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Analysis of Ship’s Waste Heat Recovery System and CO, Emission
Reduction according to Engine Loads

Hep AIX Hstol] mE mHgzle DHAARS] dSaiM A
.I

o (=1 E3 = AHX** | AE| = %kk% = k%%
SRIR - O[SAH - UBEH™ - AT . MBS

Ji-Won Yoon*, Ho—Saeng Lee**, Seung—Taek Lim**, Chang—Hyo Son™**
and Sung—Hoon Seol***f

(Received 20 November 2023, Revision received 22 February 2024, Accepted 23 February 2024)

I

ey

7] 95 thokst &89 Adrg oA
i, AR w77k AE E]45)o H
S35} 9ith o]n] A5 -84 = R1233zd, R1234ze, R1336mzz(Z)—‘§—

H3l2 =&519ch o] oo Mul 23 W 9o
T Sle 98 A% % COo, A5%HS =&k A 21, o
£ 70~302 kW, 11.22~12.12% &E-&L Vel on, 33} EPEP
HH7]7}A ko] 1.72~4.73% 220 Hd J4+E&L £E&39t) o2 thokdt Al 23 AHE HE A
202~2,550 kgo| A= AMFF, 0.54-6.78 ton o|AtE}ErA WjE A o] 7HsdE st

flo =
[20d
rooX
QL —.~
FN
() mﬂ
X, (llo oo oo (2

S
>

ZINE - AL @A, F7IAARIE, W7 7hAE-E, AdAlz ARAlg, g ke

Abstract : In response to IMO regulations on shipborne environmental pollutants, this paper investigates the
adjustment of organic rankine cycle in ships. Various marine diesel engines were analyzed to figure out the
exhaust gas characteristics of ships. Among the data, a 25,000 kW two stroke engine is taken into account
for cycle simulation. The cycle simulation used R1233zd, R1234ze and R1336mzz as working fluid to
compare the net power and efficiency. Additionally, various navigating routes and operating conditions were
presented to derive the potential CO, reduction and fuel oil saving rate achieved by using the organic
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rankine cycle. Results showed that net power output of the cycle showed 70 to 302 kW with respect to

engine operating load, and 11.22 to

12.12% thermal efficiency. Moreover,

the system recovered

approximately 1.72 to 4.73% of the main engine waste heat. The system was then applied to some assumed
ship navigating routes to figure out fuel saving and CO, depletion rate. Results showed that 202 to 2,550
kg of fuel saving and 0.54 to 6.78 ton of CO, was depleted by applying the waste heat recovery system.

Key Words : Ship Waste Heat Recovery, Organic Rankine Cycle, Exhaust Gas Utilization, Energy Efficiency
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Fig. 2 Mass flow rate of exhaust gas with respect

to engine power (at 100% load)



22X - ol - A

400

A A % Engine load of 100% condition

72N A A A

A D
300 A A
A A A
n A A
A

200 A =

100
Engine type : Diesel engine
Engine stroke : 2 stroke

Engine maker: MAN B&W

Exhaust gas temperature [°C]

0

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000

Engine Power [kW]
Fig. 3 Exhaust gas temperature with respect to

engine power (at 100% load)

Table 1 Specification of MAN B&W 2 stroke diesel
engine 7G8OME-C'"

ME
load
[l
100

Exh. gas
mass flow

[ke/s]
49.1
46.8
43.7
39
33.9

Exh. gas
temperature
[C]
269
225
203
202
207
219

Engine
power
(kW]
25,000
22,500
20,000
17,500
15,000
12,500

SFOC
[e/kWh]
160.1
153.9
151
149.4
149.1
151.6
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Table 2 Refrigerants specification of on-ship ORC

Refrigerant | R1233zd | R1234ze | R1336mzz (Z)
Type HFO HFO HFO
Critical
temperature 166.5 150.1 171.3
[°Cl
Critical
pressure 3.62 3.53 2.9
[MPa]
Safety class Al A2L Al
ODP 0.00034 0 0
GWP 1 <1 2

Table 3 Specifications of ORC simulation

Parameter Value
Engine load [%] 50~100
Exhaust gas inlet temperature [TC] 202~269
Superheating/subcooling degree [TC] 10/5
Seawater inlet temperature [TC] 28
Seawater outlet temperature [TC] 33
Evaporation temperature [TC] 150
Heat exchanger pressure loss [kPa] 20
Turbine, pump efficiency [%] 75
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Table 4 Navigating route of ships

Route A B C D E

Voyage time [h] 29 | 15 ] 104| 55| 82

Engine load [%] 100 80| 90 | 75 | 50
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Table 5 Refrigerant properties and pump head at
100% load

Refrigerant | R1233zd | R1234ze |R1336mzz (Z)
Densi
K/ ‘?/ 1228 | 1,188 1,304
Head [m] 210.7 277 146.5
Refrigerant
flow rate 9.65 9.24 9.7
[kg/s]
Pump power
[kW] 26.58 33.47 18.58
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