
CAQDAS are as under:
•

Computer Aided Textual Markup & Analysis.

•

Coding Analysis to decipher and translate the coded data and carryout analysis.

•

Qualitative Data Analysis (QDA), which is a unique feature of the software. The
digital analysis and digitally iterated models of qualitative data is useful to
researchers of social science and particularly economics in many ways. The
digital analysis also gives representative mathematical equations which in case
of qualitative data related to economics called economathical equations.

CAQDAS uses the principal components analysis (PCA) technique; therefore
multicollinearity amongst independent or explanatory variables is not an issue in case of
CAQDAS.
What is Newton Leibniz integration method which was used for economathical analysis of
data?
Newton Leibniz integration method is also called as the central theorem of calculus
which associate derivative of a function to its integral. The theory is named after Isaac Newton
and Gottfried Leibniz. It says that integration of a function is its anti-derivative and the process
can be reversed differentiation. Existence of anti-derivative is a strong concept in calculus.
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The fundamental theorem of calculus postulates that integration and differentiation are
essentially inverse of each other. Before the introduction of this theory, this relationship
between integration and differentiation was not known. These two operations were taken as
separate mathematical entities. For example ancient Greek mathematicians used to compute
area via infinitesimals, now called integration, but they were not aware of differentiation. On
the other hand, historical evidence indicates that origins of differentiation precede fundamental
theorem of calculus by hundreds of years. For example, in the 14 th century continuity of
functions and motion was studied by mathematicians using differentiation operations.
The embryonic version of the fundamental theorem was published by James Gregory
(1638–1675). A more generalized version of the theory was introduced by Isaac Barrow (1630–
1677). Isaac Newton (1643–1727) who was Barrow's student finalized the development of this
very important mathematical theory. It was Gottfried Leibniz (1646–1716) who organized the
various parts of theory into a calculus and introduced the notation used today.
The basic formula of the theory indicates that integral of a given function ‘p’ over an
interval as the difference of the values at the endpoints of the interval. Let ‘p’ and ‘q’ be
functions defined on interval [a, b] such that the integral of ‘q’ is ‘p’, then the value of function
is given by equation (2).

Using the concept given by Newton Leibniz integration process, the economathical equations
obtained from digital analysis were solved for each energy alternative. This provided numerical
value of the ratings of energy alternatives.
4.8

Analysis of Energy Alternatives by Cost Benefit Approach

For quantitative analysis of energy alternatives, traditional cost benefit approach was used.
Within this approach three constituent methods were used for the data analysis. These methods
included levelized cost method (LCM), cost capacity ratio (CCR) and cost benefit ratio (CBR).
A brief description of these methods is as under:
Levelized Cost Method (LCM). Levelized cost method is a very useful method to compute the
cost of energy generation from different energy alternatives. Levelized cost of energy includes
initial expenditure for building and development, cost of operations and maintenance, cost of
raw material and fuel, cost of machines, technology and other capital. All these costs are
calculated over lifetime of the energy generating system. Generalized formula for calculation
of the levelized cost (Pakistani Rupees) over design life "n" years of energy project is as shown
in equation (3).
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where "t" specific year of calculation and "n" is life of energy project in years. In this method,
main interest was to know the cost of one unit of energy (Pakistani Rupees per watt) for all the
energy alternatives and based on the comparison of levelized cost of different energy
alternatives, best energy alternative was selected. The lower the levelized cost, the best the
energy alternatives. The values of capital, operational and maintenance costs were calculated
for "n" years starting at the present, t=0 discounted at the current discount rate.
Cost Capacity Ratio (CCR). Each energy alternative has a capacity factor which describes
its capacity to fulfill the energy needs at mega scale. It also signify its potential of future
expansion. Cost capacity ratio was the ration of levelized cost of energy alternative divided the
capacity factor as shown in equation (4). The lowest the cost capacity ratio, the best the
alternative.

Cost capacity ratio showed the levelized cost of increasing capacity of energy alternatives by
1% i.e. levelized cost per percentage. For example if the value of cost capacity ratio was 6.5, it
meant that levelized cost of PKR 6.5 is required for increasing the capacity of that alternative
by one percent.
Cost Benefit Ratio (CBR). The benefits of each alternative were calculated and those were
divided by the costs to calculate the cost benefit ratio (CBR) as per equation (5).

As per cost benefit approach, an alternative was declared suitable when the benefits were more
than its costs or in other words when CBR ≥ 1. if CBR < 1, it meant that costs of the alternative
were more than the benefits it could render and hence it was not suitable for implementation.
Socio-economic and environmental factors were considered in quantitative terms while
calculating CBR as per equation (4). Costs and benefits were calculated in Pakistani Rupee
(PKR).
4.9

Comparison of the Two Methods of Economic Analysis

The most important feature of this thesis was the comparison of results obtained from analysis
of energy alternatives by newly developed framework of factors matrix approach with results
obtained from analysis by traditional cost benefit approach. The best way to compare the results
from these two methods was to rank the energy alternatives on the basis of results obtained from
the two methods. This comparison indicated certain important aspects which included
following.
•

Both factors matrix approach and cost benefit approach for analysis for energy
alternatives are useful methods and gave valid results, however, clear and
comprehensive picture emerged when both approaches were used and results
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from were compared. Using any approach in isolation can be misleading as few
of the results were contrasting.
•

Analysis of energy alternatives by factors matrix approach made the analysis
process comprehensive and complete. This approach was missing earlier. Thus,
the requirement and usefulness of research was validated.

•

People's participation in economic decision making process proved to be
extremely beneficial for most suitable and prudent selection of the energy
alternatives for implementation. This made the process of analysis participatory
which was only calculative earlier.

After having finalized the research methods, the most important dimension of research;
analysis of energy crisis in Pakistan was dealt in Chapter 5 to answer few fundamental questions
like what is the nature of current energy crisis. what are the causes of this crisis? and what are
the implications of this crisis?
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Chapter 5
ANALYSIS OF ENERGY CRISIS IN PAKISTAN

5.1

Prelude

We are surely surviving in the age of energy scarcity. We are facing great energy challenge in this
era of price hike, escalating inflation, depleting energy alternatives and resources and mounting
energy demand. To meet the challenge we need to explore more energy alternatives and continue
to tap as many of them within the bounds of environmental concerns. Being the basic necessity,
human cannot live without energy. This is the basic reasons for putting up more efforts to identify
more alternatives. Accordingly we must strive to get out of the clutches of this crisis and find more
natural means of energy generation for our future be prosperous one. This chapter elucidates the
nature of energy crisis in Pakistan and its impacts on the socio-economic life of the masses with the
help of secondary data obtained from different authenticated sources.

5.2 Nature of the Current Energy Crisis
Pakistan is suffering from consistent energy crisis. Availability and consumption of energy play
vital role in economic growth and development. At the global level per capita energy consumption
is taken as a basic indicator of living standards. Due huge population growth and rapid development
of industry, demand of energy in Pakistan is increasing manifold compare to energy supply;
therefore, it is facing worsening energy shortfall today. The gap between demand and supply of
secondary energy source i.e. electricity is constantly increasing with alarming proportions owing to
increase in consumption by household and industrial sectors. Currently, demand of electricity is in
excess of 20000 Megawatts while supply is around 15000 Megawatts.
Understanding the nature of energy crisis is important for finding solution of the problem.
5.2.1 Current Energy Mix
In Pakistan energy is produced from different sources such as gas, oil, coal, hydro and others.
Current energy mix shows that maximum energy is produced from non-renewables like gas and oil
as shown in figure 22. The total share of non-renewables in energy generation is 82.2%.
Overdependence on non-renewables is a serious issue as it is putting huge burden on the fragile
economy of country (Sheikh, 2010).
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Figure 22: Energy mix of Pakistan
(Data Source: Economic Survey of Pakistan, 2014-15)

Figure 23: Production and consumption of oil in Pakistan
(Data Source: Economic Survey of Pakistan, 2014)

Oil currently occupying 32.5% of energy mix is mostly imported as domestic oil resources cannot
fulfill the energy needs. The import of oil remained as 33 million barrels during 2015. In monetary
terms, cost on import of oil in 2015 was US $ 4.3 billion with a growth rate of roughly 5 -6% each
year. Realizing the risk and challenges, domestic energy alternatives are being explored by the
Government of Pakistan. During 2015, 73 wells were spudded and 18 discoveries have been made.
A glimpse of production and consumption scenario of oil is shown in figure 23. The gap between
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the production and consumption of is a consistent burden on economy in the shape of import bill of
oil.
Gas obtained the highest share of 48.5% in energy mix but the worrying issue is that due to
increasing depletion of our gas reserves the present recoverable reserves may generally be
exhausted by 2025 if the annual gas consumption rates remain the same. Countrywide oil and gas
exploration is being undertaken by 36 private and public sector companies. There are 169 natural
gas reservoirs in the country. At present, estimated total demand of natural gas is 8 billion cubic
feet (BCF) per day while total supply is 4 BCF per day, creating a shortfall of 4 BCF per day.
Pakistan has pursued the two transnational gas pipelines projects vigorously for over two decades
but the projects have been delayed due to multiple reasons. The one billion cubic feet per day IranPakistan (IP) gas pipeline project could not materialized so far due to international sanctions and
security situation in the border areas of the two countries. The 1.325 billion cubic feet per day
Turkmenistan-Afghanistan-Pakistan-India (TAPI) gas pipeline project is still far from realization
due to many structural and procedural issues besides security situation in Afghanistan. International
consent of these projects is also a major issue. Moreover, the import of 1.4 billion cubic feet per
day Liquefied Natural Gas (LNG) from Qatar is at the initial stage of implementation. Currently,
500 million cubic feet per day of LNG is being imported from Qatar. As a result of the combined
effect of these three ventures futuristic demand and supply scenario (up to financial year, FY 2030)
was expected to improve as shown in figure 24. It was expected that the gap between supply and
demand of gas will reduce to a greater extent as a result of these ventures.

Figure 24: Futuristic demand and supply scenario of gas
(Data Source: Economic Survey of Pakistan, 2014)
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Hoping for realization of these ventures, Pakistan was supposed to have an improved supply of
natural gas of overt 6 BCF per day in 2015 but it is still producing only 4 BCF per day since the
ventures are yet to be implemented fully. This would have eased up situation to extent till 2023 as
the gap between supply and demand would have reduced. Since these projects have not been
materialized, the supplies are decreasing with each passing year at the rate of approximately 5%
while the demand is increasing at the rate of approximately 2.5 % as shown in figure 25. Decrease
of supplies at the rate double of demand will aggravate the situation in future.
Liquefied Petroleum Gas (LPG) and Liquefied Natural Gas (LNG) made room in the energy sector
due to increasing demand of natural gas compared to limited supply. Presently the domestic
production of LPG is 1780 tons per day which is less than 1% of energy supply mix. However, LPG
is becoming the choice of poor in the rural and far flung areas due nonavailability of natural gas
distribution network in those areas. The total supply of LPG during July-March, 2014-15 was
494,763 ton which was about 0.5% of the total primary energy supply in the country. Gas producing
fields contributed 53 percent followed by refineries and imports with share of 26 percent and 21
percent respectively. Currently there are 12 LPG producers and 97 LPG marketing companies
operating in the country having more than 4,482 authorized distributors.

Figure 25: Demand and supply scenario of gas
(Data Source: Economic Survey of Pakistan, 2014)

Therefore, there is also growing trend of importing liquefied natural gas (LNG) mostly from Qatar
to bridge the gap between supply and consumption of gas. Moreover, Pakistan has to bear heavy
economic burden to import oil which is relatively expensive as compared to LNG. LNG is more
efficient and comparatively cheaper energy alternative. LNG is also cleaner and considered
environment friendly. In the same context, Pakistan is able to manage an import of 500 million
cubic feet per day (mmcfd) of LNG from Qatar in 2015. Pakistan seeks to import 730 BCF/annum
making Pakistan as the 3 rd highest Asian buyer of LNG after Japan (4194 BCF/annum) and South
Korea (1754 BCF/annum). The current price of LNG for Pakistan is $17 per Million British
Thermal Unit (mmbtu) which is a bit higher compared to other countries. Energy cost calculations
clearly prove that LNG is cheaper than all other imported fuels for power generation in Pakistan. In
this context, LNG is 10 percent cheaper than furnace oil and half the price of diesel. In addition, as
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a fuel for power generation, LNG as compared to liquid fuels provides; substantially greater
efficiency, lower maintenance costs, no storage costs, ease of transportation and no pilferage or
adulteration issues.
In the recent past CNG industry has attained a remarkable progress. This has happened due the
government’s policy to promote the use of Compressed Natural Gas (CNG) to reduce the
environmental degradation by reducing pollution due to oil and fuels. Due to fast growing CNG
industry, Pakistan has attained the status of world leading CNG user country with more than 3
million NGVs (Natural Gas Vehicles) plying on the roads filling their CNG tanks from 3414 CNG
filling stations spread all over the country. Consumers have converted from oil fuel to CNG due
less price of CNG compared to petrol and diesel. However realizing the situation of gas, it is
pertinent to mention that there is ban imposed by federal government on establishment of new CNG
Stations across the country.
Pakistan is blessed with huge coal assets of approximately over 191 billion tones. Thar coalfield in
Sindh Province has approximately 175 billion tons of coal standing as world 7 th largest coal
reserves. In terms of other energy alternatives, total quantity of coal at Thar Desert (175 billion
tons) corresponds to 50 Billion Tons of oil, more than Saudi Arabia and Iranian oil reserves and it
is also equivalent to 200 Tons Cubic Feet (68 times more than the total gas reserves of Pakistan).
Ironically having such huge reservoirs, coal is hardly being used for energy generation (only 6%
share in the energy mix).
Figure 22 shows that current energy mix has very small share (11.8%) of renewables such as hydro
(11%) and solar, biomass and wind (0.8%). On the contrary, these sources are being exploited
optimally by advanced countries in the world (Solangi, 2011). Pakistan is blessed with large hydro
sources. Pakistan has over 60,000 megawatts estimated capacity of hydro energy. However,
presently 6773 megawatts of hydropower is being generated in Pakistan which is approximately
31% of the total electricity generated from all sources and 11% of the total energy generation. These
sources can no more be neglected as the expected increase of energy demand until 2025 would be
198 MTOE which will be difficult to meet only with nonrenewables.
5.2.2 The Gap Between Supply and Demand of Energy
Pakistan has been experiencing perpetual energy crisis. Particularly industrial and domestic is
experiencing worst power breakdowns since 2010. The rapid industrial growth and the steady
increase in population have created deep wedge between supply and demand of energy. The
increasing demand for energy due to rapidly increasing population and in other sectors of economy
requires having matching increase in energy generation. Situation of energy supply, demand and
gap between supply and demand in Pakistan is shown in figure 26.
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Figure 26: Energy supply, demand and gap between supply and demand in Pakistan
(Data Source: Economic Survey of Pakistan, 2013)

It takes no time to understand that the gap between supply and demand is continuously increasing
and currently it is 25.1 MTOE (Million Tons of Oil Equivalent) which is 40% of the current energy
supply (66.1 MTOE). If this trend continues, then more seriously, the energy demand may be
increased up to 122 MTOE (increase of 34% as compared to current demand level) by 2025. Energy
demand has been growing at rate of 2.32 MTOE per annum (2.54% of the current demand level)
while supply has been lagging behind at an average of 1.17 MTOE per annum (1.78% of the current
supply level). The rate of difference between supply and demand has been 1.15 MTOE per annum
(1.73 % of the current supply level). The growth rate of energy demand and energy supply never
converged as growth rate of demand has always been more than supply as shown in figure 27. This
calls for immediate solution by selecting the most suitable alternatives.
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Figure 27: Growth rate of energy supply and demand
(Data Source: Economic Survey of Pakistan, 2014)

Following glaring conclusions can be drawn from the analysis of gap between supply and demand
of energy.
•

Rate of growth of energy demand (2.54% per annum) is 70% higher than the rate of
growth of supply (1.78% per annum). Bridging this gap in the growth of demand
and supply of energy is a huge challenge for Pakistan.

•

The rate of growth of difference between energy demand and supply (1.73% of the
current supply level) and the rate of growth of energy supply (1.78% of the current
supply level) is almost equal which should not be the case. To cover the existing gap
between energy demand and supply, the rate of growth of energy supply should
much higher than rate of growth of difference between energy supply and demand.

•

The rate of demand growth and the rate of growth of difference between demand
and supply has increasing trend which is alarming.
5.2.3 Electricity

Electricity is secondary source of energy in Pakistan generated from the primary renewable and
non-renewable sources of energy. Electricity is life line for household sector. However, the gap
between demand and supply of electricity is getting wider due to depleting energy sources such as
gas and oil. Figure 28 shows the gap between supply and demand of electricity.
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Figure 28: Demand and supply of electricity in megawatts
(Data Source: Economic Survey of Pakistan, 2014)

As explained by Muneer, household sector consumes the maximum share of electricity (48% in
2015) followed by industrial sector (45% in 2014). The share of household increases each year by
about 4% on the average due to the reason that population is growing fast and electricity is being
used by the growing population without any addition. However, due to nonavailability of other
sources of energy, the matter becomes more serious. The available gas and oil resources are
depleting, consequently the supply of energy is reducing while the demand is increasing (Muneer,
2007). Figure 29 shows the consumption shares of electricity by various sectors of economy.

Figure 29: Electricity consumption share for different sectors
(Data Source: Economic Survey of Pakistan, 2013)
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5.3 Causes of Energy Crisis
Crisis is never without a reason and so is true for perpetual energy shortfall in Pakistan. After
analysis of data, major causes of the energy crisis are enumerated below.
•

Increase in energy demand outpacing energy supply due to upsurge in population,
extravagant life style, growth in industrial and agricultural sectors and variety in
transportation means and modes.

•

Lack of proactive and integrated planning for generation of energy. The selection of
suitable energy alternative(s) is a question yet to be answered.

•

Imbalanced energy mix with greater reliance on non-renewables which puts huge
pressure on the economy.

•

Underutilization of enormous indigenous energy resources, especially renewables,
contrary to global trends. Countries which are optimally utilizing their indigenous
sources for energy generation have greater per capita energy consumption.

•

Energy sources are fast depleting around the globe especially in poor countries. On
the contrary, majority of available sources are under control of powerful countries
either through legal means or wars. This hegemony of powerful countries is major
source of price hike in oil and other energy sources.

•

Administrative, governance, economic, technical and political issues. Numerous
suitable alternatives could not be implemented on one pretext or the other. In Kyber
Pakhtunkhwa Province some part of population is against the Kalabagh Dam (hydro
energy generation) due to political reasons.

•

Lack of censuses amongst academia, researchers, investors, political leaders and
commoners on selection of suitable alternative (s) and modalities for implementation
of the suitable alternative (s).

•

Inefficient and faulty distribution and transmission system which causes energy loss
of up to 25%.

•

The issue of increasing circular debt. As explained by Trimble in his works, circular
debt arrears are 2 percent of GDP and threaten the functioning of the power sector
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(Trimble, 2011). Current circular debt is approximately PKR 480 Billions. The
reasons for such a huge circular debt are as under:
o

The difference between the actual cost and the end consumer tariff.

o

The delayed or non-payment of subsidies by government due to fiscal
constraints to recover the resulting losses of power suppliers.

o

Failure of government to recover dues from consumers.

5.4 Comparison of Pakistan' s Energy Mix with Selected Countries of the World
Like Pakistan, other countries around the globe uses the same kind of energy mix but with different
proportion of renewables and non-renewables. The comparison of Pakistan with other countries in
the context of energy mix was carried out based on the data collected from the web sites of
respective countries. For this comparison, 25 most populated countries in the world were selected
in descending order. Population was taken as criteria because generally, energy demand increases
with increase in population. These 25 countries included 13 developed countries, 9 developing
countries and 3 under developed countries from the different continents of world. Therefore, the
comparison was comprehensive. Energy mix comprising different energy alternatives was the kept
as basis for comparison. Table 8 shows comparison of these 25 most populated countries with
respect to their energy mixes.
Table 8: Comparison of Energy Mixes of the 25 Most Populated Countries of the World
Share of Energy Alternatives in Energy Mix (%)
Renewables
Non-renewables
Countries

China
India
USA
Indonesia
Brazil
Pakistan
Nigeria
Bangladesh
Russia
Japan
Mexico
Philippines

1370.590
1273.190
321.275
255.461
204.508
190.165
183.523
158.566
146.267
126.880
121.005
101.647

1
1
1.5
1
2
0.55
3
0
0.5
2
0.1
1

0
0.5
0.5
5
27.5
0.15
0.3
0
0
0
4.3
14

1
0.5
6
1
1.7
0.1
0
0
1
1
0
0

6
5
8
2
14
11
13
1.39
5
3
3.1
5

1
0
0.4
5
0.3
0
0
0
0.5
3
1.8
21

18
30
4.6
20
37.6
32.5
39
23.7
19
42
50.5
33

4
9
40
31
10.3
48.5
35.7
72.4
56
17
34.4
8

68
53
30
34
5.2
6
8
2.46
15
21
4.89
18

1
1
9
1
1.4
1.2
1
0
3
11
0.7
0
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Vietnam
91.583
Ethiopia
90.076
Egypt
88.747
Germany
81.083
Iran
78.437
Turkey
77.695
Congo
71.246
France
66.139
Thailand
65.104
UK
64.800
Italy
60.788
South Africa
54.002
Burma
51.419
Average of 25 Most
Populated Countries
Pakistan

0
0
0.5
0.5
3
3
10
2
2
5
3
1
2

35
92.4
0
0.5
0
0
65
0
0.5
0
0
0
0

0
0
0.5
0.5
0.5
7
2
3
1
0.5
1
0.5
2

10
0.9
3
9.5
10.5
12
9
10
10.5
12.5
13
14.6
9

0
0
0
0
0
0
0
2
0
0
1
0.5
0

24
6.7
41
32
32
30
6
35
40
24
23
34.4
30

11
0
53
22
43
40
6
35
30
26
20
29
36

20
0
2
24
9
7
2
10
15
30
38
20
21

0
0
0
11
2
1
0
3
1
2
1
0
0

1.83

9.83

1.23

8.04

1.46

28.3

28.6

18.5

2.0

0.55

0.15

0.1

11

0

32.5

48.5

6

1.2

(Source: EIA, 2014)

Table 8 showed very interesting global picture. The last two rows of table 8 indicates the
average of 25 most populated countries pitched against the energy mix of Pakistan. Graphical
representation of the same is shown in figure 30.

Average of 25 Most Populated Countries

Energy Mix of Pakistan

Figure 30: Comparison of Pakistan's energy mix with average energy mix of 25 most populated
countries of the world
Following conclusions were drawn from this comparison:
•

The average energy mix for 25 most populated countries indicates that 76.5 % of
their energy needs are fulfilled from non-renewables. In case of Pakistan 82.2 % of
the energy needs are fulfilled from non-renewables. Similarly, 23.5% of the energy
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needs of 25 most populated countries are fulfilled from renewables while for
Pakistan the proportion of renewables is 11.8%.
•

Pakistan’s dependence on oil (32.5%) and gas (48.5%) is greater than the
percentages of these two alternatives in average energy mix of 25 most populated
countries (28.32% and 28.69% respectively). Pakistan needs to decrease dependence
on oil as it is mostly imported and puts heavy burden on the economy.

