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Abstract

Solar power is a promising alternative energy source for a sustainable environment for
developing countries in the Asian continent. The assessment of its sustainability particu-
larly in the South Asian countries necessitates a complete and rigorous statistical investi-
gation. In the current study, we investigate solar energy profile and potential in Pakistan’s
Sindh province as a case study. Although the electrification of Sindh Province using off-
grid solar PV systems is relatively easy and also most convenient, the challenge is to meas-
ure the province’s capacity of solar power and its economic viability. Results show that
the rural areas of Pakistan have sufficient solar irradiance in order to produce power. The
suitable inclination angles of solar power modules contain the significant capacity of solar
power for electricity production. Finding regarding economic viability shows that an off-
grid solar photovoltaic system ensures the electricity at price of PKR 6.87/kWh while this
is cheap source of energy as compared to traditional energy source (about 20.79 PKR /
kWh). Furthermore, the system of off-grid solar photovoltaic could reduce, 119,000 met-
ric tons of CO, per year simultaneously it ensure the all remote rural areas implement the
off-grid solar energy system. The study provides a useful renewable roadmap for energy in
South Asian countries and those presently captivating distant and off-grid regions.

Keywords Remote rural areas - Electrification - Off-grid solar system - Economic
viability - CO, reduction - Sindh

1 Introduction

The World will face great energy shortage due to growing population and higher energy
consumption. Simultaneously, the world community is facing the greater depletion of fossil
fuel. Energy is the major element of economic growth and social wellbeing of any soci-
ety. Approximately, 1.1 billion individuals are living a life without availability of clean
and cheap electricity, while most individuals are from the pastoral regions of Sub-Saharan
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Africa and South Asia (Sanchez-Lozano et al. 2016; U.S. Energy Information Adminis-
tration 2017). Similarly, Pakistan as many other South Asian economies has been front-
ing a severe power shortage from previous decades. Continuously increasing residents of
Pakistan surviving in pastoral regions do not have access to sufficient energy. Pakistan is
an emerging country having social and economic growth difficulties necessitating continu-
ous energy stream. Presently, the overall energy importunity is concluded by 25,000 MW
which is predicted to grow up to 40,000 MW through 2030 (Jun et al. 2014). However,
the power stream in Pakistan is almost 17,000 MW, although capacity desired to fulfil
demand is 25,000 MW which caused the power scarcity of 8000 MW. Therefore, energy
shortage in populated area is assorted from 12-18 h per day (Soomro et al. 2019). Fur-
thermore, 70% population of country’s residents live in 50,000 rural areas and distribution
lines. Approximately, 105 million individuals of Pakistan (around 58% people) consume
biomass for household because of insufficient energy and gas stream (Perwez et al. 2015).
Alternatively, the power sector faces several problems containing insufficient stream line
shortages, collection rates, heating oil, and network. Devouring these problems, it would
be actually expensive and difficult to attach rural areas with the state grid station. Pres-
ently, gas subsidizes 45% to Pakistan’s power production, trade in oil underwrites 35%,
coal 6%, hydro power 12%, and nuclear power at 2% (BP 2017). Consequently, reusable
energy is actually ranked first in accumulation to increase the capability of the prevailing
power grids (Barton and Infield 2004).

Sindh is one of the four provinces of Pakistan, bordering Baluchistan to the west and
India to the east, currently utilizes wide range of fossil energy resources.

Yet many remote parts of Sindh province has no access to electricity for days (Sanchez-
Lozano et al. 2014) especially for 48% residents of the rural areas (Zubair et al. 2019).
Having low electricity requirements in these villages between 50 and 100 W per house-
hold, the demand in the rural areas is low compared to cities and towns. Moreover, the
fossil fuel energy consumption adds an economical and less sustainable energy option in
the remote rural areas which adds additional cost. In addition, no participation of private
investment exists in rural Sindh regions because of the lack of infrastructure and low poten-
tial for rapid development. Based on these factors, off-grid solar power could be regarded
as the best option for electricity production in Sindh province. Further, the availability of
solar irradiance in the regions throughout the year is high (Siddiqi et al. 2018). Sindh con-
tains an enormous solar capacity over 300 sunny days with an annual global horizontal
irradiation of 1800-2200 kWh/m? (Ashfaq and Ianakiev 2018; Stokler et al. 2016). Various
studies are concerned with the association of energy, economic and environmental issues
such as Anser et al. (2020), Mohsin et al. (2019¢, 2020a), Iram et al. (2019), and Igbal et al.
(2019).

