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Executive Summary 

Recently launched ISO 14083 is an internationally recognized standard that includes a 
harmonized approach for calculating GHG emission factors. The standard is designed to achieve 
fair comparability of emissions from different sources, by using well-established and peer-
reviewed sources to determine the emission factors.  

 

Where national legislation mandates the use of specific GHG emission factors, users should use 
the most current and updated official GHG emission factors available, wherever possible 
matching up to the expected approach for generating emission factors set out in ISO 14083. This 
allows for greater accuracy and reliability in emission calculations and permits a more accurate 
comparison of emissions from different sources. ISO 14083 also requires consideration and 
inclusion of relevant climatic factors and other influencing factors when determining emission 
factors, making the standard more comprehensive and reliable. 

 

This report provides an in-depth overview of current emission factors in Europe and North 
America according to ISO 14083. It analyzes recent updates to ecoinvent 3.9.1 for WTW values 
of fossil fuels in Europe and similar changes in the WTW values of some fuels in North America 
resulting from the latest update of the GREET model in 2022. The report presents updated 
emission factor values for Europe and the USA compared with the old values. Reliable data and 
sources are used throughout the report to provide an accurate and comprehensive overview. The 
updated values will be included in the next version of the GLEC Framework i.e. version 3.0 in line 
with the approach for calculating GHG emission factors set out in the recently published ISO 
14083. 

 



Fuel Emission Factors in ISO 14083 - A brief description of the derivation of emission factors 

Smart Freight Centre 

 

 

July 2023 5 
 

1 Introduction 

The normative annex of the ISO 14083[1] articulates the following statement “ Users of this 
standard shall use GHG emission factors for fuels which comply to the provisions in this 
document. The emission factors shall be listed and the following properties shall be given: 

 

- Fuel type 
- Lower heating value (MJ/kg) 
- Density (kg/l) 
- Operational GHG emissions (g CO2e/MJ) 
- Total GHG emissions ( g CO2e/MJ) 
- Biofuel blend (in % energy content) (if applicable) 

 

Users shall clearly state the source of all GHG emission factors for fuels. 

 

The potential for leakage of methane, itself a potent greenhouse gas, shall be taken into account 
when calculating the emissions resulting from provision and use of methane-containing fuels such 
as CNG, LNG, and their biogenic equivalents. Upstream venting of methane from the tank or at 
various points further up the supply chain shall be considered in the energy provision component 
of the overall emission factor.’’  

 

Furthermore, in an informative annex to ISO 14083[1], indicative emission factors for Europe and 
the US are provided. These cover a sample of values from well-established and peer-reviewed 
sources.  

 

ISO 14083[1] ensures that the emission factor calculation is fair and leads to comparable results. 
Whenever national legislation mandates the use of specific GHG emission factors, users should 
use the most current updated official GHG emission factors and sources available.  

 

 

1.1 Purpose of Document 

One purpose of this report is to explain how the current emission factors for Europe and North 
America in ISO 14083 annex K [1] were derived. However, due to the latest update to Ecoinvent, 
which resulted in the release of version 3.9.1[2], released in October 2022, there has been a 
noticeable increase in the WTW values for some fossil fuels in Europe. Similar changes are also 
visible in the WTW values of some fuels in the North America based on the update of GREET 
model[3]. This document also provides a view into the updated fuel emission factor values for 
Europe and USA. 

 

1.2 Methodology 

1.2.1 General 

The general idea for the emission factors in ISO 14083 [1] was to recommend well-established, 
peer-reviewed sources for GHG emission factors that follow the preferred methodology to be used 
in the GHG calculations within the scope of the standard - this includes the entire upstream 
process chain (including any emissions from energy production infrastructure).  The preferred 
sources follow an attributional approach wherever possible since these factors will be used for 
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emission accounting by the standard’s users.  The values have been supplemented in a limited 
number of instances with values from alternative sources that follow a consequential approach 
where that is the only viable option.  The recommendation was for the emission factors to use the 
GWPs from the newest IPCC assessment report, 2021 (AR 6)[4].  In practice, many of the sources 
used were still based on AR5[5]  at the time of compiling ISO 14083[1].  

 

1.2.2 Europe 

To provide the best possible set of emission factors in Europe, a combination of different sources 
was used, as no single source met all the requirements. In order to ensure that the calculations 
were accurate, all sources were thoroughly checked for validity and consistency and any 
discrepancies were properly accounted for, allowing for a reliable and robust set of emission 
factors to be produced. ecoinvent was used for the majority of fossil fuels, although additional 
information, such as missing density values, had to be added to the ecoinvent source material.  
The JEC WTW v5 study [6] was used to supplement ecoinvent; this had to be adjusted to conform 
with AR 5 GWPs as it still used AR 4. EcoTransIT World [7] was used for calculating the emission 
factors associated with bio-sourced based fuels, and Fuel EU maritime was used for the 
calculation of the operational emissions of gaseous marine-based fuels within ISO 14083[1]. 

