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History

() Comparison with previous reports

First 2000 1996 1.8% (1996) - -
Second 2009 1990 - 2007 2.7% (2007) 2007 — 2050 200 — 300%
Third 2014 2007 — 2012 2.2% (2012) 2012 - 2050 50 — 250%
Fourth 2020 2012 - 2018 2.5% (2018) 2018 — 2050 90 — 130%

Study of Greenhouse Gas Emissions
from Ships

Second IMO GHG
Study 2009

Final Report to the International Maritime Organization

DISCLAIMER
The views and conclusions drawn in this report are those of the scientists writing the report.
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Introduction

@ Objective
To develop an accurate estimate of historical emissions of international shipping and state-of-the-art
projections of future emissions

- Inventory of GHG emissions from international shipping 2012 — 2018
- Scenarios of future international shipping emissions 2018 — 2050

@® Scope
Global emissions of GHGs and relevant substances from ships of 100 GT and above engaged in both
domestic and international voyages

- 6 GHGs : CO2, CH4, N20, HFCs, PFCs, SF6
« CO2-eq : 100-year GWPs (CO2 -1, CH4 - 28, N20 - 265) from IPCC AR5
- Relevant substances : NOx, NMVOCs, CO, PM, SOx, BC
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Emissions Inventory

‘ M et h O d O | O Technical specifications Technical specifications
g y AlS data database (IHS) World's ports database

database (GFW)

© Bottom-up : Vessel’s operation activity ‘
1. Fuel-based (CO2, SOx, BC)
EMI - FCI . EFf 2 IMO/MMS| matching 1 IHS data pre-processing

EM, : Hourly emissions (g pollutant/h) B S ki preprocessing
FC, : Hourly fuel consumption (g fuel/h)
EF; : Fuel-based emission factor (g pollutant/g fuel)

Destinction between
domestic and
international voyages

Resampling AlS data hourly 4

Infilling gaps and extrapolating
and into annual

I/ Exist in Al
y but m:
IHS

Type 3 y

GFW
from Allocating ECA flags Detect port stops and allocate

2. Energy-based (NOx, CH4, CO, N20O, PM, NMVOC) o=
EM =W, - EF,
EM, : Hourly emissions (g pollutant / h) s Aduregated emissions

Voyage specific cargo mass

International and domestic hours
5 Emissions estimation

estimates model
W, : Engine/Boiler power output (kW) Estimating e 3 e 4 e
i i emissions per vessel ational assignment
EF. : Energy-based emission factor (g pollutant/kWh) o o ey —
size category

Annual results with
domestic/international split

Assigning auxiliry and boiler
power

Allocating instantaneous fuel
type

Estimating fuel consumption and
emissions

© Top-down : Fuel sales statistics
- Fuel sales data from IEA

Fuel sales for marine sectors x EF for each fuel type

SFCs and emissions factors
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Emissions Inventory

(] Split between domestic and international shipping

© Voyage-based Int’l shipping
- Voyage-based allocation is newly taken from 4th GHG Study
- International emissions as those which occurred on a voyage between two ports in different
countries = based on Actual ship’s voyage

©) Vessel-based Int’] shipping
- Vessel-based allocation is taken from 3th GHG Study
- International emissions as shipping between ports of different countries = based on ship’s
registered navigation area
* Same ship may frequently be engaged in both international and domestic shipping operations

Figure 10 — Allocation of international and domestic nature of shipping according to
voyage-based method Vessel-based Voyage-based
(Third Study) (Forth Study)

",

[_] 1dentified stap
Estimated voyage
Mo complete vovage

Country A Country B Country C Country C Country D
|||iiii||||||||| || I |||||| ||||||||||i|| i Ll LU |||iIIIIIII|IIIIIIIIII
1 I N J\ |
1 1 I T
international international domestic international
extrapolated
AlS messages

timeline

= Domestic and Fishing = Infernational Shipping = Domestic and Fishing = International Shipping
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Emissions Inventory

@ Shipping GHG emission 2012 — 2018

© Total shipping : 977 million tCO2e in 2012 to 1,076 million tCO2e in 2018 (9.6% increase)
- Total shipping : Domestic + International + Fishing