Several researchers have also suggested an off-grid solar energy system as a way for-
ward to the energy needs in countryside village areas since it does not involve fuel trans-
port cost and has relatively easy installation (Uyan 2013). It was also stated that the off-
grid solar energy is a suitable and local environmental benefitted energy option in the
village areas (Effat 2013) including quite operation and low CO, emissions; therefore, huge
amount of finance is needed to install renewable energy projects (Sun et al. 2019b, 2020a,
¢, d). In another study (Alami Merrouni et al. 2018), authors observed that the deployment
of PV systems improves people’s living standards which enhances the socio-economic situ-
ation especially in the rural area (Al Garni and Awasthi 2017). Existing policies are inef-
fective to achieve complete electrification of rural regions of Sindh. In order to evaluate the
solar energy potential and its economic viability, regional feasibility of specific research is
needed. Currently, no such studies have been reported for the province of Sindh.
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Therefore, in the study, first, we investigated solar power potential of different vil-
lage areas of the province. Second, assessed the economic viability of the rural areas and
approximates the CO, emissions to be reduced. Third, proposed a model that shows sig-
nificant differences in terms of robustness of the results as compared to previous studies.
Fourth, discussed the emission benefits of the solar systems. Fifth, not only conducted an
empirical estimation of solar characteristics, but also presented a comparative study of pro-
posed sites. Sixth, we recommended a policy for decision makers so that transition towards
renewable energy resources can be done smoothly and ensure the climate change mitiga-
tion. Hence, this study would also help policymakers to propose effective rural electrifi-
cation programs using PV systems for Sindh province, and also encourage the unwilling
stakeholders to invest.

Remaining paper is constructed as follows: Section two explains the electricity back-
ground in Sindh province, and Sect. 3 describes methodology while section four contains
data sources. Section five explains results and discussion, and Sect. 6 contains conclusion
and policy implication.

2 Background

Sindh province is the second largest economy in Pakistan. Location of the province of
Sindh is of strategic significance because of its long coastline. Karachi provides an eco-
nomical and shortest route to the neighboring countries for cargo transfers. Due its prime
location, the port attracts foreign investments, development projects and leading to eco-
nomic growth in general (Gondal et al. 2018).

At present, 28 solar power projects of 956.8 MW total capacities are under development.
Independent power producers (IPPs) have been awarded with upfront tariff by National
Electric Power Regulatory Authority (NEPRA) for 472.48 MW. 7 projects of 72.58 MW
are in the process of getting financial agreements (Shiva Kumar and Sudhakar 2015).

The US (NREL), US AID, Alternative Energy Development Board (AEDB) are associ-
ated with each other and they supported a comprehensive evaluation of Pakistan’s solar
power capacity. Their collaborative research findings show that the state has the capacity
of 1500-3000 luminous (Muhammad et al. 2017). The availability of usual comprehensive
padding ensures the 19 to 20 MJ/m?/day having the normal 8-8.5 sunlight hours/day. Also,
the Baluchistan is plentifully ironic in solar power. These standards of insulation are meas-
ured as the upper standards at international level (Fig. 1).

The USAID report shows that Pakistan, contains extended bright days, which is profit-
able for construction of solar power plans (Mohsin et al. 2018a; Al Asbabhi et al. 2019). The
estimated solar power potential shows that 1600 GW power yearly that is added 40 times
more than the present power generation volume (Bozkurt and Karakilcik 2015). The major
portion of energy generation containing the sector wise contribution of 33.6% with gas,
32.1% from oil, hydropower 26.1, 5.7% from nuclear sources, renewable energy sources
2.2 and 0.2% coal (Kalhoro et al. 2019). The Sindh province of Pakistan contains enough
sources of wind, solar, and micro-hydro-projects which can be used to produce electric-
ity. Conversely, the management of Sindh has not contributed an extensive effort to the
increase of request for power. The renewable energy strategy was conscripted in 2006 but
the policy was not successful because of government’s and administrative lack of interest
(Fig. 2).
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Fig.2 Pakistan Direct Normal Irradiation Map (World Bank Group 2017)
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Alternative energy development board (AEDB) intends to install solar photovoltaic
systems in rural houses. This development is as a result of government’s hope for socio-
economic development and environmental conservation in rural areas solar energy
framework. Figure 3 presents the key region in Pakistan’s electricity sector (Govern-
ment of Pakistan 2006). Against the backdrop of environmental degradation and ram-
pant climate change, people across the globe are incessantly moving forward to find
sustainable solutions to these problems. The green economy, in this regard, is treated as
an effective source of achieving sustainability, as it emphasised on the preservation of
economic resources, economic growth and environmental friendless (Huntington 2015).
Focusing on the significance of the green economy, a deep analysis of the determinants
of its growth is considered significant. In this connection, change in the public spend-
ing is considered as the key indicator for this study. The actual government spending
lies between 20 and 45% of the GDP (Aly et al. 2017). Further Lopez et al. (2011) con-
ducted a panel data analysis taking 38 countries which claims that if the share of public
spending on public wellbeing increases by 10%, the emission of sulfur dioxide and con-
centration of lead would be reduced by 4 and 7%, respectively.