•

Coal just occupy a space of 6% in the energy mix of Pakistan whereas in the average
energy mix of 25 most populated countries its share is 18.54 %. Pakistan needs to
explore and utilize this natural mineral optimally specially so because Pakistan has
huge reservoirs of coal.

•

25 most populated countries, including USA, UK, France, China, Russia, Japan and
Italy, of the world are using non-renewables more than renewables. Their promises
to convert to renewables for green energy have not materialized so far. They have to
set an example for the poor developing and under developed countries to shift to
renewables. Environmental concerns are equally valid for developed countries as
well.

•

A greater percentage of biomass in the average energy mix of 25 most populated
countries is due to heavy reliance of Vietnam (35%), Ethiopia (92.4%) and Congo
(65%) on biomass energy being highly underdeveloped countries. If we exclude the
high percentages of these three countries, the share of biomass reduces to less than
2%.

5.5 Implications of Energy Crisis
After analysis of energy crisis, its causes and comparison at the global level, a focused attempt was
made to find out its impacts on Pakistan. The simple question of how Pakistan has suffered due to
existing energy crisis? was deeply investigated and results were deducted. Crux of this complete
and lengthy investigations are discussed below:
•

Gross Domestic Product (GDP). Figure 31 shows the trend of GDP growth rate versus

the growth rate of energy supply. Fluctuations in the GDP growth rate almost
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confirm to fluctuations in the growth rate of energy supply which proves that with
more availability and utilization of energy, the GDP and living standard improves.
This indicates the significance of energy availability to consumers and all sectors of
economy. There was a significant improvement in the energy consumption in 2004
to 2006 due to increased use of CNG in transport sector and other thermal units in
the industrial sector. This increased consumption was possible due to increased
explorations of gas, construction of Ghazi Brotha Dam and the revitalization of dead
thermal units of power producers. Consequently, the
GDP growth rate improved. Present government is also working on the increased
supply of energy and therefore the growth rate of GDP is improving.

Figure 31: Relationship between growth of energy supply and GDP of Pakistan
(Data Source: Economic Survey of Pakistan, 2014)

•

Human Development Index (HDI). Human development has strong relationship
with the use of energy. Figure 32 shows relationship between annual per capita
electricity use (kilowatt hours) and development index for selected countries.
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Figure 32: Relationship between HDI and annual per capita electricity use
(Source: IEA, 2014)

As can be seen from figure 32, Pakistan has HDI of around 0.5 with per capita use
of energy less than 400 kilowatt hours. Ironically Pakistan is only ahead of Congo
and Ethiopia. Figure 33 shows standing of Pakistan and other Asian countries.
Pakistan is ranked 146 out of 187 countries on HDI as shown in figure 16.
Pakistan is just above Afghanistan in the South Asian Region.

Figure 33: Comparison of Pakistan's HDI standing with other Asian countries
(Data Source: Economic Survey of Pakistan, 2014)

•

Production. As shown figure 34, economists around the globe has concluded that
industrial productivity and energy availability has direct relationship. The growth
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rate of productivity and energy availability moves in conformity to each other
(Goldemberg, 1983).

Figure 34: Relationship between industrial productivity and energy availability
(Source: World Industrial Production Statistics, 2015)

In Pakistan industry has suffered due to non-availability of energy (electricity).
According to an estimate of economic survey of Pakistan, the industrial production
reduced by 2.2% annually from 2010 to 2013 due to non-availability of required
electricity to industrial sector. On the contrary, it has improved by 1.03% due to
improved availability of electricity in year 2014-15. Similarly, agriculture
productivity is strongly related to availability of energy (electricity) as modern
farming is dependent on electricity for use of gadgets. The more the availability of
energy to farmers, the more the agriculture production and vice versa.
•

Education and Health. There is a strong relationship between access to energy
needs and education according to International Energy Agency. Countries where
basic energy requirements are available in the schools have higher literacy rates. In
Pakistan 27 % of the primary schools are without basic energy needs (electricity,
clean water etc.) due to which it could not achieve the desired literacy rate especially
in rural areas. Similarly, in Pakistan, temperature rises to 45 oC in peak summers
which causes deaths due to heat stroke. The same happened in June 2015 when more
than 1050 human lives were lost due to heat wave in Karachi. The major contributors
of this incident were power breakdown and nonavailability of requisite facilities in
health centers including major hospitals. People with improved form of energy
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means are less susceptible to such diseases and vice versa. Health improves with
availability of improved form of energy.

5.6 Striking Strands of National Power Policy 2013
To offset the impacts of energy crisis, National power policy was announced in 2013 with the
objective for provision of affordable energy to consumers through an efficient integrated system of
generation, transmission and distribution. This policy has been formulated by Ministry of Water
and Power, Government of Pakistan to facilitate provision of energy to consumers. It was expected
that implementation of policy will not only address the power sector challenges but will also boost
economic growth and social development in the country. Policy radiated long term vision of the
power sector. From analysis of this policy document, following aspects were concluded.
•

Challenges to Power Sector. Energy crisis is due to number of challenges being
faced by Pakistan’s power sector which are elucidated below:
o

Gap between Supply and Demand. Deep and worsening gap between
supply and demand of energy as demand is way more than the existing
supply leading to gap of up to 4,500 - 5,500 megawatts. This gap is
increasing with time owing to manifold increase in consumers from all
sectors. To manage this huge gap power beaks and load-shedding of 12-16
hours is being enforced throughout the country, especially in summers. o
Costly Production. Heavy dependence on import of expensive thermal fuels
(41% of total energy mix) has made the generation of electricity expensive
(~PKR 12/ unit). Electricity at such high rate is not affordable by common
consumers of the country consequently they use illegal means such as theft
to get electricity. These non-paying consumers put extra burden on the whole
system.

o

Losses and Theft. Losses in the old and depleted power transmission and
distribution system reduce the output that reaches end consumers. Currently
these losses accounts for 25 percent of the total electricity output. Out of this
25%, 12% losses are due to theft. These losses have immense effect on the
cost of electricity units delivered to the end consumers who have to pay more

237
due to inefficiencies of the system and theft. The cost is surely more than the
per unit generation cost. Currently this cost is more than PKR 15. The
cumulative economic loss due these losses is estimated to be PKR 150 billion
annually, increasing at the rate of
2.5% annually.
o

Circular Debt. The issue of circular debt resulting due to system’
inefficiencies, theft, and high cost of electricity generation. Because of these
reasons unbearable levels of subsidies have to be granted to production and
distribution companies and consequently huge circular debt is resulted which
is currently 480 billion rupees.

•

Goals. To objectively steer the whole process of power generation and distribution,
National Power Policy was founded on following goals (taken quote unquote from
the policy): o “Build a power generation capacity that can meet Pakistan’s energy
needs in a sustainable manner.
o

Create a culture of energy conservation and responsibility.

o

Ensure the generation of inexpensive and affordable electricity for domestic,
commercial, and industrial use by using indigenous resources such as coal
(Thar coal) and hydel.

o

Minimize pilferage and adulteration in fuel supply. o

Promote world

class efficiency in power generation.
o

Create a cutting edge transmission network.

o

Minimize inefficiencies in the distribution system.

o

Minimize financial losses across the system.

o

Align the stakeholders involved in the energy sector and improve.”
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•

Targets. Based on these goals short term targets were set as under (taken quote
unquote from the policy document):
o

“Decrease supply demand gap from 4500 - 5000 megawatts today to 0
megawatt by 2017.

o

Decrease cost of generation from PKR 12 / unit today to ~ PKR 10/ unit by
2017. o Decrease transmission and distribution losses from ~23-25% to
~16% by 2017.

o

Increase collection/ recovery of dues from ~85% to 95% by 2017.”

5.7 Planned Energy Initiatives
Realizing the severity of the fact that demand for energy is more than supply and this gap worsening
with time, Government of Pakistan have planned energy initiatives in the near future to generate up
to 16564 megawatts of electricity till 2018. Description of these projects is shown in table 9.
Table 9: Planned energy initiatives by Government of Pakistan
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(Data Source: Economic Survey of Pakistan, 2013)

5.8 Alternative Energy Development Board
Alternative Energy Development Board (AEDB) was established by Government of
Pakistan in 2010 which has initiated number of actions to attract investors from private sectors for
greater public private partnership for energy generation. Realizing the criticality of energy for
economic growth, AEDB has recently developed its Vision 2025 for Pakistan. The aim of this vision
is to ensure access to affordable, efficient and clean energy alternatives to population of Pakistan.
The main elements of this vision are enumerated below (taken quote unquote from Economic
Survey of Pakistan, 2013).
•

“Optimize energy supply mix; economic, scalable, indigenous by 2025.

•

Reduce cost per unit of energy.

•

Reduce supply and demand gap by 2018 and exceed the demand by 2025.

•

Create and encourage culture of conservation and efficiency in the usage of energy.”
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After analysis of existing energy crisis, its causes and impacts, the basic question arises what
are the options available with Pakistan? Which indigenous energy alternatives can be used by
Pakistan? These pertinent questions were answered in chapter 6 which describes techno economic
profile of the available energy alternatives in Pakistan.
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Chapter 6

TECHNO-ECONOMIC PROFILING OF ENERGY ALTERNATIVES FOR
PAKISTAN 6.1 Prelude
In the previous chapter it was established that we have a perpetual energy crisis which is impacting
our socio-economic status. We need to find out solution of this crisis by utilizing the available
energy alternatives. Pakistan is blessed with many natural sources of energy. Almost all renewable
and non-renewable energy alternatives are available in Pakistan. There is a need for prudent
exploration and use of these energy sources. This chapter explains the techno-economic profile of
energy alternatives available in Pakistan.

6.2 Alternatives Available for Energy Generation
•

Renewable and Non-Renewable Energy Alternatives. Energy can be produced
from renewable and non-renewable sources. Renewable energy sources can be
renewed for sustained consumption. Renewables sources are naturally available in
varying quantities; experiencing seasonal and temporal variations, however these
are naturally recouped. Renewable sources do not deplete with time. Renewable
sources include solar, wind, hydro, biomass and geothermal. All these sources
experiences seasonal variations, but are never depleted or finished. Nonrenewables
sources are those sources which get depleted and reduced with consumption and
cannot be renewed. Some of the non-renewables like gas, coal, oil are naturally
available but these sources cannot be recouped once consumed as these get depleted
with more and more consumption. Similarly, nuclear energy also fall in the category
of non-renewable as it is difficult to consistently replenish the energy produced from
nuclear power.

•

Energy Alternatives Available in Pakistan. Pakistan has a geographical landscape
comprising mountains, plains, desert and coast. It has been blessed with almost all
kind of renewables and non-renewables energy alternatives. Different renewable
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and non-renewable alternatives for energy generation in Pakistan are shown in
figure 35 and 36.

Figure 35: Renewable energy alternatives in Pakistan

Figure 36: Non-renewable energy alternatives in Pakistan
In the next section detailed description of techno-economic profile of each source of energy along
with its existing potential in Pakistan is given.
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6.3 Renewable Sources of Energy
Pakistan could not exploit its naturally blessed potential of renewable sources of energy. The
current share of renewables in energy generation is 11.8% (7.69 MTOE out of total energy supply
of 65.2 MTOE in 2014-15). Contribution of renewable energy sources in current energy mix is
shown Figure 37. There is no geothermal energy generation project in Pakistan. This situation is
much below the desired level. As explained by Mirza, globally, renewables sources of energy are
being exploited maximally because of its natural availability, sustainability and reduced risk of
depletion (Mirza, 2009). A brief description of renewable sources of energy and its current
condition in Pakistan is given in the succeeding sections.

Figure 37: Share of renewable energy sources in generation of energy
6.3.1 Solar
Conversion of sun light in energy is called solar power. It is done by two methods; in direct method
photovoltaic (PV) is used to convert light into electric current while in indirect concentrated solar
power (CSP) is used to convert large area of sun light into a small concentrated beam with the help
of lenses and mirrors. The two methods are illustrated in figure 38 and 39 respectively. Initially in
1980s concentrated solar power plants were developed as commercial ventures. The world’s largest
concentrated solar power plant with a capacity of 392 megawatts is located in the Mojave Desert
of California. Similarly, the world largest photovoltaic power station of 290 megawatts capacity is
the Agua Caliente Solar Project in United States.

244

Figure 38: CSP system

Figure 39: Photovoltaic system

A photovoltaic cell (PV) also called as solar cell initiates photovoltaic action for conversion of
light into electric current. Charles Fritts developed the first solar cell in 1880s. The intensity of
direct current (DC) produced by solar cells depends on the intensity of sunlight. This direct current
is required to be converted to alternating current (AC) for everyday use. For this purpose inverters
are used. For greater effect solar modules are used which contain several solar cells. These modules
are meshed together into arrays which are tied into a solar panel. To get the desired voltage, inverter
is connected to panel. At the end residential complexes and markets are connected to grid developed
by connecting huge number of solar panels. The process of conversion of solar radiation into energy
is shown in figure 40.
According to Basir, nature has blessed Pakistan with excellent geographical location in
Sunny Belt with long sunshine hours. The insulation levels of the solar radiations are high.
Therefore, overall Pakistan is ideally located to utilize solar energy technologies to the best
advantage as shown in figure 41 (Basir, 2013). Solar energy causes no pollution and is attractive
feasible renewable alternative world over. Moreover, it does not require refining and transportation
over long distances as is the case with conventional fuels. When installed it is automatically reenergized with the radiation of sun.
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Figure 40: Process of conversion of solar radiation into energy

Figure 41: Map of annual average mean daily solar radiation
(Source: Alternative Energy Development Board, Pakistan)
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Pakistan is lucky enough to have this energy source abundantly across its length and breadth. The
intensity of solar radiation is particularly high in Baluchistan. In Baluchistan, the average daily
global insulation is up to 20 million Jules per meter square per day and annual mean sunshine
duration of 8 to 9 hours a day and these values are among the highest in the world. The most
significant fact is that daily global radiations up to 20 million Jules per meter square are available
for 24 days (80% of the month). These conditions are most suitable for solar energy generation
especially through photovoltaic technology. A very good opportunity is available to Pakistan to
utilize these conditions optimally and produce enough energy to reduce poverty, improve the socioeconomic condition and standard of life of the people. According to a fair estimate by Mirza, solar
energy generation can help to electrify approximately 40,000 remote villages across Pakistan.
Besides lightening and lamping, solar energy is beneficial for heating and cooking as well and many
advanced countries are exploring solar energy in this context (Mirza, 2003).
In Pakistan, use of solar energy is on increase. People in the far flung areas are using solar energy
for different uses. Solar panels are seen on numerous roof tops where electricity is not available. It
is being used at the households’ level in the stand alone mode for lightening, water pumps and other
domestic purpose. Recently Government has concluded many initiatives of solar water pumps for
drinking and agriculture purposes in rural areas of the country where electricity is not sufficiently
due to frequent breakdown. With popularity of solar energy, Government has engaged many private
investors for public – private joint solar energy ventures.
From technical point of view, the ideal provinces for solar energy are Sindh and Baluchistan. 77
percent of population of Baluchistan lives in rural areas and around 90 percent of these small rural
villages are without electricity. These villages are located in far flung areas and the option of laying
transmission lines for electricity is economically not viable. Dwellings in these villages are mostly
single room with estimated electricity load of 50 to 100 watts. Therefore, solar energy is the most
viable economical alternative for these villages. Realizing the need, Government has initiated many
village electrification projects. As test case nine villages were selected in all the four provinces and
100 homes of these villages were electrified by solar energy. The project was successful. Currently,
Pakistan is producing 525 Megawatts of energy from planned solar energy generation projects
(Bhutto, 2012).
6.3.2 Biomass
Biomass energy is derived from plants, waste, garbage, landfill and wood. It is a renewable energy
source. It is considered to be the cheapest energy source which can be domestically produced from
the animal and human waste. For this reason, biomass energy is getting popular at the global level.
Biomass energy is mostly produced from plants, bushes, shrubs and animal waste to produce
electricity or heat. Biomass energy can also be produced from wood and industrial waste. Similarly
biomass energy can be produced from municipal or industrial solid waste. Biomass energy can also
be extracted from sugar cane, grass, and leaves. These raw materials are converted into biomass
energy by three methods; thermal conversion, chemical conversion and biochemical conversion.
Biomass Energy is an unlimited natural alternative. It has the capability to replace fossil fuels and
thus reduce the economic burden of importing expensive oil from foreign countries. However, use
of biomass has an inbuilt disadvantage that of adding pollution to the environment, especially when
wood, bushes and shrubs are used for generation of biomass energy. Moreover, when biomass
energy is produced from animal waste and dungs, it generates pungent smell which again is
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disadvantage. Biomass energy production is yet not fully matured and its large scale use is yet to
materialize. So far, it has been used at the household level to fulfill basic energy needs. The process
of conversion of biomass into energy is shown in figure 42. The bio gas is generated in a dug out
which is filled with human, animal waste and bio slurry.
Pakistan started its biomass gas development scheme in 1974 and by 1987 it has so far
commissioned more than 2000 small scale biomass gas producing units. This effort is well
recognized by World Energy Council (WEC). These small scale plants were installed in rural areas
and these had the capability to produce 150 cubic meters of gas per day. However, due to lack of
administrative, technical and financial back up these projects were terminated in early 1990s. Later
on, in early 2001 and 2002, government again realized the benefits of biomass energy due to sever
energy crisis in the country. Accordingly, to facilitate the households’ energy needs 1,600
household biomass energy projects were completed by 2006 in rural areas of the country. Seeing
the positive results, another 2,500 plants were installed by 2008. These projects generate
approximately 690 million cubic meters of gas per day for the household sector. Pakistan has one
of largest unexploited biomass energy potential in the region. According to Mirza, the climate,
humidity and temperature of Punjab Province are particularly suitable for biomass energy
production (Mirza, 2008).

Figure 42: Process of energy generation from biomass
The animal dung is a great natural source of biomass gas which is biggest source of biomass energy.
Animal dung has two fold advantages; production of gas to fulfill the household’ energy needs for
cooking and heating and to act as fertility multiplier in case of agricultural cropping in the fields.
The last livestock census was conducted in 2002-03 which indicates that in Pakistan, the number
of animals (buffaloes, cows, and bullocks) was roughly around 48 million. The daily dung quantity
of each animal is around 15 kilograms. If we multiply it with the number of animals we get the
dung quantity of 720 million kilograms per day. If we assume 50% collection losses, we can
produce approximately 17 million cubic meter of biogas daily. This huge quantity of gas is
sufficient to meet the energy needs (cooking and heating) of 51 million poor people living without
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electricity in rural areas. Therefore, biomass energy production should be encouraged in the rural
areas without electricity.
6.3.3 Wind
Electricity is generated by wind turbine using the kinetic energy stored in wind. The generation of
electricity from wind can be done at small scale as well mega scale. A single wind turbine can be
suitably installed provide electricity to a single home or a small complex of homes. On the other
hand, when a large number of wind turbines are installed at single location in a group it is called as
a wind farm or wind park. A wind park can produce electricity for community, industrial and
commercial use.
A wind turbine is nothing but a high-tech windmill. When wind strikes the angled blades of rotor,
it rotates. Due to this rotation kinetic energy of wind is converted into mechanical energy. There
are sensors fitted with turbine which sense the direction and strength of wind. These sensors turn
the blades towards the wind. The rotor is connected to generator. The generator converts this
mechanical energy into electrical energy. A substation accumulates electrical energy from all the
turbines installed in a specific locality. From substation, electricity is contributed to national grid
of power lines to further transmit to domestic and industrial sectors. Process of energy generation
from wind is explained in figure 43. According to Gipe, the significant wind belt in Pakistan
stretches mostly along the coastal belt of Sindh, Baluchistan as well as the hilly areas of Khyber
Pakhtunkhwa and Quetta (Gipe, 1995). The wind map of Pakistan is shown in figure 44.
According to Burton, the potential of wind energy have not been significantly explored in
Pakistan. Only few wind farms have come up in the coastal belt of Sindh. The climatic data
indicated that Pakistan has 62 kilometer wide and 185 kilometers long coastal belt from Gharo to
Kati Bandar and up to Hyderabad. Approximately 50,000 megawatts of electricity can be generated
if this belt is optimally explored. There are other suitable sites for wind energy along the coastal
area of Baluchistan and hilly areas of Quetta, Kyber Pakhtunkhwa and Northern
Areas which can be exploited. Around 5000 small villages located along the coast of Baluchistan,
Sindh and hilly areas of Khyber Pakhtunkhwa and Northern Areas can electrified through wind
energy (Burton, 2011).
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Figure 43: Process of energy generation from wind

Figure 44: Wind map of Pakistan
(Source: Pakistan Meteorological Department)

Large wind farms have not been developed in Pakistan so far. However, few wind farms
have been developed in Sindh and Baluchistan on experimental basis. Recently, wind Park
comprising twenty wind turbines has been developed at Gharo. Location of different wind power
energy projects is shown in figure 45.
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Figure 45: Location map of wind energy projects in Pakistan
(Source: Alternative Energy Development Board, Pakistan)

6.3.4 Geothermal
Geothermal energy is another renewable energy source that can be used with modern day
technology to harness power for large scale usage. Current statistics at the global level shows that
this source has not been exploited optimally due to cost involved in exploration. Geothermal energy
is the energy of earth. There is huge reservoir of energy stored in the earth. The temperature inside
the earth is 3·10 terawatts and immense heat is generated inside earth because of this high
temperature. The earth is vast and so is the geothermal energy source stored into it. It is such a huge
reservoir that it can fulfill the energy needs of population living on the earth. This energy is
formulated through a long term decay process of minerals and absorption of heat of sunlight. Heat
from earth was anciently used for water heating and space heating. There are numerous uses of
geothermal energy in modern era, the major being generation of electricity. Today geothermal
energy is taken as huge limitless energy source stored in earth.
As explained by Armannsson, huge cost is involved in installation of geothermal energy plant but
when it is installed it becomes cost effective as it does not require fuel for operation and the
maintenance cost are less (Armannsson, 1992). However, there is risk of locating correct spot for
extraction of geothermal energy. In the context of Pakistan, the initial cost of drilling and electricity
generation plants is estimated approximately up to 20 million PKR per megawatt which reduces
significantly with time. Moreover, the cost of getting direct heat is much lower compared to cost
of electricity. The process of energy generation from geothermal source is explained in figure 46.
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The production and injection wells are drilled at the minimum depth of 4.5 kilometers in the earth
surface at suitable spots and huge pipes are inserted for hot and cold water. The steam generated
by hot water rotates the turbine which produces electricity which is transmitted to households and
industries through transmission lines.

