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Abstract : Most cross-border trades are carried out by vessels, and a significant amount of greenhouse gas caused by

international transport vessels is emitted into the atmosphere. So, the European Commission and the International Maritime

Organization are enacting relevant regulations to reduce the greenhouse gas emissions of vessels. CO; in exhaust gas from a

9,196-ton vessel was measured by using PEMS, and calculated by using a domestic CO, emission equation. Each of the

calculated and measured results was compared to identify the accuracy of the current CO, emission equation. As a result of

the comparison, the calculated emissions were about 7.67 % lower than the measured values. Thus, it was suggested that
calculation equations must be advanced through additional experiments.

Key words : Greenhouse gas(=-2 7}2~), Air pollution(t}] 7] 2.<9), Portable emission measurement system(©] -5 2] vlj &7}

22274 7)), Vessel(X 1), Emission factor(Wl] & 71 57)

Subscripts 1.LAE
CO, : carbon dioxide HZ AIA 3 A o) 715 Aol MistA LAY
L.O.A  :length overall sh= 21 A -2 7F Aol ATl EA17F vk
LB.P  :length between perpendiculars A& AAge) ol 2] gl Ao s 2ol s Astr] 9
Milb : moulded breadth &l 1988+ A|A] A &k 7] - AbE3 2 AR 17t E)
GT : gross tonnage IPCC(71%- W stell ¥k J5- 3+ A, Intergovernmental
NT - net tonnage Panel on Climate Change)E &% 3} t}. IPCCE= 5= A7t
Prnax : maximum explosive pressure QI o3l WA= A 720l %t 7| RIS AlE
MEP : mean effective pressure sl el w3 ?j?@:gi’ﬂ 2141716l Hopri= /l3k=
SMCR  : specified maximum continuous rating o ofs AShE 71 g ste] S vl e w2, o=
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Table 1 Status of national greenhouse gas emissions®

(Unit : Million ton)

Table 2 Set for the use of sustainable fuels

Year 2025 | 2030 | 2035 | 2040 | 2045 | 2050
Year 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 Aviation 5% 5% | 20% | 32% | 38% | 63 %
Emission | 688 697 691 692 693 709 | 727 Maritime 2% 6% 13% | 26% | 59% | 75%
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Table 3 Detailed ship specification

L.O.A 133.00 m G.T 9,196 ton
L.B.P 120.00 m N.T 2,758 ton
Milb 19.40 m Speed 17.66 kn
Mid 11.05m Complement 239 persons

247t 482 S8 Y W2 HYYo OE 2 Hlwo| 2Ac AP

Table 4 Machinery specification

Machinery Specification
Type Hyundai-Man B&W 6S40ME-E9.6-LP SCR
Output 6,618 kW / 146 rpm(at SMCR)
Proax 185 bar
MEP 20.4 bar(at SMCR)
Table 5 Fuel oil specification
Detail Specification
Type Bunker A Diesel Oil
Gravity API@60°F, SG@15/4 °C 0.8673 0.8329
Viscosity Kin c¢St@ 40 °C 4 2.7
Flash Point (°C) 82 52
Sulfur (%) 0.24 0.001
Water & Sediment (%) 0.05 Trace
Carbon Ratio (%) 86.56 86.56
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Table 6 Measurement device specification

Component CO, CO THC
Maximum
18 % vol 8 % vol 30,000 ppmC
range
+1 % of full
Zero drift scale of
< +0.1 % vol < +50
(over 4 hrs) ove ppi selected range
over 1 hour
2 % of span 2 % of span 12 % of full
. value or < value or <
Span drift scale of
+0.1 % vol, +50 ppm,
(over 4 hrs) X K K i selected range
whichever is whichever is
over 8 hour
greater greater
<+2 % of Point or = £ 1 % of
Accuracy . . -
Span, Whichever is larger
Precision =<1 % of full scale of span -

3.3 AR AKE

A AR F=F o]y 542 g8l Aol €A
o] Q1= VZFA ii 40 FL 13025 5.99] A5 FZA S A}
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Advanced Control and Integrated System) S 2 5-8 | 5-&
4= 2, UF-7000 Series =2 2] 3 Ho]E]= DAQ
(Data Acquisition System)E T-535}o] =43}t

Table 7 Flowmeter specifications

VZFA ii 40FL 130/25
Type Rotary piston flowmeter
Measuring range 225-9,000¢/h
Max. permissible error +0.5 % of actual value
Repeatability +0.1 %
UF-7210 Series
Type Ultrasonic flowmeter
Measuring range 0-5,000 kg/h
Accuracy +1.0 % after calibration
Repeatability +0.2-0.5 %
Linearity 0.5%
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Table 8 Example of telegraph setting