National electric power regulatory authority (NEPRA) confesses that installation of
ultra-voltaic structures is substantially low in remote areas of country. To overcome this
issue, organizational coordination is essential for the success of solar photovoltaic pro-
gram in villages and in remote areas (Aydin et al. 2013). At the start of 2006, there was
no organizational setup for the planning and development of such projects. Later on, to
fill up this gap, AEDB and PCRET was established but still re-developed organizations
failed to plan and execute the innovations of solar photovoltaic electrification strategies
and polices especially for remote areas of Pakistan. Cost of upfront of development and
tariffs was the leading hurdles in this progress as photovoltaic panels during its financial
budget 201415, and it was considered a huge setback on the progress of solar pho-
tovoltaic energy (Anwarzai and Nagasaka 2017). Although later on, government real-
ized the importance of solar energy by reducing tariff on solar panels, yet many hur-
dles like high tariff (50%) on solar inverters and batteries are still prevailing. Currently,
researcher of the leading institutes suggests that governments should install solar power
projects especially in rural areas of the country (Mohsin et al. 2020b).
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Fig.3 Solar irradiance of Badin Region
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3 Research framework
3.1 Capacity of solar irradiation

Generally, the solar systems technology can be divided into two categories: (i) solar ther-
mal technology and (ii) photovoltaic technology (Su et al. 2017). Photovoltaic technology
converts sunlight into electrical energy, a technology widely used globally. The photovol-
taic modules are made of crystalline, organic materials, and quantum dots, whereas solar
thermal technology converts radiation into thermal and electrical energy (Redlinger et al.
2015) using PV and thermal module. Therefore, maintaining the optimal angle of the solar
panels is needed to increase the solar power output. Installation of solar trackers helps
altering the angle of the solar boards along the path of sun’s radiation, thereby improving
the performance. However, these solar trackers are expensive and energy intensive (Liu
et al. 2017). Therefore, it is more suitable to manually change the solar panel’s title angle.
Many methods have been used in order to calculate the solar irradiance (Charabi and Gastli
2011; Doljak and Stanojevi¢ 2017). In this study, we also calculate the tilt angle by consid-
ering a tilted surface Ig is described as:

L=+t +1 (1
where I3 is direct beam, 17 shows the diffuse irradiation, and I} shows the solar panel
reflected rays on a tilted surface. The fiscal spending regarding renewable and R&D impact
the green economic growth positively. These positive impacts show that both the compo-
sition and technique effect are present in the estimated scenario. This coincides with the
study of Shahbaz et al. (2018) which states that toxic emissions can be reduced to a great
extent by increasing spending on public goods. Besides, from the estimation results it is
observed that coefficient of fiscal spending on education is almost double the coefficient of
fiscal spending on R&D. For example, Gy represents the ratio for the mean value of daily
direct beam and then Ig can be transformed as,

Iy = I;Gy )

Gp is a geometric parameter (Liu and Jordan 1961) which is utilized for computing Gg.
The growth of fossil fuels ensures that there is enough room to develop. To reduce the risk
of politics and terrorism, multiple oil sources should be used to ensure a safe and reliable
oil supply to enhance energy security. Oil-importing countries should rely on the USA,
Canada and Russia instead of the Middle East and Africa by actively adjusting their trade
strategies. In any case, this conceivable energy scheme is assessed and criticized due to
over-compromised and dismissing these prating control among the measurements such as
energy security, energy equity and environmental sustainability (La Vifia et al. 2018; Sun
et al. 2019a).

