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Abstract: To a great extent, Pakistan and Turkey rely on imported fossil fuels to meet their energy
demands. Pakistan is moving in the right direction, placing focus on renewable energy resources in
its current infrastructure in order to address the energy shortage. Several projects (e.g., wind power
and solar PV (photovoltaic) technologies) are operational or under development; they are intended
to reduce energy challenges in Pakistan. The new government in Pakistan aims to increase the share
of renewable energy in total power generation to 30% by 2030. On the other hand, Turkey surpasses
Pakistan in renewable energy resources; for example, there are 186 operational wind energy power
plants across the country. In addition, Turkey utilizes solar energy—mainly for residential usage.
Turkey’s Vision 2023 energy agenda aims to supply 30% of their power demands from modern
renewable energy resources. Turkey has implemented solar PV, solar buildings, wind power plants,
geothermal energy resources, and biomass technology for heating, cooling and electricity generation.
At present, Turkey’s supply to meet energy demands in the country is 56% fossil fuel energy resources
and 44% renewable energy, including hydropower. Accessible details reveal that geothermal energy
resources have been continuously neglected in Pakistan by the Ministry of Energy (power division);
this is in contrast to the Turkish case, in which utilization of geothermal energy resources for heating
and cooling purposes is efficient. With all the facts and figures under consideration, in this paper,
comparative analyses are performed which reveal that the production of electricity from geothermal
energy technologies is lower than the massive potential in both countries. Recommendations are
made for important policies to promote renewable energy technologies, which could effectively
support energy decentralization by providing electricity to rural areas and the national grid.

Keywords: renewable energy resources; renewable energy technologies; policy recommendation;
comparative analysis

1. Introduction

For energy security and availability, the supply of power is vital for a nation’s via-
bility in the contemporary world. Persistent exploitation of conventional fuels is likely
to contribute to multiple threats, including: reduction of conventional fuel assets, global
warming, ecological issues, geopolitical and armed disputes, sustainability and rising fuel
costs. These challenges point out an unsuitable condition. Alternative power technologies
offer a resolution for growing power demands in the world—especially in Pakistan and
Turkey [1]. Alternative energy technologies (e.g., solar, wind, hydroelectric, biomass, and
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wave/tidal energy) are limitless and ecofriendly [2]. The Kyoto protocol [3] has dealt with
the subject of climatic change since 1990 and aims to sustain CO2 production at a secure
level [4]. This is critical for the world as it faces the challenges of climatic change and rising
greenhouse gases.

Figure 1 demonstrates the predicted worldwide alternative power situation by 2040 ac-
cording to the European Renewable Energy Council (EREC) following the advanced inter-
national policies scenario (AIP). The assumptions of AIP include (1) the continuation of
efforts for the promotion of renewable energy projects, (2) an expectation of price hikes
for traditional energy resources, (3) implementation of the Kyoto protocol and (4) transfer
of substantial resources from industrialized to developing countries [5]. About half of the
international power contribution will be obtained from alternative energy technologies
by 2040 in accordance with the EREC. A noteworthy growth in the manufacturing of
alternative power technologies is observed between 2001 and 2040. These include pho-
tovoltaic (PV) (from 0.2 to 784 Mtoe (million-ton oil equivalent) and wind power (from
4.7 to 688 Mtoe). In addition, the contribution of biomass energy resources—at its high-
est in 2001(1080 Mtoe)—will show significant growth leading up to 2040 (reaching an
expected 3271 Mtoe). The contribution of alternative energy resources to overall electricity
production is 13.6% in 2001; it will reach 47.7% in 2040 [5].
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Figure 1. Global Different Alternative Energy Scenario in (Mtoe) 2001–2040 [5].

Both Turkey and Pakistan are actively pursuing the use of renewable energy technolo-
gies in their energy policies. The land area of Pakistan is 881,913 km2 with a population of
211.17 million [6]. Until 2019, electricity generation in Pakistan was 87.3 TWh [6]. Figure 2
shows the rise in installed capacity and energy generation from 2017 to 2019. Figure 2
shows a scenario in which Pakistan is facing a severe energy crisis that has affected all
sectors of the economy—especially in terms of the evolving energy mix. In this scenario, to
solve these problems, Pakistan is continuously implementing several renewable energy
projects to meet its dire power needs [7].
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Figure 2. Installed capacity and energy generation (Pakistan) [7].

Turkey has a land area of 783,356 km2 [8] with a population of 83.1 million people [1].
In terms of total electricity generation, Turkey produced 307 TWh in 2019. Pakistan
mainly depends on gas and oil for power generation. The facts [6] reveal that the role
of fossil fuels in Pakistan’s energy generation remains the largest (i.e., 62.1% resource
consumption in order to produce electricity in 2019). Hydro power plants produce 25.8%
of Pakistan’s energy, while nuclear power plants stand at 8.2% and renewable energy
technologies stand at 3.9%. According to observation, Turkey depends on coal (37%),
natural gas (19%), hydropower (29%) and renewable energy (15%) [1] to generate electricity.
Table 1 shows a comparison between Pakistan and Turkey in the aforementioned statistics.
We have also added renewable energy graphs [9] in Figure 3, providing the reader an
opportunity to learn about the situation in other countries. Figure 3a–d shows trends
from 2000 to 2019 for annual change in renewable energy generation (i.e., hydro, solar
and wind power). Figure 3e,f presents trends (2000–2019) for biofuel energy generation
and geothermal capacity in specific countries. Figure 3a–d shows China’s dominance in
terms of annual change in overall renewable energy generation, hydropower, solar and
wind power generation. The USA dominates other countries in terms of biofuel energy
generation and geothermal capacity (Figure 3e,f).
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Figure 3. Trends (2000–2019) for renewable energy generation in different countries [9]. Annual
change in (a) global renewable energy generation; (b) hydropower generation; (c) solar energy
generation (d) wind energy generation (e) biofuel generation and (f) geothermal energy capacity.
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Table 1. Comparison of Pakistan and Turkey.

S.No. Country Land Area (km2)
Population

(Million) (2019)
Electricity Generation

(2019) (TWh)
Share of Power Production

(2019)

1. Pakistan 881,913 211.17 87.3

62.1% (oil and gas)
25.8% (hydro power)
8.2% (nuclear power)

3.9% (renewable)

2. Turkey 783,356 83.1 307

37% (coal)
19% (natural gas)

29% (hydro power)
15% (renewable)

Considering the above discussion of renewable energy potentials for Pakistan, Turkey
and other advanced countries, as well as their trends of usage over time, there is a need
to discuss and propose suitable policies that can benefit both countries, address future
energy challenges and comply with their visions. This paper proposes important policy
recommendations—after discussing in detail comparisons of both countries in terms of
various factors, e.g., reliance on fossil fuels, population, CO2 emission per capita, interna-
tional funding received for clean renewable energy, and annual change in renewable energy
generation and associated energy categories. The proposed policy recommendations aim
to minimize losses in the energy sector, reduce greenhouse gases and relieve both countries
from dependence on imported energy. Moreover, they emphasize the governments’ role in
providing subsidies to private sector and development partners, and launching innovative,
feasible projects. The policy recommendations encourage the governments to accelerate
support of research and development, education, and public consciousness—along with
global collaboration to encourage foreign direct investment in their energy sectors. In
this regard, Section 2 highlights the advantages of renewable energy. Section 3 presents
a summary of each country’s reliance on fossil fuels. Section 4 highlights the renewable
energy development of both countries. Section 5 compares the power setup and renewable
energy potential in each country. Section 6 recommends important policies that could be
used to counter current energy demands. Section 7 concludes the paper.