Figure 46: Process of energy generation from geothermal source
Pakistan is blessed with geothermal energy sources, in varying proportions, all over its landscape.
The available temperature gradient at these suitable locations varies and therefore the extent of
geothermal energy that can be produced also varies. Deep springs carrying hot water streams are
available in Northern Areas of Pakistan. The population of these areas can be helped in an
institutionalized manner to take advantage of this huge source of energy for space heating. This
would be the direct use of geothermal energy which can result in saving of 30,000 megawatts of
electricity as per estimates of Energy Foundation of Pakistan. Similarly, Pakistan can explore the
huge geothermal energy sources for power generation. As per the estimates of Pakistan Energy
Foundation, approximately 95,000 megawatts of electricity can be generated from geothermal
sources available in Pakistan. However, these estimates are required to be formalized through
detailed geophysical and geotechnical surveys. One thing is certain that the shallow geothermal
energy sources, estimated as equivalent to 60,000 megawatts of electricity, can be used for cooling
and heating with much convenience, especially in Northern Areas of Pakistan. Such like ventures
have been taken by many countries around the globe. The cost of such ventures is less as it involves
only the installation of geothermal heat pumps (GHPs) at the shallow depth. These small ventures
can effectively save the consumption of gas and electricity being used for space heating and
cooling. Realizing this advantage of heat pumps, Energy Foundation of Pakistan has installed three
geothermal heat pumps at Lahore, Islamabad and Peshawar for demonstration purposes.
Presently there is no geothermal energy project operating in Pakistan. So, as of now, energy
generation by this renewable source is zero.
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6.3.5 Hydro
Hydro means water. Therefore, the energy generated by water power is called hydro energy. The
kinetic energy of falling or flowing water is used to produce power. Hydro energy is the form of
renewable energy that is extensively used by countries all over the world. As per the global
estimates, 16% of world electricity production is from hydro source. The tendency to use hydro
source of energy is likely to increase at the rate of 3% each year. As of now, around 151 countries
are taking advantage of this naturally available renewable source of energy. As per estimates of
2014, 33% of the global hydro power is being generated in Asia Pacific Region. China is the biggest
producer of hydropower. It produces 18% of electricity from hydro power.
The kinetic energy of flowing or falling water is converted into electrical energy at
hydroelectric power station. First of all, water kinetic energy is converted into potential energy by
damming it. This water is channelized through a penstock towards a turbine when the inlet and
control opens. The water causes turbine to spin which activates the generator. The generator
produces electrical energy which is transmitted to different areas through power lines. The process
of generating energy from the hydro sources is shown in figure 47.

Figure 47: Process of generating energy from hydro source
The cost of electricity generation from hydro source is low. Being renewable and cheap source of
energy, hydro is the most attractive and competitive source of electricity world over. The quantity
produced can be controlled up and down to meet fluctuating energy demands, this makes hydro as
flexible source of energy. There are few disadvantages associated with hydro power. For example
building dams can affect the river water course, damage the ecosystem and often results in
displacement of masses and wildlife. On the contrary, hydro power becomes the most suitable
alternative when developed, as it generates no waste, and it is environment friendly. Compared to
other fossil fuels, hydro energy has lower output level of the greenhouse gas carbon dioxide (CO 2 ).
As per estimates, Pakistan can produce more than 60,000 megawatts of electricity through
hydropower. Presently only 6775 megawatts of electricity (11% of the total energy mix and 30%
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of the total electricity output) is generated using hydro source (GOP, 2006). The distribution in
different parts of the country is shown in figure 48.

Figure 48: Share of hydro electricity generation
In the blessed geographical landscape of Pakistan, northern part is richest in hydro power sources.
There are many sites in the hills of norther areas where small hydropower projects can be initiated
to fulfill the energy needs of households in the far flung deprived areas where most of the population
live without access to electricity. These projects can prove substantially beneficial for variety of
uses by households like lightening and agriculture. Alongside this the water falls in canal and
barrage network of Punjab and Sindh can be explored for micro scale hydropower projects.
Recently such ventures of 200 megawatts have been initiated by Government at Tunsa Barrage in
Punjab and at Guddu Barrage in Sindh.

6.4 Non-renewable Energy Sources
In Pakistan greater share of energy generation comes from non-renewables. 88.2 % (57.38 MTOE
out of total supply of 65.2 MTOE) is generated by non-renewables. Gas has the maximum share
(48.5%) of energy generation within non-renewables. A brief description of non-renewable energy
sources is covered in succeeding sections.
6.4.1 Coal
World 40% of electricity is produced from coal. Coal is a non-renewable combustible fossil fuel.
It is basically a sedimentary rock mostly composed of organic carbon. Coal is formed by a process
of compression of decomposed vegetation at high temperature. This process may take million years.
Coal is naturally available in two forms; coal beds are horizontal layers of coal and coal seams are
roundish and vertical coal chunks or veins. Similarly there are two types of coal; thermal coal and
metallurgical coal. Thermal coal is used for energy generation while metallurgical coal is mostly
used for steel production. Thermal coal has low carbon contents, high moisture and is widely
available.
As shown in figure 49, electricity generation involves burning pulverized thermal coal. The heat
generated due to burning of coal is used to convert water into steam. Steam is used to turn rotate
the turbine. Turbine is linked to generator which upon activation generates electricity.
Transmission and distribution lines network is used to transmit electricity to homes and workplaces.
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Figure 49: Process of energy generation from coal
Pakistan is blessed with one of the biggest reservoir of coal. The estimated accumulative quantity
of coal is approximately 191 billion tones. Thar, located in Sindh Province, has coal reservoir of
175 billion tones and it is yet to be fully explored. Coal reserves have been identified at 25 locations
in the country as shown in figure 50. Some of the locations are functional while remaining are being
made functional through a phased programme by Government of Pakistan.
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Figure 50: Location map of coal reserves
(Source: Geological Survey of Pakistan, 2014)

The estimated quantity of total coal reserves available in different provinces of Pakistan is shown
in figure 51. World’ 7 th largest coal reservoir is located in Pakistan at Thar. Total quantity of coal
at Thar is 175 Billion Tons which is equivalent to 50 Billion Tons of oil (more than Saudi Arabia
and Iranian oil reserves) and it is also equivalent to 200 Tons Cubic Feet of gas (68 times more than
the total gas reserves of Pakistan).
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Figure 51: Estimated quantity of coal reserves in Pakistan (Source:
Geological Survey of Pakistan, 2014)

6.4.2 Gas
Natural gas is non-renewable fossil fuel which is widely used as source of energy. It is produced
when decayed plants and animals are subjected to extreme heat and pressure for long period of
time. It is used to produce electricity. Since the natural gas reservoir cannot be recouped for a
considerable time after extraction, it is categorized as non-renewable. The process of electricity
generation from natural gas consists of chain of activities from its extraction, treatment and
transportation to the power plant. The process of energy generation from gas is explained in figure
52. According to latest technology of combined cycle, two turbines are driven by the natural gas.
The gas turbine is driven directly by the gas and the hot exhaust produced in this process is utilized
to drive a steam turbine. Thus same energy source is used twice to generate electricity which is
further transmitted to houses and industries through an elaborate power lines network.
Pakistan has huge natural gas reservoirs along its topographical landscape. The total accumulative
recoverable reserves of natural gas in Pakistan are approximately 55.68 trillion cubic feet. Present
cumulative production is 30.90 trillion cubic feet (56% of the available reserves) leaving 24.77
trillion cubic feet (44%) still to be explored. Presently 26 firms are involved in exploration and
subsequent production of oil and gas. There are 169 natural gas reservoirs in the country. The
current supply of gas is 4 billion cubic feet (BCF) per day while the demand for gas is 8 billion
cubic feet (BCF) per day creating a shortage of 4 billion cubic feet (BCF) per day as shown in
figure 53.
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Figure 52: Energy generation from gas

Figure 53: Demand and supply of gas in Pakistan
(Data Source: Economic Survey of Pakistan, 2015-16)

The growth rate (% increase and decrease) of gas production and consumption ha s shown a
fluctuating behaviour. From 2013 onwards growth rate of production and consumption has been
consistent. Figure 54 shows growth rate of production and consumption of gas from 2001 onwards.
Pakistan is one of the biggest consumer of the natural gas. The consumption shares (%) of various
sectors is shown in figure 55. The maximum share is taken by industrial sector which includes
cement and production industries.
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Figure 54: Growth rate of gas production in Pakistan

Figure 55: Consumption of gas in different sectors
6.4.3 Oil
Oil is a non-renewable hydro carbonized fuel. The chemical energy stored in the ingredients of oil
is converted to electrical energy. As shown in figure 56, oil is supplied to boiler where its chemical
energy is converted into heat energy by a process of controlled burning. The water circulates around
the boiler in the pipes. This water is converted into steam by burning of oil in the boiler. This steam
exerts pressure on the steam turbine and causes it to spin. This steam turbine is connected to
generator which is also activated due to rotation of steam turbine. This mechanical energy is
converted into electrical energy by the generator. This electricity is converted to high voltage by
transformer and this high voltage power is transmitted to houses and industries by transmission and
distribution lines. This process is shown in figure 56.
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Figure 56: Generation of energy from oil
In Pakistan, reliance on gas and oil for generation of energy is the highest. Oil is a costly fuel and
over dependency on this costly fuel has burden the economy of Pakistan as oil is generally imported
on high fluctuating prices. A mammoth cost is paid due import of oil. In 2014, 233 million barrels
were imported costing US$ 4.5 billion with a growth rate of roughly 56% each year. This import
of costly oil has many economic repercussions, the major being the circular debt. The cost of
generating one unit of power from oil is high. Resultantly, every unit generated at the thermal plant
involves a huge subsidy per kilowatt hour. This is the fundamental reason of perpetual and
worsening circular debt.
In 2015, total recoverable oil reserves in Pakistan are 1102.7 million barrels. The present total
production is approximately 625 million barrels (56% of total recoverable) while reserves yet to be
explored are approximately 479.6 million barrels (44% of total recoverable). Realizing the risk and
challenges, more exploration efforts by public and private partnership have been encouraged by
Government of Pakistan. During 2014, 73 wells were spudded and 18 discoveries have been made.
The gap between the production and consumption is the net import of oil which is a steady load on
the economy of Pakistan. The production and consumption growth rate of oil has been crisscrossing
each other. Figure 57 shows the of production and consumption situation of oil in Pakistan.
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Figure 57: Growth rate of production and consumption of oil
Transport and power sectors are the highest users of oil while agriculture is the lowest in Pakistan.
A small percentage (0.4%) of households is also uses oil for domestic use. The share of various
sectors in consumption of oil is shown in figure 58.

Figure 58: Share of different sectors in consumption of oil

261
6.4.4 Nuclear
The nuclear energy stored in uranium is converted into electrical energy by the nuclear power plant.
This nuclear process takes place in a reactor vessel. By this process nuclear energy is converted
into heat energy. This heat generates steam which causes the turbine to spin. The spinning of turbine
activates generator which converts mechanical energy into electrical energy. This electricity is
transmitted to houses and industries through a national grid of power lines.
This process is shown in figure 59.
Sovacool has elucidated that reason due to which nuclear energy is categorized as nonrenewable.
Since the consistent replenishment of nuclear element is not possible due to its limited availability,
nuclear energy is non-renewable. Energy is produced from fission of uranium U235 which is rare
in the nature. Therefore, nuclear energy is listed as non-renewable energy source (Sovacool, 2008).
In Pakistan, development of nuclear energy facilities is the responsibility of Pakistan Atomic
Energy Commission (PAEC). Currently three nuclear power plants are being operated in Pakistan;
Karachi Nuclear Power Plant (KANUPP) of 100 megawatts, Chashma Nuclear Power Plant
(CNPP) Unit 1 and 2 of 325 and 330 megawatts respectively. Existing total capacity is 755
megawatts.

262

Figure 59: Process of energy generation from nuclear source

6.5 Available Potential of Energy Generation in Pakistan
Pakistan has been blessed with all kind of energy sources. However, till now we could not utilize
the full potential of any of the source, especially the renewables. Currently, 88.2% of the energy is
being produced by non-renewables while only 11.8% of the energy is produced by renewables. We
need to balance out energy mix. The available potential of energy sources vis-avis total generation
is shown in table 10.
Table 10: Outlook of available potential and existing energy generation by Pakistan
Sources

Total Potential

Explored/ Utilized
Renewable Sources

Balance
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Solar

Natural

525 megawatts by
approximately 6 planned
projects so far

Unlimited

Biomass

690 million cubic
meters of gas

998 thousand cubic meters

689 million cubic meters

of gas is generated by

(99.86%)

approximately 2500
biomass projects (0.14%)
Wind

50,000 megawatts

310 megawatts by 50 wind

49690 megawatts (99.5%)

mills installed in Sindh and
Baluchistan (0.5%)
Geothermal

Natural

0

Unlimited

Hydro

60,000 megawatts

6773 megawatts (11.29%)

53227 megawatts
(88.71%)

Non-renewable Sources
Coal

191 billion tons

66.85 billion tons (35%)

124.15 billion tons (65%)

Gas

55.6 trillion cubic

30.6 trillion cubic feet

24.7 trillion cubic feet

feet

(56%)

(44%)

1102.6 million
barrels

623 million barrels (56%)

479.6 million Barrels

2000 megawatts

755 megawatts (37.75%)

Oil

Nuclear

(44%)
1245 megawatts (62.25%)

The compulsion to rely on costly non-renewable alternatives is the major reason of current energy
crisis. Oil being expensive, needs to be replaced with some cheaper domestic source preferably
renewable. Recently, Government has approved four power development projects having
accumulative capacity of 3511 megawatts. The new energy projects include two nuclear energy
generating projects located at Karachi with generating capacity of 2200 megawatts, two hydro
energy projects one each at Nandipur (425 megawatts) and NeelumJhelum (969 megawatts).
Besides, there are ventures to explore the potential of renewables sources such as wind, sun and
biomass. A list of the ongoing and proposed energy projects is given at Appendix C.
However, the big question is which is the most efficient and suitable energy alternative for Pakistan
out of the available renewables and non-renewables sources? Should Pakistan keep spending on all
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the alternatives equally or should it prefer one alternative over the other in view of its social,
economic and environmental advantages? History reveals that this priority could not be laid out
and Pakistan has been engaged in investment on all the energy alternatives in a haphazard manner.
This indicates the nature of crisis we are facing.

6.6 Social, Economic and Environmental Suitability
In the modern era, economic analysis has to cater for economic, social and environmental aspects
simultaneously while selecting an energy alternative for implementation. The suitable energy
alternative has to be economically, socially and environmentally sustainable. Mere analysis of
quantitative monetary aspects, ignoring or relating social and environmental concerns, will not
work. Besides local priorities, there have global social and environmental obligations which are
required to be met. The desirable features of energy alternatives, as shown in figure 60, are as under.
•

The energy alternative has to be economically and environmentally viable. An
environmentally hazardous alternative should not be selected for implementation
even if it is economically viable.

•

The energy alternative has to be socially and environmentally bearable. Its
implementation should not cause harm to society and environment.

•

The energy alternative has to be socially and economically equitable. It should not
create economic inequalities and social cleavages.

•

The energy alternative has to be economically, environmentally and socially
sustainable.
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Figure 60: Desirable features of energy alternatives for implementation

6.7 Combination of Alternatives for Energy Generation
Energy can be generated by different combination of available alternatives. The economic analysis
of different combinations of renewable and non-renewable energy alternatives was not considered
in this research due to following reasons.
•

The combination of two best alternatives is always best than other combination.
For example if some alternative A is best and there is another alternative B which

•

is also best, then the combination of A and B is always best. Similar is the case with
combination of three alternatives and so on. So, identification of the best, better,
good, slightly good, bad alternative was essential and the same was emphasized in
this research. Any combination of the best alternatives will automatically be the best
compared to others.
The energy requirement is so huge that best, efficient and most effective alternatives
are required to be grouped to create an efficient energy generation system. So, it is
the question of finding the best alternative (s) for energy generation; suitable
combination is automatically generated when the alternatives are rated and ranked
by qualitative and quantitative economic analysis.
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After comprehensive analysis of the energy crisis, gap between requirement demand, current
energy generation potential and available energy alternatives in Pakistan, the new framework for
qualitative analysis of alternatives is explained in the next chapter.
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Chapter 7
DESCRIPTIVE ANALYSIS OF DATA

7.1

Prelude

As described in chapter 4, data was collected by field visits to existing energy projects, interviews
of experts and collection of opinion of population sample using survey method. Data was collected
from six major cities of Pakistan. Opinion of population sample was obtained through a carefully
formulated questionnaire containing 26 questions regarding socio-economic and environmental
factors. Data handling, summation and tabulation is explained in succeeding sections.

7.2 Field Visits
Field visits to 14 existing renewable and non-renewable energy projects were conducted to assess
the prevailing condition of these projects and deduce future prospects. A sketch of the field visits
with details is shown in figure 61. The process spanned over the complete year 2014. Brief
description of the filed visit to selected energy generating project is given in the sub sections to
follow.

Figure 61: Field visits to existing energy projects
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7.2.1 Renewables
•

Solar Energy Project. During conduct of the research visited a solar project at
Gabar in Thar Desert of Sindh province was visited to see the mechanics and
efficacy of solar system, the panoramic view of visit is shown in figure 62.
Following aspects were observed during the field visit.


Project was being handled as run of the mill. Professionals on site were just
managing the functioning and were facing administrative problems.



Population of Gabar village was facing energy shortage as supply from the
solar energy project was not consistent. They were probably not satisfied.

Figure 62: Author visit to village electrification project
(village Gabar in Thar Desert of Sindh Province)



No spares were available with staff on site to rectify the fault on spot. In
case of problem, spares were required to be arranged from urban towns,
mostly often from Karachi.



It was reported by the villagers that solar panels required replacement quite
often and the batteries charged by the solar panel gets depleted with time,
thus the maintenance cost of solar energy is high.


•

Levelized cost of solar energy is approximately PKR 13.50 per watt.

Biomass Energy Project. Similarly, a biomass energy plant in village Mirwah
Gorchani, Mirpurkhas Town, Sindh Province was visited to see the mechanics
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and efficacy of biomass energy generation system, the panoramic view of visit is
shown in figure 63. Following aspects were observed during the field visit.


Project was almost a failure as people living in Mirwah Gorchani village
had no confidence in the efficiency of the project.



People has almost unanimous opinion that the project cannot fulfill their
energy needs.

Figure 63: Author visit to biomass energy project
(village Mirwah Gorchani Mirpurkhas Town, Sindh Province)



A very pungent smell and environmental degradation was observed around
the biomass well which was 10 meters deep and 3 meters in diameter. The
well was constructed in a crude manner.



Officials on site informed that project had lost its impact as the experts are
not available and project needed consistent supervision almost on daily
basis.



Levelized cost of biomass energy is approximately PKR 5.50 per watt. So,
this is very cheap source of energy but less efficient and mostly being used
by rural households in Pakistan.



Large scale production of energy from biomass seems unrealistic; the source
can be used by household for their minor needs.

•

Wind Energy Project. Recently a wind energy project has been developed at
Jhimpir, Sindh Province. Author visited this 250 megawatts wind energy plant to
see the mechanics and efficacy of wind energy generation system, the panoramic
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view of visit is shown in figure 64. Following aspects were observed during the
field visit.


Project was newly developed by a Turkish firm Zurlu Energy Group and
performing its intended purpose by contributing 250 megawatts of energy
to the national grid.

Figure 64: Author visit to wind energy project
(village Jhampir, Sindh Province)



People were generally satisfied with the performance of project, however,
since they were not getting energy directly from the project, they were not
sure about its performance for the households.



Experts on the site informed that installation and operation of a wind farm
was very expensive and its maintenance was possible mostly by foreign
experts which was cost prohibitive process .



Experts of this energy source are not available in Pakistan and we have to
rely on the foreign experts for installation of wind farms and its operation.


•

Levelized cost of wind energy is approximately 15.50 per watt.

Hydro Energy Project. A hydro power plant at Ghazi Barotha, Punjab Province
was visited to see the mechanics and efficacy of hydro energy generation system,
the panoramic view of visit is shown in figure 65. Following aspects were observed
during the field visit.


The project is located on the Indus River and is a hydro energy master piece.
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The total energy generation from the project was 1450 megawatts and the
same was consistently contributed to national grid.



Project was fulfilling the intended purpose most efficiently and its
performance was lauded by inhabitants of Ghazi village.



Project has a great environmental effect and has added to beauty of the area.
Many tourists were seen visiting the facility and surrounding area.



People of village Ghazi had full confidence in the project and they
advocated that more projects of such nature may be undertaken by the
government.

Figure 65: Author visit to hydro power plant
(Ghazi Barotha, Punjab Province)

•



Local experts and professional were available on the site round the clock.



Total cost of the project was US $ 2.1 billion.



Levelized cost of hydro energy is approximately PKR 6 per watt.

Currently there is no geothermal project in Pakistan. Therefore, no field visit to
geothermal energy plant could be conducted.
7.2.2 Non-renewables
Oil Power Plant. Author visited 1292 megawatts oil power plant power plant at Hub
Town, Baluchistan Province, to see the mechanics and efficacy of gas energy
generation system, the panoramic view of visit is shown in figure 66. Following
aspects were observed during the field visit.
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The project was fully functional, however, it was only contributing 50% of
its power (646 megawatts) due to shortage of oil.



Project needs consistent supply of oil, which is difficult to manage due to
depleting oil resources in Pakistan and high cost of oil imported from
foreign countries.



Local experts and professionals were available on site.



Experts on site indicated that maintenance and operational cost of oil power
plant is very high.



Levelized cost of oil energy is approximately PKR 16 per watt.

Figure 66: Author visit to oil power plant
(Hub Town, Baluchistan Province)

•

Gas Power Plant. SPUD Energy 50 megawatts gas power plant at Sandh, Sindh
Province was visited to see the mechanics and efficacy of gas energy generation
system, the panoramic view of visit is shown in figure 67. Following aspects were
observed during the field visit.


Energy generation from gas was favoured by most of the experts present at
the project site. Exploration of the gas sources should be undertaken by
government at large scale as there are many natural gas reservoirs which are
still unexplored.



Project was functioning with 50 % capacity owing depletion of two out of
five wells.
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Figure 67: Author visit to gas power plant
(Village Sandh, Sindh Province)



Local experts and professionals were available on site.



Experts indicated that due to less efforts on exploration of gas, dependency
on costly energy sources such as oil has increased. Moreover, commercial
gas energy projects have decreased manifold due to licensing issue.


•

Levelized cost of gas energy is approximately PKR 8 per watt.

Coal Mining Project. Coal mining activity at Thar, Sindh Province was visited to
see the mechanics and efficacy of coal energy generation system, the panoramic
view of visit is shown in figure 68. Following aspects were observed during the
field visit.


