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Abstract 

Energy is a key parameter for industrial, commercial, economic, and sustainable development- a fundamental tool for 
growing the country’s economy, driving our vehicles, etc. Globally, renewable energy systems (RESs) are operated to 
improve public health, increase energy security, and reduce the impacts of climate change. Pakistan has abundant 
long-lasting renewable energy resources (RERs) like solar, wind, biomass, hydro, etc. Levelized cost of energy 
(LCOE) provides a useful comparative bridge between projects and technologies, cost including environmental 
damages and benefits might also realistically effect on choices between technologies. For this purpose, the 
comprehensive research method is employed to evaluate the Levelized cost of energy for renewable energy 
technologies (RETs) for Pakistan. A mathematical model with an external scaling factor is applied to RETs for cost 
evaluation. The LCOE for solar PV and wind power is found to increase with the internalization of external costs. 
Policy makers and skate holders of Pakistan can utilize this direct LCOE analysis for cost-effective solutions. 
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1. Introduction 

Energy is a fundamental tool required for industrialization, economic and sustainable development. It is vitally used for 
machines processing in industries and factories, for growing our country’s economy through industrialization, for 
driving our vehicles through transportation etc. [1]. Pakistan’s energy infrastructure is considered to be underdeveloped 
and poorly managed due to old technologies, energy deficit, corruption, resources theft: about 0.295 out of 81.038 
MTOE indigenous energy was theft every year [2] (Pakistan Energy yearbook 2017), and about 20% of the country's 
total energy is stolen [3]. These factors produce a significant difference between demands and supply. Due to the higher 
fuel prices and increasing energy demand by different sectors (Domestic, Industrial, Transport etc.), Pakistan possesses 
severe deficiency in the power supply. Increasing energy prices, an abundant amount of fuel imports, large transportation 
requirement and a huge aperture between demand and supply creates a negative impact on the compatibility and 
proficiency of the country’s economy. Renewable energy is obtained from energy sources that are naturally replenished 
but have limited flow. Renewable resources are effectively inexhaustible, but the amount of energy available per unit 
time is limited. Pakistan has abundant long-lasting energy resources i.e., solar, wind, biomass, and hydropower etc. Fig 
1. Represents the outlook of available energy technologies being used in Pakistan. Among these technologies, this study 
focuses on levelized cost of Solar PV and Wind power systems. 
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Fig.1. Different renewable energy technologies currently used in Pakistan 
 
 

Solar and wind resources are easy to install with the period of installation of about 1.5-2 years. Solar power 
generation is commercially accessible and trustworthy technology with a momentous potential for 20-30 years of life in 
nearly all regions of the world. About 100000 TW of solar irradiation received by earth at its surface. In Pakistan, most 
of the areas especially southern Punjab, Balochistan and Sindh receive copious solar irradiation of over 3000h and 
2MWh/m2 a year [4]. Every day the country receives an average of about 19MJ/m2 of solar energy [5] (AEDB Pakistan). 
Fig.2 exposes the locations where solar and wind plants installation is on ultimate, the potential of wind and solar energy 
exists in numerous regions. The penetrations of Wind farms are rich in coastal Balochistan and southern Sindh having 
monthly average 7-8 m/s of wind speed exceeding at some sides from Keti Bandar to Gharo corridor [6]. 
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Fig.2 Current solar and wind power installation in the different location of Pakistan (Source NREL) 

1.1 Cost as a financial aspect 

Cost reduction and clean environment are the key parameters for today’s economic activities and sustainable market 
growth in energy sector. With the passage of time, fossil fuel's cost becomes expensive sharply. Since Pakistan rely on 
old technologies which are run by oil, coal, and diesel that's why the imports of fossil fuels effects on Pakistan's economy 
and the economic situation become weakened rapidly with time. Increasing prices of fossil fuels are the one approach 
to go through renewable energy techniques (Bhutto et al., 2016), (Khanji, 2008), (Yüksel, 2010), (Partridge, 2018). 
Financial assessment is always required to judge the merits and de-merits of the technologies. Some studies work on 
technical issues, financial issues, environmental issues independently, while some work on their combination for the 
more accuracy of the system. Solar power systems always have great advantages as all alternative systems have some 
environmental problems. Most estimates of emissions over the life cycle of photovoltaic systems range from 0.07 to 
0.18 lb / kWh for carbon dioxide (O. Edenhofer, 2011). Besides emissions, land requirements are also an important 
environmental factor that has a direct financial impact. 