cos (L, = T;) - cos Dsh - sinig + i - sin (L, — T;) - sinDsh
B =

3

cos L, - cos Dsh - sini + i - sin L; Dsh

where L, is the latitude, 7| is the tilt angle, i, and Dsh shows the declining angles? Mean-
while, the impact of fiscal spending in the form of R&D on solar progress shows that green
development is influenced by state’s spending on Research and Development. Meanwhile,
Paramesh et al. (2018) studied how the use of fiscal instruments influenced the Asian coun-
tries in their evolution to green economic phase. They stated that Asian countries are slow
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in accepting the fiscal tools to materialize this green economic transition. They suggested
for country specific determination of fiscal tools for reaching the green economic objective.
From the available literature, it has been observed that there are some studies conducted on
the nexus of public expenditure and the reduction in environmental pollution and it can be
defined as,

(cos(A) + 1)

5 =1y > 4)
The range of albedo factor @ can be computed as:
(=cos(A)+1)
Iy =w(ly + Ip) ————— 5)

2

3.2 The economic feasibility of solar PV
3.2.1 Solar energy system size and its storage

PV cells usually consist of two layers of a semi-conducting material that converts radiation
into electricity. This happens when radiation hits the cell, an electric field across the lay-
ers is created, causing electricity (DC current) to flow. Subsequently the inverter converts
DC to AC for domestic usage. The electricity generated by a solar photovoltaic system is a
function of solar irradiance in the region, whereas several other criteria, for example effi-
ciency, optimal tilt, and maintenance of solar PV, should be well-measured (Anwarzai and
Nagasaka 2017; Sliz-Szkliniarz 2013). In addition, it is important to solar power output in
an inclined solar photovoltaic system. We collected solar irradiance data from NASA data-
base. The capacity of solar system to generate energy and S,,, (kWh) is calculated by means
of Eq. (6) (Okoye and Oranekwu-Okoye 2018).

Spy = @py by, - ¢, - PR (6)
where a,,, shows the rectangle area, b, represents the efficiency, ¢, shows the annual solar

irradiation attained, and PR shows the losses. b,,, is calculated as (Okoye et al. 2016):

by =b,[1 = A1Ty — Ty + (Tx - TaiN)K 7

where b, shows the efficiency of solar panels, solar panels temperature can be shown by 4,,
T, shows an ambient temperature and Ty represents the solar panels referenced tempera-
ture, Ty characterized the minimal operating temperature and T, recognize the ambient
minimal operating temperature, Iy shows the solar radiation.

The solar PV front end’s entire power generation and required is offered as,

365
Electricity difference = Z (SpV - Sd) ®)

i=1

Solar energy can be used and causes the electricity surplus situation such as, S,, > Sy
however, when the electricity demand is more than the supply of electricity then Sy > S,
battery annual requirement Ky is therefore:
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Kb=(ZSE—ZSE).eb ©)

where SE shows the surplus electricity, SE represents shortfall electricity and e, shows the
battery efficiency and instantaneously, the storage capacity of battery C, is considered as:

Sp

K, =
b= 365 (10)

3.2.2 Solar power potential

We used an urban resource flow modeling tool developed by (Pattanasethanon et al. 2007) to
measure the total solar radiation incident. They used weather model to measure the sky radi-
ance distribution from diffused horizontal irradiance and the global horizontal irradiance. The
model also calculates the solar incident from the sky and the sun. The radiation absorption
and inter reflection has been simulated by radiosity-based algorithm (Santbergen et al. 2017).
The average solar radiation incident Oy (W/m?) is calculated using Eq. (11); the irradiance O
(W/m?) is measured on hourly basis at discrete points (indicated as ‘j°) at any given site, while
the total surface area A (m?) measures the total area incident solar radiation (Lou et al. 2016;
Alonso-Montesinos et al. 2015).

O = Z (QIJAj)/A (11)
and

Pyen = MNgen XA X E (12)

The efficiency of the PV generator is denoted by #,., and AC is the receiving area of PV
panels and universal solar radiation is E,. The productivity of PV producer is the purpose of
ambient situation, and possessions of the PV cell are calculated using Eq. (13);

ngen = Nmod X ndc/ac X Pf X Nmod (13)

The PV module efficiency is # ,, 4, €lectrical efficiency is denoted by dc/ac, # ,,,q Shows the
number of PV modules, and P is the full module factor. In Eq. (4), the photovoltaic module
efficiency can be assessed through the following equation,

Nmod = nref{l - ﬂ(Tc - Tref)} X Ngc/ac (14)

where f is a magnitude of PV module efficiency as a function of temperature, and the
efficiency reference of PV generator is denoted by 7., Cell temperature is TC, 7y, 1S
the converter the efficiency converter 74, which is equals to 0.95 and P; is the full mod-
ule factor equals to 0.9. The temperature cell can be calculated by the following equation
(Habte et al. 2016):

NOCT - 20
To = Ty, X Eg X Pr——gr— 5)
The total electric power produced by PV is estimated through the following equation.
Ptot(t) = vas(t) + PWs(t) (16)
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The electricity produced by PV and wind generators are P, (f) and Py, (), respectively,
after passing though the inverter. The optimum and significance temperature is 25° to generate
electricity from the solar source (Xiao et al. 2014).