2. Advantages of Renewable Energy

Renewable energy has many advantages, but, there are some downsides, as well.
Large increases in biomass energy production would probably require crops that are
harvested only for that purpose (energy generation). This could change the balance of
the agricultural market, leading to an increase in food prices. Research [10] has provided
evidence that biofuels worsen food security in developing countries. Renewable energy
resources (RERs) pose several challenges linked with their high penetration due to their
random nature, and as a result, they cannot provide prompt response to demand variations.
That’s why, energy storage systems (ESSs) are essential for the successful deployment
of renewable energy resources. ESSs assist to control the stochastic nature and correct
sudden deficiencies that occur with RERs. They also increase grid stability, reliability, and
efficiency due to the provision of services in power quality, e.g., connecting power and
providing facilities of energy management. However, ESSs involve huge costs [11]. The
problem of energy storage for renewable energy also raises the issue of intermittent power
supply [12]. The end user should experience some level of predictability with regard to
energy generation from solar and wind resources. There are times when renewable energy
resources generate more power than the national grid is able to handle. This creates issues;
for a national grid, if the demand is high, the supply needs to be high—and vice versa.
Therefore, the national grid should be able to solve intermittency issues. One solution
could be to subsidize renewable energy producers in order to prevent grid overloading
from intermittent sources (e.g., in cases of excess generation).
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There are a lot of benefits to using renewable resources over traditional fuels. Here are
some of the advantages of renewable energy [13]:

2.1. Environmental Benefits

The rise in the average annual temperature of the globe due to the greenhouse effect is
known as global warming. Through this effect, the earth utilizes some of the sun’s energy
in order to provide warmth and sustain life. Human actions (such as burning fossil fuels,
unnecessary smoke discharge from mills, and deforestation) have resulted in increased
levels of greenhouse gases—to which rising global temperatures can be attributed. At the
UN Conference on Climate Change conducted in Paris, 195 nations decided on a strategy
to decrease greenhouse emissions. They aimed to reduce the global temperature rise to
below 2 ◦C compared to the earth’s preindustrial climate—implying a future rise of less
than 1.4 ◦C, as the temperature had already risen by 0.6 ◦C by the end of 20th century) [14].

Pollution is among the biggest disadvantages of fossil fuels. The largest source of
pollution worldwide is fossil fuel burning for electricity generation, primarily in transport,
heating and industrial sectors (U.S. EPA 2016). According to WHO, the biggest global
health risks are carbon emissions and pollution. Approximately 3.7 million deaths occurred
due to ambient air pollution in 2012. A significant number (4.3 million deaths) occurred
due to residential air pollution in 2016. The effects of climatic change include increased
disease, infection, and death rates from excessive heat, flooding and increased frequency
of severe storms. Secondary effects include malnourishment, infectious diseases, diseases
caused by air pollution and mental illness due to social and political instability. Burning
fossil fuels also emit atmospheric pollution that can cause heart problems. The incidence
of these pollutants can be decreased by adopting renewable power, resulting in a safer
environment.

Fossil fuel-based energy generation also causes other types of pollution, e.g., land
degradation, water pollution, ocean acidification and emissions other than carbon
dioxide [15]. Fossil fuel exploration involves unearthing, processing and moving un-
derground deposits, which severely affects landscapes and ecosystems. This exploration
also involves the scraping and blasting away of forests and mountainous regions, which
may not recover even after operations cease. Furthermore, drilling, fracking and mining
operations generate waste water contaminated with heavy metals, radioactive materials,
and other pollutants that may mix with water resources—causing water pollution. Due to
fossil fuel burning, the acidity of the oceans is rising. This has led to a decrease in levels of
calcium carbonate, which are essential for the growth of countless marine organisms. Fossil
fuels also emit harmful air pollutants (including benzene and formaldehyde), causing
diseases such as childhood leukemia, blood disorders and cancer.

2.2. Economic Benefits

Renewable energy is less expensive and more economical than traditional energy
resources. Utilization of renewable sources can offer long-term savings as users can save on
maintenance and operational costs. Users do not have to be able to afford to refuel if they
use technologies that produce energy from the sun, from wind, from steam, or from other
completely natural procedures. Renewable energy systems also involve less maintenance
than typical fuel generators. This is due to the fact that renewable generation technology
(e.g., solar panels and wind power turbines) often has fewer moving components or does
not depend on flammable sources for operation.

According to statistics, renewable energy manufacturing will result in the creation of
hundreds of thousands of stable jobs. In the case of European countries such as the UK and
Germany, renewable energy measures have already been adopted, resulting in the creation
of thousands of jobs. From Figure 4, it can be noted that the number of jobs is increasing
annually owing to the use of renewable energy in electricity generation.
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2.3. Renewable Nature of Renewable Energy

Nonrenewable resources are characterized by their presence in a finite quantity on
earth. These resources do not regenerate after their harvesting and usage [17]. Therefore,
these resources are being depleted with the passage of time due to continuous use. These
resources can never be exploited in a sustainable fashion.

Renewable energy is considered unlimited—in the sense that these resources are
continually regenerated through natural processes [18]. The daily supply of solar energy
is theoretically sufficient to fulfill the energy demand of the human race for a whole
year. Renewable energy resources are considered limited only in the sense that their
availability changes across space and time. Every region of the world possesses particular
types of renewable energy resources. Though renewable energy resources replenish after
harvesting, their excessive use and inefficient management may degrade them, affecting
their renewable nature [17]. That’s why the qualified term “potentially renewable resources”
was introduced. Renewable energy resources—with appropriate management—may lead
to a sustainable future.

2.4. Reliable Source of Energy

Pakistan is heavily dependent on fossil fuels for energy generation [19] and our
national security is endangered by reliance on fossil fuels. Fossil fuels are unstable energy
resources as they are vulnerable to political inconsistency, trade disputes, wars and inflation.
This is more crucial than just our national energy policy; weather uncertainties in renewable
energy generation can be tackled through the wide distribution of solar and wind power
plants over a large geographical area. This would ensure that the power supply to an entire
region is not affected by weather disruptions in a specific area.

2.5. Reduction in the Cost of Renewable Energy Technologies

According to the IRENA (International Renewable Energy Agency) [20], the installa-
tion of renewable energy projects would cost less than even the cheapest fossil fuels. More
than 50% of the renewable energy capacity added in 2019 involved lower electricity costs
than coal-based power plants. New solar and wind projects are also offering lower costs
compared to the cheapest and least sustainable existing coal-fired plants. The generation
costs for onshore wind and solar PV have also dropped between 3% and 16% annually
since 2010 [20]. The same trend can be observed in wind energy in the USA. Wind tech-
nology in the USA is considered the best in the world. Wind energy technology is the
least expensive renewable resource—and its cost has also gone down over time, leading to
the manufacture of cost-effective wind power plants. Similarly, the cost of solar panels is
dropping over time.
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3. Reliance on Fossil Fuels
3.1. Turkey’s Reliance

Seventy-two percent (72%) of the total primary energy supply (oil, natural gas, coal)
is imported by Turkey, which is undoubtedly a huge burden on the Turkish financial
system [21]. Due to Turkey’s current 8% annual boost in power loads [21], there is a dire
need to enhance power production. According to studies, the major contributor to the
rise in demand is the industrial sector. Industrial sector power demands are anticipated
to reach 97–148 TWh due to the export of industrial goods and agricultural processed
goods to the European open market without any customs duty (until 2020) [22]. In order to
meet the requisite power supply and demand, Turkey’s 2023 vision [23] plans to deploy
alternative power technology resources to produce 160,000 GWh of electricity by 2023.
After accomplishing this goal, Turkey will be less reliant on conventional fuel and can do
away with the carbon tax [21]. The current percentage of fossil fuel used for transport in
Turkey is 40%.

