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Introduction
Background and Motivation
Energy is an important input for the production of good and services and its use is mainly
determined by economic growth [1]. Pakistan’s economy is growing and the current
growth, accompanied by an increase in energy consumption, has worsened the existing
energy demand-supply gap. During the last decade, an average annual growth in
electricity consumption of 2.7% was recorded for a corresponding economic growth of
3.6% [2,3]. Historically, due to the cyclical nature of country’s macroeconomic
performance and subdued investments in the energy sector, every period of robust
economic growth was followed by an energy crisis. The first major mismatch between
electricity demand and supply occurred in the 1990s after the supply failed to keep pace
with the decade-long rapid economic growth [4]. It was only in the 1990s that Pakistan
allowed independent power producers (IPPs) to invest in its energy sector which soon
turned the deficit into a surplus. However, the shortfall started to emerge again in the
year 2006 and culminated in the worst crisis in country’s history. The power deficit once
surpassed 8.5 gigawatt (GW), more than 40% of the total demand [5]. The resulting power
outages, that continue even today, not only disrupted the personal lives but cost the
economy dearly in terms of foregone growth. The total economic cost of power cuts was
estimated to be 7% of the GDP in a single year [6]. Notwithstanding the increase in energy
consumption stimulated by economic growth, the scarcity of energy has been a binding
constraint to economic growth as demonstrated by Stern and Kander [7] using an
augmented neo-classical model. The planners are, therefore, faced with a challenge of
meeting the unmet power demand for growth and development while ensuring energy
provision for future requirements driven by a subsequent rise in income and ever-growing
population.
Institutional and Regulatory Framework
Before discussing the problems in governance and policy, or lack thereof, a brief
description of the institutional structure of Pakistan’s power sector is important. Before
the government instituted restructuring of the power sector in 1994, two vertically
2

integrated government-owned utilities formed Pakistan’s electricity sector; Karachi
Electric Supply Company (KESC), serving the city of Karachi and suburbia; and Water and
Power Development Authority (WAPDA), served the rest of the country. These two
companies owned and operated all the components of power supply infrastructure from
electricity generation to transmission and distribution [8]. To rid the electricity supply
sector mired in inefficiencies, excessive government control, and cash-flow problems due
to subsidies, a power sector reform plan was introduced in 1992. Electricity generation
was privatized by introducing a new power policy in 1994 [9] and Private power
infrastructure board was established to facilitate private investment. IPPs were provided
tariff and fiscal incentives along with long-term power purchase guarantees. In the second
phase of the reform, a regulator, National Electric Power Regulatory Authority (NEPRA)
was established in 1995 and WAPDA was unbundled in 2002 to separate its generation,
transmission and distribution functions. Four public sector thermal power generation
companies (GENCOs) were created while hydropower generation remained within the
ambit of WAPDA. The transmission of electric power was entrusted to the National
Transmission and Dispatch Company (NTDC). Nine electricity distribution companies
(DISCO) were also established to operate in all regions expect Karachi and adjoining areas
that remained under the KESC which continued to operate as a vertically integrated
company. The plan also included privatization of all the unbundled companies and for that
purpose, Pakistan Electric Power Company (PEPCO) was given their control to ensure a
smooth transfer of ownership [10]. This part of the plan was not materialized and the
government has the majority shareholding to date.
A very basic form of wholesale electricity market based on a single-buyer model exists in
Pakistan. The IPPs must enter long-term power purchase agreements (PPA) to sell
electricity at a point of grid network to the single-buyer acting as market operator. In the
current market structure, NTDC and DICSOs operate as transmission and distribution
monopolies owned by the government, respectively. The generation segment of the
market, however, is moderately competitive. Unlike the wholesale electricity markets,
power tariff is determined by the government on regulator’s (NEPRA) recommendations.
The tariff, based on the cost of service principle, allows sufficient rate of return to all
3

segments of the supply chain besides covering generation and transmission costs and
distribution margins [11]. The end-user tariffs are set by the government below the
recommended tariff and the differential is paid as subsidies. The part of losses, incurred
by the utilities, which is not covered by consumer tariffs is also compensated by providing
subsidies.
The Policy Conundrum
The government of Pakistan introduced several policies during the last two decades
aiming to meet the growing demand for electricity and increase the generation capacity
by facilitating private sector investment. The process that started with the power policy
of 1994 played an important role in shaping the electricity sector. The lucrative PPAs
offered to the IPPs resulted in an addition of 3000 MW of capacity addition but these new
investments remained confined to the fossil-fuel based plants [12]. Although similar
incentives were made available to hydropower projects in hydropower policy 1995 [13],
the shorter gestation period of thermal power plants and expectation of low oil prices
concentrated the investments in oil and gas-based plants. Apart from additional fiscal
incentives, the power policies of 1998 and 2002 [14,15] were not a break away from the
past but managed to add 2800 MW to the national grid. None of these IPPs invested in
indigenous hydro and coal resources till the first private hydropower project was
commissioned in the year 2013. Total hydropower capacity owned by the IPPs to date is
only 214 MW compared with the thermal power capacity of around 9000 MW [2]. To tap
the potential of renewable energy (RE), the RE policy 2006 [16] provided an incentive
package to the RE investors but it failed to add a single MW of RE capacity till the year
2013.
The unintended consequences of some policies and failure of the others exposed
structural weaknesses of the electricity market, pricing mechanism, and outmoded
institutional framework. During the last decade, annual electricity demand grew by 4.4%
owing to the rising population and economic growth. The installed capacity laggedbehind, with a modest annual growth rate of 2.6%. Nonetheless, supply shortage is only
one aspect of the crisis. An electricity mix skewed towards fossil-fuel based power has
exposed the market to fuel price volatilities. At the beginning of the crisis, 67% of the total
4

electricity generation comprised thermal power, more than half of which consumed
imported furnace oil [17]. The increase in oil prices not only put pressure on the current
account but significantly increased the cost of electricity. The government did not pass on
the burden to the consumer tariffs and had to compensate the distribution companies by
paying subsidies. Subsidies and delays in their payment to power generation companies
led to the accumulation of circular debt in electricity supply chain which affected the
generation capability and impeded new investment. Taking cognizance of the longstanding issues related to subsidies, unsustainable electricity mix and lack of investor
interest in alternative energy sources, the power policy 2013 [18] was announced and is
currently in effect.
Problem Statement and Research Questions
The key elements of energy policy are adequacy of energy supply, security of supply and
long-term sustainability of the energy sector [4]. In the backdrop of current electricity
crisis, an effective execution of these elements of energy policy in Pakistan’s power sector
holds special significance. The current power policy aims at bridging the existing gap
between demand and supply and ensuring adequate capacity addition to cope with the
increasing demand in future. It is important to note that capacity expansion planning
cannot be studied in isolation from the macroeconomic and demographic dynamics.
Pakistan’s population growth of 2.4% and high economic growth envisioned in Pakistan
Vision 2025, its long-term growth strategy [19], will inevitably increase the demand for
electricity in medium to long run. The second element, energy security defined by the
European Commission [20] as “the uninterrupted physical availability of energy products
on the market, at a price which is affordable for consumers”, is ensured when the energy
mix encompasses varied indigenous resources. Excessive reliance on imported fossil-fuels
exposes the market to international prices volatility and jeopardizes affordability. The
focus of the current policy has thus shifted towards exploiting indigenous coal resources
and harnessing wind and solar power potential to guard against external shocks. The third
element involves reforms towards an efficient and competitive power market, marketdetermined pricing, minimal government footprint and withdrawal of subsidies.
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Considering the magnitude of problems facing Pakistan’s power sector, the scope of this
dissertation is also broad. The recent years of stable economic growth and the growth
targets envisaged in Vision 2025 motivate revisiting the long-term relationship between
electricity demand and economic growth in Pakistan. Secondly, a comprehensive analysis
of the power policy and alternative scenarios is essential for a sustainable solution to the
power sector woes. Such an analysis must take cognizance of the technological
advancement, uncertain resource prices, long-term security of the resource supply and
domestic market trends. For instance, the exigencies of powers sector have guided the
short-term strategy toward substantially high investments in coal-fired and liquidized
natural gas (LNG) based power plants. Therefore, quantification of environmental
implications of the future fuel mix of electricity supply and an analysis of mitigation
potential is of vital importance to the ongoing discussion. This dissertation attempts to
reflect on the long-term outlook of Pakistan’s power sector using econometric and
integrated energy modeling approaches and addresses the following research questions:
i.

What is the long run relationship between economic growth, electricity prices, and
electricity demand? How responsive is the electricity demand to economic
performance and electricity tariffs at the aggregate and sector level?

ii.

Considering the future economic growth projections, what would be the demand
for electricity for overall economy and demand sectors in the long run?

iii.

What level of electricity generation would ensure a stable economic growth for
Pakistan’s economy in the medium to long run?

iv.

How does the electricity generation mix under the current policy compare with
alternative policy scenarios in terms of cost and environmental impact?

v.

What is the potential impact of CO2 emission mitigation policies concerning the
country’s electricity supply sector?

vi.

What is the cost of CO2 emission abatement for wind and solar power plants in
view of renewable energy incentives in the form of Feed-in-tariffs and RE
integration costs?

These research questions are addressed in the shape of four papers. The first paper is
devoted to the analysis of the electricity demand in Pakistan and a revisit of income and
6

price elasticities of electricity demand using time series data from 1972-2013. By
employing time-series econometric modeling approach, electricity demand elasticities are
estimated at the aggregate and sectoral level by adjusting the electricity consumption
series for the infamous power outages to reflect actual electricity demand. Once it is
established that economic growth is the main driver of electricity demand in Pakistan, the
second paper attempts to address the next three research questions. Pakistan’s
integrated bottom-up power sector model is developed using Long Range Energy
Alternatives Planning (LEAP) Framework to analyze various electricity demand and supply
scenarios, including the government policy scenario, based on long-term economic,
demographic and energy sector projections. The paper also studies resource potential,
integration issues and economic viability of the renewable energy pathway for Pakistan’s
power in juxtaposition with the possible alternatives.
The third paper reflects on the energy pathway led by government policy and excessive
investment in coal-fired power plants to evaluate the substantial increase in CO2
emissions from the power sector. CO2 emissions mitigation policies concerning Pakistan’s
power sector, namely grid efficiency, coal-fired plant efficiency, target renewable share
and carbon capture and storage (CCS) deployment policies, are analyzed. The potential
impact of these emission reduction policies, on long-run emission profile and feedstock
fuel requirements, is quantified and the corresponding cost of avoiding CO2 is estimated.
To diversify the electricity mix, reduce reliance on fossil-fuels and abate power sector CO2
emissions, Pakistan developed a policy to incentivize Renewable energy (RE) deployment
by offering upfront feed-in tariffs (FIT). The fourth paper attempts to estimate the cost of
CO2 emission abatement for wind and solar power plants by analyzing the renewable
energy incentives in the form of Feed-in-tariffs and incorporating RE integration costs, fuel
and capacity cost savings for the period 2015-2020. The dissertation concludes with a brief
discussion on the policy and power market reforms as a way forward toward sustainable
and secure energy future for Pakistan.
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Revisiting Income and Price Elasticities of Electricity Demand in Pakistan
Abstract
In view of more than a decade-long power crisis in Pakistan, several studies have
estimated income and price elasticities of electricity demand. These estimates are
based on electricity consumption data that does not reflect actual demand due to
an electricity supply shortfall of up to 6000 megawatts (MW). Moreover, previous
studies accounted for power consumption data of only one of the two electric
power companies i.e. Pakistan Electric Power Company (PEPCO); ignoring K-Electric,
the other company with over 15% share in country’s electricity consumption. This
study attempts to revisit electricity demand elasticities in Pakistan at the aggregate
and sectoral level by including both PEPCO and K-Electric and adjusting
consumption series for the load shedding to reflect actual electricity demand. By
employing an Autoregressive Distributive Lag (ARDL) model, the study finds
electricity demand to be income elastic at aggregate level and in the agriculture
sector in the long run while relatively inelastic in the industrial sector. However,
unlike previous studies, the electricity demand is price inelastic at all levels which is
an expected outcome in an economy facing electricity shortages. The coefficients of
short run income and price elasticities are smaller than their long run counterparts.
No evidence of cointegration is found for the commercial sector.

1. Introduction
Pakistan’s power sector has been in the grip of a serious crisis. According to the National
Electric Power Regulatory Authority (NEPRA), the electricity supply shortfall in the country
reached 5782 MW in the year 2013. Total demand for electricity approached 21605 MW
while the supply lagged behind, at 15823 MW. The ensuing power cuts of up to 12 hours
a day had an adverse effect on the economy to the extent of 2% of GDP, as estimated by
[1]. The economy witnessed a period of high economic growth from 2004 to 2008
averaging 6.6% which caused electricity demand to grow by 9.5% on average during the
same period. The crisis started to emerge in 2008 and continues as generation capacity
11

fell short of the growing demand. Besides investigation into institutional bottlenecks
responsible for the current predicament, an analysis of the electricity demand is
imperative.
Many authors have analyzed electricity demand in Pakistan using different econometric
methods (see, for example, [2–6]). There is a near consensus that economic growth
stimulates electricity demand in the long run. The Planning Commission [7] put forward
Pakistan Vision 2025 that aims at high economic growth in the next decade and outlines
plan for socio economic development. Research and past trends suggest that, if the
growth targets materialize, there would be high demand for energy in general and
electricity in particular. The task of meeting the current deficits and future needs of the
economy is indeed daunting. Analysis of electricity demand is thus critical from academic
and policy perspectives. The estimates of income elasticity of electricity demand help
policymakers forecast the surge in demand emanating from economic growth.
Electricity demand elasticities for Pakistan have been estimated by various authors e.g.
Refs. [4,8–12]. The results of these studies differ widely, owing to the use of different
econometric techniques and inaccurate electricity consumption statistics1. These studies
were based on power market statistics of PEPCO, the biggest power company and do not
include consumption of electricity generated by K-Electric, the other company which has
a share of around 15.5% in country’s total electricity consumption [13]. Secondly, using
electricity consumption data without adjusting for excess demand makes demand
elasticity estimates spurious as electricity consumption is constrained by stagnant
generation capacity and there has been a deficit of up to 20% of electricity demand since
2004. For instance, in case of income elastic electricity demand, economic growth should
trigger electricity consumption but due to insufficient supply, the resulting increase in
demand only adds to the power deficit instead of increasing power consumption.
Therefore, the elasticity estimates based on actual electricity consumption in a power

1

A brief summary is given in the next section in Table 1
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deficient market would be rather inaccurate. In 2014 alone, there was a difference of over
29000 GWh in actual electricity consumption and the consumption in case there had been
no load shedding2.
Thirdly, almost all the studies find aggregate electricity demand to be price elastic which
does not make intuitive sense as electricity is heavily subsidized and government spends
1.5% of the GDP on tariff differential subsidies. There is already a huge deficit in electricity
demand and supply and electricity is not available to all classes of consumers the better
part of the day. Jamil and Ahmad [10] asserted that substitution of electricity by other
fuels is low in Pakistan which when coupled with unavailability of electricity despite huge
demand also indicates that the demand ought to be inelastic with respect to price. Low
impact of electricity prices on demand in a similar scenario of excess demand and power
subsidies has been documented by Ziramba [14] and Amusa et al. [15] for South Africa
and by Bildirici & Kayikci [16] in case of selected European economies. They found
elasticity demand at aggregate level and for residential sector to be inelastic in power
deficient and subsidized electricity market in South Africa. Considering the power crisis in
Pakistan and importance of elasticity estimates in demand management and pricing
policies, there is a need to plug the gaps in existing research to arrive at the reliable
estimates of electricity demand elasticities.
The objective of this study is to reinvestigate the all-important electricity demand
elasticities. Using electricity consumption adjusted for load shedding to reflect actual
demand and including consumption and prices data from K-Electric, the study aims at
estimating revised income and price elasticities of electricity demand at aggregate and
sectoral levels by employing the ARDL method.
The remainder of the study is organized as follows. Section 2 presents a brief survey of
literature on the subject with a focus on Pakistan’s power sector. Section 3 provides
details about the data, choice of variables and model specification. Sections 4 and 5

2

Estimates of the National Transmission and Dispatch Company
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explain econometric methodology and the empirical results respectively, and section 6
concludes.

2. Literature Review
The knowledge of determinants of electricity demand and it’s responsiveness to economic
growth and prices is vital for evidence-informed policy making [17]. For the same reason
electricity demand analysis and price and income elasticities have been probed into for
countries of different economic and geographical backgrounds. There have always been
debates in research about methodology and hardly ever did researchers unanimously
favored one method over the others. The disagreement among researchers about
robustness of results using certain econometric methods led to the improvement in
econometric techniques. Earlier studies investigating electricity demand focused on
finding the direction of causality between macroeconomic variables and electricity
consumption. Improvement in econometric techniques enabled researchers to analyze
different dynamics of demand with accuracy and precision. More recent studies employ
different methodologies ranging from univariate approach of Engle and Granger [18] to
multivariate approaches of Johansen [19], Johansen and Juselius [20] and Autoregressive
Distributed Lags (ARDL) approach proposed by Pesaran and Shin [21]. A large number of
studies investigated electricity demand using Johansen cointegration approach; for
example, Akmal and Stern [22] for residential sector in Australia, Al-Faris [23] for GCC
countries at aggregate level, Lin [24] at aggregate level for China, Zachariadis and
Pashourtidou [25] for residential and services sector for Cyprus, Jamil and Ahmad [10] at
aggregate and sectoral levels for Pakistan.
Johnsen’s approach has its limitations while using variables of different order of
integration and Mah [26] argues that it is not robust for small sample sizes. On the
contrary, ARDL framework allows for the use of variables irrespective of their order of
integration and provides consistent short run and long run estimators [21]. This approach
has been widely used to analyze electricity demand. Some of these studies include Refs.
[14,27,28] for residential sector analysis while Refs. [12,15,29,30] for aggregate electricity
demand analysis. Some studies attempted employing different econometric approaches
14

and compared the results. Beenstock et al. [31] argue that the results are sensitive to the
choice of methodology. Literature reveals that income, electricity price, prices of
substitute fuels, temperature and number of electricity consumers are determinants of
electricity demand. Almost all the studies find electricity demand to be income elastic and
relatively less price elastic. The long run estimates are higher than their short run
equivalents.
Table 1 presents a summary of the studies that used different methods and variables to
estimate electricity demand elasticities in Pakistan. The aggregate long run income and
price elasticities range from 0.25 to 4.72 and -0.85 to -1.64 respectively, which point
toward large differences in results. The results of these studies vary with the choice of
econometric methodologies, which in this case, include simple OLS, Johansen Maximum
Likelihood, and ARDL estimation. Each of these methods have their own limitations while
dealing with the time series data. Therefore, the choice of methodology is key to accurate
elasticity estimation.
Table 1. Income and Price elasticities of electricity demand in Pakistan at aggregate and
household level by various authors
Author

Method

Elasticity

Aggregate

Household

Jamil and Ahmad [10]

Johansen Maximum
Likelihood

Income

1.56

1.97

Price

-1.27

-1.22

Alter and Syed [8]

Johansen Cointegration

Khan and Qayyum [4]

ARDL

Zaman et al. [12]

ARDL

Tariq et al. [11]

ARDL

NTDC [32]

OLS

Tariq [9]

OLS

Income

0.25

2.51

Price

-0.85

-1.74

Income

4.72

0.92

Price

-1.64

-0.25

Income

0.97

-

Price

-

-

Income

-

1.29

Price

-

-0.77

Income

-

0.88

Price

-

-0.12

Income

-

2.94

Price

-

-0.22

15

According to Bentzen and Engsted [33], ARDL is the most widely used time series approach
in energy analysis. A comparison of certain techniques by Fatai et al. [34] also leads to the
conclusion in favor of ARDL owing to its flexibility and better forecast performance. High
price elasticity of aggregate electricity demand in a country with high power deficit and
tariff subsidies, as found most of the studies, is also intriguing. Most of the research in
Pakistan’s context finds electricity demand at aggregate level to be income elastic. But the
results are spurious as the electricity consumption data used does not reflect demand
which is almost 20% in access of supply. This study uses load shedding adjusted data of
electricity consumption unlike previous studies at aggregate and sector level and employs
ARDL method to allow the use of variables with different orders of integration.

3. Model Specification and Data
We begin the analysis of electricity demand in Pakistan by following the basic demand
model employed by Al-Faris [23] . General form of the model could be specified as;
!"∗ = %" & ∗ + Ɛ"

(1)

Where, !"∗ is the electricity consumption which can be represented as a function of a
vector of exogenous variables. Apart from income level and electricity prices as the major
determinants of electricity demand, prices of substitute fuels, appliance prices and
changes in temperature feature in the vector %" . This study includes Income, electricity
price and number of electricity subscribers in the exogenous variables vector. The
temperature variable is not included following Amusa et al. [15] who argue that
temperature as an explanatory variable for electricity demand is not very relevant when
there is little variability in temperature between years. In Pakistan, yearly temperature
variations are negligible. This argument is augmented by Jamil and Ahmad [10] who did
not find any significant impact of temperature on electricity demand at aggregate and
sector level except in commercial sector. They also found that price of substitute fuels
does not explain electricity demand in Pakistan so we include only price of electricity as
an explaining factor in our analysis.
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We follow the econometric specification used by Ziramba [14] and Amusa et al. [15] for
South Africa’s aggregate and residential demand analysis respectively. The model is
extended by including number of electricity consumers in different sectors. A few studies
including Lin [24] for China and Zaman et al. [12] for Pakistan used population as a
determining factor. However, Pakistan is yet to be fully electrified and to capture the
impact of electrification in the country, number of subscribers is included in the model
instead of population. To parameterize the electricity demand at aggregate and sector
levels, the following econometric specification is employed;
)* +," = b. + b/ )*(1" ) + b3 )* 4" + b5 )*(," ) + µ"

(2)

Where, +," is the amount of electricity consumed in Gigawatt hours (GWh), 1" represents
economic output (GDP) at constant prices of 2005-06, 4" is the weighted average real
price of electricity and ," is the number of electricity consumers. Data on all these
variables is available at aggregate and sector level. µ" represents white noise error process
and is assumed to have normal distribution. All the variables are expressed in natural
logarithms. In this study, total electricity consumption series from both electric power
companies at aggregate and sector level is augmented by amount of electricity required
to meet the power deficit. Adjusting power deficit or load shedding in actual consumption
is important as the responsiveness of electricity demand to income and prices is reflected
in higher power deficit instead of higher consumption since the supply constrains further
consumption. NTDC [13] computes yearly power deficit and electricity generation
required to meet the deficit. Subtracting transmission and distribution losses from
required excess generation gives an estimate of electricity consumption if excess demand
were met. Horizontal summation of actual electricity sales of PEPCO and K-Electric and
estimated sales required to meet excess demand generates a series of electricity
consumption reflecting actual demand.
The study uses an annual time series data for all the variables. Data on real GDP at
aggregate and sector levels is collected from world development indicators [35].
Electricity consumption data, electricity requirement to meet excess demand and number
of customers in different sectors is collected from Pakistan’s National Transmission and
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Dispatch Company (NTDC). Average real electricity prices per kilowatt-hour are obtained
from NTDC and K-electric. Weighted average real electricity price series at aggregate and
sector level is constructed by assigning weights according to the number of customers
served by each company. The study period spans from 1972-2013.