@ Shipping CO2 emission 2012 — 2018

© Total shipping : 962 million tCO2 in 2012 to 1,056 million tCO2 in 2018 (9.3% increase)
- Total shipping : Domestic + International + Fishing

© Voyage-based Int’l shipping : 701 million tCO2 in 2012 to 740 million tCO2 in 2018 (5.6% increase)

© Vessel-based Int'l shipping : 848 million tCO2 in 2012 to 919 million tCO2 in 2018 (8.4% increase)

GIo_baI_COZ Total Shipping Total Shipping Voya_ge-_based Int’l Voxagel-ba.sed Yess_el-l_)ased Ve,ssel-_bas_ed

emissions n CO2 % of Global Shlpplng CO2 Int’l shipping Int I_S_hlpplng CO2 Int’l Shipping

(million tonnes) (million tonnes) (million tonnes) % of Global (million tonnes) % of Global
2012 34,793 962 2.76% 701 2.01% 848 2.44%
2013 34,959 957 2.74% 684 1.96% 837 2.39%
2014 35,225 964 2.74% 681 1.93% 846 2.37%
2015 35,239 991 2.81% 700 1.99% 859 2.44%
2016 35,380 1,026 2.90% 727 2.05% 894 2.53%
2017 35,810 1,064 2.97% 746 2.08% 929 2.59%
2018 36,573 1,056 2.89% 740 2.02% 919 2.51%
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Emissions Inventory

@® HFO-eq fuel consumption per ship type

& Dominant Ship Types : Containers, Bulk carriers and Oil tankers

Dominant Fuel Type : HFO (79% of total fuel consumption in 2018)
- However, during the period of 2012 — 2018, a significant change in the fuel mix has occurred
- Share changed during 2012 — 2018 : HFO 7% W, MDO 6% A\, LNG 0.9% #\
- Methanol was used 130,000 tonnes in 2018 and became the fourth most significant fuel

Figure 4 - International HFO-equivalent fuel consumption per ship type, according to the voyage-based
allocation of international emissions
B HFO s mMDo Il NG I Methanol

HFQ-eq (mt)
3

ol
(=
I

Yacht
Offshore :

Bulk carrier
Chemical tanker
Container -
General cargo
Liquefied gas tanker
Oil tanker
Other liquids tankers
Ferry-pax only
Cruise
Ferry-RoPax
Refrigerated bulk
Ro-Ro
Vehicle
Service - tug '
Service - other 4
Miscellaneous - other
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Emissions Inventory

@ GHG emissions per operational phase

' Ch em | Cal tan kers an d O| I tan kers Figure f;- Pl;jopﬁrtio: of ir;terrjatlionaIOGHG etwiss:or:‘s (in COze) tfy op;e;:tio:al ?t:ase in 2|013, ac;:ording to thde
. . . . voyage-based allocation of emissions. Operational phases are assigned based on the vessel’s speed over ground,
- RelathEIy Iarge em|SS|OnS portlon Of phases at Or distance from coast/port and main engine load (see Table 16).
near th e p o) rt or ter m | n al (20% mo re) ® nNormal cruising Slow transit Manoeuvring @ At berth/anchored

) Containers, Cruise ships and Oil tankers 100-I-..IIII.II- IIII.

- Relatively small emissions portion of cruising due to 801
dominance of slow cruising

© Liquefied gas and Oher liquids tankers
- Relatively large emissions portion of cruising
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Emissions Inventory

@ Operating Speed Trends

Operating speeds remain key driver in emissions and are susceptible to market forces
- Decoupling in the rate of increase in installed power and fuel consumption
» Average ship sizes and installed power increased
» Average fuel consumption increased, but lower rate than increase in average installed power
» Decoupling is the consequence of continued reduction in operating speeds and the
average number of days at sea

