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Executive Summary 

Pakistan has always been known for the immense renewable energy potential it 
possesses.[1] The technological revolution for solar and wind energy worldwide has 
reduced the costs of generating electricity from renewable means immensely, making 
them competitive with traditional forms of cheap energy generation such as coal and 
natural gas and that too without any form of financial subsidy. [2] Yet the decisions of the 
previous government have forced the country to rely on expensive coal-based power 
generation which will be locked in for years to come. What is more concerning is that 
planned capacity additions for the future would be following the same direction. This study 
carries out an economic and environmental comparison of the coal fired power projects 
to be added through the China Pakistan Economic Corridor with solar and wind-based 
energy generation in Pakistan to gauge the economic comparability of renewable energy 
against coal-based generation and argue against bringing on additions of fossil-based 
generation technologies to the national grid. 

The year 2015 marked the advent of the China Pakistan Economic Corridor (CPEC) in 
Pakistan; one of the biggest milestones in advancing Xi Jinping’s dream of connecting 
Asia to the rest of the world[3]. The proposed corridor was a collection of infrastructure 
development and power generation projects to boost Pakistan’s connectivity within and 
outside the country and to rescue the nation from the electricity crisis it had been under 
for about two decades[4].  

With an energy deficit as high as 5300 MW in 2015[5] and an enormous import bill (LNG 
imports worth $491.25 million and oil imports worth $2.087 billion in the fiscal year 2015-
2016) due to the imported-oil and liquified natural gas dependent energy generation 
sector[6], the CPEC with its lure of large capital investments and cheap energy seemed 
like the magic pill to relieve the country of its woes. Since the signing of the first contract 
between the Chinese and the Pakistani government in April 2015[7], around 4.6 GW of 
generative capacity has been added to the national grid which depends on coal. Out of 
this 4.6 GW, 3.96 GW is dependent on imported coal while 660 MW utilizes local coal 
being mined in Thar[8]. This added capacity comes from four of the 17 priority  energy 
projects planned under the helm of the CPEC[8]. An additional 3.6 GW1 of coal fired 
generation capacity is yet to be brought online.  

Utility scale solar and wind energy development in Pakistan is still in its nascent stages, 
with the country’s first utility scale solar power plant initiated in 2015 under the belt and 
road initiative[9].Wind Energy has had a longer presence, with IFC financing the country’s 
first wind power project in 2011. As of Dec 2019, the country has around 400 MW of 
installed capacity in solar and 1085 MW in Wind. Almost all of this installed capacity for 
                                                        
1 The figure doesn’t include 1320 MW of capacity to be added through the Thar Mine Mouth Oracle Power Plant 
(1320 MW) & surface mine 



solar falls under the CPEC program, while only 298 MW of installed wind power is 
contributed by the CPEC. The ‘renewable power generation costs in 2018’ report by the 
International Renewable Energy Agency (IRENA) demonstrated how improvements in 
performances and reductions in the installed cost of solar and wind energy worldwide had 
led to steady decline in the cost of power generation from these sources, making them 
competitive with the marginal costs of operating existing and in-coming coal power plants. 
The report also predicted that by 2020 around 75% of solar and wind power capacity to 
be commissioned in 2020 would be producing cheaper electricity than any of its fossil fuel 
counterparts i.e. coal, oil and natural gas. Hence, this study also looks at the cost of power 
generation pre and post 2018 to determine if the benefits of this cost evolution have 
percolated to Pakistan as well.  

The analysis carried out shows 
that post-2018, the levelized 
cost of energy for solar and 
wind power has reduced to 3.5 
cents/KWH and 4.9 
cents/KWH respectively. Prior 
to 2018 these figures would’ve 
averaged around 16 
cents/KWH for solar and 13 
cents/KWH for wind. In 
comparison the average 
levelized cost of energy 
generation for coal-based 
power plants under the CPEC 
ranges from 6.4- 8.6 cents/KWH. Which shows that these coal power plants are not the 
most economically optimal source of new power generation for the country. Not only do 
they increase the country’s dependence on another form of imported fuel, but the choice 
of fuel is highly polluting. An emissions analysis shows that each of these power plants 
could contribute around 33- 227 Mtonnes of CO2 emissions over their lifetime. Increase 
in global emissions is not the only threat posed by these power plants; mining activities 
in the Thar region pose health challenges for the local populace due to imminent air and 
water pollution because of coal dust being generated from mining operations and disposal 
of mine effluent into local water bodies[10][11]. Local villagers have also expressed 
dissatisfaction at the consultancy procedures employed by the project stakeholders and 
instances of conversion of agricultural land for construction and mining purposes have 
also been recorded.[11] 

The onus is now on the power planning agencies in Pakistan to decide upon the most 
cost-effective and environmentally favorable generation mix for future capacity additions 
to the generation mix. This study lays out alternative power generation scenarios based 

Figure 1 Levelized Cost of Electricity for different power generation technologies 
in Pakistan. 



on natural gas and renewable energy to the one proposed by the National Electric Power 
Regulatory Authority (NEPRA) in its ‘Indicative Generation Capacity Expansion Plan 
2018-2040’ report and concludes that replacing the generation capacity to be added 
through coal from 2021 onwards with solar and wind would lead to lower costs of 
generation and reduce the CO2 emissions projected for the power sector in the future as 
well. 
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1 Introduction 

The China Pakistan Economic Corridor is heralded as being the flagship project of the 
Belt and Road initiative by the Chinese president Xi Jinping’s government, which revolves 
around expanding infrastructure and economic development in the sectors of energy, 
transport and industry. The CPEC power projects will add around 14 GW[8] of generating 
capacity to the energy mix of Pakistan, and almost 75% of the generation will be coming 
from coal.i These coal power plants will be using both domestic and imported coal and 
the plant technology will range from sub-critical to super critical. Plants running on 
domestic coal from the Thar coalfields will mostly be sub-critical[7]. Once envisioned as 
the cheapest and quickest fix to the energy crisis in Pakistan, these coal power plants 
today are neither. In fact sub critical form of power generation is known as the most 
polluting source of power generation.[12]. CPEC was also going to be the tool to herald 
good news for the vast amounts of unexplored indigenous coal reserves in Tharparkar, 
Pakistan, which have been purported to be cheaper than imported coal[13]. 

