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Abstract

This research presents a thermodynamic evaluation of a combined trigeneration system
driven by geothermal resources. The configuration integrates a double-flash geothermal
power plant with a lithium bromide water (LiBr/H2O) absorption refrigeration system,
enabling the simultaneous production of electricity heat and cooling.

First- and second-law analyses were performed using the Engineering Equation Solver (EES)
to characterize system behavior. The system achieved an absorption refrigeration coefficient
of performance (COP) of 0.6849 an overall energy efficiency of 16.49%, and an exergy
efficiency of 30.85% .

The findings demonstrate the technical feasibility of exploiting geothermal energy for multi
output production and highlight areas with high exergy destruction where performance
enhancement is needed.

Keywords: geothermal energy absorption refrigeration-LiBr/H-O-exergy-energy efficiency.
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1. Introduction

Geothermal fields provide a naturally available and renewable heat source located deep beneath
the Earth’s crust. Depending on the temperature of the extracted fluid geothermal energy can be
utilized directly for thermal applications or indirectly for power generation and cooling.
Within geothermal electricity production steam separation from geothermal brine is essential
prior to turbine expansion to ensure adequate vapor quality and prevent mechanical damage
After expansion geothermal brine remains at a temperature that is still suitable for energy
recovery through auxiliary thermal systems.

Absorption refrigeration systems represent a promising approach to utilize this remaining heat.
In particular the LiBr/H.O working pair is known for its strong thermodynamic affinity
operating at low pressures and enabling cooling using thermal input rather than electrical work.
Existing literature includes geothermal-coupled absorption cooling cascaded systems hybrid
arrangements, and geothermal-supported hydrogen precooling applications which collectively
confirm the suitability of geothermal heat as a driving source.

The present study aims to perform a thermodynamic assessment of a geothermal-powered
trigeneration configuration, focusing on the overall system efficiency exergy distribution, and
sensitivity of system performance to key parameters including geothermal temperature absorber
pressure, and pressure ratios.

2. System Description

The proposed trigeneration architecture (Figure 1) couples a double-flash geothermal power
plant with a LiBr/H-O absorption refrigeration cycle enabling concurrent electrical heating and
cooling outputs.
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Fig. 1. Schematic diagram of the integrated trigeneration
system.

In the geothermal subsystem high-temperature geothermal fluid extracted from production wells
undergoes throttling through an expansion valve partially vaporizing the fluid and producing a
vapor-liquid mixture.

The vapor fraction enters the high-pressure turbine (HPT) to generate power while the remaining
liquid is flashed again to produce low-pressure vapor for the low-pressure turbine (LPT) The
brine exiting the final flashing stage-still containing usable thermal energy-is directed through
a heat exchanger before reinjection.
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The absorption refrigeration subsystem employs the LiBr/H.O working pair a strong LiBr
solution is pumped to higher pressure, preheated using a solution heat exchanger and then
directed into the generator where geothermal heat facilitates the desorption of refrigerant vapor
the vapor flows to the condenser is liquefied and is expanded through a valve prior to entering
the evaporator in which the cooling effect is produced.

The weak solution discharged from the generator is cooled through the solution heat exchanger
and directed to the absorber where vapor absorption regenerates the strong solution completing
the cycle.

3. Thermodynamic Analysis

The thermodynamic modeling of the system is based on steady-state, steady-flow conservation
equations. The general forms applied are as follows:

Mass balance:
i N =ZM_OUL ..ot 1)

Energy balance:
Y(thh) in—X(hh) out+Q—W=0..........cocoeiiiiiinnn, #))

Exergy balance: ' o
YE x,in—XE x,0ut+E xheat—W=E D ...................... 3)

Exergy transfer by heat:
E xheat = Q (1 = To/T) .ouoeriiiiiieie e (4)

Specific flow exergy:
X = (h - ho) - To(S - So) .......................................... (5)

Coefficient of Performance (COP):
COP=Q eva/(Q gen+ W _pump) .......ccoevvviniiiiininn..., (6)

Overall energy efficiency: _
nen=(W_net+Q eva+Q heat)/Q in........................ (7

Overall exergy efficiency:
nex=(W_net+E eva+E heat)/E in........................ 8)

Engineering Equation Solver (EES) was used to evaluate thermodynamic properties and
simulate system performance across varying operating parameters.

