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Abstract 

Background:  Households, as end energy users, consume grid electricity to meet their energy demands. However, 
grids across the globe for energy production are majorly based on fossil fuel technology and make the highest contri-
butions to global warming and climate change due to greenhouse gases (GHG) emissions. This generic study aims to 
investigate the minute role of a single-end energy consumer in GHG mitigation by switching to a rooftop PV system 
to meet his energy demands and trading surplus energy to the grid through its techno-economic analysis.

Method:  For the study impact, NASA Meteorological Data are used to select an ideal single energy user equipped 
with a 10-kW PV system based on annual average daily solar radiation and ambient temperature through MATLAB/
Simulink, for 11 populous cities in Pakistan. Helioscope software is used to select tilt and azimuthal angles to maxi-
mize the solar radiation intercept. Afterward, RETScreen software is used for cost, financial and GHG analysis.

Result and conclusion:  A single end energy user equipped with a 10-kW PV system switched to a green energy 
source from a fossil fuel-based grid has the potential to avoid the burning of 3570.6 L of gasoline by producing 
16,832 kWh of green energy per annum, while financially recovering the 10-kW PV system’s 7337$ grid-tied invest-
ment in 5 years (equity) and in 9 years (equity) in a 9077$ stand-alone system over its 25-year life. This approach 
provides relief to end energy users from high priced grid electricity through environmental friendliness by mitigating 
8.3 tons of CO2 equivalent emissions per annum from energy production, while providing relief to the main grid by 
grid stabilization through peak shaving, in the broad sense.
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Introduction
Energy serves as the backbone of the modern era, while 
developing countries face severe energy shortages [1]. On 
the contrary, across the globe, there is another movement 
with growing concern over energy production through 
conventional energy resources in the context of global cli-
mate change [2]. In Pakistan, a major energy share is from 
conventional energy resources [3, 4]. Moreover, research 

analysis suggests an increment of 2.9% and 2.0 in energy 
consumption and carbon emissions, respectively, in 2018 
[5]. Conventional energy production involves emissions 
of nitrous oxide (N2O), methane (CH4), and water vapors 
(H2O) apart from carbon dioxide (CO2) emissions. These 
greenhouse gases (GHG) block the re-emitted radiation 
from the Earth initially received by the Sun, hence rais-
ing the Earth’s temperature, the cause of climate change 
[6, 7]. In response, the world is implementing solutions 
to reduce this cause without any change in demand and 
supply, i.e., the electric grid transformation from con-
ventional energy resources to green renewable energy 
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resources has moved due to environmental concerns [8]. 
The Paris Climate Accord [9], Kyoto protocol [10] and 
European Union targets-2020, 2030 and 2050 [11–13] as 
its important conventions and energy/emission targets.

In South Asia, the developing country Pakistan has 
faced energy shortages since its birth, and in 2017 from 
5 to 7 gigawatts [14]. Pakistan’s energy sector is still 
burdened with circular debts [15]. The world is moving 
to green energy resources while Pakistan’s major share 
of energy is from conventional energy resources [3, 4] 
and these conventional energy resources, which involve 
GHG emissions and climatic concerns, are discussed in 
the literature as energy analysis with their role in CO2 
emissions [16]. However, Pakistan’s unique geographical 
coordinates and seasonal pattern variations are ideal for 
green renewable energy production, such as solar PVs 
and wind power plants. Pakistan’s mean solar irradia-
tion is 5–7 kWh/m2/day, and on average, the sun shines 
for 8–10 h/day for over and above 300 days in a year [17, 
18]. According to a careful estimation by the Alterna-
tive Energy Development Board (AEDB), Pakistan has a 
2900 GW solar potential [19]. This offers Pakistan a tre-
mendous possible solution to address its energy issues 
by using green renewable energy resources promptly to 
address its two major challenges at the same time. Con-
ventional energy resources are not only expensive, but 
fluctuations in oil prices burden the country’s imports. 
With the increase in the population, energy consumption 
has experienced an increase in the household share of 
35–46.5% in the last two decades [3, 20]. An increase in 
energy demand forecast is estimated at [21]. Across the 
globe, developing countries and developed countries have 
initiated incentives-based support programs for faster 
penetration of green renewable energy sources such as 
distributed solar photovoltaic (PV) generation. Moreo-
ver, net-metering has been successfully implemented by 
Denmark, Belgium, Australia, the USA, China, Brazil, 
Bangladesh, India, etc., for the rapid market expansion of 
solar PVs [20]. In Pakistan, grid-tied residential PV gen-
eration systems installations are very slow, despite higher 
solar irradiation, the enactment of net-metering by the 
government [22], and a significant decrease in solar PV 
module prices [20]. Moreover, green renewable-based 
energy generation such as PV systems will help to reduce 
GHG emissions as well.

