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Disclaimer KUEHNE+NAGEL @

All information given in good faith but without guarantee. The information provided is intended for the initial recipient only.

Any reproduction or distribution of the information provided in whole or in part is not permitted without the express written consent
of Kuehne + Nagel.

While Kuehne + Nagel uses reasonable efforts to accurately describe and update the information in this publication, Kuehne +
Nagel makes no warranties or representations as to its accuracy, currency or completeness.

Kuehne + Nagel assumes no liability or responsibility for any errors or omissions in the content of this publication. To the extent
permitted by applicable law, everything in this publication is provided without warranty of any kind, either express or implied,
including, but not limited to, the implied warranties of merchantability, fitness for a particular purpose, or non-infringement.

In no event will Kuehne + Nagel be liable for any damages whatsoever, including special, indirect, consequential or incidental
damages or damages for loss of profits, revenue, or use, whether brought in contract or tort, arising out of or connected with this
publication or the use or reliance upon any of the content or any information contained herein.



Agenda

1. Introduction
2. IMO - LCA Guidelines

3. Emissions before Energy
Conversion

4. Life Cycle Assessment
5. Final Assessment

6. Outlook

ﬁi

3 = 1 -.--—-- —-k
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= How to calculate the WTT emissions for
the regulations?

= How to calculate the TTW emissions for
the regulations?

=  Which biofuel performs best?
(quantitative + qualitative)

= Who is responsible for which emissions?
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IMO — LCA Guidelines KUEHNE+NAGEL ((§
Scope

= Application of guidelines by regulations i.e. DCS,
EEDI, EEXI

= GHGs included:

= Carbon dioxide (CO2)
= Methane (CH4)
= Nitrous oxide (N20)

= Basis: IPCC principles; determines which emissions
are the responsibility of the international shipping
sector

Extraction

Processing
and refining

Transport and
distribution

Fuel
bunkering

= Even if the WtT emissions are not accounted for in
the international shipping sector, it is important to
be aware of the sustainability of the fuels used to
make informed decisions
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Source: ISWG-GHG 9/WP.1



IMO — LCA Guidelines
GHG Emission Factor

WTW GHG emission

factor

GHGWTW = LCVF 3 GHGWTT ar GHGTTW

GHGyyr The Well-to-Tank GHG emissions factor

LCVp:

(t CO2eq/GJ) for fuel or electricity, set
based on the FLL

The lower calorific value for the relevant
fuel

TTW GHG emission
factor

GHGTTW: SF*CF+GWPM*MEF+GWPN*NEF

The carbon source factor of the specific
fuel

The conversion factor between fuel
consumption and CO2 emission (t CO2/t
fuel)

The methane emission factor (t CH4/t fuel)

The nitrous oxide emission factor (t N20/t
fuel)

Global warming potential for CH4, equals
to 28 for 100-year time horizon

Global warming potential for N20O, equals
to 265 for 100-year time horizon
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Dependencies of
Factors

WIT GHG factors and other
sustainability aspects

Determined by FLL

TtW CO2 factors

0 Determined by fuel type
and FLL

TtW CH4 and N20 factors

O Determined by fuel and

engine generation and type

Source: ISWG-GHG 9/WP.1



IMO — LCA Guidelines
Well-to-Tank Pathway and Labels

Energy source

Production and distribution Fuel Lifecycle
Label

Energy carrier

Fossil
Fossil fuel -
“ processing > Fossil
Gas \
Biofuel :
Biomass processing > Biomass \x
Aquaculture -

Atmospheric
COo2

Forestry

N2

v

Captured Carbon C_OE Synthesis/ other

Wastes and residues

Agriculture processing
A
. H2
Renewables / nuclear Reforming
Fleirosis
i
Electricity
generation >

Captured carbon

Zero carbon

Electricity

Carbon

Fuel oil

Gas oil / diesel

Liquified methane
LPG
Methanol
Ethanol
Ethane
Other

Non-carbon

Hydrogen

Ammonia

—» Batteries / on-shore grid
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Source: ISWG-GHG 9/WP.1,0wn illustration
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KUEHNE+NAGEL @
Well-to-Tank Methodology