 

 

Four main groups of fuels were identified for Europe which were represented in different ways in 
ISO 14083: 

 Liquid fossil fuels (gasoline, diesel, liquified petroleum gas (LPG), kerosene, light fuel oil 
(LFO) and heavy fuel oil (HFO)) 

 Gaseous fossil fuels (compressed natural gas (CNG), liquified natural gas (LNG), and 
hydrogen from steam methane reforming (H2 SMR)) 

 Biofuels (biodiesel (FAME), hydrotreated vegetable oil (HVO) / hydroprocessed esters 
and fatty acids (HEFA), ethanol, compressed biomethane, liquified biomethane) 

 Electricity (value provided for EU 2019 electricity mix including average grid losses) 

 

1.2.3 North America  

For North America, we derived the emission factors primarily for the USA based on one particular 
source, namely GREET[8], [9] (Greenhouse gases, Regulated Emissions, and Energy use in 
Technologies), which is a full life-cycle model developed by Argonne National Laboratory, 
sponsored by U.S. Department of Energy. GREET evaluates the energy and emission impacts of 
advanced and new transportation fuels, the fuel cycle from well to wheel (WTW), and the vehicle 
cycle based on material recovery and vehicle disposal. GREET allows researchers and analysts 
to evaluate various vehicle and fuel combinations on a full fuel-cycle/vehicle-cycle basis. 

 

For the USA, also four main groups of fuels were identified and no changes were made 
representing in ISO 14083: 

 Liquid fossil fuels (gasoline, diesel, liquified petroleum gas (LPG), kerosene, marine 
diesel oil (MDO), marine gas oil (MGO), very low sulfur fuel oil (VLSFO), ultra-low sulfur 
fuel oil (ULSFO)) 

 Gaseous fuel oils, (compressed natural gas (CNG) and liquified natural gas (LNG)) 

 Biofuels (ethanol, biodiesel, hydrotreated vegetable oil (HVO)) 

 Electricity (value provided for US 2019 electricity mix including average grid losses) 
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1.3 GHG emission factors and sources 

 

Emission factors are important for calculating transport emissions and carbon footprints. They 
provide a consistent way to convert fuel and energy used in freight transportation into greenhouse 
gas emission values. However, the emission factor can vary depending on factors such as the 
type of fuel, production and consumption locations, distribution methods, and production 
processes, etc. 

 

Conventional fuels i.e. fossil fuels, come from various sources and go through established 
processes to meet local fuel quality standards. It's not common practice to determine the exact 
emission factor for each batch of fuel. Instead, representative values are used, assuming that 
emissions will average out over time to match the representative value. National emission factor 
databases may reflect variations in fuel standards and local industrial energy efficiency as well as 
variations in crude oil supply in different regions, there is for example a huge difference between 
tar sands and conventional crudes, but for conventional fuels with well-known feedstocks and 
production processes, the variation tends to be low. Methane emissions also vary widely between 
different regions. 

 

New fuels, including some renewable fuels and low life-cycle GHG emissions, have less 
standardized production processes and can vary more throughout their life cycle. They can be 
made from a wider range of feedstocks, leading to greater variability. 

 

Emission factors are subdivided into two categories: 

 

 energy production emissions (upstream or WTT phase), and 

 operational emissions (point of use or TTW phase) 

 

The total GHG value is the addition of the above two phases into a WTW figure that represents 
the full energy life cycle.  

 

In ISO 14083[1], GHG emission factors are derived primarily from sources developed in and 
designed for use in Europe and the US.  For locations outside Europe and the US, where no 
nationally mandated values are applicable, users can use the provided values.  Alternatively, they 
can identify an alternate source or use their own values if calculated in accordance with the ISO 
14083 approach. 

 

When calculating the well-to-wheel emissions of CNG and LNG fuels, it is crucial to consider the 
potential methane leakage at various stages, including upstream processes, refueling, and engine 
operations. Methane venting during refueling and in the supply chain is accounted for in the well-
to-tank component. Additionally, the tank-to-wheel emissions require a more intricate approach 
due to "methane slip," which calculates the impact of unburned fuel released into the atmosphere 
alongside the emissions resulting from the majority of the fuel combustion. In ISO 14083, the 
operational GHG emissions from methane-based fuels are considered in a different way than for 
other fuels.  The extent of the methane slip varies according to the engine technology, the way 
the engine is run, and any GHG emission abatement technology that is fitted.  The legislation that 
applies to engines used in different situations also varies, with different limits on methane 
emissions applied by location and mode [1]. Consequently, determining definitive emissions 
values for LNG or CNG use can be challenging. We have provided an initial estimation of methane 
slip and its impact on TTW emissions, differentiating by engine technology when information is 
available. 
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Emission factors need to be reviewed on a regular basis: 

 

 Keeping them up to date with the latest updates from the chosen sources. 

 Incorporating new, improved information about low-carbon fuels alongside the 
information for conventional fuels as it becomes available. 

 

1.3.1 Europe 

The values for Europe in ISO 14083 include the use of three main sources for emission factor 
calculations: 

 the ecoinvent database version 3.8 (cut-off system model) [10] for all liquid fossil fuels, 

 the JEC well-to-wheel study v.5 [6] for all fossil gaseous fuels (amended to reflect AR5 
instead of AR 4) 

 and values prepared by ifeu Institute for the EcoTransIT methodology report 2022 [7] for 
biofuels and electricity. 

 

Fuel densities were added for liquid fossil fuels, taken from JEC WTW study v.5 for 
gasoline/diesel, EN 16258 [11] for LPG, kerosene and HFO, and from fuel provider information 
for LFO [12]. In addition to this, operational GHG emissions values for kerosene were changed to 
3.16 kg CO2e/kg fuel, in line with IATA/ ICAO comment [13]. This led to an increase compared to 
the original ecoinvent data but aligned the EU operational GHG emission factors for kerosene 
with those in the US. 

