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IMO GHG Issues(emission from shipping sector)

Emissions from ships

Third IMO GHG Study 2014 approved

Study found that for international shipping, the CO, estimate dropped from 2.8% in
2007 t0 2.2% in 2012,

IMO GHG Study 2014 CO;
o mis Percent s o Percent
Year Global CO,’ Total shipping of plohal International ShBBI.DQ\ of global
2007 31,409 ) 1,100 3.5% kii) 2.8%
, 1,135 3.5% 2.9%
2009 32,047 978 3.1% 855 2.7%
2010 33,612 915 2.7% 771 2.3%
: 1,022 2.9% 2.4%
2012 35,640 938 2.6% 796 2.2%

e

Average 33273 1,015 3.1% B46”  2.6%

Source : 2014 The third IMO GHG Study
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IMO GHG Issues(emissions from shipping sector)

CO, emissions, international shipping, 2007-2012 (bottom-up method)

Vehicle

Ro-Ro

Refrigerated bulk
Other liguids tankers
Qil tanker

Liquefied gas tanker
General cargo
Ferry-RoPax
Ferry-pax only
Cruise

Container
Chemical tanker

Bulk carrier

0 50 100 150 200 250
CO, Emissions (milion tonnes)

C022012 m(CO22011 mCO22010 mCO22009 mCO22008 mCO22007

Source : 2014 The third IMO GHG Study
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IMO GHG Issues(emissions from shipping sector)

Fuel consumption, all ship types by engine/boiler, 2012 (bottom-up method)

Yacht

Vehicle

Service - tug

Service - other
Ro-Ro

Refrigerated bulk
Other liquids tankers
Qil tanker

Offshore

Miscellaneous - other

139,700

8,600
Miscellaneous - fishing 16,100 =
Liquefied gas tanker
General cargo | 21,700
Ferry-RoPax
Ferry-pax only

Cruise

Container 66,000

Chemical tanker

Bulk carrier

0] 10,000 20,000 30,000 40,000 50,000 60,000 70,000
Fuel 2012 in Thousand Tonnes (ktonnes)

B Sum of Main Engine B Sum of Auxiliary Engine Sum of Boiler

Source : 2014 The third IMO GHG Study Page 801 3
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IMO GHG Issues(emissions from shipping sector)

Shipping CO2 emissions are projected to increase by 50% to 250% in the
period to 2050, despite fleet average efficiency improvements of about 40%

3,000 - +250%
2,500 -
— + 9
5 160% Four
§ 2,000 BAU
= Scenarios
c + 9
2 1,500 - — — 100%
£ = 150%
~ 1,000 - — = —
8
o
500
0 +— T T T
2012 2020 2030 2040 2050
Source : 2014 The third IMO GHG Study Page §(1 4
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IMO GHG Regulations

EEDI (Energy Efficiency Design Index)

g(COy/ton'm

Not Suitable
-

\.,\ Required EEDI

Suitable

nVE

i=

M
]i[ﬁ E 2 1v20) (}MEI‘)-SFGHI')
=1

)PJE(ﬂI) .}?-IE SFCIVE

nPIl reff
- P g
= =l

Q’ feﬁ(l) . Rﬁ(l’)~ C}v’\E SF(E.IE

-

Main Engine

Aux. Engine

Innovative Energy Saving Technology

Shaft Motor(for Elec. Propulsion Ships), Waste

Heat Recovery System

The maximum Transportation Quantity of Design

Standard Vessel(mile-ton)
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IMO GHG Regulations

EEOI (Energy Efficiency Operational Indicator)

Indicator = CO,/transport work

» The Basic expression for a voyage is : J : the fuel type
| : the voyage number
> FE Gy FCij : the mass of consumed fuel
EEOL= J—D Equation 1 at voyage I
M argo X Crj . the fuel mass to CO2 mass
conversion factor for fuel j
» Where average of the indicator for a period Meargo - cargc()jcarrled (éonnis)_rcl):_fu
or for a number of voyage is obtained, the work done(number o
indicator is - Or passengers) or gross

tonnes or passenger ships
D : the distance in nautical miles
T (FC, xC; ) corrt_asponding to the cargo
W ‘ carried or work done

Average EEOI = Z(mmrm xD)) Equation 2
i
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IMO GHG Regulations