3.2.3 Levelized cost

Levelized electricity costs (LCOE) are the vital metrics used to measure the electricity costs
generated through various sources and technologies. It gives priority to many selections’ con-
tingent on total productivity. In the present study, we compare the electricity produced by
remote solar ultra-voltaic structures and traditional on-grid systems to measure the total elec-
tricity costs of both systems. Both alternative technologies with an estimated low electricity
cost in a kWh unit is calculated using a simple LCOE formula (National Renewable Energy
Laboratory 2018):

n I, +M,+F,
a=l  (1+d)"
—~

a=1 (1+d)"

LCOE = (17)

where, I, shows the investment cost, M; displays the repairs cost, F; characterizes the fuel
cost, a displays the year a, ¢; shows the amount of power formed in kWh, d represents pro-
motional rate, and n determined the duration of employed. The cost (LCC) of solar power
is calculated using Eq. (18). It considers the cost of installation (IC), annual capital cost
(CC), the annual maintenance cost (MC), (Sun et al. 2020b), (Mohsin et al. 2018b, 2019a)
and the replacement (RC) cost of the components.

LCC=IC+CC+MC+RC (18)

where as the initial capital cost is calculated as;

. . 1 LS
i, +1) > (19

CCpy = CCpyApy <m

where Cpy, Apy, L, and i, are unit cost of the PV panels, area of PV array, interest rate and
the life span of the project, respectively. The maintenance annual cost is determined by,
MCpy = ApyCynr-pv (20)

MGy are annual maintenance cost of PV panel.

3.3 CO, emissions reduction from solar PV

In the pastoral regions, the administration should connect solar ultra-voltaic structures so that
they can also help to remove the consumption of fossil fuel that can have greater amount of
carbon which have a negative impact on the environment and human health. Solar energy pro-
duce no CO, emissions (Jabeen et al. 2014). The quantity of alleviated CO, releases and petro-
leum retained or saved F), is dignified using Eq. (21),

Fi =8, X Fg 1)
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where Fj indicates the fuel needed for a carbon based fuel producer to produce energy of
1 kWh. As the amount of CO, decreased is measured in kilogram (kg) and the CO, emis-
sions saved EM, is calculated using Eq. (22),

EM, =5, % (C4-C,,) (22)

where C,; shows the carbon produced in kg required for a diesel producer in order to pro-
duce 1 kWh of electricity, and C,,, shows the carbon having the units of kg needed of solar
PV system to generate 1 kWh of electricity.

3.4 Data

Data have been taken from different sources such as Pakistan Metrological Department
Reports of Pakistan (Government of Pakistan 2006) and (World Bank data base for solar
irradiation PV power of Pakistan). We used climatological data on the duration of sun-
shine, average minimum and maximum temperatures, and extraterrestrial radiation from
different weather stations in Pakistan (Baloch et al. 2019) and from Global Solar Atlas.
Data (collect form Pakistan Solar Radiation Measurement Data from energydata.com
and Metrological department of Pakistan) was used to compute the solar power capac-
ity and characteristics of the selected sites by using the proposed methodology. Math-
ematical analysis has been done using MATLAB and Microsoft Excel software sheet.
The subsequent parameters estimations of solar irradiance have been evaluated through
numerical assessment techniques.

4 Results and discussion

Research shows that temperatures in South Asia could reach unbearable levels by the
end of the twenty-first century, and it is not possible to control the negative conse-
quences of climate change without human intervention (Cagli et al. 2019; Malik and
Umar 2019) such as the adoption of renewable and wind energy in the national energy
mix (Mohsin et al., 2019a, b, c¢). In addition, ground source heat pumps, air source heat
pumps and water source heat are increasingly used in Pakistan (Mohsin et al. 2018). The
area of Nawabshah contains the maximum yearly solar irradiation having the amount of
(5.49 kWh/m?) after that the region of Kambar contains the (5.48 kWh/m?), the region
of Panoagqil contains the amount of (5.45 kWh/m?), area of Mirpurkhas has the quan-
tity of (5.41 kWh/m?), whereas the region of Badin contains the solar irradiation up to
(5.39 kWh/m?).