 

Operational emissions (tank-to-wheel) were split into fossil CO2 emissions, which correspond to 
the amount of fuel burned, and non-CO2 GHG emissions (CH4 and N2O), which depend on the 
application (e.g. truck or ship) and engine type. The non-CO2 GHG TTW emissions do not include 
any short-lived climate forcers (e.g. black carbon or nitrogen oxides), but do include methane slip. 
The operational factor for biodiesel (FAME) also includes some fossil CO2 emissions due to the 
presence of fossil methanol in the end product.  

  

In Europe, the biofuel pre-chains came from the ifeu Institute, produced for EcoTransIT, and 
followed the RED II methodology. A typical European biofuel blend is composed of different 
feedstocks: 

 

 biodiesel (FAME): 50% rapeseed, 40% used cooking oil, and 10% soybean 

 ethanol: 40% maize, 35% sugar beet, and 25% wheat 

 HVO/ HEFA: 50% rapeseed and 50% used cooking oil 

 biomethane: 40% maize, 40% manure, and 20% biowaste 

The EcoTransIT World methodology report is also set to publish electricity emission factors for 
different countries following the ISO 14083 methodology. 

 

In spite of our best efforts the current ISO 14083 factors do have some drawbacks. Primarily, the 
ecoinvent database lacked reliable data on hydrogen from SMR as well as liquified natural gas.  
As a result, LNG and CNG values from the JEC WTW study v.5 [6]were used.  Because the JEC 
WTW study v.5 used a consequential modeling approach the values are not directly comparable 
to the other factors and ideally would not be used for emission accounting. 

 

The GHG emissions given in the JEC WTW study v.5 [6]do not explicitly consider emissions from 
infrastructure/ capital goods, however, as these are less than 1% of the total GHG emissions of 
conventional fossil oil and gas[14] this is not an issue. 
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Emission Factors in ISO 14083 annex K 

 

Table 1 European GHG emission factors for Liquid fuels and electricity[1] 

Energy Carrier 

Lower 
heating 
value 

Density 
GHG 

emission  
GHG emission 

(total) 
GHG emission 
(operational) 

GHG 
emission 

(total) 

in MJ/ kg in kg/l 

in g 
CO2e/MJ 

(operation
al) 

in g CO2e/MJ 
(total) 

in kg CO2e/kg 
(operational) 

in kg CO2e/kg 
(total) 

Gasoline 42.5 0.743 75.1 90.1 3.19 3.83 

Ethanol (40% 
maize, 35% sugar 
beet, 25% wheat) 

27 0.78 0.3 48.2 0.01 1.30 

Diesel 42.8 0.832 74.1 87.3 3.17 3.74 

Biodiesel (50% 
rapeseed, 40% used 
cooking oil, 10% 
soybean) 

37 0.892 4.1 38.3 0.15 1.42 

Liquefied Petroleum 
Gas (LPG) 

45.5 0.55 67.1 81.6 3.05 3.71 

Jet Kerosene (Jet 
A1 and Jet A) 

43 0.8 73.5 84.7 3.16 3.64 

Heavy Fuel Oil 
(HFO) (2.5% sulfur) 

41.2 0.97 76.8 85.4 3.17 3.52 

Light Fuel Oil (LFO) 
(0.1% sulfur) 

42.6 0.86 75.3 86.5 3.21 3.69 

Hydrogen from 
steam reforming of 
natural gas 

120 n.a. 0 114.4 0 13.73 

HVO*/HEFA (SAF) 
(50% rapeseed, 
50% used cooking 
oil) 

44 0.77 0.1 28.6 0 1.26 

Electricity European 
average (EU 28, 
2019, including 
average losses) 

n.a. n.a. 0 97 n.a. n.a. 
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Table 2 European GHG emission factors for gaseous fuels including methane slip[1] 

 

Energy 
Carrier 

Example 
applications 

Lower 
heating 
value 

Density 
GHG 

emission  

GHG 
emission 

(total) 

GHG emission 
(operational) 

GHG emission 
(total) 

in 
MJ/ kg 

in kg/l 

in g 
CO2e/MJ 

(operation
al) 

in g 
CO2e/MJ 

(total) 

in kg CO2e/kg 
(operational) 

in kg CO2e/kg 
(total) 

CNG 
Europe 

spark 
ignition truck 

49.2 n.a. 56.6 72.7 2.79 3.58 

LNG 
Europe 

spark 
ignition truck 

49.1 n.a. 57.9 75.5 2.84 3.71 

Bio-CNG 
(40% maize, 
40% manure, 
20% 
biowaste) 

 

50 n.a. 1.5 26.2 0.08 1.31 

Bio-LNG 
(40% maize, 
40% manure, 
20% 
biowaste) 

 

50 n.a. 1.5 30.4 0.08 1.52 

LNG 

Otto dual 
fuel ship 
(medium 

speed) 

49.1 n.a. 73.6 91.2 3.61 4.48 

LNG 
Otto dual 
fuel ship 

(slow speed) 
49.1 n.a. 66.0 83.6 3.24 4.10 

 

 

1.3.2 North America 

The emission factors for fuels from the GREET® database[9] are recognized as an official source 
by the US government published by Argonne National Laboratory,  

 