E - eec I eI ep I etd I eu esca eccs eccr
total . annualised emission
o emissions . savings . .
emissions emissions . : emission emission
from the emissions from soil : :
from the : from carbon — . savings savings
: extraction emissions from emissions carbon
production of stock from CO2 from CO2
or from transport from the fuel accumu-
the fuel . changes : . . : capture and capture and
cultivation processing and inuse lation via :
before caused by . ) geological replace-
of raw distribution improved
energy ) land-use : storage ment
. materials agricultural
conversion change

management



IMO — LCA Guidelines KUEHNE+NAGEL
Parameters

)

Parameters for analysis

mJj g 02e gco, gN20
- - (? FO2ewer gy - reoz (gFuel Craiie (gFuel Crz0 (gFuel)

VLSFO 0,041 3,2 3,206 0,0005 0,0018

Liquid biofuels:

= Ethanol 0,0268 1,913

Ref. to Directive
- Biodiesel 0,0372 (EU) 2018/2001 g 2 834 0,0005 0,0018

= HVO 0,044 3,115

*In case of a blended fuel SF should
be calculated as the weighted

average of the mass of the various
blend stocks

Source: Directive 2009/16/EC



Emissions before Energy Conversion

Typical values

Hydrotreated vegetable oil from soybean

Hydrotreated vegetable oil from rape seed

Waste cooking oil biodiesel

Palm oil biodiesel (process with methane capture at oil
mill)

Palm oil biodiesel (open effluent pond)

Sunflower biodiesel

Sugar cane ethanol
Corn (maize) ethanol (forest residues as process fuel in
CHP plant)

Corn (maize) ethanol (natural gas as process fuel in
CHP plant)

Corn (maize) ethanol (natural gas as process fuel in
conventional boiler)

N I

o

N
N
©

1 10 9,2
33,4 10,71,7

9,31,9

6,2

13,2 6,9

26,2 30,4 6,9 |

26,1

17,1 1,3 9.7 |

11,8 2,1

1,8 2,2

2
2

5,5
5,5 14,8 2,2
25,5 20,8 2,2

10 20 30 40 50 60 70
CO2e/ MJ*

22,1

33,4

Default values

15,2

15 1,7
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m Cultivation
® Processing
= Transport

m Use

26,1 16,5 2.1
17,1 1,8 O
[ 255 2624
25,5 20,8 2.2
25,5 29,1
0 20 40
CO2e/ MJ*

60

differ up
to ~33%

80

*Own illustration



Life Cycle Assessment

Relative comparison B100 + B10

hydrotreated vegetable oil from soybean

hydrotreated vegetable oil from rape seed

waste cooking oil biodiesel

Palm oil biodiesel (process with methane capture at oil mill)

Palm oil biodiesel (open effluent pond)

Sunflower biodiesel

Sugar cane ethanol

Corn (maize) ethanol (forest residues as process fuel in CHP plant)
Corn (maize) ethanol (natural gas as process fuel in CHP plant)
Corn (maize) ethanol (natural gas as process fuel in conventional boiler)
Base case: VLSFO

WTW comparison

= Up tord. 650% higher GHG emissions (waste .

cooking oil)

o
O ffu
k=
SN

0,12 0.92
0,63 0.98
0,21 0,92
0,22 —— (0 |E——
0,31
1,00
0,20 0,40 0,60 0,80

Relative GHG emissions (WTW)*

Commonly used blends: B10 — B30

= Solution: Application of Mass Balance Concept

= Currently no container vessels operating on B100;

succesfully implemented in the bulk sector

1,00
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mB100 - typical values

mB10 - default values

1,20

*Own illustration



B10

B50

B100

4,5
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3,5

Final Assessment

xSaN[eA anneey

Quantitative evaluation:

15

WTT values of biofuel higher than VLSFO (except

waste cooking oil)

Palm oil biodiesel - highest WTT emissions

Maximum LCV deviation of HVO + biodiesels <10%:;
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Outlook

= MEPC 80 (July 2023) - Finalisation of LCA
guidelines for different fuel types

= New fuels soon available = no blends

= Many uncertainties (more or less emissions due
to transportation / production etc.)

= Who is accountable for what (WTT + TTW
emissions)?
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