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Create an evaluation matrix (x,),
consisting of m altemative and n objectives

¥

Normalize the matrix  (xo).... by

*o
o=
L]
J2ixg

¥

Caleulate the weighted normalized matrix by
(a,),..8-wxry

¥

Determine the positive ideal alternative A* and the negative ideal alternative A :
A* = (minlagy, .., ay, ], (minlag, o, apl, ..., (minlag, .., a,])

A” = (max[ay,...,a,], (max[a, (maday,..,a,])

Calculate the distance between the target alternative A™ and A

R —
" I -
df = VI‘Z’ (i = 47)* \I‘Zm("“ —AD)?

)

Calculate the relative closeness to the ideal solution of alternatives

The optima! solution is the alternative corresponding to the
maximum value of C;

o U g9y ¥ Sl

System description
The proposed system is based on
geothermal energy and consists of
geothermal well subsystems, organic
Rankine cycle | and 2, absorption chiller

and heating.

o )
gy - ey
Economi
toimmca
= System
P review
‘ Designing a multiple production system
based on geothermal energy with the
simultaneous use of two organic Rankine

cycles, compressed air energy storage and
absorption chiller.

Dé GN-Ex

Weather data
Multi-objective optimization with 1 @
software Design-Expert
* Two objective functions of exergy Ambient
efficiency and total cost temperature

Turbine
Generator| |\ WYl | [Condemser

Pump

Compressor L5
caks

G gy Wl gld :F Sl
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0 20 20 Maximum pressure of CAES (bar)

0 6.667 6.667 Minimum pressure of CAES (bar)

0 1300 1300 Inlet temperature of air turbine (K)
0.56 281.4 279.8 Power consumption of second compressor (kW)
0.60 281.8 280.1 Power consumption of third compressor (kW)
0.03 2280 2279.3 Output power of air turbine (kW)

Sl SYluw BT -F-Y
Syg0 3,59, Ve J'..,Jm s (V) Jaoo jocenl pingw sloaje (tals 5 &8 0 Slae iol38l ol SO YL (s g
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Scenario Orgg::g;lwd Orgggg;lwd ERTE (%) | Cost rate ($/h) (Plfvv\\;i;
1 R123 R134a 71.81 5.72 542.5
2 R113 Ammonia 68.13 5.138 493.5
3 R123 R115 70.91 5.832 530.4
4 R113 R1234yf 67.13 5.222 480.7
5 R123 Ammonia 72.57 5.645 552.8
6 R123 R1234yf 71.51 5.739 538.5
7 R113 R152a 67.71 5.173 488
8 R123 R152a 72.12 5.685 546.7
9 R113 R410A 66.42 5.295 471.7
10 R123 R113 72.46 5.666 551.2
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Factor Name Low Level High Level
A Geothermal mass flow rate (kg/s) 1 10
B T1 (°C) 190 220
C T4 (°C) 140 160
D T6 (°C) 60 90
E T8 (°C) 50 70
F Pinch point evaporator (°C) 5 9
G ORC turbine efficiency (%) 0.7 0.95
H Pump efficiency (%) 0.7 0.95
| Compressor efficiency (%) 0.7 0.95
J Gas turbine efficiency (%) 0.7 0.95
K P2s (kPa) 4500 5500
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Parameter Optimum point

Pump efficiency (%) 0.803
Compressor efficiency (%) 0.888
Gas turbine efficiency (%) 0.894
ORC turbine efficiency (%) 0.89
Pinch point evaporator (°C) 5.984
T8 (°C) 65.49

T6 (°C) 66.771

T4 (°C) 152.999
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T1(°C)

206.689

Geothermal mass flow rate (kg/s)

3.029

P28 (kPa)

4779.956

ERTE (%)

77.981

Cost rate ($/h)

5.489
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T | Temperature [°(] HEX heat exchanger
P | Pressure [kPa] Comp | Compressor
Q | Heat transfer rate [kW] ch Chemical
C Specific heat of air and water at constant oh ohysical
pressure [kJ/kg.K]
Ex | Exergy [kW] cv control volume
m | Mass flow rate [kg/s] DOE design of experiments
s | Specific entropy [kJ/kg.K] RSM response surface methodology
t | Time [h] ERTE | Exergy round trip efficiency [%]
U | Overall heat transfer coefficient [kW/m2K] EES Engineering Equations Solver
h | Specific enthalpy [Kj/kg] i in
e out
x | Salinity [ppm] 0 Dead state
W | Power [kW] n Number
EXp | Exergy destruction [kW] Greek symbol
m Mass flow [kg/s] n efficiency
E |Energy 0 Maintenance factor
g | Gravitational acceleration
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Analysis of a multiple generation system based on geothermal energy by
simultaneously using two organic Rankine cycles, a compressed air storage source,
and an absorption chiller in different regions
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Abstract

In this study, the modeling and optimization of a multiple generation system based on geothermal energy was carried
out with the aim of maximizing the system performance. The system under study consists of geothermal subsystems,
organic Rankine cycles 1 and 2, compressed air energy storage source, and absorption chiller. The system modeling
was performed using the EES software for solving engineering equations. The response surface methodology and
Design Expert software were used to optimize the objective functions of the proposed system. Two objective functions
ERTE and cost rate were determined to increase the technical performance and reduce the economic costs of the
system. The design variables for optimizing the problem includeinlet temperatures of turbines 1 and 2, pump 1, CAES
tank and evaporator, geothermal mass flow rate, turbine efficiency, pump efficiency, compressor efficiency, gas turbine
efficiency, and evaporator pinch point temperature. To increase the performance of the Rankine cycle, various organic
fluids were investigated, and the results showed that R123 refrigerant and ammonia increased the system performance.
The most optimal exergy efficiency value was 98.77% and the cost rate was 48.5 USD/hour. 10 study cities were
selected to launch the proposed system in Iran. The performance analysis of the system in Iran, considering the best
location in terms of technology and economy, showed that Bandar Anzali city is the best area to launch the system;
environmental results showed that by launching the proposed system in Bandar Anzali city of Iran, it can help expand
11 hectares of green space.

Keywords: Geothermal energy, multiple energy generation system, compressed air energy storage, multi-
objective optimization.
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