The quantity of electricity produced at any location 
depends on the extent of solar irradiation at the loca-
tion [7]. However, the output of the PV module linearly 
depends on ambient temperature; an increase in ambient 
temperature causes efficiency loss, hence a decrease in PV 
output [23]. Literature suggests that grid-connected solar 
PV systems are more feasible, reliable, and economical 
than stand-alone systems [24]. And for the deployment of 

solar power plants, there is a need for techno-economic 
and environmental feasibility analysis before making 
investment decisions [25]. For this purpose, a relatively 
easy and user-friendly software package to analyze vari-
ous types of renewable energy and energy-efficient tech-
nologies inculcating PV systems, RETScreen, is used. It 
was developed by Canada for multiple analyses such as 
energy, feasibility, emissions, financial, and risk assess-
ment [26]. In literature, multiple studies are considered in 
RETScreen which provide valuable information on envi-
ronmental assessment, emission assessment, feasibility 
assessment, technical assessment, and economic assess-
ment comprising cost and financial assessments of mega 
projects in multiple countries across the globe. Nigeria’s 
100  MW proposed PV system is assessed in the coun-
try’s 25 locations for financial (profit) assessment and 
its relative GHG emissions mitigation effectiveness [7], 
Bangladesh’s 1 MW grid-connected PV system’s financial 
viability in 14 regions of the country [27], Chile’s 30-MW 
PV plant’s financial/sensitivity assessment at 22 locations 
in the country [28] Iran’s 100-kW grid-tied PV system 
for economic assessment [29] and Pakistan’s 10-MW PV 
system for economic viability at eight sites in the country 
[3]. Literature provides an assessment of multiple regions 
of land-based on RETScreen.

The modern era is based on energy, while its produc-
tion technologies involve GHG emissions. Therefore, the 
PV system in terms of energy production, green nature 
and tremendous potential across the globe is widely uti-
lized. However, low-capacity rooftop-mounted PV sys-
tems at end energy users can meet their energy demand 
by shifting to green renewable energy sources and trans-
mitting surplus energy of the day to the fossil fuel-based 
main grid. This approach avoids the burning of fossil 
fuels which was required to meet the end user’s energy 
demand, hence, mitigating GHGs at the main grid-level 
through a PV-equipped single energy user. This generic 
study aims to highlight the role and importance of a sin-
gle end energy user in meeting his energy demand and 
mitigating GHG emissions using a PV system through 
its techno-economic analysis. For study impact, a 10-kW 
PV system is considered after the careful selection of the 
best location among 11 densely populated cities in Paki-
stan through Simulink based on daily solar radiation and 
ambient temperature, data retrieved from the National 
Aeronautics and Space Administration (NASA) Mete-
orological Data. Helioscope software is utilized for the 
optimal orientation (tilt and azimuth) angle selection for 
the fixed PV system to maximize the energy yield. Finally, 
RETScreen Expert software is utilized to analyze the 
degree of relief from high electricity pricing received by 
end energy users in the project’s 25 life-year spans. For 
this purpose, cost analysis and financial analysis were 
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carried out with GHG mitigation potential of the 10-kW 
PV system at the end energy user, individual level. The 
proposed system is reflected in the form of the flow dia-
gram in Fig. 1.