SEEMP (Ship Energy Efficiency Management Plan)

» Planning
v" The most appropriate, effective and implementable plan shall be developed

» Implementation
v" A ship and a company identify the measures to be implemented, and the planned
measures should be carried out

» Monitoring
v" The energy efficiency of a ship should be monitored quantitatively, preferably by
an international standard such as EEOI(MEPC.1/Circ.684)

» Self-evaluation and improvement
v This phase should produce meaningful feedback for the coming first stage

» Voluntary reporting/review
v" Not mandated but it can be a number of benefits for shipowners/operators.
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IMO GHG Regulations

Reduction Phase 0 ~ 4 (1 Jan 2013 ~ 1 Jan 2025)

Phase O Phase 1 Phase 2 Phase 3
Ship T - Size [1 Jan 2013 [1 Jan 2015 [1 Jan 2020 [1 Jan 2025
=2Nnip lvype
~ ~ ~ and
31 Dec 2014] 31 Dec 2019] 31 Dec 2024] onwards]
20,000 DWT o 10 >0 30
. and above = — — —
Bulk Carrier 10 000 —
>0 000 DWT n/a 0-10* 0-20* 0-30*
10.000 DWT o 10 >0 30
and above = i . =
Gas tanker > 000 —
10 000 DWT n/a 0-10* o-20* 0-30*
20,000 DWT
and above B, L =20 =0
Tanker 2 000 —
20mT n/a 0O-10~ 0o-20~ 0-30~
15.000 DWT
Container and above B, e = =
STilp 4 518’00%1_ n/a 0-10* 0-20* 0-30*
15,000 DWT
General and above = 18 s 30
Sl . n/a 0-10* 0-15* 0-30*
5.000 DWT
Refrigerated and above 0 A0 a5 =30
cargo carrier s 860008\7\”_ e 0-10~* 0-15* 0-30*
20,000 DWT
Combination and above 2 40 ] =0
m & n/a 0_1 O* 0_20* 0_30*

20.000 DWT
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IMO GHG Regulations(Technical & Operational Measures)

Technologies and operations strategies to reduce GHG emissions from ships

40% Propeller Polishing Hull Cleaning Speed Reduction

Autopilot Upgrade Air Lubrication Main Engine Retrofits

Water Flow Optimization Hull Coating Speed Controllad Pumps
and Fans
. Weather Routing Wind Power High-Efficiency Lighting
Propeller Upgrade Waste Heat Reduction Solar Panels
- -
10% - - -
i l
0%

35%

30%

25%

20%

Maximum Reduction Potential

Bulker Container General Cargo Tanker Passenger
. Other Optimization Water Flow Speed Reduction
@ Propeller Upgrade Propeller Polishing CO, reductions of technical and operational measures by ship types
@ Weather Routing @ Hull Cleaning Source : , ICCT_GHGfromships_jun2011/Reducing

GHG emissions from ships-cost effectiveness of available options
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http://www.theicct.org/

kmi ) 28gsamee - Green & Global

KOREA MARITIME INSTITUTE

IMO GHG Regulations(Abatement Cost)

Technologies and operations strategies to reduce GHG emissions from ships

2050
~
500/ Solar (0.1%)
CO, reduction percentage of
each measure (interactive)
is in parenthesis
450
a
[}
E 375
8 Lighting (0.03%)
o — Propeller polishing (4.0%
2 300 P P g )
o
g —— Autopilot (1.7%)
rd —— Water flow optimization (2.8%)
9 2325
E Weather routing (1.7%) Speed controlled pumps (0.4%)
E Propeller upgrade (1.8%)
< 150
g Hull cleaning (4.8%) Main engine retrofit (0.2%)
o Air lubrication (1.6%) L
£
o 75
m
=
° |
350 400 450
=75
Speed reduction (8.5%)
150 Waste heat reduction (2.2%)
Wind power (2.4%)
Hull coating (11%)
=225

Maximum abatement potential, million metric tonnes (MMT) CO, per year

Source : ICCT_GHGfromships_jun2011/Reducing GHG emissions from ships-cost effectiveness of available options Page 801 10
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CO:2 Data Collection System(MRV)

“Annual” EEOI concept

EEDI = Engine Power x SFC x C¢

1
. i EEOI =
(g/ton mile) Capacity(dwt) x Speed I

Same units are used!