3.2. Pakistan’s Reliance

Pakistan, on the other hand, is spending 60% of its capital on importing fossil fuels
—which is an immense load on its weak economy. Pakistan was heavily dependent on oil
to generate electricity until 2013–14—when the energy sector transferred from oil to gas to
generate electricity for the industrial, household, commercial and transport sectors. This
was due to price hikes on crude oil imports. In spite of this, Pakistan has not been capable
of fulfilling the power demand. This state of affairs largely affected the manufacturing
sector, resulting in export reduction and causing undesirable consequences on economic
growth. The total established capacity—in terms of conventional fuel, hydro power and
nuclear power plants—of electricity generation in Pakistan (up to July 2020) was 35,972 MW
with a production of 96,382 GWh [6,7]. This included the output from three energy plants
to the national grid (Nandipur Furnace Oil (425 MW), Chashnupp-III nuclear (340 MW)
and Bhiki gas (760 MW)). The new government in Pakistan aims to increase the share of
renewable energy in total power generation to 30% by 2030 [24]. The percentage share of
fossil fuel used for transport in Pakistan is 10%. Table 2 shows the reliance of both countries
on energy from imported fossil fuels.

Table 2. Comparison of Pakistan and Turkey in fossil fuels and renewable energy.

S.No. Country Fossil Fuel Import Renewable Energy Expected Increase in
Renewable Power Generation

Fossil Fuel Share for
Transport System

1. Pakistan 60% of its capital 3.9% of primary energy 30% share of renewable by 2030 10% of Fossil fuel
2. Turkey 72% of primary energy 15% of primary energy 30% share of renewable by 2023 40% of Fossil fuel

4. Renewable Energy Development

Geographically, Turkey is positioned in a perfect region, where modern renewable
energy technologies can be utilized effectively to cope with upcoming energy demands
in the country. Consumption in different sectors of Turkey is shown in Table 3. Turkey
can generate 160 TWh of power using renewable energy resources (i.e., wind power, solar
power, biomass, and geothermal energy technologies). That is twice the power genera-
tion produced in Turkey in 1996 [25]. Additionally, the Ministry of Energy and Natural
Resources (MENR) in Turkey aims to identify targets and policies linked to power and
natural resources in ways that serve the energy security goals of the country. Other bodies
for renewable energy technologies in Turkey include the General Directorate of Renewable
Energy (YEGM), which is responsible for policies and activities in renewable energy and
energy efficiency. TUBITAK MAM Energy Institute (EI) is another significant body with
the Energy Institute in Marmara, and works to contribute to global competitiveness and
the sustainable development of Turkey through advanced energy technologies and energy
conservation measures [26].



Sustainability 2021, 13, 3349 8 of 28

Table 3. Comparison of electricity consumption in different sectors of turkey [1].

Year Total Household Commercial Government Industrial Illumination Other

(GWh) (%)

2013 198,045 22.7 18.9 4.1 47.1 1.9 5.3
2014 207,375 22.3 19.2 3.9 47.2 1.9 5.5
2015 217,312 22.0 19.1 3.7 47.6 1.9 5.7
2016 231,204 22.2 18.8 3.9 46.9 1.8 6.4

On the other hand, Pakistan suffered from a severe energy crisis (a deficiency of
4000 MW) in 2008 and it was anticipated that power deficiency would rise to 8000 MW by
2010. This power shortage was expected to grow at the usual annual pace of 5.67% [27].
According to observations made in a 2018 review [28], Pakistan confronted a power shortfall
of 5201 MW in 2015. There has been load shedding in 14–18 h increments across the country
on a daily basis since 2011.

According to a report, Pakistan was generating 553.3 MW of electricity through mod-
ern renewable energy technologies in 2015–2016, all of which was added to the national
grid [28]. With the purpose of decreasing reliance on conventional fuels, the government of
Pakistan (GOP) has set up two subdivisions—Pakistan Council of Renewable Energy Tech-
nologies (PCRET) and Alternate Energy Development Board (AEDB)—for the deployment
of alternative energy technologies, particularly in the power sector. The PCRET assists
in research and development initiatives. AEDB aids in the development of renewable
energy policies and provides support for the deployment of renewable energy technologies
across Pakistan. AEDB argues that the plans under development will help to cope with
the prevailing power shortages across the country [14] by producing 9700 MW of energy
through renewable energy technologies and supplying 7874 off-grid rural communities
with power in distant areas. The Council of Common Interests (CCI) of the Government of
Pakistan, in August 2020, approved an alternative renewable energy policy. This policy
unleashed the full renewable energy potential of Pakistan. PCRET implemented small scale
projects to display their practicability and effectiveness across the country [29]. Some of
the pilot projects of renewable energy technologies which were effectively installed by the
PCRET include: wind turbines, solar desalination systems, biomass plants and solar water
heater projects. Table 4 summarizes the functions and measures of government bodies to
promote renewable energy development in Pakistan and Turkey.

Table 4. The functions and measures of government bodies to promote renewable energy development in Pakistan
and Turkey.

S.No. Government Bodies Functions Steps to Promote Renewable Energy
Projects

1. PCRET

� Decreasing reliance on conventional
fuel energy.
� Assisting GOP (government of
Pakistan) in the research and
development initiatives.

� Commenced and implemented small
scale projects to display its
practicability and effectiveness.
� Installation of wind turbines, solar
desalination systems, biomass plants
and solar water heater projects.

2. AEDB

� Decreasing reliance on the
conventional fuel energy.
� Development of renewable energy
policy providing support for the
deployment of renewable energy
technologies across Pakistan.

� Plans to develop renewable energy
project and cope with the prevailing.
power shortages across the country by
producing 9700 MW of energy.
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Table 4. Cont.

S.No. Government Bodies Functions Steps to Promote Renewable Energy
Projects

3. MENR [30]

� Aims to identify targets and policies
linked to power and natural resources
to serve the energy security goals of the
country.

� Striving to improve the whole
capacity of renewables to 61,000 MW
by 2023.

4. YEGM

� Executes all sustainable
energy-related work, including
educational activities.
� Energy efficiency performance
indicators, standards, product
performance testing activities.

� Implementing, monitoring and
coordinating all energy efficiency
activities and studies in relevant
institutions across the country.

5. TUBITAK MAM Energy
Institute [31]

� Aims to be a leading and competent
research center conducting applied
research and development projects in
energy technologies.
� Performs research and development
activities with two teams: one in Gebze
and one in Ankara.

� It aims to lead the development of
energy technologies domestically in
parallel with Turkey’s development
goals for 2023 and to develop projects
for these goals.

According to a report by the government of Pakistan [32], 438 MW of renewable power
plants (installed in different regions of the country) provided 802 GWh of electricity during
the year 2014–15. Table 5 shows renewable energy projects of Pakistan with capacity and
power generation [32].

Table 5. Renewable energy projects with capacity and power generation [32].

S.No.
(Serial Number) Renewable Energy Project Capacity (MW) Power Generation (GWh)

1. FFC Energy Ltd. Sindh 50 139
2. Zorlu Energy Sindh 56 156
3. TGF Wind Farm Pvt. Ltd. Sindh 50 80
4. Foundation Wind Energy–I Sindh 50 56
5. Foundation Wind Energy-II Sindh 50 26
6. Bagasse Co-generation, Jamaldin Wali (JDW)-II Punjab 26 163
7. Jamaldin Wali (JDW)-III Sindh 26 124
8. Rahim Yar Khan (RYK) Mills Ltd. Punjab 30 32

The new government in Pakistan plans to increase the share of renewable energy in
total power generation to 30% by 2030—specifically referring to power from wind, solar,
small hydro plants and biomass [24]. The share of coal remained in single digit percentages
over the last two decades. However, FY2018 (fiscal year 2018) recorded a high output of
12.7 percent coal consumption in the energy mix. Likewise, the share of renewables was
recorded at 0.3 percent in FY2015, which was steadily increased to 1.1 percent in FY2018 [6].