The amount of spending on renewable van increases the energy security. If a coun-
try’s per capita GDP grows at a stable population level, this may be the result of tech-
nological progress, which will produce more results while maintaining the same popu-
lation level, and ultimately affect the growth of the green economy. Global analysis of
GDP per capita can help provide comparable insights into global economic prosper-
ity and economic development. Both GDP and population are factors in the per capita
equation. This means that the country with the highest GDP per capita may or may not
be the highest.
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4.1 Solar irradiation obtained at the optimal tilt angle

By using Egs. (1)—(5), solar irradiation received from 0° to 90° tilted panels is shown in
Figs. 3, 4, 5, 6 and 7 for each rural region. In Panoaqil, the solar energy production could
be increased through 9.87 percent at the best tilt angle of 28.9°. Similarly, the area of Badin
9.98% at 29.1°, the area of Nawabshah 10.11% at 29.3°, Mirpurkhas 11.66% at 30.6° and
10.43% in Kambar at 29.5°.

It can be seen that the trend of solar irradiation increases in the month of May June
July august and September, while October to March it shows the decreasing trend of solar
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irradiance. The solar statistics for 1x 1 km? area show that the solar irradiance is limited
to top 5% with terrain roughness variation permissible capable of 25%. The average value
of the top 5 percentile yielded to be 6:4 kWh=m?=day, whereas the minimum available
raster data show resolution of 250 m? of available area of interest. The country obtains
solar energy having the mean value of 5-7 kW h/m*/day and about 1800-2200 kW h/m>
per year radiation. In the simulation, their range is 2—4%. Overall incident angle correction
factor: The values they derived in the model ranged from 2 to 3.5%. Pollution loss factor:
The impact on system performance due to dust accumulation on the PV panel is called pol-
lution loss. The range is between 2 and 6%. Photovoltaic module degradation: reducing the
power output of the module is called degradation. With the passage of time, this decrease
occurred gradually, and degradation rate is considered to be 0.5% per year.

4.2 Economic feasibility of PV solar

The off-grid solar energy is planned for electricity generation in the direction of cater vil-
lage areas of Sindh province households in Pakistan. Results shows that the parameters
considered for simulation adapted from the literature (Ullah et al. 2017). Based on Eqgs.
(6)—(10), this determined PV module area which has been founded that is 1.2 m?; how-
ever, the highest voltage and current are 26.3 V and 7.61 A, respectively. The battery of
140 Ah/12 V is suitable for a solar panel of 200 W in order to satisfying the load of one
household in remote areas of Sindh villages. Furthermore, the solar panel’s conversion effi-
ciency is 16%. Maximum electricity can be generated in rural areas of Sindh province in
the month of April to June, though, because of monsoon season, whereas the small deterio-
ration has been noted during the months of summer in the village areas of Sindh province
in Pakistan. The Levelized cost of energy (LCOE) for planned solar sites are PKR 6.87/
kWh. Conversely, power production price through the traditional energy sources varies
from PKR 20.79/kWh to PKR 21.12/kWh, while the findings are consistent with the study
done by (Ullah et al. 2017) (Table 1).

Every system has an age limit, because as time goes by, the system begins to degrade
and its efficiency decreases, and after a sufficiently long-time interval, all components
need to be replaced or the entire system needs to be re-developed. Generally, the life-
time of a photovoltaic system is regarded as 25 years, because photovoltaic materi-
als will deteriorate over time and efficiency will decrease accordingly. Other changes
in power generation may be caused by differences in sunshine hours or major system
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Table 1 Per household load Requirement

Appliance Used item Working time Watts score Load (W h)
Ceiling fan 1 12 12 144
Pedestal fan 1 12 96

LED light 3 12 180
Charging slot 2 2 5 20

Total watts per day 440

failures. In addition, their future operation does not require expensive fuel. Solar energy
resources can be obtained for free and ensure energy security. It is estimated that the
cumulative energy produced during the projected life of the power plant is 31,08,450
MWh. The calculated LCOE (0.0795 $/kWh) seems appropriate. LCOE is considered
to be a powerful indicator for the price of electricity sold to customers. Customers can
afford tariffs and investors are satisfied. The Sindh Electric Power Company has also
initiated a number of small projects with good solar energy potential, ranging from 10
to 50 MW (Table 2).