There was no energy generation from coal at the site. Only coal extraction
from the natural coal deposits was in progress.



Coal extraction was being done on commercial basis and many private firms
were busy in execution of this activity.



Experts on the site indicated that Thar coal deposits are sufficient for future
energy needs of the country. Government should immediately start with
projects of energy generation from coal.



Local experts and professionals were available on site who were confident
of using coal for energy generation.



Levelized cost of coal energy is approximately PKR 7.50 per watt.
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Figure 68: Author visit to coal mining activity
(Thar, Sindh Province)

•

Nuclear Power Plant. Author visited nuclear power plant at Karachi, Sindh
Province, to see the mechanics and efficacy of nuclear energy generation system,
the panoramic view of visit is shown in figure 69. Following aspects were observed
during the field visit.


Project was functioning with efficiency with desired output of 100
megawatts.



Experts and professionals were available who indicated that the process of
energy generation from nuclear source is costly.



Experts also indicated that maintenance and operation cost of nuclear energy
generation process is high.



Levelized cost of nuclear energy is approximately PKR 15.50 per watt.

Figure 69: Author visit to nuclear power plant
(Karachi, Sindh Province)
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These field visits were very useful for evaluating the existing conditions of energy initiatives and
getting feedback of the population and professionals on site regarding usefulness of the energy
projects. Summary of the observations in field visits is as under.
•

Projects of renewable energy sources such as wind, solar and biomass were lacking
in administrative and operational soundness. Besides, these projects were facing
maintenance issues due non availability of local experts. In case of wind, projects
were mostly dependent on foreign experts. Most of these projects were operating at
50-60% efficiency.

•

Hydro energy projects were found operating in the most professional way. There
was no problem with regard to maintenance of the projects. Local professionals and
experts were available for hydro power technology.

•

Oil and gas power projects were suffering from shortage of oil and gas due to which
these projects were depleting. Power generation from these projects, especially oil,
was found very expensive.

•

Coal extraction and mining was in progress, but coal was not being used for power
generation, rather, it was used for heating only. The newly started coal power
generation projects have not yet commenced operation.

•

Production of energy from nuclear source is expensive process as it depends on a
costly element Uranium which is available in the limited quantity.

7.3

Interviews

Interview of thirty experts were conducted to get expert opinion about energy alternatives.
Significant points of the interviews are enumerated below.
•

Pakistan is heavily relying on non-renewables sources for energy generation. These
sources are depleting at faster rate and it is expected that 2025 these sources will be
depleted by almost 50% of existing capacity.

•

Generation of energy from non-renewables is putting extra burden on the economy
of Pakistan.
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•

Greater reliance on non-renewables and its faster depletion has created the dilemma
of sustainability for Pakistan. Current efforts of energy generation are nonsustainable in long run.

•

There are international concerns over environmental issues and carbon dioxide
(CO2 ) emission associated with use of non-renewables for energy generation.

•

For long term sustainability, Pakistan has no option but to shift to renewables, at
least in part, if not wholly.

•

With regards to renewables, few issues were highlighted like; o Solar panels are
expensive and its maintenance is even more expensive, most of the time
replacement of parts is the solution for a fault in the solar panels.
o

Energy generation from solar source is inconsistent and depends on solar
radiation which in turn depends on day light hours. Continuous and
uninterrupted supply from solar source may not be possible.

o

Desired wind velocity is available in a specific wind belt located mostly
along the coast. It cannot be installed ubiquitously. The power generation
capability from wind source is therefore limited.

o

We have neither the experts nor the professionals for solar and wind energy.
We are dependent on foreign countries (especially China and Turkey) in this
regard. There is a need for capacity building and skill development to fully
tape the potentials of wind and solar energy sources.

o Biomass is

unreliable source and cannot fulfill the energy requirements even at smaller
scale. It can at best be used by households in the rural areas of Pakistan.
Expansion of biomass energy generation at the national seems undesirable
and inappropriate both technically and economically.
o

Energy generation from geothermal source is expensive and it has not been
tried in Pakistan so far. o Pakistan will have to put in sustained efforts to
produce energy from renewables in spite of all the odds.
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•

The only renewable which can be optimally exploited by Pakistan is hydro source.
Experts have identified that Pakistan could not fully utilize hydro source of energy
so far. They have identified that there are 117 suitable places on different rivers for
hydro energy generation, only few of which have been utilized so far.

•

We have fully qualified professionals and experts for hydro energy generation. We
are not dependent on foreign countries for hydro energy generation.

•

Experts identified that the geographical, hydrological and meteorological
conditions of Pakistan dictates that hydro source will not get depleted in the
foreseeable future.

•

Experts suggested that the best option for Pakistan is; o
explorations and increase the gas production. o

Have

more

gas

Reduce dependence of oil as

oil is very expensive in the global market.
o

To reduce pressure on the use of gas for energy, shift to use coal for energy
generation with more coal exploration. Preferably its use for energy
generation should reduce the requirement of gas by 50% of existing and
requirement of oil by 80% of existing till year 2020.

o

Build more hydro structures and build it soon to reduce dependence on nonrenewables. Energy generation from hydro sources should be around 4050% of the total by year 2025.

o

Reinforce the current energy mix by wind and solar energy generation.
Solar and wind should have a segment of up to 20% of the energy mix.

•

In view of the experts, the desirable energy mix by 2025 should be as shown in
figure 70.
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Figure 70: Desirable energy mix for Pakistan by 2025

7.4

Survey

Survey was conducted in six major cities of Pakistan as shown in figure 71. Each city was visited
by the author for this purpose.

Figure 71: Survey for collection of data from respondents
Six teams were employed for the survey in each city. These teams were thoroughly briefed about
the data collection process. These teams visited different parts within a city to collect opinion from
respondents. Besides collection of data from educated commoners, various universities, colleges
and schools were also visited to collect the opinion of academia and researchers. Teams also visited
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investors of different projects to get their opinion. Political leaders were also visited and their
views about energy alternatives were registered. Data was collected from a sample of 400
respondents in each city with different proportions of categories of respondents. Total sample size
comprised of 2400 respondents. Collection of opinion of population sample was a year long
process. Data was not collected from all the cities simultaneously so as to allow time initial review
and scrutiny. Author led the teams during data collection process.

7.5 Summation and Tabulation of Data
After collection of data, it was compiled and scrutinized. For a wholesome picture, data for each
alternative was summarized and tabulated separately for each city. Tabulation for each energy
alternative reflected the percentage of respondents who have allocated particular rating to socioeconomic and environmental factors. As a rule, highest percentages were focused as these were
indicative of the general opinion. For example, if 80% of the respondents rated a factor as 4
(better), it was taken as general opinion of population. These highest percentages were highlighted
in gray shade for easy identification. These tables reflected behaviour of respondents as they rated
the socio-economic and environmental factors as per their feelings. Tabulation of behavioural data
was very useful to make policy recommendations and conclusions.
7.5.1 Karachi

Renewables (Solar, Biomass, Wind, Hydro, Geothermal)
Data related to rating of socio-economic and environmental factors for renewable
energy alternatives; solar, biomass, wind, hydro and geothermal obtained from
Karachi was summarized and tabulated as shown in tables 11 to 15 respectively.
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Rating of socioTable 11:

economic and environmental factors for solar energy
alternative

Table 12: Rating of socio-economic and environmental factors for biomass energy
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Rating of socio-economic and environmental factors for
alternative

Table 13:

wind energy

282
Rating of socio-economic and environmental factors for
alternative

283
Rating of socio-economic and environmental factors for
Table 14:

hydro energy
alternative

284
Rating of socio-economic and environmental factors for
Table 15:

geothermal
energy alternative

285
Rating of socio-economic and environmental factors for

286
Rating of socio-economic and environmental factors for

Non-renewables (Oil, Gas, Coal, Nuclear)
Data related to rating of socio-economic and environmental factors for
nonrenewable energy alternatives obtained from Karachi was summarized and
tabulated as shown in tables 16 to 19 respectively.
Table 16: Rating of socio-economic and environmental factors for oil energy
alternative
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Rating of socioTable 17:
economic and environmental factors for gas energy
alternative

288
Rating of socio-

energy

Table 18: Rating of socio-economic and environmental factors for coal energy
alternative

289
Rating of socio-

Table 19:

energy

economic and environmental factors for nuclear
alternative

290
Rating of socio-

7.5.2 Quetta

energy
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Rating of socio-

energy

Renewables (Solar, Biomass, Wind, Hydro, Geothermal)
Data related to rating of socio-economic and environmental factors for renewable
energy alternatives obtained from Quetta was summarized and tabulated as shown
in tables 20 to 24 respectively.
Table 20: Rating of socio-economic and environmental factors for solar energy
alternative

Table 21:

economic and environmental factors for biomass
alternative
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Rating of socio-

energy
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Rating of socioTable 22:

economic and environmental factors for wind energy
alternative
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Rating of socioTable 23:

energy
economic and environmental factors for hydro
alternative

295
Rating of socio-

energy

Table 24: Rating of socio-economic and environmental factors for geothermal
energy alternative

296
Rating of socio-

energy
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Non-renewables (Oil, Gas, Coal, Nuclear)
Data related to rating of socio-economic and environmental factors for nonrenewable
energy alternatives obtained from Quetta was summarized and tabulated as shown
in the succeeding tables 25 to 28.
Table 25: Rating of socio-economic and environmental factors for oil energy
alternative

Table 26: Rating of socio-economic and environmental factors for gas energy
alternative
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Table 27: Rating of socio-economic and environmental factors for coal energy
alternative

299

300
28:

nuclear
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7.5.3 Multan

Renewables (Solar, Biomass, Wind, Hydro, Geothermal)
Data related to rating of socio-economic and environmental factors for renewable
energy alternatives obtained from Multan was summarized and tabulated as shown
in the succeeding tables 29 to 33 respectively.
Table 29: Rating of socio-economic and environmental factors for solar energy
alternative

30:

biomass

302

303
Table

Rating of socio-economic and environmental factors for
alternative
31:

wind energy

304
Table
Rating of socio-economic and environmental factors for
32:
hydro

305
Table

Rating of socio-economic and environmental factors for

33:

geothermal
energy alternative

306
Table

Rating of socio-economic and environmental factors for

307
Table

Rating of socio-economic and environmental factors for
alternative

Non-renewables (Oil, Gas, Coal, Nuclear)
Data related to rating of socio-economic and environmental factors for
nonrenewable energy alternatives obtained from Multan was summarized and
tabulated as shown in the succeeding tables 34 to 37.
Table 34: Rating of socio-economic and environmental factors for oil energy
alternative
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Table

Rating of socio-economic and environmental factors for
alternative
35:

gas energy

309
Table

Rating of socio-economic and environmental factors for
alternative

Table 36: Rating of socio-economic and environmental factors for coal energy

310
Table

Rating of socio-economic and environmental factors for
alternative
alternative

311
Table

Rating of socio-economic and environmental factors for
alternative

312
Table

Rating of socio-economic and environmental factors for

energy

alternative
37:

nuclear

313
Table

Rating of socio-economic and environmental factors for
alternative

7.5.4 Lahore

energy

314
Table

Rating of socio-economic and environmental factors for

energy

alternative

Renewables (Solar, Biomass, Wind, Hydro, Geothermal)
Data related to rating of socio-economic and environmental factors for renewable
energy alternatives obtained from Lahore was summarized and tabulated as shown
in the succeeding tables 38 to 42.
Table 38: Rating of socio-economic and environmental factors for solar energy
alternative

39:

biomass

315
Table

Rating of socio-economic and environmental factors for
alternative

energy

316
Table

Rating of socio-economic and environmental factors for
alternative
40:

wind energy

317
Table

Rating of socio-economic and environmental factors for

energy

alternative

41:

hydro

318
Table

Rating of socio-economic and environmental factors for

energy

alternative

42:

geothermal
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Table

Rating of socio-economic and environmental factors for
alternative
energy alternative

energy
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Table

Rating of socio-economic and environmental factors for
alternative

energy

321

Non-renewables (Oil, Gas, Coal, Nuclear)
Data related to rating of socio-economic and environmental factors for
nonrenewable energy alternatives obtained from Lahore was summarized and
tabulated as shown in the succeeding tables 43 to 46 respectively.
Table 43: Rating of socio-economic and environmental factors for oil energy
alternative

44:

gas energy
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Table 45: Rating of socio-economic and environmental factors for coal energy
alternative

323

324
46:

nuclear
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7.5.5 Islamabad

Renewables (Solar, Biomass, Wind, Hydro, Geothermal)
Data related to rating of socio-economic and environmental factors for renewable
energy alternatives obtained from Islamabad was summarized and tabulated as
shown in the succeeding tables 47 to 51 respectively.
Table 47: Rating of socio-economic and environmental factors for solar energy
alternative

48:

biomass
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Table

Rating of socio-economic and environmental factors for
49:

wind energy
alternative

328

50:

hydro

329

Table 51: Rating of socio-economic and environmental factors for geothermal
energy alternative

330

331

Non-renewables (Oil, Gas, Coal, Nuclear)
Data related to rating of socio-economic and environmental factors for
nonrenewable energy alternatives obtained from Islamabad was summarized and
tabulated as shown in the succeeding tables 52 to 55 respectively.
Table 52: Rating of socio-economic and environmental factors for oil energy
alternative

Table 53: Rating of socio-economic and environmental factors for gas energy
alternative
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Table 54: Rating of socio-economic and environmental factors for coal energy
alternative

333

334
Table

Rating of socio-economic and environmental factors for

energy

alternative
55:

nuclear

335
Table

Rating of socio-economic and environmental factors for
alternative

7.5.6 Peshawar

energy

336
Table

Rating of socio-economic and environmental factors for

energy

alternative

Renewables (Solar, Biomass, Wind, Hydro, Geothermal)
Data related to rating of socio-economic and environmental factors for renewable
energy alternatives obtained from Peshawar was summarized and tabulated as
shown in the succeeding tables 56 to 60 respectively.
Table 56: Rating of socio-economic and environmental factors for solar energy
alternative

57:

biomass
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Table

Rating of socio-economic and environmental factors for
alternative

energy

338
Table

: Rating of socio-economic and environmental factors for
alternative
58

wind energy

339
Table

Rating of socio-economic and environmental factors for

energy

alternative
59:

hydro

340
Table

Rating of socio-economic and environmental factors for

energy

alternative

60

geothermal

341
Table

Rating of socio-economic and environmental factors for
alternative
energy alternative

energy

342
Table

Rating of socio-economic and environmental factors for
alternative

energy

343

Non-renewables (Oil, Gas, Coal, Nuclear)
Data related to rating of socio-economic and environmental factors for
nonrenewable energy alternatives obtained from Islamabad was summarized and
tabulated as shown in the succeeding tables 61 to 64 respectively.
Table 61: Rating of socio-economic and environmental factors for oil energy
alternative

62

gas energy
alternative

344

Table 63: Rating of socio-economic and environmental factors for coal energy
alternative
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Table 64: Rating of socio-economic and environmental factors for nuclear energy
alternative

7.6 Descriptive Statistics
After tabulation and summation of the data, descriptive statistics were found for each city to
understand the trend of the respondents opinion. These statistics indicated that people's opinion
about energy alternatives was not uniform, rather there was variation with geographical and
climatic changes. Descriptive statistics are explained in succeeding sections.
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Final ratings of the socio-economic and environmental factors for renewable and non7.6.1 Karachi

renewable energy alternatives by population sample of Karachi was tabulated as shown in the
succeeding tables.
Table 65: Final rating of socio-economic factors and descriptive statistics of renewable energy
alternatives
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Final ratings of the socio-economic and environmental factors for renewable and non-

66: Final rating of socio economic factors and descriptive statistics of non
energy alternatives
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Final ratings of the socio-economic and environmental factors for renewable and non-
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the
7.6.2

renewable

Quetta

Quetta succeeding tables.

Table 67: Final rating of socio-economic factors and descriptive statistics of renewable energy
alternatives
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the

68: Final rating of socio
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the

353

Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the
7.6.3

renewable

Multan

Multan succeeding tables.

Table 69: Final rating of socio-economic factors and descriptive statistics of renewable energy
alternatives
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the

70: Final rating of socio
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the
7.6.4

renewable

Lahore

Lahore succeeding tables.

Table 71: Final rating of socio-economic factors and descriptive statistics of renewable energy
alternatives
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the

72: Final rating of socio
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Final ratings of the socio-economic and environmental factors for renewable and
nonenergy alternatives by population sample of was tabulated as shown in the
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Final ratings of the socio-

and non7.6.5

Islamabad

economic and environmental factors for renewable
renewable energy alternatives by population sample of Islamabad was tabulated as shown in the
succeeding tables.
Table 73: Final rating of socio-economic factors and descriptive statistics of renewable energy
alternatives
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Final ratings of the socio-

and non-

74: Final rating of socio
energy alternatives
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Final ratings of the socio-

and non-
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Final ratings of the socio-

and non7.6.6

Peshawar

economic and environmental factors for renewable
renewable energy alternatives by population sample of Peshawar was tabulated as shown in the
succeeding tables.
Table 75: Final rating of socio-economic factors and descriptive statistics of renewable energy
alternatives
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Final ratings of the socio-

and non-
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76: Final rating of socio economic factors and descriptive statistics of non
energy alternatives

After summation of data for different alternatives in different cities, rigorous analysis of alternatives
was carried out by factors matrix approach which is described in the next chapter.
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Chapter 8
ANALYSIS OF ALTERNATIVES BY FACTORS MATRIX APPROACH

8. 1 Prelude
In this chapter, analysis of energy alternatives will be carried using factors matrix approach which
further constituted three approaches. First of all, statistical analysis of factors matrix was done to
deduce rating trends of alternatives based on the opinion of population sample. Second, digital
analysis of data was carried out with latest computer assisted qualitative data analysis software
(CAQDAS). Digital analysis provided rating of alternatives along with representative equation.
Third, economathical analysis of the data was carried using NewtonLeibniz Integration Process
(NLIP) to find out numerical values of ratings of alternatives.
8.2

Statistical Analysis

Statistical analysis of factors matrix had two steps; the descriptive statistics with the help of
statistical analysis software (SAS) and the determination of rating trend based on opinion of
population sample. The analysis was done for each city separately which is described below.
8.2.1 Karachi
For Karachi, statistical analysis of the data obtained was carried out and the resultant descriptive
statistics are indicated in figure 72. Some of the conclusion from statistical analysis were as under.
•

By comparing average rating (or mean) values obtained for alternatives with
assessment scale, it was inferred that coal was rated the top most (3.8) by
respondents in Karachi. After coal, gas and hydro obtained the next highest rating
(3.5) which were followed by wind (3.2) and solar (3). As per scale of assessment,
trends of various energy alternatives at Karachi were as shown in table 77.

Range

Table 77: Rating trends at Karachi
0 to 0.99
1 to 1.99
2 to 2.99

3 to 3.99

4 to 4.99

Meaning

Bad

Slightly Good

Good

Better

Best

Trend

-

Geothermal

Oil, Nuclear,

Coal, Gas,

-

Biomass

Hydro, Wind,
Solar
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•

The values of mean, mode and median were observed critically for all the
alternatives and it was noticed that the value of median and mode is more for coal,
gas and hydro than the remaining energy alternatives.

Figure 72: Statistical analysis of data obtained from Karachi

•

The standard deviation value for geothermal (1.107) was the highest followed by
wind (1.047) indicating that values were more dispersed about the mean for these
energy alternatives. Standard deviation value for nuclear energy was the lowest
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(0.809) which indicated that data for this alternative was more concentrated around
the mean and more reliable.
•

Variance value was high for geothermal (1.226) and wind (1.095) indicating that in
case of these two alternatives data values were far from mean and each other.
Values of variance were the low in case of nuclear (0.654) and coal energy (0.665)
indicating that data values for these alternatives were closer to mean and each other.

•

The confidence interval value showed a range of values containing the true mean
of the population. The confidence interval value for geothermal was high (0.426)
which indicated that respondents were less certain about this alternative. For
nuclear energy the confidence interval value was lowest (0.311) which indicated
respondents confidence.

•

Solar, wind, geothermal, oil and nuclear had positive skewness values indicating
that the data set for these alternatives contained frequent small values few high
values. This was a clear indication that respondents had less confidence in these
energy alternatives. Biomass, hydro, gas and coal had negative skewness indicating
that data set for these alternatives contained frequent high values with few low
values. This was an indication that people had more confidence in these energy
alternatives. For the data set representing opinion of respondents at Karachi, coal
had minimum value of skewness (-0.014) which is almost equivalent to normal
distribution curve (zero skewness). It reflected the strength of people's agreement
for coal as a better source of energy.

•

Solar and oil had positive kurtosis value (leptokurtic) which meant that the curve
for these alternatives was slimmer compared to normal distribution curve. It
means that more values gathered about mean and few values settled on edges.
Biomass, wind, hydro, geothermal, gas, coal and nuclear has negative kurtosis
(platykurtic) which meant that the curve for those alternatives was flat compared to
normal distribution curve. It means that few values gathered about the mean and
more values settled on the edges.
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Based on above analysis, respondents from Karachi considered coal as better energy alternative
with highest rating as shown in figure 73. Gas and hydro were rated equally high as second while
wind was given third place. Solar was also rated better by respondents. Biomass, oil and nuclear
were rated as good while geothermal was rated the least as just slightly good. Although respondents
from Karachi had greater confidence in coal and gas (non-renewables) as energy alternatives, they
exhibited equally good amount of confidence for hydro, wind and solar (renewables) as
alternatives for energy generation. Respondents' high rating of coal was probably due to greater
number of recent coal mining initiatives by local government of Sindh Province.

Figure 73: Rating of energy alternatives by respondents from Karachi
8.2.2 Quetta
For Quetta, statistical analysis of the data obtained was carried out and the resultant descriptive
statistics are indicated in figure 74.
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Figure 74: Statistical analysis of data obtained from Quetta
Some of the conclusion from statistical analysis were as under.
•

By comparing average rating (or mean) values obtained for alternatives with
assessment scale, it was inferred that gas was rated the top most (3.9) by population
sample in Quetta. After gas, hydro (3.8) and coal (3.7) obtained the next highest
rating which was followed by solar and wind. As per the scale of assessment, trends
for various energy alternatives by population sample of Quetta were as shown in
table 78.

Range
Meaning

Table 78: Rating trends at Quetta
0 to 0.99
1 to 1.99
2 to 2.99
Bad

Slightly

3 to 3.99

4 to 4.99

Good

Better

Best

Geothermal,
Oil, Nuclear

Gas, Hydro,
Coal, Solar,
Wind

-

Good

Trend

-

Biomass
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•

The values of mean, mode and median were observed critically for all the
alternatives and it was noticed that the value of median and mode is more for coal,
gas and hydro than the remaining energy alternatives.

•

The standard deviation value for geothermal (1.148) was the highest followed by
wind (1.113) indicating that values were more dispersed about the mean for these
energy alternatives. Standard deviation value for hydro was the lowest (0.652)
which indicated that data for this alternative was more concentrated around the
mean and more reliable.