The following section briefly talks about the prospects of renewable energy technology
and their existing position in Turkey and Pakistan. It also argues about other developments
of renewable energy technologies which are under development.

4.1. Hydro Power Plant in Pakistan

Through hydel (hydro) power plants, the national grid was provided with 24,544 GWh
of generated electricity, according to the GOP economic survey [32]. The total established
capacity of hydropower plants was 7407 MW, which was connected to the national grid in
2018. Information from the Alternative Energy Development Board in 2012 [14] disclosed
that the established power capacity was inadequate compared to the national power
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demand. A study [33] recommended potential areas of Pakistan with expected potential of
60,000 MW of energy. Figure 5 shows the area-wise operational & identified hydel power
resources [34] in Pakistan.Sustainability 2021, 13, x FOR PEER REVIEW 10 of 27 
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Hydropower has the lowest life-cycle cost among power generation technologies.
Hydropower is a potential life-saver for Pakistan, yet its development was hampered for
decades. Hence, only 15 per cent of Pakistan’s over 60,000 MW hydropower potential
has been developed over the past 70 years. Water and Power Development Authority
(WAPDA) produced the highest ever hydel electricity in 2019–20, with an increase of
20 percent compared to the previous year. The hydro share in total electricity generation
increased in FY2020 (27,270 GWh) as compared to FY2019 (24,931 GWh), according to a
GOP economic survey performed in 2019–20. This is encouraging—that initiatives were
taken by the ministry of planning and development to invest in the hydro power sector. In
this regard, the potential increase in massive hydel capacity is taking place with the Kohala
Hydropower project and the building of the Dasu, Mohmand and Diamir Bhasha dams.
The total established power of hydro plants was 9389 MW, which was connected to the
national grid in 2019.

4.2. Small Hydropower Projects

Apart from large hydro, definite prospects to develop small/mini/micro hydro power
projects are evident. Small hydropower is counted as one of the most remunerative
options to generate electricity. Provincial governments usually manage small hydropower
project development. AKRSP (Agha Khan Rural Support Program) has been working in
collaboration with AEDB. More than 103 micro-hydro power plants in the northern areas of
Pakistan (including the Chitral and Gilgit regions) are under development and 307 projects
have been completed in 11 districts of KPK (Khyber Pakhtunkhwa) province [35]. The
Pakistan Council of Renewable Energy Technologies (PCRET) installed 228 river-type hydel
plants—each generating 3 MW in the northwestern region of Pakistan [31,36,37].

The Ministry of Power reviewed many other mini-hydel power plant projects of
187 MW capacity, and feasibility reports of these projects are under consideration [38].
In addition, the provincial government of KPK is working on six micro-hydel projects
with capacities of 118 MW and the provincial government of Punjab is working on four
micro-hydro projects of 20 MW capacity. Due to their vast experience in hydropower
projects, these projects are expected to be completed in time [28,39].

The Pakistan Council of Renewable Energy Technology (PCRET), Sarhad Rural Sup-
port Program (SRSP), Alternative Energy Development Board (AEDB), Pakistan Council for
Appropriate Technologies (PCAT) and Pakhtunkhwa Energy Development Organization
(PEDO), with the support of the Pakistan Renewable Energy Society (PRES), has installed



Sustainability 2021, 13, 3349 11 of 28

1100 SHPPs (small hydropower promotion projects) with a total capacity of 42.507 MW.
This fulfills the electrical energy demand of approximately 0.7 million people in Pakistan.
PEDO is also working on SHPPs that will provide 2156 MW of electric power by the end
of 2020 [40]. Figure 5 shows the amount of electric power produced from hydropower
resources in various regions of the country. Pakistan has tremendous hydel potential;
however, only 15% of the potential has been utilized to date [34]. The remaining untapped
potential, if properly exploited, could effectively meet Pakistan’s ever-increasing demand
for electricity in a cost-effective way.

4.3. Solar Photovoltaic (PV) Technology

Sunshine remains for 8–9 h each day in Pakistan, especially in the province of Balochis-
tan, which is the most favorable and appropriate place for the deployment of solar energy
technology to overcome the current shortage of electricity [41].

Pakistan installed a solar power grid in Islamabad (with the support of Japan Interna-
tional Cooperation Agency) to produce 356.16 KW of power through a photovoltaic solar
system. Excess power will be put up for sale to the Islamabad Electric supply company
(IESCO) [42]. AEDB-installed solar PV systems in 601 houses in 2004–2005 at multiple
localities of the country—exceeding its goal of 400 residences [43]. An additional landmark,
in this regard, is the deployment of a photovoltaic system with a capacity of 2 MW on the
Pakistan National Assembly building [44]. This system meets the building’s own power
prerequisites and transmits surplus electricity to the grid [28]. At present, a 1000 MW solar
PV power plant is under construction in Bahawalpur, Pakistan by Quaid-e-Azam Solar
Power (Pvt.) Ltd. (Lahore, Pakistan) [45].

AEDB is pursuing 22 solar PV power projects with a cumulative capacity of ap-
proximately 890.80 MW. Six solar power projects (of 430 MW cumulative capacity) are
operational at Quaid-e-Azam Solar Park–Bahawalpur, Pind Dadan Khan and Sahiwal.
Twelve solar PV power projects (of 419 MW cumulative capacity) obtained LOI (Letter of
Intent) from AEDB and are at different stages of project development [46].

The World Bank, in collaboration with the Alternative Energy Development Board
(AEDB) in 2017, established a series of new solar maps for Pakistan to encourage the
efforts speeding up the development of renewable energy in Pakistan. As a result, Pakistan
became the first country to utilize the validated solar maps under a global initiative
on renewable energy resource mapping conducted by the Energy Sector Management
Assistance Program (ESMAP), a multi-donor trust fund governed by the World Bank.

4.4. Biomass Plants in Pakistan

62% of people in Pakistan reside in rural areas, which comprise the largest portion of
the country’s residents with scarce/no energy resources. The study [47] also emphasizes
biomass power as a way to address energy deficiencies in Pakistan. The research [48]
argues that an average biomass-using household consumes 2325 kg of firewood (or 1480 kg
of dung or 1160 kg of crop residues) per annum, which is essential for cooking, heating, and
other residential purposes. According to another study [49], Pakistan possesses 62 million
animals (with an annual increase rate of 8%). Dung averages approximately 10 kg/animal
each day, meaning that as much as 620 million kg of animal dung drop every day. One kg of
animal dung at 15 ◦C produces 0.19 m3 of biogas. This doubles at 27 ◦C [48]. This denotes
that, at the annual mean temperature of Pakistan (25.8 ◦C), 1 m3 gas/day can be produced
through 20 Kg wet dung [50]. Approximately 23.25 million m3/day of biogas production
is possible per these calculations. According to research conducted by Meena et al. [51]
on the lighting of 100 candle-power lamps, 0.127 m3 of gas is needed; to power a 1 KW
generator, 0.57 m3/h of gas is required.

Agricultural remains are another major opportunity—to use the agricultural wealth of
Pakistan to generate electricity through biomass energy [52] e.g., rice straw, bagasse or sugar
cane. While there are about 80 sugar mills in the country (or 3000 MW energy production
capacity), only 700 MW of production has been accessed so far. The Director General of
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Renewable Energy Resources (DGN-RER) [53] installed 4137 biogas units throughout the
country by 1987. These improved with the passage of time. Observation in the report [54]
showed that 5357 biogas units were installed all over the country, with the capability to
generate 3–15 m3 of biogas daily.