Design and building stage J [ Operational stage l

[ Bad weather or not-fully loaded condition

EEDI

|
IViore (e.g.3.0

W g/ton mile)

Only one EEDI per vessel, forits life

[ Fully loaded condition in calm sea

Energy Efficiency Index ( gram/ton mile)

]
Fluctuation on a voyage basis, but...

Yearly average EEOI, i.e. Annual EEOI represents a fairer tendency of actual
performance of ships!
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CO:2 Data Collection System(MRV)

OverallMRV FEramework

{2) Report “Annual EEOI”

L J

Flag State or RO
{4) Issue Certificate

{3) Verify the data reported

f W Y

(1) Monitor “Annual EEO!I” i Random check
{5) Keep Certificate on board : l Data
‘ 1

i 6)Report {Option 2]
[_(_7pt.ron 1] (6) .
Port State Control/ access

“Annual EEOI”

Port State e
Data access
NB: Database
¥ Non-MARPOL Annex VI Parties’ ship could also report Annual Collect data |
EEOIlverified by the Party to IMO on a voluntary basis.
> In that case, “ a statement of fact” issued by the non-Party Q?

could be checked at Port State Control. Establish a target

No.of Contracting % world {E.g. baseline)
States f Parties tonnage®

MARPOL Protocol 72
1297 (Annex VI) {asat 2 January 2013)

24.3%

*Source: IHS-Fairplay - World Fleet Statistics 31 December 2011
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CO:Data Collection System(MRYV)

Energy Efficiency Target (three options)

Setting an Energy Efficiency Target: three options at this stage...

e (Option 1) -—————— e e e e = (Option 2) === e e e e
! Compare the present and past value of i ! Compare the annual EEO! value with the i
i individual ship’s annual EEOI on its own i average of a specific ship type/size category !
1 1
| EEOI H | EECI H
1 Average EEOI of Ship A E Annual EEOI im [ Annual EEOI baseline for a specific ship type 1
i i provement over the 1 e 5 ]
: ! inthe monioring El?\{l_ﬂ_d____‘. monitoring period (e.g. by [2] %) : : to be developed through monitoring period :
1 1 -
! : H | Ship A: less efﬁuentshlpln[2l]18] :
: ¥ \' :
1 . 1
: Annual EEOI Df ShlpA in[2018] : : : Ship B: early mower in [2!]1 ] :
! Annuai €01 orsmipAnpo1 | | | - -
: Tton - rear i ® H
1 Monitoring Period [2018] [2019] (] 1
1 [2015-2017] h DWT !
e ——— e ————
- - \\
\\.\ A [ ///
- (Option 3) _ _ e
Hybrid eeol Average EEOI ofShip A | | Targetexausively

for less efficient ship

. in the moniorng perdod

Annual EEOI improvement over the
monitoring period (e_g. by [2] 26)

Annual EEOI
benchmark

to classify earby movers

| Annual EEOI of Ship A in [201 8]

When meeting the target, not
/ less efficient ships subjectto flexibility me chanism
(to be established through W '(

monttoring period ) Ship B: early mover Mo target: Less stringent

Mot subject to flexibility mechanism for early movers

lMonitoring Period [2015-2017] [20148] Year

,.
|
|
|
|
|
I
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
I
|
|
|
|
|
|
|
I
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
I
|
|
|
|
|
|
|
[
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PARIS AGREEMENT

7 Key Tasks to Implement the Paris Agreement after COP 21

Provide Guidance for Countries to Increase their Ambition
Ensure Transparency and Accountability

Track Climate Finance

Create an Adaptation Cycle of Ambition

Design the First Dedicated Committee for Capacity Building

L o A

Decide How Countries Can Achieve their Mitigation Targets
Cooperatively

7. Create a New Technology Framework

Page 81 14



kmi) BSEsE - Green & Global

PARIS AGREEMENT

7 Key Tasks to Implement the Paris Agreement

Post Paris: Key Tasks to Complete Before the First
Meeting of the Parties to the Paris Agreement

