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Introduction

▪ 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?

EEDI

EEXI

DCS

EU ETS

ETC.



Click to enter slide title 24pt [do not 

stretch over logo]

▪ Application of guidelines by regulations i.e. DCS, 

EEDI, EEXI

▪ GHGs included: 

▪ Carbon dioxide (CO2) 

▪ Methane (CH4) 

▪ Nitrous oxide (N2O) 

▪ Basis: IPCC principles; determines which emissions 

are the responsibility of the international shipping 

sector

▪ 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

IMO – LCA Guidelines
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IMO – LCA Guidelines

GHG Emission Factor

WTW GHG emission 

factor

Dependencies of 

Factors

TTW GHG emission 

factor

𝑮𝑯𝑮𝑾𝑻𝑾 = 𝑳𝑪𝑽𝑭 ∗ 𝑮𝑯𝑮𝑾𝑻𝑻 + 𝑮𝑯𝑮𝑻𝑻𝑾

𝑮𝑯𝑮𝑾𝑻𝑻:

𝑳𝑪𝑽𝑭:

𝑮𝑯𝑮𝑻𝑻𝑾 = 𝑺𝑭 ∗ 𝑪𝑭 + 𝑮𝑾𝑷𝑴 ∗ 𝑴𝑬𝑭 + 𝑮𝑾𝑷𝑵 ∗ 𝑵𝑬𝑭

𝑺𝑭:

𝑪𝑭:

𝑴𝑬𝑭:

𝑵𝑬𝑭:

𝑮𝑾𝑷𝑴:

𝑮𝑾𝑷𝑵:

The Well-to-Tank GHG emissions factor 

(t CO2eq/GJ) for fuel or electricity, set 

based on the FLL

The lower calorific value for the relevant 

fuel

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 N2O/t 

fuel)

Global warming potential for CH4, equals 

to 28 for 100-year time horizon

Global warming potential for N2O, equals 

to 265 for 100-year time horizon

WtT GHG factors and other

sustainability aspects

Determined by FLL

TtW CO2 factors

Determined by fuel type 

and FLL

TtW CH4 and N2O factors

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

Oil

Gas

Biomass

Aquaculture

Forestry

Wastes and residues

Agriculture

Renewables / nuclear

Wind

Hydro

Solar

Nuclear

Fossil fuel
processing

Fossil Carbon

Fuel oil

Gas oil / diesel

Liquified methane

LPG

Methanol

Ethanol

Ethane

Other

Non-carbon

Hydrogen

Ammonia

Batteries / on-shore grid

Biofuel
processing

Biomass

Captured carbon

Zero carbon

Electricity

Captured Carbon

Reforming

Elektrolysis

Electricity
generation

Synthesis/ other
processing

Storage
Atmospheric

CO2

N2

CO2

H2

H2

Source: ISWG-GHG 9/WP.1,Own illustration



IMO – LCA Guidelines

Well-to-Tank Methodology
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IMO – LCA Guidelines

Parameters

Parameters for analysis

LCV (
𝑴𝑱

𝒈
) 𝑪𝑶𝟐𝒆𝑾𝒕𝑻 (

𝒈𝑪𝑶𝟐𝒆

𝑴𝑱
) 𝑺𝒇* 𝑪𝒇𝑪𝑶𝟐 (

𝒈𝑪𝑶𝟐

𝒈𝑭𝒖𝒆𝒍
) 𝑪𝒇𝑪𝑯𝟒 (

𝒈𝑪𝑯𝟒

𝒈𝑭𝒖𝒆𝒍
) 𝑪𝒇𝑵𝟐𝑶 (

𝒈𝑵𝟐𝑶

𝒈𝑭𝒖𝒆𝒍
)

VLSFO 0,041 13,2 1 3,206 0,0005 0,0018

Liquid biofuels:

▪ Ethanol

▪ Biodiesel

▪ HVO

0,0268

0,0372

0,044

Ref. to Directive

(EU) 2018/2001 
0

1,913

2,834

3,115

0,0005 0,0018

Source: Directive 2009/16/EC

*In case of a blended fuel SF should 

be calculated as the weighted 

average of the mass of the various 

blend stocks



→ Values 

differ up

to ~33%

Emissions before Energy Conversion

25,5

25,5

25,5

17,1

26,1

26,2

26,2

33,4

22,1

20,8

14,8

1,8

1,3

11,8

30,4

13,2

9,3

10,7

10,9

2,2

2,2

2,2

9,7

2,1

6,9

6,9

1,9

1,7

9,2

0 10 20 30 40 50 60 70

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

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

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

Sugar cane ethanol

Sunflower biodiesel

Palm oil biodiesel (open effluent pond)

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

Waste cooking oil biodiesel

Hydrotreated vegetable oil from rape seed

Hydrotreated vegetable oil from soybean

CO2e/ MJ*

Typical values

25,5

25,5

25,5

17,1

26,1

26,2

26,2

33,4

22,1

29,1

20,8

2,6

1,8

16,5

42,6

18,5

13

15

15,2

2,2

2,2

2,2

9,7

2,1

6,9

6,9

1,9

1,7

9,2

0 20 40 60 80

CO2e/ MJ*

Default values

Cultivation

Processing

Transport

Use

*Own illustration



WTW comparison

▪ Up to rd. 650% higher GHG emissions (waste

cooking oil)

▪ Currently no container vessels operating on B100; 

succesfully implemented in the bulk sector

Life Cycle Assessment

Relative comparison B100 + B10

▪ Commonly used blends: B10 – B30

▪ Solution: Application of Mass Balance Concept

1,00 

0,35 

0,31 

0,22 

0,21 

0,40 

0,63 

0,47 

0,12 

0,54 

0,50 

0,94

0,94

0,92

0,92

0,94

0,98

0,95

0,92

0,96

0,96

 -  0,20  0,40  0,60  0,80  1,00  1,20

Base case: VLSFO

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

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

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

Sugar cane ethanol

Sunflower biodiesel

Palm oil biodiesel (open effluent pond)

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

waste cooking oil biodiesel

hydrotreated vegetable oil from rape seed

hydrotreated vegetable oil from soybean

Relative GHG emissions (WTW)*

B100 - typical values

B10 - default values

*Own illustration



Final Assessment

▪ Quantitative evaluation:

▪ WTT values of biofuel higher than VLSFO (except

waste cooking oil)

▪ Palm oil biodiesel → highest WTT emissions

▪ Maximum LCV deviation of HVO + biodiesels <10%; 

whereas ethanol is only rd. two-thirds of VLSFO

▪ Qualitative evaluation:

▪ Ethical evaluation: No food for fuel, working 

conditions (i.e. palm oil)

→Waste cooking oil performs best (K+N biofuel

concept)
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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)? 



© 2022 Kuehne+Nagel. All rights reserved.

Inspire. Empower. Deliver.