In Karachi in Sindh province, at Landhi cattle colony, AEDB worked on a 30 MW
biogas project. In Punjab province, at Shakarganj mill (Jhang), an 8.25 MW biogas plant
production project was developed [55]. Both of the projects were completed success-
fully [56,57]. AEDB—with the cooperation of M/s Eco-Friendly Fuels Pvt. Ltd.—has
inaugurated a pioneer commercial biodiesel plant at Karachi, yielding an annual capacity
of 18,000 tons [58,59]. Pakistan Amraas International Pvt. Ltd.—with A-Power Energy Gen-
eration System Ltd. and Shenyang Power Group [60]—has worked to build two biomass
power plants of 25 MW capacity to meet its own energy needs since 2011.

4.5. Wind Power Plants in Pakistan

AEDB is engaged in the development of 40 wind power projects of cumulative capacity
of approximately 2010.2 MW. Twenty-Four (24) wind power projects (of 1235.20 MW
cumulative capacity) are operational and currently supplying electricity to the national
grid. The government of Pakistan financed twelve wind power projects (of 610 MW
cumulative capacity) and their construction is in progress. Research [41] into the monthly
average speed of wind in the four provincial capitals of Pakistan has shown that the
lowest and highest wind speeds in Karachi (Sindh province) were 2.75 m/s and 6.7 m/s,
respectively. In Quetta (Baluchistan province), the measurements were 2.5 m/s to 4.4 m/s,
respectively. Thus, these capitals were declared the perfect sites for the establishment
of wind energy plants. The first wind power plant (five wind turbines) was established
in Jhimpir (Sindh province) to generate 6 MW clean energy with the help of a Turkish
company (Zorlu Enerji) in 2008 [14]. Zorlu Enerji was anticipated to provide more wind
turbines in order to generate 200 MW by the end of 2018 [61]. As reported in the Pakistan
energy year book [43], 100 micro wind turbines have been installed to provide electricity to
467 houses across Pakistan. AEDB has also installed 40 wind turbines in Karachi (Sindh
province) with 10 MW power. According to AEDB and various universities in Baluchistan
province, research and development is underway on 500 watt wind energy generation
turbines, as well. PCRET set up 26 micro-units of 500 watt wind power plants at Gul
Muhammad Village of Sindh province [38]. Fauji Fertilizer Company (FFC) Energy Ltd.
installed 50 MW wind power plants in 2013 and 2014. Other wind power projects (of
663 MW) in the Jhampir and Gharo regions of Sindh province are also operational [28].

4.6. Geothermal Energy in Pakistan

Pakistan has a great potential and could produce 100,000 MW of energy through
geothermal power [62]. The energy derived from the heat of the earth’s core is defined as
geothermal energy, and is clean, abundant, and reliable [63]. An investigation [64] eval-
uated the tectonic and geologic facial appearance with outside symptoms of geothermal
movement in Pakistan to clarify the potential qualities of the region for study of geothermal
force. Likewise, research [65] gave an overview on the potential geothermal areas of Pak-
istan and argued—by providing details of the Himalayan collision zone—that Murtazabad
(Gilgit Baltistan-GB), Karachi and Dadu (Sindh province) were the most suitable ones.
According to research conducted in Murtazabad (GB) [66], the surface temperature was
noted as 40–94 ◦C. Moreover, water samples were collected and—after isotopic analysis—it
was determined that the origin of the thermal water was meteoric. This serves as proof
that the region is most suitable for geothermal power production. Amraas Pvt. Ltd. and
Shenyang Power Group (SPG) were reportedly working jointly on a geothermal project in
Pakistan to supply power by exploiting this resource [55,60].
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4.7. Hydro Power in Turkey

In 2015, 25.6% of hydel renewable energy was used in generating a total of 17,024 GWh
of electricity in Turkey [1]. In 2018, electrical energy generated by hydroelectricity plants
was 59,900 GWh. By the end of August 2019, electrical energy generated by hydroelectricity
plants reached 88,440 GWh.

By the end of 2018, 653 operational hydroelectricity power plants (a total of 28,291 MW)
had a 31.9% share in Turkey’s total installed capacity. By the end of August 2019, hydro-
electricity installed capacity reached 28,437 MW [67]. It was further observed that the
total yearly production estimation in these projects was 9933 GWh (as reported in the
study) [68,69]. These projects are still under different stages of commission and will
significantly reduce Turkish dependence on fossil fuel imports.

4.8. Solar Power in Turkey

The Anatolian region and Mediterranean locations in Turkey are ideal locations to
produce electricity through solar technology as the standard solar emission in Turkey is
309.6 cals/cm2 day with the average sunshine duration estimated at 7.2 h [70–72]. In 2008,
Turkey exploited 0.4 Mtoe of solar energy through solar collection for heating purposes
in residential and industrial sectors [21]. In 1996, Turkey adopted a unique concept: solar
power-enabled houses. These solar power-driven houses were designed to meet electricity
requirements, e.g., lighting, heating, cooling, and ventilation. Solar energy has mostly been
used for the purpose of heating the water in which solar collectors are placed on rooftops.

4.9. Biomass Power in Turkey

Until 1998, for energy production through biomass technology [73,74], 5512 ktoe
(kilotons of oil equivalent) of firewood and 1533 ktoe of plant and animal waste was
utilized in Turkey each year. This biomass energy resource met the necessities of 40% of the
residential regions of Turkey for heating and cooking. The annual biomass energy potential
of Turkey is estimated to be 32 Mtoe and can produce 372,000 GWh of power [75]. On the
other hand, two biomass power projects in Ankara and Adana with estimated production
rates of 77 and 260 GWh, respectively, have been planned [74]. Biomass energy resources
are mainly based on wheat straw, cocoon shell, grain dust, crop residues and fruit tree
residues in Turkey [76].

4.10. Wind Power in Turkey

Turkey has an ideal geographical location for wind power; the Black Sea lies in the
north, the Aegean region of the Mediterranean Sea lies in the south, and Marmara is
located in the west region of the country. To generate 160 KWh of electricity per annum,
the coastal line of Turkey can be utilized effectively—as it is 8500 km long [77,78]. In an
investigation [79] done, wind speed and potential wind power regions were discussed. The
resulting data showed 3–4 m/s wind speed in the northwestern, Eastern Mediterranean
Sea, southeastern and northeastern regions of the country. In addition, wind potential
areas were recognized and measured in some parts of the country (i.e., 50–200 W/m2).

Turkey’s first wind power plant commenced operation in 1998. It had a capability
of 1.5 MW and over time, its total capacity improved to 730 MW by the year 2009 [80].
Presently, 158 wind power plants are operational across Turkey with a total 6484 MW
capacity. Several other wind power plants are under development [81].

4.11. Geothermal Power in Turkey

Turkey has plenty of geothermal energy resources, as it lies in the Alpine–Himalayan
orogenic belt [74]. In 1960, several studies were conducted in numerous research institu-
tions across Turkey, and work on the exploration of geothermal energy was initiated in the
same era. Around 140 geothermal fields were explored (with 40 ◦C temperatures) across
the country, and it was anticipated that, through this geothermal field, 35% of Turkey’s
urban and rural areas could conveniently and economically be heated [74]. The Kizildere
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geothermal plant, located in Denizli in western Anatolia, has a capacity of 20.4 MW elec-
tricity production. In 2008, Turkey was utilizing 0.9 Mtoe geothermal energy for heating
purposes in residential areas, which corresponds to 1509 MW of heat generated through
geothermal power. Thus, Turkey emerged as a pioneer in the world for the direct use of
geothermal heat [21] and was among one of the five leading countries utilizing geothermal
power openly for heating purposes [82,83].

