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Abstract-The research will discuss and explore the status and prospects of renewable energy sources (solar, wind, and biomass) in 

Pakistan. The future power demand, as well as the general growth in power consumption, were considered. The findings 

demonstrated that renewable energy sources like solar, wind, biomass, and hydro are the only remedies to tackle Pakistan's future 

energy challenges. Moreover, the potential energies of offshore wind, tide waves, ocean terminals, and geothermal need to be 

investigated and discovered. The geographical location of the region arrests 7 kWh/m2 solar insolation daily, which can produce 25 

MJ of energy. In addition, global irradiation on a horizontal surface can generate 2.4 MWh of energy per annum. Similarly, plains 

and mountain regions can generate 50,000 MW of electric power. Additionally, the importance of renewable energy in graduation 

and post-graduation programs and public awareness has been addressed. It has been concluded that due to the geographical 

location, solar energy is the short-term and best solution to deal with the energy crisis in Pakistan. 
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1. Introduction    

Global warming, rapid escalating energy demand, and depletion 

of fossil fuels are the challenging factors of the 21st century [1]. 

The prevailing scenario attracts scientists and engineers to look 

for alternate energy resources to fulfill the future energy 

requirements of the World [2,3]. Renewable energy such as 

wind, solar, and hydro are being studied extensively in many 

parts of the world [4-7]. 

Pakistan is experiencing a catastrophic power breakdown that 

lasts for 12 hours in cities and 18 hours in rural areas each day 

and is likely to get worse over time [8]. The country's overall 

economy is being damaged by the energy deficit. The prolonged 

power breakdown also affects the industrial sectors, where high-

cost energy is supplied for production [9]. Pakistan is not self-

sufficient in energy production [10]. The country's per capita 

energy consumption is 3894 kWh, while the global average per 

capita energy is recorded as 17620 kWh. The current growth rate 

is approximately 2%, and by 2050, it is anticipated to drop to 

less than 1%. In addition, the population is anticipated to exceed 

300 million. In 2020, the population was 210 million, and by 

2030, it is expected around 245 million [11,12]. According to 

Energy Year Book (EYB) for 2018-19, the annual growth rate 

of primary energy supply was 8.44 % in FY 2017-18 and -2.88 

% in FY 2018-19. Similarly, the annual growth rate of final 

energy consumption remained at 9.72 % and 0.005 % in FY 

2017-18 and FY 2018-19, respectively [11]. 

According to a recently released report by Global Data, the 

global distribution transformers market for national energy grids 

is anticipated to expand at a compound annual growth rate of 1.6 

percent, reaching $14.33 billion in 2022. Rapid urbanization, 

industrialization, and the provision of power to rural regions 

throughout the country contributed to a significant annual 

compound growth rate (ACGR) of a 10.9 percent rise in power 

demand from 2005 to 2010 [13]. The power demand in Pakistan 

has increased from 13,000 to 23835 MW as a consequence of a 

non-serious attitude toward the construction of new dams, 

alternative energy, research, and higher education programs in 

the energy field. Consequently, the supply-demand imbalance is 

widening day by day [14]. 2020). The other facts which increase 

the supply-demand gap are: 

a). Lack of investment in existing plants 

b). Outdated grids distribution system  

c). Electricity theft   
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d). Line losses 

Agriculture, commerce, and other sectors all have a 5.3 

percent, 5.86 percent, and 5.32 percent increase in electricity 

consumer demand, respectively [15].  

1.1 Geographical location   

Pakistan's latitudinal and longitudinal positions are 

30°23'21.84"E and 69°21'11.59"E, respectively. It spans from 

the Pamirs to the Arabian Sea, touching the Hindukush 

Mountains in the north. The country is approximately four times 

the size of the United Kingdom, with a total area of 796,095 sq 

km. The region stretches over 1,800 kilometers from Gwadar 

Bay in the south-eastern corner to the Khunjerab Pass on China's 

border. It has different landscapes such as a) the western 

offshoots of the Himalayas, which cover the northern and north-

western parts of the country and whose highest peak, K-2, rises 

to 8611 meters above sea level; b) the Balochistan plateau; c) 

the Potohar Plateau and salt range; and d) The Indus plain, the 

most fertile and densely populated area of the country. It gets its 

sustenance from the Indus River and its tributaries [16]. 