4. Econometric Methodology
4.1. Unit Roots Tests
The analysis begins with the unit root tests. We employ Dickey Fuller Generalized Least
Squares (DF-GLS) unit root test proposed by Elliot et. al. [36] which is a modified version
of Dickey Fuller t test and has stronger power in the presence of trend and unknown mean
and is efficient for small samples. However, it does not consider the possible structural
break in the data due to some shock. To deal with it, we also use the test devised by Perron
[37] that allows endogenously determined structural break in the data that causes change
in the slope. It follows two step procedure; first the series is de-trended by the following
regression equation
6" = µ + b7 + g89"∗ + 6"

(3)

Where 89"∗ = 1 7 > 9< 7 − 9<
The unit root test is then performed using t-statistic on the following regression with

a=1
6" =a6">/ +

A
@B/ ?@

∆6">/ + D"

(4)

where, 9< is the break date representing time of occurrence of change in the trend
function and k is the truncation lag. Both are endogenously determined in the model.
Perron [37] maintains that the results are robust to alternative specifications of Zivot and
Andrews [38] for selection of break date and truncation lag.
4.2. ARDL bounds testing approach to cointegration
The next step involves exploring the existence of long run equilibrium relationship among
our selected variables using ARDL bounds testing approach developed by Pesaran et al.
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[39]. ARDL bound testing approach is adopted due to multiple reasons. Firstly, it allows
estimation for a mix of I (0) and I (1) variables. Secondly, the double log linear model
specification used in the analysis yields elasticities necessary for demand management.
Thirdly, the long run estimates generated by ARDL method are unbiased irrespective of
possible endogeneity among some independent variables [30].
Therefore, the following unrestricted error correction model specification is used in the
analysis with electricity consumption as dependent variable;
∆)*+," = b. + b 9 + b3 )*+,">/ + b5 )*1">/ + bE )*4">/ + bF )*,">/
/

G

J

L

+ å@B/ bH ∆)*+,">@ + åIB. bK ∆)*1">I + åAB. bM ∆)*4">A
O

+ åNB. bP ∆)*,">N + µ"

(5)

where lag orders p,q,r and s are chosen using Akaike Information Criteria (AIC) as it is
superior to other criteria and has less mean prediction error [40]. The appropriate lag
structure makes error term µ" white noise. The above model is estimated for both
aggregate and sector level models. ‘T’ is added in the equation to capture time trend but
is excluded in case it turns out to be insignificant. The bounds testing involves test for the
existence of cointegration relationship using F-test suggested by Pesaran et al. [39] for
joint significance of coefficients of lagged level variables. For that purpose, the null
hypothesis of no cointegration denoted by QRS (+,|1" , 4" , ," ), where electricity
consumption is the dependent variable while respective GDP, prices and number of
customers are treated as long run forcing variables in aggregate and sector level model;
would be
V. : b3 = b5 = bE = bF = 0
against the alternative hypothesis
V/ : b3 ≠ b5 ≠ bE ≠ bF ≠ 0
The estimated F-statistics against the null hypothesis are compared with two bounds of
critical values of F statistic suggested by Narayan [41] for different model specifications.
The critical value bounds correspond to I(0), I(1) and mutually integrated regressors. If the
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computed F-statistic exceeds upper bound value, the null hypothesis of no cointegration
is rejected [42]. However, if it falls below lower bound, it is concluded that there is no
cointegration among variables. A value between upper and lower bounds leads to
inconclusive inference.
After long term cointegration is established, the ARDL representation of Error Correction
Model (ECM) as in Farhani et al. [43] can be specified for equations (2) as follows;
G

J

L

∆)*+," = Z. + Z/ 9 + å@B/ Z3 ∆)*+,">@ + åIB. Z3 ∆)*1">I + åAB. Z3 ∆)*4">A
O

+ åNB. Z3 ∆)*,">N + l+,9">/ + x"

(6)

where ∆ is the first difference operator, x" is the disturbance term and +,9">/ is the error
correction term which is a residual series generated from equation (2). The error
correction term signifies speed of adjustment after deviation of the dependent variable
from its mean in long run and its coefficient must be negative and significant in the
presence of long run cointegration [44].

5. Empirical Results
5.1. Unit Root Tests
The DF-GLS unit root test reveals that all the variables are I(1) and none of them is I(2)
allowing us to continue with the ARDL approach. The results are not presented due to
space constraint. However, results of Perron [37] unit root test with one structural break
are presented in Table 2. Following Perron [37], [\]^ was selected to be 4 in most cases,
the results were also checked by increasing lags up to 9 for robustness of truncation lag k.
The results reveal that sectoral GDP, electricity price and number of customers in
commercial sector are stationary at level while all the four variables for aggregate,
industrial and agriculture sector level are I (1). This mix of I (0) and I(1) variables lends
credence to preferring ARDL bounds testing over other cointegration methods.
5.2. Test for Cointegration
According to Bahmani-Oskooee and Goswami [45], bounds test for cointegration involves
computing F-statistics which is sensitive to the number of lags in each first differenced
20

equation above. AIC has been considered to select appropriate lag. According to Enders
[46], a maximum of 3 lags is sufficient to capture time series dynamics of the data so
maximum number of lags is set to be 3. Onafowora and Owoye [47] also suggest using 3
lags to have sufficient explanatory power and degrees of freedom while simultaneously
dealing with autocorrelation and functional form errors.
Table 2. Perron (1997) Unit roots test, with structural break in slope (trend)
Variables

Break
date

Lelec
∆lelec
Aggregate

1980

Lgdp
∆Lgdp

1980

Lcust
∆Lcust

1997

Lprice
∆Lprice

1979

Lelec
∆lelec
Industry

1980

Lgdp
∆Lgdp

1981
2000

Lprice
∆Lprice

k

Variables

-3.19

2

Lelec

-5.99*

0

∆lelec

-2.57

0

Lgdp

-5.47*

0

-3.03

0

Lcust

-4.71***

4

∆Lcust

-4.22

0

Lprice

-8.63*

0

-3.15
-4.68***

1978

Break
date

T-stat

k

-3.99

2

1992

-5.19**

0

1989

-4.49***

3

-4.99

0

-5.41**

2

-9.8

0

-5.21*

0

∆Lprice

-9.96

0

2

Lelec

-2.51

0

0

∆lelec

-6.39*

0

-4.33

0

-8.57*

0

-3.93

0

-2.27

Lcust
∆Lcust

T-stat

Commercial

Agriculture

∆Lgdp
1989
1998

2000

Lgdp

-5.39**

0

∆Lgdp

-3.8

3

Lcust

-6.91*

0

∆Lcust

-3.08

0

Lprice

-6.47*

0

∆Lprice

1987
1993
1979

-6.14*
-2.66

0

-6.09*

0

Note: The figures in () are t-statistics
* 1% level of significance
** 5% level of significance
*** 10% level of significance

The results of bounds tests when electricity consumption at aggregate and respective
sector levels is a dependent variable while economic output (GDP), electricity price and
number of consumers are forcing variables are depicted in Table 3. Time trend was only
significant in industrial sector model and was dropped from other models. The results
show that the estimated F-statistics for the equations of aggregate level, Industrial and
Agriculture sectors are greater than the upper critical bounds at 1% level of significance.
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The computed F-statistic is compared with critical bounds developed by Pesaran, Shin,
and Smith (2001). The null hypothesis of no cointegration can be rejected and existence
of a long-term relationship is affirmed except for the commercial sector where no
evidence of cointegration is revealed. This implies that economic output, electricity prices
and number of customers have long run cointegration with electricity demand at
aggregate level and industrial and agriculture sectors.
Table 3. ARDL bounds test results
F (Elec | GDP, Price, Cust)
Variable

Wald F-Statistic

Results

Aggregate

4.72

Cointegration

Industry*

4.72

Cointegration

Commercial

2.74

No Cointegration

Agriculture

6.06

Cointegration

Critical Values [39]
Unrestricted intercept and no
Unrestricted intercept and
a
b
trend
unrestricted trend
Upper bound
Lower bound
Upper bound
Lower bound
1%
5.06
3.74
4.40
5.72
5%
4.01
2.86
3.47
4.57
10%
3.52
2.45
3.03
4.06
a
Note: Critical values with k=3 for all models expect industrial sector model where k=4 as it includes
unrestricted time trend
b

critical values for industry sector model

After establishing the cointegration among selected variables, the next step is to
determine the long run and short run elasticities of electricity demand with respect to
income, prices and number of electricity consumers at aggregate and sectoral levels.
5.3. Long Run and Short Run Elasticities
5.3.1. Income Elasticity
At the aggregate level, the income elasticity of electricity demand has an expected
positive sign and is statistically significant at 1% level in both short and long run. Tables 4
and 5 present the results of long run and short run elasticities of electricity demand,
respectively, at aggregate and sector levels. The coefficient of income elasticity at the
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aggregate level in the long run is 1.7 while it is 0.79 in the short run. The results are
consistent with Jamil and Ahmad [10] who estimated the long run elasticity to be 1.56 but
our estimate is slightly higher perhaps because the consumption data is adjusted for load
shedding.
Table 4. Estimated Long-run Elasticities using ARDL approach ARDL (3, 0, 0, 3) selected based
on AIC
Dependent Variable: Log(Elec)t
42 observations from 1972-2013
Log(GDP)t-1
*
Aggregate
1.707
(3.64)

Log(Price) t-1
*
-0.462
(
)
-3.91

**

-0.431
(-3.27)

*

-0.79
(-6.94)

Industrial

0.599
(2.29)

Agricultural

1.242
(4.95)

Log(Cust) t-1
0.035
(0.10)

*

*

2.766
(5.19)

*

Note: The figures in () are t-statistics

*

0.984
(3.93)

* 1% level of significance
** 5% level of significance

Table 5. Estimated Short Run Elasticities using ARDL approach ARDL (3, 0, 0, 3) selected based on AIC
Dependent Variable: Log(Elec)t
42 observations from 1972-2013
Log(GDP)t-1
Aggregate
Industrial
Agricultural

Log(Price) t-1

Log(Cust) t-1

ECMt-1

0.79
(3.52)
*
0.60
(3.89)

-0.10
(
)
-1.56
**
-0.21
(-2.56)

0.016
(0.10)
*
1.15
(5.62)

-0.46*
(-6.15)
-0.41*
(-4.71)

0.20
(0.45)

-0.41
(-2.96)

*

Note: The figures in () are t-statistics

*

*

0.76
(3.35)

-0.77*
(-5.13)

* 1% level of significance
** 5% level of significance

In the industrial sector model, the coefficient of income elasticity in the long run is positive
and significant at 5% implying that 1% increase in output of the sector increases electricity
consumption by 0.6%. The short run measure of electricity demand elasticity is not
different from the long run counterpart. The low elasticity in the long run which otherwise
is expected to be higher than short run elasticity can be attributed to investment in and
use of energy efficient production over time.
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In agriculture, a 1% increase in output leads to 1.24% rise in electricity consumption in the
long run. The result is significant at 1% level. In short run, the coefficient of income
elasticity is 0.19, although insignificant. The possibility of cointegration in the commercial
sector has already been ruled out by the bounds test.
5.3.2. Price Elasticity
The price elasticity of electricity demand at aggregate level in long run has, expectedly, a
negative sign and is significant at 1% level (Table 4). However, electricity demand is
inelastic to price with a coefficient of -0.46. This contradicts earlier studies e.g. Khan and
Qayyum [4], Jamil and Ahmad [10]. But low price elasticity makes intuitive sense for a
country running high electricity deficits and already subsidized tariffs. The short run
coefficients as presented in Table 5 are smaller than the long run. In the industrial sector
model, the coefficient of price elasticity is -0.43 and is significant at 1% level in long run
while falls to -0.21 in the short run. In agriculture sector model, electricity demand is more
price elastic than industrial sector and overall economy but is still below unity. The long
run and short run coefficients are -0.79 and -0.41 respectively at 1% significance level.
5.3.3. Responsiveness to Number of Electricity Customers
The results in Table 4 and 5 show that the number of electricity customers in industrial
and agricultural sectors is an important determinant of electricity consumption. However,
at the aggregate level, its coefficient is small and insignificant in both long run and short
run. In industrial sector, one percent increase in the number of customers increases
electricity consumption by 2.76% in the long run and 1.15% in the short run. According to
NTDC [32] the average electricity consumption per customer in industrial sector is 40
times that of average domestic electricity consumption. One percent increase in industrial
customers would therefore have a much higher impact on electricity consumption in the
sector.
In agriculture, a 1% increase in the number of customers leads to 0.98% higher electricity
consumption in the long run and 0.76% in the short run. Not surprisingly, electricity
consumption is thus sensitive to change in number of customers.
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The coefficient of error correction terms in all three models, as shown in the last column
of Table 5, is negative and highly significant, corroborating the existence of long run
relationship among variables. In the aggregate model, the coefficient of ECMt-1 is -0.46
which implies that 46% of the deviation from long run equilibrium in the electricity
consumption is corrected every year. In the industrial sector model, the system adjusts by
41% in case of shock that takes it away from long run equilibrium. In the agriculture sector
model the adjustment to long run equilibrium is rather swift, at 77%.
5.4. Diagnostic Tests
The results of diagnostic tests for the three models are presented in Table 6. The serial
correlation test is based on Langrange multiplier approach, Ramsey’s RESET test uses
squares of the fitted values to test the functional form while the normality test is based
on the test of skewness and kurtosis of residuals. The models pass serial correlation,
normality and model specification tests. However, there is an evidence of
Heteroscedasticity in agriculture sector model at 5% level but it only affects standard
errors and not the elasticity estimates. White’s heteroscedasticity adjusted variances are
used to deal with the problem.
5.5. Constancy of Cointegration Space
The estimated parameters in a time series analysis have the tendency to vary over time.
We run parameter stability tests that involve estimating error correction model of
equation (6) and applying cumulative sum (CUSUM) and CUSUM of squares of recursive
residuals (CUSUMSQ) tests developed by Brown et al. [48]. The graphs of CUSUM and
CUSUMSQ are safely in the critical bounds at 5% level for aggregate, industrial and
agricultural sector models.3 According to Shahbaz et al. [40], the stable estimates could
be used for policy making as they follow a steady pattern during the estimation period.

3

The graphs are not shown here due to space constraint but are available from the author on request.
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Table 6. Diagnostic tests
Serial Correlation
2
χ

Functional Form
2
χ

Normality
χ

2

Heteroskedasticity
χ

2

Aggregate

0.834[0.361]

0.424[0.515]

1.139[0.566]

3.6128[0.057]

Industry

0.42418[0.515]

1.0883[0.298]

1.115[0.573]

0.933[0.334]

Agriculture

0.7037[0.402]

0.2487[0.618]

0.5858[0.746]

6.1898[0.013]

R2

DW Statistic

F-Statistic

CUSUM

CUSUMQ

Aggregate

0.744

2.02

10.53*

Stable

Stable

Industry

0.69

1.79

11.13*

Stable

Stable

Agriculture

0.57

1.73

4.72*

Stable

Stable

Note:

* 1% level of significance
** 5% level of significance

6. Conclusion and Policy Implications
The roots of Pakistan’s power sector facing multifaceted problems could be traced back
to mismanagement and planning breakdown. A lot of research is available to guide
policymakers to fix the ailing power sector that has badly hurt the country’s economic
development. This study aimed at addressing the discontent among researchers about
the nature of electricity demand in Pakistan and its responsiveness to income and prices
by revisiting the problem using load shedding adjusted country wide electricity data that
includes K-Electric’s 15% share in the electricity market. Using ARDL method, long run and
short run elasticities of electricity demand are estimated at aggregate and sectoral levels
except commercial sector. The results reveal that there exists a stable long run
cointegration between electricity demand, income, price and number of customers at
aggregate level and in industrial and agriculture sectors. The evidence was not found for
commercial sector. The results suggest that economic growth would lead to higher
electricity demand at aggregate level in the long run. If the current supply gap is not filled,
the situation is very likely to exacerbate in future. Electricity demand is more elastic with
respect to income in the long run than in short run as determined by Narayan [49] for
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Australia, and Jamil and Ahmad [10] and Zaman et al. [12] for Pakistan. This implies that
in the short run, adjustment in consumption pattern after price or income change is slow
but it becomes more evident in the long run.
Income elastic electricity demand at aggregate level and in agriculture sector and high
responsiveness of industrial electricity demand with the increase in number of customers
point towards higher electricity demand in future. This necessitates demand forecasting
and capacity expansion planning accordingly to cater to future electricity demand.
Government of Pakistan’s vision 2025 targets high economic growth rate and plans to set
up industrial parks under China-Pakistan Economic Corridor project which would connect
China with Gwadar sea port. Energy requirements of the economy are likely to increase
manifold. The aggregate electricity demand would increase proportionally faster than
GDP growth in the long run. There is a need for higher investment in power generation
and governance reforms in the power market to meet the current and future
requirements.
In the long run electricity demand is inelastic to price changes at aggregate and sectoral
levels. Previous studies for Pakistan found demand to be price elastic either at aggregate
and sector levels even though there exist long hours of power cuts and customer might
be willing to pay higher prices to meet their basic electricity requirements. The results
limit the importance of using electricity prices as a demand management tool. Instead,
the price can be adjusted upwards to reflect true cost of power generation. This would
give government some fiscal space to invest further in electricity generation. The result is
striking and suggests that the subsidies provided to electricity consumers of all sectors
could be eliminated without worrying about greatly upsetting electricity demand.
Subsidies and delays in their payment to power generation companies led to
accumulation of circular debt in electricity supply chain which is greatly responsible for
power cuts in the country. The analysis implies that the electricity tariffs could be
rationalized which would significantly reduce the circular debt in the cash strapped power
sector and bring some idle capacity into the system.
The elasticity estimates can be used to forecast future electricity demand with precision
and in synchronization with long run economic growth targets to guide investment
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decisions in Pakistan’s power market. The responsiveness of demand to income and price
may vary over time and could be sensitive to income and price levels. The future work in
this area could explore time varying income and price elasticities of electricity demand
and their dynamics at very high or low income and price levels.
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Is it wise to compromise renewable energy future for the sake of
expediency? An analysis of Pakistan’s long-term electricity generation
pathways
Abstract
Pakistan’s acute energy crisis has critically affected its already fragile economy,
costing in recent years up to 4% it’s of Gross Domestic Product. Political expediency
in the wake of the current power crisis in Pakistan together with the current high
investment costs of renewable energy technologies have shifted focus of the policy
to thermal power plants in the short run to meet the deficit. This paper presents a
long-term view of the current power policy and forecasts electricity demand in
Pakistan in the long run congruent with anticipated strong economic growth, as
envisaged in ‘Pakistan Vision 2025’, its medium-term development framework.
Using Long Range Energy Alternatives Planning (LEAP), a bottom-up scenario
modelling framework, different electricity generation scenarios are developed to
meet an estimated annual requirement of 303.7 terawatt-hours (TWh) by 2035.
Government policy (GP) scenario models the current economic and power policy,
while Renewable Energy (REN) and Demand Side Management (DSM) scenarios
provide alternative power generation pathways. These scenarios are compared
based on net present cost (NPC) at different discount rates (5%, 7% and 10%).
Interestingly, the REN scenario with a 35% share of solar PV and wind power turns
out to be economically more viable than GP and DSM scenarios saving $26 billion
and $17 billion in NPC respectively, due to sizeable savings on imported fuels.
Greenhouse gas (GHG) emissions associated with all three scenarios over the study
period are also estimated, whereby the RE scenario appears to save over 221 MtCO2
and 159 MtCO2 more emissions compared to GP and DSM scenarios. The results of
the least cost scenario are also analyzed to depict falling investment and installation
costs of renewable energy technologies making them more profitable as a long run
energy security option for Pakistan. Policy implications in the light of the study are
discussed.
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1. Introduction
In recent years, Pakistan’s acute energy crisis has critically affected its already fragile
economy. Electricity shortfall reaches as high as 7000 Megawatts (MW) during the peak
demand period in summer, causing 8-10 hours of power cuts per day. This situation has
not just had a crippling effect on social life but also resulted in the closure of small scale
industries and lay-offs of workers. Power shortages also took a toll on the country’s overall
Gross Domestic Product (GDP) which was cut by 2% in 2013 [1]. If the crisis persists, it is
likely to impede Pakistan’s future economic growth prospects. In 2014, the Planning
Commission [2] put forward its Pakistan Vision 2025 which aims at high economic growth
in the next decade and outlines the plan for socioeconomic development. The plan
emphasizes the need for around 7% sustained growth to employ the youth bulge and
meet sustainable development goals [10]. If the growth targets materialized, there would
be high demand for energy in general and electricity in particular [4]. The economy has
witnessed 9.5% growth in electricity demand in the past during a period of high economic
growth averaging 6.6% from 2004 to 20084. Increase in electricity demand ensuing from
high economic growth was not anticipated and electricity generation capability remained
almost stagnant.
Wide-ranging structural problems notwithstanding, the roots of the crisis could be traced
back to the power policy of 1994 which significantly altered the electricity mix in
subsequent years by providing incentives to oil based thermal power plants [5]. In the
1980s, hydroelectricity contributed 60% of total power generation which gradually
dropped to 34% by the year 2015, while the share of fossil fuel based thermal power
generation rose to 61% [6,7]. The oil price boom of 2007-08 rendered Pakistan’s power
mix unaffordable for the populace. Successive governments did not pass on the high cost
of electricity to consumers and provided the differential as subsidies, which in 2014
amounted to $2.9 billion [8]. Tariff and subsidy related issues and poor revenue collection
by power distribution companies disrupted cash flow in the supply chain and piled up debt