Although a major portion of the investment under the CPEC is for energy projects, these 
power plants have been structured as an Independent Power Producer (IPP), thus the 
government directly doesn’t hold a debt liability for these power plants unless it is one of 
the equity investors. However the government does have a liability of purchasing a certain 
percentage (50% in the case of CPEC coal power plants) on a take or pay basis[14][15]. 
In addition capacity charges have also been included in the tariff design for these power 
plant. These contractual obligations and additional charges have added to the already 
burgeoning circular debt within the country.[16] 

By breaking down the financial structuring of these power plants and calculating the cost 
of generation from these sources, this study aims to provide policy makers in the country 
with clarity on the burden these investments place on the government and the public. 

The study aims to fulfill two major objectives 

1. Outlining the financing structure of these energy projects to determine the 
financing terms under which the Pakistani government agreed to the construction 
of these coal power plants. As it stands CPEC power projects have an 
exceptionally high return on equity ranging from 26.5- 34.4% [17]. The Levelized 
cost of electricity (LCOE) for these projects has been calculated based on the 
current financing terms. LCOEs have also been determined for solar and wind 
Energy in Pakistan and a comparison has been provided for judging the 
economic feasibility of the CPEC coal power plants. 
 

2. Building out the planned power generation mix for the country till 2030, based on 
the Indicative Generation Capacity Expansion Plan (2018-2040) and calculating 
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the scope of carbon dioxide (CO2) emissions that will be added to Pakistan’s 
CO2 stock through these investments in coal. Alternate generation scenarios 
which swap coal with Natural gas or renewable energy (Solar and Wind) have 
also been analyzed to visualize the amount of emissions that could be avoided if 
a different technology was utilized instead of coal. The swap has only been 
carried out for capacity additions bound to come online after 2021 since the 
power plants in operation right now are locked in. 

2 Financing structure for coal power plants under the CPEC 

All coal power plants have been structured as an Independent power producer (IPP) 
selling power to the Central Power Purchasing Authority (CPPA) in Islamabad, with a 
financing structure that is typical of these investments. A special purpose vehicle (SPV) 
is designated as the project developer which includes stake from local investors and their 
foreign counterparts. The Chinese entities can be private corporations themselves such 
as the China Machinery Engineering corporation[18], or a coalition of state-owned and 
private companies such as the Huaneng Shandong Ruyi group (State-owned utility China 
Huaneng Group and private corporation Shandong Ruyi group[19]). On the local end 
equity investors local IPPs such as Hub Power Company or private corporations such as 
NovaTex Ltd., a PET resin manufacturing company in Pakistan which holds about 26% 
of the shares for ThalNova coal power plant[20]. The provincial governments noticeably 
the government of Sindh has also been a stakeholder in some of these projects; Sindh 
Engro Mining company- the equity investor and project developer for Engro Thar Coal 
Power Plant is a joint venture between Government of Sindh (GoS), Engro Energy Limited 
(formerly Engro Powergen Limited) and its partners namely; Thal Limited (House of 
Habib), Habib Bank Limited (HBL), Hub Power Company (HUBCO); China Machinery 
Engineering Corporation (CMEC)[21]. These project developers then procure loans from 
Chinese banks, which require the project to acquire credit insurance from China Export 
& Credit Insurance (Sinosure) a state-owned insurance company designed to alleviate 
non-payment risks against Chinese exports[22].It is worth underscoring the importance 
of getting credit insurance from Sinosure over here. According to officials familiar with the 
approval processes of Chinese lending agencies, having Sinosure on board for the 
project can weigh in as much as 60% in the favor of getting approved for a loan. [22]. 

Lending agencies which have played a major role in financing CPEC power projects 
include state-owned Chinese enterprises such as Export-Import bank China, China 
development bank and Industrial and Commercial bank of China. 

The construction period for these coal power plants has been set at 40-48 months, during 
which the project developer is liable to pay Interest During Construction (IDC). Together 
the IDC and sinosure insurance fees form a significant portion of the debt servicing 
component in the tariff design. Sinosure fees are up to 7% of the upfront capital cost[23], 
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while IDC ranges from about 6-8% of the total project costs. Even though a fixed part of 
the Power purchase agreement (PPA) these costs have been known to be inflated and 
have resulted in the exchequer losing money to these IPPs. A recent audit carried out be 
a special committee to investigate into the profitability of IPPs in Pakistan reported that 
the Sahiwal and Port Qasim electric power plant under the CPEC had reaped an excess 
allowance of PKR 32.46 billion by incurring lower than allowed IDC and financing costs 
by NEPRA. This was also in part due to these projects completing construction ahead of 
schedule, whereas the tariff paid by the government had the debt servicing component 
based on projections of 48 months of construction.[16] 

These coal power plants also enjoy an exceptionally high return on equity ranging from 
around 27.2-34.49%. (Source Tariff documents for CPEC power plants available at 
NEPRA’s website: https://nepra.org.pk/tariff/Generation%20IPPs%20Coal.php). 

3 Financing structure for solar and wind power plants in Pakistan 

Power generation through renewable means on a commercial basis is still a nascent field 
in Pakistan and was mainly progressed through the CPEC as well. In June 2018, Pakistan 
only had 430 MW of solar based power generation and 1048 MW of wind-based capacity. 
Most of the solar and wind energy potential being capitalized at present comes from the 
southern bend of the country with solar concentrated mainly in Cholistan desert (South 
Punjab) and wind power being generated in the Gharo-Jhimpir wind corridor (Sindh). In 
contrast to their CPEC counter parts, non-CPEC solar and wind projects at present are 
getting financed by Pakistani commercial banks such as Askari commercial bank and the 
Bank of Punjab.2 

Before 2018 investments in solar power had a huge portion being contributed by the 
CPEC. Out of the 430 MW of installed capacity in solar, 400 MW was instituted under 
CPEC 

Wind power has seen more investment and interest in Pakistan than Solar power. The 
first 50 MW wind power in Pakistan was initiated in 2009 by the Turkish based Zorlu group 
with joint financing by IFC, ADB, Eco and Trade Development Bank Turkey and Habib 
bank group in Pakistan. At present the country has 1048 MW of installed capacity coming 
from wind out of which 300 MW has been added through CPEC priority projects. 