Pakistan has a great deal of diversity in terms of climate. Winters 

in the north and northwestern high mountain ranges are 

extremely cold, while the summer months of April to September 

are pleasant. In the summer, the plains of the Indus valley are 

scorching hot, while the winters are cold and dry. The climate 

on the southern coastal strip is moderate. The yearly average 

rainfall in the plains varies from 16 centimeters in northern areas 

of the lower Indus plain to 120 centimeters in the Himalayan 

region. Monsoonal rains come late in the summer. Humidity is 

relatively low due to the rain and wide diurnal temperature 

variation. The coastal strip is the only place with considerable 

humidity [17]. 

Pakistan holds the world’s best region for harvesting renewable 

energy sources like solar, wind, and biomass.  Solar, wind, and 

biomass are the most promising renewable energy sources in 

Pakistan. The findings demonstrate that solar energy is a more 

practical, cost-effective, and affordable option for Pakistan than 

other renewables such as wind energy. The solar energy costs 

0.17 US dollars/kW and wind energy costs 0.75 US dollars/ kW 

due to metrological factors variation during four months of the 

year. In the remaining eight months, the wind speed is neither 

feasible nor cost-effective.   

1.2 Electricity 

The installed power generation capacity of the country has reach 

37,402 MW in 2020 [18]. However, it fluctuates between 11640 

MW in summer and 17523 MW in winter due to weather and 

seasonal variations. Water reservoir levels increase due to rains, 

which increase the electricity generation. It is reported that in the 

last 10 years the consumption of electricity has increased by 

10.9% per year due to rapid urbanization, the extension of 

electricity to un-electrified rural areas throughout the country. 

Electricity demand is rising exponentially[19]. 

A modeled study forecasts net electricity demand to increase 

from 106 TWh in 2017-18 to 178 TWh by 2029-30, an increase 

of 72 TWh [20]. Pakistan's energy consumption is continually 

increasing, resulting in an annual supply-demand imbalance. 

The other fact involved in increasing the supply-demand gap is 

the lack of investment in old existing plants, outdated 

distribution and grids system, electricity theft, and line losses. 

These factors cause hourly energy losses of 19 Gw. 

1.3 Higher Education 

In Pakistan, 226 public and private institutions have been 

founded, with 20 engineering universities. There are 3224 

technical institutes in Pakistan, however, none of them offer 

degrees in renewable energy resources. The Universities are not 

playing their role in the development of local industries and 

projection of today's technology. Universities dedicated to 

science and technology are placed together in general 

universities. Students' interest in engineering (civil and 

electrical) and medicine is higher than in any other subjects, and 

renewable courses are neglected in all universities except 

Allama Iqbal Open University, where two subjects regarding 

renewable energy resources are offered on M.Phil and Ph.D. 

levels. There is only one renewable energy research group in 

Pakistan, and the co-author is the director of the group [21]. 

1.4 Renewable Energy in Pakistan 

Renewable energy technologies such as solar (solar power 

plants), wind energy (wind turbines), thermal energy, and even 

ocean waves have increased the world's electricity generation 

[22]. Using computer intelligence, people have evaluated the 

economic benefits of hydro and wind power generation systems 

[3,23,24,47]. In Pakistan, the daily solar insolation is recorded 5 

to 7 kWh/m2/day, which provides 18 to 25 MJ energy/day. 

Therefore, such insolation is considered best for solar energy in 

the world [25]. The overview of the renewable energy of 

Pakistan is provided in the Sub-section.  

