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In this study, the energy, exergy, and economic performance of a grid-connected
photovoltaic power plant with 1 MW nominal capacity in four selected climates
of Iran, including Yazd, Birjand, Hamadan, and Sanandaj, was investigated. To
evaluate the impact of climatic conditions and installation configuration, four
configurations including a fixed system, horizontal single-axis tracker, vertical
single-axis tracker, and dual-axis tracker were simulated in PVsyst, and hourly
outputs were used to calculate energy, exergy, and economic indicators. Results
showed that the dual-axis tracker provides the highest annual -electricity
generation in all cities; specifically, its production in Yazd, Birjand, Sanandaj,
and Hamadan was 2868.2, 2828.9, 2711.5, and 2351.7 MWh, respectively.
However, the highest annual exergy efficiency of 19.52% was obtained for the
fixed system in Hamadan, indicating that maximum energy production is not
necessarily accompanied by the highest thermodynamic quality of energy
conversion. From an economic perspective, electricity sales in the energy
exchange generated higher profitability than the guaranteed purchase
mechanism. The best economic performance was achieved by the horizontal
single-axis tracker in Yazd, with the highest net present value (NPV) of 642.8
billion Tomans, highest internal rate of return (IRR) of 54.43%, and the lowest
levelized cost of energy (LCOE) of 7470 Tomans/kWh. Overall, results indicate
that the dual-axis configuration is more favorable for maximizing energy
production, the fixed system for exergy performance, and the horizontal single-
axis tracker for economic balance; therefore, choosing the appropriate
configuration should be based on an integrated assessment of climatic conditions
and energy, exergy, and economic indicators.
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1. Introduction

Growing energy demand, the continued dependence on fossil fuels, and the associated environmental
impacts have increased the need for low-carbon and renewable energy technologies. Among
renewable resources, solar photovoltaic systems have become one of the most promising options
because of their modular structure, declining investment cost, relatively low operation and
maintenance requirements, and applicability in different climatic regions. Nevertheless, the actual
performance of PV systems is strongly affected by environmental and design parameters, including
solar irradiance, ambient and cell temperature, wind speed, tilt angle, mounting configuration, dust
accumulation, and the use of solar tracking systems. Therefore, evaluating PV systems only on the
basis of electricity generation may not provide a complete understanding of their performance. Exergy
analysis can complement conventional energy assessment by quantifying the quality of energy
conversion and identifying thermodynamic irreversibilities, while economic analysis is required to
determine the financial feasibility of different configurations. Previous studies have examined PV
systems from technical, exergetic, or economic perspectives; however, simultaneous comparison of
fixed and tracking PV configurations under different climatic conditions remains important for reliable
system design and investment decisions. Accordingly, this study aims to evaluate the energy, exergy,
and economic performance of a grid-connected photovoltaic power plant in four selected climatic
regions of lIran. Four mounting configurations, including fixed-tilt, horizontal single-axis tracking,
vertical single-axis tracking, and dual-axis tracking systems, are compared using PVsyst outputs and
nominal cash-flow analysis.

2. Methodology

The methodological framework was developed to evaluate the energy, exergy, and economic
performance of a grid-connected photovoltaic power plant under different climatic conditions and
mounting configurations. Four Iranian cities, namely Yazd, Birjand, Hamedan, and Sanandaj, were
selected to represent distinct climatic regions. For each location, a photovoltaic system with a nominal
DC capacity of approximately 1 MW (1006.88 kWp) was modeled in PVsyst under four mounting
configurations: fixed-tilt, horizontal single-axis tracking, vertical single-axis tracking, and dual-axis
tracking. Hourly simulation outputs were used to determine annual electricity generation, specific yield,
capacity factor, and cell temperature characteristics. The exergy assessment was performed by
considering incident solar radiation as the exergy input and the DC electricity generated by the PV array
as the useful product. Exergy destruction, exergy efficiency, sustainability index, and exergy destruction
intensity were subsequently calculated to assess the thermodynamic quality of energy conversion. The
economic analysis was conducted using a nominal cash-flow model over a 25-year project lifetime,
accounting for capital expenditure, operation and maintenance costs, inverter replacement, annual
performance degradation, inflation, nominal discount rate, and two electricity sale mechanisms: feed-in
tariff and energy exchange market. In addition, two-parameter sensitivity analyses were performed for
the reference case, defined as the horizontal single-axis tracking system in Yazd under the energy
exchange mechanism, to investigate the combined effects of CAPEX and OPEX, exchange rate and
inflation, as well as variations in the electricity sale tariff on project profitability.

3. Results and discussion

The results revealed distinct differences among the studied cities and mounting configurations in terms
of energy yield, exergy performance, and economic viability. From the energy perspective, the dual-
axis tracking system achieved the highest annual electricity generation in all locations, reaching
2868.2, 2828.9, 2711.5, and 2351.7 MWh in Yazd, Birjand, Sanandaj, and Hamedan, respectively.
Compared with the fixed-tilt system, dual-axis tracking increased annual electricity generation by
approximately 30.4%, 32.7%, 32.2%, and 29.9% in these cities. However, the exergy results
demonstrated that higher electricity generation did not necessarily correspond to better thermodynamic
performance. The highest annual exergy efficiency, 19.52%, was obtained for the fixed-tilt system in
Hamedan, whereas the lowest value, 17.27%, was observed for the dual-axis system in Yazd. The
sustainability index varied from 1.209 to 1.243 and followed the same overall trend as exergy
efficiency. From an economic perspective, the energy exchange market provided higher profitability
than the feed-in tariff mechanism in all scenarios. The best overall economic performance was
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achieved by the horizontal single-axis tracking system in Yazd, which yielded the highest nominal net
present value of 642.8 billion Tomans, the highest internal rate of return of 54.43%, and the lowest
levelized cost of energy of 7470 Tomans/kWh. These results indicate that the dual-axis configuration
is preferable when maximizing electricity generation is the primary objective, while the fixed-tilt
system offers superior exergy performance and the horizontal single-axis tracker provides the most
favorable balance between energy gain and economic performance.

4. Conclusion

In conclusion, this study demonstrates that the selection of an appropriate photovoltaic mounting
configuration should be based on an integrated evaluation of energy, exergy, and economic
performance rather than on a single criterion. The dual-axis tracking system achieved the highest
annual electricity generation in all studied cities, with the maximum output observed in Yazd at
2868.2 MWh. However, its higher capital requirement and lower exergy performance limited its
overall advantage. In contrast, the fixed-tilt system exhibited the highest annual exergy efficiency,
reaching 19.52% in Hamedan, confirming that maximum energy production does not necessarily
correspond to the highest thermodynamic quality of energy conversion. From an economic
perspective, the horizontal single-axis tracking system in Yazd provided the most favorable overall
performance, with the highest nominal NPV of 642.8 billion Tomans, the highest IRR of 54.43%, and
the lowest LCOE of 7470 Tomans/kWh. These findings indicate that dual-axis tracking is preferable
when maximizing electricity generation is the primary objective, fixed-tilt systems are more favorable
from an exergy-efficiency perspective, and horizontal single-axis tracking offers the best balance
between additional energy yield and economic performance under the conditions considered.
Therefore, no single mounting configuration can be regarded as universally optimal, and the final
selection should account for climatic conditions, thermodynamic performance, investment cost, and
electricity sale mechanisms. Future studies should incorporate measured hourly data, field validation,
dust accumulation and cleaning schedules, tracker maintenance costs, grid constraints, tariff and
exchange-rate uncertainties, and the integration of energy storage systems to improve the practical
applicability and robustness of the results.
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