The Post 2018 scenario seems to be getting more action from the private sector with local 
project developers such as the Pakistan Airforce and Industrial corporations such as 
Tapal Group collaborating with investors from turkey or Kuwait taking on the lead. These 

                                                        
2 Source: Tariff documents for Solar and Wind Power Plants available on NEPRA’s website: 
https://nepra.org.pk/tariff/Generation%20IPPs.php 
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projects are being funded by the Asian Development bank or the International Finance 
corporation in combination with commercial banks providing funding under the State Bank 
of Pakistan’s financing scheme for Renewable energy. 

4 Methodology for Analysis 

Levelized cost of electricity (LCOE) is a widely used metric by the energy industry to 
compare different technologies against each other, or for evaluating the changes in a 
given technology over time[24]. In a nutshell, levelized cost of energy calculates the life 
time costs of a generation technology or power plant per each unit of electricity generated 
by that facility over its lifetime[25]Given that the LCOE metric has inherent weaknesses 
such as not being able to account for the environmental costs of the project[26]LCOE has 
proven to be a simple tool to assess the cost competency of a technology against other 
alternatives and hence continues to be used by economists and researchers alike in their 
studies. 

To ensure that our analysis is robust and is as comprehensive as it can be, the following 
measures have been taken: 

1. Incorporation of capacity factors to counter for intermittency  
2. Separating interest rates and return on equity and incorporating the payments 

associated with them separately into the lifetime expenses to show the sensitivity 
of LCOE to these metrics 

3. Inflation adjustment of all financial figures to $Jan 2020 to provide a fair basis for 
comparison 

4. Inclusion of an external fuel costs escalation factor based on the World Bank’s 
commodity price forecasts for coal to account for fluctuations in fuel costs 

In general, for our LCOE analysis, the following cost components have been considered 

1. Total Capital Costs (including sinosure credit insurance fee, financing fees3 and 
Interest during construction (IDC) 

2. Operation and Maintenance costs (O&M), both fixed and variable  
3. Debt repayment along with interest accrued 
4. Return on equity 
5. Insurance costs during operation and withholding tax if they apply 

                                                        
3 According to various project proponents, these financing fees have been defined as upfront 
fees associated with procuring a letter of credit for banks, lenders’ fee, legal fees associated 
with consultants 
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4.1 LCOE for coal 

The China Pakistan Economic Corridor 20 priority projects, out of which 9 are coal power 
plants amounting to about 8.2 GW of installed capacity.[8] Out of these 9 power plants, 
one is still in the process of getting finalized and has undetermined financials, so that has 
not been taken into consideration for the purpose of this paper. 

Information about financials and technical factors such as the net generation capacity, 
heat rates and fuel calorific values, generation licenses and tariff documents were 
obtained from the power generation regulator; National Electricity Power Regulatory 
Authority (NEPRA)’s and used for analysis. 

Out of the eight power plants under consideration, four namely; Sahiwal Coal Power 
Plant, Port Qasim Coal fired power plant, HubCo Coal power plant and Engro Thar coal 
power plant have gone online and are supplying electricity to the national grid. Based on 
the current operational status of each power plant, two kinds of analysis were performed 
for these coal power projects. 

1. LCOE analysis according to the information taken from upfront tariff determination 
calculations. 

2. LCOE analysis according to actual fuel and O&M costs in January for the four 
power plants which have gone online to see if there are any differences between 
the cost of generation from imported and indigenous coal. For these projects, costs 
submitted by the project developers at the commercial operation date were utilized 
to ensure they were reflective of the actual situation on ground. 
 

Table 1 Coal Power Plants under the CPEC, showing the current status and type of fuel/technology for each 
project. (Information has been reproduced from the CPEC’s and Private Power and Infrastructure Board, 

Pakistan’s website. 

S.NO Name of the 
project 

Capacity 
(MW) 

Type of Coal Type of 
Technology 

Status 

1 Sahiwal 
2x660MW Coal-
fired Power 
Plant, Punjab 

1320 Coal 
(Imported)-
mainly from 
South Africa  

Supercritical Operational and 
connected to National 
Grid 

Commissioned on 
28.10.17 
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2 2×660MW Coal-
fired Power 
Plants at Port 
Qasim Karachi 

1320 Coal 
(Imported)-
mainly from 
South Africa 

Supercritical Operational and 
connected to National 
Grid 

 

 Commissioned on 
25.04.18  

 

3 HUBCO Coal 
Power Project, 
Hub Balochistan 

1320 Coal 
(Imported)-
mainly from 
South Africa 

Supercritical Operational and 
connected to National 
Grid 

Commissioned on 
17.08.19 

4 Engro 2x330MW 
Thar Coal Power 
Project 

660 Coal (Local)-
Thar 

Sub-critical Operational and 
connected to National 
Grid 

Commissioned on 
10.07.19 

7 SSRL (Shanghai 
Electric Coal 
Power) Thar 
Coal Block-I 6.8 
mtpa & Power 
Plant(2×660MW) 
(Shanghai 
Electric) 

1320 Coal (Local)- 
Thar 

Supercritical 
(As purported 
by Shanghai 
Electric)[27] 

First Unit (660 MW) is 
targeted by Aug 2022 

COD of complete project 
is targeted by Feb 2023 

LOS issued 

Financial Closing 
achieved in February, 
2020.[27] 

8 HUBCO Thar 
Coal Power 
Project (Thar 
Energy) 

330 Coal (Local)- 
Thar 

Sub-critical Financial Closed (FC) 
achieved on 30th 
January 2020 
Target Commercial 
Operation Date (COD) 
date 31 March 2021  
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9 Thal Nova Thar 
Coal Power 
Project 

330 Coal (Local)- 
Thar 

Sub-critical Under Financial Closed 
(FC), "Construction work 
in progress 
Construction work in 
progress 
Target Commercial 
Operation Date (COD) 31 
March 2021" 

10 300MW 
Imported Coal 
Based Power 
Project at 
Gwadar, 
Pakistan 

300 Coal 
(Imported) 

Sub-critical COD is targeted by last 
quarter of 2022  

LOS issued  

Under Financial Closing  

LOI was issued on 26th 
May 2017  

11 Thar Mine Mouth 
Oracle Power 
Plant (1320 MW) 
& surface mine 

1320 Thar Coal Sub-critical COD is targeted by Jun 
2023  

(Under issuance of 
NTP/LOI)  

In order to account for the fluctuation in fuel costs, an escalation factor was calculated 
based on the World Bank’s commodity report for Australian coal, which turned out to be 
-2%, indicating the decreasing trend in coal prices that the world has been experiencing 
of late. 