1.4.1 Solar Energy  

 Pakistan is ideally positioned in the sunny belt of the world. It 

has lengthy daylight spans each day and strong insolation levels, 

making it ideal for solar energy technology. The daily mean 

global irradiation on a horizontal surface in Pakistan ranges from 

1900 to 2200 kWh/m2 [26]. This amount of irradiation is 

equivalent to 1500-3000 sunshine hours and can generate 1.9 - 

2.3 MWh of energy annually.  

1.4.2 Wind Energy 

Wind energy has a great potential in Pakistan's coastal districts 

(Balochistan and Sindh), which are considered God-gifted wind 

corridors [27-32]. The mountain areas KPK, Gilgit Baltistan, 

and Balochistan contain natural ventures for wind energy 

harvesting. Furthermore, many plain regions in Sindh and 

Punjab have high wind energy profiles. In these regions, wind 

energy can generate 50,000MW of electricity.   
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1.4.3 Hydro Energy  

Pakistan's fifth province is located in the country's northwestern 

region and has a lot of hydroelectric potentials. Micro-

hydropower (MHP) with a capacity of up to 300 kW has been 

installed in various regions. In the north, the potential of 

perpetual waterfalls is estimated to be 500 MW.  The people 

living in remote areas will get a great benefit from these sources.  

The 300 waterfalls in Punjab's canal network can generate 350 

MW of electricity. The power plant with a capacity of 3MW has 

been constructed on 228 "run of river type" sites in Khyber 

Parkton Khawa (KPK). The electricity generated by such power 

plants is used for lighting, and other domestic purposes such as 

flour mills, thrashing of maize, and cotton ginning. Punjab 

province has enough financial resources, but no real progress has 

been seen in small or large hydropower plants. Azad Jammu and 

Kashmir are endowed with abundant hydel potential, but they 

also didn’t show real progress. Despite this, they have just begun 

a 36MW project against a 5,329 MW target. The Kalabagh dam 

project was sanctioned in 1960 and was supposed to begin in 

1964 or 1967, but it has yet to begin owing to political concerns, 

as have other projects. 

1.4.4 Tide, wave, and ocean thermal energy 

From Sindh to Balochistan, Pakistan's coastline runs over 1100 

kilometers. The coastal population lives near the water. The 

greatest impediment to discovering Pakistan's potential is a lack 

of funds. In addition, the potential of tidal energy, wave energy, 

and energy from ocean thermal energy converters(OTEC) must 

be investigated in coastal areas. The maximum depth of the 

Arabian sea is approximately 4662 m, therefore, the feasibility 

of OTEC is expected.  

1.4.5 Geothermal Energy 

Three studies were conducted in Islamabad, however, none of 

them were effective due to the soil issue [26,33]. More research 

studies are needed to fully explore the geothermal energy 

potential [34].   

1.4.6 Biomass Energy 

The public has shown keen interest in biomass energy, which 

can be verified by their progress during the last 15 years. Almost 

three villages in Punjab Province are now reliant on Biomass, 

and this ingenuity is being passed on to the other community 

[28,35]. In Pakistan, the production of biomass has begun. 

However, before launching these Projects, the negative impacts 

on humans, agriculture, and the environment are not focused on. 

Environmental studies and public awareness of the negative 

consequences of biomass must be addressed. In Pakistan, there 

is a lot of potential for biofuels. A little study material is 

available regarding biofuels, and no significant production has 

started. In the coming days, biofuel is targeted as the future 

energy. 

