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ABSTRACT Here, we evaluated the benefits of applying an Organic Rankine Cycle-based waste heat recovery system (WHRS) to
ships in response to EEXI/CII regulations of the International Maritime Organization and 2050 net-zero carbon emission target. Waste
heat sources generated by the ships and the characteristics of each working fluid were analyzed; 170°C steam generated by the
economizer was selected as the heat source, with R-1233zd(E) as the working fluid. Cycle performance with and without an internal
heat exchanger was compared, and benefit equations for the WHRS application were derived. WHRS was applied considering US-UK
as a regular ship; fuel consumption and carbon emission reductions per engine size and fuel type were summarized. Considering 10
operations annually, the SS50ME engine with basic cycle on heavy fuel oil showed 89.93 ton/year fuel savings and 280 ton/year
greenhouse gas reduction (total 61,501,115 KRW/year, lowest), whereas 7S50ME engine with internal heat exchanger cycle on
ammonia achieved only 241.65 ton/year fuel savings (total 286,841,571 KRW/year, highest). Future analyses need to incorporate
capital and operating expenditures, payback period, and benefit/cost ratio for a comprehensive economic assessment.
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Nomenclature

B : benefit
W :net power in waste heat recovery system

SFC : specific fuel consumption

H  :hour of a single ship operation
P :price
C  :correction factor
i : engine load rate
Subscript
ORC : organic rankine cycle
K :fuel type
CO; : carbon dioxide
Fuel : fuel used on ships
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12S90ME-C9.2 standard engine 12S90ME-C9.2 engine for WHRS
SMCR: 69,720 kW at 84 pm SMCR: 69,720 kW at 84 rpm
1S0 ambient reference conditions 1S0 ambient reference conditions
WHRS: single pressure (Dual pressure)
Total power output 54.3% (55.0%)
—— starpower ol A
Output 49.3% WHRS 5.1% (5.7%)
Gain = 10.4% (11.6%)
Lubricating oil Lubricating oil
cooler 2.9% cooler 2.9%
Jacket water Jacket water
cooler 5.2% cooler 5.2%
Exhaust gas Exhaust gas and condenser
25.5% 22.9% (223%)
Air cooler Air cooler
16.5% 142%
Heat radiation - Heat radiation
Fuel 100% 06% Fuel 100% 0%
(167 g/kWh) (168.7 g/kwh)

Fig. 1. Heat balance for large—bore MAN B&W engine types
without and with WHRS
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(b) Relation between Exhaust gas mass rate and Power

Fig. 2. Waste heat from ship’s exhaust gas

20t

dlo]| A BRI vl 7] 7k A &&= oF 200~

12 Yzh4=0] L= 80~95°C

40 - xHAol|HX]|

L

X ° & (o] =
E8N - o - YaH
100
o =t %0 0 ©8S90ME-C10.2
20 ° o ® 55 85
—_ 2 - ) °
%_). 80 Po ° © 14K98ME-C7
2
.E 70 0 12K98ME-C7
3 60
? @ 18V50DF
3 50
2
= ORT-flex96C
2 40
=
2 30 ORT-flex96B
-
=2
S 20 ©12V50DF
=
10
03512B
0
0 20,000 40,000 60,000 80,000 100,000@ STX SL27/38
Power[kW]

(a) Relation between Jacket water temperature and Power
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(b) Relation between Jacket water mass rate and Power

Fig. 3. Waste heat from ship’s jacket water
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Table 1. Woking Fluid’s Property Data
Standard | Critical Critical
Wokllng BO|I_|ng Tem— Pressure | ODP | GWP Safety
Fluid Point | perature [MPal Group
[K] [K]
Water 373 647 22 0 0 Al
R—245fa 288 427 3.7 0 [1030| B1
R—1233zd(E) 291 440 3.6 0 1 Al
R—-1234yf 244 368 3.4 0 4 | A2L
R—-1234ze(E) | 254 383 3.6 0 4 | A2L
R—1234ze(7)| 283 423 3.5 0 - -
R—600a 261 408 3.6 0 3 A3
R—-236ea 279 412 3.4 0 [1370| -
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(b) Cycle with an internal heat exchanger diagram

Fig. 4. Organic rankine cycle diagram
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Table 2. Engine specification

Engine Type SMCR Power [kW] | SMCR Speed [rpm]
Engine 5S50ME 9,500 125
Engine 6G95ME 41,220 80
Engine 7G50ME 12,040 100
Engine 7S50ME 13,300 125

Table 3. Engine_5S50ME one—time benefit factor

[Unit: tons per voyage]

Heavy Diesel :
ele=e Fuel Ol /Gas Oil | Ammonia
Fuel Reduction 9.74 9.17 19.09
Reducing
Greenhouse Gas 30.32 29.39 0

Table 4. Engine_7S50ME one—time benefit factor

[Unit: tons per voyage]

Heavy Diesel :
CEE S Fuel O | /Gasoil | Ammona
Fuel Reduction 12,32 11.60 2417
Reducing
Greenhouse Gas 38.37 37.19 0
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