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Energy Industry in
Pakistan

General State of the Economy

Pakistan, officially the Islamic Republic of Pakistan, is a
country located in South Asia at the junction of Central
Asia and the Middle East. Pakistan borders Afghanistan

Pakistan/Islamic Republic of Pakistan

and Iran in the west, India in the east, and China in the
northeast. The coastline of the Arabian Sea forms its
southern border. The total length of the country's coast-
line is 1,046 km [1,2,3].

Capital: Islamabad Density: 244.4/km?
Official languages: Urdu, English
National Day: 14 August

Population: 242,923,845 (2022 est.) Coastline: 1,046 km

Life expectancy at birth: 70.14 years

Area (land): 770,875 km?

Currency: Pakistani rupee (RS) (PKR)

GDP (purchasing power parity): $1.512
trillion (2022 est.)

GDP - per capita (PPP): $6,662 (2022 est.)

Internet country code: .pk .ctiuSy

Source: [1,2,3,4,5]

According to 2022 statistics, Pakistan, which in terms of
the size of its territory is 37™ in the world, is home to
around 243 million people. In terms of population densi-
ty, the country is 56™ in the world. Pakistan is a federal
parliamentary republic with its capital in Islamabad
[1,2,3].

The ranking positions of Pakistan relative to other count-
ries have been determined for an extensive list of econo-
mic, energy, innovative and educational indices, as well
as for metrics reflecting the state of the environment.
The economic indices include, for example, GDP per ca-
pita, annual average GDP growth, high-technology ex-
ports, and others. The list of energy indices includes pro-
ven reserves of oil, gas and coal, production-
consumption ratio combined, and energy use, etc. Each
of the indices has a ranked list of included member
countries. Since the number of countries in each rating is

different for each index, the positioning of the country of
interest is displayed on a special chart, where the verti-
cal axis is a uniform relative scale from 0 to 1, whereas
the horizontal axis denominates the various indices and
respective numbers relating to the descriptions given
underneath.

Thus, in such a relative “0-1” diagram, the country’s posi-
tion is marked with a dot in proportion to its location in
the original rating list. If the country is among the lea-
ders regarding the selected indicator, it will be marked
close to 1 in the upper green zone on the relevant chart
“0-17, if the country is an outsider in the rating list, then
it will be marked in the lower red zone of the chart “0-1,
etc.

Ranking position of Pakistan for list of economic indices:
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Sources:

1. GDP (purchasing power parity), 2020 est. / The World Factbook/Library/Central Intelligence Agency *228

2. GDP - per capita (PPP), 2020 / The World Factbook/Library/Central Intelligence Agency *229

3. Inflation rate (consumer prices), 2019 est. / The World Factbook/Library/Central Intelligence Agency *228

4. Charges for the use of intellectual property, receipts (BoP, current US$), 2020 / International Monetary Fund, Balance of Payments Statistics Yearbook, and data files. / License: CC BY-4.0 *88
5. The Global Competitiveness Index 2019 / Rankings / Reports / World Economic Forum *141

6. High-technology exports (current US$) 2019-2020 / United Nations, Comtrade database through the WITS platform / License: CCBY-4.0 / Data *134

7.2021 Index of Economic Freedom / International Economies / The Heritage Foundation *178

8. Reserves of foreign exchange and gold, 2017 est. / The World Factbook / Library / Central Intelligence Agency *195

9. Annual average GDP growth in %, for the last 10 years (2011-2020) / World Bank national accounts data, and OECD National Accounts data files / License: CC BY-4.0 *206

10. Public debt (% of GDP), 2017 est. / The World Factbook / Library / Central Intelligence Agency (from smallest to largest) 210

* Total number of countries participating in ranking

Figure 1. Economic indices of Pakistan

For most of the indices shown in the chart, Pakistan is
below the middle of the rankings. The weakest parts of
Pakistani economic indicators are inflation rate and GDP
per capita, where the country is represented at the bot-
tom of the rankings. In addition, Pakistan performs very

Energy resources

Pakistan has distinct proven reserves of fossil fuels in the
form of natural gas and coal. The share of natural gas is
0.30% of the world’s total, the share of coal is 0.29%.
However, the country's oil reserves are only 0.03% of the
world total [6]. The share of Pakistan's population makes
up almost 3% of the world's population. However, at the
same time, gas and coal reserves in Pakistan are signifi-

Table 1. Fossil energy resources of Pakistan

poorly both on the Global Competitiveness Index and the
Index of Economic Freedom.

