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The agricultural sector, as one of the most energy-intensive sectors, plays a vital role in ensuring food
security. With the increasing global demand for energy and intensifying environmental concerns, the need
to use renewable resources in this area is felt more than ever. However, high initial costs and production
instability have created serious obstacles to the development of these technologies. This study, with the aim
of identifying technical and economic solutions for providing sustainable energy in agriculture, examined
different scenarios for renewable energy production on a 50-hectare farm located in Fereydunshahr County,
Isfahan Province. For this purpose, six scenarios based on the combination of solar and wind energy were
designed and simulated and optimized using Homer software. The results showed that Scenario 5, which
includes a combination of solar and wind renewable energies, connected to the national grid, with the
possibility of selling excess energy to the grid and without the use of fossil fuel generators, is the best
option, producing 462.99 MWh of energy and a 58% contribution from renewable sources. This scenario
is considered the most economically viable option with an energy cost of $0.022 per kWh. This study,
emphasizing the need to develop storage infrastructure and improve energy production technologies, shows
that the use of renewable hybrid systems can be a fundamental step in reducing dependence on fossil fuels
and realizing sustainable agriculture.

Introduction

Energy, a critical pillar of development, plays a key role in the global economy by driving industrial,
agricultural, transportation, and other economic sectors. The significant increase in population and
economic growth, particularly in developing countries, has resulted in a considerable rise in global energy
demand in recent decades. In the agricultural sector, energy consumption has been increasing due to its
usage in irrigation and agricultural equipment. This growth in demand coupled with economic development
necessitates a close examination of consumption patterns and the formulation of appropriate policies to
manage consumption and foster sustainable development in the energy sector. Given the growing
significance of utilizing renewable energy in the agricultural sector, the present study investigates the
potential of harnessing alternative energy sources on agricultural farms in the Fereydunshahr region of
Isfahan province. Currently, energy in agricultural farms in this region is primarily supplied through fossil
resources and traditional methods or through the national electricity grid, which leads to dependency on
non-renewable energy sources and increased costs. The primary objective of this study is to model and
evaluate the technical and economic feasibility of using renewable energy systems in agricultural farms
within the Fereydunshahr region.
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The present study aimed to investigate and analyze the electricity supply to a 50-hectare farm located in
Fereydunshahr County, Isfahan Province, in a cold and mountainous area at an altitude of 2510 meters
above sea level. To achieve this, six scenarios were designed and evaluated, taking into account sustainable
agricultural production. Scenario 1: Combination of solar and wind renewable energies, connected to the
national grid, without the possibility of selling excess energy to the grid and using fossil fuel generators.
Scenario 2: Combination of solar and wind renewable energies, connected to the national grid, with the
possibility of selling excess energy to the grid and using fossil fuel generators. Scenario 3: Combination of
solar and wind renewable energies, independent of the national grid, designed for operation in areas without
access to the electricity grid and using fossil fuel generators. Scenario 4: Combination of solar and wind
renewable energies, connected to the national grid, without the possibility of selling to the grid and without
the use of fossil fuel generators. Scenario 5: Combination of solar and wind renewable energies, connected
to the national grid, with the possibility of selling excess energy to the grid and without the use of fossil
fuel generators. Scenario 6: Using the national grid and fossil fuel generators (diesel fuel) to provide
electricity, without the use of renewable energy sources. The technical and economic aspects of these
scenarios were assessed using simulation, optimization, and sensitivity analysis in the Homer software.
Data related to equipment, initial and operating costs, load patterns, and regional climatic conditions were
analyzed to develop a comprehensive assessment of each scenario.

Results and Discussion

Based on the available results, Scenario 1 combines solar, wind, and generator renewables connected to the
national grid without the ability to sell excess energy back to the grid. It generates a total of 406,269 kWh
of energy, with 31.8% derived from renewables. Scenario 4 is similar to Scenario 1, but it omits the use of
fossil fuel generators and the ability to sell excess energy. It produces 462,435 kWh of energy, with a
renewable share of 41.8%. The unused energy in this scenario is 134,533 kWh, and the initial cost and
energy cost are $263,920 and $0.0502 per kWh, respectively. Scenario 5 represents an ideal balance by
combining solar and wind resources connected to the national grid with the ability to sell excess energy to
the grid. It generates 462,998 kWh of energy, with a renewable energy share of 58%, resulting in only 5,806
kWh of unused energy. The initial cost is $265,825, and the energy cost is $0.0226 per kWh, making it a
cost-efficient and sustainable option when considering the balance between renewable energy generation,
cost reduction, and waste reduction. Scenario 6 solely relies on non-renewable sources, including the
national grid and fossil fuel generators, which generates 320,606 kWh of energy but contributes no
renewable energy. The initial cost is $60,000, and the energy cost is $0.0199 per kWh, the lowest among
the scenarios. However, relying entirely on non-renewable resources has significant negative environmental
impacts, making this scenario unsustainable from a sustainability perspective. This comparison underscores
the benefits of Scenario 5 in terms of sustainable energy supply and cost efficiency. The analysis also
underscores the importance of complementary policies, technological efficiency, and environmental factors
for the widespread adoption and sustainability of renewable energy systems.

