Performance, Economic, and Environmental Simulation of a Photovoltaic Power
Plant with Different Configurations for Supplying Electricity to a Water
Pumping Station

ABSTRACT

Given the high electricity consumption and associated costs at water pumping stations in large industries, and the necessity of
transitioning to sustainable and clean energy sources, this study investigates the technical, economic, and environmental feasibility of
constructing a 1633 kWp photovoltaic (PV) power plant to supply a water pumping station at the Debel Khozaei Sugarcane Agro-
Industrial Company as a case study. The PV system performance was simulated with PVsyst, and the output data were imported into
HOMER Pro for comprehensive analysis. Seven scenarios were evaluated, combining 5-hour and 24-hour operationgleschedules with
configurations including grid-connected, simultaneous load supply and grid injection, and with or without battery sto
generator, to accurately model generation-demand interactions. The results indicated that the grid-connected config
storage for a 5-hour daily load is optimal. In this scenario, the system generates 2,802,808 kWh/year, meeyg 81.4% of theffation’s
demand. Approximately 30% of the generated energy (1,001,398 kWh/year) is injected into the grid, while 18.
kWh) is supplied by the grid. The environmental assessment shows an annual reduction of 207,1
economic perspective, with an initial investment of $647,000, this scenario yields
rate of return (IRR) of 10.6%, and a payback period of 8.23 years.

In recent decades, the escalating global demand for wate
fuels, has triggered profound consequences, including resougge » price volatility, and environmental degradation.
emerged as a critical imperative for achieving
sustainable development. Given the projected surge in global energ§gdemand and a substantial 6% annual growth in Iran’s
ici ici macroeconomic conditions, there is an urgent need
ntext, solar energy, particularly photovoltaic (PV)
natives. This prominence is underpinned by rapid

sts, operational simplicity, and Iran’s exceptionally high

to reevaluate and diversify the nation's energy
systems, has become one of the most competi
technological advancements, dramatic reductions
solar irradiation potential.
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systems. Global energy demandyfor agricul
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hot summer

ach is the agricultural sector, with a specific focus on irrigation
tion is projected to double by the year 2050. Currently, water
diesel generators and the centralized power grid. This traditional
ouse gas (GHG) emissions and operational expenditures but also imposes
frastructure. Integrating PV systems into water pumping applications offers a dual
overall energy efficiency while ensuring the reliability of the water supply during the
t advantageously coincides with peak solar irradiance.

The necessity for su ation becomes critically pronounced in strategic, large-scale agricultural operations, such as
the sugarcane agro-i ial sector located in the hot and arid province of Khuzestan, Iran. Characterized by vast
cultivation S, garcane industry is inherently resource-intensive, consuming a substantial share of the region's
water and supplies. The primary challenge facing this sector is the crop's extensive irrigation requirement during
Khuzestan's climatic conditions, which directly overlaps with the national electricity grid's peak load periods. This
synchronization exacerbates the risk of power supply instability, potential interruptions in the irrigation process, and
subsequent crop losses. Therefore, deploying solar energy for sugarcane irrigation and drainage networks represents a
highly effective strategy to alleviate pressure on the national grid, bolster water and energy security, and comprehensively
enhance the economic and environmental sustainability of the production cycle.

Materials and Methods

The study site was the main drainage pumping station of the Debel Khozaei Sugarcane Agro-Industry Company,
located south of Ahvaz, with a total nominal installed capacity of 1250 kWp. Accounting for safety factors and intrinsic
system losses, the baseline capacity of the photovoltaic power plant was estimated at 1625 kWp. In the final design, this
capacity was established at 1633 kWp through the selection of 2268 PV modules rated at 720 W each. Performance



simulation and meteorological data extraction were conducted using PVsyst (version 7.4) and Meteonorm (version 8.1),
respectively.

For the electrical design, based on technical calculations, three 500 kW inverters alongside a 1600 kVVA transformer
with a voltage level of 20 kV were selected for grid connection. Regarding the array layout design, to optimize the
configuration and prevent mutual shading during the most critical solar condition (the winter solstice), the optimal tilt
angle of the arrays was determined to be 30°, with a minimum standard inter-row spacing of 10.367 m. Furthermore, the
main factors affecting the plant's yield, such as auxiliary losses, chmic losses, thermal losses, mismatch losses, and soiling
losses, were incorporated into the model.

To enhance the accuracy of the integrated technical, economic, and environmental assessment of the hybrid PV
system, the simulated energy output from PVsyst was imported into HOMER Pro (version 3.8.13), thereby utilizing the
combined capabilities of both software tools. In this modeling framework, alongside the grid-tied inverter system, a
storage infrastructure was defined, comprising three energy storage system (ESS) units with an output pol f 500 kW
each, coupled with three 500 kW hybrid inverters, and a 1532 kW diesel generator. Key techno-econo
were also specified within the software environment, including initial capital and operational ¢
purchase tariff, the solar electricity feed-in tariff, the national grid's carbon dioxide emission factor, a
rate and nominal discount rate.

pily Station with
|y(glo determine the
optimal system configuration, multiple operational scenarios were simulated. TheS@included powe@8upply during the 5-
hour peak-load period (11:00-16:00), full 24-hour demand coverage, operati
generator, and a full grid-injection mode. The results of these simulations sery:
configuration.

