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Abstract

Iran has a high potential of solar radiation and lots of sunny days (more than 300 days) in a year. In this study the
feasibility of establishment the photovoltaic powerhouse in several agricultural research stations of Markazi, Esfahan
and Kerman Provinces was investigated. In this regard, after determining and analyzing the required meteorological
information using Meteonorm software and system simulation by PVsys software, economic analysis of each station
were performed by determining the breakeven point and the average cost of energy production for different discount
rates. The study also examined the reduction of pollution due to the reduction of Cox, Noy and Sox emissions as a result
of employing photovoltaic power plants. According to the results, the most solar electricity generation was occurred in
Rudasht station of Esfahan province equaled to 303 kWh/m? per a year. Photovoltaic powerhouse establishment in the
research stations could eliminate pollution production up to 748 tons in a year which exhausted from fuel combustion in
the power generation turbines. Results also illustrates considering electricity purchase tariff (6370 IRR/kWh), the
construction of photovoltaic power plants with the usual interest rate (more than 8%) is not economically viable for
investors. Therefore, the implementation of such projects cusses to produce clean energy and to bring environmental
protection, a special banking facilities with interest rates below 8% is recommend to motivate private sector for
investment.
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Introduction

Energy consumption is increasing due to population growth and urbanization. The importance of sustainable
development and policy in this field has increased the tendency to use renewable energy (Aghahosseini et al.,
2018). In Iran, many researches and studies have been done on the potential of sunlight and also the
evaluation of the solar power system with different approaches as one of the renewable energy sources in
recent years. Iran has a high capacity to use solar energy and has an average of 300 sunny days per year, in
other words, an average of 2954 sunny hours per year (Mojarrad & Moradi 2014). The highest radiation
potential is related to the southern region and the lowest is related to the northern region of Iran. It is suitable
to install solar power systems in areas where there is more sunlight. The environmental performance and
energy payback time of a grid-connected photovoltaic system with a capacity of 1 MW in China were
evaluated. Based on the results, the input energy for the balance of this system was 19.55x106 and the annual
output energy was 8.33x106 MJ and the energy return time was 2.3 years. The life cycle assessment of this
power plant shows that it can be used for a period of 27 to 30 years, and it is environmentally suitable
compared to fossil power generation systems (Peishi et al., 2017). Since the installation of photovoltaic
systems requires spending a lot of money, and also according to research, environmental and climatic factors
have a significant impact on the performance and efficiency of these systems, therefore, potential
measurement and evaluation of the installation location of these systems is essential. In this research, the
performance of the solar power system was evaluated in a number of selected stations of the Agricultural
Research, Education and Extension Organization (AREEO) in order to find the effect of environmental
factors and the most suitable place to install these systems. In this regard, economic analysis was done before
the implementation in order to make a general decision and make a policy regarding the construction of solar
power plants.

Methodology

According to the research done by Roustapour et al. (2020) who evaluated 27 agricultural research stations,
in the central to southeastern part of Iran, the research centers of the Markazi province (Baghiberkeh research
station located in Saveh), Isfahan province (Roudasht research stations in the east of Isfahan, Fozveh in the
south west of Isfahan and Zayandehroud dam pasture in west of Isfahan) and Kerman province (Zarand
education center located in the northwest of Kerman and Gallehbalouchi Bardsir research station in the
southwest of Kerman) affiliated to the Agricultural Research, Education and Extension Organization
(AREEOQ), which represents the different levels of radiation in the mentioned stations in different parts of the
country. Models and empirical relationships were used to predict the weather condition, which includes the
ambient temperature and the intensity of sunlight on the horizon. For this purpose, the Meteonorm software
considers a twenty-year period and uses the Perez model to estimate the radiation intensity (Anonymous,
2017). The information output by the software in the form of monthly and annual averages includes the
intensity of global sunlight on the horizon, the intensity of scattered radiation and the temperature of the
environment. According to the obtained information, the solar power system in the desired station was
simulated using PVsys software (v. 6.43) and the number of panels and inverters was calculated. Also, the
performance of the system was evaluated in regard to the climatic conditions. Considering losses such as
panel losses, inverter, direct current wiring, alternating current wiring, pollution and dust, the total loss
coefficient was considered equal to 0.77. The desired capacity of the power plant for each unit and the actual
energy produced per year was obtained by technical analysis of the solar power plant (farm) in each station
and checking the available capacities in the desired area (Gevorkian, 2008).

To investigate the positive environmental impacts of photovoltaic renewable power plants in replacing fossil
power plants, the equivalent of the number of barrels of raw oil per million kilowatt hours of electricity
production was used. As a result of the combustion of fossil fuels, the exhaust gases include Cox, Nox and
Sox (Kaabi Nejadian, 2013). After determining the amount of energy production in the power plants of the
desired fields, investment, operation and performance were evaluated and analyzed economically. After
collecting the economic data and information and calculating the fixed investment costs, the financial cash
flow table of the project was prepared and then, using the methods of engineering economics to analyze the
plans, it was started to provide the economic criteria for the evaluation of the project. The criteria used for
evaluation include "internal rate of return™ and "fixed price". According to the guaranteed purchase price of
photovoltaic electricity, the income from the sale of electricity was calculated. For the economic analysis of
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the power plant, its annual maintenance cost should also be taken into account, which is generally equal to
5% of the annual income of the power plant.

