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ABSTRACT This study uses exergy analysis to evaluate the fuel-saving potential of a waste heat recovery unit (WHRU) integrated
with an Organic Rankine Cycle (ORC) system for marine applications. Data from the training ship HANBADA of the Korea Maritime
University and the general cargo ship BBC CAMPANA, including their operational routes and main engine loads, were used in this
study. Simulations indicated that the WHRU system could save approximately 27.5 metric tons of fuel per voyage, equivalent to
approximately 2.1% of the total fuel consumption. The WHRU system demonstrated a higher efficiency during long-distance
voyages, significantly enhancing fuel savings. In addition, higher engine loads increased the exhaust gas thermal energy, thereby
substantially improving the WHRU output. This study emphasizes the importance of evaluating the applicability of the ORC system
for marine vessels by closely examining their operational patterns, navigation duration, and main engine load variability.
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Table 1. Waste heat to power technologies

Technology Recovery Source Efficiency
Organic Rankine cycle | Exhaust gas—Jacket 5950
(ORO) water—charge air 7
Isobaric Expansion Jacket water/Charge 1-14%
Engines (IEEs) air/Exhaust gas 7
St Ranki 1
eam ( SR(;I;Q vees Exhaust Gas 3-20%
Thermoelectric Exhaust gas—Jacket
. 1-20%
generation (TEG) water
Exhaust —Jacket
Kalina cycles (KCs) XnaUst gas—dacke 7.5—35%
water
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Fig. 1. Schematic diagram of the ORC system
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Table 5. Ship navigation data (BBC CAMPANA)

_ Duration Engine Fuel
Vessel status | Location [Day] Load | Consumption
[%] [MT]
In port Shanghai 2.2 0 0
Maneuvering | Shanghai 0.8 40 8.6
R/up Sea going 33.7 65 557.7
In port Antwerp 2.5 0 0
Maneuvering | Antwerp 0.5 50 6.2
R/up Sea going 0.3 60 4.6
In port Grimsby 1.7 0 0
Maneuvering | Grimsby 0.3 50 3.7
R/up Sea going 0.6 75 1.1
In port Amsterdam 1.6 0 0
Maneuvering | Amsterdam 0.4 65 6.6
R/up Sea going 2.2 80 43.5
In port Genoa 1.4 0 0
Maneuvering Genoa 0.6 80 11.9
R/up Sea going 31 85 652.3
Maneuvering | Shanghai 2.2 60 33.4
In port Shanghai 0.8 0 0
0.40
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Fig. 3. Load distributions for the propulsion
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