Table 8 - Updated vessel type and size categories

Figure 8 - Speed trends for the three highest emitting fleets aggregated (top left) and broken down for each Type bin 1MO4 Capacity Unit | 1M03 | Type bin IMO04 Capacity Unit | 1MO3
ship type’s size categories, which can be found in Section 2.2.1 — e size size
T1a Bulk Carriers @ Containers bin bin bin bin
= Bulk carrier | 1 0-9,599 DWT | 1 9 20,000-# TEU | &
§ 16 15@ 2 10,000-34,999 |DWT |2 General 1 0-4,999 DWT |1
R4 14 cargo z 5,000-9,999 | DWT |2
____—‘_*—-__ .|
2“12 . E 32,000-39,993 | OWT 3 3 10,000-19,999 | DWT | 2
= 12 — ¥
3 4 60,000-99,999 | DWT | 4 n 20.000-+ owT | 2
g 10 10 3 'f:;‘;ﬁ' DWT | 3 Liquefied |1 049,959 | CBM | 1
© 8 8 gas tanker 2 50,000-99,999 | CBM |2
g & 200,000-+ DWT | & : pr— o |2
< o X No & 2 B wo N Chemical 1 0-4,599 DWT |1 - §
o o N S o ) o o
v v v > ¥ v v v tanker 2 5,000-9,999 | DWT |2 199,995

Year Year 3 10,000-19,999 | DWT | 3 4 200,000.+ | CBM |3
E 18 Oil Tankers pr——— 4 20,000-39,59% | DWT | 4 il tanker 1 0-4,999 owT |1
= 5 0,000+ owT | 4 z 5,000-9,999 | DWT |2
g 16 ; i 3 10,000-19,599 | DWT |2
F14 5 6 Container | 1 0-939 TEW |1
__2_912 7 8 2 1,000-1,999 | TEU |2 4 20,000-59,999 | DWT
E g9 3 2.000-2.999 |TEU |32 5 &0,000-79,599 |DWT |5
o 10 4 3,000-4,999 | TEU |4 [ 80,000-119,999 |DWT |6
o
T g 5 5,000-7,9%9 | TEU |5
5 by - - A 6 B,000-11,999 | TEU | & 7 120,000- | DWT |7

M M N &
8 S S g 7 12,000-14,499 | TEW |7 199,959
Year 8 14,500-19,999 |TEU |8 8 200,000-+ DWT | &
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Emissions Inventory

@ Emissions both GHG and Air Pollutants

&) CH4 increased 150% over the period due to increase in consumption of LNG

&) SOx and PM increased in spite of reduction in HFO and increase in MDO and LNG
- Average sulfur content increase in HFO exceeds sulfur content reduction by fuel change

) NOx has lower increase rates due to Tier Il and Il regulations but the overall trend increased

Figure 9 - Emissions species trends, all species 2012-2018, showing both the estimates for voyage-based and
vessel-based international shipping emissions

CH4 emissions/year (thousand tonnes)

Figure 78 - Comparison of the contribution of individual species to voyage-based international greenhouse gas

emissions (in CO:e) in 2018, highlighting the impact the inclusion of black carbon has.

(a) Excluding black carbon (b) Including black carbon
e reneneTReane Vessel-based [ Voyage-based
1.45% 0.52% 1.35% 0.48%
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CHq ¢
. N0
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offl -8 &
91.32%
98.03% 0

2012 2013 2014 2015 2016 2017 2018
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~ 100~
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*100-year GWPs : CO2 — 1, CH4 — 28, N20 - 265, BC — 900
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Carbon Intensity

@ cCarbon Intensity of international shipping

4 metrics of carbon intensity

Energy Efficiency Operational Indicator (EEOI, g CO2/t-nm)
Annual Efficiency Ratio (AER, g CO2/dwt-nm)

Distance (DIST, kg CO2/nm)

Time (TIME, tCO2/hr)

Analysis methodologies
- Allocation : Vessel-based and Voyage-based
- Percentage changes : Overall (aggregated data) and Individual (regression fit)

Table 3 - Carbon intensity levels and percentage changes of international shipping Table 4 - Carbon intensity levels and percentage changes of international shipping