1.2 Land and emissions as environmental aspects 

The other approach is increasing greenhouse gas emissions (GHG). Fossil fuels on combustion create abundant amount 
of environmental pollutions like CO2, SO2, NOx, PM2.5, PM10 etc., which causes health problems, harmful for flora 
and fauna, damage material and buildings and responsible for environmental damage [7], So renewable energy 
techniques having beneficial approach in both aspects: either in the fuel cost or in the GHG reduction, for the economic 
and sustainable development. The small and micro hydropower plants have fewer social impacts than large hydropower 
plant [8]. Solar energy systems will always have great advantages because all the alternative systems have some 
environmental problems associated with them. Most estimates of PV system life cycle emissions range from 0.07 to 
0.18 pounds/kWh in terms of carbon dioxide [9]. Besides emissions land requirement is also a considerable 
environmental factor that effect directly on financial aspects about 0.00245 ha/MWh land is used for Solar and 0.002 
ha/MWh land is used for Wind. Fig.3 represents the Environmental criteria along with financial and technical criteria. 
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Fig.3 Criteria and sub-criteria focused on this study 

1.3 Structure of the paper 

This paper is characterized in six sections which are organized as follows. 1. Introduction: Energy situation and 
Economic condition of Pakistan are discussed among with renewable energy penetrations. Cost Parameters and 
Environmental impacts also discussed. 2. Literature Review: Different research have been studied through reviewing 
literature reviews and research articles and some of the relevant studies have been incorporated in this section. 3. 
Methodology: the methodology of the existing work has been discussed and reformed with the new factor that would 
implement in the proposed work. 4. Results and Discussions: the results are its comparison are presented in this section. 
5. Conclusion: the results were offered, and the conclusion is given based on the discussion, and the outcomes disclosed 
in this paper were summarized. Future recommendations are also presented and 6. Acknowledgement: Gratitude to those 
who support me morally and financially throughout my journey. 

2. Literature Review 

This Literature reviews offer existing knowledge on Renewable Energy Penetration and their cost evaluation. Many 
studies suggest capital cost, discount rate, capital recovery factor, fuel cost, externality, etc. Different methodologies 
along with different Softwares were used for the cost assessment. Some studies exclude the externalities while some try 
to internalize the externalities for the greater share of RE penetrations. The aim of this literature review is to find the 
externalities that suggest RETs at the local, regional, national level. In Mauritius, [10] worked on the levelized cost of 
electricity (LCOE) of conventional energy systems (CESs) along with renewable energy systems (RESs). (WindSim 6.0 
and LandGen) were used for cost assessment. This study focused on 3 scenarios (best, average, and worst). The LCOE 
(US$/MWh) are 160, 102 and 104 for solar, 184,167 for wind, 119,145 and 102 for waste-to-energy recovery, 126 for 
coal, 218 for heavy fuel oil and 348 for tidal power [1]. explored hybrid inputs (PV, wind, and biomass) using Homer 
Pro software in Kallar Kahar, Punjab and, also found its LCOE. This research concluded that the levelized energy cost 
is 0.05744$ / KWh. The cost of energy based on peak load demand from both sectors (commercial and residential) was 
180.2 MUS$.[12] studied the geographical conditions of European nations having the penetration of RETs. The 
internalization of external costs was calculated from the CASES study. This assessment concludes that the costs of solar 
photovoltaic, wind, biomass and hydropower are independent and found to be 0.888, 0.1025, 0.6537 and 0.0763 (€2005 
/ KWh) respectively. [13] select China for the case study to forecast renewable energy potential for 5 different power 
plants. LEAP (Long-range Energy Alternatives planning) software is used to develop a simple model of electricity 
demand. In this study the External cost of non-fossil power generation is evaluated with external cost for unit of 
electricity. The External cost for Nuclear, Wind, WtE, Hydro, and Biomass is found to be 0.00875, 0.00265, 0.0939, 
0.00604, and 0.0186 (US$/kWh). [14] work on Life cycle cost (including external cost) of different generating system 
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used in Egypt. Previously, [14] work on Life cycle cost (including external cost) of different generating system used in 
Egypt.  [15], [16], and [17] work on the unit cost of electricity (excluding externalities) for the different power plant.  

2.1 Summary of literature 

Globally, an increasing deficit between energy demand and energy supply creates instability in the energy system, due 
to the limited reservoirs of fossil fuels. On one hand, the price of these conventional sources also effects on import prices 
which creates debt for the state. So, it is a widely recognized fact that energy policymaking is one of the most 
complicated tasks for the state to control the deficit and to save the state from further debt. On other hand, Conventional 
energy sources on combustion release abundant amount of toxic emissions which causes severe environmental problems, 
Different environmental acts are made or used to balance the environmental conditions regarding climate change, health 
issues and forest protection. Adopting and sharing of renewable energy resources at different stages i.e. social, economic, 
environmental and technical required more comprehensive judgment regarding sources, cost effectiveness and power 
production. 