In terms of GDP, gold and foreign currency reserves, and
GDP growth dynamics, Pakistan demonstrates quite high
rates compared to other countries of the world.

cantly lower than those of the world leaders. For in-
stance, gas reserves are about 37 times less than in Qa-
tar, while coal reserves are more than 45 times less than
in Australia [6]. In addition to conventional gas re-
sources, Pakistan has significant reserves of Tight Oil u
Shale Gas [9].

In terms of tons of oil equivalent, according to 2024 da-
ta, conventional proved reserves by fuel type were:
77.9% - coal, 19.4% - gas, and 2.7% - oil (Fig.5).

Resource/explanations Crude oil* Natural gas* Coal* Tight Oil** Shale Gas** Coal mine methane
Value 0.54 (0.03%)  21.5 (0.30%) 3377 (0.29%) 105.2 9.1 2.9-109
Unit billion barrels Tcf million short tons billion barrels Tcf bcm
Year 2021 2020 2021 2015 2015 2017
Source [6] [6] [6] [7] [] (8]

*share of the country’s reserves in world total is provided in brackets

**unproved technically recoverable

The matrix of unconventional fossil resources looks
somewhat different: shale gas accounted for 68.9%,
shale oil (tight light) - for 30.8%, and coal mine methane

utilization potential - for 0.2% (Fig.5). Hydropower pre-
vails in terms of installed renewable energy capacities
(more than 77%), followed by wind energy (10.3%), and
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solar photovoltaics (more than 8.9%). Moreover, hydro-
power plays a significant role in Pakistan’s power gener-
ation, contributing 26% to all electricity produced in
2021. However, the country does not completely use its
very high overall hydropower potential. This also applies
to wind and solar power generation, which could also be
much higher due to the favourable climate conditions.
The country’s average solar activity is 5.5-5.7 kWh/m? per

Table 2. Renewable energy resources of Pakistan

Resource/explanations Solar Potential (GHI)*

d

Value 5.5-5.7 4.0-5.5
Unit kWh/m?/day m/s
Year 2018 2018

Source [10] [11]

day, and the most common wind speed is 4.0-5.5 m/s.
Balochistan province, located in the southwestern part of
the country near the border with Iran, has the greatest
potential for renewable energy development in the coun-
try, since the intensity of solar GHI can reach 6.2-6.3
kWh/m? per day, and wind speed exceeds 7.5 m/s at a
height of 50 m.

Bio Potential Bio Potential

Municipal Solid

Agricultural area Forest Area Waste
47.6 4.8 0.43
% of land area % of land area Kg/per capita/day
2020 2020 2018
[12] [13] [14]

*for the majority of the territory of the country

Energy balance

According to [6], in 2022 in Pakistan, the total production
of primary energy was 1.978 quadrillion Btu, while con-
sumption was at the level of 3.514 quadrillion Btu. Thus,
the share of domestic production in primary energy con-
sumption was 56.3%. This makes Pakistan a country
largely dependent on energy imports. According to the
Statistical Review of World Energy 2022, primary energy
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consumption in Pakistan in 2021 amounted to 3.86 exa-
joules and was dominated by gas - 41.7 %, followed by
oil — 26.4%, coal - 17.4%, hydroelectricity - 9.35%, nu-
clear - 3.6%, and other renewables - 1.3% [9].

Fossil fuel production in Pakistan lags far behind the de-
mand: in 2021, coal consumption was more than 2.5
times higher than production and oil consumption al-
most five times higher.
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Figure 2. Production and consumption of fossil fuels in Pakistan (left—coal, in the center- gas, right—oil)

Total electricity generation in Pakistan has grown by
about 60% over the past ten years. In 2022, approximate-
ly 63% of electricity was produced by thermal power
plants, 21% - by hydroelectric power plants, and 13% by
nuclear power. Renewables also contribute to the overall
balance of electricity generation, reaching a share of al-
most 4% in 2022. By comparison, in 2010 the amount of
electricity generated from renewables was about 6 times
less.