Literature analysis and proposed system novelty
The PV system is a preferred energy source, used across 
the globe because of its green, renewable nature and 
tremendous potential [30]. Therefore, in the literature, 
PV system potential is extensively analyzed in multiple 
world regions through financial, sensitivity, risk, GHG, 
etc., analyses, [3, 7, 27–29, 31–33]. However, literature 
extensively discusses the prominent role of PV systems 
in megawatt-scale projects, but the minute capacity with 
the prominent role of a single end energy user, which is 
fed from the fossil fuel-based national grid, switched to a 
green PV system capable of mitigating GHG emissions, is 
majorly overlooked [30]. Moreover, in literature, the opti-
mal location for the installation of a PV system plant is 
either decided by a single parameter; average daily solar 
radiation [3], or after a detailed analysis of each location 
[7]. The prominent role of ambient temperature in the 
operation of PV systems [23] is overlooked in location 

selection, which highly affects the PV system’s efficiency, 
performance, and output.

In addition, the selection of orientation (tilt and azi-
muth) angles is either assumed to be a fixed value [31] 
or the PV system tilt angle is adjusted to the respective 
location’s latitude [3, 30], which is also suggested by the 
PVGIS tool [30]. However, the selection of the orienta-
tion angle of a no-tracking fixed PV system to any fixed 
value or location’s latitude may limit the PV system’s 
potential, therefore it needs careful and accurate estima-
tion [30]. This study considers the grid-tied small-capac-
ity PV system-equipped end energy user an important 
role in GHG emissions mitigation analysis by selecting 
the optimal location of a 10-kW end energy user PV sys-
tem among 11 populous cities in Pakistan using two main 
respective geographical parameters; annual average daily 
solar radiation potential and annual average ambient 
temperature with PV system output in MATLAB/Sim-
ulink software for detailed analysis. Moreover, the end 
energy user’s PV system orientation angles are adjusted 
to optimal tilted and azimuth angles to maximize the 
annual average daily solar radiation intercept potential 
using Helioscope software, because of the PV system’s 

Fig. 1  Flow diagram for proposed 10-kW PV plant
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fixed orientation. Finally, investment, financial, and GHG 
analyses are carried out on RETScreen Expert Software 
to attract end energy users due to its economic perspec-
tive. The PV system’s detailed analysis among related lit-
erature with the proposed system is presented in Table 1.

Methodology
A small part of the energy paradigm is necessary to assess 
the PV system feasibility and emissions end energy users. 
The end energy user consumes the energy, but trades sur-
plus energy with the main grid in the case of a PV system-
equipped home. This approach relaxes the national grid 
in peak shaving and stabilization and lessens the depend-
ence on conventional sources. It also highlights the end 
energy user’s small but significant role in environmen-
tal concerns. However, rooftop PV systems with battery 
storage systems provide a higher degree of independence 
from the main grid but have very weak or no investment 
return even with government subsidies, regardless of 
storage unit size and influencing parameters [34]. There-
fore, the proposed PV system is an on-grid system, which 
means no backup battery system is involved. PV systems 
running costs as well as stack emissions (CO2, H2O, etc.) 
are zero.

Location selection
The 11 geographical sites are Peshawar, Multi Gar-
dens (Wah), Multan, Lahore, Rawalpindi, Sargodha, 
Faisalabad, Bahawalpur, Bannu, D.I. Khan, and Jhang. 
Geographical data are provided by RETScreen Expert, 
provided in Table 2. RETScreen Expert utilizes meteoro-
logical data for any specific location from its meteorolog-
ical data inventory provided by NASA [26]. MATLAB/
Simulink is used for best location selection of energy 
users based on two important parameters, affecting the 
output most; daily solar radiation and ambient air tem-
perature [7, 23] Simulink PV module parameters to ver-
ify the maximum possible power at each of 11 locations 
through daily solar radiation and ambient temperature 
are provided in Table  3. A DC load is connected at PV 
output for the measurement of possible power output. A 
ramp load starts from 0 to 21.1.

Careful analysis of results favors Multi Gardens with 
Wah Climatic Data with 242 W production in the pres-
ence of 5.19kWh/m2 annual average daily solar radiation 
with a 22.8 Celsius air ambient temperature. Rawalpindi, 
results showed that its power output was the lowest 
among all, 206 Watts in the presence of an annual aver-
age of 4.02 kWh/m2 daily solar radiation with a 21.6 Cel-
sius air ambient temperature. Based on Simulink results, 
the Multi Gardens location is best for detailed analysis of 
a 10-kW PV system for a single end energy user role in 
GHG mitigation.