5. Comparative Analyses
5.1. Pakistan’s Scenario
5.1.1. Power Sector of Pakistan

Since 1947, Pakistan’s energy infrastructure has passed through many phases [84].
The generation capacity in the housing, commercial and industrial sectors has increased
massively—but it is still not comparable to the energy demand. T&D (transmission and
distribution) has lagged equally behind. Pakistan’s energy sector is controlled by either
government bodies or private institutions (directly or indirectly). Most power consumption
comes from the domestic sector (44.90%), followed by industrial (29.45%), commercial
(7.72%), agricultural (8.04%) and others (9.88%) [7]. Furthermore, there has been a 1.4 per-
cent and 7.1 percent reduction in power consumption in the government and agricultural
sectors, respectively. Oil, coal, gas, LPG (liquefied petroleum gas), nuclear and hydropower
are the main sources of energy. These resources are used to generate electricity, as shown
in Figure 6. Thermal electricity has the largest share in power generation [85].
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5.1.2. Energy Supply and Demand

Accordingly, the National Transmission and Dispatch Company (NTDC) has esti-
mated that power generation capacity will have to be increased to about 62,000 MW by
2040 [86]. The gap between supply and demand is rapidly growing. As in other developing
nations, oil and natural gas resources are rapidly depleting, leaving only 10 and 19 years,
respectively. The abundant national reserves of coal have not been fully exploited in the
country’s power supply matrix. The country’s energy deficiency is expanding, negatively
affecting economic development. Gross domestic product (GDP) is a monetary indica-
tor of the market rate of all final (quarterly or annually) produced goods in a time span.
Calculations of GDP are used to evaluate an entire region’s economic performance.
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5.1.3. Renewable Energy Scenario in Pakistan

The available renewable power resources in Pakistan are sufficient to meet global
energy requirements [38]. Utilization of these resources can ensure a sustainable long
term power supply and lessen pollutants. Consequently, measures should be taken to
discover and strengthen sustainable power sources, in order to reduce the gap between
energy supply and energy demand. Promotion and utilization of renewable sources will
produce job opportunities, (e.g., manufacturing components of windmills, tourism) as
an outcome of the advancement of solar and wind farms. To some degree, the electrical
power shortage can be resolved by using the nation’s capacities for wind and solar power.
Figure 7 represents Pakistan’s technological ability for various renewable energy generation
sources (MSW (municipal solid waste) [87], centralized (CNT) and decentralized (DCNT)
systems [88]). Pakistan’s renewable energy potential is around 167.7 GW—seven times
greater than the total national electricity demand of 25 GW [6].
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Fifty million people in Pakistan do not have electricity [89]. Nearly 6500 MW of
electricity deficit in Pakistan was noted in 2015 [90]. Currently, load shedding of up to
8 h per day is a prevalent custom, experienced by people in rural regions with even
worse circumstances.

5.1.4. Power Generation Policy

In 2015, the GOP announced a power production policy, providing improved rewards
and streamlined handling to shareholders in an attempt to close the demand and supply
gap, using renewable assets for the cheap production of electricity for socioeconomic
advantages [91]. The goal of the strategy was to produce power at the lowest possible price,
using indigenous funds with environmental protection. The strategy offered maximum
exploitation of native, inexpensive and clean resources of renewable energy especially
raw Site hydropower and run-of-river hydro projects. The GOP promoted the Public
Private Partnership (PPP) by providing companies with opportunities to set up PPP energy
initiatives in line with relevant legislation. It is essential now to implement fresh energy
strategies, in view of previous events, concentrating on the depletion of existing fossil
energy assets, and discussing environmental issues and availability.

5.1.5. Energy Potential of Pakistan
Wind Energy

The main advantage of wind power in Pakistan is that it is abundantly accessible,
particularly in the southern areas of Sindh and Baluchistan, with an approximate wind
speed of 7 m/s at a height of 50 m. Potential sites along the 9700 km2 coastal storm-prone
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areas are in Sindh. The wind potential of Pakistan’s coastal belt is 43 GW, whereas only
11 GW is exploitable, as a result of land use restrictions [92].

Solar Energy

Pakistan is situated in an area of high solar activity, receiving 5 to 7 kWh/m2 per
day [93]. The barren areas of Sindh, Punjab and Baluchistan have the capacity for solar
power growth. According to estimations, the sun shines for around 8.5 h per day in
Baluchistan, giving 20 MJ/m2 daily solar radiation. The National Renewable Energy
Laboratory (USA), in collaboration with USAID (United States Agency for International
Development), reports complete solar energy potential in Pakistan as 2.9 TW.

Bio Energy

As an agricultural country, Pakistan has an enormous capacity for biomass production.
It might be possible to achieve rural electrification and use biogas for cooking equipment—if
correctly utilized. Pakistan has 12 to 16 million m3 of daily biogas capacity. The produc-
tion of approximately 81 million tons per annum of biomass has enormous capacity to
generate enough bioenergy using various techniques, e.g., combustion, pyrolysis, and
gasification [94].

Hydropower Energy

Enormous hydro power capacity is Pakistan’s greatest strength in the renewable
energy industry. Pakistan has nearly 100 GW of hydropower potential [95] and only 7.116
GW (28.67% of the complete power mix) has been utilized. The aim of WAPDA is to raise
it to 16 GW by 2025.

Geothermal Energy

Pakistan’s capacity for geothermal energy is also among the nation’s greatest strengths
in the renewable energy sector [96]. In Pakistan, geothermal energy—mud volcanoes,
geysers and hot springs—is readily accessible. Geothermal power enriches Karachi, Hyder-
abad and the northern regions.

5.2. Turkey’s Scenario
5.2.1. Turkey’s Economy

Since 2010, the Turkish economy has expanded quickly, and there has been a corre-
sponding increase in the need for energy. Figure 8 shows the increase in Turkey’s GDP
between 1990 and 2018. Energy consumption in Turkey rose sharply by an estimated 5.7
percent per year—in comparison to the general decrease in Europe. As a developing nation,
Turkey’s energy demand has risen quickly, owing to its rapidly expanding population and
economy [97]. For instance, the complete primary energy consumption recorded in 1996
was 71 million Mtoe; it increased to 120 Mtoe in 2013, and complete energy production that
year was 32 Mtoe. The annual energy generation of Turkey amounts to only 35,374 kilotons
of oil (ktoe), while the energy consumption in 2016 was 136,230 ktoe [98]. Turkey’s parity
of purchasing power to gross domestic product was projected at USD $1576 trillion in 2015.

5.2.2. Turkey Energy Policy

The energy policies of Turkey are focused on energy security, renewable energy assets,
use of national energy resources to generate added importance for the economy, energy
sector liberalization and power efficiency. It is projected that energy needs will rise by about
4–6 percent per year until 2023. The Turkish state has set a goal—raise the proportional
share of alternative energies in the complete operational energy of the country to 30% by
2023 [29].
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Hydropower

Turkey has 1% of the world’s electricity capacity, and 16% of that of Europe. Turkey
has 433 GW of total gross hydroelectric capacity with 125 GW of economically feasible
capacity out of gross potential; the technically and economically feasible capacities are 50%
and 28%, respectively [100].

Bioenergy

Turkey has a huge capacity for producing bioenergy. Based on the recoverable energy
capacity from agrarian and timber handling residues, the complete annual recoverable
bioenergy capacity in Turkey was projected at around 32 Mtoe [101]. The possibility for
biogas manufacturing in Turkey was projected at approximately 1.5 to 2 Mtoe [102].

Geothermal Energy

Turkey has considerable geothermal energy capacity and there may be around 4500 MW
for electricity generation [103].

