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ABSTRACT

Solar Energy is considered the cleanest and the most accessible energy source
in the world. Its application is also one of the best electrification and energy
transmission methods than other energy transmission models for outlying
villages in terms of costs, transportation, maintenance, and similar factors.
Accordingly, one of the critical studies on the context of exploitation of this
energqy is the possibility of establishing and identifying susceptive areas. In this
study, the amount of solar enerqy entering the earth'’s surface and the number
of cloudiness days were studied based on the studied area'’s meteorological
data. Also, we designed and simulated solar photovoltaic power plants
through the Meteorological Data on Virtual model. The solar analyzer
function in the ArcGIS commercial closed environment was used to estimate
the entering radiation to the earth's surface in the studied area. To study the
number of cloudiness days has been used from the mentioned area's weather
station data. The results showed that the solar analyzer function showed four
months of the year available for full exploitation of these systems. The highest
amount of radiation occurred after July. Optimal radiation conditions
continue until November. In some days of the remaining months, this energy
has been confronted with limitations. Nine villages were identified with the
highest solar power utilization in the present study. Villages include the
following: Kuran, Hurseen, Bavan, Barduk, Betic, Mareush, Jolfan, Sin Abad
and Gudel.

Keywords: Solar Energy, Villages, Photovoltaic Power Plants, ArcGIS, Solar Analyzer Function.

1. Introduction

People's daily lives

depend on

energy reducing energy consumption, saving energy,

production and consumption; therefore, energy
supply and demand in human societies increase.
On the other hand, in recent years, the limited
availability of oil and other fossil fuels has
exposed the whole world to future energy.
Meanwhile, the replacement of renewable
energy fossil fuels, such as wind and solar
energy, has become especially important in
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controlling supply and demand of energy, and
reducing pollutant emissions [1]. Many
countries try to maximize solar energy use by
replacing this energy to generate heat and
electricity and reduce the losses due to fossil
fuels. Replacing renewable energy fossil fuels,
especially solar energy, is one of the most
important coping strategies for energy crises
and environmental problems caused by various
energy sources in the present century [2].
Considering Iran's geographic location and its
location on the world's solar belt, this country is
one of the most critical countries in having solar
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radiation with the desirable potential and power
[3]. Considering to spatial and geographical
distribution of rural parts of Urmia and also due
to distance from the national electrical power
source, impossible and occasionally long-
distance and lower applicant from transmission
power; decision making to perform electrical
power project was always countered with
hesitating and showed the necessity of using
solar radiation to supply current. Using solar
radiation is one of the best ways to electrify and
power generation than other energy transport
models to the village and out-of-reach places
considering cost, transportation, and
maintenance. Benefit from solar radiation
between the most critical parameters in system
output, location, and condition of the system's
panel installation [4]. To find the feasibility of
using solar power, the main studied factors were
solar energy submitted to earth and the number
of cloudy days [5]. Submitted radiation is the
main parameter in energy balance models.
Despite this parameter importance, it is
measured limited. Devices to measure this
parameter and being expensive should be
calibrated because of its high sensitivity, so
most meteorological stations do not have it.
Therefore, station measurements do not apply to
the vast area due to spotty [6]. The importance
of energy and different sources to supply is
currently the fundamental approach of global
governments. Fossil fuels assign most of the
energy requirement sources [7]. The primary
source of greenhouse gasses diffusion is the
energy part, and supplying energy from fossil
fuels generated a crisis for the environment and
sublimate million tons of greenhouse gasses to
the atmosphere [8]. Most world industries
designed their energy supply infrastructures
with fossil fuel sources (e.g., coal, oil, and
natural gas). However, fossil fuels are
considered non-renewable resources; humans
should be looking for a substitution source to
respond to energy demand [9]. In comparison,
the energy intensity indicator' in Iran reaches
100 to 300 from 1984 to 2004. The means of
energy intensity in the world is 0.4, which is
more than 0.6 in our country [10]. Solar Energy,

1 . Energy Intensity: Energy Consumption Defined
Base on Ton, Equivalent Crude Oil Per 1000 Dollar
of Gross National Product

as one of the primary renewable energy sources,
is suggested in two sorts of thermal and
electrical power. European countries arrange to
supply more than 50% of the low-pressure
thermal requirement by solar heat sources until
2030 [11]. However, photovoltaic technology
with high potential will be responsible for 5%
and 11% of Europe's electrical demands for
2030 and 2050 [12]. Multi-objective
optimization is used to maximize the production
of power and water was used. The results
showed that the total power generation values
and freshwater production corresponding to the

most optimal point are 719 kW and 14ks—g,

respectively. this method can be used for the
development of local desalination plants [13].
These methods lead to the development of solar
based integrated system with thermoelectric
generators and reduce the cost of solar systems
[14].