Parameters selection
NASA’s complete meteorological data for the proposed 
10-kW PV system at Multi Gardens are provided in 
Table  4. It provides valuable monthly average data for 
multiple key factors, like daily solar radiation-horizontal, 
air and Earth temperature, relative humidity, wind speed, 
and atmospheric pressure over a whole year. Figure  2 
reflects monthly average daily solar radiation-horizontal 
surface values and average ambient air temperature fac-
tors for a whole year, respectively. These two factors play 
pivotal roles in PV system output [35].

For a realistic assessment of the proposed 10-kW PV 
system at Multi Gardens, RETScreen must be provided 
with real project values, and these values were provided 
by technical workers working in the same energy domain. 
The Multi Gardens location has considerable dust pollu-
tion due to its proximity to crushing machines, signifi-
cantly affecting PV system output. A value of 12% was 
chosen for PV array losses as miscellaneous losses. Since 
azimuthal and tilt angle ensure the maximum energy 
extraction from solar radiation, Helioscope, advanced 
solar design software, is utilized. Solar companies use the 
Helioscope to design, engineer, and sell solar arrays [36]. 
Since the grid operates on a 50-Hz alternating current, an 
inverter is required to invert DC to AC, which has losses 
involved in it as well. A modern, efficient inverter is con-
sidered with 98% efficiency. Plant data, PV system electri-
cal specifications, and main inverter data are provided in 
Tables 5, 6, and 7.

Result analyses
Cost analysis
Capital cost analysis is required for the user in order to 
match it with his purchasing power. This cost analysis 
provides an initial detailed investment plan for the pro-
posed 10-kW system at the best location, Multi Gar-
dens. Cost analysis provides a complete knowledge of 
the investment divided into the feasibility study, engi-
neering cost, PV system cost, inverter costs, and miscel-
laneous costs, which are 93$, 360$, 4924$, and 1959$, 
respectively. Table 8 provides data for a proposed 10-kW 
PV system aftermarket survey of the PV system and 
from the same field experts. RETScreen offers the right 
place to carry out either a detailed or short-cost analysis. 
RETScreen detail analysis is used for this cost study.

The feasibility study gives insights about site investiga-
tion, resource assessment, environmental assessment, 
detailed cost estimate, and report preparation. It also pro-
vides engineering studies about mechanical design, elec-
trical design, and civil structural support design. These 
are soft studies. On the contrary, the power system study 
asks for input regarding photovoltaic-10 kW cost and its 
distribution box for net-metering. Finally, inverter and 
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miscellaneous analysis are about inverter cost, installa-
tion cost, training, and commissioning. These are broadly 
referred to as hardware studies [37]. Table  8 shows PV 

system and inverter costs account for more than 85% of 
the 10-kW proposed system’s capital cost at a specified 
location.

Financial analysis
Financial analysis involves costs like capital cost, elec-
tricity export rate, electricity export escalation rate, 
inflation rate, project life, debt ratio, etc. RETScreen on 
these inputs generates a detailed financial analysis sheet 
for interested end energy users. The government of Paki-
stan offers income tax and premium tariff exemptions 
to support renewable projects [38], so the proposed PV 
system’s financial study includes no income tax and pre-
mium tariff. The electricity escalation rate is considered 
at 6% per annum. RETScreen suggests a debt ratio range, 

Table 2  Average daily solar radiation and ambient temperature of 11 Pakistan’s geographical locations

Location Ambient 
temperature 
(Celsius)

Daily solar radiation e 
horizontal (kWh/m2/day)

Latitude Longitude Elevation 
(meters)

Power 
output 
(Watt)