The total daily solar energy incident shortwave reaches the ground surface at a wide
area considering the seasonal variations in day length, the sun altitude above the horizon,
and absorption of other atmospheric ingredient clouds. It includes ultraviolet radiation and
visible light. The sea-level solar radiation range is 900—1000 w/m?. The flat surface insola-
tion depends on the location of the sites and its average is ranging from 450-650 W/m?%/
day. The production of solar power potential is predicted to be more than 1,00,000 MW.
The estimated solar power potential is greater than 40 times from existing power genera-
tion capacity. The province of Baluchistan is rich in term of solar irradiation potential hav-
ing an average 8.5 h/day sunlight per which yields 20 MJ/m? of solar insolation (Table 3).

Table 4 shows that the Kallar Kahar daily average highest incident shortwave solar
energy is 7.9 kWh during June 7. The Jamshoro daily average highest incident shortwave
solar energy is 7.6 kWh during May 25. The peak per square peak solar power incident
shortwave has been observed at 0.67 kWh at around 12:30 pm. The Nooriabad daily aver-
age highest incident shortwave solar energy is 8.1 kWh during June 10. The peak per
square peak solar power incident shortwave is 0.60 kWh at around 12:00 pm. The Keti
Bandar daily average highest incident shortwave solar energy is 7.2 kWh during the month
of May 19. The Jiwani daily average highest incident shortwave solar energy is 7.6 kWh
during the month of May 19. The highest solar power potential has been observed in May
because summer in Pakistan is extremely hot. So, all other sites show a higher solar power
potential in terms of electricity generation. The Gaddani daily average highest incident
shortwave solar energy is 7.4 kWh during May 24. The peak per square peak solar power
incident shortwave is 0.94 kWh at around 12:30 PM.

Also, the results reveal that the Gawadar site’s daily average highest incident short-
wave solar energy has been observed 7.5 kWh during May the month of 19. Actually, the
results show considerable differences at each site. The Hushab daily average highest inci-
dent shortwave solar energy is 6.9 kWh during May 31. The Hushab daily average highest
incident shortwave solar energy is 8 kWh during June 7. Results reveal that all of the sites
have enough sunshine and a suitable temperature to generate solar power so all of the sites
are internationally considered suitable and commercially viable for solar power project
installation.
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Table 3 Parameters used in the

study Parameter Unit Value
Panel area m? 1.2
Max current A 7.61
Energy voltage max \ 26.3
Energy rating of PV WP 200
Ambient temperature °C 20
Temperature of panel °C 25
Efficiency of panel reverence % 16
NOM Solar radiation W/m? 800
Life of PV panel Year 25
Capital cost of panel PKR/WP 110
Efficiency of battery % 85
Cost of battery PKR/Ah 120
Cost of O/M % of total cost 4
Discount rate % 9
Battery duration Year 5
Table4 Viability (,)f wind and Sites Or (kWh) Temperature Solar power
solar power potential ©C)
Kallar Kahar 7.9 41 v
Jamshoro 7.7 44 v
Keti Bandar 7.2 37 v
Nooriabad 8.1 47 v
Gaddani 7.4 33 v
Gawadar 7.5 48 v
Hoshab 6.9 43 v
Jiwani 7.6 37 v
Jand 8 44 v

Figures 8 and 9 show NREL CSR solar model output and NREL sunny solar model out-
put, respectively. Local emissions impacts consideration, pollutant emission from specific
resource and socio-economic characteristics are crucial for the development of successful
completion of renewable power park as the instantaneous impact on the environment which
is a concern of local inhabitants and the local policy makers.

4.3 Discussion

It has been noted that each domestic unit uses biomass for heating in winter for several
months per year especially in cold rural areas of the country (Mohsin et al. 2019c¢; Igbal
et al. 2019).

In rural areas of the country biomass used for heating is the important element for the
environmental degradation and it also increases the economic cost of the rural households
(Al Asbahi et al. 2019). After the implementation of renewable energy policies, oil and
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gas are the dominant element which needed to be remove from the national energy mix
(Farooq and Kumar 2013; Sun et al. 2019a). The economic cost of energy consumption
has increased considerably because of the high price of imported oil. By using Eq. (13),
according to household, the planned solar energy system possibly will lessen CO, emission
about 97.50 kg/year (Pakistan Bureau of Statistics 2017) lacking the sufficient supply of
energy. If 100% solar energy system electrified to rural villages, then around 1,19,000 CO,
metric tons alleviated yearly.