GREET is a comprehensive model developed by the U.S. Department of Energy's Argonne 
National Laboratory to estimate life-cycle emissions of greenhouse gases, air pollutants, and 
other short-lived climate forcers from the operational (tank-to-wheel) of transportation subsectors 
and the building sectors. This model considers: 

 

 Total energy consumption (non-renewable and renewable) 

 Fossil fuel energy use (petroleum, natural gas, coal)  

 Greenhouse gas emissions (CO2, CH4, N2O) 

 Air pollutant emissions (VOCs, CO, NOx, SOx, PM10, PM2.5) 

 Water consumption 
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The values in the GREET include various phases of fuel production and use a wide range of 
vehicle types. Additionally, the model accounts for an extra emission of 4.02 gCO2e/MJ for 
Biodiesel (BD) as the carbon intensity of Biodiesel is impacted by the fact that it contains fossil 
carbon originating from the conventional methanol used in the production. As Biodiesel includes 
fossil carbon from methanol, it has higher combustion emissions than Renewable Diesel, which 
reduces net differences between Biodiesel and Renewable Diesel routes. Combustion emissions 
are not zero due to non-CO2 emissions (e.g., methane, nitrous oxide) from fuel combustion and 
C embedded in fossil methanol inputs.[15]   

GREET also accounts for methane slip, which is commonly referred to as the unintended release 
of methane due to leakage from the production, storage, and transportation of fuel. 

In the US, the biofuel pre-chains come from the GREET model only and are considered 100% 
blends. The emission factors in ISO 14083 for North America were based on the 2021 GREET 
model [8]. All greenhouse gas emission factors were calculated using the GWP 100a (without 
climate-carbon feedback) in accordance with IPCC AR 5[5].  

 

 

 

 

Emission Factors in ISO 14083 annex K 

Table 3 US GHG emission factors for liquid fuels and electricity[1] 

Energy Carrier 

Lower 
heating 
value 

Density 
GHG 

emission  
GHG emission 

(total) 
GHG emission 
(operational) 

GHG 
emission 

(total) 

in MJ/ kg in kg/l 

in g 
CO2e/MJ 

(operation
al) 

in g CO2e/MJ 
(total) 

in kg CO2e/kg 
(operational) 

in kg CO2e/kg 
(total) 

Gasoline 41.7 0.749 73.0 90.2 3.04 3.76 

Ethanol (corn) 27.0 0.789 0.3 55.6 0.01 1.49 

Diesel 42.6 0.847 75.0 90.5 3.20 3.86 

Biodiesel (soybean) 37.7 0.881 4.1 20.6 0.15 0.78 

HVO (tallow) 44.0 0.779 0.1 17.7 0.002 0.78 

Liquefied Petroleum 
Gas (LPG) 

46.6 0.508 64.8 78.7 3.02 3.66 

Jet Kerosene (Jet 
A1 and Jet A) 

43.2 0.802 73.2 84.8 3.16 3.66 

Heavy Fuel Oil 
(HFO) (2.7% sulfur) 

39.5 0.991 81.7 94.3 3.23 3.72 

Very low sulfur fuel 
oil (VLSFO) (0.5% 
sulfur) 

39.5 0.991 81.7 95.6 3.23 3.78 

Ultra low sulfur fuel 
oil (ULSFO) (0.1 % 
sulfur) 

39.5 0.991 81.7 95.9 3.23 3.79 
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Energy Carrier 

Lower 
heating 
value 

Density 
GHG 

emission  
GHG emission 

(total) 
GHG emission 
(operational) 

GHG 
emission 

(total) 

in MJ/ kg in kg/l 

in g 
CO2e/MJ 

(operation
al) 

in g CO2e/MJ 
(total) 

in kg CO2e/kg 
(operational) 

in kg CO2e/kg 
(total) 

Marine Diesel Oil 
(MDO) (0.5 % 
sulfur) 

41.0 0.914 78.6 92.1 3.22 3.76 

Marine gas oil 
(MGO) (1.0 % 
sulfur) 

42.8 0.837 75.2 87.8 3.22 3.76 

Electricity US (2019) 
(including average 
losses) 

n.a. n.a. 0 118.0 n.a. n.a. 

Note: The last column was not included in the ISO 14083 annex K directly 

 

Table 4 US GHG emission factors for gaseous fuels[1] 

 

 

1.4 Emission Factors update 

It is crucial that emission factors are based on the most credible sources and are developed by 
specialists. The full development of emission factors used in the GLEC Framework is outside the 
technical scope, however, we have updated the original values from ISO 14083 using the same 
sources and are thus in line with the approach described in Annex J of ISO 14083[1]. The ISO 
14083 incorporates emissions associated with fuel and energy production infrastructure, which is 
not yet common in all emission factor sources. 

 

Energy 
Carrier 

Application 

Lower 
heating 
value 

Density 
GHG 

emission 

GHG 
emission 

(total) 

GHG 
emission 

(operational) 

GHG 
emission 

(total) 

in 
MJ/ kg 

in kg/l 
in g 

CO2e/MJ 
(operational) 

in g 
CO2e/MJ 

(total) 

in kg 
CO2e/kg 

(operational) 

in kg 
CO2e/kg 

(total) 

Compressed 
Natural Gas 

(CNG) 

North 
America 

spark 
ignition 
truck 

47.1 n.a. 56.8 73.7 2.67 3.47 

Liquified 
Natural Gas 

(LNG) 

North 
America 

spark 
ignition 
truck 

48.6 n.a. 57.0 76.7 2.77 3.72 
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The emission factors are presented in the same format as ISO 14083, providing CO2e emissions 
for different phases of the fuel cycle. They are shown in terms of mass and energy content, and 
density is included when relevant for calculating emissions per volume. Non-CO2 operational 
1GHG emissions are also accounted for, considering variations between different vehicles/engine 
types and after-treatment systems, where applicable for corporate reporting purposes based on 
CDP and SBTi. 

