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A study on the estimation of greenhouse gas emissions from ships

according to the Tier 1 and Tier 3 methodology
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Abstract: Various policies are being implemented internationally to reduce greenhouse gases that cause global warming. A lot of
studies have been actively conducted to reduce greenhouse gas emissions from ships in international shipping. Accurate estima-
tion of greenhouse gas emissions is the initial approach to reduce greenhouse gases. In this study, greenhouse gas emissions
from a ship, according to Tier 1 and Tier 3 methodology, were modeled using Matlab/Simulink (v.2016a). Based on the results
of each method, the factors affecting the estimation of greenhouse gas emissions were analyzed. The total greenhouse gas emis-
sions by the Tier 3 methodology, within the scope of this analysis and calculation conditions, were 90,399 tonCOze, which was
approximately 25% higher than that of the Tier 1 methodology. The load of the main engine in the cruising mode was found
to have a significant effect on the estimation of greenhouse gas emissions. Therefore, it is necessary to establish a systematic
system to obtain more precise data on the main engine load fluctuation based on the ship operation status to estimate more ac-
curate greenhouse gas emissions in the international shipping industry.
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Table 1: Specification of subject vessel for calculating
greenhouse gas emissions from ship [8]
Description Specification
Ship Type Capesize Bulk Carrier
Dead weight 181.381 tonnes
Length Over 291.98 m
Dimensions Breadth 45.0 m
Depth 247 m
Laden 15 Knots (NCR)
Speed
Ballast 16 Knots (NCR)
MCR 16,700 kW (100% load)
. . NCR 14,195 kW (85% load)
Main Engine
Slow-steaming 8,517 kW (51% load)
SFOC 168.7 g/kWh (MCR)
Generator MCR 600 kW x 3 sets
Engine SFOC 216.7 g/kWh at 360 kW
Oil Fired Boiler 1,300 kW at 0.6 MPa

Table 2: Fuel consumption data for 30 months for calculat-
ing greenhouse gas emissions from ship [8]

Fuel Consumption
19.156 tonnes
2.417 tonnes

Description

Main Engine

HFO Generator Engine

Boiler 497 tonnes

Main Engine N/A
MDO Generator Engine 89 tonnes
Boiler 3 tonnes

293



Table 3: Greenhouse Gas Emission Factor [g/gfuel] for cal-
culating greenhouse gas emissions from ship

Greenhouse Gas Fuel Emission Factor
o HFO 3.11400
Carbon dioxide (CO2)
MDO 3.20600
HFO
Methane (CH4) 0.00006
MDO
] ] HFO 0.00016
Nitrous oxide (N20)
MDO 0.00015
Table 4: Global Warming Potential
Greenhouse Gas GWP values
Carbon dioxide (CO2) 1
Methane (CH4) 21
Nitrous oxide (N20) 310
A7k W B9 o] AERASAHE onCO2(Ton

of Carbon Dioxide Equivalent)©|T}. ©]&= 0% 2 F5F9 =4
7p27t Aghdstel 7]l ARE A o ® vluls)
7] $13) A& F8HA]5+(GWP: Global Warmlng Potential) Z
ol gste] olitslEAE V|FoE AR gholth 2006
IPCC Guidelinel] A|AE T8 247}~ 0] A2 ¢34 4
£ Table 40 HERSITE

2.4 SAIJIA HISZF HAHA
2006 IPCC Guideline®] &&%<l o8-S 913 ek
*J(EEA, European Environment Agency)olld @713k

EMEP/EEA air pollutant emission inventory guidebook 2016
[11]-% Tier 1, Tier 2 Z¥] L Tier 3 W20 w}& Aqt 3
A 5“‘7}* HH% ﬁl*}ﬂ‘g AASFAL QAeh 2 Aol A
WHES o dutel] 283}

= 1:1_
Tier 12 ©<8] FrEw a3t A8 &89 & dsx
ol A7 A MEATE Fole] AAse i Ee]
Tier 3 WHES §F, X 7, &8, d52¥A15 (SFOC,
Specific Fuel Oil Consumption) L& %= >34 E] 5 Al&3td

A eRAEE weiste] A7 wESS AR,

2.4.1 Tier 1 HAHA
Tier 1 W20 u}& &
W oz Ak

A7k wEGE 4 ()7 g

E = E(FC < EF,,,) (1)

37|14, B uid 24712 09 vlE 3K (ton), FC,& A&
H FF me AsaRK(ton), EF,, = W 227k 9}
& moll Petes A7k wjE A golh

Figure 1: Calculation of GHG emissions by Tier 1
methodology
Figure 2: Calculation of GHG emissions by Tier 3
methodology
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Table 5: Time and Load according to ship operation mode

Ship operation mode Time [hr] Load [%]
. M/E 70
Cruising mode 12,894
G/E 17
. M/E 20
Maneuvering mode 551
G/E 40
Hotelling mode 8,481 G/E 22
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Table 6: Emissions of GHGs by Tier 1 & 3 [tonCO2e]

Greenhouse Gas Tier 1 Tier 3
Carbon dioxide (COz) 69,070 88,950
Methane (CH4) 28 35
Nitrous oxide (N20) 1,097 1,414

Total 70,195 90,399

Emission of Carbon dioxide (CO2) [ton]

Main Engine Generator Engine Boiler
Figure 3: CO, emissions by Tier 1 methodology
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Figure 4: CO, emissions by Tier 3 methodology
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