Since these coal power plants would be consuming electricity for their own daily 
operation, known as auxiliary consumption, the net generation capacity of each power 
plant obtained from the generation license has been used to calculate the annual and 
lifetime electricity generation. 

4.2 Calculation of Capacity factors for CPEC coal and other technologies 

Figures for actual electricity generation were required to get an estimate of the capacity 
factor at which these power plants are supposed to run. For this purpose, electricity 
generation figures were taken from NEPRA’s state of the Industry reports (2013-2018). 
The actual generation taken from these reports was divided by possible theoretical 
generation from each power plant to arrive at the capacity factor. Calculations for each 
individual year from 2013-2018 were then averaged out to get a single value to be used 
in our analysis. 
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While electricity generation data was available for all 5 years for other generation 
technologies, the same wasn’t true for coal fired power generation under CPEC, because 
these plants had started supplying to the grid in or after 2017. So, generation figures for 
2017 and 2018 were utilized towards this end. 

 A capacity factor of 79% was thus calculated for coal power plants in the country and 
used in the our LCOE analysis for both indigenous and imported coal. 

 
Table 2 Capacity factors for power generation technologies in Pakistan 

AVERAGE CAPACITY FACTORS 
(2013-2018) 

  

HYDRO 48% 

THERMAL EXC. COAL 51% 

COAL CPEC 79% 

NUCLEAR 69% 

WIND 24% 

SOLAR 18% 

BIOFUELS 36% 

4.3 General trends observed for Coal 

All the coal power projects follow a typical financing structure, with a Chinese bank acting 
as the main debtor and the project developer being a consortium of private/state owned 
Chinese corporations and their Pakistani counter parts. Debt to equity ratio for the capital 
investment has mostly been 75-25% when proposed but changes at the time of the 
commercial operation date according to the real expenses occurred. For the purpose of 
this analysis where available actual figures have been used. (Appendix I will contain the 
database developed for the analysis) 

CapEx has varied from 0.52-0.88 M USD/ MW, while O&M fell in the range of 0.0045 to 
0.006 $/KWH at the time of upfront tariff determination and while after going online, these 
figures varied slightly and ranged from 0.0038-0.0042 $/KWH. 

A similar pattern was observed for fuel costs as well, with cost of imported coal ranging 
from 0.042-0.048 $/KWH and indigenous coal having a proposed price of 0.04-
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0.042$/KWH at the time of upfront tariff determination. These fuel costs however would 
be adjusted on a quarterly basis, according to the actual expenses borne by the project 
developers for procurement of fuel and the heat rates determined during the operational 
phase of the power plant. 

Looking at the tariff documents for adjustment charges revealed that domestic coal, which 
was supposed to be cheaper than imported fuel but once in operation domestic coal 
fetched a price of 0.051 $/KWH while imported ranged from $ 0.033-0.047 $/KWH4. 

4.4 LCOE for solar and wind 

For wind and solar LCOE’s were calculated for an average power plant which was 
proposed around the period 2015-2016 went into operation prior to 2018, and an average 
power plant proposed in or after 2018, to see how the technology revolution and reduction 
in O&M costs has decreased the LCOE over time. Again, all financial figures were scaled 
to $ values in January 2020, to account for inflation over the years. 

Most of the pre-2018 power plants used for this analysis came under the CPEC and had 
a characteristic pattern of financing, with investments by Chinese banks and sinosure 
credit insurance much like the coal power plants discussed earlier. The power plants 
proposed in 2018 or thereafter had a different financing structure, with some of them 
being invested in by pure Pakistani corporate actors, or even the Pakistan Air force in one 
case5. This set of capacity additions will have been financed by a combination of loans 
from local banks (under the State Bank of Pakistan’s refinancing scheme) or foreign loans 
from the International Finance Corporation or the Asian Development Bank. In some 
instances, the projects were financed wholly by foreign loans or local loans. 

The foreign loans followed a standard pattern with the debt loaned at LIBOR plus a 
premium of 4.5%, while the local loan through Standard Bank of Pakistan is fixed at 6%. 

Calculations for electricity generation were made by incorporating averaged out capacity 
factors mentioned in tariff documents for these power plants. For solar capacity factors 
were assumed at 17% in the pre-2018 period and 21% in the post 2018 period, while for 
wind a capacity factor of 32% was used for pre-2018 and 39% for the post-2018 period. 

A panel degradation factor of 0.7% pre-2018 and 0.5% post-2018 was also incorporated 
into the calculations. 

                                                        
4 Figures taken from NEPRA’s fuel adjustment documents for tariff determination for the month 
of Jan-2020, for the four plants in operation. 
5 Shaheen Renewable Energy-1 (Pvt.) Ltd has proposed to construct a 51 MW Wind Power 
Plant, in Thatta Sindh. 
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4.5 Implicit Pricing of Carbon 

By consuming brown energy and adding CO2 emissions to the atmospheric CO2 stock 
of the country, these coal power plants impose an inherent price on the general public. In 
order to quantify this, the social cost of carbon needs to be calculated which puts an 
economic value on the amount of damage to the environment and it’s human inhabitants 
dealt by an additional unit of carbon dioxide[28]. Such data isn’t available for Pakistan yet 
but our calculations for LCOE would allow us to calculate the economic burden associated 
with carbon dioxide emissions released due to power generation from coal instead of 
renewable energy in these power projects. 

To arrive at this figure, LCOEs derived for solar and wind were subtracted from LCOE for 
each power plant ($/KWH) and then divided by the carbon dioxide emission factor 
calculated for each of these power plants (Ton Co2/KWH). This resulted in range of 
values for this metric ($/ton) depending upon the type pf renewable technology (solar or 
wind) and the type of coal (Imported vs. local) being used for our LCOE calculations. 

4.6 Projection of CO2 emissions for Coal Power Plants under the CPEC 

Coal power plants under the CPEC range in technology from being super critical to sub 
critical. The plants using indigenous coal are all using sub-critical technology with the 
exception of SSRL Thar Coal Block I Power Plant. In order to calculate the CO2 emissions 
from these power plants, the carbon content of the coal was used in combination with the 
stoichiometric equation for the combustion of carbon to produce carbon dioxide6. Heat 
Rates for Thar coal-based power plants were higher in contrast to those with imported 
coal as a fuel input. Super-critical power plants under the CPEC portfolio which have been 
connected to the grid (Sahiwal Coal Power Plant, Port Qasim Electric Coal Power Plant 
and HubCo Coal Power Plant) have reported an average heat rate of 8680 BTU/KWH, 
while Engro Thar Coal Power Plant which runs on indigenous coal from Thar Coal Block 
II reports a heat rate of 9223 BTU/KWH. 