3.  Methodology 

To encounter financial problem, evaluation of levelized cost of energy (LCOE) method is adopted on this study. which 
gives the idea about the total life cycle cost of the system. For the proposed study, a new factor is added for the cost 
evaluation. [18] examined Five scenarios to find the best renewable energy competitors with business as usual (BAU) 
scenario. Technical Parameters such as Maximum availability, process efficiency, power productivity and installed 
capacity were discussed in Fig 4. 
 

 
 

Fig.4 Solar and wind's efficiency, availability, installed capacity and production. [18] 
 

For environmental parameters emissions and land requirement were discussed in [18], [19]. By combining technical 
and environmental parameters we can evaluate the cost by using following mathematical model.  
 

3.1 Mathematical Model 
 
The unit cost of electricity generated by renewable energy technologies can be estimated using the (Eq.1).  

𝑈𝐶𝐸 =
𝐼  [𝐶𝑅𝐹 + 𝜇] + 𝐹

𝐸
                                 (1) 

where, Io is the initial capital expenditure cost ($/KW), CRF is the capital recovery factor (%), µ is the annual operating 
and maintenance expenditure cost (%) of initial capital expenditure cost, 𝐹  is the fuel charges per unit of energy output 
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($/KW), 𝐸  and is the average annual electricity production of the renewable energy systems (KWh). The values of 
CRF and 𝐸  can be estimated using (Eq.2) and (Eq.3) respectively. 

𝐶𝑅𝐹 =
𝑟(1 + 𝑟)

(1 + 𝑟) − 1
                                           (2) 

where, r is the discount rate/demand constant (%) and n is the number of years of plant life. 

𝐸 =  8760 ∗ (𝐶) ∗ (𝐶𝑈𝐹)                                 (3) 

Where, the constant number 8760 shows total number of hours in a year, C is the rated capacity of plant (KW), and CRF 
is the capacity utilization factor (%). 

 Substituting (Eq.2.) and (Eq.3.)  in (Eq.1.), we obtained: 

𝑈𝐶𝐸 =
𝐼  

𝑟(1 + 𝑟)
(1 + 𝑟) − 1

+ 𝜇 + 𝐹

8760 ∗ (𝐶) ∗ (𝐶𝑈𝐹)
                 (4) 

The external cost can be found by using the model. 

𝑋 = 𝑋 , ∙ 𝑃𝐶 ∙ 𝑤 ∙ 𝐶𝑈𝐹 ∙ ℎ                   (5) 

where, X_(cost,ener) is external cost per unit of energy produced in KWh, PC is plant capacity (KW), w is number of 
units, CUF is capacity utilization factor (%), h are average annual utilization hours. Eq.5 was adopted from [20]. Eq.5 
is used to internalize the externalities in the previous model (Eq.4.).  

Annual electricity generation can be found by multiplying the power plant installed capacity with annual full load hour 
of the specific power generating technologies.  

 

 
4.  Results and Discussions 
 
Efforts are in progress for development of RETs diffusion that Influenced by many technological, environmental, and 
monetary factors. Fig.4 display combination of the column graph and line graph. Column graph represents the 
statistical values of (Eq.1), whereas line graph shows the cost of Solar PV with externalities. Fig.4 shows the 
difference is small, but it can influence on the adaptation of technology.  
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Fig.5. comparison of levelized cost of electricity of Solar PV based on external cost. 
 
Fig.5 differentiate the results of existing and proposed method. In the similar way, the comparison will also be made 
for wind power. See Fig.6. for the internalization effect for wind power. Data of wind availability and wind speed was 
collected at 40 sites of Sindh and Balochistan for the evaluation of cost. 
 

 
Fig. 6. Shows the comparison of levelized cost of electricity of Wind farms based on external cost. 

 
Fig.6 identify the difference between LCOE with externalities and LCOE without externalities. A combo of line and 
column graph is use for the comparison of results between these two costs. Hence it is justifying that internalization of 
external cost effect on the total life cycle cost.  
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5. Conclusion 
The present study investigated about the influence of external cost to the cost of renewable based power plants (Solar 
PV, Wind). Considering external damages in the terms of emissions and land degradation from Renewable based 
power systems, a LCOE analysis for Solar PV and Wind was applied on the defined model. According to the results, 
Wind power and solar PV possess the average difference of 0.09 $/KWh and 0.31$/KWh respectively. 
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