•

Variance value was high for geothermal (1.318) and wind (1.238) indicating that in
case of these two alternatives data values were far from mean and each other.
Values of variance were the low in case of hydro (0.425) and nuclear energy (0.5)
indicating that data values for these alternatives were closer to mean and each other.

•

The confidence interval value showed a range of values containing the true mean
of the population. The confidence interval value for geothermal was high (0.441)
which indicated that respondents were less certain about this alternative. For hydro
the confidence interval value was lowest (0.25) which indicated respondents
agreement with this alternative.

•

Biomass, wind, hydro, geothermal, oil, coal and nuclear had positive skewness
values indicating that the data set for these alternatives contained frequent low
values with few high values. This was a clear indication that respondents had less
confidence in these energy alternatives. Solar and gas had negative skewness
indicating that data set for these alternatives contained few low values. This was an
indication that people had more confidence in these energy alternatives. For the
data set representing opinion of respondents at Quetta, coal had minimum value of
skewness (0.102). It reflected the strength of people's agreement for coal as a better
source of energy.
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•

Biomass, oil and gas had positive kurtosis value (leptokurtic) which meant that the
curve for these alternatives was slimmer compared to normal distribution curve. It
means that more values gathered about mean and few values settled on edges. Solar,
wind, hydro, geothermal, coal and nuclear has negative kurtosis (platykurtic) which
meant that the curve for those alternatives was flat compared to normal distribution
curve. It means that few values gathered about the mean and more values settled on
the edges. .

Based on above analysis, respondents from Quetta considered gas as better energy alternative with
highest rating as shown in figure 75.

Figure 75: Rating of energy alternatives by respondents from Quetta
Hydro was rated as second high while coal was given third place. Solar and wind were also rated
better by respondents. Geothermal, oil and nuclear were rated as good while biomass was rated the
least as just slightly good. Although respondents from Quetta had greater confidence in gas (nonrenewable) as better energy alternative, they exhibited equally good amount of confidence for
hydro, wind and solar (renewables) as alternatives for energy generation. Respondents' high rating
of gas was probably due to availability of greater indigenous gas reservoirs in Baluchistan
Province.
8.2.3 Multan
For Multan, statistical analysis of the data obtained was carried out and the resultant descriptive
statistics are indicated in figure 76.
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Figure 76: Statistical analysis of data obtained from Multan
Some of the conclusion from statistical analysis were as under.
•

By comparing average rating (or mean) values obtained for alternatives with
assessment scale, it was inferred that hydro was rated the top most (4.2) by
respondents in Multan. After hydro, gas obtained the next highest rating (3.6) which
was followed by solar (3.5). As per scale of assessment, trends for various energy
alternatives by population sample of Multan were as shown in table 79.

Range

Table 79: Rating trends at Multan
0 to 0.99
1 to 1.99
2 to 2.99

3 to 3.99

4 to 4.99
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Meaning

Bad

Slightly

Good

Better

Best

Oil, Wind,

Gas, Solar

Hydro

Good
Trend

-

Geothermal

Biomass,
Nuclear
•

The values of mean, mode and median were observed critically for all the
alternatives and it was noticed that the value of median and mode is more for hydro
and solar (renewables) than the remaining energy alternatives.

•

The standard deviation value for geothermal (1.107) was the highest indicating that
data was more scattered around the mean for geothermal. Standard deviation value
for wind was the lowest (0.496) which indicated that data for this alternative was
more concentrated around the mean and more reliable.

•

Variance value was high for geothermal (1.226) indicating that in case of this
alternative data values were far from mean and each other. Variance value was low
in case of wind (0.246) indicating that data values were closer to mean and each
other.

•

The confidence interval value showed a range of values containing the true mean
of the population. The confidence interval value for geothermal was high (0.426)
which indicated that respondents were less certain about this alternative. For wnd
the confidence interval value was lowest (0.191) which indicated respondents
agreement with this alternative.

•

Wind, geothermal, oil, gas, coal and nuclear had positive skewness values
indicating that the data set for these alternatives contained frequent low values with
few high values. This was a clear indication that respondents had less confidence
in these energy alternatives. Solar, biomass and hydro had negative skewness
indicating that data set for these alternatives contained frequent high values with
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few low values. This was an indication that people had more confidence in these
energy alternatives.
•

Oil and coal had positive kurtosis value (leptokurtic) which meant that the curve
for these alternatives was slimmer compared to normal distribution curve. It means
that more values gathered about mean and few values settled on edges. Solar,
biomass, wind, hydro, geothermal, gas and nuclear has negative kurtosis
(platykurtic) which meant that the curve for those alternatives was flat compared to
normal distribution curve. It means that few values gathered about the mean and
more values settled on the edges.

Based on above analysis, respondents from Multan considered hydro as best energy alternative
with highest rating as shown in figure 77.

Figure 77: Rating of energy alternatives by respondents from Multan
Gas was also rated high as second while solar was given third place. Coal was also rated better by
respondents. Biomass, wind, oil and nuclear were rated as good while geothermal was rated the
least as just slightly good. Although respondents from Multan had greater confidence in hydro
(renewable) as best energy alternative, they exhibited equally good amount of confidence for gas
(non-renewable) as alternative for energy generation. Respondents' high rating of hydro was due
to fact that all the five rivers of Pakistan are passing through Punjab Province. Respondents
confidence in solar was due to under construction Qaid-e-Azam Solar Park in Bahawalpur, Punjab
Province.
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8.2.4 Lahore
For Lahore, statistical analysis of the data obtained was carried out and the resultant descriptive
statistics are indicated in figure 78.

Figure 78: Statistical analysis of data obtained from Lahore
Some of the conclusion from statistical analysis were as under.
•

By comparing average rating (or mean) values obtained for alternatives with
assessment scale, it was inferred that hydro was rated the top most (4.2) by
respondents in Lahore. After hydro, gas obtained the next highest rating (3.5) which
was followed by coal (3.2). As per scale of assessment, trends for various energy
alternatives by population sample of Lahore were as shown in table 80.

Range
Meaning

Table 80: Rating trends at Lahore
0 to 0.99
1 to 1.99
2 to 2.99
Bad

Slightly
Good

Good

3 to 3.99

4 to 4.99

Better

Best
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Trend

-

Geothermal

Oil, Wind,

Gas, Coal,

Biomass,

Solar

Hydro

Nuclear
•

The values of mean, mode and median were observed critically for all the
alternatives and it was noticed that the value of median and mode is more for hydro
than the remaining energy alternatives.

•

The value of standard deviation for geothermal (1.084) was the highest indicating
that data was more dispersed about the average for geothermal. Standard deviation
value for wind was the lowest (0.582) which indicated that data for this alternative
was more concentrated around the mean and more reliable.

•

Variance value was high for geothermal (1.175) indicating that in case of this
alternative data values were far from mean and each other. Values of variance were
the low in case of wind (0.338) and hydro energy (0.482) indicating that data values
for these alternatives were closer to mean and each other.

•

The confidence interval value showed a range of values containing the true mean
of the population. The confidence interval value for geothermal was high (0.417)
which indicated that respondents were less certain about this alternative. For wind
and hydro the confidence interval values were lowest which indicated respondents
agreement with this alternative.

•

Solar, biomass, wind, geothermal, oil, gas, coal and nuclear had positive skewness
values indicating that the data set for these alternatives contained frequent low
values with few high values. This was a clear indication that respondents had less
confidence in these energy alternatives. Hydro had negative skewness indicating
that data set for these alternatives contained frequent high values with few low
values. This was an indication that people had more confidence in hydro as energy
alternatives. For the data set representing opinion of respondents at Lahore, hydro
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had minimum value of skewness (-0.276). It reflected the strength of people's
agreement for hydro as a best source of energy.
•

Solar, oil and coal had positive kurtosis value (leptokurtic) which meant that the
curve for these alternatives was slimmer compared to normal distribution curve. It
means that more values gathered about mean and few values settled on edges.
Biomass, wind, hydro, geothermal, gas and nuclear has negative kurtosis
(platykurtic) which meant that the curve for those alternatives was flat compared to
normal distribution curve. It means that few values gathered about the mean and
more values settled on the edges.

Based on above analysis, respondents from Lahore considered hydro as best energy
alternative with highest rating as shown in figure 79.

Figure 79: Rating of energy alternatives by respondents from Lahore
Gas was also rated high as second while coal was given third place. Solar was also rated
better by respondents. Biomass, wind, oil and nuclear were rated as good while geothermal was
rated the least as just slightly good. Although respondents from Multan had greater confidence in
hydro (renewable) as best energy alternative, they exhibited equally good amount of confidence
for gas and coal (non-renewables) as alternative for energy generation. Respondents' high rating
of hydro was due to fact that all the five rivers of Pakistan are passing through Punjab Province.
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8.2.5 Islamabad
For Islamabad, statistical analysis of the data obtained from Islamabad was carried out and the
resultant descriptive statistics are indicated in figure 80.

Figure 80: Statistical analysis of data obtained from Islamabad
Some of the conclusion from statistical analysis were as under.
•

By comparing average rating (or mean) values obtained for alternatives with
assessment scale, it was inferred that hydro was rated the top most (4.3) by
population sample in Islamabad. After gas, solar (3.8) obtained the next highest
rating which was followed by gas (3). As per the scale of assessment, trends for
various energy alternatives by population sample of Islamabad were as shown in
table 81.
Range

Table 81: Rating trends at Islamabad
0 to 0.99
1 to 1.99
2 to 2.99
3 to 3.99

4 to 4.99

Meaning

Bad

Slightly
Good

Good

Better

Best

Trend

-

Biomass,
Geothermal

Coal, Wind,
Oil, Nuclear

Solar, Gas

Hydro
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•

The values of mean, mode and median were observed critically for all the
alternatives and it was noticed that the value of median and mode is more for hydro,
solar and hydro than the remaining energy alternatives.

•

The standard deviation value for geothermal (1.084) was the highest followed by
biomass (0.909) indicating that values were more dispersed about the mean for
these energy alternatives. Standard deviation value for hydro was the lowest (0.604)
which indicated that data for this alternative was more concentrated around the
mean and more reliable.

•

Variance value was high for geothermal (1.175) and biomass (0.826) indicating that
in case of these two alternatives data values were far from mean and each other.
nuclear energy (0.5) indicating that data values for hydro was closer to mean and
each other.

•

The confidence interval value showed a range of values containing the true mean
of the population. The confidence interval value for geothermal was high (0.417)
which indicated that respondents were less certain about this alternative. For hydro
the confidence interval value was lowest (0.232) which indicated respondents
agreement with this alternative.

•

Biomass, wind, geothermal, oil, gas, coal and nuclear had positive skewness values
indicating that the data set for these alternatives contained frequent low values with
few high values. This was a clear indication that respondents had less confidence
in these energy alternatives. Solar and hydro had negative skewness indicating that
data set for these alternatives contained frequent high values with few low values.
This was an indication that people had more confidence in these energy alternatives.
For the data set representing opinion of respondents at Islamabad, solar had
minimum value of skewness (-0.029). It reflected the strength of people's agreement
for solar as a better source of energy.
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•

Wind, oil, gas, coal and nuclear had positive kurtosis value (leptokurtic) which
meant that the curve for these alternatives was slimmer compared to normal
distribution curve. It means that more values gathered about mean and few values
settled on edges. Solar, biomass, hydro and geothermal had negative kurtosis
(platykurtic) which meant that the curve for those alternatives was flat compared to
normal distribution curve. It means that few values gathered about the mean and
more values settled on the edges.

Based on above analysis, respondents from Islamabad considered hydro as best energy
alternative with highest rating as shown in figure 81.

Figure 81: Rating of energy alternatives by respondents from Islamabad
Solar was also rated high as second while gas was given third place. Coal, wind, oil and
nuclear were rated as good while geothermal and biomass were rated the least as just slightly good.
Although respondents from Islamabad had greater confidence in hydro and solar (renewables) as
best energy alternative, they exhibited equally good amount of confidence for gas and coal (nonrenewables) as alternative for energy generation.
8.2.6 Peshawar
For Peshawar, statistical analysis of the data obtained was carried out and the resultant descriptive
statistics are indicated in figure 82. Some of the conclusion from statistical analysis were as under.
•

By comparing average rating (or mean) values obtained for alternatives with
assessment scale, it was inferred that solar was rated the top most (4.2) by
population sample in Peshawar. After solar, hydro (4) and gas (3) obtained the next
highest rating. As per the scale of assessment, trends for various energy alternatives
by population sample of Peshawar were as shown in table 82.
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Range
Meaning

Table 82: Rating trends at Peshawar
0 to 0.99
1 to 1.99
2 to 2.99
Bad

Slightly

3 to 3.99

4 to 4.99

Good

Better

Best

Oil, Coal,
Wind, Nuclear

Gas

Solar,

Good
Trend

•

-

Biomass,
Geothermal

Hydro

The values of mean, mode and median were observed critically for all the
alternatives and it was noticed that the value of median and mode is more for solar
and hydro than the remaining energy alternatives.

Figure 82: Statistical analysis of data obtained from Peshawar
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•

The standard deviation value for geothermal (1.084) was the highest followed by
biomass (0.936) indicating that values were more dispersed about the mean for
these energy alternatives. Standard deviation value for gas was the lowest (0.662)
which indicated that data for this alternative was more concentrated around the
mean and more reliable.

•

Variance value was high for geothermal (1.175) and biomass (0.875) indicating that
in case of these two alternatives data values were far from mean and each other.
Values of variance were the low in case of gas (0.438) and solar energy
(0.482) indicating that data values for these alternatives were closer to mean and
each other.

•

The confidence interval value showed a range of values containing the true mean
of the population. The confidence interval value for geothermal was high (0.417)
which indicated that respondents were less certain about this alternative. For gas
the confidence interval value was lowest (0.255) which indicated respondents
agreement with decision about this alternative.

•

Biomass, wind, hydro, geothermal, oil, gas, coal and nuclear had positive skewness
values indicating that the data set for these alternatives contained frequent low
values with few high values. This was a clear indication that respondents had less
confidence in these energy alternatives. Solar and hydro had negative skewness
indicating that data set for these alternatives contained frequent high values with
few low values. This was an indication that people had more confidence in these
energy alternatives. For the data set representing opinion of respondents at
Peshawar, coal had minimum value of skewness (-0.276). It reflected the strength
of people's agreement for solar as a better source of energy.

•

Wind, oil, gas, coal and nuclear had positive kurtosis value (leptokurtic) which
meant that the curve for these alternatives was slimmer compared to normal
distribution curve. It means that more values gathered about mean and few values
settled on edges. Solar, biomass, hydro, geothermal had negative kurtosis
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(platykurtic) which meant that the curve for those alternatives was flat compared to
normal distribution curve. It means that few values gathered about the mean and
more values settled on the edges.
Based on above analysis, respondents from Peshawar considered solar and hydro as best
energy alternatives with highest rating as shown in figure 83. Gas was also rated high. Oil, coal,
wind and nuclear were rated as good while geothermal and biomass were rated the least as just
slightly good. Although respondents from Peshawar had greater confidence in hydro and solar
(renewables) as best energy alternative, they exhibited good amount of confidence for gas
(nonrenewable) as alternative for energy generation.

Figure 83: Rating of energy alternatives by respondents from Peshawar
8.3

Digital Analysis

After statistical matrix analysis, data was digitally analyzed by latest version of computer
assisted qualitative data analysis software (CAQDAS). The data obtained in summarized form was
fed into the software in a spreadsheet format. The software read the data and processed it.
CAQDAS uses the method of principal components analysis (PCA) for solution of the data. After
processing a finite element grid was created. This grid was converted into a proper graph through
a process of iteration and attenuation. The consecutive and fast repetition of a process or expression
is called iteration. The more the quantitative or qualitative phenomenon is repeated consecutively,
the more the solution becomes closer and closer to the real. On the other hand attenuation is the
process of gradual reduction of the digital process loops in a sequential manner to obtain accurate
result. The results get gradually accurate due to attenuation process. The process of iteration and
attenuation are inbuilt in digital analysis. On reaching the final three dimensional graphs for rating
of the alternatives, software also gave representative equation, which is called economathical
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equation. Digital analysis was a very vital phase of the research which added to the accuracy and
reliability of research.

Renewable Energy Alternatives
Firstly the data regarding renewables was put into the computer assisted qualitative data
analysis software (CAQDAS). The final three dimensional graph achieved after iteration and
attenuation by software is shown in figure 84. Different alternatives were indicated by different
colours and a key associated with the graph described these colour codes.

Figure 84: Digitally iterated and attenuated model showing rating of renewable energy
alternatives
As indicated by the graph, hydro attained the highest rating in renewable energy alternatives
except for Peshawar where solar obtained the top rating (4.2). This was due to the fact of high
increase (estimated 28% in 2015) in the use of solar energy means by households in the rural
Khyber Pakhtunkhwa Province. Respondents from Peshawar believed that at the household level
solar energy is the best and most effective energy alternative. In fact solar energy obtained second
best rating throughout the country except for Karachi where wind energy was preferred by
respondents over solar energy. This is due to the fact that the recently developed wind energy
project at Jhimpir Sindh Province has been contributing energy to the province with full efficiency.
The wind energy belt along the coast areas of Sindh and Baluchistan Provinces have attracted
respondents from Karachi and Quetta, however, as we come towards north of the country, wind
energy could not attract the respondents. Biomass was not liked by respondents throughout the
country. Most of the respondents opined that this source of energy could not even fulfill the energy
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requirements at household level. Since there is no geothermal energy project in the country,
opinion of respondents about this energy source was very low. Most of the respondents opined that
instead of testing new technologies, we need to optimally use the existing ones and produce energy.
Figure 84 also indicates the general trend for renewable energy alternatives. In the south of the
country (Karachi, Quetta) renewables had low ratings, whereas as we moved towards north of the
country (Islamabad, Peshawar), the rating of hydro and solar energy improved.

Non-renewable Energy Alternatives
Data regarding non-renewables was put into the computer assisted qualitative data analysis
software (CAQDAS). The final three dimensional graph achieved after iteration and
attenuation by software is shown in figure 85. Different alternatives were indicated by different
colours and a key associated with the graph described these colour codes.
As indicated by the graph, coal attained the highest rating in non-renewable energy alternatives
at Karachi and Quetta while in remaining parts of the country it could not impress the
respondents. Respondents from Karachi believed that coal energy is the best and most effective
source of energy and as per experts the available coal deposits are sufficient for energy needs
of the country in foreseeable future. Gas energy obtained second best rating throughout the
country except for Karachi where coal energy was preferred by respondents over gas energy.

Figure 85: Digitally iterated and attenuated model showing rating of non-renewable energy
alternatives
Respondents from Quetta believed that government explore more and more gas energy sources
since it is the inexpensive naturally available source of energy with variety of uses. The remaining
non-renewable energy sources (oil and nuclear) could not attract the respondents. Nuclear energy
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was not liked by respondents throughout the country. Most of the respondents opined that this
source of energy is very expensive and cannot fulfill the energy needs of the country. Moreover,
respondents were having very less knowledge about the contribution of nuclear energy to national
grid. Most of the respondents opined that dependence on oil for generation of energy should be
reduced. Instead of importing oil on high rates, we need to optimally use the existing available
ones and produce energy. Figure 85 also indicates the general trend for non-renewable energy
alternatives. In the south of the country (Karachi, Quetta) non-renewables had high ratings,
whereas as we moved towards north of the country (Islamabad, Peshawar), the rating of nonrenewable energy alternatives decreased.
Digital analysis by CAQDAS indicated that respondents in the south of country wanted greater
share of non-renewables like coal and gas in energy mix with smaller share of renewables like
hydro, solar and wind while respondents in the north of country wanted greater share of renewables
like hydro and solar in energy mix with smaller share of non-renewables like gas and coal. This
trend has geographical and geological relevance. Most of the non-renewable energy sources (coal
and gas) are concentrated in the south of the country while almost all the hydro potential (rivers)
has origin and catchment areas in the north of the country. Respondents' opinion has undoubtedly
indicated that dependence on oil as source of energy should be reduced while biomass, nuclear and
geothermal should not be preferred. The north south variation in the respondents' opinion is shown
by a spectrogram in figure 86. Key given with the figure indicates that in the south respondents
had preferred non-renewable sources but as we moved towards north respondents opinion changed
in favour of renewable sources of energy.

Figure 86: Spectrogram of respondents' opinion
Digital analysis by CAQDAS also provided representative economathical equations for all the
rating trends of energy alternatives. Trend for all the alternatives was polynomial which was due
the huge data of this research. Polynomial trend is indicative of the huge data with variations.
Mathematically, with more data values and variations, trend becomes polynomial rather than
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linear. If R2 is taken as criteria for goodness of fit then we can say that analysis was precise and
accurate as most of the R2 values were more than 0.9. Solar and nuclear had R2 values of 0.84 and
0.88 respectively which were also high and acceptable. Summary of results obtained from digital
analysis by CAQDAS is shown in table 83. However, it should be noted that higher R 2 value does
not mean that model is always good. Higher values of R2 in this research were obtained due to
more number of explanatory variables and polynomial trend of the mathematical equations. It
should also be noted that in qualitative research, R 2 value is of less significance.
Table 83: Results of digital analysis by CAQDAS
Rating of
Alternatives
(RoA)

Nature of Representative
Economathical Equation

Trend

R2

Solar

RoAs

Cubic

Polynomial

0.844

Biomass
Wind
Hydro
Geothermal

RoAb
RoAw
RoAh
RoAgt

Quartic
Quartic
Quadratic
Cubic

Polynomial
Polynomial
Polynomial
Polynomial

0.971
0.966
0.972
0.902

Oil
Gas
Coal
Nuclear

RoAo
RoAg
RoAc
RoAn

Cubic
Cubic
Cubic
Quartic

Polynomial
Polynomial
Polynomial
Polynomial

0.903
0.943
0.914
0.881

Energy
Alternatives

Table 81 shows that highest value of R 2 was for hydro which means that the trend for energy
generation from hydro was highly precise and closely representing opinion of population, however,
this fact was not taken as final. Except for hydro for which the economathical equation was
quadratic, most of the representative economathical equations were either cubic of quartic. This
also indicated that opinion of respondents in favour of hydro was a straight forward affair with no
complications.
8.4

Economathical Analysis

After digitally attenuated and iterated rating trends of alternatives, the qualitative ratings were
quantified by application of Newton-Leibniz Integration Process (NLIP). The NewtonLeibniz
integration formula is an extremely useful and straightforward numerical integration technique.
The representative equations for renewable and non- renewable energy alternatives were obtained
from digital analysis by CAQDAS using principal components analysis technique. These equations
are called economathical equations. Economathics is a new and latest field of digitized economics.
Economathical equations are precise equations obtained through a process of digital iteration and
attenuation. These equations caters for the errors in data and variables. The solution of these
equations gives numerical value of the qualitative ratings of a qualitative phenomenon. For
numeral value of the rating of alternatives (RoAs), representative economathical equation of each
alternative was integrated using Newton-Leibniz process. The generalized form of NewtonLeibniz integration equation is shown in equation (6).
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Where "n" is the number of cities from where the data was collected which were 6 in this research.
Specific economathical equations for each alternative are shown as under.