Heat rates and calorific values of coal were obtained were from tariff documents and 
generation licenses for these power plants as was information on carbon content for coal 
procured from Thar. Thar coal has a very low carbon content (17%), while imported coal 
has a carbon content of almost 55%7. 

Once carbon dioxide emission factors had been computed for each plant, they were 
multiplied with the annual electricity generation to arrive at the annual CO2 emissions. 

                                                        
6 Potential carbon dioxide emissions can be calculated by use of the following formula: percent 
carbon ÷ Btu per Kg x 3.667 = Kgs of carbon dioxide per Btu- formula derived using guidance 
from EIA (https://www.eia.gov/tools/faqs/faq.php?id=74&t=11) and the standard combustion 
equation 1 mol of C produces 1 mol of CO2. 
7 Information obtained from elemental analysis of coal for Sahiwal power plant. 
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The same carbon dioxide emission factors were also utilized to build out a time series of 
annual CO2 emissions from the power sector in Pakistan till 2030.  

4.7 Demand Projection till 2030 

The year 2030 was set as a benchmark for emission projections due to its significance as 
being the target year for emissions reductions under the Paris agreement by Pakistan. 

 
 

 

 

Pakistan’s prime electricity regulatory authority (NEPRA) has carried out forecasting for 
the country’s electricity demand under 3 different economic growth scenarios (Low GDP-
4.5%, Normal GDP-5.5%, High GDP-7%) in it’s Indicative Generation Capacity Expansion 
Plan (IGCEP) 2018-2040. The demand forecasting has been done using a regression 
analysis, with electricity retail price, GDP and population growth as regressors. Since 
these demand projections have been used by NEPRA itself for planning in the power 
sector, the same have been used for analysis under this study as well. 

The latest year for which data could be found regarding the current generation mix in the 
country and actual electricity generated was 2018, and hence has been used as the 
baseline year for our analysis. For 2018 actual generation figures were used for each 
technology from NEPRA’s State of the Industry Report 2018. 
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4.8 Capacity Additions/ Removal to meet the predicted future demand 

Based on the demand projections mentioned earlier, NEPRA builds out a capacity 
addition plan in its IGCEP 2018-2040 report. The plan takes into consideration different 
power projects which are already under construction such as various hydro-power plants 
or new power projects which the government has committed to/approved for the coming 
years such as CPEC and other power projects by different Independent Power producers 
(IPPs) 

The same plan until 2030 has been used as our baseline power generation and installed 
capacity scenario. The table below lists down the different capacity additions that would 
be carried out under the given planning assumptions. Around 7169 MW of installed 
capacity assets are to retire by 2030, including 30 MW of local pre-existing coal, 1427 
MW of Natural Gas, 2233 MW of RLNG and 3479 MW of Furnace Oil based power 
generation. 
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Table 3 Capacity additions to be made under the IGCEP BAU scenario. 

YEAR IMPORTED 
COAL 

LOCAL/
THAR 
COAL 

RLNG NATURAL 
GAS 

HSD/ 
RFO 

BAGGASS
E 

HYDRO NUCLEAR SOLAR WIND 

BASELI
NE-
2018 

2640 202 7275 4494 8582 477.8 8713 1467 430 1048 

2019 1320 660 
    

143 
  

246.6 

2020 
  

1243 
  

53 224 
 

100 
 

2021 
 

660 
   

870 769 1100 
  

2022 
 

1320 
    

197.32 1100 400 500 

2023 1620 660 
    

870 
 

400 500 

2024 
 

330 
    

299 
 

400 500 

2025 
      

2960 1100 400 
 

2026 
      

2410 
   

2027 
      

1124 
   

2028 
      

5661 
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Note: Capacity removals have not been mentioned in this table, but they have been taken into consideration while carrying 
out our energy generation calculations.

2029 
      

1140 
   

2030 
      

2400 
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The amount of electricity generation under the baseline scenario was calculated using 
capacity factors based on historical generation from 2013-2018 as mentioned earlier in 
the report. This meant using a capacity factor of 51% for thermal generation, 79% for 
coal, 48% for Hydro-power, 23% for wind, 19% for Solar and 69% for nuclear. 

The predicted Energy generation was able to meet demand for all of the years and GDP 
growth scenarios, except the projected demand under a GDP growth of 7% in 2030. This 
was mainly owing to the fact that a large amount of thermal generation (3479 MW of 
Furnace oil) is expected to go offline that year.  

Since such a huge GDP growth is considered unlikely anyway for Pakistan given the 
prevailing economic crisis due to COVID 19 and historical trends(Computed demand by 
NTDC shows a compounded annual growth rate of 2% only from 2015-20198)[29] , more 
capacity additions weren’t done to meet this demand. The gap evident between the three 
projected demands and the possible energy generation within the BAU scenario show 
how there’s a significant risk of over building of capacity if current trends are to follow. 

                                                        
8 Author analysis. 

Figure 3 Projected Electricity Generation under the IGCEP BAU scenario. 

 -
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Figure 4 Comparison of the electricity generated under the BAU vs demand projections under varying GDP 
growth 

4.9 Scenario Building 

In addition to the baseline scenario, two additional scenarios have been analyzed for 
comparison.  

o No coal gets built out after 2020, and the capacity additions to be fulfilled by coal are 
replaced by Re-liquified Natural Gas. The capacity factor for these power projects 
would be the same as coal i.e. 79%. 

o A renewable energy intensive scenario, where again no coal additions are made after 
2020 and the amount of energy needed to fulfill that gap is replaced by solar and wind 
in equal proportions. The capacity additions needed to meet this demand were 
calculated using the capacity factors calculated for Wind and solar in Pakistan i.e. 23% 
for wind and 19% for Solar.  

It was calculated that in order to ensure that no additional power generation capacity was 
added through coal a total of 269.4 TWh of energy would have to be generated through 
alternate means. 

The table below describes the capacity additions that would be made under each 
scenario.