The volume of electricity generation in Pakistan exceeds
the volume of consumption. However, it should be taken
into account that only 79% of the population has access
to electricity [3]. In addition, due to the bad state of elec-
tric grids and other problems, there are large distribution
losses, exceeding 17 billion kWh per year [3]. This prede-
termines the need for substantial reconstruction and ad-
ditional equipment of power generating and distribution
capacities.
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Figure 3. Electricity production in Pakistan

The chart of Pakistan's energy indices is presented in the figure below.

Rating position

Sources:

1. Crude oil proved reserves, 2021 / International Energy Statistic/Geography / U.S. Energy Information Administration (Nov 2021)*98

2. Natural gas proved reserves 2021 / International Energy Statistic / Geography / U.S. Energy Information Administration (Nov 2021) *99

3. Total recoverable coal reserves 2019 / International Energy Statistic / Geography / U.S. Energy Information Administration (Nov 2021) *81

4. Combination production-consumption for Crude oil 2018 / International Energy Statistic / Geography / U.S. Energy Information Administration (Nov 2021) *219
5. Combination production-consumption for Natural gas 2019 / International Energy Statistic / Geography / U.S. Energy Information Administration (Nov 2021) *123
6. Combination production-consumption for Coal 2019 / International Energy Statistic / Geography / U.S. Energy Information Administration (Nov 2021) *128

7. Electricity - from other renewable sources (% of total installed capacity), 2017 est. / The World Factbook / Library / Central Intelligence Agency *170

8. GDP per unit of energy use (PPP per unit of oil equivalent), 2020 *66

Primary energy consumption - BP Statistical Review of World Energy 2021/BP;GDP (purchasing power parity) - The World Factbook/Library/Central Intelligence Agency

9. Energy use (primary energy use of oil equivalent per capita) 2020 *127

Primary energy consumption - BP Statistical Review of World Energy 2021; Population - United Nations, Department of Economic and Social Affairs,
Population Division (2019). World Population Prospects 2019, custom data acquired via website. Retrieved 15 November 2021%66
10. The Global Energy Architecture Performance Index Report (EAPI) 2017 / Rankings / Reports / World Economic Forum

11. Electric power consumption (kWh per capita), 2016 *217

Electricity Consumption - The World Factbook / Library / Central Intelligence Agency; Population - United Nations, Department of Economic and Social Affairs,
Population Division (2019). World Population Prospects 2019, custom data acquired via website. Retrieved 15 November 2021
12. Combination of electricity production-consumption (kWh)/The World Factbook/Library/Central Intelligence Agency *216

* Total number of countries participating in ranking

Figure 4. Energy indices of Pakistan

Pakistan has relatively good indicators for fossil fuel re-
serves, but domestic oil and coal production lags far be-
hind consumption, thus forming a natural gap between
supply and demand. According to the primary statistics,
Pakistan has a good electricity generation to consump-
tion ratio. However, as mentioned above, without taking
into account the large losses in the distribution of elec-
tricity and the limited access of the population to elec-

tricity, these data do not reflect the real picture of energy
supply.

In terms of energy use per capita and electric power con-
sumption per capita, the country ranks well below aver-
age. In terms of such indicators as GDP per unit of energy
use, Pakistan's rating positions are substantially lower
than the world average.
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Energy Infrastructure

eries in operation as well as several relatively large refin-

The main gas fields under development are located in
the southeast of the country in the provinces of Balochi-
stan and Sindh, while the key oil fields are concentrated
closer to the north of the country. Pakistan’s convention-

483,000 bpd.

al oil infrastructure includes several medium-sized refin-

Conventional proved reserves by fuels,
Billion tonnes of oil equivalent (%):

il 0.07 (2.7)

Natural Gas 053 (19.4)
M Coal 214 (77.9)

Total: 2.74 (100)

Source: Based on the U.S.

Oil refineries, bpd:

nergy Information

Administration data (Mar 2024).