8.4.1 Renewable Energy Alternatives
First the economathical analysis of renewable energy alternatives was carried out to quantify their
ratings by Newton-Leibniz integration process which is explained as under.
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Solar
The economathical equation of solar energy alternative obtained from digital
analysis is

where C is
and
putting the
quantified

a constant which accounted for all errors in data
variables. By
limits in the equation we obtained the
value of rating.

Biomass
The economathical equation of biomass energy alternative obtained from digital
analysis is
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where C is a constant which accounted for all errors in data and variables. By
putting the limits in the equation we obtained the quantified value of rating
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Wind
The
economathical
equation
of
wind
energy alternative obtained from digital analysis
is

where C is a constant which accounted for all errors in data and variables. By
putting the limits in the equation we obtained the quantified value of rating.
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Hydro
The
economathical
equation of hydro
energy alternative obtained from digital
analysis is

where C is a constant which accounted for all errors in data and variables. By
putting the limits in the equation we obtained the quantified value of rating.

Geothermal
The economathical equation of geothermal energy alternative obtained from digital
analysis is
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where C is a constant which accounted for all errors in data and variables. By
putting the limits in the equation we obtained the quantified value of rating.

8.4.2 Non-renewable Energy Alternatives
Economathical analysis of non-renewable energy alternatives was carried out to quantify their
ratings by Newton-Leibniz integration process which is explained as under.

Oil
The economathical equation for oil energy alternative obtained from digital analysis
is

where C is a constant which accounted for all errors in data and variables. By
putting the limits in the equation we obtained the quantified value of rating.

Gas
The economathical equation for gas energy alternative obtained from digital
analysis is

where C is a constant which accounted for all errors in data and variables. By
putting the limits in the equation we obtained the quantified value of rating.

Coal
The economathical equation for coal energy alternative obtained from digital
analysis is

where C is a constant which accounted for all errors in data and variables. By
putting the limits in the equation we obtained the quantified value of rating.

Nuclear
The
economathical
equation for nuclear energy alternative
obtained from digital analysis is

where C is a constant which accounted for all errors in data and variables. By putting the limits
in the equation we obtained the quantified value of rating.

Numerical values of ratings for different energy alternatives obtained from economathical
analysis are summarized in table 84. It is worth mentioning here that these numerical values
were based on the solution of equations obtained from digital analysis and these values
represent the areas under the curves obtained from digital analysis.
Alternatives

Table 84: Results of economathical analysis
Number of Cities (n) Rating of Alternatives
Numerical Value Obtained

Renewable Energy Alternatives
Solar

6

RoAs

17.15

Biomass

6

RoAb

8.95

Wind
Hydro
Geothermal

6
6
6

RoAw
RoAh
RoAgt

12.49
20.36
7.36

RoAo
RoAg
RoAc
RoAn

13.35
17.01
15.49
11.45

Non-renewable Energy Alternatives
Oil
Gas
Coal
Nuclear

6
6
6
6

Table 84 shows that trend for hydro energy had greater numerical value, followed by solar
and then gas. Rating for coal energy also obtained an acceptable numerical value. Oil and wind
emerged as potentially exploitable energy source in the future. Lowest numerical values were
obtained by geothermal and biomass energy sources. Low numerical values for the trend of
these two alternatives indicated that these alternatives should be not be taken as pr iority for
energy generation in the country because biomass cannot fulfill the energy needs while
geothermal has not been tried so far in Pakistan and there is very little space for trying new
sources owing to growing energy needs.
8.5

Conclusions from Analysis of Energy Alternatives by Factors Matrix Approach

From the statistical, digital and economathical analysis of factors matrix, following
conclusions were obtained.
•

From statistical analysis of the data, final ratings of renewable and nonrenewable alternatives across Pakistan is shown in figure 87.

Figure 87: Final rating of energy alternatives obtained from statistical
analysis
Figure 87 shows that hydro energy emerged as the best alternative. This was
followed by solar, gas and coal respectively as better energy alternatives. Wind
and nuclear sources were rated as good while biomass and geothermal were
rated as slightly good.
•

From digital analysis by computer assisted qualitative data analysis software
(CAQDAS), the iterated and attenuated rating models were obtained for each
energy alternative. These models indicated precise variations in the
respondents' opinion from south to north of the country. Representative
economathical equations and R2 values for all alternatives were also obtained.
For hydro energy we obtained quadratic equation with highest R 2 value which
indicated precision and accuracy with regards to respondents' opinion. From
digital analysis by CAQDAS, a spectrogram was obtained which showed that
respondents in the south have largely preferred non-renewable energy
alternatives with a smaller proportion of renewable energy alternatives while
respondents in the north have largely preferred renewable energy sources with
a smaller proportion of nonrenewable energy sources. Thus, CAQDAS was
very effective in indicating precise rating trend of energy alternatives alongwith
geographical variation.

•

Economathical analysis gave numerical values of ratings of energy alternatives.
The economathical equations obtained from digital analysis by CAQDAS were
used for economathical analysis. Newton-Leibniz integration formula was used
to obtain numerical values ratings. Hydro source obtained the highest numerical
value, followed by solar and gas. Figure 88 shows the bubble diagram of results
obtained from economathical analysis.

Figure 88: Bubble diagram for results of economathical analysis
Economathical analysis precisely indicated priorities for policy planning with
regards to energy generation in Pakistan.
After analysis of energy alternatives by factors matrix approach, traditional cost benefit
approach was used to analyze the energy alternatives in the next chapter.

Chapter 9
ANALYSIS OF ENERGY ALTERNATIVES BY COST BENEFIT APPROACH

9.1

Prelude

Cost benefit approach is a traditional and historical framework for economic analysis of
alternatives. The basic nature of the framework is quantitative in nature. Although with time,
researchers have tried to include many qualitative features like environmental, social and
welfare aspects in the cost benefit formula, but, since the basic framework is quantitative in
nature, the true results are yet to be concluded. It is hard to deny that many implicit and
intangible factors cannot be quantified and hence we need to supplement cost benefit
approach with a separate qualitative framework which was explained in chapter 7.

Figure 89: Approaches for economic analysis of energy alternatives within cost
benefit

regime
As shown in figure 89, for analysis of energy alternatives, there are three approaches within
the cost benefit regime;

•

First, the levelized cost approach in we are mainly interested in the cost of
one unit of energy production from each alternative and the alternative which
provides energy at the lowest cost is preferred over others.

•

Second, the calculation of the cost capacity ratio. The lowest the ratio, the
best the
alternative.

•

Third, the calculation of costs and benefits in a traditional way and finding
the cost benefit ratio for each alternative.

The detailed calculation of costs and benefits are explained in the subsequent sections.
9.2

Costs in Case of Energy Alternatives

Only relevant costs were included in the calculations. The costs which are relevant for
energy alternatives are as under.
•

Capital Cost. Initial investment on acquiring land, development of
infrastructure and technology. In case of energy alternatives capital cost has
four distinct ingredients (depending on the alternatives) which are as under.
o Land cost. o Development cost including infrastructure development and
buildings. o Cost of technology and machines.
o

•

Initial investment to operationalize energy project.

Fixed Cost. Fixed costs remain constant throughout the life period of an
initiative independent of the output. For example whatever the output may
be, rent, land, machines and buildings have to be there for an initiative. From
economics point of view, fixed costs are also called indirect or overhead costs
that have to bear by the owner regardless of the quantity of goods and services
produced. Fixed costs are often included in the capital costs for energy
alternatives.

•

Variable Cost. Variable cost varies with level of output or production
generally at rate relative to labor and capital. Wages, services, materials used
in production, fuel etc. are included in this cost.

•

Operation and Maintenance Cost. It is a group of costs experienced
continually over the useful life of the alternatives. Operation and maintenance
costs can be fixed and variable.
9.3

Benefits in Case of Energy Alternatives

Many benefits can be accrued from energy generation. However, emphasis was made to
count the direct benefits and avoid benefits which were indirect. For example the increase in
production due to availability of energy (electricity) and facilitation to transport sector due
to availability of gas are indirect benefits at the user end, but for the government, revenue
generation from provision of electricity to industrial sector or gas to transport sector is the
direct benefit which should be included in the calculation. Following are the main benefits
which were included in the calculations, depending on the nature of energy alternatives.
•

Revenue Generation. Numerical value of the revenue generated from use of
specific energy alternative. For example hydro energy is provided to masses
in the shape of electricity and amount per unit consumed is charged from
them. Gas is provided to industrial and transport sectors and the amount is
charged for this facility.

•

Saving. Saving made due to use of specific energy alternatives. For example
if solar energy is used for heating purposes then how much saving is being
accrued compared to grid electricity.

•

Tourism. Monetary value of tourism at the energy alternative site.
9.4

Levelized Cost Method (LCM)

In levelized cost method, cost of energy generation is calculated for each energy alternative
and the one having lowest cost is preferred. The only benefit that is counted in the method
is the generation of one unit of energy as shown in figure 90. Remaining benefits are taken
subsidiary. Description of the method is covered in succeeding sections.

Figure 90: Benefits and costs in case of levelized cost method
9.4.1 Framework
The cost of energy production from a source to break even over the lifetime of the initiative
is called Levelized Cost of Energy (LCOE). This single cost is the reflection of economic
estimate of the costs of energy generation from a source over the design period of the energy
system under consideration. It includes all the costs such as initial outlay, cost of capital,
cost of fuel, cost of operations and maintenance, cost of services and utilities. This a very
handy tool to compare the cost of energy production from different sources. The equation of
levelized cost is as shown in equation (16)

Where
LCOE = Levelized cost of energy
Ct = Capital cost in the year "t"
Mt = Fixed and variable operations and maintenance cost in the
year "t"

Et = Energy generation in the year "t"

Discount rate

n = Life of the system

r=

Normally, time period of 25 to 50 is considered while estimating levelized costs of energy.
It is estimated in the units of currency per kilowatt hour or per megawatt hour. It is worth
mentioning here, that estimation of levelized cost of energy is sensitive to underlying
assumptions, terms of references, socio-economic considerations, financial features and
technology being used. Therefore, due care should be taken during estimation. One most
important factor is capacity factor which is considered in the estimation of levelized cost of
energy. For instance, biomass energy may have a capacity factor of 5% depending on the
geographical location and operating conditions. Therefore, it is essential that before
estimation of levelized cost, all assumptions and working conditions are clearly spelled out.
9.4.2 Limits
While estimating and comparing the levelized cost of different energy alternatives, the limits
and scope is required to be clearly indicated. For instance the decision regarding inclusion
of cost of transmission and distribution lines, tax regulations, subsidies, and impacts on
environment, public life, health is required to be carefully taken at the start of the estimation
of levelized cost of energy alternatives. All these are relevant aspects, but, many researchers
around the globe have concluded that plain cost of energy generation without any extra or
subsidiary cost is good enough for comparison of different alternatives. Too much of
complicated calculations give very less added advantage. For example if you add inflation
and taxes, the calculation will vary by a little since these are added to both costs and benefits.
In this study following limits were set.
•

Capacity factor, was different for different alternatives.

•

Discount rate (applicable in Pakistan).

•

Taxes, depreciation and tax incentives (if applicable)

•

Inflation (optional)

•

Transmission costs (optional)

•

Externality costs (optional)

9.4.3 Constants. Following constants are valid for this study.
•

Costs and benefits are calculated in Pakistani currency, Pakistani Rupees
(PKR) such that PKR 102.9 = 1 US Dollar (official conversion rate in March
2015 displayed on www.forex.pk/open_market_rates.asp).

•

Costs were calculated for energy initiative of one Megawatt (0.086 tons of oil
equivalent). Calculation is given as under.
one ton of oil equivalent = 11.63 Mega watt hours

oil

one Mega watt = 0.086 ton of
Life of the project was taken as 50 years.

•

Oil (diesel) price rate was taken as PKR 80.61 per liter as displayed on
www.psopk.com on 23 March 15. The price of one ton of oil is therefore
calculated as under.
One ton = 1000 kilograms ≈ 1000 liters

Price of one ton of oil (PKR) = 1000 x 80.61 = 80610

Price of one

Megawatt is calculated as under.
Price of one megawatt (PKR) = 0.086 x 80610 = 6932.46
•

Discount rate of 8.5% was taken in calculation as per official discount rate
applicable in Pakistan (State Bank of Pakistan Monetary Policy, 2014-15).

•

For the ease of comprehension and reasons explained above, inflation and
taxes are not included in the calculations as cost benefit analysis is not much
effected by these factors in case of energy alternatives.

•

Only cost of energy generation from different alternative was included in the
calculation. Cost on transmission lines and distribution system was not
included in the calculation.

•

Capacity factors for different alternatives was taken as shown in table 85.
Table 85: Capacity factors for energy alternatives
Alternatives Capacity Factors
Reasons
Solar

40%

Biomass

10%

In Pakistan, solar energy alternative is
suffering from lack of availability of experts,
heavy cost of installation and maintenance.

Can only produce energy at the household
level. Cannot fulfill energy needs at larger
scale. It is suffering from lack of institutional
and organizational backup.
Wind

15%
Energy generation is restricted to wind belt
along the coast of Pakistan.

Hydro

80%
The most efficient natural source with regards
to availability and cost.

Geothermal

30%

Oil

30%

Not yet tested in Pakistan.
Indigenous oil production cannot fulfill the
energy needs which exerts heavy pressure on
exchequer due import of oil.

Coal

35%

Not yet fully explored and implemented.

Gas

60%

More exploration is needed to fulfill energy
requirements of country.

Nuclear

25%

Costly source of energy generation and in
Pakistan this source cannot be used for a large
scale energy generation.

9.4.4 Calculation of Levelized Cost
Using equation 13, levelized cost was calculated for all the energy alternatives from t=0
(present worth at the start of the initiative) to t=50 (future worth at the design life of year 50)
while keeping the discount rate at 8.5%. Summary of average levelized cost is shown in table
86.

Table 86: Levelized cost calculations for energy alternatives
Average Levelized Cost (PKR/Megawatt)

Solar

40

8.5

50

6912000

3251000

3207000

13370000

13.37

Biomass

10

8.5

50

2360000

1250000

1960000

5570000

5.57

Wind

15

8.5

50

9215000

3060000

2910000

15185000

15.18

Hydro

80

8.5

50

2450000

1580000

2010000

6040000

6.04

Geothermal

30

8.5

50

9430000

3180000

3060000

15670000

15.67

Oil

30

8.5

50

7350000

3240000

5370000

15960000

15.96

Gas

60

8.5

50

3620000

1970000

2100000

7690000

7.69

Coal

35

8.5

50

3120000

2270000

2180000

7570000

7.57

Nuclear

25

8.5

50

9160000

2970000

3150000

15280000

15.28

The disaggregated analysis of table 86 shows that with regards to capital costs (PKR per
megawatt), biomass is the best source of energy generation followed by hydro and coal as
shown in figure 91. Compared to other alternatives, energy generation from biomass source
requires very less capital and a biomass plant can be easily established at the household level
with minimal cost.

Figure 91: Capital cost PKR/ megawatt for energy alternatives
With regards to fixed operation and maintenance costs (PKR per megawatt), biomass is the
best source of energy generation followed by hydro and then gas as shown in figure 92.

Figure 92: Fixed operation and maintenance cost PKR/ megawatt for
energy alternatives
With regards to variable operation and maintenance costs (PKR per megawatt), biomass is
the best source of energy generation followed by hydro and gas as shown in figure 93.

Figure 93: Variable operation and maintenance cost PKR/ megawatt for energy
alternatives
The overall levelized cost in terms PKR per megawatt is shown in figure 94 while overall
levelized cost in terms of PKR per watt is shown in figure 95.

Figure 94: Levelized cost PKR/ megawatt for energy alternatives

Figure 95. Levelized cost PKR/ watt for energy alternatives
Energy generation from biomass emerged as the most cost effective followed by hydro, coal
and gas. Biomass is the cheapest source of energy as it does not require much of the
infrastructure and capital. Similarly, hydro also emerged as cost effective since its most
abundant natural energy source available to Pakistan.
9.5

Cost Capacity Ratio (CCR)

But above results are not conclusive without taking care of capacity factors as shown in
figure 96. Capacity factor has two dimensions; first, capacity of the particular source of
energy to fulfill our energy needs, second, our capacity to fully tap the particular source of
energy. Considering these two dimensions, hydro has the maximum capacity of 80 %.

Pakistan is blessed with hydro source of energy generation at numerous suitable locations
throughout its landscape from north to south. Only hydraulic structures are required to be
built to generate energy from flowing water in the rivers, tributaries and streams. Biomass
source of energy emerged as the most cost effective but it has the least capacity factor of 10
% only. It can only fulfill energy needs at the household level. Conversion of current micro
level projects of biomass into mega scale energy initiative will require huge efforts by the
government which will consume huge expenditure. Moreover, gas has capacity factor of 60
% which is considerably acceptable since gas is also available in Pakistan indigenously,
though more extensive explorations are required.

Figure 96: Capacity factors curve for energy alternatives
To draw conclusions from the analysis of energy alternatives by levelized cost method, the
capacity factor curve of alternatives was superimposed on the levelized cost of alternatives
as shown in figure 97.

Figure 97: Graph showing cost (PKR) per watt with capacity factor curve superimposed
The best combination was taken as minimum cost and maximum capacity factor while the
bad combination was taken as the maximum cost and minimum capacity factor. In order to
have mathematical evidence of the Cost Capacity Ratio (CCR) for each alternative was
calculated as per equation (17). Cost Capacity Ratio gives the cost of increasing capacity by
one percent in PKR per percent. Results of calculation are shown in figure 98.

Figure 97 shows that hydro was the best alternative for generation of energy as it had the
maximum capacity factor with second lowest cost. Similarly, gas emerged as better
alternative based on the combination of cost and capacity factor. Coal turned out to be good
alternative although its capacity factor (35%) was lower than the solar (40%), but its cost
(PKR 7570000) was almost 50% less than the solar (PKR 13370000).

Figure 98: Cost Capacity Ratio for different alternatives (PKR/%)
Figure 98 shows very interesting results and validates the results obtained from figure 97.
Hydro turned out to be the best energy alternative for Pakistan because its cost capacity ratio
(0.076) was the lowest compared to other alternatives which indicated that a cost of PKR
0.076 was required to increase its capacity by 1%. This clearly manifested the significance
of hydro energy over other alternatives. Similarly, gas and coal had lower values of cost
capacity ratios so these were better than the other alternatives. Solar emerged as the good
alternative because it had moderate cost capacity ratio. However, biomass, geothermal, oil
and nuclear emerged as only slightly good energy alternatives for Pakistan as these had
relatively high values of cost capacity ratio. Wind tuned out to be the worst as it had the
highest value of cost capacity ratio. Wind had the low capacity (15%) and high cost (PKR
15.18 per watt) and to increase its capacity by 1%, PKR 1.012 were required which is
relatively very high.
9.6

Cost Benefit Ratio (CBR)

Cost benefit ratio is determined by division of total benefits over total costs as shown in
equation (18). However, these benefits and costs are calculated based on the prevailing
discount rates.

An alternative is considered acceptable if its benefits exceeds costs and the cost benefit ratio
is more than 1. If ratio is > 1 (greater than 1), the alternative is taken as feasible, however, if
this ratio is < 1 (less than 1), the alternative is taken as unfeasible. If the ratio is equal to 1,
be indifferent and take the alternative as unfeasible.
To apply equation 15 to energy alternative, a through differentiation of costs and benefits
was essential. In case of energy alternatives, the equivalent costs were divided into two
components; the equivalent capital costs initially invested (I) and the equivalent annual

operation and maintenance costs (V). Similarly, equivalent benefits were divided into three
components; the receipts or revenue (R), the savings (S) and tourism at the alternative's site
(T). Therefore, equation (18), was written as under.

For alternative to be feasible, CBR should be greater than 1 (CBR>1), therefore, equation
(19) can be written as

Simplifying equation (20),

Equation (23) was used to calculate the equivalent benefits and costs for different
alternatives. However, the present worth (at t=0) of variables in numerator of equation (23)
were required to be calculated as per the discount rate for the design life of the alternative.
The fixed capital cost (I) was already at t=0 (initial investment) so therefore it was not
required to be discounted. in this regard following assumption were made.
•

Design life of the alternative, n = 50 years

•

Discount rate, i = 8.5% (State Bank of Pakistan, Monetary Policy, 2014-15)

•

Average revenue of one kilowatt of electricity collected from consumers per
month at the rate of PKR 9.5 per watt (official electricity tariff in April 2015)
=
9.5 x 1000 = PKR 9500

•

Revenue per year = 9500 x 12 = PKR 11400

•

Output of each alternative = 1 megawatt

•

Revenue per year for 1 megawatt consumption = 9.5 x 12x 10 6 = PKR 114
Millions

Taking the design life and discount rate into consideration, the present worth of energy
alternatives was calculated as

Equation (24) was used for calculation of the cost benefit ratio of energy alternatives. Costs
and benefits were calculated based on the data collected from existing energy initiatives.
Summary is shown in table 87.

Table 87: Cost Benefit Ratios (CBRs) calculation

Solar

114

28.5

0

58.3

95

1.03

Biomass

114

28.5

0

35.75

45.5

2.72

Wind

114

28.5

1.5

65.5

98.2

0.93

Hydro

114

28.5

3.7

45.6

70.6

1.65

Geothermal

114

28.5

1.5

79.8

93.2

0.80

Oil

114

28.5

0

59.8

83.6

1.15

Gas

114

28.5

0

48.8

93.5

1.16

Coal

114

28.5

0

51.5

73.8

1.43

Nuclear

114

28.5

0

61.5

92.8

1.01

9.7

Conclusions from Cost Benefit Approach

Results from table 87 were graphically plotted as shown in figure 99. The value bars clearly
indicates standing of different energy alternatives from cost benefit point of view.

Figure 99: Cost benefit ratios of different energy alternatives
As indicated in figure 99, biomass energy, having the highest value of cost benefit ratio
(2.72) is the best alternative for Pakistan. However, there is meager possibility of large scale
energy production from biomass and it can only fulfill the households' energy needs at micro
scale. This aspect was clearly highlighted in the factors matrix analysis and in the levelized
cost approach. It is worth mentioning that cost benefit analysis can be misleading in this
aspect as it only considers the discounted monetary values of costs and benefits. The next
highest value of cost benefit ratio (1.65) was obtained for hydro energy source. The third
highest value (1.43) was obtained for coal. Gas, oil, solar and nuclear also had cost benefit
ratios of more than 1 which means these alternatives were suitable from analysis point of
view. However, geothermal and wind had cost benefit values of less than 1, therefore these
alternatives were currently not feasible. Two glaring disadvantages were noted for wind
energy: firstly, energy generation from wind is restricted to a defined geographical built
along the coast of Pakistan and the application of this alternative is not possible in entire
country; secondly, we do not have indigenous specialists and experts of the wind energy as
well as the required capital which is mostly imported from foreign countries and most of the
foreign firms are currently engaged in wind energy projects. As for as geothermal energy is
concerned, it is yet to be tested in Pakistan.