Results and discussion

Examining the average monthly changes of meteorological data in 6 selected stations including temperature
and radiation in one year in Meteonorm software showed that the highest temperature level in Baghiberkeh
research station of Central province is about 32 C° and the lowest temperature level in Zayandehroud pasture
research station is about 23 C°. Also, the highest amount of radiation related to Roudasht stations in Isfahan
province and Zarand and Gallehbalouchi in Kerman province is about 250 kilowatt hours per square meter
and the lowest radiation received in Baghiberkeh research stations in Markazi province and Golpayegan in
Isfahan province is equivalent to 220 kilowatt hours per square meter in the months of June and July. In the
design, after entering data such as geographical characteristics of the area, drops, initial selection of the type
of panel and inverter; The number of panels and inverters, the net area occupied by the panels and finally the
amount of electricity produced by the power plant in each month of the year were obtained. The amount of
electricity injected into the grid during one year in the 10 MW photovoltaic power plants designed in
Roudasht, Fazoh and Zayandehroud dam research stations in Isfahan province and Zarand education station
in Kerman province was obtained as 19614, 19261, 16748 and 19309 MWh, respectively. According to the
obtained results, the lowest amount of electricity production in the Zayandehroud dam station compared to
the other two stations is due to the decrease in the intensity of radiation on the surface of the panels. Height
above sea level and temperature are important factors in the amount of radiation received, so that with
decreasing temperature and decreasing height above sea level, receiving radiation decreases. At the
Zayandehroud dam station, due to the colder climate, it receives less radiation and, as a result, the amount of
electricity injected into the grid is lower. Changes in the energy injected into the grid in the 7 MW power
plant at Gallebalouchi Bardsir research station throughout the year show that the most energy injected into
the grid in August is equal to 1250 MWh. The total energy injected into the network of this power plant
during one year was 13121 MWh. The amount of energy injected into the grid at the one megawatt research
station of Baghiberkeh in the Markazi province in different months of the year showed that the maximum
energy production is from the middle of spring to the end of summer and the cumulative production of
photovoltaic electricity of this power plant is 1711 MWh per year. Based on the amount of electricity
production in each station, the equivalent of barrels of raw oil and kilograms of pollution by each pollutant
per year were obtained. Based on the decontamination cost for each of the mentioned polluting gases, the
total decontamination cost was calculated in dollars. The results showed that the construction of photovoltaic
power plants in these stations prevents the production of about 747.7 tons of pollutants resulting from the
combustion of fossil fuels to produce electricity, and will have the economic savings of about 1720340
dollars for the cost of pollution removal. According to the results of the economic analysis and the sensitivity
of the construction and operation of photovoltaic power plants, depending on the desired reduction rate, the
cost of producing each kilowatt of energy is different from at least 1770 rials for each kWh at the Roudasht
research station of Isfahan province with the reduction rate of 0% and the maximum is 8214 rials per kWh
with a reduction rate of 18% in the research station of Zayandehroud dam in Isfahan province. Investigating
the internal rate of return of investment in the implementation of the mentioned projects, the lowest
economic justification with the number of 9.1% and the highest with the number of 11.4% is related to the
implementation of the project in the research station of Zayandehroud dam and Roudasht in Isfahan
province. The sensitivity analysis of the cost price of electricity production in the photovoltaic power plants
in question with the purchase tariff of electricity produced for different discount rates showed that the
average cost price of energy production in these areas with the purchase rate of energy at the discount rate of
14% with a minimum number of 11.5 for the highest fixed price and 16% for the lowest fixed price. This
means that for the economic justification of the project, the desired discount rate for the investor should be
lower than these numbers. Comparing these numbers with the interest rate of long-term investment deposits
with the assumption of 15%, indicates that there is no economic justification for investing in these projects
using personal investment. Therefore, the implementation of such projects should be done through bank
facilities or investment development funds with an interest rate of less than 8% (based on the minimum
discount rate) in order to motivate applicants to enter this field.



Journal of Environmental Research (Vol. 14, No. 27, Spring &Summer 2023) 100

Conclusion

It is necessary to evaluate and measure the potential of solar power systems in different places compared to
other sources of electricity supply, considering the cost and also various factors that affect the performance
and efficiency of these systems. For this purpose, the system should be simulated in the desired location,
taking into account the influencing factors, in order to achieve a correct understanding and decision to
choose the right place for installation. In the survey carried out in this study, the highest amount of electricity
production per year is at the Roudasht research station and the lowest at the Zayandehroud dam and
Baghiberkeh research stations. Based on the results obtained, the construction of photovoltaic power plants
in these stations will prevent the production of about 747.7 tons of pollutants resulting from the combustion
of fossil fuels to produce electricity, and will have the economic savings will be about 1720340 dollars for
the cost of pollution removal. Considering the electricity purchase tariff in the year of the study, the
construction and operation of photovoltaic power plants in agricultural research stations with private sector
investment and the use of credit facilities at the usual rate (more than 10%) does not have the necessary
economic justification. Nevertheless, it is recommended to implement such projects, considering the
importance of clean energy production and indirect benefits resulting from their implementation, from bank
facilities or investment development funds for development in specific areas, with an interest rate of less than
8% (based on the minimum discount rate) to motivate investment applicants to enter this field.
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10. Incidence angle modifier (IAM) TYORI I ¢
11. Effective global irradiation -
12. Light induced degradation (LID)

13. Module array mismatch loss

14. Ohmic wiring loss
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