CENO A QNS

Pakistan ¢ Fossil fuels

Key natural gas

Keyinatural gas processing plants:

extraction fields:

eries and some under construction. In particular, the map
below illustrates six operating refineries with a total
crude oil processing capacity of 425,400 bpd and four
refineries under construction with a planned capacity of

Unconventional reserves by fuels, Billion tonnes

Major coal mine fields:

of oil equivalent (%):

BhiyBadhra 1 Qadirpur ; st:Shahrig:-Hamai _ M Shale ol (tight light) 1.20 (30.8)
Dakhni 2 Sawan el \ M Shale gas 2.68 (68.9)
Kadanwari 3 Bhit 7  Surran | M Coal mine methane utilization
s 4 ucn ’ 4 Degari potential 0.01(0.2)

Qadirpur § Kadanwari l 5 Thar

Sawan S S0 oo

s i 10 \ 15 data
S i Islamabad al Protection Agency

Zarghun South

1

A
by

ek,
T =

Key uranium

1 Karachi, Byco, 155 000 @ LNG import terminals: mine fields: Largest shale oil (tight light) fields
2 Mahmoodkot, PARCO Mid-Country, 100 000 3 1 Bannu Basin (Sembar, Ranikot)
3 Karachi, National Refinery, 64 000 ; EGPC ;““ Ga;‘"‘m TAP! Project* 2/ 5) 2 Suleman Range
% Rawalpindi, Attock Refinery, 53400 ngro Elengy (Port Qasim) & A 3 Qabul Khel Lsargest shRaIE iatsnams
§ Karachi, Pakistan Refinery, 50 000 w, (Sembar, Ranikot)
6 Gadap, Enar, 3000 ® . )
7 Hub, PARCO Coastal Refinery, 250 000™ “ 8) A Key oil extraction
8 Kot Addu, Grace Refinery, 120 000" Quetta 3/ M 2, ® fields: il Crude oil pipeline
9 Port Qasim, indus Refinery, 93 000" . (N7 > 1 Nashpa field me= Oil products pipeline
10 Kushalgarh, Khyber Refinery, 20 000* 9 g ?' tﬁlﬂck _ Natival gas bissie
under consiruction 4 GQ:aurw field Natural gas pipeline
‘(under construction)
B3 Key oil strorages: Gas hydrates Pipeline starend
bt @ L ceorrerce: e e
2 Port Qasim . Iran-Pakistan Project™ | 1 Makran @®  Border crossing
3 Keamari e
12
4 Mehmood Kot (Qasba Gujrat)
5 Machike 3 g As of 2021 Pakistan had 540.0 million barrels of proved oil reserves, extracted about 0.8 thousand barrels
6 Shikarpur of crude oil per day, 20.9 Tcf of proved natural gas, extracted about 1343 8 Bef of natural gas and 3064 0
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Figure 5. Basic infrastructural facilities of the fossil fuel sector in Pakistan

Two large oil terminals and two LNG import terminals
(PGPC Port Qasim and Engro Elengy) are based in the

south of the country, in the area near Karachi. Coal min-

Gross electricity generation 2022, TWh (%):

M Fossil fuels 105.27 (62.5)
Nuclear energy 22.28 (13.2)
Hydroelectricity 34.58 (20.5)
Other renewable sources 6.39 (3.8)

Total: 168.52 (100)

Source: Based on the U.S. Energy Information
Administration data (Mar 2024).
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Key coal power plants over

Port Qasim, Lucky Efectric, 660
Thar, Siddigsons Energy, 330"
Thar, Thalova Power, 330
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Port Qasim, Fauji Fertilizer, 118

Key oil power plants

over 210 MW, MW:

Hub River, HUBCO, 1292

Bin Qasim-1, KESC, 1260
Jamshoro, 850

Mehmood Kot, Pak Gen, 365
Mehmood Kot, Lalpir, 362
Narowal, 225

Sheikhupura, Atlas Power, 224

Pakistan ¢ Electricity

Key natural gas power plants
over 300 MW, MW:
Guddu, 2402
Jhang, Punjab TPL, 1263
Haveli Bahadur Shah, 1230
Balloki, 1223
Bhikki, 1180
Uch, 990
Bin Qasim-3, K-Efectric, 900
Bin Qasim-2, K-Electric, 560
Nandipur, 425

10 Abdul Hakim, Rousch (Pakistan), 412
* under construction
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Figure 6. Electricity production in Pakistan

Nuclear power plants, MW
Chashma, 1330

2 Karachi Unit-1, 137

3 Karachi Unit-2 & Unit-3, 2200*

* under construction
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ing is carried out mainly in the in Sindh Province and the
Balochistan Province.