4

Source: Ministry of Finance, Pakistan and National Electric Power Regulatory Authority (NEPRA)
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between various entities, including generation and distribution companies, fuel suppliers
and refineries referred to as ‘Circular debt’ [9]. The liquidity constraints forced power
generation companies to operate below capacity, thus exacerbating the power cuts
inflicted by the already inadequate installed capacity. Although circular debt is a
governance problem, excessive reliance on imported fuel with high price volatility lead to
a worsening of the problem in the existing subsidy regime. Despite payment of circular
debt amounting to $4.8 billion in 2013 by the Ministry of Finance [10], it rose again to
around $3 billion due to persistence of structural bottlenecks and a high cost power mix
[8]. The task of meeting the current deficits and future needs of the economy is indeed
daunting. Policy inaction on planning capacity expansion and diversification of the power
mix would take a heavy toll on the economy. The electricity demand forecast based on
Vision 2025 which aims at diversified, cost effective and sustainable future power supply
scenarios is thus critical from academic and policy perspectives.
This study is aimed at analyzing the long-term electricity demand for Pakistan’s economy
as envisaged in Pakistan Vision 2025 fomented by high economic growth. The
disaggregated electricity demand at sector and subsector level is forecast using the Long
Range Energy Alternatives Planning modelling (LEAP) tool [12]. LEAP has been widely used
for scenario based modelling due to its flexibility in determination of the level of detail in
energy system analysis and data requirements. Its ability to use existing energy system
data to develop long-term scenarios using an energy forecast system allows the
comparison of outcomes that different policy pathways entail [13]. It has been applied in
the power sector for planning capacity expansion and assessing the outcome of different
development pathways. For example, Aliyu et al. [14] analyzed the power generation
expansion plan and its impact assessment for Nigeria, Bautista [15] and Park et al. [16]
compared government policy with sustainable energy alternative scenarios for
Venezuelan and Korean power sectors respectively, Kale and Pohekar [17] compare
various scenarios of electricity demand supply for Maharashtra (India) and McPherson
and Karney for Panama’s power sector. The LEAP framework has also been used for CO2
mitigation and environmental impact assessment by comparing baseline and mitigation
policy scenarios [18,19].
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Not just confined to power sector, LEAP modelling has also been used to develop longterm scenarios of transport energy demand and resulting vehicular emissions impact
[20,21]. The model is also capable of analyzing the dynamics of an entire energy system
that includes transformation of primary energy supplies to secondary fuels, including
electricity and all demand sectors consuming natural resources or secondary fuels. For
example, a whole energy system has been modelled to forecast long-term energy demand
and supply by Takase and Suzuki [22] for Japan, Kalashnikov et al. [23] for Russia’s Far
East, Roinioti et al. [24] for Greece and Yophy et al. [13] for Taiwan.
Among various energy system models LEAP is particularly suited to the needs of
developing countries due to its application at various geographic levels and flexibility with
data requirement and scope [25]. Earlier studies analyzing Pakistan’s electricity sector
demand and generation expansion planning e.g. [26,27] fell short of analyzing bottom up
energy detail in household and industrial sub-sectors and end uses. Unlike previous
studies that use standard cost and plant characteristics, this study relies on country
specific investment, operation and maintenance (O&M) costs and process efficiencies for
electricity generation technologies which vary greatly with geography and depending on
country specific financial policies viz. interest rates, tax structure and quality of fuel input
[28–30]. Capital and O&M costs of 71 power plants with diverse technologies and their
actual heat rates in base years 2014 have been used to calculate the power dispatched
based on running costs to present realistic cost and benefit analysis. This also incorporates
fuel and investment cost projections of the World Bank, International Energy Agency (IEA)
and International Renewable Energy Agency (IRENA) [31–34]. In this study, electricity
demand is forecast for four major electricity consuming sectors, sub-sectors and end uses
for households. Three different electricity generation pathways for the period 2014-2035
are developed and are analyzed in terms of their economic and environmental impact.
1.1. The Structure of Pakistan’s Power Sector
Pakistan’s power sector comprises four major entities i.e. Water and Power Development
Authority (WAPDA), Pakistan Electric Power Company (PEPCO), K-Electric and Pakistan
Atomic energy commission (PAEC) (Fig. 1). WAPDA is responsible for hydropower
development while PEPCO, through its five thermal power generation companies
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(GENCOs) National Transmission and Dispatch Company (NTDC) and its nine electricity
distribution companies (DISCOs) oversees thermal power generation, transmission,
distribution and billing. K-Electric is a vertically integrated power company with its own
generation, transmission and distribution system for Karachi, the biggest city in Pakistan.
PEPCO and K-Electric also purchases electricity generated by Independent Power
Producers (IPPs). To regulate the power market and determine electricity tariffs for
different power producers, there is a statutory body, the National Electric Power
Regulatory Authority (NEPRA). It ensures the protection of consumers’ and investors’
interests and enables a competitive environment in the market based on fair commercial
principles. In 2015, the total installed generation capacity in the country was 24,906 MW,
of which PEPCO system contributed 22666MW while K-electric has an installed capacity
of 2240 MW [6].

Fig. 1. Structure of Pakistan’s Power Sector
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1.2. Electricity Demand
There are four major sectors contributing to total electricity demand in the country, these
being households, industry, commerce and agriculture. The household sector, with more
than 20 million consumers is the largest demand sector and in 2015 consumed 38.7 TWh
of electricity followed by industry, agriculture and commerce with 24.1 TWh, 8.3 TWh and
6.3 TWh respectively5. Over the last two decades, electricity consumption by households
has posted average annual growth of 4.3% while total consumption has increased at an
annual growth rate of 3.8% [6]. Growth in electricity consumption in all productive sectors
of the economy could be attributed mainly to rapid urbanization, improvement in living
standards, electrification and an increase in the population. Despite growth in electricity
consumption, Pakistan is still ranked among the countries with the lowest electricity
consumption per capita. Electricity demand increased considerably after 2007 preceded
by years of high economic growth. The generation capacity could not catch up with
growing demand resulting in power shortfall of up to 7000 MW.
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Fig. 2. Electric Power demand/supply in Pakistan

5

Industrial electricity consumption of 24.1 TWh only includes demand met through national grid and does

not include demand met by captive power plants in industries.
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Fig. 2. shows the total system load during peak hours, the corresponding electricity
generation capability and the power deficit in MW over the last decade6. The system has
been running a deficit supply for the last decade which peaked in 2012 when it reached
49% of the available generation capability.
1.3. Electricity Supply
A major share of Pakistan’s electricity supplies comes from thermal power. Oil and Gas
together constitute 59% of the overall electricity supply mix. Fig.3 shows the composition
of electricity mix in recent years. The share of oil in the mix has increased over years while
that of gas has declined because of sluggish supply. The share of coal and renewable
energy other than hydroelectricity in total electricity generation has been negligible.
Heavy dependence on oil already pushed the country towards crisis when the nominal
crude oil price reached as high as $ 147 per barrel in July 2008, resulting in cash flow
problems in the Pakistan power market. This was mainly because the burden was not
passed on to consumers and government decided to provide subsidies. The second
biggest fossil fuel source of power in Pakistan is natural gas. Ironically there also exists a
shortfall in the gas supply in the country of around 2 billion cubic feet per day (BCFPD)
due to the current demand being around 6 BCFPD while production level remains close to
4 BCFPD [35]. Lack of infrastructure inhibits import of natural gas from gas rich
neighboring countries like Iran and Turkmenistan. However, since 2015 the import of
liquefied natural gas (LNG) from Qatar has started, which is re-gasified and supplied to
consumers. The high volatility of international crude oil prices and the lack of sufficient
natural gas availability render the current electricity generation mix highly unsustainable
and costly.

6

Generation capability varies due to various factors and is not equal to installed capacity.
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Fig. 3. Pakistan power generation mix

This mix is economically unviable also when externality costs of pollutants like greenhouse
gas emissions are considered. The world is fast moving towards cleaner sources of energy
and the use of fossil fuels is fast declining. The diversification of Pakistan’s electricity mix
to exploit the potential of solar and wind energy is therefore imperative. The electricity
transmission and distribution (T&D) system is also fraught with governance issues
resulting in power theft and technical losses. In 2014, T&D losses amounted to 19.5% of
total electricity generated compared to the world average of around 8% [36].

2. Methodology
LEAP is an integrated, bottom-up type, energy accounting modelling tool used to develop
forward-looking electricity demand and supply scenarios both at aggregate and
disaggregate level over a long-term horizon. The analysis starts off with key assumptions
on demographic and macroeconomic statistics and their future projections. Real GDP per
capita, sectoral GDP growth rates, population growth rate, number of households in rural
and urban settings and the urbanization rate enter the model as exogenous variables. The
basic LEAP framework for calculating electricity consumption, electricity transformation,
resource use, GHG emission and cost-benefit analysis is presented as follows.
Total electricity consumption across all demand sectors after Cai et al. [37] is given by
+, =

@

I _)@,I

∗ +`@,I

(1)
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where AL is the activity level, EI is the electricity intensity, i and j represent demand sectors
and end uses respectively.
The electricity demand estimations are performed in the demand module which includes
all the major economic sectors in Pakistan responsible for electricity demand i.e.
household, industry, commerce and agriculture. These sectors are further classified into
subsectors, e.g. rural and urban for households and various sub industries in industrial
sectors. For households, electricity consumption is further decomposed to the end-use
level, i.e. lighting, refrigeration, cooling, air conditioning and other uses following the
bottom-up energy accounting principle. Using data on activity levels and electricity
penetration in this module, the essence is to use electricity intensities at end use level and
compute demand for disaggregate energy uses by accounting for corresponding activity
levels. Total demand in the household sector is computed by aggregating electricity
consumption per electrified household in rural and urban dwellings separately. The
methodological framework of LEAP demand forecasting is presented in (Fig. 4). The
industrial sector analysis includes major electricity intensive industries including textile
yarn, textile clothing, sugar, pulp and paper, iron and steel and other industries. However,
lack of data availability for electricity consumption didn’t allow sub-sector analysis of the
agriculture and commercial sectors.
Following Feng and Zhang [38], energy transformation from energy source input (primary
or secondary) to transformed energy product (ETP) i.e. electricity is given below.
\ +94\

=
e

b RSab
c
>/
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where m represents electricity generation technologies, f is the process efficiency of the
technologies, s is the energy source type and ECT is the energy source consumption for
electricity generation, which can be represented as
O +,9O
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Total cost associated with the electricity transformation module in LEAP is calculated as
follows [37].
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where C is the total cost, gO is per unit price of energy source input, fc and vc are fixed and
variable costs of electricity generation from technology m.
Technical characteristics of each technology including installed capacity, historical
production, maximum availability, process efficiency, lifetime, capital and O&M costs, fuel
input and fuel shares enter in to the analysis in this module.
Greenhouse gas emissions (GHG) associated with electricity generation technologies and
primary fuel input are calculated as follows [39].
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where EET represents GHG emissions, g is the emission type, ETP is the transformed
energy product (electricity), EF is the emission factors of input fuels s.
Taking 2014 as the base year government policy (GP) scenario, an electricity demandsupply pathway from 2015-2030 in the light of current government policy i.e. National
Power Policy 2013 [40] is developed to reflect the evolution of electricity generation mix
over time to meet future demand in the absence of major policy shift. Demand side
management (DSM) scenario focuses on energy efficiency improvements and the
resulting electricity intensity savings. A renewable energy (REN) pathway is developed as
an alternative to GP and DSM scenarios on account of falling investment and operations
costs for renewable technologies and significant growth in renewable energy investments
globally [41]. All the renewable and non-renewable energy sources which Pakistan relies
on for electricity generation are accounted for by the existing stock, import requirements
and prices etc.
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Fig. 4. Leap Methodological Framework

2.1. Data
The main data sources include the database on Pakistan’s economy which is available
from the Planning Commission of Pakistan, the Pakistan Bureau of Statistics and World
Development Indicators and the World Bank. Aggregate and sectoral GDP are taken at
constant dollar prices of 2005. Economic growth projections used to forecast electricity
demand till 2035 are based on Pakistan Vision 2025 to supplement energy security
planning. Data on the rural and urban population and future projections in Pakistan is
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taken from United Nations Population Division’s statistics7. The number of urban and rural
households for the year 2014 is computed using household composition data published
in the Household Integrated Economic survey 2013-14 by [42]. From year 2014-15 the
urban and rural average household size is assumed to decrease at the current rate.8 The
data on energy specific variables are obtained from the Hydrocarbon Institute of Pakistan,
National Transmission and Dispatch Company (NTDC) and National Electricity Power
Regulatory Authority (NEPRA). Electricity demand in major sectors and at the country level
is published by Hydrocarbon Development Institute [43]. The share of electricity
consumption in sub-sectors and at end use level in year 2009 as reported by [44] and [45]
are used to calculate electricity consumption in bottom up fashion in the base year.
Industrial electricity consumption does not include the textile sector’s demand met
through its captive power generation.
On the supply side, around 71 power plants across the country have been grouped into
14 categories based on process, fuel type and ownership by private or public sector
companies. Actual technical and cost characteristics, as allowed by NEPRA, in response to
power companies’ tariff determination and revision petitions separately for each plant
have been used in the analysis. Capital costs, including financing costs for all the existing
plants, have been adjusted for inflation using CPI time series to calculate the cost at base
year constant prices. This study, unlike similar studies e.g. [16,17,46], does not rely on
cost estimates of the IEA [47] since cost structures vary significantly depending on regional
cost conditions. Data on capital, O&M and fuel costs approved by NEPRA at the time of
commercial operation for tariff determination individually for all power plants is used in
the analysis. A summary of plant characteristics is given in table 1.

7
8

https://esa.un.org/unpd/wup/CD-ROM/
From year 2013 to 2014, household size shrank by 0.94%. The same rate has been assumed to
forecast total household size till 2035
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Table 1. Characteristics of existing power generation technologies

Capacity (MW)

Generation
(GWh)

Capital cost
(Mln. $/MW)

Fixed cost
($/MW)

Variable cost
($/MWh)

Efficiency (%)

Max.
availability (%

Hydro power plants

7115

32673

2.71

20057

0.53

86.5

53

Oil fired Steam Turbines

250

876.4

2.13

24485

1.44

28.7

42

Dual fired Steam Turbines

2722

8560.7

1.17

14940

4.35

27.1

40

Gas fired Gas Turbines

35

84.9

1.38

15049

6.83

31.3

30

Dual fired Gas Turbines

250

198

2.15

14872

5.38

27.4

30

Coal fired Steam Turbines

150

112

1.73

26971

2.05

21.8

45

Combined Cycle Plants

1153

3215

1.76

15795

6.3

27.9

40

IPP Steam Turbines

2153

11336

1.53

24062

6.11

30.3

68.9

IPP Combined Cycle plants

4988.4

22437.2

1.54

26144

4.71

41.8

52

IPP Diesel Engines

1342.1

9669

1.37

21034

7.61

44.9

83

IPP Gas Engines

42

259

1.45

22248

5.4

39.2

80

Nuclear power plants

787

4501

3.51

97235

5.97

34.7

70

Wind turbines

106.4

263

3.11

27236

0.05

45

50

K-Electric (Overall)

2667

10258

1.3

21722

2.24

37.4

45

Source: NEPRA, NTDC, IEA
*IPPs are the independent power producers
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Input fuel price projections till 2035 are based on forecasts for residual fuel oil (RFO) and
diesel prices [50]. Imported LNG price has been indexed to crude oil prices in accordance
with long-term contractual agreements. Coal price projections till 2019 are based on [49]
and are assumed to grow at an annual growth rate of RFO price growth from 2020 to
2035. All costs are discounted at a discount rate of 5% to compute levelized cost of
electricity generation. Transmission and Distribution (T&D) losses in 2014 are obtained
from NTDC [6]. A planning reserve margin which is an excess capacity at peak demand to
cater for an unexpected surge in load is assumed to be 12%, as calculated by Ullah [50].
The load profile which represents variation in load on the system with reference to peak
load during a year is calculated using hourly system load data published by NTDC [51]. The
merit order of process dispatch used in the analysis follows the ordering of power plants
by NEPRA in accordance with efficiency and costs. To calculate the levels of and
Greenhouse gas (GHG) emissions associated with fuel combustion in power plants,
emission factors based on the Tier 1 method of IPCC [52] are used.
2.2. Scenario Analysis
The purpose of scenario modelling is to analyze the evolution of an energy system under
various assumptions about the economy and energy planning by modelling the interplay
between the demographic, economic and energy sectors. Three scenarios are considered
in the paper; GP, REN and DSM scenarios.
2.2.1. Government Policy Scenario
To reflect the evolution of Pakistan’s energy system from 2014 to 2035 under the current
power policy and under macroeconomic targets set by Vision 2025, a GP scenario has
been developed. Energy projects envisaged in the China Pakistan Economic Corridor
(CPEC) project are assumed to be part of this scenario (see for example, [53–55]). Focused
primarily on coal and large hydro power projects, the current generation expansion
planning also embraces renewable energy to a limited extent. No new oil based plants will
be installed after 2015 except 2000 MW Oil fired combined cycle plants to be installed in
the year 2030. Three RLNG based power projects with a cumulative capacity of 3600 MW
come online in 2018 before adding 1000 MW each in the years 2026 and 2031. Wind and
47

solar power are added to the system according to projects underway and investments
planned till 2019 as reported by NEPRA [56]. From 2020 to 2025, the rate of increase in
renewable power is assumed to follow the current trend while it drops to 10% after 2025
because of the withdrawal of incentives in the form of generous upfront tariffs as the
excess supply becomes available. System losses in the entire system are assumed to drop
to 14% from the current level of 25.3%, which include auxiliary consumption of power
plants and 19.8% T&D losses. 70% of coal-fired plants use imported lignite as feedstock
fuel while the remainder use locally extracted coal. RLNG is imported to meet the
requirements of RLNG-based power plants. LNG imports from Qatar are allowed for new
combined cycle plants at $6.6/MMBTU and are pegged to crude oil prices and assumed
to increase with oil prices as forecast by EIA [48]. A summary of demand and supply-side
assumptions of all the scenarios is given in table 2.
2.2.2. Renewable Energy Scenario
The alternative scenario is REN that envisages energy system with no further investments
in fossil-fuel based plants post 2018, except for the addition of a 1 Gigawatt (GW) oil-fired
combined cycle power plant in 2032. The estimated realizable potential of power
generation through solar PV and thermal technologies alone, is 6 times the total installed
capacity in the country [57]. Likewise, the exploitable potential of wind power is estimated
to be 346 GW, while hydro and biomass-based power could provide 59 GW and 2.3 GW
of power expansion capacity [58]. The REN scenario assumes that investments in thermal
power plants already incurred would materialize by 2018 after which an aggressive
renewable energy policy is pursued to tap into the enormous potential in wind, solar and
biomass-based power. Declining capital costs in the international market are also
assumed to make renewable energy investments economically viable by bringing down
the levelized cost of electricity. The total installed costs of solar PVs at the utility scale and
wind turbines are assumed to fall to $1 million and $1.5 million per MW respectively [59].
The REN scenario is anticipated to significantly reduce fuel costs and GHG emissions. It is
assumed that an increased share of intermittent renewable generation is complemented
by requisite grid expansion and reinforcements for the integration of low carbon
technologies and spinning reserves for balancing intermittency in the electricity system.
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Table 2: Overview of Assumptions in GP and REN scenarios
Government Policy Scenario
Description

Demand Side
Assumptions:

Supply Side
Assumptions

Renewable Energy Scenario

Follows existing power generation expansion
plans and Power Policy 2013.

Demand Management Scenario

Declining costs in renewable energy
investments encourage renewable
technology and no further fossil fuel
plants are commissioned after 2018.
Overall GDP and sectoral growth follows Vision 2025 projections.
Share of Urban households in total increases to 49.3% by 2035.
Electricity penetration is assumed to be 100% in both urban and rural households by end
year.
Electricity intensities for all end uses increase owing to higher per capita income,
electrification and device penetration.
All industrial subsectors grow at planned rate.
Electricity intensity is assumed to be constant in all industries.
Slight growth in electricity intensity in commerce and agriculture sectors.

Efficiency improvement and demand side
management reduces electricity demand in medium
term.

Total capacity retirement of 3595MW by 2025
while 12708 MW by 2035.
Addition of new hydroelectric power of 25000
MW by end year.
New Coal fired plants of 14985 MW till 2035.
New nuclear power addition of 6530 MW by
2031.
New combined cycle plants of 9347 MW by 2031
Increase in solar and wind power to 12700 and
14385 MW by 2035 respectively.
1000 MW of annual electricity import for
Turkmenistan is added from 2019.
Merit order of electricity dispatch follows
NEPRA’s merit listing.

Supply side assumptions in DSM scenario are the
same as GP scenario expect for reduced capacity of
1500 MW oil based power, 3125 MW of solar power
and 2000 MW of gas based power as compared to GP
scenario.
By 2035, total installed capacity in DSM scenario is
7000 MW less than that of GP scenario due to
reduced demand.

No new coal power after addition of
1980 MW in 2018.
No new fossil fuel based combined cycle
plants after 2018 except for 1000 GW in
2032.
Wind, solar and Bagasse based power
grow at an annual growth rate of 40%,
30% and 20% respectively till 2025 and
10% afterwards.
Hydroelectric capacity by 2035 is
projected to be around 29000 MW.

Adoption of new technology and DSM reduces
electricity intensities in end-use sectors annually by
the following rates;
Lighting
-0.4%
Refrigeration -1.4
Air
conditioning
Iron & steel

-1.8%

Textiles

-0.2%

-0.2%

-0.1%

Commerce

-0.8%

Other
industry
Agriculture

-0.7%
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2.2.3. Demand side Management Scenario
Besides long term generation expansion planning, curbing demand through efficiency
enhancement and demand side management is a practical way of dealing with the power
crisis in the short to medium term. Every unit of energy saved reduces the need for capacity
addition by 2 to 2.5 times [17]. Based on Asian Development Bank (ADB) estimates, there
is 17.6% realizable potential of electricity savings in Pakistan’s household sector while in
industry, commerce and agriculture the estimated potential is 5.8%, 18% and 17%
respectively [44]. In this scenario, it is assumed that the potential savings are achieved in
all the sectors by the year 2024. A DSM scenario is applied to the GP scenario, which
would be usual course in the absence of a major policy shift.