4. Results and Discussion

Simulation results indicate that the geothermal-powered trigeneration configuration exhibits
measurable performance benefits.

The absorption subsystem yielded a COP of 0.6849 demonstrating efficient cooling generation
driven primarily by geothermal heat.

The overall energy efficiency was 16.49% while overall exergy efficiency reached 30.85%
confirming the ability of geothermal systems to supply multiple useful energy forms.
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Exergy destruction analyVsis (Figure 2) showed that the absorber contributed the highest
irreversibility within the LiBr/H-O cycle followed by the evaporator and generator. These losses
arise from temperature gradients mass transfer irreversibilities and mixing effects.

Therefore absorber design improvements-including enhanced heat transfer surfaces and
improved solution flow distribution-may significantly increase performance.
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Fig. 2. Exergy destruction values for the main components of the system.
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Fig. 3. Effect of geothermal fluid pressure on energy and exergy efficiencies.
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Fig. 4. Eftects of absorber outlet pressure and absorber outlet temperature on system efficiencies.
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Fig. 5. Effect of geothermal and absorption system pressure ratios on energy and exergy

efficiencies.

Parametric analysis (Figures 3-5) illustrates that increasing geothermal fluid pressure induces
performance improvement due to increased available thermal energy.

Conversely higher absorber pressure or elevated absorber outlet temperature lead to reduced
efficiencies because the thermodynamic driving forces for desorption diminish. Sensitivity
results showed that when absorber outlet pressure rises from 0.5 kPa to 2 kPa energy efficiency
declines from 21.16% to 10.6% and exergy efficiency drops from 38.06% to 23.8%. (Table 1)
summarizes key output variables of the system:
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Table (1) The most important parameters gained from system analysis.

Description Value
High Pressure Turbine Power (kW) 23.14
Low Pressure Turbine Power (kW) 8.337
Pump Power (kW) 0.00548
Overall Energy Efficiency (%) 16.49
Overall Exergy Efficiency (%) 30.85
COP (-) 0.6849
Generator heat transfer rate (kW) 127.3
Evaporator heat input rate (kW) 87.21
Net power output of integration system (kW) 31.47
Heat exchanger I heat transfer rate (kW) 66.15
Heat exchanger Il heat transfer rate (kW) 1.823
Heat exchanger 111 heat transfer rate (kW) 25.13
Condenser heat rejection rate (kW) 88.31
Heat output value (kW) 25.13
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Fig 6. shows variations in the overall energy and exergy efficiencies, versus the temperature of

air entering the heat exchanger.

It's clear that when the temperature rises from 10°C to 40°C overall energy efficiency decreases

slightly from approximately 31.53% to 30.16 %

While the exergy efficiency value drops significantly from 18.22% to 14.76%.
Fig 7. Shows the relation between heat exchangers effectiveness and overall efficiencies of the

system.

Energy efficiency is increased slightly from 16.36% to 16.63% by the increment of heat
exchangers effectiveness from 50% to 90% and exergy efficiency rate shows a rise from 30.7%

to 31% at same heat exchangers effectiveness rate.
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Fig. 7. Effect of heat exchanger effectiveness on energy and exergy efficiencies.

Heat exchanger effectiveness demonstrates a moderate positive impact, underscoring the
importance of high-quality recuperative components in absorption-based systems.

Fig. 8 shows the effect of ambient temperature on overall efficiencies of the system. Therefore
ambient temperature plays a notable role particularly affecting exergy efficiency more strongly

than energy efficiency.
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Fig. 8. Eftect of ambient temperature on energy and exergy efficiencies

5. Conclusion

This work investigated a geothermal-driven trigeneration system combining a double-flash
geothermal power plant and a LiBr/H20 absorption cycle.

The system produced a net electrical output of 31.47 kW- a COP of 0.6849 and overall
efficiencies of 16.49% (energy) and 30.85% (exergy) confirming the system’s feasibility for
sustainable multi-energy generation.

Exergy destruction results indicate that the absorber is the most critical element requiring
optimization, followed by the evaporator and generator.

Future performance improvements can be obtained through enhanced heat exchanger design,
flow-rate optimization, and advanced absorber configurations.

Overall the study demonstrates that geothermal-based trigeneration offers a reliable, renewable
solution for simultaneous heating cooling, and power generation especially in regions with
available geothermal resources.
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