 

 

1.5 Renewable Energy Trend in Pakistan: 

The public's interest in renewable energy has reportedly been 

increased during the last five years because the government 

gives incentives in the renewable energy industry. The 

government is committed to the country's continuing growth in 

the energy sector. Higher Education Commission (HEC), 

Pakistan Science Foundation (FSC), and Ministry of Sciences 

and Technology (MoST) have started funding alternate energy 

research projects.  The government also encouraged other 

countries to collaborate on studies in the field of renewable 

energy for power generation. Scientists, engineers, and 

researchers have declared Pakistan the best location for solar and 

wind energy harvesting. According to the research [36-41], 

commercial solar projects on a big scale are possible in most of 

the region. Before committing to the project, however, incidence 

angle, air mass, temperature, cell temperature, humidity, 

pollution, and dust must all be evaluated. One solar energy plant 

of 150 MW in Bahawalpur and one wind energy project of 50 

MW in Nandi Pur, Sindh, have been installed by the Punjab 

government. The project will beneficial for reducing carbon 

dioxide and the environment.   

This review looks at the possibilities, status, and availability of 

alternative energy in Pakistan for the public and private sectors. 

In addition, possible alternative energy resources are re-

evaluated. The main objective of the study is to inspire the 

government to do more efforts for exploring this sector, and to 

educate the masses about fossil fuels alternatives.  

2. Experimental Methodology 

A time slot of (1992 to 2013) was selected as a study period. 

Total as well as sector-wise electricity consumption, 

conventional energy such as hydro, fossil fuels, and nuclear 

energy resources, and solar insolation data were provided by the 

Pakistan Bureau of Statistics. The provided data was first 

tabulated and then statistically analyzed. The “origin” module 

was used to plot the number of consumers against stipulated time 

i.e., 1992 to 2013. The energy resources were analyzed for 

domestic, industrial, government, and agriculture sectors, and 

results were presented by pi-chart. The sector was energy 

consumptions and different energy resources were also 

presented by pi-chart. 

3. Results and Discussion   

The number of electricity users is depicted in Figure 1. 

Electricity shortages are projected in the future, based on 

existing trends. The energy demand is projected to achieve a 

level of 96.49 million TOE's by 2022 due to urbanization, 

industrialization, and domestic demand due to population 

increase. The per capita consumption stands at 3894 kWh as 

compared to the world average of 17620 kWh per capita, which 

shows that Pakistan's per capita consumption is less than one-

fifth of the world average and about 5% of OECD countries 

consumption [42]. 
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Figure 1 Electricity consumer’s growth in numbers 

 

The sector-wise consumption is depicted in Fig. 2. The annual 

increase in energy demand is 8 % to 12%. 

 

 

Figure 2 Sector-wise energy consumption in Pakistan (2013-

2014) 

 

In Pakistan, most of the primary energy resources are oil and 

natural gas. Hydropower is the country's main source of 

renewable energy, but the share of wind and solar energy is 

slowly increasing. The total renewable energy production has 

crossed the limit of 39934 kilo TOE. More than 40 million 

people are still deprived of electricity, and half of the population 

does not avail of clean cooking facilities [43]. Figure 3 

demonstrates that fossil fuels account for 87.7% of overall 

energy demand. 

 

 

Figure 3 Use of different energy resources in Pakistan 

 

Consequently, looking for clean and alternative energy sources 

to satisfy future energy demand is strongly advised. Alternative 

energy resources such as solar, biomass, and wind, which are 

environmentally benign and locally available, are chosen as the 

three most potential candidates for power generations.     

Based on solar radiation intensity, Pakistan is divided into four 

zones. The daily annual average mean radiations are given in 

Table 1. 

 

Table 1 Annual average means daily solar radiation in Pakistan 

S. 

No. 