 

To ensure consistency, the latest Global Warming Potential (GWP) values from IPCC AR6[4] 
have been used to convert all fuel emission factors to current CO2e based on new values of 
GHGs, unlike the values in Annex K of ISO 14083, which were based on IPCC AR5 [5]. 

 

Due to much wider variability among emission factors of renewable fuels, the values that are 
described here are conservative i.e. at the higher end of the possible range. If an organization 
can determine the energy carrier it has utilized and has access to a certified emission factor for 
that specific product, which is provided by a reputable organization (such as RSB, ISCC, etc.) 
following the emission factor guidelines outlined in Annex J of ISO 14083, we strongly recommend 
employing this value, supported by the accompanying documentation. 

 

The selection of emission factors in the GLEC Framework aims to align with nationally published 
values, existing transportation standards, and those used by representative UN bodies. However, 
several countries have independently published their own national emission factors, leading to 
potential confusion and uncertainty. Furthermore, CORSIA provides guidance for air transport 
emissions, and the International Maritime Organization (IMO) is anticipated to release its own 
well-to-wheel (WTW) emission factors in the near future. This current lack of coordination 
highlights the need for a coherent and comprehensive set of GHG emission factors in the global 
logistics sector. 

 

While efforts are underway to develop such a comprehensive set, companies are advised to 
adhere to specific emission factors mandated by national or international legislation, ensuring 
clear documentation of the values used. In cases where no explicitly stated emission factors are 
available, it is recommended to utilize the higher values quoted in the North American and 
European tables to prevent inadvertent underestimation of emissions. As knowledge in this field 
advances, regular updates to the emission factors within the GLEC Framework are expected to 
reflect the evolving understanding of GHG emissions. 

 

The input data used in the framework are the latest updates from reliable sources. We have taken 
all possible steps to provide a detailed starting point for companies wishing to calculate emissions 
in a harmonized and representative way.  However, the higher energy provision (WTT) values 
that result from the ecoinvent update do highlight how easy it is for emission factors from different 
sources to become significantly misaligned with each other until consensus is re-established. 

1.4.1 Europe 

Notably, there have been significant revisions in ecoinvent version 3.9.1 and the GREET 2022 
annual update between the drafting of ISO 14083 and the production of GLEC Framework V3 to 
be launched later this year. 

 

The use of ecoinvent 3.9.1 [2] is particularly important as it addresses previously unidentified high 
levels of methane venting in the fossil fuel extraction phase, resulting in significantly higher energy 

                                                   

1 Non-CO2 operational greenhouse gases include methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs), sulfur hexafluoride (SF6), and other fluorinated gases. 
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production (WTT phase) emissions, in some cases up to 50%, for fossil and fossil-derived fuels 
from previous estimates. 

 

In the latest update of the ecoinvent 3.9.1 WTT factors[2], different regions and countries 
producing crude oil have been added, as have updated consumption mixes of refineries in 
Europe. Additionally, updated data on the flaring of natural gas from the Global Gas Flaring 
Reduction Partnership (GGFR) of the World Bank, as well as methane emissions from gas venting 
and fugitive emission sources from the International Energy Agency Methane Tracker 2022 have 
been considered.  

 

The GHG emission factors for fossil fuels have been recalculated using the GWP 100a (without 
climate-carbon feedback) taken from the IPCC AR 6[4], i.e. updated from AR 5. Taken together 
these factors led to an overall increase of the overall (WTW) GHG emission factors for fossil fuels 
of around 10% due to an increase in well-to-tank emission elements as shown in [2] This update 
is set to offer significant improvements in the accuracy and reliability of the ISO 14083 emission 
factors. 

 

Table 5 European GHG emission factors for Liquid fuels and electricity [2], [6], [7], [16] 

Energy 
Carrier 

Lower 
heatin
g 
value 

Densit
y 

GHG 
emission 
(operation
al / TTW) 

GHG 
emissio
n (total /  

WTW) 

GHG 
emission 
(operation
al / TTW) 

GHG 
emissio
n (total / 
WTW) 

Non-CO2 
GHG 
emissions 
(operation
al / TTW) 

Source 

(MJ/k
g) 

(kg/l) 
(g 
CO2e/MJ) 

(g 
CO2e/M
J) 

(kg 
CO2e/kg) 

(kg 
CO2e/k
g) 

(g 
CO2e/MJ) 

 

Gasoline 42.5 0.74 75.1 99.1 3.19 4.21 0.61 
ecoinvent 

v3.9.1 

Ethanol 
(40 % 
maize, 
35 % 
sugar 
beet, 
25 % 
wheat) 

27.0 0.78 0.02 47.9 0.0005 1.29 0.02 

ifeu, 
infras & 

Fraunhof
er IML, 
2022 

Diesel 42.8 0.83 74.1 96.6 3.17 4.13 0.05 
ecoinvent 

v3.9.1 

Biodiesel 
(50 % 
rapeseed, 
40 % 
used 
cooking 
oil, 10 % 
soybean) 