Solar Energy

Turkey has an estimated insulation period of 7.5 h/day and a solar radiation rate of
1527 kWh/year/m2 [104]. The only ground region accessible for PV panels is 611 km2;
the energy yield of this region would be 90 billion KWh/yr. Additionally, it has been
determined that the total land area in Turkey with an irradiation rate of more than
1650 KWh per m2 is around 4600 m2, which means the solar power capacity is equiva-
lent to a 54,300 MW natural gas plant.

Wind Power Energy

Bounded to the north by the Black Sea, to the west by the Sea of Marmara and the
Aegean Sea, and to the south by the Mediterranean Sea, Turkey has enormous capacity for
generating wind power. Turkey has a theoretical capacity of almost 90,000 MW of wind
power [105]. It is projected that, with a destination capability of 20,000 megawatts, Turkey
could satisfy 20 percent of its electricity supply from wind power, assuming an 8% average
annual increase in power usage [5].

In order to fulfill the energy demand of both countries, Figure 9 draws a comparison
between the total electricity generation of Turkey and Pakistan (in GWh) from 2011 to
2020. In Turkey, production of electricity during 2011–12 was 229,395 GWh, which rose
considerably to 261,783 GWh in 2015–16. On the other hand, the production of electricity in
Pakistan was 95,366 GWh in 2011–12, and reached 108,408 GWh in 2015–16 as an attempt
to address the critical energy crisis in the country. It did not generate the total requisite
energy, but helped in meeting some of the energy needs.
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Figure 10 points to the facts [1,32] supplying the actual power production scenario
in GWh by utilizing modern renewable energy resources. Furthermore, it is observed
in the case of Pakistan that there are a variety of projects related to modern renewable
energy technologies under implementation—as well as a few that commenced operation in
2018. It is thought that these renewable energy projects will facilitate the country’s ability
to address its dire power crisis. It is also believed that there will be great benefits to the
economy of Pakistan with the gradual implementation of these renewable energy projects.
In addition, with the adoption of a rigorous policy of renewable energy technologies, the
country is believed to minimize its dependence on imported fossil fuels (already a huge
burden on the economy).
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Figure 10. Comparison of total electricity generation through renewable hydro power plants in
Turkey and Pakistan (2010–2019) [1,6,106].

Figure 11 shows a comparison between Turkey and Pakistan’s CO2 emissions per
capita and international finance received for clean energy. Pakistan has lower CO2 emis-
sions per capita than Turkey, while Turkey’s share of electricity from renewable energy is
greater. Figure 11a,b depicts the rise of international funding in Pakistan and Turkey from
2008 to 2016, and compares those data to before 2008. Pakistan and Turkey received the
highest amount of clean energy funding in 2015 and 2016, respectively. The comparison
of Pakistan and Turkey in terms of annual change in renewable energy generation and
associated subcategories is shown in Figure 12. Figure 12a shows fluctuations of the annual
change in renewable energy generation. The highest annual changes were observed in
2013 and 2019, respectively, for Pakistan and Turkey. The same behavior was observed for
hydropower generation, with the highest annual changes in 2013 and 2019, respectively,
for Pakistan and Turkey (Figure 12b). In the case of solar and wind energy generation
(Figure 12c,d), Turkey has outperformed Pakistan, with highest annual changes in 2018
and 2016, respectively, for solar and wind energy.
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Another very interesting observation is that Turkey and Pakistan have great potential
for geothermal energy resources, which can effectively be utilized for the generation of
electricity. Geothermal energy has unfortunately been neglected for electricity production
by both countries. A Kenyan case could prove to be a good example for Turkey and
Pakistan in terms of geothermal power utilization. Kenya is considered to be the global
leader in using geothermal energy for electricity generation.

From an energy security perspective, conservation of energy is an obligation for the
two countries. Both Turkey and Pakistan should diversify their energy supplies by focusing
on renewable energy technologies. They should also consider different possible methods
of power supply, rather than relying on conventional fuels. In today’s competitive social
and political environment, energy security holds paramount significance. Dependence on
the import of fossil fuels can lead to great threats to the national security and sovereignty
of Turkey and Pakistan from an energy security perspective. So, renewable power tech-
nologies are demonstrably the best option for the two countries to sustain and protect their
social and economic interests.

6. Energy Policy Recommendation

After analyzing the current status of the utilization of renewable energy resources
in both countries and comparing their energy generation, we concluded that there are
great potential renewable energy resources in both countries. In order to increase reliability
and sustainability in renewable energy technologies, energy storage technologies may be
integrated into energy production. Moreover, both countries should increase collaborative
efforts in research and development with other developed countries. Following are the
energy policy recommendations, which should be included in the Pakistani energy pol-
icy/2030 energy vision [24] and in the 2023 vision of Turkey [29]. Table 6 summarizes the
importance of each point in the energy policy recommendation.

1. Establish a policy to reduce losses in the energy sector by introducing advanced
technologies and solutions.

2. Establish a policy to create a bridge among the stakeholders (e.g., government, the
private sector and development partners) to advance renewable energy infrastructure
in the country.

3. Accelerate support and grants for research & development in education sector and
research centers.

4. Pakistan’s national interests and security could be at stake because of dependence on
fossil fuels, which are vulnerable to political instabilities, trade disputes and wars;
thus, renewable energy development becomes more crucial for the country. Therefore,
efforts and policy for a systematic shift towards major dependence on renewable
energy technologies should be carried out.

5. Policies on the effective use of renewable energy setups need to be furnished in order
to reduce greenhouse gases (produced through the energy production processes of
fossil fuels, causing climate change and emitting pollutants).

6. Establish a policy to launch new feasible projects for renewable energy generation;
for example, speed breaker-based electricity generation, corporate energy generation,
E-Plants, biogas plants, oceanic and geothermal energy projects, and other small- and
large-scale innovative projects.

7. Establish a policy to provide subsidy to the private sector and development partners
for renewable energy plant installation.

8. Establish a policy in order to organize energy conferences/workshops/seminars for
encouraging FDI (foreign direct investment) in renewable energy technology (RET).

9. Establish a policy to adopt and manufacture cost effective energy storage technologies
in the country to promote renewable energy projects.

10. Establish an incubation center for research & development with global collaboration,
especially in the energy sector, to deploy new renewable energy technologies.
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Table 6. Summary of policy recommendations along with their significance.

S.No. Policy Recommendation Significance

1. Losses reduction in the energy sector Line losses in electricity distribution are prevalent, and need
to be reduced.

2. Generation of electricity through speed breaker Environmentally friendly renewable energy technology.

3. Corporate energy generation Building may generate its own electricity, providing relief to
the national grid.

4. E-Plant Building may generate its own electricity, providing relief to
the national grid.

5. Tidal/ocean wave and geothermal energy Environmentally friendly renewable energy technology,
especially for residential usage

6. Biogas Plant Cost-effective, environmentally friendly renewable
energy technology.

7. Subsidy for renewable energy plant installation To completely eradicate the energy crisis in Pakistan.

8. Energy conferences for encouraging FDI in RET Higher the investment in RET, higher the probability to set
up RET projects.

9. Adoption of energy storage technologies The development of renewable energy is proportional to the
enhancement of energy storage technologies.

10. R&D along with global collaboration Necessary to march with the growth of RET in
developed countries.

6.1. Losses Reduction in the Energy Sector

Currently, the line losses of electricity are due to the poor quality of power distribution
transformers, along with the poor health of transmission and distribution feeders. Wrong
placement of power capacitors in medium voltage transmission lines can also increase the
line losses.

The transmission and distribution losses were: 2010 (16.23%), 2013 (18.9%), 2014 (18.7%),
2016 (18%) and 2017 (16.25%) [107,108]. Karachi Electric took a very impressive step by
introducing and installing aerial bundle cables, each of which has its own insulation layer
on the conductor (to deter electricity theft) and can lead to reduction in line inductance as
shown in Equation (1).