RPM (rpm) Pitch (%) Speed (kn)

Detail
Ahead | Astern | Ahead | Astern | Ahead | Astern

Dead slow 73 110 50 -40 5.5 3.6

Slow 88 121 65 -50 8.0 5.3
Half 97 127 75 -55 10.5 7.3
Full 116 135 83 -62 13.5 8.7

Navigation

141 141 9 -6 17. 9.
full 7 S5 7.7 8
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Fig. 2 Navigation area during experiment

Table 9 Measuring time for each telegraph mode

Dead Navigation
Mode Slow Half Full
slow full

Time(s) | 1,570 272 3,466 3,313 3,279
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Fig. 3 Measuring result
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Table 10 Result of measurement

Table 11 CO, emission factor(tC/TJ)

L. Total fuel Fuel specific
Total emission . .
Mode ® consumption emission
£ (kg) (kg/tonneye)
Dead slow 131,715.32 41.85 3,147.32
Slow 28,676.18 9.10 3,151.23
Half 685,711.58 216.82 3,162.58
Full 1,150,130.02 364.25 3,157.62
Navigation | -, 595 651.74 824.07 3,149.80
full
Total 4,591,884.84 1,456.09 3,153.79
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Table 129} 731, R 384122 Table 100 YFEF

flo &
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Fuel 1996 IPCC 2017
Bunker A 20.53 20.657
Bunker C 21.1 21.929
Diesel oil 20.2 20.111

Table 12 Factor for calculation

Conversion factor Oxidation quotient
0.933 99.0 %
Table 13 Result of calculation
Total emission Total fm'el Fuel 'spe'c1ﬁc
© consumption emission
& (kg) (kg/tonneyye)
Dead slow 122,583.83 41.85 2,929.12
Slow 26,655.03 9.1 2,929.12
Half 635,092.63 216.82 2,929.12
Full 1,066,933.36 364.25 2,929.12
Navigati
AVIEAMON | 5 413,803.08 824.07 2,929.12
full
Total 4,265,067.93 1,456.09 2,929.12
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Fig. 4 Comparison of real time emission results
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[l Enission of calculation
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Fig. 5 Comparison of total emission results for each mode

Table 14 Comparison of each fuel specific emissions

Calculated Error
Measured result
result (ke/tonners) percentage
(kg/tonneye) fuel (%)
Dead slow 3,147.32 7.45
Slow 3,151.23 7.58
Half 2.929.12 3,162.58 7.97
Full 3,157.62 7.79
Navigati
avigation 3,149.80 7.53
full
Total 2,929.12 3,153.79 7.67

247t 482 S8 Y W2 HYYo OE 2 Hlwo| 2Ac AP

F Ay WE g ARG Co, WEFH oS
TR 745797 % L] Q2

& Yehla, 7# EE%‘E A N I HE HE5)
o] T8 2 aE ol A 2F7.67 %] SxF&S VeI

5. 48
ALY BAY S olfr2 A e HEL £
g g ool A 27k WS RS 919 A &
Qo] opd WE AT ArsrBE ol g AL A
2 ARSI lek B T @A) Fujel sl o)
A1 WEY Y 4%4ﬂﬂ ket CO, Ml
=43 2R v ugoR

‘jHJ:'T: —‘:301' 7]7J T 2= ?ﬂ{]-‘?] Pr
Navigation Full =04 &3S st S4 % CO, vl&
5} ARER ) Aol o 7% Aol 3k

& FRNAE Aehke] 2 Aol & rp R 35 A
57191 A2 B WAl MRS Sl A W
A2 0l 9 LB A2 9t
1) PEMSE A8-3k9] 9,196 A54S tiid Ayt

2 8o, F $ A0 ZIE WA= Oy

o 23 Z4ge.

N
J

2) 3 R 9] Telegraph 7]+ Dead Slow ~ Navigation

Full7H4] 2 -3kl A g 8l= Co, Mi& & S48t
1, 98 AR 2O 2 kg/tonnesye

FE BEH AT

[e)
3) 2019 =7} 22712 Wl E ] Bara o] WA|E W
O

ZF Rl WS 7.45-7.97 % 4 =9
4 ARE 7 AlE A 8ol =
7.67 %°] 2AH& YT
f& 2300 285 = Avte
B dAsHE CoE S4etal 4
oA 7|Ee] NS B A

A

4)

_>;1_|‘
. o
o

T
> K
rr‘ JIN'

o
L

B e
of
=)

3)

™o
o
>
o
fr
—111

g
=
>

o T

i)

f N o e fo
al
¥kl

L
o
it
é
oo
R~
or

= 7
S R Ao R S ek o] A9
S o} =315} &1 th(NIER-2021-03-02-002)

References

1) Institute for Basic Science, IBS Research, 16th

Transactions of the Korean Society of Automotive Engineers, Vol. 31, No. 1, 2023 17



2)

3)

4)

5)

6)

7

8)

9)

10)

11)

18

Jinkyu Park + Seunghun Lim * Myunghwan Shin * Dongin Lee < Jungmo Oh

Issue, 2021.