Provence Solar 

Radiation 

kWh/m2 

Zone 

1 Balochistan 5.9 – 6.2   Zone – I 

2 Sindh 5.5 – 5.8  Zone – II 

 Khaber Pakhtoon 

Khawa (KPK) 

5.5 – 5.8  

3 Southern Punjab 5.5 – 5.8  

4 Central Punjab 5.1 – 5.4  Zone – III 

5 Coastal Belt of Sindh 5.1 – 5.4  

6 Gilgit Baltistan 4.7 – 5.0  Zone – IV 

7 Jammu & Kashmir  4.7 – 5.0  

 

The Balochistan province is rich in solar energy as shown in 

Table - 1. The annual mean sunshine duration in Balochistan is 

8 to 8.5 hours/day; these values are considered the highest in the 

world. The given data shows that it is an ideal condition for PV 

and other solar energy applications, which also help in 

improving the socio-economic conditions, life stander of the 

people living in rural areas, and reduction in the poverty level of 

the country.  
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The scientist and researchers have given their recommendations 

that the available solar energy in Pakistan has played a role to 

provide sufficient electricity to meet the domestic and industrial 

electricity requirements [44,46]. The weather and climate of 

Pakistan are in favor of PV use [46]. Solar PV technology may 

be used anywhere in the country. Solar PV efficiency would be 

reduced in some regions, such as those with high air 

temperatures, desert environments, and dust pollution. In urban 

areas, solar technology is utilized for telephone exchanges, 

emergency telephones on the highway, vaccine refrigeration, 

and hospital medications. Other applications include solar water 

pumps for drinking purposes, family parks, and streetlights. 

Recently, the construction of a 1500 MW solar thermal plant has 

been scheduled in Bahawalpur city of the Punjab province. The 

solar thermal plant reliability and efficiency depend on 

geographical location (latitude, longitude, and solar intensity), 

weather and climatic factors (temperature, wind, precipitation, 

humidity, rain, snow, etc.) environmental conditions (dust, 

pollution, etc), and the PV type used. Figure 4 depicts future of 

the renewable energy use in Pakistan. 

 

Figure 4 Future of renewable energy in Pakistan 

 

One of the possible solutions is to bridge the gap between supply 

and demand by increasing power production capacity. In the 

long term, power generation can be enhanced by hydel and 

thermal power plants. However, in the short term, renewable 

energy is the only remedy for present and future energy cries. 

The other way is to reduce power consumption by adopting 

efficient means of electricity usage at the consumer level. 

4.  Conclusions and Recommendations 

In Pakistan, the daily solar insolation is recorded 5 to 7 

kWh/m2/day, which provides 18 to 25 MJ energy/day. 

Therefore, such insolation is considered best for solar energy in 

the world. The daily mean global irradiation on a horizontal 

surface in Pakistan ranges from 1900 to 2200 kWh/m2. This 

amount of irradiation is equivalent to 1500-3000 sunshine hours 

and can generate 1.9 to 2.3 MWh of energy annually. The 

highlands of KPK, Gilgit Baltistan, and Balochistan provide 

wind corridors for wind energy harvesting. Furthermore, many 

plain regions in Sindh and Punjab have a high class of wind 

profile. In these regions, wind energy can generate 50,000MW 

of electricity.  

1. In addition, the potential of tidal energy, wave energy, and 

energy from ocean thermal energy converters (OTEC) must be 

investigated in coastal areas. The maximum depth of the Arabian 

sea is approximately 4662 m, therefore, the feasibility of OTEC 

is expected. 

2. Support and incentives for implementing renewable pilot 

projects, especially for individuals living in rural areas without 

access to grid electricity. 

3. The government should invest in research regarding renewable 

energy and how it could be used in Pakistan. 

4. Solar thermal collectors and hybrids natural gas geezers for hot 

water already installed in major cities require government 

assistance for maintenance.    

5. Renewable energy certification for short-term, graduate, and 

post-graduate students will produce manpower and will 

advocate the use of renewable energy. It would be beneficial to 

encourage and support energy-related research initiatives at the 

M.Phil/M.Sc and Ph.D. levels. It is necessary to create standards 

and criteria for the accreditation of standard, academic programs 

in many academic fields.  

6. Insensitive and funds should be provided by the government for 

installation of Solar System. 

7. Public awareness programs should be supported in this regard.    

8. The industry needs to be established to meet the future energy 

crises. 
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