Now that energy alternatives have been thoroughly analyzed by factors matrix and cost
benefit approaches, a comparison of the two approaches is required to draw conclusions and
valid our arguments. In the next chapter, comparison of the two approaches of economic
analysis has been described.

Chapter 10
COMPARISON OF THE TWO APPROACHES OF ECONOMIC ANALYSIS

10.1 Prelude
Two main approaches were used in this research for economic analysis of energy alternatives; the
factors matrix approach and the cost benefit approach. The very nature of the two approaches was
different. Factors matrix approach was qualitative whereas cost benefit approach was quantitative.
The two approaches gave different results. Therefore, it was interesting to compare results
obtained from the two approaches. The best way for comparison is to find out relative raking of
the alternatives. This comparison is explained in succeeding sections.

10.2 Analysis of Energy Alternatives by Factors Matrix Approach
Factors matrix approach was comprehensively used for socio-economic and environmental
analysis of energy alternatives. Data was collected on 26 socio-economic and environmental
factors and collected data was analyzed using three methods as shown in figure 100.

Figure 100: Three constituent methods of factors matrix approach
10.2.1 Statistical Analysis
From statistical analysis we obtained the trends and comparative ratings of the energy alternatives
along with descriptive statistics such as mean, median, mode, standard deviation, confidence
interval, skewness and kurtosis. Result of statistical analysis based on the data obtained from six
major cities of Pakistan is shown in figure 101.

Figure 101: Results of statistical analysis
Respondents showed greater confidence in Hydro, solar, gas and coal as suitable energy
alternatives for Pakistan. The fact that solar energy (renewable) has attracted greater attention of
the masses than gas and coal (non-renewables) has greater significance from policy point of view.
From results of statistical analysis shown in figure 93, the ranking of nine energy alternatives is
shown in table 88.
Table 88: Rakings of energy alternatives from statistical analysis
Ranking
Alternatives

1

2

3

4

5

6

Hydro

Solar

Gas

Coal

Oil

Wind

7

8

9

Nuclear Biomass Geothermal

10.2.2 Digital Analysis
Computer assisted qualitative data analysis software (CAQDAS) was used for digital analysis of
data. This software gave digitally iterated and attenuated three dimensional model of the rating
trend along with representative equations for the trend. Using this software for digital analysis
was the innovative part of this research. The digitally iterated and attenuated model obtained from
digital analysis for renewables and non-renewables is shown in figure 102.

Figure 102: Digitally iterated and attenuated three dimensional model of ratings for energy
alternatives
Digital analysis also gave the representative equations with R 2 values. The nature of
representative equations and corresponding R2 values helped in determination of raking of the
alternatives. Results are indicated in table 89.
Table 89: Representative equations and value of R2 for energy alternatives
Energy
Alternatives

Equation from Digital
Analysis

Nature of
Representative
Economathical
Equation

Trend

R2

y = 0.050x3 - 0.493x2 +

Solar

Cubic

Polynomial

0.844

Quartic

Polynomial

0.971

Quartic

Polynomial

0.966

Quadratic

Polynomial

0.972

Cubic

Polynomial

0.902

Cubic

Polynomial

0.903

Cubic

Polynomial

0.943

Cubic

Polynomial

0.914

Quartic

Polynomial

0.881

1.512x + 1.966
y = 0.009x4 - 0.590x3 +

Biomass

2.989x2 - 5.894x + 5.65
y = -0.029x4 + 0.393x3 -

Wind

1.740x2 + 2.651x + 1.933
y = -0.080x2 + 0.671x +

Hydro

2.87
Geothermal

y = -0.012x3 + 0.128x2 0.359x + 1.666
y = 0.024x3 - 0.209x2 +

Oil

0.451x + 2.533
y = 0.038x3 - 0.458x2 +

Gas

1.431x + 2.5
y = 0.010x3 - 0.090x2 -

Coal

0.029x + 3.933
y = -0.025x4 + 0.35x3 -

Nuclear

1.65x2 + 2.932x + 0.8
Considering the nature of equations and values of R 2 for different alternatives, the raking
obtained from digital analysis is shown in table 90.
Table 90: Rakings of energy alternatives from digital analysis
Ranking
Alternatives

1

2

3

4

5

6

Hydro

Biomass

Wind

Gas

Coal

Oil

7

8

Geothermal Nuclear

9
Solar

10.2.3 Economathical Analysis
Economathical analysis was the most part of this research. The equations obtained from digital
analysis (called as economathical equations) for the renewable and non-renewable alternatives
were solved to obtain numerical value of the ratings of these alternatives. Newton- Leibniz
integration formula was used for solution of the equations for the ratings obtained. The results of
economathical analysis are shown in figure 103. Results indicates that top slot are occupied by

renewables i.e. hydro followed by solar and the next two are non-renewables i.e. gas followed by
coal.

Figure 103: Results of economathical analysis
Based on the results of economathical analysis, the ranking of energy alternatives is shown
in table 91.
Table 91: Rakings of energy alternatives from economathical analysis
Ranking
Alternatives

1

2

3

4

5

6

Hydro

Solar

Gas

Coal

Oil

Wind

7

8

9

Nuclear Biomass Geothermal

10.3 Analysis of Energy Alternatives by Cost Benefit Approach
Cost benefit analysis is the traditional approach of economic analysis. This approach was used
after collection of data for renewable and non-renewable alternatives from the ongoing projects
and experts. This approach consisted three constituent methods as shown in figure 104.

Figure 104: Three constituent methods of cost benefit approach
10.3.1 Levelized Cost Method
Levelized cost was calculated for all the energy alternatives from t=0 (present worth at the start
of the initiative) to t=50 (future worth at the design life of year 50) while keeping the discount rate
at 8.5%. Summary of the average levelized cost is shown in figure 105. Results of this method
indicated that biomass is the best alternative followed by hydro, coal and gas. On the basis of
levelized cost, oil proved as the least feasible alternative.

Figure 105: Results of levelized cost method
Based on the results of levelized cost method, raking of the renewable and non-renewable
alternatives is given in table 92.

Table 92: Rakings of energy alternatives from levelized cost method
Ranking

1

2

Alternatives Biomass Hydro

3

4

5

6

Coal

Gas

Solar

Wind

7

8

Nuclear Geothermal

9
Oil

10.3.2 Cost Capacity Ratio
Every alternative has a capacity factor (in terms of percentage) with reference to its development,
expansion and fulfillment of the energy needs. These capacity factors are different for different
countries. For Pakistan, capacity factors were determined after discussion with experts and based
on the observations during field visits. Capacity factors for various alternatives are shown in
figure 106. When levelized cost of an alternative (PKR per watt) was divided by its capacity factor
(%), cost capacity ratio was obtained which actually meant the levelized cost required to raise the
capacity of that alternative by 1% in terms of watt. For example, when the levelized cost of wind
PKR 15.18 per watt was divided by its capacity factor 15 % , cost capacity ratio of 1.012 was
obtained which meant that a levelized cost of PKR 1.012 was required to raise the capacity of
wind energy by 1%. The lower the cost capacity ratio of the alternative, the best the alternative.
Cost capacity ratios of different renewable and nonrenewable alternatives are shown in figure 107.

Figure 106: Capacity factors for different energy alternatives

Figure 107: Cost capacity ratios for different energy alternatives
Based on the results of cost capacity ratios, the rankings of different renewable and nonrenewable
alternatives are shown in table 93.
Table 93: Rakings of energy alternatives by cost capacity ratio method
Ranking

1

2

3

4

5

6

Alternatives

Hydro

Gas

Coal

Solar

Geothermal

Oil

7

8

Biomass Nuclear

9
Wind

10.3.3 Cost Benefit Ratio
Cost benefit ratio was used to calculate the discounted costs and benefits of each energy
alternative. For an alternative to be feasible, the cost benefit ration should be equal to or greater
than 1. Cost benefit ratios for different alternatives are shown in figure 108. Results indicated that
Biomass is the most feasible alternative followed by hydro whereas wind and geothermal are
unfeasible alternatives.

Figure 108: Cost benefit ratios of different energy alternatives
Based on the result of cost benefit ratios, the rankings of different renewable and nonrenewable
alternatives are shown in table 94.

Table 94: Rakings of energy alternatives by cost capacity ratio method
Ranking

1

2

Alternatives Biomass Hydro

3

4

5

6

7

8

9

Coal

Gas

Oil

Solar

Nuclear

Wind

Geothermal

10.4 Comparison of Economic Analysis Approaches
Discussions and results shown in preceding sections indicate that different rankings were
achieved for different alternatives. Based on the rankings of renewable and non-renewable
alternatives obtained from different economic analysis methods, a comparison was drawn.
However, some methodology was required to decide about the final ranking of each alternative.
Statistically, mode is the measure of central tendency. Mode is the number that is repeated most
in the data set. Modal value is best for raking of the alternative. Comparison of different analysis
methods with final rankings of the alternatives is shown in table 95.
Table 95: Comparison of economic analysis approaches and their constituent methods

Ratings Obtained from Analysis

Ratings Obtained from Analysis

of Energy Alternatives by

of Energy Alternatives by Cost

Factors Matrix Approach

Benefit Approach

Final
Raking

Factors

Using
Modal
Value

Solar

2

9

2

5

4

6

2

Biomass

8

2

8

1

6

1

8

Wind

6

3

6

6

9

8

6

Hydro

1

1

1

2

1

2

1

Geothermal

9

7

9

8

5

9

9

Oil

5

6

5

9

6

5

5

Gas

3

4

3

4

2

4

4

Coal

4

5

4

3

3

3

3

Nuclear

7

8

7

7

7

7

7

10.5 Validation of Arguments by Logic Tables
After analysis of the energy alternatives by two approaches, arguments envisaged in the
theoretical and conceptual frame work of were validated through logics derived from results of
this research. Logic table validation is a common method in qualitative research. Some times this
method is referred as truth table method. Argument 1 was related to a fundamental issue of
whether energy alternatives are affected by socio-economic and environmental factors? Logics
for this argument are shown in table 96.
Table 96: Logics for Argument 1
Argument

Logics

Result

Argument 1. Are energy

Reject Null Argument,

alternatives affected by socio-

A0 and accept

economic and environmental
factors?
•

Null Argument, A0= No

•

Alternative Argument,
A1= Yes

The data on socio-economic and
environmental factors affecting
energy alternatives was collected
from 2400 respondents of six cities.
This data was analysed by statistical,
digital and economathical methods.
All the three methods gave
significant results in the form of
statistical ratings, digital models and

Alternative Argument,
A1

numerical values of ratings for
different energy alternatives which
indicated that energy alternatives are
affected by socio- economic and

environmental factors.

Argument 2 was related to a whether a new frame work in the form of factors matrix approach is
required for analysis of energy alternatives? Logics for this argument are shown in table 97.
Table 97: Logics for Argument 2

Argument

Logics

Result

Argument 2. Is it required to

Reject Null Argument,

have a new framework in the

A0

form of factors matrix

and

accept

Alternative Argument,

socio-economic
and
approach for analysis of socio- 26
A1
environmental factors affecting energy
economic and environmental alternatives were considered in this
research. Some of the factors like
factors affecting energy
availability of material and resources,
alternatives?
working hours, location, law and
order
situation,
aesthetics,
• Null Argument, A0= Not
sustainability, fulfilment of desired
level of energy, possibility for
required
extension and recognition at local and
• Alternative Argument,
foreign level of energy alternatives
could not be ascertained in monetary
A1= Yes required
terms by traditional cost benefit
approach. Results proved

that all these factors d

o have

considerable influence on choice of
energy alternatives and they need to
be considered for prudent choice of
energy alternatives. Therefore, a

new framework in the form of
factors matrix approach was a

necessity for analysis of factors
which were be yond the scope of cost
benefit approach.

Argument 3 was related to comparison of factors matrix and cost benefit approach to find out
whether the two approaches are supplementing or contrasting each other? Logics for this argument
are shown in table 98.

Table 98: Logics for Argument 3

Argument

Logics

Result

Argument 3. Is factors matrix

Reject Null Argument,

approach supplementing cost

A0

benefit approach?
•

Null Argument, A0=
Contrasting

•

Alternative Argument,
A1= Supplementing

and

accept

Alternative Argument,
Results from factors matrix
approach indicated that except for A1
one
odd
energy
alternative
(biomass), these are generally
supplementing results obtained from
cost benefit approach, however,
making it more comprehensive and
all encompassing.

Argument 4 was related to a the most important aspect of whether a new frame work in the form
of factors matrix approach is making the analysis of energy alternatives comprehensive as was
claimed ? Logics for this argument are shown in table 99.
Table 99: Logics for Argument 4

Argument

Logics

Result

Argument 4. Is factors matrix

Reject the Null
Argument, A0 and
accept Alternative
Argument, A1

approach making economic
analysis of energy alternatives
comprehensive?
•

Null Argument, A0= No

•

Alternative Argument,
A1= Yes

Results from factors matrix and cost
benefit approaches when pitched
against each other indicated that using
one approach for analysis of energy
alternatives can be misleading and
inconclusive. For example if we use
only cost benefit approach we would
have selected biomass as the best
alternative, but when we used factors
matrix approach and considered the
factor of fulfilment of intended
purpose, we concluded that biomass
cannot fulfill energy requirements at
national level and hence its ranking
dropped to 8. Similarly, all the
alternatives were not declared feasible
by cost-benefit approach. Purely from
cost benefit point of view wind and
geothermal energy sources turned out
to be

unfeasible sources with cost benefit
ratios of 0.93 and 0.80 respectively.
However, in facto rs matrix approach,
none of the alternative was declared
as

bad.

This

indicated

that

respondents viewed every alternative
at least useful and slightly good. This

clearly

validated

that

the

approaches are applied

two

together; a

comprehensive picture emerge s in the
context

of

analysis

of

energy

alternatives.

10.6 Conclusions
Following conclusions were drawn after comparison of factors matrix and cost benefit approaches
and their constituent analysis methods.
•

There was variation in results obtained from factors matrix and cost benefit
approaches. Some of the glaring variations are as under.
o

Biomass achieved raking of 8 in factors matrix and 1 in cost benefit
approach.

Since

factors

matrix considered

socio-economic and

environmental factors besides the monetary factors, biomass could obtain
a ranking of 8 in the factors matrix approach. But, since cost benefit
approach only considered monetary aspects and biomass is the cheapest
source of energy, it obtained 1 ranking in the cost benefit approach.
o

Hydro achieved raking of 1in factors matrix and 2 in cost benefit approach.

o

Gas achieved raking of 3 in factors matrix and 4 in cost benefit approach.

o

Coal achieved raking of 4 in factors matrix and 3 in cost benefit approach.

•

Analysis by factors matrix approach generally gave consistent results except for
raking of solar and biomass by digital analysis.

•

The final ranking of alternatives more or less resembled results obtained from
economathical analysis which indicated the potency of this method.

•

There was variation in the results obtained from three constituent methods of cost
benefit approach for different energy alternatives.

•

The feasibility ranking of biomass by levelized cost and cost benefit ratio methods
turned out to be 1 st but when the capacity factor was introduced, hydro obtained
the 1st feasibility raking and biomass was related to 6 th position.

•

The modal value of biomass was 8 by factors matrix approach, whereas its modal
value by cost benefit analysis was 1. In essence, biomass turned out to be bimodal
but considering other factors, modal value of 8 was taken.

•

The fact that solar energy obtained a ranking of 2 is highly significant. People and
experts have shown confidence in solar energy generation.

•

Hydro was declared as 1st or 2 nd by all the analysis methods. Its ranking did not go
down from 2nd position regardless of the method applied.

•

Coal obtained ranking of 3 which means that people wanted the government to
explore coal as new source of energy generation to reinforce and augment the
renewable sources such as solar and hydro.

•

The first two rankings were achieved by renewable and the next two by
nonrenewables. This indicated that masses and experts had greater confidence in
renewables compared to non-renewables.

After comparison of results obtained from different approaches, some pertinent conclusion
and policy recommendations are offered in the next chapter.

Chapter 11
CONCLUSIONS & POLICY RECOMMENDATIONS

11.1 Prelude
Selection of suitable energy alternatives is an intricate matter. This research started with a concern
that although cost benefit approach is available for economic analysis of energy alternatives, another
method is required which should cater for socio-economic and environmental factors involved in
selection of feasible energy alternatives. It was argued throughout the discourse that by the process
of having factors matrix approach, we will make the economic analysis of energy alternatives more
comprehensive and wholesome. Now, since the results from two approaches have been obtained and
analyzed, few pertinent conclusions and policy recommendations are offered in the succeeding
sections.

11.2 Conclusions of Research
•

Need for Factors Matrix Approach. The need for factors matrix approach is
validated based on following;
o

The results obtained from factors matrix and cost benefit approaches
indicated that both methods are required to be applied for comprehensive and
wholesome economic analysis. The incorporation of factors matrix approach
in the economic analysis of energy alternatives really made the analysis
process comprehensive and wholesome. Using single approach i.e. either
factors matrix or cost benefit approach, may be misleading and inconclusive.

o

Selection of suitable energy alternatives is a complex issue in a
multidimensional society like Pakistan. People, experts, academia,
researchers, political and community leaders are all on different pages
regarding energy alternatives. Factors matrix approach made the economic
analysis of energy alternatives a participatory process involving opinion of
masses, experts, academia, researchers, political and community leaders.
Thus, it addressed the socio-economic and techno-environmental concerns of
society equally across the board.

o

All the alternatives were not declared feasible by cost-benefit approach.
Purely from cost benefit point of view wind and geothermal energy sources
turned out to be unfeasible sources with cost benefit ratios of 0.93 and 0.80
respectively. However, in factors matrix approach, none of the alternative was
declared as bad. This indicated that respondents viewed every alternative at
least useful and slightly good.

o

Some of the factors like availability of material and resources, working hours,
location, law and order situation, aesthetics, sustainability, sufficiency,
possibility of extension, recognition at local and foreign level of energy
alternatives could not be ascertained in monetary terms by traditional cost
benefit approach. Results proved that all these factors do have considerable
influence on choice of energy alternatives and they need to be considered for
prudent choice of energy alternatives. Therefore, a new framework in the
form of factors matrix approach was a necessity for analysis of factors which
were beyond the scope of cost benefit approach.

•

Overall Ranking. Hydro, Solar, Coal and Gas obtained the 1 st, 2 nd , 3rd and 4th
feasibility rakings respectively. These results from two approaches indicated that
people, experts, academia, researchers, political and community leaders had greater
confidence in renewables compared to non-renewables as the first two rakings were
obtained by renewables and the next two by non-renewables. Solar getting 2 nd
feasibility ranking is of higher significance. These rankings clearly indicated
investment priorities for the government of Pakistan. Investment in these four
alternatives should be priority for short and medium term at least.

Solar
o

Solar obtained 2nd feasibility ranking in energy alternatives which is of great
significance as it attained a position above gas and coal in the feasibility
rankings. The fact that respondents liked solar energy to be promoted more

than gas and coal is worth appreciating. Throughout the landscape of
Pakistan, sunshine hours (average 6 to 8 hours) and solar radiations are
available and if existing energy supply is augmented by installation of solar
panels at the house hold level, the ongoing energy crisis can be reduced by
half, if not full. This is a milestone change which should be by actualized by
effective institutional measures.
o

The intensity of solar radiation is particularly high in Baluchistan. In
Baluchistan, the average daily global insulation is up to 20 million Jules per
meter square per day and annual mean sunshine duration of 8 to 9 hours a day
and these values are among the highest in the world. These circumstances are
best for photovoltaic and other solar energy applications.

o

Currently, Pakistan is producing 525 Megawatts of energy from planned solar
energy generation projects.

o

Solar obtained second highest statistical rating (3.52) and second highest
numerical value of the rating by economathical analysis (17.15), which
manifested that people have greater confidence in solar energy.

o

Solar energy has higher capacity factor of 40% in Pakistan considering its
availability even at household level in remote areas. Its cost capacity ratio is
just 0.334 which is one of the lowest and within the desirable range.

o

However, there are problems with energy generation from solar such as;


Energy generation from solar source is still expensive in Pakistan. Its
levelized cost turned out to be PKR 13.37 per watt which is
very high compared to hydro for which is PKR 6.04 per watt (55%
less than the solar).



Solar panels are expensive and its maintenance is even more
expensive, most of the time replacement of parts is the solution for a
fault in the solar panels.



Energy generation from solar source is inconsistent and depends on
solar radiation which in turn depends on day light hours. Continuous
and uninterrupted supply from solar source may not be possible across
the landscape of Pakistan.



We have neither the experts nor the professionals for solar energy. We
are dependent on foreign countries (especially China and Turkey) in
this regard. There is a need for capacity building and skill
development to fully tape the potentials of solar energy.

Biomass
o

Biomass obtained 8th feasibility ranking amongst the nine energy
alternatives.

o

Glaring variation between the two method was noticed for biomass as energy
alternative. In the factors matrix approach it attained 8 th feasibility ranking
whereas in the cost benefit approach it attained 1 st feasibility ranking.

o

This validated the conceptual difference between the two approaches. As cost
benefit approach considers monetary aspects and biomass is the cheapest
source of energy, so purely from monetary point of view, it obtained 1st
feasibility ranking by cost benefit approach. However, when other factors like
capacity, environmental issues, fulfillment of energy requirement at the
national level etc where considered in factors matrix approach, it obtained 8 th
feasibility ranking. Had we considered cost
benefit approach only, we would have taken biomass as 1 st and most feasible
attentive but through factors matrix analysis we came to know that it has very
low capacity and can only fulfill the energy needs at micro level, therefore,
based on the data collected from respondents it was given 8 th feasibility
ranking. This is why it was emphasized that using only one approach may be
inconclusive and misleading.

o

Currently we have about 2500 biomass projects throughout Pakistan at
household level in the villages which are generating about 998 thousand cubic

meters of gas. The same are being used for heating and cooking purpose by
the inhabitants in the dwellings.
o

In the economic analysis, biomass obtained lowest levelized of cost PKR 5.57
per watt compared to hydro which had cost of PKR 6.04 per watt (8% more
than the biomass). Similarly, by cost benefit ratio method it obtained the
highest value (2.72) compared to hydro (1.65).

o

However, there are problems with energy generation from biomass as;


In the factors matrix approach, biomass obtained very low numerical
value of its low statistical rating (1.98) by economathical analysis. Its
value was just 8.95 compared to hydro which it was 20.36 (56% more
than biomass).



Biomass has the least capacity factor of just 10% in Pakistan. It means
that it does not have the capacity to fulfill the energy needs at national
level.