3. Results
3.1. Demand Forecast
Fig.5 shows the electricity demand forecast from 2014-2035 in a GP scenario at
disaggregate level. Projected demand in GP and REN scenarios for the year 2035 is
estimated to be 303.7 TWh; a growth of 268% from the base year and 6.1% annually.
Annual electricity demand in 2035 is less than 312 TWh and 368 TWh, as estimated by
Usama et al. [46] and Gul and Qureshi [27] under different assumptions and parameters
without bottom up details. High economic and per capita income growth under Vision
2025, rapid industrialization and a resulting increase in expenditures on electricity use are
the driving factors behind demand growth in all sectors. Households accounts for 41.6%
of the total electricity demand while the industry, commerce and agriculture sectors
contribute around 36%, 11% and 7% respectively. Since GP and REN scenarios are driven
by similar demand side assumptions, the demand forecast for both scenarios is the same.
In the DSM scenario, demand grows annually at 5.5% and end year demand is forecast to
be 267.6 TWh. Energy efficiency and conservation measures bring the total demand down
by 13.5% in 2035 in comparison with the GP and REN scenarios.
Electricity consumption and use patterns differ across urban and rural households with
the urban subsector responsible for 66% of total electricity consumed at household level.
In the urban subsector, cooling, air conditioning and lighting uses account for bulk of
electricity consumption, while cooling and lighting are main electricity uses in rural
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households. In the industrial sector, the textile subsector consumes 30% of total
electricity consumption in the industry. The iron and steel, pulp and paper and sugar
industries will have a combined share of 7% in industrial sector electricity consumption in
2035. All other industries across the country account for 63% of the total electricity
consumed by the industrial sector. On a sector level, the share of household and
agriculture sectors in total electricity consumption will decrease from 47% and 10% in
2014 to 41.6% and 7% in 2035 respectively, while that of the industrial and commercial
sectors will increase significantly over the analysis period.

Fig. 5. Sector wise electricity demand forecast (2014-2035) in GP scenario

Since REN differs from GP scenario only in its supply-side assumptions, the demand in REN
is not different from GP. However, the percentage of electricity demand reduction in the
DSM scenario relative to the GP scenario is 20.7% for household sector, 3.8% for industry,
18.2% for commerce and 32.4% for the agriculture sector respectively.
3.2. Electricity Generation Projections
Figures 6-8 present the electricity generation profile from 2014-2035 in all three scenarios:
GP, REN and DSM. In the GP scenario, the share of hydropower generation will increase
significantly from 31% in 2014 to 38% by 2035, making it the biggest contributor to the
power generation mix. Although the installed capacity of solar and wind power was less
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than 1 GW in 2014, the addition of over 27 GW to the total installed capacity by 2035 will
produce around 16% of total electricity generation. Extensive investment in coal-fired
power plants makes it the 2nd biggest source contributing 23% to the electricity generation
mix. The share of nuclear power also goes up from 4.5% to 13%. After hydro and coal
based power, nuclear power generation is the third biggest source of electricity followed
by wind power having an 11% share in the total mix. Capacity retirement and some further
investments made in oil and gas-based power plants will reduce the reliance on oil from
405 million gigajoule (GJ) to 23 million GJ for electricity generation. The consumption of
domestically produced natural gas for power generation also decreases from 261 million
GJ to 21 million GJ. In the GP scenario, reliance on coal increases heavily from 1.8 million
GJ to 702 million GJ. Total annual electricity generation in 2035 will be 345 TWh as
compared to 400 TWh estimated by [27] in a less realistic reference scenario. A summary
of scenario-wise results is given in table 3.
In REN scenario, 81% of the installed capacity including hydropower plants in 2035 will
comprise renewable energy plants. Hydro power capacity increases fivefold to reach 36.4
GW, followed by wind and solar power plants of 34.3 and 26.2 GW respectively. Since no
new investments will be made in coal and gas-fired power plants after 2018, they constitute
6.5% of the installed capacity as compared to 30% in the GP scenario. Hydroelectric power
contributes 40% to the power generation in the REN scenario followed by wind, nuclear
and solar power. The share of fossil fuel based power in the generation mix is less than 5%.
Reliance on fossil fuels in general is the lowest among all scenarios, saving a significant
amount of GHG emissions.
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Fig. 6. Electricity generation mix (2014-2035) by fuel type in GP scenario

Fig. 7. Electricity generation mix (2014-2035) by fuel type in REN scenario
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Fig. 8. Electricity generation mix (2014-2035) by fuel type in DSM scenario

In the DSM scenario, installed generation capacity does not significantly differ from the
GP scenario except for a reduced capacity of 1500 MW of oil-based power, 3.1 GW of
solar power and 2 GW of gas based power as compared to the GP scenario. However, due
to lower demand, peak load power plants dispatch power according to the merit order
assigned based on operational efficiency and fuel cost. The electricity generation mix does
not differ considerably from the GP scenario. Total power generation in the DSM scenario
is 304.1 TWh which is 41 TWh less than in the GP scenario.
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Table 3. Summary of Results for different scenarios
Base year (2014)

2035
GP

REN

DSM

Installed Capacity (000, MW)

23.8

100

121.1

93.3

Hydro

7.1

32.1

36.4

32.1

Coal

0.2

15

2

15

Gas

7

10.9

5.9

8.9

Oil

8.3

3.8

3.2

2.3

Nuclear

0.8

6.9

6.9

6.9

Wind

0.1

14.5

34.4

11.4

Solar

-

12.7

26.2

12.7

Others

0.2

4.1

6.1

4.1

Electricity Generation (%)

100

100

100

100

Hydro

30.9

38

40.4

39.8

Coal

0.1

22.7

2.8

23.8

Gas

25.9

3.2

1.1

1.0

Oil

37.1

0.8

0.5

0.3

Nuclear

4.5

13.3

12.4

13.9

Wind

0.3

11

24.4

9.0

Solar

0

5.5

10.6

5.8

Others

1.2

5.5

7.8

6.3

Resource Requirement (million GJ)

885

2483

2470

2187

-

254

228

236.8

45

32

5.8

26.1

Net Present Cost (Billion $)

*

GHG emissions (million tonnes of CO2 equiv.)
*At 5% discount rate

3.3. Cost Analysis
To compare the costs of the three scenarios considered in the analysis, this study uses the
Net Present Cost (NPC) in all three scenarios discounted, at 5%, 7% and 10% discount
rates. As shown in Fig.9, REN has the lowest NPC compared to GP and DSM at different
discount rates. At 5% discount rate, which is close to the policy rate of the State Bank of
Pakistan (5.75%), REN is the lowest cost electricity pathway largely due to the significant
savings on fuel cost. REN saves $26 billion as compared to GP scenario and $8.8 billion
compared to the DSM scenario, when discounted at 5%. A breakdown of NPC in terms of
capital and running costs reveals that REN has higher discounted capital cost and O&M
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costs compared to GP and DSM scenarios making the transformation cost of REN more
expensive than either of the two competing scenarios. On the other hand, its substantially
high savings on fuel eventually make it the least cost pathway.

Fig. 9. Aggregate NPC of GP, REN and DSM scenarios at various discount rates

Capital costs for renewable technologies have been assumed to drop as projected by
IRENA. The fixed O&M cost of renewable technologies is currently on a higher side and if
these costs decrease together with the fall in capital costs, the REN scenario would be
further cheaper than the competing scenarios. Although DSM would lead to savings on all
cost categories with respect to GP, but savings on fuel are not enough to make it the
cheapest option among scenarios under consideration. The average cost of electricity per
kWh discounted over 21 years at 5% discount rate in the REN scenario is also the lowest
i.e. 9.2 cents as compared to 10.2 cents for GP and 10.1 cents per unit for DSM scenarios.
When the penetration of renewable energy sources in the electricity generation mix
increases, the risk of grid destabilization because of fluctuations in grid voltage and
frequency will increase due to intermittency of renewable sources. Integration of a sizable
amount renewable power in the national grid as envisaged in REN scenario would require
large-scale grid connections and reinforcements. According to an assessment by USAID,
2.2 GW of renewable power could be integrated by 2018 with minor reinforcements,
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while major grid expansion and enhancements would be required to integrated another
7 GW in four years [60]. These include a 220-kV transmission line near the planned site of
1 GW solar PV capacity and 500 kV enforcement at Gharo wind farms besides substation
and transformers. The analysis does not incorporate system integration costs while
comparing the NPV of different scenarios. A comprehensive analysis of the renewable
energy scenario would, if adopted as a policy, necessitate a technical need assessment for
grid reinforcements, impact of high intermittency on system stability and efficient
prediction of generation to ascertain reserve requirements. A detailed comparison of the
cost of renewable electricity with other sources mandates the inclusion of realistic system
integration costs of renewables.
3.4. Environmental Impact Assessment
Pakistan is not a big emitter of greenhouse gases and has a minuscule share of 0.8% in
global GHG emissions [61]. In the base year, GHG emissions associated with the power
sector are 45 million tons of CO2 equivalent (MtCO2). More than 65% of total GHGs from
electricity generation are emitted by oil based power plants followed by natural gas based
plants that are accountable for 32% of GHG emissions from power sector. Currently, coalbased thermal power plants have a negligible share in power sector emissions. By year
2035, Coal based power plants will become the biggest emitters with an 81.5% share in
total emissions followed by 9.5% contributed by LNG-based power plants, however, total
GHG emissions will be reduced to 32 MtCO2 in the GP scenario. In DSM scenario, GHGs
are further reduced from 45 MtCO2 to 26.1 MtCO2 by 2035. In the REN scenario, GHG
emissions will decrease at a rapid pace and are estimated to be 5.8 MtCO2 in 2035 from
the base year level of 45 MtCO2. The reduction in annual GHG emissions from the power
sector is attributed to the retirement of fossil fuel based plants and no significant
investment in fossil fuel fired power plants, except high efficiency RLNG and coal based
plants. Reduced fossil fuels requirements in the REN scenario are instrumental in the
sizable reduction in emissions, as compared with the other scenarios under consideration.
Total Fossil fuel requirement in the overall generation mix from 2014-2035 in REN
scenario will be 7.9 billion GJ as against 14.5 billion and 13.4 billion GJ in the GP and DSM
scenarios. Replacing fossil fuel based plants by encouraging investments in renewable
energy technologies would reduce the reliance on fuel imports which constitute 36% of
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the total import bill [62]. Although Pakistan is not a big emitter of GHGs and has a less
than 1% share in global emissions, adopting renewable energy would reduce energy
sector emissions which currently account for 46% of the country’s annual GHG inventory
[63].

4. Discussion
Although the deployment of renewable power has started off slowly, the successful
operation of existing 04 solar PV and 05 wind power plants with a combined capacity of
400 MW and 256 MW at 18% and 32% capacity factors respectively has encouraged
further investments [64]. There exist enough primary energy sources to materialize 34.3
GW and 26.2 GW wind and solar power capacities by 2035, as predicted in the REN
scenario. Farooqui [65] even anticipates 50GW wind power capacity at a 25% capacity
factor by 2030 given the appropriate set of policies. According to an assessment by ADB
and the Pakistan Meteorological Department (PMD), the Gharo-Keti Bander wind corridor
on the coastline of Pakistan’s Southeastern Sindh province has a long-term wind speed of
7m/s at 80-meter height with an exploitable wind power potential in this corridor of 11
GW with 25% capacity factor [66]. The coastline of Sindh has 20 GW out of the countrywide total of 349 GW of exploitable wind power potential [67]. Similarly, the National
Renewable Energy Laboratory assessed potential of renewable energy sources using high
quality solar and wind mapping to conclude that Pakistan is suitable for solar energy
projects, since it is situated in a high radiation and insulation region [68]. Solar PV
potential is estimated to be 149 GW in the country, while only 500 MW in South Punjab
had been added to the national grid so far at Quaid-i-Azam Solar power park, Bahawalpur.
The RE policy of Pakistan 2006 guarantees grid connections to renewable energy power
plants and the tariff is subsequently determined by NEPRA for grid connected power
plants.
The current upfront tariff regime ensures a high return on equity of 17% for wind power
plants included in 11.50 cents/KWh upfront tariff determined in 2015. Over the same
period in the US, the return on equity for wind power investment ranges from 9-15% [69].
So far, 20 power plants with a combined capacity of 985 MW have adopted the upfront
tariff, 256 MW of which are already operational. Upfront tariffs for solar PV plants range
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between 10.7 to 11.5 cents/KWh depending on the region and capacity which is much
higher than the 8 cents/KWh in Southeast India, for example [70]. Fiscal concessions and
high upfront tariffs provide lucrative incentives for rapid renewable energy deployment.
Asset finance in renewable energy in Pakistan rose by 77% in 2015 compared to the
previous year heralding further investments in future [71]. According to NEPRA [56], 1.4
GW of PV plants are under construction and 2.2 GW of solar power and 1.1 GW onshore
wind power capacity is likely to be added to the national Grid by 2019.
During the hot summer season in Pakistan, system load peaks with the highest loads being
recorded between June and August during the years 2011-2016. The strong southwest
wind on the coastline can help achieve a capacity factor above 32%, providing much
needed energy during peak load hours in the summer season [67,72]. There is also a
correlation between the high system load and solar irradiation in all parts of the country
during the peak demand summer season [73]. Renewable power integration can thus
provide a reliable source to meet national demand during the summer season. Pakistan
has negligible penetration of renewables in the system. However, according to IEA [74],
system flexibility does not pose a big challenge as a renewable share between 25-40% can
be accommodated by shortening the dispatch cycles and improving wind and prediction.
In the absence of an electricity storage option, sufficient reserve capacity is required to
ensure flexible generation. For Spain’s power system, Zubi [75] has evaluated the impact
of integrating 30% wind and 15% solar PV shares and concludes that this requires either
wind curtailment or an increase in flexible thermal back-up capacity. To assimilate higher
renewable shares, higher flexible capacity is required with negative cost consequences.
A study by USAID [60] to determine the prospects of integrating renewable sources in
Pakistan’s national grid estimated the spinning reserve requirements to be only 500 MW
for 9 GW of solar and wind power by 2020. The REN scenario suggests up to 60 GW of
additional intermittent capacity by 2025 requiring between 3000-4000 MW of reserve
capacity. It is also interesting to note that requirement of flexible reserve capacity
decreases as the number of intermittent process connected to the grid increases [76].
Improvements in renewable energy prediction using advanced models also reduce
reserve requirements. The costs of integrating intermittent sources is low for the systems
with low initial renewable penetration, as demonstrated by [77] for power system of UK
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and [75] for Spain. Therefore, a substantial part of fossil fuel based generation capacity
could be replaced by renewables in the REN scenario for Pakistan’s power system.
NTDC is mandated with the necessary grid expansion and enforcement according to the
grid code approved by the regulator. The grid code is fundamental to the regulation of
the power supply from the generation centers to the distribution companies. The
distribution code lays down the procedures for an efficient and reliable system between
distribution companies and users. The grid and distribution codes developed in 2005 for
Pakistan have been amended under the Grid Integration Plan 2010-15 to integrate wind
and solar power [78]. As the penetration of renewables increases, the grid code might
need further amendments to ensure inclusion of technical features of wind and PV
consistent with system requirements [60].

5. Conclusion
In recent years, Pakistan’s acute energy crisis has critically affected its already fragile
economy costing up to 4% of Gross Domestic Product. Political expediency in the wake of
the current power crisis in Pakistan and current high investment costs for renewable
energy technologies have shifted the focus of policy to thermal power plants in the short
run to meet the deficit. This paper presents a long run view of current power policy and
forecasts long run electricity demand in Pakistan congruent with anticipated high
economic growth as envisaged in its medium-term development framework ‘Pakistan
Vision 2025’. Using LEAP bottom-up scenario modelling, different electricity generation
scenarios are developed to meet future requirements for the years 2015 to 2035. A GP
scenario models current economic and power policy while RE and DSM scenarios provide
alternative power generation pathways. These scenarios are compared based on net
present cost (NPC) at 5%, 7% and 10% discount rates. Interestingly, the renewable
scenario turns out to be economically more viable in terms of NPC than the GP and the
DSM scenarios, owing to huge savings on imported fuels. Greenhouse gas emissions
associated with all the scenarios over the study period are also estimated and RE scenario
with a 35% total share of solar and wind power and 40% hydroelectricity appears to save
over 221 MtCO2 more GHGs in comparison to the GP scenario and 159 MtCO2 more than
the DSM scenario. Since low capital thermal plants will not be installed in the renewable
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scenario after 2018 and power requirements will be met by solar, hydro, wind and
biogases based plants, the capital or investment cost is expected to be much higher than
that of GP scenario. However, REN saves a lot on variable O&M costs and fuel cost. Fuel
costs of renewables are negligible and save a huge amount of foreign exchange on
otherwise expensive imported oil, coal and LNG for thermal power plants. Fighting the
power crisis in a resource constrained economy by installing thermal power plants that
require low investment and smaller gestation periods seems plausible in the short run.
For the same reason, 12 GW of coal fired capacity and 3.6 GW of LNG based power plants
have been prioritized and are under development. However, the analysis suggests that in
the long run, REN scenario for Pakistan could prove economically more viable not just in
terms of cost of generation due to fuel savings but also in terms of GHG emissions.
The policymakers should therefore choose prudence over expedience while planning
long-term generation expansion and respective policies. Energy provision through
renewable energy sources requires higher upfront investment costs than conventional
technologies, intermittency issues and system integration costs. Nevertheless, despite
these challenges, sustainable solution to provision of electricity for the future needs of
the economy lies in exploiting falling capital and O&M costs of renewable energy
technologies on the international market and harnessing the enormous potential of
renewable energy in Pakistan. Green energy investments in rural electrification would
contribute to employment creation and improvement in welfare in the country. According
to IRENA, solar industry in Pakistan created 20,000 jobs in a single year in 2015. The
renewable energy scenario provides a pathway that ensures energy security and eases
the current account balance by reducing dependence on imported fuels.
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Quantifying the potential impact of climate change mitigation policies on
Pakistan’s power sector CO2 emissions: A bottom-up analysis through
2050
Abstract
Pakistan’s power sector is poised for an extensive increase in the installed electricity
generation capacity, a bulk of which comprises pulverized coal combustion power
plants. Although useful in reducing the current power deficit, these coal-fired plants
will have severe environmental implications. Considering the country’s vulnerability
to climate change, the emission reduction measures from various sectors have been
proposed in the national climate change mitigation policy and nationally
determined contribution (NDC) submitted to the United Nations Framework
Convention on Climate Change (UNFCCC). This paper attempts at quantifying the
potential impact of the policies concerning grid efficiency, coal-fired plant
efficiency, target renewable share and carbon capture and storage (CCS)
deployment policies on the long run CO2 emission profile, feedstock fuel
requirements and costs. Pakistan’s power sector bottom-up accounting model has
been used to show that coal becomes the second largest source of electricity by the
year 2050 in the business as usual (BAU) scenario without enacting emission
reduction polices. The CCS retrofitting policy has the highest potential in emission
reduction but it is still at the development stage and has high costs. The coal plant
efficiency and improved grid efficiency policies have limited potential on input
energy and CO2 emission reduction. However, renewable energy deployment could
result in cumulative CO2 reduction of up to 607 MTCO2 from 2014-2050 compared
with 119 MTCO2 and 81 MTCO2 saved by coal plant efficiency and improved grid
efficiency policies respectively. The prospects for implementation of these policies
and cost of CO2 avoided are estimated for further comparison to guide policy
responses to power sector emissions in the long run.

1. Introduction
Pakistan’s economy has exhibited signs of optimism after a period of low economic
growth marked by stifled investments in energy sector that culminated one of the worst
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energy crises in country’s history. Pakistan’s recent energy crisis and its brunt borne by
the economy has shifted the immediate focus of policy towards energy security defined
by [1] as “the uninterrupted physical availability of energy products on the market, at a
price which is affordable for consumers”. Energy security is needed for economic growth
but CO2 and other emissions associated with the energy conversion processes pose a
major challenge [2]. Although Pakistan has a miniscule share of 0.8% in the global
greenhouse gas (GHG) emissions, it ranks among the highest long-term climate risk prone
countries [3]. The National Climate Change Policy 2012 recommends measures for climate
change adaptation and GHG mitigation but does not preclude the use of coal for low-cost
power generation considering country’s energy predicament [4]. Nevertheless, energy
and climate policies resolve to achieve a sustainable energy mix in the long run and
propose measures to reduce energy sector emissions from existing and planned fossil-fuel
based plants.
To contribute to global response to the threat of climate change, Pakistan has ratified the
Paris Agreement which came into force in November 2016. The Nationally Determined
Contribution (NDC) communicated to United Nations Framework Convention on Climate
Change (UNFCCC) under Article 4(2) of the Paris Agreement outlines measures required
to reduced GHG emissions from various sectors. The measures specific to energy supply
sector proposed to the UNFCCC have been a reiteration of the goals set in the national
climate change mitigation policy. The priority measures proposed to reduce emissions in
energy supply sector include the following [5];
i)

increase in grid efficiency

ii)

improvement in coal-based plant efficiency

iii)

renewable energy deployment

iv)

carbon capture and sequestration (accorded low priority given uncertainty
regarding its commercial viability)

Despite these measures, power sector emissions in Pakistan are expected to rise due to a
sizeable increase in investment considering the exigencies of the energy sector. To meet
the current unmet energy demand and fuel the future economic growth as envisioned in
Vision 2025 [6], 73% of the total planned investment outlay of $46 billion China Pakistan
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Economic Corridor (CPEC)9 comprises energy projects [7]. The plan includes an addition
of 8.4 gigawatt (GW) of coal-fired power plants by 2021 besides other power
infrastructure projects to ensure energy security for long term economic development
[8]. The official estimates project that the total installed capacity of coal-based power
plants would reach up to 15 GW by the year 2030 with severe environmental implications.
Annual CO2 emissions from these coal power plants are estimated to be around 63.6
million tons (MTCO2) by 2030, higher than the entire electricity sector’s emissions in 2015
[9]. A substantial increase in energy demand owing to high anticipated economic growth
and CPEC investments in energy and infrastructure are set to increase the total emissions
nearly fourfold by 2030 [5].
A plethora of studies have evaluated the GHG mitigation policies for their long run
impact. The scope of these studies varies from regional to national level and across
specific sectors to the overall economy. For example, Khanna et al. [10] quantified the
potential long run impact of mitigation policies on Chinese power sector while Hao et al.
[11] estimated the impact on freight sector in China. Hainoun et al. [12], using
optimization model, estimated that the mitigation scenario for Syrian electricity sector
could potentially result in cumulative GHG reduction of 54 MtCO2 between the years
2005-2030. Dountio et al. [13] studied various electricity generation technology options
under GHG mitigation scenario for Cameroon’s power sector. Lu et al. [14] evaluated
various policy option and found renewable portfolio standard as the most cost effective
policy for GHG reduction in the state of Indiana. Annicchiarico et al. [15] using dynamic
general equilibrium model studied the response of Italian economy to emission mitigation
schemes and tax policies aimed at promoting the use of cleaner energy sources. Delarue
and Bergh [16] studied the interaction between cap and trade policy and other sectorspecific emission reduction measures for electric power system of five Central-Western
European countries and quantified the impact on CO2 emissions and price. Akimoto et al.
[17] assessed the potential of halving the global CO2 emissions and estimated the marginal
abatement cost to be 470 $/t CO2.