Peshawar 22.7 5.16 334 71.5 345 241

Multi Gardens (Wah) 22.8 5.19 33.8 72.8 502 242

Multan 25.3 5.09 30.2 71.5 125 236

Lahore 24.4 4.68 31.6 74.3 220 225

Rawalpindi 21.6 4.02 33.6 73 508 206

Sargodha 25.6 5.10 32.1 72.7 274 236

Faisalabad 26.6 5.03 31.4 73.1 18 232

Bahawalpur 27.9 5.13 29.4 71.7 117 234.5

Bannu 23.7 4.97 33 70.6 542 234

D.I. Khan 26.1 4.86 31.8 70.9 255 228

Jhang 26.8 5.02 31.3 72.3 160 231.5

Table 3  Simulink PV module parameters for location selection

Parameters Values

Max power 59.85 W

Open-circuit voltage 21.1 V

Short-circuit current 3.8 A

Voltage at maximum power point (Vmp) 17.1 V

Current at maximum power point (Imp) 3.5 A

Temperature coefficient of Voc (%deg C) − 0.38

Temperature coefficient of Isc (%deg C) 0.065

Table 4  The climate data of Multi Gardens, Pakistan

Month Daily solar radiation-
horizontal (kWh/m2/day)

Ambient 
temperature 
(Celsius)

Earth temperature 
(Celsius)

Relative 
humidity

Wind speed 
(m/s)

Atmospheric 
pressure (kPa)

January 3.19 10.5 8.4 45.1 2.0 95.0

February 3.92 12.5 11.2 49.0 2.2 94.8

March 4.87 17.8 17.0 46.0 2.3 94.6

April 6.22 23.8 23.6 38.7 2.4 94.3

May 7.16 30.3 31.0 25.5 2.4 93.8

June 7.43 34.2 35.7 25.0 2.3 93.4

July 6.48 32.5 34.1 46.7 2.3 93.3

August 5.75 30.2 31.2 57.4 2.2 93.6

September 5.51 27.9 28.0 48.1 1.9 94.0

October 4.93 23.1 21.8 33.9 2.0 94.5

November 3.84 17.5 15.3 30.9 2.0 94.9

December 2.97 12.8 10.2 37.3 1.9 95.0

Annual 5.19 22.8 22.3 40.3 2.1 94.3
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but a 50% debt ratio was utilized for financial analysis 
for a proposed 10-kW PV system project. Some values 
assumed by RETscreen were taken as is.

The discount rate suggested by RETScreen for North 
American projects was used to select the discount rate 
for this project, and 9% was appropriate. Table 9 provides 
input value for the financial assessment of the proposed 
project. Operation and maintenance costs are considered 
low due to no moving parts in the system. However, deal-
ing with dust at the proposed project location is impor-
tant to keep its efficiency at an acceptable value. O&M 
cost for a fixed PV system was estimated at 460 $ per 
year. O&M costs majorly cover the repair and replace-
ment costs of the inverter after its 10 years of useful life. 
These values and the rest of the values were carefully cho-
sen after communication with workers in relevant fields.

The project’s total cost is 7337$, excluding O&M costs. 
Electricity exported to the grid was 16,832  kWh, which 
earned 1683$ at the electricity export rate of 0.1$/kWh. 
The project’s annual income/cost and cumulative cash 
flows are illustrated in Fig. 3a, b, respectively. This project 
is financially good as the initial cost is recovered in about 
five years (equity) and the investor/end energy users start 
earning in the following years.
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Fig. 2  Daily solar radiation and ambient temperature over a whole year at Multi Gardens

Table 5  Technical specifications of on-grid photovoltaic system

Plant capacity 10 kW

Tracking mode Fixed

Tilt angle − 18.4 [36]

Miscellaneous PV array losses 12%

Azimuth 180 [36]

Table 6  Electrical data of PV module

Power (nominal) 335 W

Efficiency 19.9%

Open-circuit voltage 44.8 V

Short-circuit current 9.51 A

Power temperature coefficient − 0.37%/Celsius

Table 7  Inverter specifications

MPPT tracker Enabled

AC nominal output 10,000 W

Frequency 50 Hz

Max. efficiency 98.0%

Table 8  Percentage distribution of capital cost for proposed 
10 kW

Initial cost Feasibility study 1.3%

Engineering 4.9%

Power system 67.1%

Inverter and miscellaneous 26.7%

Total 100%

Table 9  Financial inputs for proposed 10-kW PV plant

Project life 25

Inflation 9.1

Electricity export rate 0.1$/kWh

Electricity export escalation 6%

Discount rate 9%

Debt ratio 50%

Debt term 7
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RETscreen expert based on inputs calculates 681$ first 
year debt payments and simple payback of 6  years and 
equity payback of 5 years.