37.0 0.89 0.05 34.3 0.0019 1.27 0.05 

ifeu, 
infras & 

Fraunhof
er IML, 
2022 

Liquefied 
Petroleu

45.5 0.55 67.1 90.3 3.05 4.11 0.33 
ecoinvent 

v3.9.1 
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Energy 
Carrier 

Lower 
heatin
g 
value 

Densit
y 

GHG 
emission 
(operation
al / TTW) 

GHG 
emissio
n (total /  

WTW) 

GHG 
emission 
(operation
al / TTW) 

GHG 
emissio
n (total / 
WTW) 

Non-CO2 
GHG 
emissions 
(operation
al / TTW) 

Source 

(MJ/k
g) 

(kg/l) 
(g 
CO2e/MJ) 

(g 
CO2e/M
J) 

(kg 
CO2e/kg) 

(kg 
CO2e/k
g) 

(g 
CO2e/MJ) 

 

m Gas 
(LPG) 

Jet 
Kerosene 
(Jet A1 
and Jet A) 

43.0 0.80 73.5 93.5 3.16 4.02 0.17 

ecoinvent 
v3.9.1 
and 

CORSIA, 
2019 

Heavy 
Fuel Oil 
(HFO) 
(2.5 % 
sulfur) 

41.2 0.97 76.8 93.7 3.16 3.86 1.33 

ecoinvent 
v3.9.1 

Light Fuel 
Oil (LFO) 
(0.1 % 
sulfur) 

42.6 0.86 75.3 95.4 3.21 4.06 1.33 

ecoinvent 
v3.9.1 

Hydrogen 
from 
steam 
reforming 
of natural 
gas 

120.0 n.a. 0 160.7 0 19.29 0.00 
JEC 

2020, 
modified 

HVO/HEF
A (SAF) 
(50 % 
rapeseed, 
50 % 
used 
cooking 
oil) 

44.0 0.77 0.05 28.6 0.0022 1.26 0.05 

ifeu, 
infras & 

Fraunhof
er IML, 
2022 

Electricity 
European 
average 
(EU 27, 
2019, 
including 
average 
losses) 

n.a. n.a. 0 97.0 n.a. n.a. n.a. 

ifeu, 
infras & 

Fraunhof
er IML, 
2022 
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Table 6 European GHG emission factors for gaseous fuels including methane slip[6], [7], 
[16] 

Energy 
Carrier 

Exampl
e 
Applicat
ion 

Lowe
r 
heati
ng 
value 

Dens
ity 

GHG 
emission 
(operatio
nal / 
TTW) 

GHG 
emissi
on 
(total /  

WTW) 

GHG 
emission 
(operatio
nal / 
TTW) 

GHG 
emissi
on 
(total / 
WTW) 

Non-
CO2 
GHG 
emission
s 
(operatio
nal / 
TTW) 

Source 

(MJ/k
g) 

(kg/l) 
(g 
CO2e/MJ
) 

(g 
CO2e/
MJ) 

(kg 
CO2e/kg
) 

(kg 
CO2e/
kg) 

(g 
CO2e/M
J) 

 

Compres
sed 
Natural 
Gas 
(CNG) 

Europe 
spark 
ignition 
truck 

49.2 n.a. 55.2 77.8 2.79 3.83 1.502 
JEC 

2020, 
modified 

Liquefied 
Natural 
Gas 
(LNG)  

Europe 
spark 
ignition 
truck 

49.1 n.a. 56.5 81.1 2.77 3.98 1.50 
JEC 

2020, 
modified 

Bio-CNG 
(40 % 
maize, 
40 % 
manure, 
20 % 
biowaste
) 

Europe 
spark 
ignition 
truck 

50.0 n.a. 0.05 24.8 0.0025 1.24 1.50 

JEC 
2020 and 

ifeu, 
infras & 

Fraunhof
er IML, 
2022 

Bio-LNG 
(40 % 
maize, 
40 % 
manure, 
20 % 
biowaste
)3  

Europe 
spark 
ignition 
truck 

50.0 n.a. 0.05 28.9 0.0025 1.44 1.50 

JEC 
2020 and 

ifeu, 
infras & 

Fraunhof
er IML, 
2022 

Liquefied 
Natural 
Gas 
(LNG) 

Otto 
dual 
fuel ship 
(mediu
m 
speed) 

49.1 n.a. 73.6 98.3 3.61 4.82 17.20 

JEC 
2020 and 
Europea

n 
Commiss

ion, 
Fuel.EU 
Maritime 

                                                   

2 The non-GHG values for the gaseous fuels are inconsistent in the new update of GREET, therefore, they were sourced 
from previous values as mentioned in ISO 14083. 