9

CPEC is a framework of regional connectivity between China, South and central Asian region.
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Among GHGs associated with electricity generation, emission factors (emissions per unit
of electricity) of CH4 and N2O are negligible compared to that of CO2 that has almost 100%
share in the total GHG emissions from the electric grid [18]. The focus of this study is thus
the CO2 emissions from Pakistan power sector. Since CO2 reduction policies as committed
in the NDC by Pakistan is a recent development, the impact of these polices on the long
run emission outlook and the respective economic analysis have not been
comprehensively deliberate so far. The contribution in this context comes from Lin and
Ahmad [7] who decomposed energy sector CO2 emissions into determining factors to
estimate the magnitude and potential of CO2 emissions reduction and Perwez and Sohail
[19] who evaluated various hypothetical scenarios and resulting GHG emissions from
Pakistan’s power sector. These studies fall short of quantifying the impact of specific
emission reduction measures as envisaged in national climate change policy and the NDC
pledged to UNFCCC on long-term power sector emissions. This study presents the first
comprehensive analysis of climate change mitigation policies by integrating long-term
energy-economy modelling with discrete energy and climate change mitigation policies
for Pakistan’s electricity supply sector.
Pakistan’s bottom-up energy model of the powers sector is used to evaluate the impact
of energy and emission reduction policies on carbon emissions, electricity mix and
estimate mitigation costs of each scenario. Section 2 provides a detailed account of the
modeling approach, techno-economic parameters, assumptions and policy drivers
employed in the analysis. Section 3 elaborates the policies to be analyzed and
development of scenarios and respective parametric details. Results are explained and
discussed in section 4. Section 5 discusses policy implications and section 6 concludes the
paper.

2. Materials and Methods
This study is based on bottom-up accounting framework of Pakistan’s economic and
power structure built using Long Range Energy Alternatives Planning (LEAP) modelling
tool developed by the Stockholm Environment Institute [20]. This framework allows
detailed evaluation of electricity demand and supply outlook, emission and economic
analysis of different energy policy pathways under country’s integrated economic,
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demographic and development trajectory [10]. The impact - system, economic and
environmental - of the alternative CO2 reduction policies, programs and technologies is
assessed by developing respective scenarios. The analysis starts off with forecasting
electricity demand in major economic sectors driven by macroeconomic and demographic
factors in the long run such as GDP per capita, number of households in rural and urban
dwellings, rate of urbanization, economic activity levels in sub-sectors and end uses, and
electricity intensities. To meet the projected demand, electricity generation simulations
involving existing technologies and future capacity additions are performed.
Pakistan’s bottom-up power sector model developed by Ishaque [21], extended through
2050, has been used in this study with updated status of future capacity additions and
updated fuel price forecast. Fuel cost projections published by IEA [26] under in its
‘current policy scenario’ have been used in development of the Business as usual (BAU)
scenario for electricity demand and supply. The policy to purchase all the power
generated by RE generators has been incorporated in this study. This has been done by
allowing the model to dispatch RE power at full capacity as opposed to the merit order
dispatch used before. This reduces capacity factors of coal and LNG based plants as RE has
the priority dispatch in the model.
2.1. Electricity Demand Analysis
Total electricity demand across all economic sectors, following Cai et al. [22], is estimated
as follows;
!" =

&

( $%&,(

∗ !*&,(

(1)

Where AL represents activity level, EI denotes electricity intensity, i & j represent demand
sectors and end uses respectively. Economic growth drives electricity demand in all
economic sectors i.e. Industry, commerce and agriculture. Household demand is
determined by population growth, rapid urbanization and per capita income. GDP growth
projections as envisaged in Vision 2025 and population projections of United Nations
population division’s statistics are used in the study. Electricity demand in various sectors
is estimated using electricity use intensities in sub-sectors and output levels in all sectors
except households. In the household sector, intensities per household for end uses,
electricity penetration levels (since all households are not electrified), and number of
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households in rural and urban settings are accounted for demand forecasting. The
industrial sector analysis includes major electricity intensive industries including textile
yarn, textile clothing, sugar, pulp and paper, iron and steel and other industries. The
electricity demand in agriculture and commercial sectors is, however, analyzed only at
aggregate level.
2.2. Energy transformation analysis
Electricity transformation from input fuel to transformed energy input is given as follows
[23]
- !+,-
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where ECT represents the energy input consumption for electricity generation, m denotes
electricity generation technologies, f is the process efficiency, s is the type of energy input
source. In transformation module, efficiency levels, capacity factors and generation
dispatch algorithms that dispatch required capacity to serve the estimated final demand
are used to model the power sector [24]. All power plants with different power generation
technologies and their techno-economic parameters have been considered10. Actual costs
and technical parameters ascertained by the National Electric Power Regulatory Authority
(NEPRA) for 71 existing power plants of varying capacities for base year 2014 have been
encompassed to ensure realistic cost and emission analysis. Previous studies relied on
techno economic parameters of new power plants of different types published by IEA [25]
overlooking the fact that thermal efficiency and capacity factors of plants vary with age.
Merit order of process dispatch used in the analysis follows ordering of power plants by
NEPRA in accordance with efficiency and costs. To evaluate resource requirement and
fuels used in transformation, stock of indigenous and imported resources, current and
projected fuel prices are accounted for in the resource module.
CO2 and other GHG emissions associated with fuel combustion in power plants are
calculated as follows [27]

10

Please refer to appendix for details on the parameters.
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Where, EF denote emission factors, f is the efficiency of generation technologies and s is
the type of input fuel. The emission factors based on Tier 1 method of IPCC guidelines
2006 [28] are used are used in the analysis.
2.3. BAU electricity demand-supply scenario
The BAU scenario of Pakistan’s power sector reflects the baseline energy pathway without
enacting CO2 emission reduction policies. The BAU scenario incorporates current
macroeconomic and energy policies, generation expansion plans and prospective
investments including CPEC power projects, grid efficiency targets and baseline
demographic trends to model power sector outlook from 2014-2050. The model has been
calibrated with the reported data of the base year 2014 for sector-wise electricity
consumption, power generation and fuel mix. In BAU scenario, total electricity demand in
the country is projected to grow from 82.4 terawatt-hour (TWh) in 2014 to 522 TWh in
the year 2050. Unmet electricity demand in the country will continue to prevail till 2017
before 9.2 GW capacity addition in 2018 ensures surplus supply. The share of households
and agriculture sector in the total electricity consumption decreases by 10.6 and 4.5
percentage points respectively by the year 2050. However, the share of industry in total
electricity consumption increases from 29.3% in 2014 to 35.8% in 2050 while that of
commercial sector increases from 7.6% to 16.4%. Electricity generation mix under BAU
case is presented in Fig.1. Total electricity generation in BAU scenario amounts to 580
TWh in 2050. The combined share of oil and gas that accounted for 64% of electricity
generation in 2014 declines to 10.8% by the year 2050. The new LNG based combined
cycle power plants have a share of 15.8% while hydroelectricity contributes 28.8% to the
electricity mix followed by nuclear, coal, wind and solar power and other sources.

3. CO2 emission reduction policies and scenario development
The climate change mitigation policy measures for different sectors recommended in
climate change policy 2012 could not come to fruition, leading to a renewed international
commitment as prioritized sector-specific policies to emission reduction. Each priority
measure proposed in the NDC for emission reduction in electricity supply sector is
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analyzed as a policy scenario. The impact of specific CO2 mitigation policies is evaluated
by developing individual policy scenarios and comparing the electricity mix, emissions
profile and net present costs (NPC) with BAU scenario and cost of avoiding CO2 is
estimated for each policy, individually. This section briefly describes these policies and
their significance followed by parameters and assumptions of the developed scenarios.

Fig. 1. Electricity generation mix in the Reference scenario

3.1. Improved Grid Efficiency
Pakistan’s dilapidated grid infrastructure is responsible for substantial amount of
electricity losses in transmission and distribution (T&D) network. In 2015, the
transmission and distribution losses were estimated to be 19.9% which is way higher as
compared with 3.6% in South Korea and 8% in China [29]. It is estimated that technical
losses due to grid inefficiency account for more than 70% of the T&D losses while 30%
constitute commercial losses mainly because of theft and pilferage. There is a huge
potential to bring technical losses down by efficiency improvement of the T&D network.
The distribution network managed by nine distribution companies in Pakistan contributes
80% to the technical losses owing to undersized transformers, inadequate conductor sizes
and 11Kv lines extended over long distances [30]. Besides governance reforms to
minimize commercial losses, major infrastructural overhaul and grid reinforcements are
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needed to bring technical losses to a sustainable level. By bringing the losses from 19.9%
down to mere 16% could potentially save around $1.4 billion annually and partially
alleviate unmet demand in the country [31]. Electricity savings by grid efficiency
improvement reduce fuel use in electricity generation and significantly reduce CO2 and
other GHG emissions. Improving grid efficiency is one of the objectives of current power
policy of the government of Pakistan and features as a priority measure for climate change
mitigation [5].
To quantify the impact of long-term grid efficiency improvement on CO2 emissions, the
following scenario is developed.
Improved grid efficiency (ITD) scenario: assumes improvement in T&D network in
Pakistan which brings the losses from 19.6% in 2014 down to 10% by the year 2035 and
8% by 2050.
For economic analysis of this scenario, the cost per unit of electricity saved has been
estimated using data from the World Bank’s electricity distribution and transmission
improvement project. This project included construction of a 220 KV grid station with
associated transmission and capacity enhancement of selected distribution companies
and has recently been completed [32]. Average per unit cost of electricity saved by
improving the T&D network is computed using the capital and running costs discounted
at 5% discount rate. This cost parameter is used to augment the NPC of the ITD scenario
to include the cost of electricity savings with respect to the BAU scenario estimated using
the bottom-up power sector model. The CO2 emissions from the power grid and cost of
avoiding CO2 in this scenario are then calculated and compared with the BAU scenario.
3.2. Renewable power generation
Renewable energy sources for power generation provide the most effective means of
reducing carbon emissions from electricity generation. The markets for renewable energy
technologies are expanding worldwide driven by declining technology costs of
photovoltaic (PV) and wind power [33]. Since high upfront investment costs of solar PV
and wind turbines cease to be the hurdles, there is an optimism for an increasingly
decarbonized grid. Cognizant of these developments, Pakistan’s renewable energy
development policy envisions rapid deployment and integration of renewable energy
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which is also one of the high priority climate change mitigation options in the electricity
supply system [5,34]. Notwithstanding the abundance of renewable energy sources
afforded by Pakistan’s geography, the current share of solar PV, wind and biomass based
power combined in electricity mix is less than 1% [35]. A plethora of studies have
advocated the case of vast availability of renewable resources in the country and urged
their exploitation to meet the unmet demand in the country [4,36–43]. Alternative energy
development board (AEDB), a government agency for development and promotion of
renewable energy in Pakistan, aims at increasing the share of renewable energy sans
hydro in the electricity mix up to 15-20% in the long run [44]. The estimated realizable
potential to meet the targeted power generation through solar PV and thermal
technologies alone is 6 times the total installed capacity in the country [40]. Likewise,
exploitable potential of wind power is estimated to be 346 GW while hydro and biomass
based power could provide 59 GW and 2.3 GW of power expansion capacity respectively
[39].
To evaluate the impact of renewable energy policy on CO2 emissions from the electric grid
and conduct respective economic analysis, following scenarios are developed;
i) Target renewable power (TRP) share scenario: assumes implementation of
renewable energy policy and accomplishment of the target of 15% share of the renewable
power other than hydroelectricity.
ii) Enhanced renewable power (ERP) scenario: assumes more rigorous pursuance of
renewable power to achieve 20% share in the power mix
These scenarios are evaluated for the impact of policy and results are compared with the
BAU case that represents government policy scenario. Table 1 presents total installed
capacity of renewable energy sources in TRP and ERP scenarios required to meet the
target renewable generation.
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Table 1. Installed capacity of renewable energy technologies in TWh
Reference scenario

TRP scenario

ERP scenario

Years

2020

2030

2035

2020

2030

2035

2020

2030

2035

Solar PV

3.0

6.9

9.5

3.0

8.7

18.2

3.0

9.9

21.7

Wind

1.7

4.6

6.1

1.7

7.2

13.3

1.7

8.7

17.6

Biomass

0.8

1.9

2.7

0.8

1.9

2.7

0.8

1.9

2.7

3.3. Coal-fired Plant efficiency
Thermal efficiency of the pulverized coal combustion (PC) power plants is directly
correlated with its steam parameters. Pursuit of efficiency and resulting economic and
environmental gains have necessitated the development of supercritical (SC) and ultrasupercritical (USC) power plants to replace conventional subcritical PC power plants. SC
and USC plants can attain maximum temperature of 580°C and 620°C respectively,
improving thermal efficiency up to 45% as compared with the subcritical plant designs
that operate at maximum superheater temperature of up to 540 °C with less than 35%
efficiency [45]. Improvement in efficiency of planned coal-fired power plants is one of the
high priority measures emphasized by the Ministry of climate change for GHG reduction.
IEA’s roadmap for deployment of high efficiency low emission coal technologies
recommends adoption of state of the art USC technology post 2020 in all new PC power
plants [45]. China’s action plan on climate change (2014-2020) also requires all new plants
of 600 MW or more to be USC after 2020 to improve coal fired generation efficiency [46].
Pakistan plans to add a significant share of coal in the power mix and 8.4 GW capacity has
been envisaged under CPEC. 7 GW of capacity has been planned for operation till 2020,
out of which more than 6 GW already entail SC steam parameters [47]. To evaluate the
impact of efficiency improvement in planned coal-fired power plants on fuel input
requirements and CO2 emissions, following scenario is developed and compared with BAU
scenario.
Improved Coal-fired Efficiency Scenario: Coal-fired plant efficiency scenario for planned
power projects in Pakistan as committed in the NDC assumes higher efficiency than the
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planned SC power plants. This scenario, therefore, assumes mandatory use of the USC
steam parameters in all new power plants to be built after the year 2020. In this scenario,
7.9 GW coal fired plants planned for operation between the years 2021-2030 are assumed
to be upgraded to the USC parameters. USC steam parameters improve the efficiency by
2.9 percentage points over SC plants by incurring up to 10% higher capital cost as
compared to the SC power plants using Lignite coal [45].
3.4. Carbon Capture and Storage Retrofitting
CCS has been widely acknowledged for its potential in mitigating climate change by
reducing anthropogenic CO2 emissions but its extensive deployment in power and
industrial sectors has been hindered by its relatively higher costs [48]. CCS involves post
fuel-combustion capture of CO2 from flue gases in Amine based solvents, compression
and transportation in the liquid form to suitable geological formations for storage [49].
With a planned capacity addition of 15 GW of PC power plants in Pakistan by the year
2030, CO2 emissions from these plants alone are estimated to be around 63.6
MTCO2/year11. Efficiency improvement of the plants tend to reduce CO2 emissions but to
a small extent; 2 percentage points improvement in efficiency results in a less than 4%
reduction in CO2 [50]. CCS technologies, on the other hand, can capture up to 90% of the
CO2 emitted per unit of electricity produced [51]. Pakistan’s ratification of the Paris
agreement and measures committed for GHG mitigation in power supply sector include
CCS as an option contingent upon its commercial availability and economic viability. In
power generation, the overall cost of CCS makes it less attractive as compared to the
alternative emission reduction options. To encourage retrofitting existing PC plant fleet
with CCS and make it competitive with other low carbon technologies, appropriate
policies regarding carbon pricing and low emission subsidies would be required besides
technological cost reductions. Considering the constraints and policy interventions
committed by 134 countries in COP21, wide-scale application of CCS might take another
decade. Full scale deployment of CCS in PC power plants to achieve up to 90% cut in CO2

11

Approximated using CO2 emission estimation of 2.8 million t-CO2/year for 660 MW plant by Hagler

Bailly [9].
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emissions is envisaged in Europe and China by the year 2030 [10,52]. CCS retrofitting
scenario for Pakistan’s power sector, therefore, assumes all technically suitable PC power
plants to be retrofitted with post combustion CCS technology in 2030 and compares the
effect on CO2 emissions relative to baseline scenario without CCS.
It has been demonstrated by [53] that large and relatively newer power plants with high
efficiency steam parameters are the most suitable candidates for cost effective retrofits.
Furthermore, cost of avoidance of CO2 for supercritical plants is significantly lower than
the subcritical plants [54]. This is because energy requirement for CO2 capture process
incurs up to 9% efficiency penalty making high efficiency plants better suited for the
retrofit [55]. Therefore, out of the entire fleet of new PC plant capacity of 15 GW, 823 MW
capacity with subcritical steam parameters has not been considered for retrofitting.
CCS retrofitting scenario: has been developed to analyze the impact on CO2 emissions of
CCS retrofitting of supercritical PC power plants with combined capacity of 14.2 GW
planned to be installed between 2018-2030.
In this scenario, the application of CCS retrofitting in 2030 enables cost and emission
analysis for a 20-year period. To facilitate the impact analysis over 20-year horizon of
existing 14.2 GW PC plants retrofitted with CCS under the premise that renewable
technology advancement and policy interventions would render new investments in coal
unviable, no new PC plants after 2030 have been installed in this scenario.
Technology: Techno-economic parameters of the post-combustion carbon capture
technology are used in the study as it is preferred over pre-combustion and oxy-fuel
combustion processes for retrofit purposes [56]. Post retrofit output of PC plants is kept
constant to examine fuel input and emission profile for the same level of electricity
generation. The use of input fuel post CSS retrofit increases and resulting CO2 emissions
increase due to the efficiency penalty of 9%. Incremental capital and O&M costs for
retrofits estimated by NETL [57] have been adjusted to 2014 prices using Power Capital
Cost Index (PCCI), a cost index for power plants excluding nuclear. 90% of the CO2
emissions are assumed to be captured by advanced amine based solvents used for
absorption [57–59]. The technical and cost parameters used in the analysis have been
presented in Table 2.
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Table 2. Technical and cost characteristics of CCS vs reference plant
Without CCS

With CCS retrofit

Technology

SCPC

Advanced Amine

Efficiency (%)

40.3

31.3

Emission Factor (Mt/TJ)

92.64

11.55

Capital cost (mln $/MW)

1.5

3.05

Fixed cost ($/MW)

27696

37333.2

Variable cost ($/MWh)

1.17

9.16

4. Results and Discussion
4.1. Improved Grid Efficiency
In ITD scenario, T&D losses are reduced to 10% by the year 2035 and 8% by 2050 as
compared to 19.6% in the base year. Electricity generation required to meet the same
level of demand reduces as T&D losses decline over time. The reduced power generation
requirements result in annual electricity savings of 12.6 TWh in 2050. Fig. 2 shows fuelwise electricity generation circumvented, enabling cumulative savings of 206.7 TWh
during the entire analysis period. Reduced operation of power plants reduces energy
input from various types of power plants depending on their merit order and the system
load profile. Total primary energy input requirement by means of grid efficiency
improvement are 33.7 million tons of oil equivalent (MTOE) less than that of BAU
scenario, resulting in a significant reduction of CO2 emissions. Fig. 3 shows comparison of
CO2 emissions in the improved T&D and BAU scenarios. Due to the excess demand till the
year 2017, fossil-fuel based thermal power plants operate at high capacity factors. These
plants return to their peak-load operation after the based and intermediate load is served
by coal and LNG based plants in 2018 and subsequent years. The share of LNG based
combined cycle power (CCP) plants increases from 1.7% in 2015 to 22% in 2018, reducing
the generation from oil based plants. This explains the declining trend in emissions from
the year 2014 to 2018, in both BAU and ITD scenarios. The emissions start escalating after
2018 with the addition of 9.4 GW coal-fired capacity till the year 2022. The model projects
annual CO2 reduction by improving grid efficiency to be 4.9 MTCO2 in the year 2050 and
80.9 MTCO2 cumulatively, as compared with the BAU scenario.
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Fig. 2. Cumulative electricity saved in grid efficiency scenario

4.2. Renewable Power Generation
Fig. 4 and 5 present the results of TRP and ERP scenarios. The electricity mix by fuel in
both the cases are quite similar but widely differ from the BAU scenario. Solar and wind
power generation double in TRP scenario and a combined share of renewable power sans
hydroelectricity reaches 15% by 2030 meeting the target set by the AEDB. Fig. 5 shows
the emission profile from the TRP scenario. By the year 2050, the renewable power share
in total electricity mix is as high as 21%, contributed by wind (12.6%), solar PV (6.6%) and
biomass (2%). Since no new oil and coal based plants are be built in this scenario after the
year 2020, the share of coal based power decreases by 40% in the TRP scenario as
compared with the BAU scenario. Input fuel input requirement in the TRP scenario in 2050
is lower than the BAU scenario by 4.4 MTOE and cumulatively by 92.3 MTOE, thereby
substantially reducing CO2 emissions. Renewable energy policy implementation achieves
annual CO2 emission reduction of 27.5 million MTCO2 and a cumulative reduction of 607
MTCO2 by the year2050.
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Fig. 3. Power sector CO2 emissions in grid efficiency scenario

In ERP scenario, the share of renewables other than hydroelectricity in the power mix
reaches 23.3% and that of coal-based electricity is reduced to 7.5% as compared to 13%
in the BAU scenario. The ERP policy saves a total of 31.6 MTCO2 more CO2 emissions
than BAU scenario by the year 2050 with a cumulative savings of 643.2 MTCO2. There is
an inherent assumption that the increased share of intermittent renewable generation
is complemented by requisite grid expansion and reinforcements for integrating low
carbon technologies and spinning reserves for balancing intermittency in the electricity
system.
4.3. Coal-fired Plant Efficiency
Total electricity generation and fuel mix do not differ in the coal-fired plant efficiency and
BAU scenarios. There is, nevertheless, reduction in the use of coal input for the same
amount of power generation due to improved efficiency of all power plants built between
the years 2021-2030. Annual energy input is reduced by 1.1 MTOE by the year 2050 as
compared with the BAU scenario. The cumulative energy input savings in this scenario
amount to 30.6 MTOE resulting in 118.6 MTCO2 reduction in CO2 emissions over BAU
scenario during the analysis period as presented in Fig. 6. The results reveal that coal-fired
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plant efficiency measures have the lowest annual and cumulative potential of CO2
emissions reduction among all the mitigation policies considered in this study. Similar
outcome has been demonstrated by Zhao and Chan [64] and Khanna et. al. [14] for China’s
electricity sector emission reduction policies. Efforts are underway to further improve the
efficiency of PC plants up to 50% with advanced ultra-supercritical (A-USC) steam
parameters capable of increasing the superheater temperature up to 700°C. The use of AUSC technology could potentially reduce the fuel input enough to reduce CO2 emissions
by 15% as compared with the SC technology [45]. However, these steam parameters must
be complemented by the use of advanced materials like Nickel based super alloys that can
sustain such high temperatures and resist steam oxidation corrosion [65]. The
development and commercial availability of A-USC technology hinges on the outcome of
complex materials research program that might last over seven years and involves
substantial cost and risk [66]. The deployment of A-USC equipped PC combustion plants
at large scale is thus unlikely before 2025.