Emission analysis
The RETScreen expert provides emission analysis for 
green renewable energy resources and their equivalent 
GHG emission mitigation potential. Since several gases 
(CO2, H2O, NOx, etc.) are released while burning, the 
RETScreen expert provides an equivalent annual amount 
of CO2 to total emissions. It is processed by translating 
emission gases into CO2 based on their global warming 
potential [6]. This proposed system is effective since it is 
equivalent to 1.5 cars and light trucks not used, 3,570.6 L 
of gasoline not consumed, 19.3 barrels of crude oil not 
consumed, 8.3 people reducing energy use by 20%, 1.9 
acres of forest absorbing carbon, 0.8 hectares of forest 
absorbing carbon that could be emitted in the case of 
conventional energy plants, and finally, it is equivalent to 
2.9 tons of waste recycled. It is important to mention that 
this data varies from location to location even if a 10-kW 
PV system with the same specifications is considered, as 
elaborated in Tables 5, 6, and 7, because daily solar radia-
tion and ambient air temperature vary from location to 
location. The RETScreen expert suggests the annual 
GHG emissions reduction due to the 10-kW PV system 
at the specified location of Multi Gardens is equivalent to 
roughly 8.3 tons of CO2 per year with equivalent annual 

electricity exported to the grid of 16,832  kWh. Trans-
mission and distribution [T&D] losses were considered 
17.136% in Pakistan [39], while T&D losses for the speci-
fied project were zero since it was a rooftop-mounted PV 
system and local energy consumption.

GHG mitigation effectiveness in Pakistan’s scenario
In Pakistan’s three provinces, Sindh [40], Punjab [41], and 
Baluchistan [42], literature suggests that 4 kWh of energy 
can be produced per liter from a 20-kW diesel generator. 
For the proposed PV system, 16,832 kWh per annum of 
energy is produced through solar radiation in Multi Gar-
dens, which is equivalent to the consumption of 4208 L 
of oil or saving the same amount of oil. For the sake of 
simplicity, this project in its lifetime will avoid burning 
105,200  L of diesel on a single, end energy user with a 
10-kW PV installed system.

A single-end energy user rooftop PV system approach 
is financially viable and has significant potential to miti-
gate GHG emissions in its lifetime, while at the same 
time, it avoids the burning of fossil fuels such as oil, gas-
oline, etc. However, a community of end energy users 
based on rooftop PV systems, the potential and impact 
is much higher. For instance, a community of ten end 
energy users avoids the burning of 1,052,000  L of oil in 
the life time of the PV system. Every addition of rooftop 
PV system energy users adds surplus green energy to the 
fossil fuel-based grid while reducing GHG production 
due to avoiding the burning of 105,200  L of diesel. The 
trend is shifting to green energy sources such as rooftop 
PV systems, which will affect and change the dynamics of 
the power industry with its global major share of GHG 
emissions production.

Stand‑alone PV system analysis
A stand-alone PV system uses a battery storage system 
to store surplus energy generated by the PV system and 
not utilized by the loads. In this section, a stand-alone PV 
system financial analysis is considered. The capability of 
10-kW PV system energy production remains the same. 
However, it is considered that load and battery stor-
age consume all the generated potential, hence surplus 
energy is not wasted and the GHG mitigation potential of 
the PV system remains the same. However, the inclusion 
of a battery system in the PV system changes the finan-
cial perspectives of the project. In this study, a lithium-
ion battery is considered. A 5-kWh battery provides 1 h 
of backup to a 2.5-kW load and has an average 7  years 
of life time as indicated by energy experts. The capital 
cost of the project raised to 9077$ while feasibility study, 
engineering, and power system costs remained same and 
inverter and miscellaneous section share increased to 
40.8%. Moreover, operation and maintenance costs due 
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to battery replacement after its 7-year life have increased 
to 710$. Considering all the financial parameters defined 
in section 3, the 10-kW PV system payback (equity) cal-
culated through RETScreen Expert is 9 years. Cumulative 
cash flows are shown in Fig 4.

