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Abstract

In this study, a combined heat and power (CHP) system based on geothermal energy is
introduced, analyzed from energy, exergy, economic, and environmental perspectives,
and optimized using a genetic algorithm. The system consists of an organic Rankine
cycle (ORC) and an improved Brayton cycle, designed to utilize geothermal energy.
The energy analysis results show that the system's net power output is 3585 kW, and
its heating heat rate is 12278 kW. The energy and exergy efficiencies of the system are
calculated to be 42.9% and 47.31%, respectively. The results related to the effects of
operational parameters indicate that increasing the maximum pressure in the ORC and
the temperature difference across heat exchangers significantly affect energy efficiency,
exergy efficiency, and the levelized cost of products. Specifically, for every 100 kPa
increase in the ORC’s maximum pressure, the energy efficiency increases by 11.2%,
and the exergy efficiency increases by 6.29%. Additionally, an optimization process was
carried out using a genetic algorithm to maximize energy and exergy efficiencies and
minimize the levelized cost of products. Furthermore, optimization of the proposed
system resulted in a 30% reduction in the levelized cost of products and a 9.4%
reduction in the exergoenvironmental index.
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1- Introduction

Energy is one of the fundamental pillars of modern
societies; however, the rapid increase in its
consumption—especially through fossil fuels—has
led to arise in greenhouse gas emissions and climate
change [1]. Carbon dioxide plays a major role in
global warming, with emissions surpassing 30
gigatons annually over the past century [2]. Despite
abundant fossil resources, Iran has low energy
efficiency, and the country’s rising temperature
trends have raised environmental concerns [3]. In
this context, renewable energies such as geothermal

are gaining attention due to their sustainability,
lower emissions, and high reliability [4]. Studies
have shown that Iran has strong geothermal
potential in regions such as Sabalan, Damavand,
and Sahand, which could be utilized in combined
heat and power (CHP) systems [5].

Van Erdugah et al. (2018)
optimization of a combined heat and power (CHP)
plant utilizing low-temperature  geothermal
The  study
configurations of CHP systems operating with

investigated the

resources. examined  several
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geothermal fluid temperatures ranging from 110 °C
to 150°C. The findings revealed that CHP
integration could enhance exergy efficiency by
more than 20% compared to conventional power-
only systems. This improvement was particularly
notable in scenarios involving low-temperature and
low-flow geothermal resources [6]. Chen et al.
(2020) conducted a thermodynamic performance
analysis and multi-objective optimization of a
hybrid CHP system based on geothermal energy.
The proposed system integrates a gas-fired internal
combustion engine with both an absorption heat
pump and a geothermal heat pump to supply
electricity and heating for a building. In this
configuration, waste heat from the engine’s hot
water is utilized both to preheat the input to the
geothermal heat pump and to drive the absorption
heat pump. A comprehensive multi-objective
optimization method was applied to balance energy
efficiency, economic viability, environmental
impact, and operational flexibility. Results
indicated that, under optimal conditions, the system
could reduce primary energy consumption by
approximately 30.26% and lower
operational costs by 40-80% compared to the

annual

reference system [7].

The present study introduces and investigates a
novel hybrid system for combined heat and power
(CHP) generation based on geothermal energy,
offering an innovative approach to the utilization of
renewable resources. In this research, a creative
configuration integrating a supercritical Brayton
cycle with an organic Rankine cycle (ORC) is
designed and analyzed. A key feature of the study is
its comprehensive methodology, addressing
multiple dimensions of system performance.
Initially, the proposed system is thoroughly
evaluated through energy and exergy analyses to
gain an in-depth understanding of its
thermodynamic  behavior.  Subsequently, the
Chemical Engineering Plant Cost Index (CEPCI) is
employed as a modern economic tool to accurately
estimate capital and operating costs, thereby
enhancing the precision and effectiveness of the
economic assessment. Furthermore, optimization of
key system parameters is performed to maximize

efficiency and improve overall performance. The
integration of these innovative approaches positions
this research as a pioneering contribution in the
design and analysis of geothermal-based CHP
systems, paving the way for the advancement of
related technologies.