Conclusion

To address the need for sustainable energy sources in farms aimed at increasing food security, this study
modeled and optimized various scenarios. Through this process, Scenario 5 was identified as the most
optimal option. It is a combination of solar and wind renewable energies, connected to the national grid,
and possesses the capability to sell excess energy to the grid while eliminating the use of fossil fuel
generators.
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Table 1. Scenarios studied in the present study.
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Table 3. Technical information of the components of the
power generation system in the present study according to the

Homer software library.
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Fig 3. Flowchart of how the strategy works to control the
energy production system in the present.
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Table 2. Economic information of the components of the
power generation system in the present study.
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Table 4. Output technical information from Homer software in different scenarios resulting from simulation.
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Table 5. Emissions from electricity generation by the
national grid and generators.
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Table 6. Estimated purchase and sale of the national
electricity network in each scenario.
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Table 7. Technical and economic output data for the optimal state in each scenario.
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Fig 4. Power generation rate by system components in
different months of the year.
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Fig 6. Sensitivity analysis of the optimal system to the
changes in the distance to the nearest power transmission
lines and its initial startup cost.

4o 4S aes o oLz Khattak et al., (2024)  sioq3

Ls)lﬁ] Ol B e (iali8l el (guud o> oS 5 sloaslls
S )l aSST (Ko w9 g0 4 (6551 (Sl Gl el
SlyFes ;o (ool b aslllas cnl mli il Gial3l (5lee 225
I3l e Lot s Locany By e ol 2l 1 o0l

el 0alds (6550 A je

Jl—w ;0 0,0 0529 vudr Olygas gl Blsl anse 4 sls g
Ol ande yee plail Lo 4 La Joe 5 Lo 5Ly ooz,
Elmahallawy et al., (2022) jiags L adl ol oSy o0
Vo Sgas )0 panid (slos Sl aute yos Olo lis aS ol Jlgen
SIS slaainze ez 5 b 55l o] u3Sle 5 ool JLNO
9 s 5L (5,90 0 al38l as wilos S slpaioy Dlllas & o)l
allgi oo (wulzradle slos il asile) g slocs,slis 5l ool il
5 s eSS sleas e g aee iolidl ], 03Kl 0590
Wloais Slgzun joip a5 odilondl Ol gz b Yo 0,90 LU
Slolaelys g aiy gy ar (UL Slals (e il
i Syl ol Sl SRy (2 Feae a8 Slml 03gn sl
S50 5o a5l &S Sl (6 sl oo 4L 4 Slile (5531 g8 OIS
UL BRE BRI B W TN JRNPL  RORVL JUDNRION i SOV Y B
5 olatdl slany ;5 plsiear]) s o @l 5 el
eS| (oS5 4S 0 e e 555wl sl Slamly
sloml g pdsagaas mlie 5l 510> (5900 sl sloanse
YL ol la S5g cpl ams oo a1l 1) ol (65,50 g8 5l el o
axwgi 5 b 50 (50,0l s S pra—al sl 1) O g5l

B2 oo lid pdiagass (65, slaaileles

M Converter 1000008
W Turbine =
Solar Panel
B Network 2] D
= [],_...4.4,..,........ ””HM””“HMNH"
1000005 il
2000005
3000005

S 6 7 8 910 11 12 13 14 15 16 17 18 19 20

dako yos Job 30 dity 91 b (o (sl y loged —O S
Ao Y.

Fig 5. Cash flow diagram of the optimal scenario over a 20-
year useful life.
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Fig 7. Sensitivity analysis of system optimality to average
grid energy price and average power consumption.
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Fig 11. Changes in energy costs relative to the changes in
solar radiation intensity and wind speed.
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Fig 10. Changes in the renewable energy fraction relative
to the price change coefficient of solar panels and wind
turbines.
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