 -
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Comparison of the electricity generated under the BAU 
vs demand projections under varying GDP growth

BAU under the IGCEP Plan Projected Demand Low GDP 4.5%

Projected Demand Normal GDP 5.5% Projected Demand High GDP 7%
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SCENARIO TYPE OF TECHNOLOGY CAPACITY REQUIRED TO MEET 
ENERGY TO BE REPLACED 
(MW) 

I- BAU WITH CPEC AND OTHER 
COAL 

Coal   

Imported 1620 

Local 2970 

II- BAU WITH RLNG INSTEAD OF 
COAL AT THE SAME CAPACITY 
FACTOR AS COAL 

RLNG 4590 

III- RE INTENSIVE SOLAR AND 
WIND 

Solar 9848 

Wind 7666 

Figure 5 Capacity generations needed under each alternate scenario to fill the energy gap left by coal.
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5 Results and Discussion 

5.1 Economic Analysis and Calculation of Levelized Cost of Energy 

According to the documentation available from NEPRA for upfront tariff determination, 
power generation using local coal obtained from Thar was supposed to have lower fuel 
costs than imported coal. 

After adjusting for inflation and converting all financial expenses to dollar values for 
January 2020, LCOEs for CPEC coal power plants were found to range from 0.063-0.071 
$ Jan 2020/KWH (See Annex-I for details on each power plant). 

 
Figure 6 LCOEs of CPEC Coal Power Plants according to upfront tariff determination parameters 

 

The situation turned out to be different than the one predicted earlier. Of the four coal 
power plants which have gone online up till now, Engro Thar Coal Power Plant has the 
highest LCOE at 0.0836 $/KWH, while the other three running on imported coal had 
LCOEs within the range $0.064-0.076/ KWH. This difference has been caused by higher 
fuel costs for coal being mined in Thar per KWH. A ton of imported coal, mainly South 
African and Indonesian, in Pakistan costs around $71-144/ton depending upon its origin 
and destination [30][31][32][33]. The higher end of this range pertains to coal being 
consumed inland at the Sahiwal Power Plant, where transportation of coal over large 
distances adds to the cost of fuel. Costs for plants located on or near shipping ports are 
lower, such as for the plants located at Port Qasim and Hub. Even though Thar coal is 
cheaper than imported coal, the technology being employed at Engro Thar coal power 
plant is sub-critical, which is less efficient than super-critical technology being employed 

0.0580 0.0600 0.0620 0.0640 0.0660 0.0680 0.0700 0.0720

Sahiwal 2x660MW Coal-fired Power Plant, Punjab

2×660MW Coal-fired Power Plants at Port Qasim Karachi

HUBCO Coal Power Project , Hub Balochistan

Engro 2x330MW Thar Coal Power Project

SSRL Thar Coal Block-I 6.8 mtpa & Power Plant(2×660MW) (Shanghai Electric)

HUBCO Thar Coal Power Project (Thar Energy)

ThalNova Thar Coal Power Project

300MW Imported Coal Based Power Project at  Gwadar, Pakistan

LCOE ($ Jan 2020/MWh) of CPEC Coal Power Plants according to Upfront Tariff Parameters

Sahiwal 2x660MW Coal-fired Power Plant, Punjab 2×660MW Coal-fired Power Plants at Port Qasim Karachi

HUBCO Coal Power Project , Hub Balochistan Engro 2x330MW Thar Coal Power Project

SSRL Thar Coal Block-I 6.8 mtpa & Power Plant(2×660MW) (Shanghai Electric) HUBCO Thar Coal Power Project (Thar Energy)

ThalNova Thar Coal Power Project 300MW Imported Coal Based Power Project at  Gwadar, Pakistan
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by plants operating on imported coal. This results in consumption of more fuel to produce 
the same output, which leads to higher fuel costs. 

 

 
                 Figure 7 LCOE for CPEC Coal Power Plants under operation as of Jan 2020 

 

For solar energy, it was observed that there hadn’t been much investment in developing 
solar technology at a commercial scale in Pakistan prior to CPEC. In a way CPEC is 
responsible for this industry taking off, however cost of technology and equipment 
maintenance has changed vastly from when these projects were started in 2016 till now. 
Projects which began construction around this time and achieved completion before 
2018, averaged around $ 0.15-0.17/KWH for a solar power plant. Wind energy was 
cheaper in comparison at $ 0.13/KWH. 

Since then, a new batch of solar and wind energy generation has been proposed and 
approved by NEPRA to achieve financial close in the next 1-2 years. LCOE calculated for 
this batch of power generation indicated that the cost of generation for wind and solar 
have both gone down after 2018, with an average wind power plant set to produce 
electricity at 0.0486-0.0489 $/KWH and an average solar plant producing electricity at 
0.034-0.037 $/KWH. This reduction in prices has been enabled by the global 
technological revolution in renewables, with costs of technology decreasing by as much 
as 40% and improved capacity factors for both wind and solar. Enabling policies by the 
State Bank of Pakistan such as a financing scheme with a fixed cost of debt at 6% has 
also helped in reducing financing costs from local lenders. 
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Figure 8 LCOE for wind energy in Pakistan pre and post 2018 (All figures are I $Jan 2020 values and vary 

according to the type of financing) 

 
Figure 9 LCOE for solar energy in Pakistan pre and post 2018 (All figures are in $Jan 2020 values and vary 

according to the type of financing 
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5.2 Implicit Pricing of Carbon 

LCOE for average solar and wind power projects was higher than LCOE for electricity 
generation through coal before 2018 and resulted a negative implicit price of carbon 
around -72 to -155 $/ton, however cost of technology for both solar and wind has gone 
down in the recent years, resulting in lower LCOEs in comparison to coal leading to a 
positive implicit price of carbon ranging from 31- 99 $/ton 

5.3 Projection of CO2 emissions 

Based on average calculated capacity factor of 79%, each coal power plant is capable of 
adding around 1-7.5 million tonnes of carbon dioxide emissions to the atmosphere 
annually . This factor is dependent upon the installed capacity of the power plant and the 
type of coal it employs. Sahiwal Coal Power plant with a capacity of 1320 MW, uses 
imported coal and can potentially emit 6.4 Mtonnes of CO2 annually, while HubCo Thar 
power plant with an installed capacity of 330 MW can emit up to 1.08 million tonnes of 
CO2 annually.  