Today harms and restriction of fossil fuels
and rising energy consumption increased the
tendency to using renewable energy sources,
especially solar radiation[15]. In contrast, from
2000 to 2011, per capita world energy
production increased to 10.3 [16]. It is predicted
that in 2050, this increment reaches more than
60% of 2020 consumption [17]. Supplying
renewable energy considering Iran's potential,
solar energy resulted in more maintaining
natural resources and land revitalization due to
zero CO. and other waste component
production, reducing power transmission lines,
increasing local independence in energy supply,
and higher powering speed rural areas and lower
costs [18]. Measurements also revealed that the
number of sunny hours per year in Iran reduced
from southeast to North West and increased
from west to east [19]. Several methods
suggested  investigating  solar  radiation
submitted to earth included: Satellite Images,
Linear interpolation, Neural-artificial network,
physical transport process [20]. An empirical
relationship is available by meteorological data
[21]. Energy/exergy / exergoeconomic (3E)
parameters can  affect the  general
competitiveness of energy systems use. These
values even affect the construction of energy
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projects [22]. Generally, remote sensing
technics due to accuracy and high speed and
satellite images because of their time series
preparation to investigate radiation can be a
proper substitution for empirical and traditional
procedures [23]. Most terrestrial phenomena
such as radiation reached the ground cannot be
directly determined by satellite images and
should be investigated by satellite data input
[24].

Most research has suggested the use of an
independent electricity distribution network in
rural and remote areas. The use of data stations
is experimental and traditional and needs to be
updated. In the reviewed research, cloudy days
were not included in the calculations.
Evaluating input radiation to the earth's surface
in a given area is performed by the analytical
instrument of solar radiation in ArcGIS
software. Therefore, in this study, we
investigated the number of cloudy days and the
amount of solar radiation submitted to earth in
the studied area and compared this amount to
the photovoltaic system's requirement to assess
installation feasibility and use those rural areas
boundary parts of West Azerbaijan province in
Iran.

2.Research background

Minor investigations were performed related to

the feasibility of solar radiation application for
energy production, some of the most related
references presented in Table (1).

The high dependence and growing demand
of the world on energy sources is the
fundamental factor in developing economic
activity. Limited fuel resources and other fossil
fuels faced the world with the complicated issue
of supply energy. Due to the natural span of
renewable energy, especially solar radiation,
and their availability in a given situation, this
kind of energy is preferable. Considering the
decline in investment in the new energy sector,
setting  environmental rules due to
contamination and ecological changes in the
earth, increasing energy usage, and sharing
renewable energy in the economic development
of disadvantaged areas, it is inevitable to replace
solar energy with fossil fuels. Solar Energy is
the unique renewable energy source of the

world and the primary source of other
existing energy on the earth. It is also
considered the best and cost-beneficial Energy
in Iran that responds to most environmental
concerns and as an inexhaustible source
regarding Iran's geographical, environmental,
and climate conditions, which can be exploited
in Iran. Iran, located between 25 to 40 degrees
of northern latitude, is one of the world's best
countries to receive solar radiation energy [31].

Table 1. Research background

Subject Reviewed Description References
The potential of constructing a This artlf_:le studied the_ potentlal_ of solar power plant
4 construction by evaluating climatic parameters by GIS.
solar power plant by evaluating - - . [25]
Lo . Finally, the Potentiometric plan was assessed for
climatic parameters using GIS . e s .
Khuzestan province and classified into seven categories.
Fuzzy logic application to This study evaluated to find a location for a solar power
FTOPSIS power plant location station by Fuzzy TOPSIS and finally find nine places as [26]
using GIS the best location to construct the solar station
Possibility of using solar energy to  In this study, authors set and compared SEBAL and Solar
support lighting systems with Analyst models and concluded that the Solar Analyst [27,28]
satellite image processing in GIS function in comparison with the SEBAL algorithm is more ’
space. appropriate and accurate numerically, and validation
Author to find Evapotranspiration by Stamper method in
Evaluating potential the Azerbaijan area, calculated submitted radiation to earth [29,30]

Evapotranspiration in Iran

using DEM SRTM images with the help of the Solar
Analyst function in the ArcGIS software environment
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Solar radiation availability on the earth's
surface is one of the leading causes of using
solar systems worldwide. Solar radiation is
defined as the energy amount received to the
earth's surface at a particular time by WH/m2.
Phenomena, which produces electric power
influenced by solar radiation without a
stimulator, nominated photovoltaic
circumstance and system which used this called
photovoltaic system, which is the most common
use of new energy sources [32]. Photovoltaic
cells have had the satisfying potential to supply
energy for independent network applications
and can be used to produce sustainable energy.
The advantages of using this system can be
numbered as preventing environmental
pollution, no need for extensive transmission
and distribution lines, and ease of maintenance
and operation. Considering the 20 to 25 years
long life of photovoltaic cells, this technology
regards as a principal and applicable device to
use new energy to respond to electrical energy
supply out of public networks and complex
access
areas [33].