(vessel-based) (ngage.based]
EEQI (gCO2/t/nm) AER(gCOZ/DWT/nm) DIST(kgCO2/nm) TIME(tCO2/hr) EEOH (gCOLt/nm) AER(gCODWT/nm) DIST(kgCO/rm) TIME(ECOLA)
. . o s Variation vs | Variation vs Variationvs | Variation vs — — — —
Year Variation vs 2008 [Variation vs 2012 Variation vs 2008 |Variation vs 2012 2008 2012 2008 012 Vear Vartation vs 2008 | Variation vs 2012 Variation vs 2008 | Variation vs 2042 Variationvs | Vanation vs Variationvs | Variationvs
Valoe T Tindiida]_— Tindvidu] "2 [ Tindiidu| __— Tndwidu| ‘2% | — Tindiidu]__— Findiidu| "= [ Tindividal_ [indvicu Value — | Vel — et Ve Ay, T
overa o |over Al overall |71 | overa 4l overall| ™ foverall] overall| ™ ™ overall T averall " averall " overall " overall " overal ' overall " overall ’ overal "
2008| 17,10 I I I I 7 I I [V [ [ - pron T ] B E— T T 1 = T 1 T o T o
2] 13,16 | -231%] -16,B% - - 7,08 | -12,7% -5,8% - —-| 32,65 | 18,3% -5,8% - —| 4,32 | 13,8%| -147%) - - o 1219 | 19ee] 11 _ eat e ] 1 rm 05 464 ] o7 | ong a9 ] ]

w1287 | 24| e | a0sfess | case] ] ey g wrma | el ] ] ] et | s e 3 4
wid] 12,34 | ros] 04| em| aeslert | cess] w4y 2a weoas [ mes] am| oes] | a7 | s as0s ey e

| a | one e am aefes | om] es am oan| s | sn e e 247 | 4oy e am 45y
) 129 | mey el ga) swlen | e s s ] wme | e g a3y i an| e s 4n ey

wis| 12,33 | | 190w e3w|  28%[ 664 | 78 65 59 -13u| 2ee5e | 19ex| a5 1w 3w 425 | tesy| ansy| ey 49y e 0 ma el T amens | ewl sm as im me | 0wl bz 0m 2o ced | 57 em 2z 5w
w| 12,22 | 88| a7 7o 25w ese | 1aes] 64y 68 14| 7346 | 219y s 3o w435 | 1938 anoa| oy 44y TR T T I T T AR L B . I T I
w7 11,87 | 08| -208% 98k 50643 | 2048 g4y 23y 33| w097 | 20n s 23| 23w 43| ey 204 03y 70y o 0 | | e 0 seses | 6| a8 om an mm | ww| a7 32 a7 en | o] an e 7
ws| 1167 | ] 25| 13w e 631 | 2208 93 0y -42u| et | 20 93w e 42w 434 | 190y 2228 o4y 91y IR EEEE AR O EEE R EEEEE
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Carbon Intensity

@ Percentage changes of Overall Carbon Intensity

EEOI & AER kept decreasing (improving) between 2012 — 2018
- Reduction rate (voyage-based) : -29% (EEOI) and -21% (AER) in 2018 compared with 2008

DIST & TIME have increasing trend (worsening) between 2012 — 2018
- Reduction rate (voyage-based) : 15% (DIST) and 9% (TIME) in 2018 compared with 2008
- Increasing average ship size = Increasing CO2 emissions
- TIME has lower increasing trend due to speed reduction

Figure 13 — Percentage changes in overall carbon intensity of international shipping

Figure 14 — Percentage changes in overall carbon intensity of international shipping
(vessel-based)

(voyage-based)
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Carbon Intensity

@ Percentage changes of Individual Carbon Intensity

&) EEOI & AER kept going down (improving) but narrowed down compared to overall carbon intensity
- Reduction rate (voyage-based) : -17% (EEOI) and -9% (AER) in 2018 compared with 2008

- No contribution of scale economy

@ DIST & TIME kept going down (improving) between 2012 — 2018
- Reduction rate (voyage-based) : -9% (DIST) and -22% (TIME) in 2018 compared with 2008

- TIME has larger improvement due to speed reduction

Figure 16 — Percentage changes in individual based carbon intensity of international

Figure 15 — Percentage changes in individual based carbon intensity of international jure
shipping (voyage-based)

shipping (vessel-based)