J. H. Kim, J. H. Kim and J. Y. Lee, “Initial IMO
Strategy on Reduction of GHG Emissions from
Ships,” Bulletin of the Society of Naval Architects
of Korea, Vol.55, No.2, pp.24-27, 2018.

Statistics  Korea, Gas
Statistics, http://www.index.go.kr/smart/mbl/chart
view.do?idx_cd=1464, 2022.

Y. C. Lee and H. W. Doo, “A Study on the IMO
Regulations regarding GHG Emission from Ships

National Greenhouse

and its Implementation,” Journal of Navigation and
Port Research, Vol.35, No.5, pp.371-380, 2011.
IMO, Initial IMO Strategy of Reduction of GHG
Emissions from Ships, Resolution MEPC 304(72),
2018.

Korea Energy Economics Institute, “The Main
Contents of the EU ‘Fit for 55 Package,” World
Energy Market Insight, Vol.21, No.15, 2021.
European Commission, Questions and Answers —
Sustainable transport, infrastructure and fuels, 2021.
European Commission, Regulation of the European
Parliament and of the Council on the Use of
Renewable and Low-Carbon Fuels in Maritime
Transport and Amending Directive 2009/16/EC,
2021.

Greenhouse Gas Inventory and Research Center of
Ministry of Environment, National Greenhouse Gas
Inventory Report of Korea, 2019.

J. H. Park, J. T. Lee, S. M. Kim, J. S. Kim and K.
W. Ahn, “A Study on the Emission Characteristics
of Korean Light-duty Vehicles in Real-road Driving
Conditions,” Transactions of KSAE, Vol.21, No.6,
pp-123-134, 2013.

S. G. Choe, S. G. Park, Y. G. Jang, H. G. Lee, U. H.
Hwang and C. G. Bong, “A Study on the

H=AESA3 S =2 A31A ALE, 2023

12)

13)

14)

15)

16)

17)

18)

Greenhouse Gas Emission from Ships in Korea,”
Journal of Korean Society of Transportation,
Vol.28, No.6, pp.33-42, 2010.

M. Y. Khan, S. Ranganathan, H. Agrawal, W. A.
Welch, C. Laroo, J. W. Miller and D. R. Cockerlll,
“Measuring in-use Ship Emissions with International
and U.S. Federal Methods,” Journal of the Air &
Waste Management Association, Vol.63, No.3,
pp.284-291, 2013.

H. Jiang, D. Peng, Y. J. Wang, and M. L. Fu,
“Comparison of Inland Ship Emission Results from
a Real-World Test and an AIS-Based Model,”
Atmosphere, Vol.12, No.12, p.1611, 2021.

H. R. Kim, M. H. Im, G. C. Seo, S. B. Choe, H. B.
Ju, J. S. Kim, I. C. Park, S. W. Kim, J. K. Park, T.
H. Lim, S. H. Lim and J. M. Oh, A Study on the
Improvement Avenue Preparation of Air Pollutant
Emission Factors for Ships by Sector, National
Institute of Environmental Research, 2021.

M. S. Jang, E. C. Kim, I. S. Moon, J. W. Lee and O.
S. Kwon, “CO; Emission from Carbon of Marine
Fuel Oil in New Ships,” Journal of the Korean
Society for Marine Environment Society, Vol.9,
No.3, pp.148-153, 2006.

J. B. Heywood, International Combustion Engine
Fundamentals, McGraw-hills, New York, pp.138,
1988.

H. K. Lee, J. G. Ryu and Y. T. Kim, “The
Correlation Analysis of CO, Emission and Fuel
Economy for LPG Vehicles,” KSAE Fall
Conference Proceedings, pp.613-618, 2008.

H. K. Kim, C. H. Jeon and Y. J. Chang, “A Study on
the Emission Characteristics in 4 Stroke Large
Propulsion Diesel Engine,” Transactions of KSAE,
Vol.9, No.5, pp.38-45, 2001.



	선박 중형 디젤 엔진으로부터 배출되는 온실가스 실측을 통한 국내 배출량 산정법에 따른 결과 비교에 관한 연구
	Abstract
	1. 서론
	2. 관련연구
	3. 실험 방법
	4. 결과 및 고찰
	5. 결론
	References