Hydro power plants
over 150 MW, MW:
Tarbela Dam, 4888
Dasu Dam, 4320
Ghazi-Barotha, 1450
Mangia Dam, 1310*
Neelum-Jhelum, 969
SukiKinari, 870"
Mohmand Dam, 800*
Karot, 720"

9 Warsak Dam, 243
10 Chashma, 184
11 Sharmai, 150"

under construction
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Key combined power
plants over 200 MW, MW:

1 Kot Addu, 1600
2 Muzaffargarh, 1350

w500 kV line in service
220 kV line in service

]

National grid 500 kV of other power plants,

grid connection points, substations
National grid 220 kV of other power plants,
grid connection points, substations

In 2019 Pakistan had 37.9 GW of electricity installed generating capacity. Gross theoretical
hydropower capability, related to Pakistan, is 475.0 TWh/year. As of 2019, Pakistan
registered about 426 small-scale hydropower plants up to 50 MW with a total installed
capacity of 410.0 MW.
Sources: U.S. Energy Information Administration (2020); World Smaii Hydropower
Development Report 2019; Used by permission of the World Energy Council (2013);
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The largest of them, Vin Tan, has a capacity of more than
6 GW. A number of large gas power plants are located in

the south in the Ho Chi Minh region, in close proximity to
gas production areas.

Pakistan « Renewable energy

Gross electricity generation from renewable
sources by 2021, TWh (%)
Bioenergy 3.01 (6.7)
Hydropower 37 53 {83.1)
Solar PV energy 1.16 (2.6)
Wind energy 3.48 (7.6)

Key biomass power plants

over 21.0 MWel, MWel:

Chiniot, 624

Layyah Sugar Mills, 41.0

Mianwali, Almoiz Industries, 36.0

Mandi Bahauddin, Shahtaj Sugar Mills, 32.0
Rahim Yar Khan, RYK Energy, 30.0
Anwarabad, Sheikhoo Power, 30.0

Ghotki, JOW Group, 26.8

Rahim Yar Khan, JOW Group, 26.2

Total: 45.18 (100)

Source: Renewable Energy Statistics 20
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Key wind farms over

2 Port Bin Qasim, Linde
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Total installed renewable energy power capacity
by 2023, GW (%)
Bioenergy 0.43 (3.1)
Hydropower 10.64 (75.1)
22 e Solar PV energy 1.24 (8.8)
<4.0 2 Wind energy 1.85 (13.0)

Key Compressed
Hydrogen Plants:

1 Hasan Abdal, Linde

i

Hydrogen pipeline, km:
1 Hasan Abdal, Linde, 5

Total: 14.16 (100)

Source: Renewable capacity statistics 202
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5 Bhit, Eni, 10.0 Sources ergydata. info

Figure 7. Renewable energy in Pakistan

The Pakistani government and commercial organizations
show considerable interest in the building of the Turk-
menistan-Afghanistan-Pakistan-India (TAPI) gas pipeline,
as well as the gas pipeline from Iran. The latter was sup-
posed to be built back in 2014, but according to the lat-
est data, Pakistan plans to complete it in 2024. The con-
struction of TAPI is fraught with great risks, primarily due
to the situation in Afghanistan.

Pakistan has an extensive network of hydroelectric pow-
er plants, which are mainly concentrated in the north of
the country. They produce more than 20% of the coun-
try's electricity. Fossil-fuel plants are located mostly in
the eastern part of the country. In the south, the Karachi
area, there are two of the three nuclear power plants.
The third and largest nuclear power plant in Pakistan,
with a capacity of about 1,300 MW, is located in the
northwest, in the province Punjab.

Hydropower prevails in terms of installed renewable
energy capacities (about 75%), followed by wind energy
(about 13%). The share of solar photovoltaics in 2023
was less than 9% and bioenergy accounted for about
3,1%. At the same time, the volume of electric power
generation by hydroelectric power plants in 2021 was
about 83% of the total of all renewable sources. The ma-
jority of wind power plants are concentrated in the
southern part of the country. Some of them have a capa-
city of more than 100 MW.