40% 40%
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Carbon Intensity

@ Improvement trends of Carbon Intensity

& Most improvement achieved before 2012
- Reduction rates in carbon intensity of international shipping indexed at 2008, at which time the
shipping market was reaching its peak right before the long-lasting depression
- Taking 2012 as the reference year instead of 2008, reductions in carbon intensity narrowed down

© Improvement slowed down since 2015
- Average annual percentage changes ranging from 1 to 2%
- Dueto limit in speed reduction, payload utilization and technical improvements of existing ships

Table 66 - Carbon intensity levels and percentage changes of international shipping (Option 1) Table 67 - Carbon intensity levels and percentage changes of International shipping (Option 2)
[ AER(SCO et nen) [R— — EEOI (gC02/t.nm) AER(SCOw dwt.nm) DIST{kgtO2/nm) TIME(COuhr)
Year Variaticn vs 2008 Variation vz 2012 Variation vs 2008 Variation vs 2012 Variation vs 2008 | Variation vz 2012 Variation v 2008 Variation vs 2012 Year Variation vs 2008 Varistion vs 2012 Variation v 2008 Variation vs 2012 Variation vs 2008 | Varlstion vs 2012 Variation ws 2008 | Variation vs 2012
Value Value Vale Value Value Value Value Value

overall |sndtvidual| oversll |mdividusl averall |mdividusl| overall |individusl averall |indsvsdual| overall | smdreidual overall |individusl | overall overall |individusl | oversll |individual overall |individual | overall |individual averall |indtvidual | overall (individual overall |individual | overall | individual
T T BN BB R B -3 B s s 727720 By B Ry By 37 Ry Ry B 081506 | | | a0 | | | T _Issose| | | | —fass| | | | —
e e o e e O es i s o Samlasnanm o o 2012]12.19 [ 19.65] 1145 | _[6.61 | 1075 46| -  _|387.01 1058 Ags| |  —[474|8.11%] 1395 | -
2013| 12.87 | -24.7%| -18.3% -2.25| -2.0%| 6.89 | -14.8% 7.1% 2.4%| -1.7% 357.73 [16.7%] -7.1%| -1.4% -1.7%| 4.18 | 14.61%| -18.1%| -3.3%| -4.2% 2013|1163 | -22.0%| -13.6% -3.0% -2.6%|6.d0 |-13.5% -6.6%| -3.2% -2.2%|380.68| 8.7%| -6.6% -1.6% -2.0% d4.57)4.13%| -17.6%) -3.7%| -4.5%
201412 30 7 5 20 4 63 4 e 6T [165u T B 455 2 4% 360 44 |17 ELl 7 7L 0.EL 2.4 4 17 | 14365 9.9 360 6.2% 2014[11.29 | 25.6%] -16.2%] 7.4%| 5.55[6.20 | -16.15| 7.65 6.1% -3.1%|382.09 | 9.1 7.6%| 1.35] 3.154.54 | 3.49%| -19.4%| 4.35| 6.6%
2015] 12.33 [ -27.9%[ -19.0¢| -6.3%| -2.8%6.64 | -17.8%] -6.5% -5.9%| -1.3%| 366.56 |19.6%| -6.5% 1.1%| -1.3%| 4,25 | 16.62%| -18.5%| -1.6%| -4.9% 2015/ 11.30 | -25.5%) -14.5%) -7.3% -3.7%|6.15 | -16.9%| -6.2% -6.9% -2.0% 388.60)10.9% -6.2% 0.4%| -2.0% 4.64) 5.75%) -18.0%) 2.0% -5.3%
2016] 12.22 | -28.6%| -18.7%¢] 7.2%] -1.5% 6.58 | -18.6%] -6.4% -6.85| -1.4%| 373.46 [21.9%] -6.4%| 3.0% -1.4%| 4.35 | 19.32%| -18.0%| 0.6%] -d.4% 2016\ 121 | -26.1%| 1404 8.1% -3.2016.09 |-17.7%) -5.5% 7.8 -1.8%1397.05 13.3%) -5.5% 2.64| -1.8%14.77)8.68%| -17.44] 0.5% -4.7%
2017 11.87 | 20.6%] 20.8%] 9.8%] 5.0%[6.43 | 20.4%] 8.4% 8.9% 3.3%] 370.97 [21.0%] 8.4%] 2.3%] 3.3%(4.31 [18.20%] 20.4%] 0.3%] 7.0% 2017 10.88 | -28.2%| -15.9% -10.B% -5.4%|5.96 | 19.5% -7.7% -9.B% -3.7%399.38| 14.0% 7.7%| 3.2%) -3.7%4.79)9.21% 19.7%6) 1.0% -7.2%
2018[ 11.67] -31.8%[ 21.5% -11.3%] -6.2% 6.31 | -22.08] 9.3%] -10.6%] -4.0%| 376.81[23.08] 9.3%] 3.9%] 4.2%[4.34 | 19.06%] 22.2%[ 0.4%] 9.1% 2018/10.70| -29.4%| -17.25] 12.3%] 7.03]5.84 | -21.05) 855 -11.5%| 4.B%|40191) 4.7%| 855 3.8%| -4.9%|4.75)|9.17%| -21.9%] 1.08] 9.3%
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@ cCarbon Intensity level of typical cargo ships