L = 2× 10−7 ln
(

GMD
GMR

)
(1)

where L is the line inductance, GMD is geometric mean distance, GMR is geometric
mean radius

It is also helpful to increase the maximum power transfer capability as shown
in Equation (2).

P =

(
VsVr

X

)
Sinγ (2)

where P is the transmitted power, vs. is the sending end voltage and Vr is the receiving
end voltage, X is the reactance and γ is the phase angle.

Capacitance of the line increases as shown in Equation (3).

Cn =
2πε0

ln
(

GMD
GMR

) (3)

where Cn is the line capacitance, ε0 is permittivity of free space, GMD is geometric mean
distance and GMR is geometric mean radius. Conversely, in Turkey, power distribution in
urban areas goes through underground cabling and uses belted cable for 11 KV, screening
cable for 32 KV and oil pressure cable for more than 69 KV in the distribution network.
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The excitation current losses in the transformer should be minimized by adopting the best
material to design the core of the transformer.

6.2. Feasible Projects of Renewable Energy

On moving over a speed breaker, a vehicle produces its kinetic energy. This energy is
dependent on its speed, friction between road and its wheels, heat generated in motion
and the energy of wind striking the vehicle. This energy is transferred to a roller attached
beneath the speed breaker. Then, the roller shifts the energy to a spring and the spring
transfers it to a dynamo, which performs the conversion of the mechanical energy into
electrical energy. This DC energy requires an inverter for converting it into AC, at which
point it can be used to light up the whole road. This technology provides benefits to society.
However, wide usage of speed breakers may actually result in a higher usage of car fuel. A
large amount of energy is wasted by the vehicles on the speed breakers through friction.
This effect can be mitigated by only employing speed breaker technology on the busiest
roads of metropolitan cities where traffic density is very high.

The performance of this technology in terms of force, power and torque can be
evaluated by Equations (4)–(6).

F = av2 + b (4)

where F is the applied force by the vehicle, a is coefficient for a two-wheeled vehicle and b
is the reference weight of vehicle in kg.

P = T ∗ s (5)

where P is the consumed power, T is torque generated by dynamometer and s is the
shaft speed.

T = F ∗ D (6)

where F is friction force due to rotation of shaft and D is the difference of shaft from
the pivot.

It is recommended that at the corporate level, for every building, the building should
generate its own electricity via the installation of photovoltaic panels in the glass elements
of the building and by utilizing the rooftop. The generated electricity can provide for
the building automation, lighting and HVAC (heating, ventilation, and air conditioning)
systems. In this way, these buildings reduce the line losses of power being supplied through
the national grid. National and international corporate entities are also taking keen interest
in renewable energy development as Pakistan is a green paradise for investment in its
energy sector. According to the government of Pakistan, several companies are willing
to relocate their manufacturing facilities (for wind turbine and solar panel production) to
Pakistan [109]. Recently, Australian company officials met the Prime Minister of Pakistan
and expressed keen interest in investing in the nation’s renewable energy sector [110].

Pakistan’s energy sector should adopt the e-plant mechanism on the roof top of
corporate buildings to generate electricity. This technology [111] was invented and first
implemented in Holland, and research is ongoing to efficiently generate electricity by
utilizing plants and grass. Basically, plants store chemical energy in their roots in the form
of chemical sugar bonds. When electrodes are placed in the roots, the ions move toward
the electrodes and this flow of ions produces electricity. The electrodes usually consist of
iron (cathode) and copper (anode).

Microbial fuel cells are a bio electrochemical system making use of biocatalysts for
converting chemical energy into electrical energy.

Equations (7)–(9) show the chemical reaction required to produce electricity.

At anode : 2C6H12O6 → 2C6H10O6 + 4H + 4e (7)

At Cathode : O2 + 4H + 4e→ 2H2O (8)

Net reaction : 2C6H12O6 + O2 → 2C6H10O6 + 2H2O (9)



Sustainability 2021, 13, 3349 23 of 28

Through the photosynthesis process, we can obtain 2.427 V and this will increase with
the passage of time. Electricity should also be generated on a commercial scale by utilizing
the tidal, ocean and geothermal energy resources. Currently, Turkey uses geothermal
energy resources for its HVAC systems and for residential usage. Geothermal energy is
frequently utilized for heating purposes.

Energy should be generated through trash by means of biogas plants on a commercial
level by treating biomass as a raw energy material. Cost effective biogas plants should be
developed and installed in areas with high population density in order to utilize waste and
produce appropriate gases. This will allow the nations to producing electricity to fulfill the
energy demand. In rural areas of Pakistan, the average biomass required for one household
is 2325 kg of firewood [48] (or 1480 kg of animal gung, or 1160 kg of crop residues) per
annum for heating and cooking purposes.

6.3. Subsidy for Renewable Energy & Energy Storage Technology

The government of Pakistan took a very impressive step by giving tenders to indepen-
dent power producers (IPPs) to generate electricity through renewable energy technologies
in order to eradicate the energy crisis in Pakistan. No doubt, surplus energy will increase
the country’s economy and establish more industrial zones at different locations of Pak-
istan. The government should promote renewable energy technologies by giving subsidies
to IPPs.

Energy storage policies should be integrated with renewable energy technologies as
they increase the reliability of sustainable energy generation. The cost of energy storage
technology is decreasing continuously and it is the right time to invest in it for sustainable
generation and supply of electricity.

6.4. R&D along with Global Collaboration

An incubation center for research & development (especially in the energy sector)
should be established in order to deploy new renewable energy technologies. In this regard,
the generation of electricity through cars’ wheels to power street lights will be a major
contribution, as will the production of electricity through plants.

For investors in renewable energy, Pakistan is a green. To spread awareness of this
opportunity for potential investors, more energy-related conferences should be held in
Pakistan. Potential investors should be informed about investor-friendly policies in the
renewable energy market to encourage more investment.

7. Conclusions

Transforming the energy systems of Turkey and Pakistan is at the core of working
toward a resolution for global warming problems in their respective regions. Additionally,
air pollution and energy security perspectives are of great significance and will help to
define how this transition will take place. This article is an effort to assess the use of
renewable energy technologies in both countries. With the utilization of only 10% of
modern renewable energy resources as of 2017, Turkey produced 297,278 GWh electricity
to meet some of its energy demands. Annual electricity production in Turkey is much
higher than in Pakistan, which is dependent on the import of fossil fuels. The power crisis
in Pakistan is anticipated to be wiped out in 2021, based on the present government’s energy
policies of ongoing renewable energy projects. With these projects, the installed electricity
generation capacity reached 37,402 MW in 2020. Previously, 1445 MW of electricity was
added to the national grid through the implementation of modern renewable power
technologies in Pakistan in 2017.

Along with the discussion on the comparative energy perspectives of the two countries
and the discussion on the utilization of their renewable energy technologies, this paper also
recommends policies for the adaptation of resources like oceanic/tidal, geothermal and
biomass energy for electricity production. The policy recommendations aim to minimize
losses in the energy sector, reduce greenhouse gases and relieve the country from depen-
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dence on imported energy. They encourage the governments of Turkey and Pakistan to
provide subsidies to the private sector and development partners, and to launch innovative
projects such as speed breaker-based electricity generation, corporate energy generation,
E-Plants, biogas plants, oceanic and geothermal energy projects. This article suggests that
the governments accelerate support of research and development, education, and public
consciousness along with global collaboration, to encourage foreign direct investment in
the energy sector. The adaptation of renewable energy technologies in energy policies will
ensure energy security, job creation, reduction of global warming, protection of the envi-
ronment and economic development. We conclude that, with a modified energy security
policy, both countries can effectively reduce their dependence on fossil fuels and improve
their economies, tackling global climate change and air pollution.
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