Results and Discussion

ere assessed at 0.89 kWh/kWp/day and 0.21
kWh/kWp/day, respectively. Examination of the monthly perforfjance reveals that maximum generation occurs during

ambient temperatures in summer adversely affe el efficiency,Jicreasing the contribution of thermal losses by up to
6.9%. Despite this temporary reduction, the annfial pegformance rgfo was estimated at 80.5%, which, together with low
ohmic losses in cabling (1.09%) and inverter loss
quality, and optimized electrical design. Further
9.9% enhancement in eﬁecw ve to the horizontal plane. Accounting for all technical factors
and environmental constrain®s; ss, the annual energy available from the arrays was calculated to
be 2,802,808 kWh,‘]‘ subse e generation input for the HOMER software. Since HOMER lacks
the capability to directig model certaj@osses, including those associated with transformers and wiring, the array output
power data were transferred om PVsyst to HOMER, and the inverter efficiency was adjusted by an amount
equal to the sum of these loss eby bringing the final simulation closer to actual operating conditions.

Technical ses 0 O load-supply scenarios indicate that the alignment of the consumption pattern with peak
solar irradiation ivotal role in determining the renewable energy penetration. In scenarios based on a daily
5-hour load, the coinc e of consumption with generation enabled the renewable energy supply share to reach 81%
(without battery an rator), 68% (with battery), and 80% (with diesel generator). Conversely, imposing a continuous
24-hour c8§ pattern markedly reduced these shares to 24%, 14%, and 17%, respectively, owing to the heavy
reliance on § d during non-generation hours. The base scenario, which involves purely injecting power into the grid
without any [8€8l load, recorded a renewable fraction of 100%. An examination of grid energy exchange further shows
that under 24-hour loads, the system becomes highly dependent on grid electricity because of its inability to continuously
cover the round-the-clock demand, whereas the 5-hour scenarios allow for a more favorable energy balance, reduced grid
dependency, and the preservation of a portion of the injection capacity. Specifically, in the 5-hour and 24-hour scenarios,
the grid injection and purchase rates were respectively as follows: for the configuration without generator and battery,
30.5% and 0%; for the battery-bank configuration, 36.2% and 7%; and for the diesel-generator configuration, 85.3% and
15.9%.

A comprehensive evaluation of economic indicators, including net present cost, levelized cost of energy, internal rate
of return, and payback period, confirms the superiority of the direct grid-connected scenario. With an initial investment
of USD 647,000, a payback period of 4.14 years, a return on investment of 17.8%, and an internal rate of return of 23.4%,
this scenario constitutes the most economically viable scheme; electricity sales revenues exceed the total life-cycle costs,



thereby ensuring substantial profitability. Among the hybrid scenarios, the grid-connected system with a 5-hour load and
no storage system, exhibiting a payback period of 8.23 years, an internal rate of return of 10.6%, and a return on
investment of 6.8%, was identified as the second most rational and justifiable alternative. The next viable option is the
system incorporating a diesel generator in the 5-hour mode, with an investment cost of USD 927,000, a payback period
of 10.27 years, an internal rate of return of 8.1%, and a return on investment of 5.1%. In stark contrast, the addition of a
battery bank to this configuration raises the initial capital cost to USD 1.2 million and extends the payback period to 17.58
years, thereby undermining its economic justification. In the round-the-clock load scenarios, the economic viability is
severely diminished because a large portion of the generated energy is consumed by the local load, curtailing electricity
sales opportunities; in the battery-equipped case, the investment is economically unjustifiable.

From an environmental perspective, the base scenario of maximum grid injection achieves the best performance by
directly feeding energy into the grid and displacing fossil-fuel-based electricity, resulting in an annual reduction of 1.51
million kg of CO.-equivalent emissions. In the 5-hour load scenarios, the synchrony of demand with s
yields a positive environmental balance, causing emission reductions of 207,190 kg and 85,037 kg of CO:
the configurations without and with storage, respectively. However, shifting the consumption pa toa 24
s. Furthegillore, a

intensify the system’s need for compensatory grid electricity, thereby substagtially diminishing sitigifipact of the

photovoltaic system on greenhouse gas emission reduction across all scenarioSNggditionally, the die§l gglerator, through
fuel consumption, produces greenhouse gas emissions and transforms the syste a source of p@lution.
Conclusion

The electricity supply of the main drainage pumping station e Debel Kho garcane Agro-Industrial Company
es, including 5-h and 24-h operating
schedules and various system configurations involving i i ultaneous load supply and grid injection,

and systems with or without energy storage and a diesel . ults demonstrated that the selection of the

e evaluation of the different approaches indicate
that, when full injection of the generated electricity into the gridNg possible, selling the electricity generated by the PV
ectricity demand from the grid represents the most
attributed to the relatively low electricity purchase
sold to grid, which maximizes the economic benefits and
sidey at the primary objective of the project is to directly
id-connected PV system without battery storage and designed
ration.

economically and environmentally favorable o
tariff compared with the economic value of el
improves the project's financial indicators. How
supply the energy required by the pumping statio
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