Lowest carbon intensity levels achieved by bulk carriers, oil tankers and container ships

© Decreasing trend of carbon intensity performance of
most ships between 2012 and 2018
- Increasing average ship size in all ship types
- Design efficiency in oil tankers, bulk carriers and
chemical tankers Gty 109
- Speed reduction in bulk carriers, chemical tankers, ®™""™* Liustigd g ankec 9.3
container ships and oil tankers

Average EEOQI of each ship type over years (gCO2/t.nm, OP2) Average AER of each ship type over years (gCO2/dwt.nm, OP2)

General cargo:16.9
General cargo:13.3
General cargo:21.5

| Container:12.7

General cargo:28.8

% _Liquefied gas tanker:11

h
Chemical tanker:10.4

Chemical tanker:10.1
mical tanker:15.8 o aa ]
A Liquefied gas tanker:10 Container:9.3

Liquefied gas tanker:17 2

Container:14.8

Bulk carrier:11.1
QOil tanker:11
Bulk carrier:5.3

Qil tanker:8.2 Qil tanker:3.9

| Bulk carrier:6.8

Qil tanker:4.3

Bulk carrier:3.7

2008 2012 2013 2014 2015 2016 2017 2013 2008 2012 2013 2074 2015 2016 2017 2018
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Future Shipping Emissions

@ Method for projecting emissions from shipping

© Projecting transport work — non-energy products = SSP
- Historical relation between maritime transport work and economic parameters (per capita GDP, Population)
- Projecting transport work based on long-term projections of GDP and Population

© Projecting transport work — energy products = RCP

- I PCC p rOJ eCtI ons Of en ergy consum ptl on Non-coal dry bulk, containers, other unitized cargo, and Coal dry bulk,-oil tankers and gas tankers
- PrOJ eCt| ng transport Work US| ng en ergy chemicals (Relation between transport work and relevant
consum pt| on p FOJ eCt| ons drivers: Logistics, denoted by _L; Gravitation model, denoted by
_6)
Long-term socio-economic scenarlos Long-term energy scenarios
© Making a detailed description of the fleet and its SR Sustaizabiltm TakingthaGiaaRaad) RCDL (1 5°0)in combinating with SSP SSB2 a0t SSPS
act|V|ty |n th e base year 2018 SSP2 (Middle of the Road) RCP2.6 (2°C, very low GHG emissions) in combination with SSP1,
SSP2, SSP4 and SSP5
. P ro . . .l S5P3 (Regional Rivalry - A Rocky Road) RCP3.4 (extensive carbon removal) in combination with SSP1, $S2,
/ jecting future fleet composition and energy £5P3,55p4 nd S5P5
eff| Cien Cy Of Sh | pS SSP4 (Inequality — A Road Divided) RCP4.5 (2.4°C, medium-low mitigation or very low baseling) in
combination with SSP1, 552, SSP3, S5P4 and SSP5
. PrOJ eCt| n g S h | p p | n g em | SS | ons SSP5 (Fossil-fueled Development - Taking the Highway) RCP6.0 (2.8°Cmedium baseline, high mitigation in combination with