The solar radiation analysis instrument
between the spatial analysis devices can
measure solar radiation's influence on different
parts of the earth at a particular time and depict
and analyze it. Applying this instrument, we can
calculate atmospheric effects, longitude, the
location altitude, slope, direction, daily and
seasonal changes in the sun angle, and the effect
of height shadow on received radiation to earth.
The function above is advisable to calculate
Surface radiation on a local scale. The inputs of
the function included the digital Elevation
Model, central part latitude, and given time.
This uses the algorithm presented by Girija et al.
(2019). The base of its function is combining
sight orientation and a source of possible
radiations[34]. This function calculates every
entry cell's sight direction situation by an Input
Digital Elevation Model (DEM) and then
transferred to the supposed earth surface by
special functions. In the next step, direct solar
radiation in a different direction of the sky is
made by a sun map on the hypothetical earth's

surface. Sun map showed the sun's situation on
special circuits at different times. Then the
amount of radiation subject to diffusion is
computed by Skymap. Finally, to measure direct
solar radiation, sun map and sky map layers
overlapped with sight direction in the given area
[35,36].

3.Materials and Methods

The current study performed a descriptive-
analytical approach in the aspect of entity and
methodology that is practical. Managers can
benefit from its results in planning and
policymaking for producing and transporting
new energy sources. This research concern is to
eliminate one of the human needs and
improvement and optimization tools, objects,
and patterns to develop welfare and comfort and
promote human life. Hence, it is practical
(developmental) by the aim. Because its results
are directly applied to solve problems and
possess local and positional properties, and
usually do not have generalizability properties
in other locations except for similar areas, so it
is scientific research.

3.1. Studied area

Urmia city as a center of west Azerbaijan
province with 5312 km?2 vastness, located in the
northwest of Iran by 44° and 24' to 45° and 25'
of eastern longitude and 37° and 7' to 38° and 10'
of northern latitude. According to the 2020
census, the population was 3.081 million
people, where the population of the rural part
was calculated as 283510 [37]. The location of
Urmia city in Azerbaijan province was
presented in figure 1. This research also
evaluated 150 villages of Urmia city located on
a 15 km distance from the Iran-Turkey border.

3.2. Procedure
Figure 2 represented the overall steps and

research procedures to the feasibility of using
solar energy in border villages.
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Q Geographic Location of Urmia City

r Villages Studied

Fig.1. The geographic location of Urmia city and studied area situation

Determination of the Processing and Spatial
effective parameters Analysis Evaluation

Evaluation Rreceived
Radiation and Analysis it

Feasibility of Using Solar | Setting Database | Applying Solar Radiation Analysis
Energy as a Source of | According to Parameters | Function in ArcGIS Environment
Renewable Energy. : i

Fig.2: The overall procedure of research

3.3. Used data e Meteorological data related to cloudy

days for the studied area (Urmia station)

e Digital terrain model related to ASTER e During this experiment, we used
Sensor (ASTER GDEM) ArcGIS 10.2 and Excel 2013 software.

e Topographic maps 1/2500 studied area e For analyzing energy data, Minitab

software was used.
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4 Results

In the current study, solar function analysis was
used to investigate intake radiation to the earth's
surface amongst spatial analysis instruments.
This model input is Land Digital Model, so the
Land digital model of the ASTER sensor was
used with 28 m resolution. Due to extracting the
location village in the studied boundary, a
1/2500 topographical map was used. Also, the
primary input of the solar analysis function is
Digital Elevation Model (DEM), so we isolated
border villages from DEM, and by executing the
solar analysis function, the means of submitted
radiation to earth (by WH/m®) were calculated
in all days and then total radiation received to
the earth was calculated for 12 months.
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Obtained values for both April and September
were presented in Fig.3. The next step, received
each village extracted radiation, and its amount
for 28 villages among 150 was evaluated as
defined in Fig.4. Radiation levels in different
villages were studied in 12 months and divided
into 32 categories. The top 10 shows the high
radiation levels in the average range of 4500
WH/m’ and the bottom 10 sets the lowest
average of 2500 WH/m’. The highest amount of
radiation occurred after July. Optimal radiation
conditions continue until November. Most of
the radiation occurred in October. Kafshan
region, with an average of 2916 WH/m’has the
lowest radiation level, and the Kuran region
with 4540 WH/m’ has the highest radiation
level.
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Fig.3. The obtained radiation. a: April, b: September.