WHEN WHAT
February 2016 Update INDC Create interim Initiate Initiate task Start work on Initiate assessment of
—M ay 2016 synthesis report  Public Registry clearinghouse force for new Technology W effectiveness and adequacy
(Secretariat) (Secretariat) for risk transfer | displacement | Framework of support provided by the
(WIM) (WIM) (SBSTA) Technology Mechanism (SBI)
COP22 Identify how IPCC Review | Initiate work on identifying
2016 assessments can inform the  RUCAWLY information to be provided
Global Stocktake (SBSTA) (COP) on public finance provided,

mobilized, and intended (COP)

COP2Z3 Review institutional
2017 arrangements for
adaptation (AC) Source : http://www.wri.org/blog/2016/03/after-cop21-7-key-tasks-implement-paris-

agreement
g Page 8115
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PARIS AGREEMENT

7 Key Tasks to Implement the Paris Agreement

COP24 Convene facilitative Provide a Consider the recommendations |l Develop modalities [ Develop recommenda-

2018 dialogue to take stock of ~ special report of the APA on the modalities, for the accounting tions on transparency
collective efforts toward on impacts of procedures and guidelines for of public finance of action and support
the long-term goal of the  global warming  RUCAIEIE el WA Rl 1[0 for consideration at W for consideration at
Paris Agreement (COP) of 1.5C (IPCC) support (COP) COP24 (SBSTA) COP24 (APA)

COP25 Re-communicate  Communicate long-term  FAG[oJ RI R0 (T TN ao E 1T

2019 or update INDCs low GHG development for the periodic assessment

(Parties) strategies (Parties) of support provided to the

Technology Mechanism (COP)

KEY: Ambition Mechanism [ Transparency and Accountability B Adaptation and Loss & Damage

B Finance Capacity Building Bl Cooperative Action B Technology

http://ow.ly/YtSkv WORLD RESOURCES INSTITUTE
L Rage 8116 1
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PARIS AGREEMENT

7 Key Tasks to Implement the Paris Agreement

For adoption Guidance on the features ~ Modalities Modalities to Ways to enhance Guidance to ensure double
by the CMA of and informationto be ~ forthe recognise the the coherence counting is avoided for
at the first provided in future NDCs  Global adaptation efforts | of adaptation- emissions by sources and
. (APA) Stocktake of developing related institutional removals by sinks (SBSTA)
meeting of (APA) country Parties arrangements under
the Parties Guidance for accounting (AC and LEG) the UNFCCC (AC) =
. of NDCs (APA) Decision on the work
to the Paris Sources of programme under the
Agreement input for Methodologies to mobilize |l Methodologies [ framework for non-market
Modalities and the Global support for adaptation in for assessing approaches to sustainable
(Date of first procedures for Public Stocktake developing countries and adaptation development (SBSTA)
Registry (SBI) (APA) review the adequacy and needs of

meeting dependant
on timing of entry
into force of Paris
Agreement)

Forum on the Impact of Implementation of
Response Measures (SBSTA and SBI)

Modalities,
procedures and
guidelines for the

transparency of action
and support (APA)

Source : http://www.wri.org/blog/2016/03/after-cop21-7-key-tasks-implement-paris-agreement

Modalities and
procedures for
the compliance
committee
(APA)

effectiveness of support for
adaptation (AC, LEG and
SCF).

Information to be
provided on public

finance (COP)

developing
country Parties
(AC)

Modalities for the
accounting of public
finance (COP)

Rules, modalities and
procedures for the mechanism
to contribute to the mitigation
of GHG emissions and
support sustainable
development (SBSTA)

New Technology Framework
(SBSTA)
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Targets Management System of Republic of Korea

Announced ‘Low Carbon, Green Growth’ as its vision for mid-to long-

term development in 2008

Established the national target of 30% reduction of GHG emissions from

business as usual(BAU) scenario by 2020 in 2009

" To achieve the reduction goal, the TFramework Act on Low Carbon,

Green Growthay was enacted in 2010

To reduce GHG and Control the energy quantity to be used for
developing industries is to implement Act on Low Carbon, Green

Growth Page §( 18
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Targets Management System of Republic of Korea

The scheme is a system to set the goals of greenhouse gas emissions

and energy consumption to Controlled Entities for reducing

- Companies or facilities that emit GHG emissions and consume

energy above a certain threshold are designated as Controlled Entities

They should establish implementation plans and management

systems aimed at reaching the target in an efficient manner

The government encourages Controlled Entities to achieve targets by

utilizing incentives and penalties such as improvement orders and fines.
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Shipping sector (Criteria of application)