0 0.005 0.01 0.015 0.02 0.025 0.03

Average Solar Power plant Before 2018 @ 100%…

Average Solar Power plant Before 2018 @ 100%…

Average Solar Power plant Before 2018 @…

Average Solar Power plant After 2018 @ 100%…

Average Solar Power plant After 2018 @ 100%…

Average Solar Power plant After 2018 @…

O&M ($/KWH) Comparison of Solar Power Plants 
before and after 2018
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Figure 10 Comparison of CAPEX and O&M costs before and after 2018 for Wind Power Projects in Pakistan 

Figure 11 Comparison of Capex and O&M costs for Pakistan before and after 2018 for Solar power projects in 
Pakistan 
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Figure 12 Potential Annual CO2 emissions from coal power plants under the CPEC 

 

 
Figure 13 Comparison of emissions from the power sector in Pakistan under different scenarios 

 

5.4 Time-series for CO2 projections 

Based on the predicted BAU scenario under the IGCEP, carbon dioxide emissions for 
Pakistan’s power generation sector could range from 56.6 Mtonnes in 2018 to a peak of 
103.5 Mtonnes in 2024 as the highest amount of capacity is added through coal to the 
generation mix. Soon after wards the emissions begin to decline as 3003 MW of thermal 
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generation retires in 2023.The sharpest decline occurs in 2030 as another 4166 MW of 
thermal generation goes offline. 

 

Table 4 Predicted Carbon dioxide emissions under different energy generation mixes. 

YEAR BAU WITH 
COAL (MTCO2) 

BAU-IGCEP-
NATURAL GAS 
INSTEAD OF COAL 
(MTCO2) 

RE (SOLAR + WIND) 
(MTCO2) 

2018 56.6 56.6 56.6 

2019 78.9 78.9 78.9 

2020 82.2 82.2 82.2 

2021 85.3 84.5 82.6 

2022 90.5 88.3 82.6 

2023 102.2 94.8 82.6 

2024 103.5 95.8 82.6 

2025 95.2 87.5 74.3 

2026 95.2 91.0 77.9 

2027 95.2 91.0 77.9 

2028 95.2 91.0 77.9 

2029 95.2 91.0 77.9 

2030 74.7 59.8 46.7 

 

As is evident from the graphs above, projected emissions for the power generation sector 
are highest under the BAU with coal scenario and least under the renewable energy 
intensive scenario. The gap widens over the year as more capacity originally supposed 
to be coal is replaced by solar and wind. Hence bringing on renewable could make the 
country avoid additions of up to 28 Mtonnes of CO2 annually. Switching to RLNG doesn’t 
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result in an effect as pronounced with reductions in emissions ranging from 4-14 Mtonnes 
CO2 annually. 

5.5 Cost of Replacing coal with alternate modes of power generation 

If the new RLNG that would replace coal fired power generation was run at the same 
capacity factor as coal (as assumed in this study), replacing 4590 MW of installed coal 
capacity would require an equal addition of RLNG. However, for solar and wind this 
wouldn’t be the case. With the capacity factors for solar and wind averaging at a quarter 
of those for coal, a much larger capacity addition would need to be made to overcome 
the energy generation deficit left by taking out coal from the generation mix. It is estimated 
that around 9.8 GW of installed capacity of Solar and 7.7 GW of Wind would be needed 
to bridge this gap.  

Once this move, would’ve led to higher cost implications than coal, but according to the 
figures found in the latest proposals for solar and wind energy power projects approved 
by NEPRA, this isn’t the case. In fact, solar and wind technology gives the least levelized 
costs of generation over 10 years as shown in the table below
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Table 5 Cost comparisons for alternate power generation scenarios for Pakistan. 

Scenario 
Type of 
technology 

Capacity 
required 
to meet 
energy to 
be 
replaced 
(MW) 

LCOE 
($/KWH) 

Cost of 
technology 
installation-
Upfront 
Capital (USD 
M/MW) 

Cost of 
technology 
installation-
Upfront 
Capital (USD 
M) 

Cost of 
Generatio
n over 10 
years 
(USD M) 

Cost of 
Generation 
over 10 years 
(USD M)-
Aggregated for 
each scenario 

I- BAU with CPEC 
and other coal 

Coal           

17872 

Imported 1620 0.0665 1.4787 2395 6322 

Local 2970 0.0662 1.6168 4802 11549 

II- BAU with RLNG 
instead of coal at the 
same capacity factor 
as coal RLNG 4590 0.0857 0.707 3245 23093 23093 

III- RE intensive Solar 
and Wind 

Solar 9848 0.0356 0.576 5672 4800 

11393 Wind 7667 0.0489 1.329 10188 6593 
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6 Recommendations 

As indicated by the findings of this report, the cost competitiveness of renewable energy 
generation through solar and wind is an obvious conclusion. Green energy is not only the 
cheapest but also the only sustainable way of ensuring that the world doesn’t transgress 
beyond its planetary boundaries. The move towards indigenization of the power sector to 
reduce dependence on more expensive imported fuels is understandable but the choice 
of technology also matters. The government of Pakistan wanted to explore and develop 
the country’s massive reserves of coal for provision of cheap and cost-effective power 
generation, but due to a selection of less efficient sub-critical generation technology, 
power generation through these means is actually proving to be costlier. In addition to 
having a larger economic burden, these coal power plants are highly polluting and are 
bound to impose adversely on the health of locals. A recent report by Center for Research 
on Energy and Clean Air (CREA) reveals how damaging the cluster of coal power plants 
in Thar could be to the lives of the 100,000 people that inhabit the area. The report 
predicts at least 29,000 deaths due to air pollution from plant operations over 30 years in 
addition to multiple pre-term births and instances of asthma in children. 

The government really needs to assess its policies before going forward with any of these 
coal power plants especially when the case for renewable energy is so strong. The 
government in its own capacity has tried to set ambitious targets for encouraging 
renewable energy to hold a larger share in the country’s generation mix. The Alternative 
and Renewable Energy power policy released in 2019 declares to scale up on-grid 
capacity for renewables up to 20% by 2025 and 30% by 2030. To ensure this comes 
about enabling mechanisms such as auctions and a clause for ‘mandatory purchase’ but 
it must be kept in mind that similar policies have been enacted in neighboring regions but 
come with caveats of their own. India is currently the regional leader in increasing 
penetration of renewables into its generation sector, which has been brought about by an 
aggressive renewable energy auctions strategy[34]. However, there have been cases of 
limited deployment due to in-effective risk management and over committing from 
developers.[35] Care should be taken that auctions in Pakistan do not suffer the same 
fate. 