Fig. 4. Electricity generation by fuel for TRP scenario
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Fig. 5. Power sector CO2 emissions in TRP and ERP scenarios

Fig. 6. Power sector CO2 emissions in coal-fired plant efficiency scenario

4.4 Carbon Capture and Storage Retrofitting
The results of the CCS policy and BAU scenarios do not differ till the year 2030 when CSS
retrofitting becomes mandatory for the large PC plants with SC steam parameters.
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Primary fuel requirements and CO2 emissions post CSS retrofitting are compared with the
BAU scenario in Fig 7 and 8 respectively. After introduction of CSS in 2030, input energy
requirement increases on average by 4.6 MTOE annually as compared to the BAU scenario
since CO2 capture and compression process itself requires energy input. Total CO2
emissions decline significantly in the year 2030 after the introduction of mandatory CCS
retrofitting policy. Fig. 8 shows an abrupt decline in CO2 emissions in the year 2030 to 31
MTCO2 from 76 MTCO2 in the previous year results from retrofitting of 14.2 GW PC plants
taking effect in 2030. Total input energy required by the CO2 capture process cumulatively
till the year 2050 is estimated to be 99.5 MTOE with total of 1126.7 MTCO2 of CO2
emissions captured during the entire period. Average annual CO2 captured by CCS
retrofitting is estimated to be 62.4 MTCO2.

Fig. 7. Annual Fuel Input requirements in CCS scenario

The screening of power plants for CCS retrofitting in the analysis has been based on age,
plant size, and efficiency determined by steam parameters. Besides other plant specific
technical characteristics, availability of storage sites determines technical and economic
viability of the CCS retrofitting. The costs of storage depend on the type of storage
reservoirs i.e. depleted oil and gas fields or ocean storage in deep saline formations. It is
beyond the scope of this study to make technical assessment of the potential CO2 storage
sites and their proximity to PC power plants that are otherwise eligible for retrofitting.
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However, identification of potential CO2 storage sites in Pakistan and estimation of the
storage capacity carried out under IEA’s GHG research and development program shows
significant potential for CO2 storage [67,68]. Besides deep saline aquifers in Baluchistan
basin, the oil and gas fields in Pakistan have an overall potential storage capacity of 1.7Gt
CO2 [68]. This potential is well above annual CO2 emissions captured by 14.2 GW PC power
plants during the 20-year post retrofitting remaining life-time of these plants. Similarly,
transportation of compressed CO2 for storage in geological formations involves project
planning for construction of pipelines whose economic viability varies widely depending
on the terrain and the distance between emission source and the storage reservoirs [69].

Fig. 8. Power sector CO2 emissions in CCS scenario

4.5. Economic Analysis of Mitigation Policies
For the economic analysis of all CO2 mitigation policies except for the CCS retrofitting, the
following cost measure has been used [70];
$ NPC mpi − NPC ref
Cost of CO2 avoided ( )=
t
CO 2 ref − CO 2 mp
i

(4)
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where, LCOE ($/MWh) is the levelized cost of electricity generation, tCO2/MWh is the
CO2 emission rate in tonnes per MWh to the atmosphere. The subscripts ‘ref’ and ‘mpi
refer to the BAU and ith mitigation policy scenario respectively.
The cost of CO2 avoided is not used to evaluate the mitigation cost in the CCS retrofitting
scenario since the emissions are not avoided merely by the capture process unless the
CO2 is completely sequestered. The analysis does not include CO2 transport and storage
costs, therefore, the cost of capture for the years 2030-2050 instead of cost of CO2
avoided is calculated as follows;

Cost of CO2 captured (

COE ccs − COE ref
$
)=
t CO 2 (t CO 2 MWh)captured

(5)

All the four policy scenarios have been compared by quantifying the NPC based on
overnight capital cost, O&M and fuel costs at 5%, 7% and 10% discount rates12. The results
of the analysis reveal that the costs per tonne of CO2 avoided for all scenarios except for
the CSS scenario are negative. This implies that the mitigation policy scenarios are cheaper
than the BAU scenario in terms of the NPC and simultaneously save CO2 emissions. The
results are presented in table 3 where positive numbers in the last row refer to the costs
while negative numbers refer to the cost savings. Grid efficiency improvement is the most
cost effective mitigation measure followed by the coal-fired plant efficiency, renewable
energy deployment and CSS retrofitting. However, the magnitude of emissions avoided
by grid efficiency improvement and coal-fired plant efficiency is significantly low as
compared to the renewable energy and CCS retrofitting policies. Nonetheless, the
implementation of these policy measures ensures considerable savings in the long run
when compared to the BAU scenario. The limitation of the cost estimate for CO2
avoidance in TRP scenarios is that it does not include grid enforcement and system
balancing costs for the TRP scenarios. Furthermore, additional cycling costs due to

12

The results presented in the paper are calculated at 5% discount rate and those 7%

and 10% are given in the appendix.
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increased start-up and ramping costs, the requirement of flexible back-up capacity also
increases and has negative cost consequences which are beyond the scope of this study.
The cost of CO2 capture in the CSS scenario is estimated to be 53.4$/tCO2 which is slightly
higher than the 46$/tCO2 average cost of capture reported by Rubin et. al. [71] for the
supercritical PC plants with post combustion technology and bituminous coal. The
difference is due to the use of lignite coal and lower average capacity factor of coal-fired
plants in our model. The cost of capture excludes the cost of CO2 transport and storage.
The cost of CO2 avoidance for the CCS scenario could be 10-20 $/t higher than the CO2
capture cost depending on the transport and storage costs.

5. Discussion and Policy Implications
The paper analyses the potential impact of CO2 emission reduction policies for Pakistan’s
powers sector. The results reveal that the cumulative impact on emission reduction is the
highest in the CSS scenario followed by renewable energy, CPE and ITD scenarios.
However, in terms of cost of avoiding (or capture in case of CCS) CO2 emission from the
power sector, the order is reversed. It is pertinent to note that, other than CCS, all the
other scenarios result in cost savings per tonne of CO2 avoided. These results imply that
the policy of efficient grid and coal-fired plants are the lowest cost alternatives to BAU.
High T&D losses is a governance issue and the state-owned distribution companies are
responsible for 80% of the losses. A mechanism for transferring of ownership to the
private sector which undertakes investment in strengthening of T&D network is advisable.
The CPE scenario, on the other hand, rests on the assumption of use of USC technology in
new power plants starting operation after the year 2020. The technology is already in
operation and is cost effective despite its limited potential in emission reduction. The
policy to solicit new proposals for coal-fired plants by the power regulator should include
measures to ensure its deployment.
Renewable energy scenarios (TRP and ERP) have the highest potential after the CCS
scenario. Pakistan’s RE policy ensures grid connection and evacuation of power to RE
plants but the progress so far has been slow. The recent decline in capital costs of RE
technologies and lucrative feed-in tariffs have resulted in only 1.1 GW of total installed
capacity until 2017. To attract investment, fast-track measures are needed to evacuate
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power from solar power park in South Punjab region and Gharo-Keti Bander wind farm
and Jhimpir in the coastal region of Sind province. The results point towards significant
emission reduction potential in electricity supply sector by adoption of policies aimed at
increasing the share of renewables in the power mix. However, increasing the share of
intermittent renewable generation in a power system depends not only on the flexibility
of the power system but properties of solar PV and wind power generation which include
variability, scale and their contribution to grid stabilization [60]. According to USAID [61],
2.2 GW of renewable capacity could be integrated into Pakistan’s power system with
minor reinforcements, while major grid expansion and reinforcements would be required
to integrate another 7 GW in four years. It has been demonstrated by Strbac et al. [62]
that the system integration cost of renewables is low in the systems having low
penetration of renewable power. Flexibility of the system also doesn’t pose a big
challenge as 25-40% renewable power shares can be accommodated with improved wind
and PV prediction and shortening of the dispatch cycles [63]. Although the policy
recommendations regarding other issues like wind curtailment, intermittency balancing
and thermal reserve requirements are beyond the scope of this study, measures to
address these are essential for large-scale deployment.
The CSS technology has the highest potential in CO2 capture among the considered
policies. In the absence of a carbon market and emission trading system, the policy
implementation is not very likely. The high cost of carbon capture together with transport
and storage costs land CCS with low priority. Implementation of this policy hinges not only
on significant reduction in costs due to technological advancement but also on increase
in future CO2 price and favorable emission trading policies.
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Table 3. Summary of Results for different policy scenarios
2030

Base year

2050

(2014)

BAU

ITD

CPE

TRP

CCS

BAU

ITD

CPE

TRP

CCS

Total electricity demand (TWh)

82.4

214.7

214.7

214.7

214.7

214.7

522.1

522.1

522.1

522.1

522.1

Installed Capacity (000, MW)

23.8

66.9

66.9

66.9

68.3

66.9

152.2

152.2

152.2

164.9

152.2

Total Generation (TWh)

104.1

249.1

244.7

249.1

249.1

249.1

580.1

567.5

580.1

580.1

580.1

Input fuel requirement (MTOE)

20.0

39.5

38.7

38.3

36.8

44.5
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86.9

87.9

84.6

93.6

Coal input requirement (MTOE)

0.0

16.1

17.4

16.2

11.1

22.4

16.1

15.7

15

9.5

20.7

Annual CO2 emissions (MtCO2)

44.8

87.0

85.2

82.5

67.8

30.4

130.8

125.9

126.6

103.3

78.5

**

--

0.0

1.9

4.5

19.2

56.6

0.0

4.9

4.2

27.5

52.3

Cumulative CO2 reduction

--

0.0

12.2

33.6

113.7

56.6

0.0

80.9

118.6

606.9

1126.7

Input fuel savings (MTOE)

--

0.0

0.7

1.2

2.6

5.0

0.0

2.1

1.1

4.4

4.6

Cumulative fuel savings (MTOE)

--

0.0

4.9

8.7

15.0

5.0

0.0

33.7

30.6

92.3

99.5

--

231.3

229.1

228.8

229.0

233.5

528.8

519.1

522.9

515.3

559.5

--

--

-120.1

-49.8

-22.4

53.4

CO2 emission reduction

NPC at 5% (Billion $)

*

Cost of CO2 avoided/ captured

* At 5% discount rate
** Fuel savings and emission reduction are w.r.t. BAU scenario
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6. Conclusion
Pakistan’s power sector is poised for an extensive increase in the installed electricity
generation capacity. The bulk of short to medium-term planned power generation
expansion comprises PC power plants instituted under the CPEC investment plan. Taking
cognizance of the ensuing increase in CO2 emissions from the electricity grid, this study
attempted to quantitatively evaluate the impact of grid efficiency, coal-fired plant
efficiency, renewable energy and CCS deployment policies on energy input savings and
emission reduction in the long run. The comparison across potential impact of the
emission reduction policies show that the RE deployment policies have the largest impact
on fuel input requirements. By successfully implementing 15% TRP, the share of CO2
emissions in total emissions from coal-fired power plants alone is reduced from 47.6% to
35.7% by the year 2050. In contrast, the policies for coal-fired plant efficiency and
improved grid efficiency have a limited impact, both in terms of fossil fuel input savings
and CO2 emission reduction. Although coal-fired plant efficiency saves 32% higher
emissions than the grid improvement scenario, the cost savings in terms of NPC are lower
than the ITD scenario. The efficiency of coal-fired plants has already improved because of
the technological advancement which explains limited impact on CO2 emissions and input
fuel savings unless the use of A-USC steam parameters becomes commercially available
in the future. The policy to promote the use of CCS technology has the biggest impact on
power-sector CO2 emissions among all the considered policy scenarios. Retrofitting 14.2
GW of coal-fired PC power plants results in 1126.7 MTCO2 of CO2 capture making it the
most effective among the power sector emission reduction policies. However, instead of
saving fuel input, the use of primary energy requirements increases significantly due to
the efficiency penalty. The high capital and operations costs, coupled with increased fuel
input renders CCS retrofitting policy to be the least cost effective. The cost of carbon
capture during the period from 2030-2050 is estimated to be $53.4/tCO2 which is higher
than the forecast price of $45/tCO2 in the year 2050. It is also pertinent to mention that
the cost of CO2 sequestered also adds transportation and storage cost to the cost of
capture which further jeopardizes the prospects of commercial viability of implementing
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CCS retrofitting policy. This analysis is limited to CO2 capture and its impact on input fuel
requirements, emissions profile and the cost of CO2 capture. There is an underlying
assumption based on earlier assessments that CO2 capture is complemented by transport
and storage for all CSS retrofitted plants. A detailed analysis of plant-wise mapping with
potential storage sources, development costs and transportation cost assessments, that
are highly site, region and market specific, is encouraged for future analysis when CO2
price regime is favorable enough to lure CCS investments.
This study compared the NPC of different policy scenarios and used it to calculate cost of
avoiding and capturing power sector CO2 emissions. This cost measure is based on
generation cost and does not consider the actual expenditures incurred due feed-in tariff
for RE, additional balancing and cycling costs and cost savings by fuel and capacity
displacement of fossil fuel plants. These limitations warrant further research to estimate
the cost of CO2 abatement for RE technologies to include different categories of cost, cost
savings and determination of CO2 price.

Acknowledgments
The author is grateful to Prof. Norbert Wohlgemuth, Alpen Adria University Klagenfurt
for his help and valuable comments.

93

References
[1]

European Commission, Green Paper: Towards a European strategy for the security
of energy supply, Luxembourg, 2000.

[2]

IEA, CO2 Capture and Storage: A key carbon abatement option, Paris, 2008.
doi:10.1087/9789264108820-en.

[3]

S. Kreft, D. Eckstein, L. Dorsch, L. Fischer, Global Climate Risk Index 2016, Berlin,
2014. https://germanwatch.org/fr/download/13503.pdf (accessed March 21,
2017).

[4]

MoCC, National Climate Change Policy, Islamabad, 2012.

[5]

MoCC, Pakistan’s Intended Nationally Determined Contribution, Islamabad, 2016.

[6]

Planning Commission, Pakistan Vision 2025, Islamabad, 2014.

[7]

B. Lin, I. Ahmad, Analysis of energy related carbon dioxide emission and reduction
potential
in
Pakistan,
J.
Clean.
Prod.
143
(2017)
278–287.
doi:10.1016/j.jclepro.2016.12.113.This.

[8]

Planning
Commission,
CPEC-Energy
Priority
Projects,
http://www.pc.gov.pk/?page_id=5352 (accessed August 4, 2016).

[9]

H. Bailly, Environmental Impact Assessment 660 MW Coal Fired Power Plant
Construction Project at Lakhra, Islamabad, 2015.

(2015).

[10] N.Z. Khanna, N. Zhou, D. Fridley, J. Ke, Quantifying the potential impacts of China’s
power-sector policies on coal input and CO2 emissions through 2050: A bottom-up
perspective, Util. Policy. 41 (2016) 128–138. doi:10.1016/j.jup.2016.07.001.
[11] H. Hao, Y. Geng, W. Li, B. Guo, Energy consumption and GHG emissions from China
’ s freight transport sector : Scenarios through 2050, Energy Policy. 85 (2015) 94–
101. doi:10.1016/j.enpol.2015.05.016.
[12] A. Hainoun, H. Omar, S. Almoustafa, M.K. Seif-Eldin, Y. Meslmani, Future
development of Syrian power sector in view of GHG mitigation options, Renew.
Sustain. Energy Rev. 38 (2014) 1045–1055. doi:10.1016/j.rser.2014.07.090.
[13] E.G. Dountio, P. Meukam, D.L.P. Tchaptchet, L.E.O. Ango, A. Simo, Electricity
generation technology options under the greenhouse gases mitigation scenario in
Cameroon, Energy Strateg. Rev. 13–14 (2016) 191–211.
[14] L. Lu, P. V. Preckel, D. Gotham, A.L. Liu, An assessment of alternative carbon
mitigation policies for achieving the emissions reduction of the Clean Power Plan:
Case study for the state of Indiana, Energy Policy. 96 (2016) 661–672.
doi:10.1016/j.enpol.2016.06.045.
[15] B. Annicchiarico, S. Battles, F. Di Dio, P. Molina, P. Zoppoli, GHG mitigation schemes
and energy policies: A model-based assessment for the Italian economy, Econ.
Model. 61 (2017) 495–509. doi:10.1016/j.econmod.2016.12.028.

94

[16] E. Delarue, K. Van den Bergh, Carbon mitigation in the electric power sector under
cap-and-trade and renewables policies, Energy Policy. 92 (2016) 34–44.
doi:10.1016/j.enpol.2016.01.028.
[17] K. Akimoto, F. Sano, T. Homma, K. Tokushige, M. Nagashima, T. Tomoda,
Assessment of the emission reduction target of halving CO2 emissions by 2050:
Macro-factors analysis and model analysis under newly developed socio-economic
scenarios, Energy Strateg. Rev. 2 (2014) 246–256. doi:10.1016/j.esr.2013.06.002.
[18] M. Brander, G. Davis, A. Sood, C. Wylie, A. Haughton, J. Lovell, Electricity-specific
emission
factors
for
grid
electricity,
2011.
https://ecometrica.com/assets/Electricity-specific-emission-factors-for-gridelectricity.pdf (accessed March 21, 2017).
[19] U. Perwez, A. Sohail, GHG emissions and monetary analysis of electric power sector
of Pakistan: Alternative scenarios and it’s implications, Energy Procedia. 61 (2014)
2443–2449. doi:10.1016/j.egypro.2014.12.020.
[20] C.G. Heaps, Long-range Energy Alternatives Planning (LEAP) system, (2016).
http://www.energycommunity.org/www.energycommunity.org.
[21] H. Ishaque, Is it wise to compromise renewable energy future for the sake of
expediency? An analysis of Pakistan’s long-term electricity generation pathways,
Energy Strateg. Rev. 17 (2017) 6–18. doi:10.1016/j.esr.2017.05.002.
[22] W. Cai, C. Wang, K. Wang, Y. Zhang, J. Chen, Scenario analysis on CO2 emissions
reduction potential in China’s electricity sector, Energy Policy. 35 (2007) 6445–
6456. doi:10.1016/j.enpol.2007.08.026.
[23] Y.Y. Feng, L.X. Zhang, Scenario analysis of urban energy saving and carbon
abatement policies: A case study of Beijing city, China, Procedia Environ. Sci. 13
(2012) 632–644. doi:10.1016/j.proenv.2012.01.055.
[24] N. Zhou, D. Fridley, N.Z. Khanna, J. Ke, M. McNeil, M. Levine, China’s energy and
emissions outlook to 2050: Perspectives from bottom-up energy end-use model,
Energy Policy. 53 (2013) 51–62. doi:10.1016/j.enpol.2012.09.065.
[25] IEA, NEA, Projected Costs
doi:10.1787/9789264084315-en.

of

Generating

Electricity,

Paris,

2010.

[26] IEA, World Energy Outlook 2016, Paris, 2016. doi:10.1787/weo-2016-en.
[27] N.V. Emodi, Energy Policies for Sustainable Development Strategies The Case of
Nigeria, Springer, 2016. doi:10.1007/978-981-10-0974-7.
[28] IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2
Energy, Geneva, Switzerland, 2006.
[29] A. Malik, Power Crisis in Pakistan: A Crisis in Governance?, (2012).
http://econpapers.repec.org/RePEc:pid:monogr:2012:4.
[30] I.N. Kessides, Chaos in power: Pakistan’s electricity crisis, Energy Policy. 55 (2013)
271–285. doi:10.1016/j.enpol.2012.12.005.
95

[31] Government of Pakistan, National Power Policy, 2013.
[32] World Bank, Electricity Distribution and Transmission Improvement Project, 2014.
[33] REN21,
Renewables
2016
Global
Status
Report,
http://www.ren21.net/status-of-renewables/global-status-report/.

2016.

[34] GoP, Policy for development of renewable energy for power generation, Islamabad,
2006. http://www.aedb.org/Documents/Policy/REpolicy.pdf.
[35] NEPRA, State Of industry Report, Islamabad, 2015.
[36] A.B. Awan, Z.A. Khan, Recent progress in renewable energy - Remedy of energy
crisis in Pakistan, Renew. Sustain. Energy Rev. 33 (2014) 236–253.
doi:10.1016/j.rser.2014.01.089.
[37] F. Shaikh, Q. Ji, Y. Fan, The diagnosis of an electricity crisis and alternative energy
development in Pakistan, Renew. Sustain. Energy Rev. 52 (2015) 1172–1185.
doi:10.1016/j.rser.2015.08.009.
[38] A. Raheem, S.A. Abbasi, A. Memon, S.R. Samo, Y.H. Taufiq-Yap, M.K. Danquah, R.
Harun, Renewable energy deployment to combat energy crisis in Pakistan, Energy.
Sustain. Soc. 6 (2016) 16. doi:10.1186/s13705-016-0082-z.
[39] S.R. Shakeel, J. Takala, W. Shakeel, Renewable energy sources in power generation
in Pakistan, Renew. Sustain. Energy Rev. 64 (2016) 421–434.
doi:10.1016/j.rser.2016.06.016.
[40] M.K. Farooq, S. Kumar, An assessment of renewable energy potential for electricity
generation in Pakistan, Renew. Sustain. Energy Rev. 20 (2013) 240–254.
doi:10.1016/j.rser.2013.11.023.
[41] S. Ahmed, A. Mahmood, A. Hasan, G.A.S. Sidhu, M.F.U. Butt, A comparative review
of China, India and Pakistan renewable energy sectors and sharing opportunities,
Renew. Sustain. Energy Rev. 57 (2016) 216–225. doi:10.1016/j.rser.2015.12.191.
[42] M.A. Sheikh, Energy and renewable energy scenario of Pakistan, Renew. Sustain.
Energy Rev. 14 (2010) 354–363. doi:10.1016/j.rser.2009.07.037.
[43] M.J.S. Zuberi, S.F. Ali, Greenhouse effect reduction by recovering energy from
waste landfills in Pakistan, Renew. Sustain. Energy Rev. 44 (2015) 117–131.
doi:10.1016/j.rser.2014.12.028.
[44] V. Gombar, Bloomberg New Energy Finance, (2016).
[45] IEA, Technology Roadmap: High-Efficiency, Low-Emissions Coal-Fired Power
Generation, Paris, 2012. doi:10.1007/SpringerReference_7300.
[46] NDRC, China’s Policies and Actions on Climate Change, Beijing, 2015.
http://en.ccchina.gov.cn/archiver/ccchinaen/UpFile/Files/Default/201411261337
27751798.pdf.
[47] GoP, China-Pakistan Economic Corridor (CPEC) Official Website, CPEC-Energy Prior.
Proj. (2016). http://cpec.gov.pk/energy (accessed February 27, 2017).
96

[48] IPCC, Climate Change 2014:
doi:10.1017/CBO9781107415416.