S5P1, 552, S5P3, S5P4 and SSP5

OECD long-term baseline projections
Source: (Van Vuuren, et al., 2011b), (Riahi, et al., 2017) Making sense of climate change
scenarios; Senses Toolkit

SSP: Shared Socio-Economic Pathway
RCP: Representative Concentration Pathway
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Future Shipping Emissions

@ Transport work projections

Aggregate transport work increase by 40 — 100% in scenario SSP2 / OECD and RCP 2.6
- Logistics analysis (75 — 100%) higher than gravitation model (40 — 60%)

SSP2 _RCP2.6_L SSP2_RCP2.6 G
OECD _RCP2.6 L OECD_RCP2.6 G
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] 3 120000 120000
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§ g £ 100000 ‘£ 100000
S 80000 S 80000 g e
5 5 § 80000 § 80000
T 60000 = 60000 5 5
-_E -_E = 60000 = 60000 —m
o o — vt
E 40000 E 40000 %‘ 40000 g 40000
g g - E
o Q = 4+
¢ 20000 £ 20000 S 20000 g 20000
m© © o joR
= = 2 Z

0 0 = 0 = 0

2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050 2020 2025 2030 2035 2040 2045 2050
M Bulker M Tanker m Container Other unitized W Passenger m Miscellaneous

+ L :logistics analysis — analyses relation between global transport work and its drivers over the longest period available and projects the relation further using a logistics curve
* G : Gravitation model — derives from Newton'’s law of universal gravitation (proportional to product of two masses and inversely proportional to the square of the distance)
Country imports from a specific exporters are taken as proportional to the product of the two countries’ GDP and inversely proportional to the square of the distance
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Future Shipping Emissions

@ Emission Projections

BAU (Business As Usual)
- no adoption of new regulations that have an impact on energy efficiency or carbon intensity

Shipping emissions increase from 1,000MtCO2 in 2018 to 1,000 — 1,500MtCO2 in 2050
- Emissions projected to increase 90% in 2018 and 90 — 130% by 2050 compared to 2008
- By 2050, increase of 0 — 50% of 2018 levels and 90 — 130% of 2008 levels
- Increased by transport demand growth in spite of further efficiency improvement

Figure 26 — BAU scenarios GDP growth in line with recent projections, energy transition
in line with 2 degrees target
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Future Shipping Emissions

@ Emission Projections per ship types

Bulkers increase by 10 — 50%
- Reduction in coal transport is offset by an increase in other dry bulk transport work

Tankers increase by 30% (L) or decrease by 10% (G)
- Chemicals and gas transport increases, even when crude oil transport work decrease

Containers increase by 20 — 70%
- Increase in transport work of 70 — 140% and efficiency by increase in ship sizes

Figure 170 - Emission projections per ship type
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Future Shipping Emissions

@ Marginal abatement cost curve (MACC)

Relationship between the total reduction of GHG emissions and the cost
efficiency for individual abatement measures

Assessed abatement potential and costs of 44 technologies

Methodology : C; =K + §; - E

- C;: change of annual cost of technology ; (USD/year)

- K :annualized CAPEX (USD/year)

- : Incremental operating costs related to use of technology (USD/year)
: fuel expenditure savings from technology ; (USD/year)

]

J
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Table 75 - Penetration rates of technologies