Currently, the biomass in rural areas is scorched in old-style incineration cooktops,
whereas it resulted in low quality fuel utilization energy efficiency, so the solar power is
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the suitable option for rural electrification in the country especially in the Sindh region.
The energy efficiency of thermal source of a bulk biomass energy through burning stove is
more expensive and it has less environmental effect than electricity (Morgans et al. 2018).
The global share of renewable energy is expected to exceed 12.4% (one-eight) by 2023,
where the most growth will be seen in the electricity sector with almost 30% increase from
2017 to 2023. Furthermore, renewable energy is expected to generate more than 70% of
electricity worldwide (Gareta et al. 2006). The key sources of this renewable energy gen-
eration are solar PV, hydropower, wind and bioenergy. At present, the worldwide share
of these renewable energy sources is hydropower (16%), wind (6%), solar PV (4%) and
bioenergy (3%) and (International Energy Agency 2018). This may also be a good solution
for the reduction in carbon emission and climate change issues. Climate change associ-
ated with global warming has had a serious impact on the globe, especially in develop-
ing countries. World’s temperature, for example, has risen significantly in recent decades
(Kung et al. 2019). There is a dire need to focus on this issue. The adverse effects of global
warming are increasing in the forms of floods, draughts, heat waves, rising sea levels, low
agricultural yields associated health and deprivation effects.

5 Conclusion and policy recommendations

The off-grid solar PV system can be adapted to the module area of solar PV of 1.2 m%
however, the solar panel is 200 W, with the total daily solar energy incident, the sun alti-
tude above the horizon, and absorption and ultraviolet radiation and visible light, while the
production of solar power potential in Sindh province is rich in term of solar irradiation.
Kallar Kahar Jamshoro daily average highest incident shortwave solar energy is 7.6 kWh
during May. The Jiwani daily average highest incident shortwave solar energy is 7.6 kWh
during the month of May 19. Generally, the results show considerable differences at each
site, for example, the sites have enough sunshine and a suitable temperature to produce
solar power to commercially viable for solar power project installation. A 20-kWh fos-
sil fuel producer generated the power of 4 kWh/l, while the planned solar energy system
possibly will lessen CO, emission about 97.50 kg/year and 4,185,828 families in country-
side areas in Sindh lacking sufficient supply of energy. Levelized cost of energy (LCOE)
for planned solar sites are PKR 6.87/kWh. The traditional energy sources vary from PKR
20.79 to 21.12/kWh. Based on this study which includes economic feasibility analysis, we
propose the solar photovoltaic system as a solution to the electricity needs. Off-grid solar
photovoltaic system is found to have high potential because of its low operating and main-
tenance costs, easy installation, transportability and less harm to the environment. The five
regions’ solar irradiance has been evaluated. Moreover, off-grid solar photovoltaic could
mitigate about 119,000 metric tons of CO, per year in all rural regions. Since solar PV-
based electricity generation could be the most efficient and reliable option for the Sindh
province both the federal and provincial governments can play a crucial role in its facilita-
tion. Similarly, the findings of the study could be synonymous to the rural regions of other
South Asian countries. Hence, the succeeding policy suggestions can be used to construct
solar PV in remote rural areas of South Asian countries and Sindh in particular.

1. Off-grid rural electrification initiated by taking all stakeholders into account. The gov-

ernment should initiate hybrid solar and wind projects especially there should be roof
top solar geezer in the northern areas and in the Baluchistan.
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2. A supportive policy must be planned for stakeholders who could easy invest in rural
regions. There should be a risk-free return schemes from the government so that the
public should invest in the solar panel. There should be public private investment part-
nership schemes in the solar power market.

3. The accessibility of green funds and micro-financing of renewable energy projects might
support rural societies to connect the solar energy system with national energy system
of the country.

4. The straight and production cost of solar energy system must be reduced by adding the
subsidy for rural household. There should be special installation of solar because for
changing cloud conditions, the realization of dual angles can be better adjusted. On
cloudy and rainy days, the lower panel will collect solar radiation more efficiently, on
sunny days, the taller panel will collect solar radiation more efficiently, and on days
with variable cloudiness, such as a sky full of clear cumulus clouds. Two angles may
be better to handle height changes or complex solar irradiance fields.

5. There should be a tax on fossil fuel energy consumers and government should introduce
subsidy schemes of solar power in the country in order to promote the policy of renew-
able energy. The government should initiate the 100% renewable energy scheme in the
country to ensure reliable and green energy.

6. The quality control principles should be considered for solar energy system. The cross-
border trade of solar energy across the region such as India Afghanistan Iran China and
Nepal should be introduced.

7. Precedence should be given to the homegrown rural societies to create the awareness
about renewable energy system.
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