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Abstract

Despite being gifted with a rich supply of energy resources, Pakistan is facing a 
serious energy crisis for the last 15 years. In this monograph, Dr. Samar 
Mubarakmand, NI, HI, SI has provided a critical technical evaluation of the 
various projects being undertaken or are planned in Pakistan, with special 
emphasis on their economic and environmental implications. Some major 
reasons behind circular debt have also been briefly touched upon. Finally, a 
future strategy has been presented defining a roadmap for power generation 
using the country’s vast natural resources.
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Introduction

Contrary to popular belief, Pakistan is a rich country – a country having one of the 
world largest deposits of copper, gold and silver in Reko Diq; the third largest 
deposit of lignite coal in Thar; abundance of intensive sunlight around the year; 
unmatched hydroelectric potential, with water cascading from heights of up to 
8000 meters; multiple wind corridors in Sindh and Baluchistan coastal sites;1          
unexploited large reserves of shale oil and gas; and, above all, no dearth of 
good-quality human capital.2 Yet the country is facing a serious energy crisis for 
the last 15 years and has not yet been able to maintain ample power supply to 
meet the energy requirements. Clearly, the problem lies not with the resource 
availability but with its utilization. The policymakers in Pakistan must shift their 
focus from “saving money” by reducing energy imports to “making money” 
through creating exportable energy products through the exploitation of                
indigenous energy resources. 

The energy crisis in Pakistan is the result of lack of vision in policymakers, who 
could not foresee that the energy supply potential of the projects they planned in 
the 1960s was not enough to reach the demand level increase in the coming 
30-40 years. While a proposal was forwarded to the government at that time to 
build 15-20 nuclear reactors by the end of 20th century, it was not paid due    
attention as hydroelectric projects of Mangla and Tarbela were underway. By 
1990s, with population growth and industrialization, Pakistan was witnessing its 
first power shutdown, which kept on deteriorating with time. Now, we are facing a 
serious energy disaster that needs to be rectified through a long-term energy 
security policy with a diverse and balanced energy supply mix. 

This work is an effort to put forward recommendations for a future energy security 
policy based on the analysis of technical evaluation of the various projects being 
undertaken or are planned. A special emphasis on the economic aspects and 
implications for environmental damage has been kept in mind.

Dynamics of Power Mix 

It might be surprising to many that the current installed and commissioned power 
generation capacity in Pakistan has increased from 24,830 MW in 2014-15 to 
35,126 MW in 2017-18, as a result of 41% increase in the last 3 years.3 However, 
we have not been able to utilize this capacity well as the generation of power from 
these plants is lower than their capacity. Furthermore, the current power mix    
generating 35,126 MW has a much lower share of alternative and renewable 
energy, and there is a notable rise in the share of gas (as shown in Figure 1). The 
inferior quality of electricity transmission networks and main lines is the main 
reason why the full generation potential is unable to meet a demand of even 
22000 MW during the summer season.
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Figure 1: Current vs. Prospective Power Mix

By 2030, the present level of power generation is expected to rise by 58.3% to 
55622 MW4 with a notable increase in the share of hydel power from 10,150 MW 
to 17872 MW. Power generation from coal is expected to increase from 3,018 
MW to 6,948 MW. It is heartening to note that nuclear power will increase three 
fold from 1405 MW to 4705 MW. The environmentalists will feel happy about the 
three fold increase in power generation from renewables by 2130 MW to 6411 
MW. Gas fired plants do produce CO2 emissions which will cause global warming 
but they are a lesser evil than the coal fired plants as no Nitrous oxides, Sulfur 
oxides and Mercury oxides are released. This projection of future power mix is 
based on the analysis of ongoing and planned projects which are either under 
construction or have been awarded MOUs or Letters of Interests to establish the 
plants. The details of which are provided in the following sub-sections.