2- Research methods

The proposed combined heat and power (CHP)
system is illustrated in Figure 1. As depicted,
geothermal energy supplies the required heat for
both an Organic Rankine Cycle (ORC) using
isobutane as the working fluid, and an advanced
Brayton cycle employing supercritical carbon
dioxide (sCO:). Additionally, geothermal heat is
utilized for domestic water heating, contributing to
the overall efficiency of the system. A distinctive
feature of this configuration lies in the optimal
integration of geothermal energy across two
complementary thermodynamic cycles, which
enhances efficiency and reduces energy losses. This
innovative combination presents a promising
alternative to conventional power generation
methods in regions with accessible geothermal
resources.

In this system, the ORC undergoes four principal
thermodynamic processes: compression, heat
absorption, expansion, and heat rejection.

Figure 1: Combined Heat and Power (CHP) System

3- Results

3-1-Thermoeconomic Results
The proposed system achieved a net power output
of 3,585 kW and utilized 12,278 kW of thermal

energy for domestic water heating. The system
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demonstrated an energy efficiency of 42.9% and an
exergy efficiency of 47.31%. Furthermore,
economic and environmental assessments revealed
that the levelized cost of energy (LCOE) was
0.01153 $/kWh, while the CO- emission rate was
16.95 tonnes per year.

3-2-Parametric Analysis

The effect of variations in ATgya is illustrated in
Figure 2. As ATgva increases, the mass flow rate of
the working fluid in the ORC decreases, resulting in
a reduction in both the exergy destruction rate and
the net power output of the ORC. Conversely, this
increase leads to a higher mass flow rate in the
improved Brayton cycle (IRBC), which in turn
causes an increase in its exergy destruction rate and
net power output.

However, the reduction in exergy destruction within
the ORC consistently outweighs the increase in the
IRBC. As aresult, the total exergy destruction of the
system initially decreases, which—as observed in
the figure—Ileads to an improvement in overall
exergy efficiency.

On the other hand, the variation in net power output
initially contributes to enhanced energy efficiency
and a reduction in the Levelized Cost of Product
(LCOP). Nevertheless, as the dominance of the
ORC’s net power output diminishes relative to the
total output, energy efficiency decreases and LCOP
increases accordingly.
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Figure 2: Effect of evaporator temperature difference on objective
functions

3-3- Optimization
In this study, the number of generations and

population size were set to 64 and 16, respectively,
as default parameters provided by the built-in

genetic algorithm code. Following the optimization
process, the energy efficiency and exergy efficiency
improved by approximately 36.6% and 8.5%,
respectively, compared to the pre-optimization
results, demonstrating the significant enhancement
in the proposed system’s performance.
Additionally, the Levelized Cost of Product (LCOP)
and the exergo-environmental indicator decreased
by approximately 30% and 4.9%, respectively,
relative to the baseline case. These reductions not
only confirm the economic feasibility of the
proposed system but also indicate its improved
environmental performance.

4- Conclusion

In this study, a novel combined heat and power
(CHP) system based on geothermal energy is
introduced and analyzed from energy, exergy, and
economic perspectives using the EES software,
aiming to provide a sustainable solution for utilizing
renewable resources. The results indicate that the
integration of an Organic Rankine Cycle (ORC) and
an improved Brayton cycle, along with a heat
exchanger for water heating, can significantly
enhance the efficiency of geothermal energy
utilization. The key findings of this research are
summarized as follows:

e The proposed system is capable of producing
a net power output of 3,585 kW and a heat
supply rate of 12,278 kW.

e The energy and exergy efficiencies of the
system are 42.9% and 47.31%,

respectively.

e The total exergy destruction rate and the
levelized cost of energy (LCOE) are 4,706
kW and 0.01153 $/kWh, respectively.
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