Mitigation

of

Climate

Change,

2014.

[49] IEA, The potential for equipping China’s existing coal fleet with carbon capture and
storage,
Paris,
2016.
http://www.iea.org/publications/insights/insightpublications/the-potential-forequipping-chinas-existing-coal-fleet-with-carbon-capture-and-storage.html.
[50] D. Adams, Efficiency upgrades for existing coal- fired power plants Coal upgrading,
Clean Coal Centre, Present. Gliwice, Poland, Sept. 24, 2009,. (2009) 8.
[51] J. Davison, L. Mancuso, N. Ferrari, Costs of CO2 capture technologies in coal fired
power and hydrogen Plants, Energy Procedia. 63 (2014) 7598–7607.
doi:10.1016/j.egypro.2014.11.794.
[52] V. Scott, What can we expect from Europe ’ s carbon capture and storage
demonstrations ?, Energy Policy J. 54 (2013) 66–71.
[53] MIT, Retrofitting of Coal-Fired Power Plants for CO 2 Emissions Reductions An MIT
Energy Initiative Symposium, Cambridge, MA, 2009.
[54] IEA, CCS Retrofit-Analysis of the Globally installed coal fired plant fleet, 2012.
[55] IEA, 20 years of carbon capture and storage. Accelerating future deployment, Paris,
2016.
[56] D.Y.C. Leung, G. Caramanna, M.M. Maroto-valer, An overview of current status of
carbon dioxide capture and storage technologies, Renew. Sustain. Energy Rev. 39
(2014) 426–443.
[57] NETL, Carbon Dioxide Capture from Existing Coal-Fired Power Plants, 2007.
http://www.canadiancleanpowercoalition.com/files/incoming/AS6
CO2_Retrofit_From_Existing_Plants.pdf.
[58] USDoE, Advanced Amine Solvent Formulations and Process Integration for NearTerm CO2 Capture Success, Pittsburgh, 2007.
[59] EEA, Air pollution impacts from carbon capture and storage (CCS), Luxembourg,
2011. doi:10.2800/84208.
[60] IEA, Next Generation Wind and Solar Power, Paris, 2016.
[61] USAID, Study to Determine the Limit of Integrating Intermittent Renewable (wind
and solar) Resources onto Pakistan’s National Grid, Islamabad, 2015.
[62] G. Strbac, M. Aunedi, D. Pudjianto, F. Teng, P. Djapic, R. Druce, A. Carmel, K.
Borkowski, Value of Flexibility in a Decarbonised Grid and System Externalities of
Low-Carbon
Generation
Technologies,
London,
2015.
doi:10.13140/RG.2.1.2336.0724.
[63] IEA, The power of transformation: wind, sun and economics of flexible power
systems, Paris, 2014.

97

[64] G. Zhao, S. Chen, Greenhouse gas emissions reduction in China by cleaner coal
technology towards 2020, Energy Strateg. Rev. 7 (2015) 63–70.
doi:10.1016/j.esr.2014.08.001.
[65] L. Wang, Y. Yang, C. Dong, Z. Yang, G. Xu, L. Wu, Exergoeconomic evaluation of a
modern ultra-supercritical power plant, Energies. 5 (2012) 3381–3397.
doi:10.3390/en5093381.
[66] K. Nicol, Status of advanced ultra-supercritical pulverised coal technology, Paris,
2013.
[67] IEAGHG, A Regional Assessment of the Potential for CO2 Storage in the Indian
Subcontinent, Cheltenham, Gloucestershire, 2008.
[68] S. Holloway, A. Garg, M. Kapshe, A. Deshpande, A.S. Pracha, S.R. Khan, M.A.
Mahmood, T.N. Singh, K.L. Kirk, J. Gale, An assessment of the CO2 storage potential
of the Indian subcontinent, Energy Procedia. 1 (2009) 2607–2613.
doi:10.1016/j.egypro.2009.02.027.
[69] ZEP, The Costs of CO 2 Transport Post-demonstration CCS in the EU, Brussels, 2011.
[70] E.S. Rubin, Understanding the pitfalls of CCS cost estimates, Int. J. Greenh. Gas
Control. 10 (2012) 181–190. doi:10.1016/j.ijggc.2012.06.004.
[71] E.S. Rubin, J.E. Davison, H.J. Herzog, The cost of CO2 capture and storage, Int. J.
Greenh. Gas Control. 40 (2015) 378–400. doi:10.1016/j.ijggc.2015.05.018.

98

Chapter 5

Evaluating the implicit cost of CO2 abatement
with renewable energy incentives in Pakistan
(Under Review)

99

Evaluating the implicit cost of CO2 abatement with renewable energy
incentives in Pakistan
Abstract
The use of renewable energy (RE) sources contributes to the sustainable
development goals on climate change mitigation and access to clean and affordable
energy. To diversify the electricity mix, reduce reliance on fossil-fuels and abate
powers sector CO2 emissions, the Government of Pakistan developed a policy to
incentivize RE deployment by offering upfront feed-in tariffs (FIT). This paper
attempts to estimate the cost of CO2 emission abatement with RE incentives for
solar and wind power plants for the period 2015-2020. The implicit cost of CO2
abatement defined as the ratio of net cost of RE to CO2 emissions avoided is
estimated to be $116/tCO2 for wind and $78/tCO2 for solar power. The payment to
generators guaranteed by FITs is a major determinant and explains the difference
between the implicit abatement costs of solar and wind power. These estimates,
however, are sensitive to the resources displaced by RE and the fuel prices. This
study provides a framework to the policymakers for analysis of RE incentives
recognizing the dynamic nature of the abatement cost metric and discusses policy
implications in the light of the results.

1. Introduction
Technological advancements, cost reductions in renewable generation and climate policy
objectives are rapidly transforming the electricity markets. RE deployment is recognized
as essential to climate change mitigation and has witnessed significant growth in the
recent years [1]. The recent developments in energy sector, which accounts for two thirds
of the global greenhouse gas emissions, affirm the potential of low-carbon energy future
[2]. This transition to a low carbon grid needs to be facilitated by a forward-looking
regulatory policy framework yielding proper set of incentives. While the policies to
incentivize renewable energy deployment, primarily through FITs, increased the
renewable penetration in many countries, the price of electricity paid by the consumers
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actually increased instead of decreasing [3]. For instance, the FITs cost Germany over $468
billion till the year 2015 and obliged the consumers to finance it by paying 18% surcharge
on their power bills in 2014 [4]. A one-dimensional comparison of the generation cost of
RE with conventional power generation technologies disregards the actual price paid to
the RE generators and does not suffice for an estimation of cost of emission abatement
through increasing RE penetration. Additionally, the system costs of RE integration make
it more complex to evaluate the implicit costs of emission abatement from RE
deployment. To aid policy decisions regarding emission reduction and climate change
mitigation, an estimation of the CO2 abatement cost for RE technologies, that
incorporates the costs of fiscal incentives, system externalities and savings related to fuel
and capacity displacement, is thus imperative.
The government of Pakistan has developed a two-pronged strategy to ensure energy
security for a growing economy. The ‘National Power Policy 2013’ [5] focuses on the
expansion of power generation capacity and diversification of the electricity mix while the
‘Policy for the Development of Renewable Energy 2006’ [6] aims at attracting RE
investments to tap the abundant potential of the clean energy sources. To reduce the
reliance on costly fossil fuels and encourage alternative energy investments, the RE
development policy provides a comprehensive framework for fiscal and financial
incentives. The new RE projects have been guaranteed grid connection, special power
purchase agreements (PPA) and purchase of all power generated at the rate significantly
higher than the market price. The national climate change mitigation policy also lists RE
deployment as one of the priority measures to reduce energy sector emissions [7]. This
commitment was also reiterated in the nationally determined contribution submitted to
the United Nations Framework Convention on Climate Change under the article 4(2) of
the Paris Agreement [8]. The commitment to climate change mitigation and policies for
the access to clean and sustainable energy are also in line with Pakistan Vision 2025,
framework for country’s long-term economic growth.
1.1. RE Development policy and the feed-in tariff regime
To attract investment in RE, following the measures proposed by the RE policy 2006, FITs
were introduced in Pakistan in the year 2011 for wind power plants and in 2014 for solar
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photovoltaic (PV) power plants. These upfront FITs ensured a high return on equity of 17%
for RE projects through the long term power purchase agreements spanning 20 years [9].
The upfront FIT is determined by the capital costs, O&M costs, RE resource potential,
technology, financing requirements and economic life of the project [10]. The capital cost
of RE technologies have significantly declined in the last few years. According to IRENA
[11], as compared with the year 2009, the prices of solar PV modules and wind turbines
in 2014 have declined by 75% and 30% respectively. Considering the international decline
in capital costs and domestic interest rates, FITs in Pakistan were continually reduced after
their introduction in 2011. Table 1 presents a summary of the FITs determined in Pakistan.
Table 1: Upfront feed-in tariffs for wind and solar PV
Type of RE

Determination year

Levelized Tariff*

Applicability/Capacity

(¢/kWh)

Wind

2011

17.02

All

2013

15.82

All

2015

12.1

All

2017

7.73

All

2014

16.3

>1MW≤10MW

14.41

>1MW≤20MW

14.28

>20MW≤50MW

10.89

>1MW≤20MW

10.81

>20MW≤50MW

10.73

>50MW≤100MW

5.52-5.89

50MW

2015
Solar PV
2016

2018

* Solar PV tariff are for south region and the wind tariff are for projects with 100% local financing
The two elements of energy security i.e. ‘affordability’ and ‘sustainability’ are ensured
when the fiscal incentives are not too high and contribute to the sustainable
development. The FITs for RE in Pakistan, however, have been significantly higher than in
India with comparative resource and cost parameters. For instance, average levelized
tariff for solar power in Pakistan in 2014-15 was 17 cents/ kilowatt-hour (kWh) compared
with 12.7 cents/kWh in Gujarat, India [12,13]. The wind power tariff was also over 40%
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higher than the minimum tariff in India. The regulated tariffs are always higher than the
competitive tariff and the burden is ultimately borne by the consumers. Therefore, such
incentives cannot be allowed to continue indefinitely. Although the current share of wind
and PV power in Pakistan’s electricity mix is less than 1%, the fiscal concessions and high
FITs have successfully lured investment in RE deployment. So far, 24 wind power plants
with a combined capacity of over 1.2 GW have accepted the FITs, 590 (megawatt) MW of
which are already operational. Similarly, 553 MW of solar PV power plants accepted the
FITs in the recent years. The wind and PV provide intermittent source of power and pose
a challenge of variability and partial unpredictability [14]. This results in additional cycling
and system balancing costs besides remuneration to power generators guaranteed by the
FITs which offer higher price than the wholesale market price . Another important cost
13

component is the grid interconnection and reinforcement costs, especially when the RE
sources are located far from the load centres. These system integration costs are referred
to as system externality costs that are incurred when RE technologies are added to the
generation mix [15]. Thus, the focus of this study is to determine the net cost of CO2
emissions abated by RE deployment during 2014-2020 under the FIT regime in Pakistan’s
power sector.
1.2. Literature Review
A bulk of the studies on electricity generation scenarios relied on the cost of production,
which includes capital and operations cost, to compare the cost of renewable energy with
baseline scenarios (see, for example, Refs. [9,16–18]. These studies fall short of analysing
the cost of RE incentives, the most common of which is the FITs for solar and wind power.
Some studies, however, provide and ex-post assessment of cost of carbon abatement with
FITs for solar and wind power. One approach, as used by Abrell et al. [19], is to measure
the difference between subsidies paid to producers and revenue earned by selling RE at
market price. They estimated the implicit abatement cost of the FITs in Germany and
Spain which differs widely between the countries and RE sources. In Germany, it ranges

13

The FIT offered to generators in Pakistan is already among the highest in the world.
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from €500-1300 per tonne of CO2 avoided for solar and is five times lower for wind
subsidies with €110-230. Surprisingly, for Spain, the implicit carbon abatement cost for
wind are calculated to be as low as €-7. The other approach is to quantify the cost and
cost savings associated with RE in electricity system. Using this approach and a unit
commitment model for Germen electricity system, Marcantonini and Ellerman [20]
estimate the implicit carbon price for wind and solar in Germany to be €57/tCO2 and
€552/tCO2, respectively. These costs are sensitive to a system specific parameters and
incentive structures, especially when the FITs are differentiated according to the type of
RE source. For example, Marcantonini and Valero [21] using the latter approach, found
out that the implicit carbon price for wind and solar energy in Italy is €179/tCO2 and
€1003/tCO2, respectively.
Considering RE development policy as a crucial tool to reduce energy sector emissions in
Pakistan, this paper aims to fill the gap by providing the first ex-ante assessment of carbon
abatement cost of RE incentives for wind and solar energy. To the best of our knowledge,
this is the first study on estimating implicit carbon abatement costs using RE incentives in
Pakistan which encompasses actual output price of RE including system integration costs
and associated cost savings.

2. Methodology
This study uses Pakistan’s power sector model based on a bottom-up accounting
framework built using Long Range Energy Alternatives Planning (LEAP) modelling tool
developed by Stockholm Environment Institute [22]. The details of the model structure
and data used in construction of a baseline electricity demand-supply system have been
discussed by Ishaque [9]. The modelling framework balances electricity demand
endogenously determined using electricity intensities and technology penetration for
different electricity uses in four economic major economic sectors. Based on exogenously
determined existing and planned capacity generation for 14 different power generation
technologies, dispatch rule, fuel efficiency and costs, the model determines electricity
generation by fuel over the life-time of the power plants. Further details on model
parameters are given in appendix.
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We calculate the annual cost of CO2 abatement in Pakistan during the years 2015-2020 by
comparing the net annual costs of RE injections and resulting CO2 emission reduction in
two electricity generation scenarios. The baseline (BL) scenario represents the
government policy and its generation expansion plan while the counterfactual no
renewable energy (NoRE) scenario demonstrates the power system without wind or solar
PV penetration and keeping all other parameters unchanged. The cost of CO2 abatement
is calculated as follows,
AbCCO2i =

NC PGeni - ΔTCi - CapSavi
=
ΔEi
ΔEi

(1)

where, NC is the net of all costs and cost savings associated with RE injections in to the
system. PGen is the payment to generators and i denotes the type of RE. The difference
between cost of producing electricity in the two scenarios is given by,

ΔTCi = TC(NoREi) - TC(BL)

(2)

TC = TFC + CyC + SyIC

(3)

where, TC represents fuel cost savings, additional cycling costs and system integration
costs of RE technologies. The capacity savings are represented by CapSavi and DEi denotes
the difference in CO2 emissions in BL and NoRE scenarios.
In the following sub-sections, we present the details of these cost and cost savings metrics
and how they are calculated to derive the CO2 abatement cost using Pakistan’s power
sector model.
2.1. Payment to generators
The remuneration paid to renewable power generators could take various forms. In
Pakistan, the RE independent power producers (IPPs) either apply for the tariff
determination on cost-plus basis which ensures payment of actual cost and an agreed
profit, or alternatively, accept the upfront FIT determined by, the National Electric Power
Regulatory Authority (NEPRA), country’s power sector regulator. The FITs for wind and
solar PV projects not only cover the capital and operation and maintenance costs but also
ensure 17% return on equity for wind and 18% for solar PV power producers [10,23]. The
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tariff is determined for 20 years, whereby, the IPPs receive high tariff for the first 10 years
and about 50% lower tariff for the remaining 10 years14. As per procedure laid out by the
RE development policy [6], an indicative upfront tariff is initially determined which
indicates interest rate ceiling allowed on local and foreign loans. At the second stage,
adjustment to the tariff is made at the start of commercial operations, individually for all
IPPs according to the share of local or foreign financing and applicable interest rates. A
uniform upfront tariff is applicable to all wind IPPs irrespective of the region and site
specific characteristics, however, the tariff for solar PV power is determined separately
for the north and south regions due to difference in solar irradiation levels.
Since the FITs were continually revised after their introduction in 2011, the FITs applicable
to different generators vary depending on the specific tariff accepted and financial close
achieved within the stipulated time. This may also vary for generators opting for the same
tariff but having different financing portfolio. For example, the upfront FIT is determined
and benchmarked separately for 100% local and 100% foreign financing based on the
interest rate differential. It is then adjusted for individual generators with mixed portfolio
of local and foreign loans. For solar PV, the tariff also varies depending on the region.
To analyze the yearly remuneration to RE generators, actual tariff notified individually for
all the 24 wind and 12 solar PV generators that commenced or are expected to commence
operation between the years 2015 and 2020 has been used. It is important to note that
the NEPRA decided to end the FIT regime in 2017 and all the new wind and PV projects
will be awarded tariff based on competitive bidding [24,25]. The future wind power
generators projected to start commercial operation by the year 2019 have already
acquired the tariffs. For 500 MW capacity planned for the year 2020, the benchmark tariff
set by NEPRA [24] for competitive bidding has been used in the analysis. The benchmark
tariff for bidding has not been set for the solar PV projects, so far. Therefore, for the
projected solar PV installed capacity for the years 2019 to 2020, a levelized tariff of 5.52

14

The tariff from years 11 to 20 comprises only O&M and return on equity after principal repayment of

debt and interest in the initial 10 years
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cents/kWh determined by NEPRA for two projects in January 2018 on cost-plus basis has
been used. Table 2 shows the total annual installed capacity and electricity generation of
the wind and solar PV power plants. Since the PPAs of RE generators guarantee purchase
of all the generation, a full-capacity dispatch rule is set for RE plants that results in a
capacity factor of 32% for wind and 18% for PV plants based on the latest observable data.
Assuming a 20-years life cycle of the RE plants, electricity generation by each generator is
computed based on the annual capacity factors from the years 2015 to 2020. Yearly
remunerations for wind and PV generators are then discounted using 10% discount rate
to get the net present value (NPV). The NPV of remunerations are converted in to a
constant stream of annualized payments spread over 20 years. This is done to avoid over
or understating cost due to the high tariff in the first 10 years of the plant cycle and lower
in the remaining years. All the remunerations are calculated at real value in $ (2014) to
adjust for inflation.
Table 2: Total installed capacity and electricity generation from solar and wind power
Wind

2014

2015

2016

2017

2018

2019

2020

Total Capacity (MW)

106

255

305

687

886

1233

1577

Generation (GWh)

263

1008

1148

2219

2277

3745

4713

Capacity factor (%)

28.4

31.8

32

32

32

32

32

Total Capacity

-

-

100

400

658.3

1556

1846

Generation

-

-

158

631

1151

2454

2911

Capacity factors

-

-

17.9

18

18

18

18

Solar PV

2.2. Fuel and carbon cost savings
RE generation has a minimal variable cost, hence a very low cost of electricity generation
as compared to fossil-fuel based electricity. The RE power plants are, therefore, assigned
high merit order during the power purchase process. A significant share of RE in electricity
results in displacement of output generated by fossil-fuel plants and fuel cost savings.
Additionally, a significant volume of capacity credit for wind PV penetrations results in
displacement of coal and/or gas-fired capacity. These cost savings depend on the input
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fuel prices and the type of fossil-fuel displaced. It has been demonstrated by Ishaque [9],
that the fuel cost savings by RE deployment in Pakistan are the main contributor to the
overall NPV advantage of the RE scenario over government policy scenario.
To estimate the fuel cost savings by RE deployment during the years 2015-2020, the
baseline scenario of Pakistan’s power supply system is compared with the NoRE scenarios,
separately for wind and solar PV. Depending on the fuel prices and merit order dispatch
rule, furnace oil and natural gas are displaced more than the relatively low cost coal in the
NoRE scenario. Fuel savings in the baseline scenario over the NoRE scenario are priced at
IEA’s fuel price forecast [26] and are finally discounted to the base year (2014).
One of the two main types of policy instruments, adopted by different countries, to
restrict GHG emissions is a cap-and-trade mechanism which results in a CO2 price. In the
presence of such a mechanism, the emissions avoided by RE contribute to carbon cost
savings. Although the inclusion of this component is important to the estimation of CO2
abatement cost, an absence of emission trading system denies the benefit of CO2 cost
savings to the generators. Pakistan has yet to develop a carbon pricing instrument such
as a carbon tax or an emissions cap-and-trade system. Although the government has
initiated a consultative process in this regard but a concrete plan with its implementation
mechanism is not likely to be in place soon [27]. Therefore, a zero-carbon price is assumed
for the emissions saved during the years 2014-2020.
2.3. Capacity cost savings
Grid planners ensure adequate generation capacity at all times of the year by projecting
peak future demand patterns and estimating energy supply from different sources.
Increasing contribution of renewable energy affects reliability of the system due to
variability of the RE sources. However, the generation capacity of RE technologies during
peak demand hours adds capacity value to the system and helps displace conventional
generation. The percentage of conventional capacity that could be displaced by the
addition of RE with the same level of system reliability is called capacity credit. It is not a
static measure and depends on the demand patterns, RE penetration levels, regional
variations in the source and their correlation with the load profile [28]. Various methods
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have been used to estimate capacity credit of RE (see, for example, Refs. [28–30]). Such
an analysis would require a detailed study of Pakistan’s electricity system which is beyond
the scope of this work. To determine, how much and what kind of the conventional
capacity could be displaced by additional RE in the system, this study uses the results of
existing literature and simplistic assumptions.
The purpose is not to accurately estimate the capacity credit per se but to arrive at a
practical approximation of the CO2 abatement cost by RE installations driven mainly by
the fiscal incentives in the form of FITs. Since RE deployment in Pakistan is a recent
phenomenon, the share of wind and solar PV penetration is only about 1% to date, with
a total capacity of only 706 MW. For the same reason, a study on the impact of RE
penetration on reliability of the system and capacity value of the RE technologies is nonexistent. Based on the findings of Sulaeman et al. [30] and DENA [31], a capacity credit of
26% for wind power and 19% for solar PV is assumed to estimate the magnitude of
capacity savings vis-à-vis other costs and cost savings associated with RE deployment.
It is assumed that capacity savings will be realized in the year 2023 when conventional
thermal capacity is displaced by the factor of capacity credit of RE technologies installed
till the year 2020. Since flexible reserve capacity is required to cope with the fluctuations
in wind and solar power, only 30% of relatively flexible gas-fired combined cycle power
(CCP) plants is displaced as compared with 70% of the coal-based capacity. For example,
a capacity addition of 106 MW of wind power in the year 2014 means that 27.5 MW of
conventional capacity would no longer be required in the year 2023. Thus, 19.25 MW of
coal and 8.25 MW of CCP capacity could be displaced. The NPV of these savings in terms
of capital and O&M costs are then calculated at 10%, the firm’s cost of capital. The NPV is
then annualized to equal payments to estimate the CO2 abated over the lifetime of the
plant. (capital, O&M costs and capacity factors of displaced plants here). Table 3 presents
annualized capacity savings due to wind and solar power for the period 2015-2020.
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Table 3: Annualized capital, O&M and total capacity savings (million $)
Wind

2014

2015

2016

2017

2018

2019

2020

Capital cost savings

1.6

2.2

0.8

5.7

3.0

5.2

5.2

O&M cost savings

0.22

0.33

0.11

0.91

0.49

0.88

0.89

Capacity savings

1.85

2.53

0.92

6.61

3.49

6.08

6.09

Capital cost savings

0.0

1.1

0.0

3.3

3.6

9.1

3.2

O&M cost savings

0.0

0.16

0.0

0.52

0.59

1.53

0.55

Capacity savings

0.0

1.26

0.0

3.82

4.19

10.63

3.75

Solar PV

2.4. System integration costs
High degree of variability associated with RE penetration requires modifications in the
power system. These include grid interconnections and reinforcements for RE integration
and ancillary services for maintaining load-generation balance at all times. System
reinforcements include transmission lines and transformers to connect RE generators to
the load centers. System balancing, on the other hand, may involve the following [15,32];
i)

Fast frequency response to balance instantaneous variations in demand and
supply.

ii)

Increased reserve requirements to respond within 10 minutes to shortfall induced
by RE variability.

iii)

The back-up generation capacity that ensures adequacy of supply and is retained
despite displacement of its output by RE generators.