Biomass is unreliable source and cannot fulfill the energy
requirements even at smaller scale. It can at best be used by
households in the rural areas of Pakistan. Expansion of biomass
energy generation at the national kevel seems undesirable and
inappropriate both technically and economically.

Wind
o

Wind obtained overall

o

The climatic data indicated that Pakistan has 62 kilometer wide and 185

6th

feasibility raking in the nine energy alternatives.

kilometers long coastal belt from Gharo to Kati Bandar and up to Hyderabad.
Approximately 50,000 megawatts of electricity can be generated if this belt is
optimally explored. There are other suitable sites for wind energy along the coastal
area of Baluchistan and hilly areas of Quetta, Kyber Pakhtunkhwa and Northern
Areas which can be explored. o Currently we are generating about 310 megawatts of

energy by wind mills installed Sindh (Gharo) and Baluchistan (Turbat area) which is
about 0.5 % of the total available capacity.
o

However, there are problems with energy generation from wind such as;


Desired wind velocity is available in a specific wind belt located
mostly along the coast. It cannot be installed ubiquitously. The power
generation capability from wind source is therefore limited.



We have neither the experts nor the professionals for wind energy.
We are dependent on foreign countries (especially China and Turkey)
in this regard. There is a need for capacity building and skill
development to fully tape the potentials of wind energy. Due to this
reason these projects were currently operating at 50-60% efficiency.



In almost all the economic analysis method, wind energy could not
obtain an acceptable rating or value. It could not attract the opinion of
respondents during the survey. It has a low capacity factor of 15% and
high levelized cost of PKR 15.18 per watt compared to hydro which
was just PKR 6.04 per watt.



Purely from cost benefit point of view, wind energy sources turned
out to be unfeasible sources with cost benefit ratios of 0.93 (less than
1). The main reason behind this unfeasibility was that wind energy is
currently very expensive and mostly we are dependent on foreign
experts.

Hydro
o

Hydro obtained overall

o

In this research, hydro obtained either top most ranking or second to top but

1 st

feasibility raking in nine energy alternatives.

has never came down from that position by application of any economic
analysis method. Results obtained from factors matrix and cost benefit
approaches indicated that hydro is the best and most feasible energy
alternative for Pakistan.

o

As per estimates, Pakistan can produce more than 60,000 megawatts of
electricity through hydropower. Presently only 6775 megawatts of electricity
(11% of the total energy mix and 30% of the total electricity output) is
generated using hydro source.

o

Hydro obtained the highest rating in statistical analysis (4) and highest value
in economathical analysis (20.36). Similarly, Hydro has the highest capacity
factor of 80% in Pakistan which is an exception at the world level. Hydro
obtained second lowest levelized cost of PKR 6.04 per watt and lowest cost
capacity ratio of 0.076. These figures are significant and impressive from
energy policy and planning point of view.

o

Hydro energy projects were found operating in the most professional way.
There was no problem with regard to maintenance of the projects. Local
professionals and experts were available for hydro power technology. o
Energy generation from hydro source could not be geared up due to political
and administrative reasons. For example during the survey, respondents from
Peshawar liked solar more than hydro due to political reasons, respondents
from Karachi liked coal more than hydro due to technical reasons, while
respondents from Quetta liked Gas more than hydro due to administrative and
governance issues. o Current invest in hydro energy generation is less than
investment in road infrastructure, although it should have been the vice versa.

Geothermal
o

Based on the results obtained from different analysis methods, geothermal
obtained the lowest feasibility raking of 9 th, the last of all the nine energy
alternatives.

o

The shallow geothermal energy sources, estimated as equivalent to 60,000
megawatts of electricity, can be used for cooling and heating with much
convenience, especially in Northern Areas of Pakistan. The population of
these areas can be helped in an institutionalized manner to take advantage of

this huge source of energy for space heating. This would be the direct use of
geothermal energy which can result in saving of 30,000 megawatts of
electricity as per estimates of Energy Foundation of Pakistan.
o

Energy generation from geothermal source is expensive and it has not been
tried in Pakistan so far.

o

Purely from cost benefit point of view, geothermal energy source turned out
to be unfeasible with cost benefit ratio of 0.80 (less than 1). The main reason
behind this unfeasibility was that we have not yet tested geothermal energy
and its benefits cannot be estimated at this stage.

o

During the survey geothermal energy could not attract the confidence of
respondents and it has been placed as the lowest of all. Most of the experts
believed that geothermal energy generation will mostly be restricted to hilly
areas just like wind energy is mostly restricted to coastal belt.

Oil
o

Based on the results obtained from different analysis methods, oil stood at 5 th
feasibility raking amongst the nine energy alternatives.

o

In 2015, total recoverable oil reserves in Pakistan are 1102.7 million barrels.
The present total production is approximately 625 million barrels (56% of
total recoverable) while reserves yet to be explored are approximately 479.6
million barrels (44% of total recoverable). o During 2014, 73 wells were
spudded and 18 discoveries have been made.

o

However, there are problems with energy generation from oil such as;


Results indicated that oil has the highest levelized cost of PKR 15.96
per watt amongst the nine alternatives. This is because of high oil
prices.



Oil power projects were suffering from shortage of oil due to which
these projects were depleting. The current explorations efforts cannot
sustain the heavy demand of oil for energy generation.



It is a non-renewable energy alternative and the depletion rate (5% per
annum) is faster than production rate (3.2% per annum). If this trend
continues, we will have to spend more on import of oil for our
domestic needs.



Power generation from oil was found very expensive. The oil is
mostly imported from abroad which exerts huge pressure on national
exchequer. A mammoth cost is paid due import of oil. In 2014, 233
million barrels were imported costing US$ 4.5 billion with a growth
rate of roughly 5-6% each year.



Oil contains hydro carbons which are harmful to environment.
There are environmental concerns on the use of hydrocarbons.

Gas
o

Gas obtained 4th feasibility ranking amongst the nine energy alternatives.

o

Total gas deposits are estimated as 55.6 Billion cubic feet out of which only
30.6 Billion cubic feet (56%) has been explored while remaining (44%)
remains unexplored.

o

Presently there are 26 firms are involved in exploration and subsequent
production of oil and gas. There are 169 natural gas reservoirs in the country.

o

Gas obtained reasonable values in economic analysis. The numerical value of
its rating by economathical analysis was 17.014, its levelized cost was
reasonably low (PKR 7.69 per watt), its cost capacity ratio was second lowest
after hydro (0.128) and it achieved a good cost benefit ratio of 1.16. These
favourable values for gas were due to the reason that we are engaged in the
indigenous exploration and production.

o

However, there are problems with energy generation from gas such as;


It is a non-renewable energy alternative and the depletion rate (5.1%
per annum) is faster than production rate (4.2% per annum). If this

continues, we will confront gas load shedding especially in winters
and in the longer term by 2025, we will be critically short of
indigenous production and will be compelled to import gas for
domestic needs.


The biggest consumer of the gas is industrial sector (40%
consumption as per estimate of 2015). Decline in the gas supplies,
whether due to load shedding or distribution faults, therefore directly
affect the economy of Pakistan.



Existing exploration efforts are haphazard. There is a need to chalk
out a long term exploration plan and invest priorities.



Gas contains hydro carbons which are harmful to environment.

Coal
o

Coal obtained 3rd feasibility ranking amongst nine energy alternatives.

o

Pakistan is blessed with one of the biggest reservoir of coal. The estimated
accumulative quantity of coal is approximately 191 billion tones. Thar,
located in Sindh Province, has coal reservoir of 175 billion tones and it is yet
to be fully explored. Coal reserves have been identified at 25 locations in the
country.

o

The Thar coal deposit has a total of 175 Billion Ton coal which is the world’s
7th largest coal reservoir. Total quantity of coal at Thar is 175 Billion Tons
which is equivalent to 50 Billion Tons of oil (more than Saudi Arabia and
Iranian oil reserves) and it is also equivalent to 200 Tons Cubic Feet (68 times
more than the total gas reserves of Pakistan). If this reservoir is explored
optionally, the energy needs can be fulfilled.

o

Coal extraction in the country is 66.85 billion tons (35% of the total available
reserves). Government should ensure institutional measures to explore the
huge potential of coal reservoirs.

o

Coal obtained reasonable values in economic analysis. The numerical value
of its rating by economathical analysis was 15.49, its levelized cost was
reasonably low (PKR 7.57 per watt), its cost capacity ratio was third lowest
after hydro (0.216) and it achieved a third high cost benefit ratio of 1.43 which
was greater than other non-renewables. These favourable values for gas were
due to the reason that we have huge coal reservoirs in the country and
respondents felt that if we are able to explore the full potential of coal
reservoirs, the energy crisis be over to a greater extent. o However, there are
problems with energy generation from coal such as;


Currently, coal is not being used for energy generation except heating
purposes. Coal is not being used for power generation. The newly
started coal power generation projects have not yet contributed energy
to the national grid.



Energy generation from coal will require complete set up including
power generation unit and distribution/ transmission system which
will require huge exchequer.



Coal is not a clean and green energy. It contains highest quantity of
hydro carbons amongst the non-renewable. These are harmful to
environment and there are international concerns on the excessive use
of coal for energy.

Nuclear
o

Nuclear obtained 7th feasibility ranking amongst nine energy alternatives.

o

Three nuclear power plants are currently being operated in Pakistan; Karachi
Nuclear Power Plant (KANUPP) of 100 Megawatts, Chashma Nuclear Power
Plant (NCPP) Unit 1 and 2 of 325 and 330 Megawatts respectively. Existing
total capacity is 755 megawatts.

o

Considering the natural sources available, Pakistan has a total potential to
produce up to 2000 megawatts from nuclear energy alternative. Currently we
are producing only 755 megawatts (37.5% of the total capacity available).

o

Production of energy from nuclear source is expensive process as it is
dependent on precious element uranium, which is available in limited
quantity.

11.3 Policy Recommendations
•

Opinion of Masses. Opinion of population should not be ignored in selection best
energy alternatives and energy related policy decisions because they are the ultimate
recipients of goods and odds of energy initiatives. A representative sample of
respondents from the population comprising commoners, experts, academia,
researchers, investors and political leaders is a good and effective way to reach to
opinion of population about energy alternatives.

•

Current Heavy Reliance on Non-Renewables. Current energy mix indicated that
Pakistan is heavily relying on non-renewables sources for energy generation. This
entails following problems.
o

These sources are depleting at faster rate and it is expected that 2025 these
sources will be depleted by almost 50% of existing capacity. This situation
warrants immediate measures to augment the existing energy generation
efforts by inclusion of renewable sources in the energy mix.

o

Generation of energy from non-renewables is putting extra burden on the
economy of Pakistan, although it is blessed with cheap and easily available
renewable sources. There is a need to promote energy generation from
renewable sources.

o

Greater reliance on non-renewables and its faster depletion has created the
dilemma of sustainability for Pakistan. Current efforts of energy generation
are non- sustainable in long run.

o

There are international concerns over environmental issues and carbon
dioxide (CO2 ) emission associated with use of non-renewables for energy
generation. These concerns are required to be addressed by incorporation of
renewable in energy generation.

•

Desirable Energy Mix - 2025. Reinforcement of energy mix with wind and solar is
need of the time. We need to reduce dependence on non-renewables and shift to
renewable. For long term sustainability, Pakistan has no option but to shift to
renewables, at least in part, if not wholly. For this it will have to put in sustained
efforts in spite of all the odds. Considering the conclusions of this research and
views of experts the energy policy for Pakistan till 2025 should focus on following
points; o Have more gas explorations and increase the gas production. o Reduce
dependence of oil as oil is very expensive in the global market.
o

To reduce pressure on the use of gas for energy, shift to use coal for energy
generation with more coal exploration. Preferably its use for energy
generation should reduce the requirement of gas by 50% of existing and
requirement of oil by 80% of existing till year 2020.

o

Build more hydro structures and build it soon to reduce dependence on nonrenewables. Energy generation from hydro sources should be around 40-50%
of the total by year 2025.

o

Reinforce the current energy mix by wind and solar energy generation. Solar
and wind should have a segment of up to 20% of the energy mix.

o

In view of the experts, the desirable energy mix by 2025 should be as shown
in table 100.
Table 100: Desirable energy mix by 2025
Energy Alternatives
Desirable Share in Energy Mix (%)
Solar

10

Biomass

10

Wind

2

Hydro

50

Geothermal

1

Oil

5

Gas

10

Coal

10

Nuclear

2

Investment Priorities - 2025. There is a need to prioritize investment in energy
sector and avoid haphazard investment on all the energy alternatives. The investment
priorities till 2025 should be as under;
o

Investment in hydro and solar should be the top priority. Investment in
remaining energy alternative should be lesser then hydro and solar.

o

Proposed share of investment for different energy alternatives till 2025 is as
shown in table 101.
Table 101: Investment priorities for energy sector till 2025
Energy Alternatives

Desirable Investment Share (%)

Solar

20

Biomass

2

Wind

6

Hydro

40

Geothermal

2

Oil

8

Gas

10

Coal

10

Nuclear

2

Solar
o

A very good opportunity is available to Pakistan to utilize solar conditions
optimally and produce enough energy to reduce poverty, improve the socioeconomic condition and standard of life of the people. According to a fair
estimate, solar energy generation can help to electrify approximately 40,000
remote villages across Pakistan.

o

From technical point of view, the ideal provinces for solar energy are Sindh
and Baluchistan. 77 percent of population of Baluchistan lives in rural areas
and around 90 percent of these small rural villages are without electricity.
These villages are located in far flung areas and the option of laying
transmission lines for electricity is economically not viable. Dwellings in
these villages are mostly single room with estimated electricity load of 50 to
100 watts. Therefore, solar energy is the most viable economical alternative
for these villages.

o

In addition to recently developed Qaid-e-Azam Solar Park in Punjab
Province, three more solar parks of at least 2000-3000 megawatts are required
to be developed one each in Sindh, Baluchistan and Khyber Pakhtunkhwa
respectively.

Biomass
o

The last livestock census was conducted 2002-03 in Pakistan which indicates
that in Pakistan, the number of animals (buffaloes, cows, and bullocks) was
roughly around 48 million. The daily dung quantity of each animal is around
15 kilograms. If we multiply it with the number of animals we get the dung
quantity of 720 million kilograms per day. If we assume 50% collection
losses, we can produce approximately 17 million cubic meter of biogas daily.
This huge quantity of gas is sufficient to meet the energy needs (cooking and
heating) of 51 million poor people living without electricity in rural areas.

Therefore, biomass energy production should be encouraged in the rural areas
without electricity.
o

Biomass is beneficial only for households. No major investment is desirable
in biomass energy as it cannot fulfill the energy demands of the country.

Wind
o

Around 5000 small villages located along the coast of Baluchistan, Sindh and
hilly areas of Khyber Pakhtunkhwa and Northern Areas can electrified
through wind energy.

o

Technical expertise in wind energy along with indigenous production of
spares/ gadgets should be attained to reduce dependence on foreign countries.

o

Wind energy should augment the existing energy efforts with slightly
enhanced scope; however, major investment in wind energy at this stage
seems undesirable.

Hydro
o

Hydro energy should be focused. The only renewable which can be optimally
exploited by Pakistan is hydro source. Hydro energy is the cheapest and most
reliable.

o

Experts have identified that Pakistan could not fully utilize hydro source of
energy so far due to political and technical issues. There are 117 suitable
places on different rivers for hydro energy generation, only few of which have
been utilized so far. Share of hydro sources account for only 11% of the
energy mix.

o

We have fully qualified professionals and experts for hydro energy
generation. We are not dependent on foreign countries for hydro energy
generation. Geographical, hydrological and meteorological conditions of
Pakistan dictate that hydro source will not get depleted in the foreseeable
future. Leaving the politically disputed Kalabagh Dam 3600 megawatts, three

main dams which can be conveniently constructed; Bhasha 4500 megawatts,
Bunji 5400 megawatts and Dasu 3800 megawatts to generate electricity from
hydro source. There are many sites in the hills of northern
areas where small hydropower projects can be initiated to fulfill the energy
needs to households in the far flung deprived areas where most of the
population live without access to electricity.
o

Development of more hydro energy facilities will also help in flood control
and mitigation.

•

Geothermal. As per the estimates of Pakistan Energy Foundation, approximately
95,000 megawatts of electricity can be generated from geothermal sources available
in Pakistan. However, these estimates are required to be formalized through detailed
geophysical and geotechnical surveys. Geothermal energy should be tested in
Pakistan. It has been useful in many countries around the globe.

•

Oil. The existing recovery of oil is insufficient for existing and future energy
requirements. We have no option, but to reduce dependence on oil to reduce the oil
import expenditures being faced.

Gas
o

In order to keep pace with existing and future energy needs, gas exploration
should be increased to augment the existing depleting energy ventures.

o

Supply of gas to industry has direct influence on our economy. We must
convert the existing higher depletion rate with higher production rate to avoid
gas load shedding in the country. Indigenous gas supplies should be optimized
by more efficient explorations.

o

Pakistan should also peruse the two strategic projects of natural gas (IPI and
TAPI) with its neighbouring countries. These projects are pending since long.

o

Similarly, import of liquefied natural gas (LNG) is important for reducing the
gap between supply and demand. The import of 1.4 billion cubic feet per day
Liquefied Natural Gas (LNG) from Qatar needs to be pursued.

o

As an interim measure, use of compressed natural gas (CNG) in transportation
sector should be rationalized by at least 50% so as to ensure gas supplies for
domestic and industrial consumers.

•

Coal. Coal is being used for energy generation globally, but in Pakistan huge coal
reserves could not be utilized for energy generation so far. Coal exploration should
be institutionalized instead of commercialized. Effective and meaningful utilization
of huge coal reservoirs can reduce the energy crisis to greater extent. Investment in
production of energy from coal should immediately be actualized without further
delay.

•

Energy Conservation. Common populace of Pakistan needs to be educated about
the conservation of energy. The awareness campaigns about energy conservation
have not been successful in changing the mindset of the population. The main reasons
behind this are the lack of administrative, legal and institutional backup. Following
measures are required to be immediately enforced with complete legal framework.
o

Use of energy friendly technologies like energy savers should be
institutionalized. There should be complete ban on other sources of
illuminations like bulbs and tube lights of more than 100 watts.

o

There should be scale of energy consumption (number of bulbs, fans, split
coolers, iron etc.) as per number of inhabitants in a house/ dwellings,
commercial plazas, offices and other infrastructure. Excessive illumination
should be avoided. Violators should be strictly dealt with.

o

Optimum utilization of daylight hours in the gatherings, offices, halls and
other buildings by use of transparent roof tops. Maximum ceremonies should
be planned in the day time.

•

Distribution Losses. Transmission and distribution losses accounts for greater part
of energy crisis in Pakistan. Currently these losses account for 25% of the
total output which over the years has aggravated the energy crisis. These losses are
required to be reduced by effective legal measures. The perpetrators, violators and

facilitators should all be strictly dealt with. It is estimated that an amount of PKR 170
million is required for up gradation of 284 grid stations to enhance the reliability of
distribution system. The aerial transmission wires and transformers are 60% outdated
requiring a huge exchequer for maintenance and replacements. The cumulative
economic loss due these losses is estimated to be PKR 150 billion annually,
increasing at the rate of 2.5% annually.
•

Circular Debt. Issue of huge circular debt (approximately PKR 480 billions) needs
to be controlled by effective institutional measures. If it is not controlled then it will
keep on piling up as burden for subsequent governments. Following measures are
suggested for its control:
o

Reduction of difference between the actual energy cost and the end consumer
tariff. Excessive load on consumers should be gradually reduced to induce
them to pay for energy consumption.

o

Payment of subsidies by government to cater for the losses of power suppliers
and win their confidence.

o

Efficient recovery of dues from consumers. The current recovery of 85%
should be increased to 95%. Consumers who don't pay for energy
consumption should be dealt with legal enforcements.

o
•

Easy payment procedures should be instituted for convenience of consumers.

Green and Environment Friendly Energy. All efforts should be channelized to
gradually promote green and environment friendly initiatives to address international
concerns in the light of millennium development goals. Following aspects merit
consideration:
o

Global concerns over CO2 emissions needs to be considered while planning
energy initiatives.

o

However, sudden change to total renewables should be avoided as it will
further aggravate the ongoing crisis in the short run.

o

A long term strategy should be formulated which should focus on gradual
transition from non-renewable to renewables and more carbon emission to
less/ no carbon emission.

•

Political and Institutional Measures. Many energy initiatives are held up to lack of
political will and administrative weaknesses. Political and governance issues need to
be resolved through greater national consensus and institutional framework. Pakistan
can ill afford suffering from perpetual energy crisis due to these hurdles. Ministry of
Energy should be created to achieve harmony and integration in efforts of energy
production.

•

Developmental Strategy. This investigation indicated that geographical and social
realities are almost aligned. The energy developmental strategy should be
accordingly configured. We have two options:
o

Equal investment in all the alternatives which is not viable as the history has
validated.

o

Geo specific development of energy alternatives which is viable. As north is
rich in renewables which should pursue development of renewable energy
alternatives in the north. In the south of country we have rich nonrenewable
resources of gas and coal; therefore we should predominantly pursue
development of non-renewable alternatives in the south. In the middle portion
of the country we can resort for a mixed strategy.

•

Sustainability. In all future energy efforts sustainability should be kept in mind.
Sustainable energy generation from indigenous sources of energy should be
promoted by effective policy planning. Low cost energy and demand management
should be taken as pillars of sustainability.

•

China-Pakistan Economic Corridor (CPEC). There is a huge exploitable energy
potential along the alignment of China- Pakistan Economic Corridor which is
currently being developed. China has promised to initiate hydro, thermal, coal, gas,
solar and wind energy generation ventures worth $34 million (76% of the total
budget) under overall umbrella of CPEC. There is a need to have indepth survey and
economic analysis of the energy options available along the route of this project s o

that the energy potential of the alternatives available can be tapped right from the
outset.

11.4 Final Words
There is no doubt that Pakistan is suffering from perpetual energy crisis but there is also no doubt
that we have been blessed with all kind of energy sources and we have not utilized these sources
optimally for energy generation. Since independence till today, we could not laid down priorities
for investment in energy sector and resorted to haphazard spending on all the energy alternatives
barring geothermal. There have been institutional, political and administrative reasons for energy
crisis besides technical and economic. For economic feasibility reliance was placed on cost benefit
approach ignoring the opinion of masses which created political polarization. People and technoeconomic experts have been on divergent axis. This thesis provided a point of convergence for
people, experts, academia, researchers, investors, political and community leaders to express their
opinion regarding socio-economic and technoenvironmental feasibility of energy alternatives. The
conjuncture of factors matrix and cost benefit approaches gave new horizon to economic analysis
of energy alternatives. The inclusion of factors matrix approach made the process of economic
analysis more comprehensive and complete. It created coherence in the whole methodology and
more so in the mind set of all stake holders.
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