Hydroelectric

Extensive work is going to be undertaken in the construction of major projects at 
Diamer Bhasha, Dasu (Stage-I), Hydro power projects at Kohala, Suki Kinari and 
Karot in the coming years.  In addition to these there are several smaller hydel 
projects under construction. Most of the above mentioned projects except 
Diamer Bhasha should be     completed by 2030. This will result in an increase 
of 7722 MW.
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Coal

At present, majority of coal-fired plants are based on imported coal because of 
the low quality of the Thar Coal reserves. As several coal-fired plants are under 
construction, it is estimated that by 2030, there will be a substantial increase in 
power generation from coal of up to 3930 MW. The tariff stands around Rs. 11 
per KWhr.

However, a major concern with regard to these coal-fired plants, as well as 
thermal and gas-fired plants, is the environmental pollution they can cause. 
While we have a large reserve of lignite coal, it is extremely costly because it is 
difficult to mine it. [See Appendix for technical description of challenges to Thar 
Coal Mining]. Even after successful mining, the power costs and environmental 
damage of burning Thar lignite in coal-fired plants would be prohibitive.

Way Forward:

The total quantity of coal reserves in Thar are 175 billion tons of Lignite. These 
are spread over an area of 9600 Sq. Km. Eighty percent of the coal resides in the 
principal coal seam at a depth of 175 meters. The seam thickness varies 
between 4 meters to 15 meters. Such a colossal reserve of fossil fuel cannot be 
left un-exploited. A team of scientists of the country successfully demonstrated 
that by drilling a series of vertical wells from the surface down into the coal seam 
can be connected at the bottom with the technology of Horizontal Directional 
Drilling. The coal is ignited through the first well and the ignition is carried to the 
remaining series of wells with the injection of oxygen enriched air at high         
pressure. Coal gas has been produced with the in situ burning of coal in the coal 
seam in the presence of steam. Several hundred million cubic feet of coal gas (A 
mixture of carbon monoxide, hydrogen and methane) has been produced and a 
few thousand megawatts of electric power has been generated at a very             
attractive price. In this process called Underground Coal Gasification, coal is 
directly converted into a combustible gas which can be used to generate power, 
produce high quality diesel, and produce fertilizer, synthetic fibres and a large 
quantity of chemicals such as acetic acid, methanol, resins, ammonia and      
pharmaceuticals. In addition to the above products, coal gas can be used as 
kitchen gas. The process of mining is eliminated saving the cost thereon.        
Consequently all the products being produced from coal in different coal           
gasification facilities in the world are highly competitive in price. The great         
advantage of burning coal underground is that there is zero pollution by utilizing 
coal in this manner. 
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Liquefied Natural Gas (LNG)

With the purchase of a large quantity of liquefied natural gas from Qatar, several 
power plants using Regasified LNG as fuel are being set up. Integrated Gas 
Combined Cycle IGCC plants are being used to step up the efficiency of power 
generation to more than 50%. This effort is going to generate an additional 3986 
MW of power up to 2030.

This mode of power generation will be environmentally friendly and clean, as the 
only pollutant it can produce is carbon dioxide in a relatively lesser amount. The 
cost of electricity through LNG will be about Rs.7.5 per KWhr. 
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Wind and Solar

The private sector has stepped in a big way to generate electricity from          
windmills. This method stands out in the endeavor to generate clean power from 
renewables. By the year 2030, additional power from windmills is expected to be 
3546 MW. This pollution-free electricity will cost around Rs. 4.5 per KWhr.        
Similarly, several private companies are setting up solar power plants in             
Pakistan. By 2030, additional solar power generation will reach 2639 MW. This 
power will supplement the National Grid at peak load hours and will cost about 
Rs.5.5 per KWhr.

Nuclear

Two nuclear power plants at KANNUP are under construction, each having 
potential of 1100 MW together with a third plant of 1100 MW at CHASHMA-V, 
therefore there is an expected addition of 3300 MW of nuclear power by 2023. 
The total nuclear power will be 4705 MW at a tariff of Rs. 4.5 per KWhr. These 
plants have a high Capex costing $ 5.5 million per megawatt.