The integration of RE and consequent flexibility requirements incur additional costs to the
system. These costs depends on the strength of the grid, extent of RE penetration,
correlation between variable RE generation and the system load [14]. According to Strbac
et al. [15], the marginal cost of integrating RE is higher in a less flexible system or with
high RE penetration levels and vice versa. In less flexible systems, a low demand and high
RE output might even result in RE curtailment to balance variability in the system. System
integration costs of RE technologies are not accounted for by the levelized cost of
electricity and hence lead to inaccurate estimation of CO2 emission abetment costs. USAID
[33] has estimated the cost of integration and balancing of an additional Wind and Solar
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PV capacity of up to 9.4 GW in Pakistan’s electricity grid by the year 2022. These costs are
2.5% of the respective RE generation costs and used in the analysis by using generation
cost of RE in the baseline scenario.
2.5. Cycling costs
The increased penetration of renewables in electricity generation systems has altered the
way conventional power plants operate to maintain reliability of the system. To cope with
increased variability of the RE sources and forecast errors, a flexible electricity system is
required. Grid flexibility could be improved by a well-developed grid, responsive
electricity demand, electricity storage and curtailment of RE generation [34]. Nowadays,
cycling of conventional power plants is the main source of system flexibility [35]. To meet
residual load (system demand less feed-in from renewable power), the conventional
plants are started up or shut down or the power generation is ramped up or down. The
cycling costs are not only attributed to increased start-up, shut down and ramping costs
but also include efficiency costs due to operation at low capacity and maintenance costs
due to component failure caused by thermal stress and pressure [14].
Although the direct start costs i.e. additional fuel use at the start up are only 10-20% of
the total cycling costs, the operators underestimate total cycling cost and base the unit
commitment decisions only on the direct costs [35]. Lew et al., 2013 [36] studied the
impact of wind and PV penetration on fossil-fuel fleet operation by simulating the western
grid (USA, Canada and Mexico) by incorporating direct start and indirect wear and tear
costs of the cycling operations. They demonstrated that cycling costs in the baseline
scenario with 9.4% wind and 3.6% solar PV penetration represent merely 1.25% of the
total production costs of RE. At low RE penetration levels, the number of ramps and run
times do not vary significantly as compared to the no-renewable scenario. High RE
penetration leads to frequent shut downs, restarts and curtailment, depending on the
load during different times of the year.
Pakistan is a nascent market for RE and despite recent increase in the number of
generators adopting the FITs, wind and solar PV penetration is projected to be less than
5% by the year 2020. As established by Lew et al., 2013, the effect of RE penetration on
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the cycling behaviors and resulting costs is not as pronounced, at least, up to 13% of wind
and PV penetration. The cycling costs are much lower than the fuel costs avoided and do
not significantly impact the net cost of RE even in the systems with high RE penetration.
The cycling costs in Pakistan’s electricity system are therefore assumed to be negligible
and are not included in the CO2 abatement cost calculation. It is important to mention
that in systems with high RE penetration, taking total cycling costs into consideration
reduces cycling operation of individual power plants and must not be ignored for accurate
estimation of the abatement costs [37].

3. Results and discussion
The results of CO2 emission abatement cost by wind and solar PV injections during the
period 2015-2020 are presented in figure 1. It is important to note that the first grid
connected solar power plant begins operations in the year 2016. For that reason, CO2
savings by solar PV plants start from 2016 as compared with the wind power plants for
which the CO2 savings are analyzed from 2015. The positive costs shown in the figure
include the payment to generators and RE integration costs while negative costs
represent fuel and capacity cost savings. The sum of these costs and cost savings is the
net cost of CO2 emission abatement which is depicted in the chart by the black dots. All
the cost components and the cost of CO2 abatement are in 2014 $/t CO2 emissions saved
by the wind and PV power.
The results reveal a few interesting details. The annual CO2 abatement cost is largely
determined by equalized payment to generators in accordance with the feed-in tariffs for
both wind and solar PV power plants. Re integration cost is very small fraction of the total
costs incurred. Cost savings, on the other hand, are mainly contributed by fuel cost
savings. The capacity savings, though small, are not insignificant especially in the years
when capacity addition of RE is higher. The cycling costs and CO2 cost savings, which are
the other two components of CO2 abatement cost, have not been considered being
negligible due to low RE penetration and nonexistence of carbon market respectively.
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Fig. 1: Costs, cost savings and Net CO2 abatement cost in $ (2014) per tonne of CO2 abated by
(a) wind energy and (b) solar energy.

The CO2 abatement cost for wind is lower than solar PV till the year 2017 and is higher in
the subsequent years. The difference is mainly due to higher payments to solar power
generators during the initial years. The fuel cost per tonne of CO2 does not widely differ
for wind and solar but the capacity cost savings for solar PV are significantly higher
because of higher solar capacity addition in these years. For the solar PV plants planned
to start operation in 2019-2020, a 50% reduction in tariff substantially reduces the
payment to generators and the cost of abatement. The weighted average CO2 abatement
cost for wind power plants is 116 $/t CO2 compared with 78 $/t CO2 for the solar PV plants.
The detailed break up of costs in million 2014 $ is presented in table 4. The cost of
abatement varies across regions and with incentive structures in different economic
sectors [20,21].
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Table 4: Costs and cost savings of RE (million $)
Wind

2015

2016

2017

2018

2019

2020

Cumulative capacity

255

305

687

886

1236

1576

Payment to generators

91.2

97.6

219.0

240.6

273.7

276.0

System integration costs

1.7

1.8

3.5

4.1

5.2

6.1

Fuel cost savings

-23.7

-23.3

-52.4

-48.2

-54.1

-50.2

capacity cost savings

-3.9

-1.6

-8.1

-5.6

-9.0

-9.9

Net cost

66.1

74.5

162.1

191.0

215.8

222.0

CO2 saved

0.70

0.80

1.50

1.30

1.60

2.00

Abatement cost ($/tCO2)

94.4

93.1

108.1

146.9

134.9

111.0

Cumulative capacity

100

400

670

1556

1846

Payment to generators

20.3

66.3

92.4

126.2

122.1

System integration costs

0.6

2.1

3.5

6.8

7.4

Fuel cost savings

-3.2

-14.9

-19.1

-35.9

-31.6

capacity cost savings

-1.4

-4.4

-4.7

-13.8

-7.2

Net cost

16.3

49.2

72.2

83.4

90.7

CO2 saved

0.1

0.4

0.5

1.1

1.2

Abatement cost ($/tCO2)

162.5

122.9

144.4

75.8

75.6

Average
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Solar PV

78

It is also pertinent to mention that the CO2 abatement cost, both for wind and solar power
plants, considerably varies over years. Although the net abatement cost is driven by
variations in all the constituent components, changes in the annual payment to
generators is the dominant factor. The capacity additions in a year as shown in the table
2, also explain the difference in abatement cost over years. Since the cost components for
a specific amount of RE capacity addition exceed their cost savings, a year with higher
capacity addition than the previous year has higher abatement cost even when there isn’t
much of a difference in feed-in tariff. For example, the variations in annual CO2 abatement
cost for wind and solar power till the year 2018 are largely explained by the payment to
generators for total RE capacity in a year which in turn depends on capacity additions in
respective years.
114

Figure 1 shows that there is a decline in CO2 abatement cost in 2019 and 2020 for both
types of RE plants. The feed-in tariffs, as presented in table 1, were revised downwards
by the regulator after their introduction in 2011 for wind and 2014 for solar power owing
to technological advancement resulting in decline in capital costs for wind turbines and
solar panels. The generators that were awarded the most recent (and the lowest) tariffs
start operation in 2019. The electricity generation by RE capacity added in the year 2019
and 2020 exceeds the total generation by the total RE capacity in the preceding years.
Therefore, the payment to generators, in these years, is significantly lower resulting in
lower CO2 abatement cost.

4. Sensitivity Analysis
The results discussed in section 3 are based on actual feed-in tariffs applicable to wind
and solar PV power plants determined by NEPRA assuming 10% cost of capital. The annual
CO2 abatement cost estimated for the period from 2015-2020 is sensitive to a variety of
factors including the technology displaced by RE penetration and their corresponding fuel
prices.
4.1. Characteristics of displaced technology
The type and share of resources displaced depends on the electricity mix and merit order
of the power plants. It has been demonstrated by Hanser et al. [38] that when RE displaces
the power plants with low capacity factor and/or efficiency, the cost premium is high,
resulting in low CO2 abatement cost and vice versa. For instance, an old combined cycle
plant operating at a 30% capacity factor is displaced has a relatively high cost of
production and emission rate (tCO2/MWh). When this plant is displaced by RE, the cost
premium is higher than a newer plant operating at 50% capacity factor. In our analysis, RE
displaces oil and natural gas-fired thermal power plants till the year 2017. In 2018, the
new coal-fired steam turbines and LNG-based combined cycle plants start operation.
Therefore, during the years 2018-2020, RE injections displace a mix of base-load coal-fired
and peaking LNG and oil-fired plants. Figure 2 presents the percentage share of
technologies displaced by RE and fuel prices of selected fuels. Any change in the model
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regarding exogenously determined merit order, maximum plant availability and heat rates
would significantly affect the abatement cost, as illustrated above.

Share (%) and price ($/MWh) of fuel displaced by RE
200.0
150.0
100.0
50.0
0.0
2015

2016

Imported Electricity
Residual Fuel Oil
Imported Lignite Coal
Residual Fuel Oil

2017

2018

Natural Gas
Coal Lignite
Lignite Coal

2019

2020

Diesel
LNG
LNG

Fig. 2: Costs, cost savings and Net CO2 abatement cost in $ (2014) per tonne of CO2 abated by
(a) wind energy and (b) solar energy.

4.2. Fuel Prices
When the fuel prices increase, the resulting fuel cost savings partially offset the costs
associated with RE. The CO2 abatement cost for displacing the same technology, thus
tends to be smaller. The fuel prices could also indirectly affect the emission abatement
costs by altering the merit order of a certain technology which might result in a different
combination of technologies displaced. The CO2 abatement costs for the year 2015-2020,
as presented in table 4, falls by 12-17% when the fuel prices are increased by 50%, keeping
all other parameters constant.
4.3. Capacity credit
As discussed in section 2.3, capacity credit of 26% for wind and 19% for solar PV has been
assumed to replace the conventional thermal power capacity. This conventional capacity
that would otherwise be required in the absence of RE, was apportioned by the ratio of
70:30 between coal and LNG based CCP plants and resulted in capacity savings. The results
would vary if either the capacity credit or the shares of coal and CCP saved change. The
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bigger the capacity credit, the higher the capacity saving and the lower the abatement
costs. Unlike capacity displacement as discussed section 4.1, the capacity savings are the
capital and annualized fixed O&M costs associated with the coal and CCP plants.
Therefore, if their ratio of 70:30 is altered, capacity savings would vary accordingly and
hence the CO2 abatement costs.

5. Conclusion and Policy Implications
The increasing deployment of RE has transformed the way the electricity markets operate.
The regulatory policies and markets structures are evolving to facilitate the transition to
a low carbon grid. It is, therefore, imperative to understand the nature of CO2 abatement
cost considering the cost of incentives for clean energy alternatives and its responsiveness
to different system specific parameters. This study estimates the annual cost of CO2
emission abatement for wind and solar power in Pakistan for the years 2015-2020. This
time duration signifies RE investments under the feed-in tariff regime that guaranteed
higher than the market price to RE generators. The average cost of CO2 emission
abatement during this period is estimated to be $116/tCO2 for wind and $78/tCO2 for
solar power. While payment to generators is the main cost component and fuel savings
account for most of the cost savings, RE integration costs and capacity cost savings are
relatively small. These results need to be interpreted considering the limitations of the
study. Pakistan’s power market operates on a single-buyer market principle and tariffs are
determined by the regulator rather than a well-functioning auction market. For that
reason, the study relies on a bottom-up accounting framework instead of system
optimization as in the unit commitment models. It is assumed that the merit order
remains the same and is based on the input fuel and heat rates. The carbon price and its
effects on the merit order and the type of generation displaced are not part of the study
due to the absence of carbon pricing instrument in Pakistan.
These caveats notwithstanding, the foremost policy implication drawn from this study is
the need to do away with feed-in and cost-plus tariff incentives since they result in very
high emission abatement costs. NEPRA has abolished the feed-in tariffs for wind and solar
power in 2017, however, a mechanism for competitive bidding of the future RE projects
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is still not in place. The tariffs in comparative economies are up to 50% lower, even lower
than the benchmark tariffs announced for competitive bidding. Despite incentives that
yield high CO2 abatement cost, the share of RE in electricity mix has not considerably
increased. This points toward improving other supportive policies concerning grid
integration, minimizing the regulatory requirements and procedural delays and ensuring
swift dispute resolution. This study provides a framework to the policymakers for analysis
of RE incentives recognizing the dynamic nature of the abatement cost metric and its
sensitivity to the fuel prices and type of resources displaced. A least-cost RE technology
may result in a lowest CO2 abatement cost only when there is no alternative technology
that although slightly expensive, displaces a higher-cost and higher-emission resource.
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Conclusion and Way Forward
Pakistan’s power crisis has critically affected its already fragile economy costing annually
up to 4% of the GDP. The roots of multifaceted problems facing country’s power sector
could be traced back to mismanagement and planning breakdown. This dissertation
aimed at addressing some pertinent questions around the current energy and economic
predicament. It started with an analysis of electricity demand to substantiate its stable
relationship with economic output. The results suggested that economic growth would
lead to higher electricity demand at the aggregate level in the long run. This implies that
the situation will inevitably exacerbate in future if the current supply gap is not filled. The
second paper focused on policymakers’ dilemma regarding the trade-off between myopic
short-term and sustainable long-term solutions. Political expediency in the wake of the
current power crisis in Pakistan and current high investment costs for renewable energy
technologies have shifted the focus of policy to thermal power plants in the short run to
meet the deficit. This paper presented a long-run view of current power policy and
forecasts long-run electricity demand in Pakistan congruent with anticipated high
economic growth as envisaged in its medium-term development framework, ‘Pakistan
Vision 2025’. Using LEAP bottom-up scenario modeling, different electricity generation
scenarios were developed to meet future requirements for the years 2015-2035. The
results reveal that the RE scenario, despite higher upfront investment costs, proves to be
economically more viable in the long run and saves a significant amount of CO2 emissions
than the government policy scenario with a heavy reliance on coal. It is, therefore,
recommended that the enormous potential of renewable energy in Pakistan be exploited,
especially when capital and O&M costs of renewable energy technologies in the
international market are declining. However, despite the fuel cost and emission savings,
increasing RE share may entail system integration costs along with increased grid
flexibility requirements. Large-scale grid connections and reinforcements would be
required to achieve 15-20% penetration of RE in Pakistan’s grid. Moreover, a flexible
electricity system is required to cope with increased variability of the RE sources and
forecast errors.
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In the short run, however, the power policy 2013 plans to increase the share of coal in
Pakistan’s energy mix by adding up to 7000 MW coal-fired capacity by the year 2020.
Taking cognizance of the ensuing increase in CO2 emissions from the electricity grid, the
third paper attempted to quantify the impact of grid efficiency, coal-fired plant efficiency,
renewable energy and CCS deployment policies on energy input savings and emission
reduction in the long run. The results showed that effectiveness of RE penetration policy
to mitigate CO2 emissions is second only to the CCS deployment which is still at the
development stage and has very high costs.
After establishing the RE pathway as a better alternative to the government policy and
the most prudent way to mitigation power sector emissions, the debate shifts to policy
measures to promote RE deployment. Complying with the RE policy 2006 to attract
investment in RE, FITs were introduced in Pakistan in the year 2011 for wind power plants
and in 2014 for solar photovoltaic (PV) power plants. In the presence of FITs, a onedimensional comparison of the generation cost of RE with conventional power generation
technologies disregards the actual price paid to the RE generators. In Chapter 5, we
estimated the cost of CO2 emission abatement with RE incentives for solar and wind
power plants for the period 2015-2020. The average cost of CO2 emission abatement
during this period is estimated to be $116/t CO2 for wind and $78/t CO2 for solar power.
The paper provided a framework to the policymakers for analysis of RE incentives
recognizing the dynamic nature of the abatement cost metric and its sensitivity to the fuel
prices and type of resources displaced.
The policy recommendations discussed in individual papers have been deliberated in
academic and policy forums. Nevertheless, successful implementation of these measures
in ensuring energy security has remained a distant dream. The share of RE in electricity
mix has not considerably increased despite incentives that entail high CO2 abatement
cost. With similar resource potential and policy incentives, RE share in the total installed
capacity in India rose to 18% by 2017 as compared with only 5% in Pakistan. Although the
current power policy helped add over 7000 MW to the installed capacity, the longstanding issues regarding T&D losses and circular debt remain unresolved. In 2017, the
T&D losses amounted to 19.4% which is way higher as compared with 3.6% in South Korea
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and 8% in China. Globally, the regulatory policies and markets structures are evolving to
enhance efficiency and facilitate the transition to a low carbon grid. Pakistan’s power
sector also needs institutional and policy reforms due to internal and external challenges.
The objectives of energy policy extend beyond matching demand with supply and
reducing generation costs. Sustainability of the power sector is an important element of
energy policy and is ensured by adapting to technological advancements and planning for
future. The way forward is to complete the unfinished reform package partly
implemented in the 1990s. The unbundling of generation, transmission, and distribution
had been completed while privatization of electric utilities, deregulation of market and
competitive wholesale and retail supply mechanism have yet to be done. For a sustainable
energy future, the transition from a single-buyer market to a competitive wholesale
market is indispensable. To move toward a competitive market, power sector reforms
need to create an appropriate legal and institutional framework for synergy between
market participants, market and transmission system operators. The government has
approved preparation of a Competitive Trading Bilateral Contract Market (CTBCM) plan.
It is recommended that the following measures be taken in the CTBM plan to ensure
sustainability and efficient functioning of the power sector:
•

The utility companies may be privatized and allowed to operate as market
participants and retail or wholesale suppliers to end-users and other bulk power
consumers.

•

The single-buyer market model may be abolished and bilateral contracts allowed
between generators and suppliers (NEPRA Wheeling of Electric Power Regulations
2016 has already been notified to facilitate such trading).

•

The central power purchase agency may be restructured to act as a market
operator.

•

The generators, including large hydropower projects, may be commercialized to
compete in the market.

•

The Transmission Network Operator and System operator may be responsible
building and maintaining of transmission infrastructure per the grid code and
reliable operational planning, respectively.
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The new market model would require amendments in the commercial code which will
govern the electricity market transactions and bilateral contracts and set the rights and
obligations among the market operator, generators, bulk power consumers and utilities.
The changes in commercial code are necessary to facilitate the requirements of a
competitive market in a new institutional setting.
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Appendix
A. Existing power generation technologies in base year: techno-economic characteristics
Capacity

Generation

Capital Cost

Fixed cost

Variable cost

Efficiency

Maximum
Availability

Dispatch

(MW)

(GWh)

(Million
$/MW)

($/MW)

($/MWh)

(%)

(%)

Merit Order

Hydro power plants

7115

32673

2.71

20056.6

0.53

86.5

53

1

Oil fired Steam Turbines

250

876.4

2.13

24485

1.44

28.7

42

3

Dual fired Steam Turbines

2722

8560.7

1.17

14939.8

4.35

27.1

45

3

Gas fired Gas Turbines

35

84.9

1.38

15048.6

6.83

31.3

41

1

Dual fired Gas Turbines

250

198

2.15

14872.3

5.38

27.4

42

2

Coal fired Steam Turbines

150

112

1.73

26971

2.05

21.8

10

1

Combined Cycle Plants

1153

3215

1.76

15795.1

6.3

27.9

32

3

IPP Steam Turbines

2153

11336

1.53

24062.1

6.11

30.3

69

2

IPP Combined Cycle
plants

4988

22437.2

1.54

26143.5

4.71

41.8

76

2

IPP Diesel Engines

1342.1

9669

1.37

21034.4

7.61

44.9

85

2

IPP Gas Engines

42

259

1.45

22248.2

5.4

39.2

85

2

Nuclear power plants

787

4501

3.51

97235.1

5.97

34.7

85

Full-capacity

Wind turbines

106.4

263

2.26

41380

0.05

100

32

Full-capacity

K-Electric (Overall)

2667

10258

1.3

21722.3

2.24

37.4

45

1

Technology
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B. Future power generation technologies: techno-economic characteristics
Capital Cost

Fixed cost

Variable cost

Efficiency

Technology

Maximum
Availability

Merit order

(Million $/MW)

($/MW)

($/MWh)

(%)

(%)

New Hydropower plants

2.71

20056.6

0.53

100

55

1

Oil fired combined cycle plants

2.13

18527

4.51

48.2

80

2

LNG based combined cycle plants

1.17

28896

7.68

57

80

1

New Coal-fired steam turbines

1.5

27696

1.17

40.3

80

1

Solar PV

1.38

63257

0

100

17

Full-capacity

New Wind turbines

2.26

41380

0.053

100

32

Full-capacity

Bagasse/Biomass based plants

0.98

22173

4.55

26.8

43

1

New Nuclear

3.51

97235

5.97

34.7

85

Full-capacity

Imported electricity

--

--

--

--

45

1
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