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Abstract : To reduce carbon emissions from ships, eco-friendly fuels and technologies are increasingly being
adopted. Among them, waste heat recovery systems enhance energy efficiency, thereby reducing both fuel
consumption and emissions. In this study, a shipboard waste heat recovery system was designed and
analyzed through exergy analysis. While conventional exergy analysis focuses on the overall exergy
destruction rate, advanced exergy analysis can additionally identify potential improvements. Based on the
current exergy analysis findings, the exergy efficiencies of the condenser and evaporator were determined to
be the lowest, at 34.2% and 58.1%, respectively. Furthermore, the advanced exergy analysis revealed that
the avoidable endogenous exergy destruction in the turbine was 62.1%, while the avoidable exogenous
exergy destruction in the preheater was 41.0%. These results indicate that the turbine and preheater are the
components with the most significant potential for practical enhacement.

Key Words : Advanced Exergy Analysis, Exergy Destruction, Organic Rankine Cycle, Ship, Waste Heat
Recovery System
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E exergy rate [kW]

e . specific exergy [kl/kg]
h  : specific enthalpy [kJ/kg]
@) : heat transfer rate [kW]
W . power [kW]

y  : exergy loss ratio
Jg|A 2Xt

e : exergy efficiency
St

AV : avoidable

EN : endogenous
FEX : exogenous
UN : unavoidable

SHEXt

ch : chemical
D : destruction
e :exit

F o fuel

) . inlet

k  : k th component
ki kinetic

P : product

p : potential
ph : physical
pp : pinch point
@ : heat

tot : total

W . work
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Table 1 Thermal conditions for the simulations

Parameter Value
Temperature of exhaust gas [TC] 180
Mass flow rate of exhaust gas [kg/ s] | 36.65
Temperature of cooling water [C] 30
Pinch point temperature difference of
o 30
evaporator [C]
Pinch point temperature difference of 10
condenser [T]
Efficiency of pump [%] 70
Efficiency of turbine [%] 80
Pressure drop of heat exchangers [%] 2
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Table 2 Properties of working fluids

Workin Critical Critical ASHRAE
flui dg temperature | pressure | GWP safety
[C] [MPa] group
R245fa 154.01 3.651 1030 Bl
R245ca 174.42 3.941 693 -
RI123 183.68 3.662 77 Bl
R141b 204.35 4212 725 -
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Table 3 Assumed conditions for advanced exergy

analysis
Component Real Ideal |Unavoidable
Preheater | A T, = 30C | 0.01C 10C
Evaporator =2% 0% %
Turbine 17 =80% 100% 95%
Condenser ATy :2102 C OgolA,C 51 02
Pump 7 =80% 100% 90%
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Table 4 Comparison of conventional and advanced

exergy analysis

Conventional
exergy analysis

Advanced exergy
analysis

Exergy efficiency AVO(;S;?’}Iecﬁe;frgy

58.1% 41.0%
66.5% 0%
80.5% 62.1%
34.2% 0%
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