Circular Debt

Any discussion on the energy crisis in Pakistan is incomplete without reference 
to the issue of circular debt. While there are multiple   dimensions to this problem, 
one major issue is the lack of planning in IPP contracts. The rising overdue 
payments to IPPs are somehow caused by the contractual obligation on the 
government to pay even when no power is taken from an IPP. Furthermore, the 
contracts do not define how much power IPP are supposed to provide to the 
national grid, creating uncertainty for IPPs which have to plan and  purchase 
their own furnace oil. 

The total circular debt of the power sector amounts to Rs. 1.3 Trillion.7 The    
inability of the government to make payment on time is due to several reasons:

• Power losses due to long transmission lines
• Electricity theft
• Delayed payments to IPPs
• Strictly scheduled payments to power plants established under CPEC
• Faulty power purchase contracts with IPPs by NEPRA8. 
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Future Strategy

The future strategy for energy production should pay higher attention to the 
utilization of coal reserves through Underground Coal Gasification and              
vexploitation of Shale Gas and Oil. Underground Coal Gasification is comparably 
the cheapest source of electricity in the country with cost below Rs.5/KWh. Shale 
Gas and Oil is a relatively new source of energy, which has been successfully 
exploited in the USA for over 5 years and is one major reason behind the            
reduction in oil prices around the world.

With more than 827,365 Km2 sedimentary rock basin with a thick occurrence of 
shale, sandstone, and claystone in Pakistan, there is a large amount of Tight 
Gas, Shale Oil & Shale Gas and Coal Bed Methane (CBM) here. Energy             
Information Administration (EIA) estimates that Pakistan has shale gas potential 
of 3778Tcf (Trillion Cubic Feet) and shale oil potential of 2323 billion stock 
barrels, which ought to be given due attention in near future. 

In addition, some policy decisions need to be taken by the government to 
improve power generation and reduce electricity tariff. Some of these key policy 
recommendations for the future strategy are as follow:

1) Prohibit the burning of fossil fuel to generate power.

2) Utilize Thar coal for power generation, diesel production,          
 fertilizer production, production of chemicals and synthetic fiber from  
 coal gas generated by the process of underground coal gasification.

3) Increase Hydel generation to its full potential of 50,000 MW.

4) Encourage power generation from natural gas in the private sector.

5) Utilize the expertise of China to exploit Pakistan’s vast potential of shale  
 oil and shale gas.

6) All future fossil fuel based plants in the country should be high in    
 efficiency, low in fuel consumption and focus on utilization of indigenous  
 coal, coal bed methane, shale oil and shale gas.

7) All power purchase contracts should be carefully drafted sothat no  
 payments are made for power that is not being purchased. This will  
 reduce  circular debt significantly in thefuture. 
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Appendix: Technical Challenge to Thar Coal Mining

The main challenge to mining of Thar coal comes from three water   aquifers. The 
first  unconfined aquifer is at 
a depth of 80 meters from the 
surface and is 5-7 meters 
deep. It is fed from rain water. 
The second aquifer occurs at 
a depth of 130 meters from 
the surface having a          
thickness of 15 meters. This 
is a confined aquifer fed from 
sea water of the Rann of 
Kutch which has reached the 
outskirts of Badin as a result 
of increase in the level of the 
sea due to global warming. 
The third    aquifer is a high 
pressure confined aquifer 
just below the coal seam at a 
depth of 195 meter. It has a 
thickness of 50 meters. It can 
be easily imagined that in 
open pit mining, water from 
the three aquifers will pose a 
tremendous challenge before 
coal, which is at a depth of 
175 meter, can be mined. 

The total water ingress 
into an open pit mine of 
4 Sq Km is expected to be 
27500 cubic meters per 
day5. To facilitate mining 
at a depth of 175 to 185 
meters, the entire water 
ingress into the mine will have to be pumped out. This will imply a sub-
stantial power consumption of nearly 50 MW.
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