Designated companies as Controlled Entities

- Coastal passenger and cargo transport services(corporate bodies)
registered as the Marine Transport Act that record GHG emissions and

energy consumption above a certain threshold set in the Guidelines

Table 1 : Criteria for the Designation of Controlled Entities

Year GHG Emission Energy ansumption
(t-CO,) (Terajoules)
2011 125,000 500
2012~2013 87,500 350
2014~ 50,000 200

Page 80 20
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(Calculation formula for the GHG emissions and energy consumption

Formula for CO,emission

CO, emission = Fuel consumption (t) <X CO, mass conversion factor for
type of fuel (Cr)

Table 2 : Fuel mass to CO, mass conversion factors(Cp)

Type of fuel Diesel/Gas Oll Residual Fuel QOil

Cr (t-CO,/t-Fuel) 3.206 3.1144

* The calculation formula set out in MEPC.1/Circ.684

*% After designation as Controlled Entity, GHG emissions shall be
calculated

according to the IPCC guideline to manage the target
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(Calculation formula for the GHG emissions and energy consumption

Formula for Energy consumption

Energy consumption = Fuel consumption (t) < Gross calorific values
for type of fuel(MJ/t)

Table 3 : Gross calorific values for type of fuel

Type of fuel Diesel/Gas Oil Residual Fuel Oll

Gross calorific Values (MJ/f) 37.7 41.6

* According to country-specific gross calorific values for type fuel(addendum of the
Enforcement Rules for the Energy Act) mentioned in Table 19 of the Guidelines for
the Operation of Target Management Scheme
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Example calculation

In case that a ship has used up 100,000 € of MF-30

Table 4 : Calculation

Type of fuel

Diesel Oll

Residual Fuel OiIl

Quantity(f)
= 03903 : 0.6097

* Diesel : Residual Fuel

100,000 £ X 0.3903(%)
= 39,030 ¢

100,000 £ X 0.6097 (%)
= 60,970 £

39.030 £ X 1 m'/1000 £ < 60,970 £ X 1m'/1000 £<
CHGEmisson | Cal. | 0.86" x 3.206 t-CO2/t-Fuel | 0.95" < 3.1144 t-CO2/t-Fuel
(t-CO,) = 107.6 t-CO, = 180.4 t-CO,
Total 107.6 t-CO, + 180.4 t-CO, = 288 t-CO,
| oy 39,0308 (37.7 MU X TI10° M3) | 60,970 (41.6 MJIL < TI/10° M)
Erergy C%“SU”WO” ' = 1.47TJ = 254TJ
(T9) Total 1.47TJI+254TI=4.01TJ

* \Jolume to weight conversion factor (m’ — t) = Diesel/Gas Oil: 0.86, Residual Fuel Oil: 0.95

Page 80 23
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Pilot program — Procedure and contents

Procedure

Status check

Verification

Target

establishment

Implementation

plan check
Implementation

Evaluation

Contents Schedule

Emissions of greenhouse gases and consumption of

_ ~ 2 month
energy during the latest three years

Verification by designate verifying institutes ~ 5 month

Establishment of the reduction target of greenhouse
: ~ 6 month

gases and consumption of energy

Establishment and check of implementation plan ~ 6 month
Improvement of fuel efficiency 7 ~ 15 month
Evaluation of Implementation ~ 16 month

Page 8[1 24
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Pilot program — 15t

Verification statement and report

No.:AS_ PRIC-482360-2013.CC5-KOR_E

DNV ASSURANCE STATEMENT

@g BEoHSZNSIN

sangYong Shipping Co.