As already mentioned, Pakistan has tremendous potential
for renewable energy production, and in recent years
several policies have been adopted to realize this poten-
tial. Thus, according to the government's Alternative and
Renewable Energy Policy 2019, the country's goal is to
increase solar and wind power to 30% of Pakistan's total
electric capacity by 2030 [15]. In addition, the Indicative
Generation Capacity Expansion Plan 2021-2030, aimed
at large-scale hydropower development, calls for increas-
ing hydropower capacity to 14,353 MW by 2025, and to
23,035 MW by 2030, which would account for 45% of
total electricity generation capacity from all resources
[16].
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Education and Innovation The following chart shows Pakistan's positions in terms of
education and innovation:

Rating position

Sources:

1. The Global Innovation Index 2021, Rankings / Knowledge / World Intellectual Property Organization / Cornell University, INSEAD, and WIPO (2021):
Energizing the World with Innovation. Ithaca, Fontainebleau, and Geneva *132

2. Patent Grants 2011-2020, resident & abroad / Statistical country profiles / World Intellectual Property Organization *185

3.Patents in Force 2020 / Statistical country profiles / World Intellectual Property Organization *109

4. QS World University Rankings 2022 *97

5. SClmago Country Rankings (1996-2020) / Country rankings / SCImago, (n.d.). SIR-SCImago Journal & Country Rank [Portal]. Retrieved 17 Nov 2021 *240
6. Internet users in 2018 / The World Factbook / Central Intelligence Agency *229

7. Internet users in 2018 (% Population) / The World Factbook / Central Intelligence Agency *229

8. Government expenditure on education, total (% of GDP), 2019 / United Nations Educational, Scientific, and Cultural Organization (UNESCO) Institute for Statistics.
License: CCBY-4.0 / Data as of September 2021*177

9. Research and development expenditure (% of GDP), 2018 / UNESCO Institute for Statistics. License: CCBY-4.0 / Data *119

10. Scientific and technical journal articles, 2018 / National Science Foundation, Science and Engineering Indicators. License: CCBY-4.0 / Data *197

* Total number of countries participating in ranking

Figure 8. Indices of education and innovation in Pakistan

Six out of ten indexes describing Pakistan’s positioning this regard. Pakistan has the highest rankings in SCImago
in various international ranking lists related to education Country Rankings and Scientific and Technical Journal

and innovation are below the world average. Because of articles.
its large population, Pakistan is one of the world leaders
in the absolute number of Internet users, but if you look
at the number of users in proportion to the entire popu-
lation of the country, Pakistan is among the outsiders in
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Ecology and Environment Protection Indicators related to environmental issues are presented
in the following diagram:

position

Rating

Sources:
1. CO2 total emission by countries 2020 / European Commission / Joint Research Centre (JRC) / Emission Database for Global Atmospheric Research (EDGAR)*208
2. CO2 per capita emission 2020/European Commission/Joint Research Centre (JRC) / Emission Database for Global Atmospheric Research (EDGAR) *208
3. Forest area 2020 (% of land area) / The Global Forest Resources Assessment 2020 / Food and Agriculture Organization of the United Nations *234
4. Forest area change 2010-2020 (1000 ha/year) / The Global Forest Resources Assessment 2020 / Food and Agriculture Organization of the United Nations *234
5. The Environmental Performance Index (EPI) 2020 / Rankings / Yale Center for Environmental Law & Policy / Yale University *180
6. Annual freshwater withdrawals (m3 per capita), 2017 *179
Annual freshwater withdrawals, total (billion m3), 2017 - Food and Agriculture Organization, AQUASTAT data. /License: CC BY-4.0;
Population - United Nations, Department of Economic and Social Affairs, Population Division (2019).
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Figure 9. Environmental indices of Pakistan

Pakistan belongs to the group of countries with the larg- in Pakistan are quite high. In general, the environmental
est amount of carbon dioxide and methane emis- situation in the country requires significant improvement.
sions. These facts, as well as the country's small forest
area, are responsible for its low ranking in the Environ-
mental Performance Index (EPI). Pakistan is not included
in the Climate Change Performance Index 2022. Com-
pared to other countries, annual freshwater withdrawals
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