Mostafa Esmaeili Shayan at al./ Energy Equip. Sys. / Vol. 9/No.3/Sep. 2021

Cungani
Gangchin
Mareush -
Daman 4
Betic
Savarak
Parde Zi
Gonbad
Hale Ghush -
Kalisi -
Gachi
Firuzian S
Jolfan
Kuran
Sin Abad

Villages

Soltani
Juheni
Gudel
Marneh
Juihi
Hurseen
Hashtian
Hsanlu

Agh Saghal
Khare Gush

April
May
June

= =
[&] a (&)
= s+ =
O E ©
= S =
(5]
LL

Months

July

285

Radiant (WH/m?)

> 7120
6883 ~ 7120
6645 ~ 6883
6408 ~ 6645
6171 ~ 6408
5933 ~6171
5696 ~ 5933
5459 ~ 5696
5221 ~5459
4984 ~5221
4747 ~ 4984
4509 ~ 4747
4272 ~ 4509
4035 ~ 4272
3797 ~4035
3560 ~ 3797
3323 ~ 3560
3085 ~3323
2848 ~ 3085
2611 ~2848
2373 ~2611
2136 ~2373
1899 ~ 2136
1661 ~ 1899
1424 ~ 1661
1187 ~ 1424
949.3 ~ 1187
712.0 ~949.3
474.7~712.0
237.3~474.7
0.000 ~ 237.3

<0.000

LD L

August
September
October
November
December

Fig.4: Average values for radiant received monthly for some villages

5.Discussion and Conclusion

The number of cloudy days and the amount of
solar radiation submitted to earth in the studied
area and compared this amount to the
photovoltaic system's requirement to assess
installation feasibility and use those rural areas
boundary parts of West Azerbaijan province in
Iran were investigated. Evaluating input
radiation to the earth's surface in a given area
was performed by the analytical instrument of
solar radiation in ArcGIS software. To study the
feasibility of using photovoltaic systems in
border villages of Urmia, the area's technical
and economic potential should be measured for
power production. Solar radiation's technical

potential means utilizing solar radiation
employing currently available technology with
specific  efficiency  without considering

economic remarks and proximity to the
consumer markets. Regarding the aim of the
research, we only evaluate the technical
potential of the area. Technical potential

included the amount of received energy to the
earth's surface and the number of cloudy days in
the area. Photovoltaic systems require 1000
Wh.m’ radiation in standard conditions to
produce power. Results showed that mean daily
radiation for all studied villages located in the
range of 211 to 3556 Wh.m’. Another criterion
to measure the area's technical potential is the
number of cloudy days, so using 60 years
statistics (1951-2010), the number of cloudy
days and averaging of values, the number of
cloudy days separated by different months of
the year were calculated. So the conditions of
the study area considering receiving energy to
the earth's surface and the number of cloudy
days to use solar energy sources in the other
months were presented in Table 2. Cloudy days
were not found in July, August, September, and
June, and the conditions for using solar systems
are desired. The worst-case scenario is January,
December, March, and April, which requires
caution in the energy storage source of hybrid
systems.
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Table 2. Results obtained by evaluating the given area.

Months  Number of Cloudy Days Number of Suitable Villages Number of unsuitable villages

March 9 150 0
April 9 150 0
May 4 150 0
June 0 150 0
July 0 150 0
August 0 150 0
September 0 150 0
October 4 150 0
November 6 146 4
December 10 143 7
January 11 145 5
February 9 150 0

Results revealed that the study area in most of
the villages had the lowest energy required to
use in photovoltaic systems, and just cloudy
days are considered as an obstacle to using solar
energy. While and regarding the number of
cloudy days in 4 months of the year, it is entirely
possible to use solar energy, but there will be a
restriction in another month for some days.
Considering the received radiation to the earth's

surface, ten villages had the most energy
acquisition, so they were the best location to
install and establish a solar system was
indicated in figure 5. Nine out of 28 villages
were introduced for the use of optimal solar
systems. Villages include the following: Kuran,
Hurseen, Havan, Barduk, Betic, Mareush,
Jolfan, Sin Abad, and Gudel.

N
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\ g
®
<.
Jolfan %
2 ‘ O
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Fig.5. Villages with the most solar radiation received to the earth's surface
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6.Conclusion

This study attempted to shift energy strategists
from wusing traditional energy sources to
renewable energy sources, taking into account
the economic constraints of rural and border
areas in Iran. To this end, the amount of solar
energy reaching the earth's surface and the
number of cloudy days were studied using local
meteorological data. Used ArcGIS' commercial
indoor solar analyzer to estimate radiation
entering the study area. The year-long study
took place in northwestern Iran's border and
rural areas. Many energy strategists are
unwilling to use renewable and sustainable
energy because they do not see the long-term
benefits. The average daily radiation of the
villages studied ranges from 211 to 3556 Wh.m’
’. Although solar energy can be used to reduce
the number of cloudy days in a month, there are
some restrictions. The 10 cities with the highest
electricity consumption are also the best places
to install and build solar power plants.
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