< Introduction >
DNV Certification,
SsangYong \m, ping's Gro:

DNV™) was commis

ong. Sipping Co. Lid. (SeargYong. Shipping”) 1o veify the
9 based upon a limited level

sesponsability in perfoc
eed with them DNV
1 thes assurinee stat

anugement of tapping
Gisclnizr any lishlty ox responsibility foe anty

< Scope of Assurance >
The GHG emissions and energy consumption &

amination comprise Direct
ergy consumption;
1

s (Scope | emissions), Enes

emisssons (Scope 2 emissions) and Fu

* Reporting persod wnder verification : Cak
* Organizations] boundary fos reporting

3 Ssang Y ong Shepping Co., Lid

Remark(name of vessel) Venfication activity

agon Sky, Jayang, Changyang

< Verification Approach >
onducto
sk outiined in

Koreun Mimisty

med our work 50 a8
ited venfication opimion concerning the
CO; equivalent. As part of the verification

1 the SadegY g Shipping s groenionse gas opont fx the calandar ye 20092011
Ky consum

< Conclusions >

As a result of the work bove, in oux opinion nothing has come o o aifenion that would o
greerhouse emissions and energy consump of ity stated
emissions and encrgy consumption of SsangY ong Shipping for the year 2009-2011 were confirmed as below

¢ us 10 believe that the
The groenhouse gas

Greenho ssions and Ener;
) i TerjouierT
Operational Boundary | Direct emissions | Tndirect emissions [ Total GHG Fuel Electriclty Total
(Period) (Seope 1) { (Scope 2) emisions | Energy l Energy Energy
Year 2009
Year 2010 I I i
Year 2011

\ded mumber cn the tatement mi

* In crder 10 repoet the GHG emissicns as m integer. he

25" September 2013

25 Septucaber 2013). ease
us Shigyise Co. 13, b sabwe

[P p——.

il e e precedknn

Verification
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Pilot program — 2nd

Verification statement and report

Verification

Term of Engageme:

LRQA's Approach

LRQA Assurance Statement

(® HANJIN

nt

pteriality
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Findings and conclusion of TMS

Mitigating GHG emissions in domestic shipping other than

International shipping

Collecting data from domestic shipping (Enabling to attain the

Inventory)

Acquiring outcomes and analysis on application of GHG reduction

technology into vessels
Contribution to the energy efficiency of domestic vessels

Contribution to INDCs of UNFCCC
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Findings and conclusion of TMS

Collecting statistical information on fuel and energy consumption of

vessels to establish a base of MBM

Empowering R&D about monitoring devices to emission of GHG

from ships, applying IT technology

Contributing sustainable growth of national transport and
logistics through modal shift from land to maritime

transportation
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MBM related to the CO2 data collection system

The EU MRV many readers will be aware that the EU adopted a

mandatory MRV regulation on 29 April 2015. This creates an EU-
wide legal framework for the monitoring, reporting and verification

of CO2 emissions from maritime transport

The EU MRV regulation requires operators of large ships(only
those over 5,000 G/T) calling at EU ports(irrespective of where
they are registered) from 1 January 2018 to : Monitor and
annually report the verified amount of CO2 emitted on journeys

to, from and between EU ports and also when in EU ports
Page 80 29
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MBM related to the CO2 data collection system

When visiting EU ports, ships will need to carry a document of

compliance issued by an accredited MRV verifier.

With regard to the data collection system, no decision was
taken as to whether the system should be mandatory or
voluntary, whether the data collected would be made publically
avalilable to create transparency, or whether in addition to fuel
data the system should also incorporate the collection of
energy efficiency information, such as overall supply chain

emissions
Page 80 30
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Key: questions related to the CO2 data collection system

IMO member States proposes the development of an “intended IMO
Determined Contribution” to CO2 reduction for international
shipping, echoing the INDC language of the Paris Agreement. It need
to be rapid finalization of an IMO MRV system

Key guestions to be determined on MRV — Q1. when the scheme will
start, Q2.Whether the scheme will be mandatory or voluntary, Q3.
whether MRV data will be made public, Q4.What information will
need to be collected beyond mere fuel use, Q5. Methodology for data
collection/calculation, Q6. Responsibility(ship owner/operator), Q7.

Enforcement/penalties for non-compliance
Page 801 31



kmi) BSEsE - Green & Global

Accelerating to implementation

> Instrument is continuously going to be made and entered into force

Expanding to more ships for reducing GHG

» All ships are to be paricipated the regulations

Mobilizing the fund from International Bunkering

> It is considered to mobilize the fund from MBM, etc. for Promotion of
Technical Co-operation and Transfer of Technology relating to the
improvemnet of energy efficiency of ships

» The fund might be used for GCF or other purpose
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