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ARTICLE INFO ABSTRACT

. . This study presents an energy and exergy analysis of two geothermal systems,
Article type: including shallow Ground Source Heat Pump (SGHP) and Deep Geothermal
Research Paper Energy (DGE) system, for supplying the heat demand of a greenhouse located in
the cold region of Meshginshahr, Iran. The thermodynamic modeling was
carried out using Engineering Equation Solver (EES) based on real data from the
Sabalan geothermal field. Under design conditions (outdoor temperature of —10
°C and indoor temperature of 20 °C, the greenhouse heating load was calculated
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to be 126 kW. The results indicate that the SGHP system, utilizing soil at an
average temperature of approximately 10 °C, achieves a coefficient of
performance (COP) of about 3.5 and an exergy efficiency of 0.62. In contrast,
the DGE system, with a geothermal fluid inlet temperature of 85 °C,
demonstrates superior thermodynamic performance, reaching an equivalent COP
of around 20 and an exergy efficiency of 0.68. This performance improvement is
primarily attributed to the higher source temperature and the significantly lower
electrical energy requirement in the deep geothermal system. From an economic
perspective, although the shallow geothermal system benefits from simpler
implementation and lower infrastructure requirements, leading to a shorter

Deep Geothermal Energy. payback period, the deep geothermal system offers more stable long-term

performance due to its minimal electricity consumption and reduced operational
costs. Furthermore, the findings highlight that source temperature and thermal
properties of the surrounding environment play a critical role in determining the
overall system performance.
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Introduction

The high thermal demand of greenhouses, particularly in cold climates, makes heating one of the
major energy-consuming operations in protected agriculture. Conventional dependence on fossil fuels
for greenhouse heating increases operating costs and contributes to environmental impacts.
Geothermal energy provides a continuous thermal resource that can be used through different
configurations depending on the temperature and accessibility of the resource. Shallow geothermal
systems generally use ground-source heat pumps to extract low-temperature heat from near-surface
soil, whereas deep geothermal systems can utilize high-temperature geothermal fluids directly through
heat exchangers. The objective of this study was to compare the thermodynamic, exergy, and
economic performance of shallow and deep geothermal systems for supplying the heating demand of a


https://ses.ut.ac.ir/
https://doi.org/10.22059/ses.2026.413773.1236
https://doi.org/10.22059/ses.2026.413773.1236
https://orcid.org/0000-0002-8544-9741
https://orcid.org/0000-0001-6847-3099
https://orcid.org/0000-0002-8544-9741
https://orcid.org/0000-0001-6847-3099
https://orcid.org/0000-0002-8544-9741
https://orcid.org/0000-0001-6847-3099
https://orcid.org/0000-0002-8544-9741
https://orcid.org/0000-0001-6847-3099

190 Journal of Sustainable Energy Systems, Volume 6, Issue 1, 2027

greenhouse under the cold climatic conditions of Meshginshahr, northwestern Iran. The analysis was
based on geothermal characteristics associated with the Sabalan geothermal field.

Materials and Methods

A 1000 m? greenhouse was considered as the reference case. The design outdoor and indoor
temperatures were —10 °C and 20 °C, respectively. Under these conditions, the calculated greenhouse
heating load was 126 kW. Two geothermal configurations were modeled using Engineering Equation
Solver (EES). The shallow geothermal system consisted of a horizontal closed-loop ground heat
exchanger installed at shallow depth and a vapor-compression ground-source heat pump using R410A
refrigerant. The soil temperature was considered approximately 10 °C, with a soil thermal conductivity
of 1.65 W/m-K. The deep geothermal configuration employed geothermal fluid from the Sabalan
resource and transferred its thermal energy to the greenhouse heating circuit through a plate heat
exchanger. An inlet geothermal-fluid temperature of 85 °C was used for the comparative analysis. The
main performance indicators were coefficient of performance (COP), exergy efficiency, total
annualized cost (TAC), and payback period (PBP). An economic lifetime of 20 years and an annual
interest rate of 10% were considered. The exergy analysis was conducted using a reference ambient
temperature of 288 K.

Results

The results showed a clear difference between the two geothermal configurations in terms of energy
performance. The shallow geothermal heat pump achieved a COP of approximately 3.5 while
supplying the 126 kW greenhouse heating load. Its exergy efficiency was approximately 0.62. The
relatively moderate COP reflects the electrical work required by the vapor-compression cycle to
upgrade the low-temperature heat available from the ground to the temperature level required for
greenhouse heating.

In contrast, the deep geothermal system exhibited substantially higher thermodynamic
performance. At a geothermal-fluid inlet temperature of 85 °C, the equivalent COP reached
approximately 20, while the exergy efficiency increased to about 0.68. The markedly higher COP was
primarily associated with the much lower electrical energy requirement of the direct geothermal
heating configuration and the higher temperature level of the geothermal source. The analysis of
source temperature indicated that increasing geothermal-fluid temperature improved exergy efficiency
over the investigated range. However, the rate of improvement decreased at higher temperatures. The
results indicated that increasing the source temperature beyond approximately 100 °C produced
comparatively limited additional improvement because of the fixed temperature requirement of the
greenhouse and increased irreversibilities associated with heat transfer.

The shallow-system sensitivity analysis also showed that increasing the burial depth of the ground
heat exchanger improved COP, although the magnitude of improvement decreased progressively with
depth. This indicates that deeper installation can provide more stable ground temperatures and
improve heat-pump operating conditions, but the thermal benefit should be evaluated against the
additional installation cost. The economic analysis showed that the shallow system had a shorter
payback period because of its lower initial infrastructure requirements. Nevertheless, the economic
attractiveness of the deep system improved as the required heating capacity increased, owing to its low
electricity consumption and lower operating cost.

Discussion and Conclusion

The comparison demonstrates that the two geothermal configurations provide different technical and
economic advantages. The shallow geothermal heat pump is more appropriate where drilling or access
to a high-temperature geothermal resource is limited and where lower initial investment and shorter
payback are priorities. Its performance, however, depends strongly on ground thermal conditions and
the electrical energy required to operate the heat pump.The deep geothermal configuration provides
substantially higher energy performance for the studied conditions because the 85 °C geothermal
source can supply the greenhouse heating requirement with very limited electrical input. Its exergy
efficiency of approximately 0.68 was also higher than that of the shallow system. Although the deep
system requires greater infrastructure and geothermal-resource development, its low operating energy
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requirement makes it a potentially attractive option for larger-scale or long-term greenhouse heating
applications. The results further demonstrate that geothermal source temperature and the thermal
properties of the surrounding ground are decisive parameters in determining system performance. For
the Meshginshahr case, the findings support the technical potential of geothermal resources associated
with the Sabalan field for greenhouse heating and indicate that the selection between shallow and deep
configurations should be based on a combined thermodynamic and economic assessment rather than
on energy efficiency alone.
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