Group Penetration rates (% of ships applying a Group Penetration rates (% of ships applying a
mhmw tochnology
2018 Scenario 1 Scenario 2 2018 | Scenarlo { Scenario 2
2030 | 2050 | 209 | 20% g — 2030 | 2050 | 2030 | 2050
1 Group 1 Main Engine Tuning 75.0% 100% 100% 80.0% 100% g, Group 9A Hull performance monitoring | 12.5% 66.5% 100% 17.5% | 42.5%
Main engine Common-rail 2.0% 56.0% 7.0% 32.0% ng BRI :::t :;:if:mmg
e 2ol e o S ) B R ke Dry-dock full blast (old ships) | 50.0% | 1005 | 1005 | 55.0% | 80.0%
Group2 frequency comvestes 1255 o35 100 13k 1 425k g’ Group 10 Optimization water flow hull | 12.5% 66.5% 100% 17.5% | 42.5%
Auxiliary systems Speed control of pumps and 50.0% 100% 55.0% | 80.0% § Optimization water flow | openings
fans 2 hull openings
Group 3 Steam plant operation (75.0%) | (100%) | (100%) | (80.0%) | (100%) @ Group 11 Super light ship (0.0%) | (100%) | (100%) | (5.0%) | (30%)
,8 Steam plant improvements & —L— | super light ship
8 improvements Group 12 Reduced auxiliary power 50.0% 100% 100% 55.0% 80%
g Group 4 Waste heat recovery 12.5% 66.5% 100% 17.5% 42.5% z Reduced auxiliary power | demand (low energy lighting
3 Waste heat recovery Exhaust gas boilers on 12.5% 66.5% 100% 17.5% | 42.5% g demand etc.)
= auxiliary engines w Group 13 Towing kite (0.0%) (100%) | (100%) | (5.0%) (30%)
g Group 5 Propeller-rudder upgrade | 12.5% | 66.5% | 100% | 17.5% | 42.5% 3 Wi g Wind power {fixed sals.or
(g Propeller improvements | Propeller upgrade (nozzle, tip % vings)
=, winglet) é Wind engine (Flettner rotor) . ' ‘ ‘
g Siisalar Bk ol T 0.0% P 505 | 40.0% Ik ;r;tpp::els Solar panels (0.0%) (100%) | (100%) | (5.0%) [ (30%)
w Contra-rotating propeller 12.5% 66.5% 17.5% | 42.5% g Group 154 INGHICE 0% .05 | 0.0% 15% | 200%
o6 Propeller performance 25 |5 | a0 | LS | RS 4 Use of alternative fuel | LNG#FC, Methanol + ICE,  |0.05 | 54.0% 0.05%
Propeller maintenance | monitoring 2 with carbons Ethanol + ICE
Propeller polishing 75.0% 100% 80.05 | 100% .GEE: Group 158 Use of alternative fuel: i.e.  [0.0% 0.1% | 100% | 0.05% | 20.0%
Group 7 Air lubrication (0.0%) (100%) | (100%) | (5.0%) | (30%) = Use of alternative fuel | Hydrogen, Ammonia and etc.
Air lubrication == without carbons
Group 8 Low-friction hull coating 12.5% 66.5% | 100% | 17.5% | 42.5% o2 Group 16 Speed reduction by 10% (0.0%) | (100%) | (100%) | (100%) | (100%)
Hull coating 23 | |Speedreduction
— x
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Marginal abatement cost curve for 2030

@ Marginal abatement cost curve (MACC)

&00

500

' Reduction Potentials
- CO2 reduction without alternative fuel : 9 = 23% in 2030 and
17 — 36% in 2050
- USD -119/tC0O2 < MAC value > USD 105/tCO2
* Solar panels (USD 1,186 in 2030 or USD 1,048 in 2050)

400

300

200

100

' Alternative Fuel with carbon T cormmemenrotentaipt
- In 2030, 6% of the total CO2 reduction by alternative fuel with carbon Seenario ) scenario274)
- MAC value > USD 250/tCO2 for alternative fuel with carbon

Cost efficiency [USD/ton-C02]

Marginal abatement cost curve for 2050

) Alternative Fuel with zero-carbon
- In 2050, 64% of the total CO2 reduction by alternative fuel without carbon

- MAC value > USD 410/tCO2 for alternative fuel without carbon

300

200

100

Cost efficiency [USD/ton-C02]

0% 208 A40% RO 205 100%
€02 abatement Potential [%]**

——5Scenario 1{*3) ——5Scenario 2(*4)

Copyright © Korean Register



= : . Bsisr i -,:' Tats- B, bl - L = :
g Ry e ocn e e e 3 e O s vy T i Wi e I N e e ST S > »
a = 4 D = e . e =S . A The 3 b A L " = ¥ Bl lay »
< i =] = e o e Rt S e e s e g ’

4 e . - o —
A A

Providing the best services,

Creating a better world

KM Jinhyung
Z Part Leader
bank YOU Kimjinh@krs.co.kr

070-8799-8753