3 Factors based on long distance / heavy duty road transport only, as LNG is not recommended for light duty / urban 

distribution. 
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Energy 
Carrier 

Exampl
e 
Applicat
ion 

Lowe
r 
heati
ng 
value 

Dens
ity 

GHG 
emission 
(operatio
nal / 
TTW) 

GHG 
emissi
on 
(total /  

WTW) 

GHG 
emission 
(operatio
nal / 
TTW) 

GHG 
emissi
on 
(total / 
WTW) 

Non-
CO2 
GHG 
emission
s 
(operatio
nal / 
TTW) 

Source 

(MJ/k
g) 

(kg/l) 
(g 
CO2e/MJ
) 

(g 
CO2e/
MJ) 

(kg 
CO2e/kg
) 

(kg 
CO2e/
kg) 

(g 
CO2e/M
J) 

 

Annex 
2021 

Liquefied 
Natural 
Gas 
(LNG) 

Otto 
dual 
fuel ship 
(slow 
speed) 

49.1 n.a. 66.0 90.7 3.24 4.45 9.60 

JEC 
2020 and 
Europea

n 
Commiss

ion, 
Fuel.EU 
Maritime 
Annex 
2021 

 

Comments: 

 

 GHG emission factors for biofuels can vary significantly based on the mix of feedstocks 
and the production process. When certified waste stream feedstocks are used, there is a 
possibility of achieving low or even negative emission factors under specific conditions. 
It is crucial to carefully verify the emission factors in such cases to prevent unintended 
consequences and the exaggeration of emission reduction benefits. 

 

 Bio-LNG and bio-CNG must meet GHG reduction thresholds to qualify under RED2.  
 
 

 Additionally, Fuel EU Maritime mentions an LNG application with lower methane slip 
emissions, but its technology definition remains unclear, and therefore it has not been 
included in this context. 

 

 The emission factors used in this framework are sourced from ecoinvent v3.9.1[2]. The 
ecoinvent factors as well as the European electricity emission factor are the only ones 
that are confirmed to include fuel and energy production infrastructure in the well-to-tank 
(WTT) element. This inclusion is a new requirement in ISO 14083 that enhances the 
accuracy of emissions calculations. 

 

 It is important to note that the electricity emission factor mentioned above is obtained 
from a different source than the one used for calculating the default emission intensities 
for EU rail. Unfortunately, we are unable to provide the specific IEA values in this context. 
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 In addition, all operational non-CO2 GHG emissions for European fuels were updated 
using the latest GREET values similar to the previous year. However, due to 
inconsistency in the gaseous fuels in the new update, the previous year’s conservative 
values were used for all the gaseous fuels. 

 

 

1.4.2 North America 

In the latest update to GREET model in 2022, the values have been updated to IPCC AR 6[3], [4] 
to produce the latest values that will be included in the GLEC Framework update. 

 

Table 7 US GHG emission factors for liquid fuels and electricity [3], [9], [17] 

Energy 
Carrier 

Lower 
heatin
g 
value 

Densit
y 

GHG 
emission 
(operation
al / TTW) 

GHG 
emission 
(total /  

WTW) 

GHG 
emission 
(operation
al / TTW) 

GHG 
emissio
n (total / 
WTW) 

Non-CO2 
GHG 
emissions 
(operation
al / TTW) 

Source 

(MJ/kg
) 

(kg/l) 
(g 
CO2e/MJ) 

(g 
CO2e/M
J) 

(kg 
CO2e/kg) 

(kg 
CO2e/k
g) 

(g 
CO2e/MJ) 

 

Gasoline 41.7 0.749 73.0 90.5 3.04 3.78 0.61 
GREET 

2022 

Ethanol 
(corn) 

27.0 0.789 0.3 51.5 0.01 1.39 0.02 
GREET 

2022 

Diesel 42.6 0.847 75.7 91.4 3.22 3.89 0.05 
GREET 

2022 

Biodiesel 
(soybean
) 

37.7 0.881 0.8 22.0 0.03 0.83 0.05 
GREET 

2022 

HVO 
(tallow) 

44.0 0.779 0.8 18.6 0.04 0.82 0.05 
GREET 

2022 

Liquefied 
Petroleu
m Gas 
(LPG) 

46.6 0.508 64.8 78.7 3.02 3.66 0.33 

GREET 
2022 

Jet 
Kerosen
e (Jet A1 
and Jet 
A) 

43.2 0.802 73.2 84.8 3.16 3.66 0.17 

GREET 
2022 

Heavy 
Fuel Oil 
(HFO) 
(2.7 % 
sulfur) 

39.5 0.991 81.8 94.6 3.23 3.74 1.33 

GREET 
2022 

Very Low 
Sulfur 
Fuel Oil 

39.5 0.991 81.8 95.9 3.23 3.79 1.33 
GREET 

2022 
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Energy 
Carrier 

Lower 
heatin
g 
value 

Densit
y 

GHG 
emission 
(operation
al / TTW) 

GHG 
emission 
(total /  

WTW) 

GHG 
emission 
(operation
al / TTW) 

GHG 
emissio
n (total / 
WTW) 

Non-CO2 
GHG 
emissions 
(operation
al / TTW) 

Source 

(MJ/kg
) 

(kg/l) 
(g 
CO2e/MJ) 

(g 
CO2e/M
J) 

(kg 
CO2e/kg) 

(kg 
CO2e/k
g) 

(g 
CO2e/MJ) 

 

(VLSFO) 
(0.5 % 
sulfur) 

Ultra 
Low 
Sulfur 
Fuel Oil 
(ULSFO) 
(0.1% 
sulfur) 

39.5 0.991 81.8 96.2 3.23 3.80 1.33 

GREET 
2022 

Marine 
Diesel 
Oil 
(MDO) 
(0.5 % 
sulfur) 

41.0 0.914 78.7 92.3 3.22 3.78 1.26 

GREET 
2022 

Marine 
Gas Oil 
(MGO) 
(1.0 % 
sulfur) 

42.8 0.837 75.2 88.1 3.22 3.77 1.20 

GREET 
2022 

Electricit
y US 
(2019) 
(incl. 
average 
losses) 

n.a. n.a. 0 118 n.a. n.a. n.a. 