The enabling environment provided by these policies should be complemented with a 
simultaneous upgradation of the grid infrastructure so that it is capable of evacuating 
power being supplied by these channels.  

As of 2018 the national grid was only capable of taking in energy generation from 500 
MW of wind energy from the Gharo-Jhimpir corridor and the rest had to be curtailed[36]. 
This limitation arose from limited transmission and off-take capacity within the region, in 
addition to the government having signed ‘take or pay’ agreements with thermal power 
producers (CPPA has an obligation for a 66% off take from RLNGl IPPS till 2031 and a 
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50% off take agreement from Coal IPPs)[14]. Hence when consumer demand was low, 
energy being generated through these wind power plants ended up facing curtailment. 
Since Hydro and Nuclear are must run technologies, curtailment for these technologies 
was not physically possible[36].  

The question of intermittency also looms big in this equation. Unless battery storage 
becomes cost-effective enough, or there is sufficient hydropower in the country to serve 
as back up, solar and wind energy may not be fully able to replace its thermal 
counterparts. 
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Annex-I 

 
LCOE, Total CAPEX, Fuel Costs and Projected CO2 emissions for each coal power plant under the CPEC 
 

Plant Name 
LCOE 
($/KWH) Total CapEx($) 

Fuel Costs 
($/KWH) 

Projected 
Annual CO2 
generation 
(MTonnes) 

Lifetime CO2 
generation (Mtonnes) 

Sahiwal 2x660MW Coal-fired 
Power Plant, Punjab 0.0631 

                                                        
1,862.84  0.042883578 6.44 193338.00 

2×660MW Coal-fired Power 
Plants at Port Qasim Karachi 0.0651 

                                                       
2,054.02  0.04205115 7.56 226930.01 

HUBCO Coal Power Project, 
Hub Balochistan 0.0707 

                                                          
2,069.67  0.047834158 6.81 204553.51 

Engro 2x330MW Thar Coal 
Power Project 0.0671 

                                                           
1,077.39  0.04181654 2.17 65076.12 

SSRL Thar Coal Block-I 6.8 
mtpa & Power 
Plant(2×660MW) (Shanghai 
Electric) 0.0637 

                                                        
2,069.70  0.039679676 6.22 186724.07 

HUBCO Thar Coal Power 
Project (Thar Energy) 0.0671 

                                                            
538.69  0.04181654 1.08 32538.06 

ThalNova Thar Coal Power 
Project 0.0671 

                                                          
539.34  0.04181654 1.08 32538.06 

300MW Imported Coal Based 
Power Project at Gwadar, 
Pakistan 0.0671 

                                                            
413.84  0.047517914 1.51 45481.33 

Note: All dollar values are in $ Jan 2020. 
 
LCOE, Total CAPEX and Fuel Costs for CPEC Plants which are under operation 
 

Case 
# Case Name 

LCOE 
($/MWh) 

Total 
CapEx($) 

Fuel Costs 
($/KWH) 

1 
Sahiwal 2x660MW Coal-
fired Power Plant, Punjab 

 $                                                                                        
0.0761  

 $                                                          
1,862.84  0.047015298 
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2 

2×660MW Coal-fired 
Power Plants at Port 
Qasim Karachi 

 $                                                                                        
0.0644  

 $                                                          
2,054.02  0.033866846 

3 
HUBCO Coal Power 
Project, Hub Balochistan 

 $                                                                                        
0.0646  

 $                                                          
2,069.67  0.033040232 

4 
Engro 2x330MW Thar Coal 
Power Project 

 $                                                                                        
0.0860  

 $                                                          
1,077.39  0.051430962 

 
 
LCOE values for Solar and wind with different financing structures 
 

Wind Energy- In $ Jan 2020    
Sensitivity Analysis    
          

Case 
# Case Name 

 LCOE 
($/KWH)  

Total 
CapEx($ 
M/MW) O&M ($/KWH) 

1 

Average Wind Power plant 
Before 2018 @ 100% Foreign 
Financing 

 $                                                                                        
0.1301  

 $                                                                    
2.70  0.016733568 

2 

Average Wind Power plant 
Before 2018 @ 100% local 
Financing (SBP) 

 $                                                                                        
0.1314  

 $                                                                    
2.70  0.016733568 

3 

Average Wind Power plant 
Before 2018 @ 50%local 50% 
Foreign Finance 

 $                                                                                        
0.1307  

 $                                                                    
2.70  0.016733568 

4 

Average Wind Power plant 
After 2018 @ 100% Foreign 
Financing 

 $                                                                                        
0.0486  

 $                                                                    
1.33  0.007143077 

5 

Average Wind Power plant 
After 2018 @ 100% local 
Financing (SBP) 

 $                                                                                        
0.0492  

 $                                                                    
1.33  0.007143077 

6 

Average Wind Power plant 
After 2018 @ 50%local 50% 
Foreign Finance 

 $                                                                                        
0.0489  

 $                                                                    
1.33  0.007143077 

     
     
Solar- In $Jan 2020    
Sensitivity Analysis    
          

Case 
# Case Name 

LCOE 
($/KWH) 

Total 
CapEx($ 
M/MW) O&M ($/KWH) 
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1 

Average Solar Power plant 
Before 2018 @ 100% Foreign 
Financing 

 $                                                                                        
0.1673  

 $                                                                    
1.56  0.024386613 

2 

Average Solar Power plant 
Before 2018 @ 100% local 
Financing (SBP) 

 $                                                                                        
0.1687  

 $                                                                    
1.56  0.024386613 

3 

Average Solar Power plant 
Before 2018 @ 50%local 50% 
Foreign Finance 

 $                                                                                        
0.1503  

 $                                                                    
1.56  0.024386613 

4 

Average Solar Power plant 
After 2018 @ 100% Foreign 
Financing 

 $                                                                                        
0.0371  

 $                                                                    
0.58  0.005613775 

5 

Average Solar Power plant 
After 2018 @ 100% local 
Financing (SBP) 

 $                                                                                        
0.0341  

 $                                                                    
0.58  0.005613775 

6 

Average Solar Power plant 
After 2018 @ 50%local 50% 
Foreign Finance 

 $ 
0.0356  

 $                                                                    
0.58  0.005613775 
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