Discussion
Green is a renewable but intermitted energy source. The 
PV system is used to mitigate the GHG emissions of the 
fossil fuel-based main grid. Therefore, the literature has 
carried out PV system investment, return, sensitivity, 
GHG, etc., analyses across the different regions of the 
globe, such as Ghana [32], UAE [33], Pakistan [3], Nigeria 
[7, 31], Bangladesh [27], Chile [28], Iran [29], etc. How-
ever, the focus of the literature is mainly on mega-scale 
PV systems, i.e., PV systems with an installed capac-
ity of mega-watts [7, 27–29]. The minute role of the PV 
system on the rooftops of end energy users is underes-
timated [30]. Moreover, the selection of location for 
PV system installation is based on limited factors such 
as solar radiation [3], and the orientation angles, espe-
cially in the case of a fixed PV system, are not carefully 
selected, which highly limits the potential of PV system 
potential in terms of solar radiation intercepted hence, 
performance and output [30]. However, literature on 
mega-scale and rooftop PV system has utilized grid-tied 
PV system schemes to utilize the maximum potential of 
the intermittent nature of the PV system during its avail-
ability and surplus production compared to required 
demand [30, 32] while ignoring the battery role mainly 
due to financial issues in rooftop PV systems [34], since 
it increased the payback time by 4 years (5 years for grid-
tied systems and 9 years for stand-alone PV systems) for 
2.5-kW load with 1 h backup.

Therefore, the proposed PV system study dealt with 
issues of literature by focusing on the minute scale but 
the prominent role of PV-equipped end energy users. 
Moreover, location is selected considering the two 

prominent factors, i.e., solar radiation and ambient tem-
perature, which play a role in PV system performance 
and output [3, 23, 30]. The interception of solar radia-
tion on the PV surface is further increased by carefully 
adjusting the orientation angles of PV system using 
Helioscope software. The role of a single end energy 
user in terms of its GHG mitigation potential was high-
lighted with financial analysis to attract the end energy 
user through its economics and good payback time by 
utilizing grid-tied PV systems. The approach followed 
by the study supports the green efforts and targets set 
in the Paris Climate Accord [9], Kyoto protocol [10], 
and European Union targets- 2020, 2030 and 2050 [11–
13] and respective governments, while supporting the 
power and energy industry through peak shaving and 
grid stabilization through green energy. However, this 
study requires experimental validation in the future to 
support the analysis, which requires financial support 
from organizations.

Conclusion
Electricity is required to meet industrial, commercial, 
and household energy demands, which is supplied 
by the fossil fuel-dominated main grid. The burn-
ing of fossil fuels releases gases like CO2, NOx, water 
vapors, etc., that are responsible for global warming 
and climate change. Since energy has prime importance 
with environmental concerns, it has moved the world 
towards green renewable energy sources such as solar 
photovoltaic systems. However small an entity in the 
energy paradigm, end energy users have GHG emis-
sions mitigation potential with their grid-tied rooftop 
PV systems. The 10-kW PV system meets his energy 
demands and trades surplus energy with the main 
grid. Moreover, a single end-user techno-economic 
analysis financially supports the end-user by recov-
ering its 7337$ investment through a 5  year payback 
time (equity) by producing 16,832 kWh of energy per 
annum after carefully adjusting fixed PV system ori-
entation angles through Helioscope and RETScreen 
Expert software with geographical data retrieved from 
NASA Meteorological Data. A 10-kW PV system at 
end-user premises mitigates 8.3 tons of CO2 equivalent 
emissions per annum, which is equivalent to 1.9 acres 
of forest absorbing carbon or 2.9 tonnes of waste being 
recycled. Apart from environmentally friendly, this 
approach relieves end-user from high electricity pricing 
while shaving peak at grid by generating electricity.

Future work includes the practical justification of the 
study concept and with a detailed study of electric vehicle 
charging stations based on PV systems to mitigate GHG 
emissions in the transport sector as well.
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