USEPA 
eGRID 

Summar
y 

Tables. 
2021 
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Table 8 US GHG emission factors for gaseous fuels[3], [9] 

Energy 
Carrier 

Exampl
e 
Applicati
on 

Lowe
r 
heati
ng 
value 

Densi
ty 

GHG 
emission 
(operatio
nal / 
TTW) 

GHG 
emissi
on 
(total /  

WTW) 

GHG 
emission 
(operatio
nal / 
TTW) 

GHG 
emissi
on 
(total / 
WTW) 

Non-CO2 
GHG 
emission
s 
(operatio
nal / 
TTW) 

Sourc
e 

(MJ/k
g) 

(kg/l) 
(g 
CO2e/MJ
) 

(g 
CO2e/
MJ) 

(kg 
CO2e/kg
) 

(kg 
CO2e/
kg) 

(g 
CO2e/MJ
) 

 

Compres
sed 
Natural 
Gas 
(CNG) 

North 
Americ
a spark 
ignition 
truck 

47.1 n.a. 57.4 74.6 2.70 3.51 1.504 GRE
ET 

2022 

Liquefied 
Natural 
Gas 
(LNG) 

North 
Americ
a spark 
ignition 
truck 

48.6 n.a. 57.6 76.9 2.80 3.74 1.50 GRE
ET 

2022 

 

Updates: 

 

 In previous GREET model, an extra emission of 4.02 gCO2e/MJ for Biodiesel (BD) was 
accounted for as the carbon intensity of Biodiesel contained fossil carbon originating from 
the conventional methanol used in the production[8]. As Biodiesel includes fossil carbon 
from methanol, it had higher combustion emissions, however, in current GREET 2022, 
this value is not accounted separately as it is already included in the pre-chain 
calculations[9]. 

 Non-CO2 GHG emissions (operational) values have been updated. 

 

 

 

1.5 Scaling Emission Factors: ISO 14083 to GLEC Version 3 

 

1.5.1 Europe 

Considering the potential challenges faced by companies that have already committed to specific 
emission reduction trajectories, the significant increase in European emission factors resulting 
from the energy provision emission values for fossil fuels due to higher methane emissions for 
crude sourced from ecoinvent 3.9.1 [2] may pose a considerable problem. Adjusting to these new 
values requires revising the emission baseline and readjusting future targets and trajectories, 
which is a complex undertaking. 

 

                                                   

4 The non-GHG values for the gaseous fuels are inconsistent in the new update of GREET, therefore, they were sourced 
from previous values as mentioned in ISO 14083. 
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To assist companies in contextualizing the new European values within the framework of their 
previous baseline, the following approximate scaling factors are provided. These scaling factors 
aim to facilitate the calculation of emissions using the latest European values while considering 
the existing baseline and commitments made by the companies. 

 

 

Table 9 Scaling of emission factor for Europe 

Fuel WTT % increase TTW % increase WTW % increase 

Diesel 39% -1% 6% 

Gasoline 67% -2% 9% 

LPG 194% -2% 19% 

Jet A 23% -1% 4% 

HFO 169% 0% 13% 

LNG 49% -2% 9% 

CNG 39% -2% 7% 

 

Based on the information provided, companies in different sectors can anticipate the following 
approximate changes in well-to-wheel (WTW) emissions across all fuels, considering the revised 
European emission factors: 

 For companies with aviation emissions as the dominant contributor, a rough estimate 
suggests a 5% increase in WTW emissions. 

 Companies heavily reliant on road transport emissions can expect a slightly higher range 
of 6 to 7% increase in WTW emissions across all fuels. 

 In the case of companies where maritime emissions play a significant role, a larger 
increase of around 10% in WTW emissions across all fuels can be anticipated. 

It is important to note that these figures serve as approximate scaling factors and should be used 
as a guide to assess the impact of the updated European emission factors on previous baseline 
calculations. 

 

1.5.2 North America 

 

Emission factors vary from the previous GREET 2021 model[8], [18]. Considering the potential 
challenges faced by companies that have already committed to specific emission reduction 
trajectories for US, the variation in US emission factors resulting from the update of the production 
processes of the GREET model may provide an issue. Adjusting to these new values requires 
revising the emission baseline and readjusting future targets and trajectories, which is a complex 
undertaking. 

 

To support companies in contextualizing the new US values within the framework similar to 
European values of their previous baseline, the following approximate scaling factors are 
provided. These scaling factors aim to facilitate the calculation of emissions using the latest 
GREET values while considering the existing baseline and commitments made by the companies. 
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Table 10 Scaling of emission factors for US 

Fuel WTT % increase TTW % increase WTW % increase 

Diesel -1% -1% -1% 

Gasoline -2% 0% -0.3% 

Ethanol 7% 0% 7% 

Biodiesel -28% 80% -7% 

HVO -1% -1500% -5% 

LPG 0% 0% 0% 

Jet A 0% 0% 0% 

HFO -2% -0.1% -0.3% 

VLSFO -1% -0.1% -0.3% 

ULSFO -1% -0.1% -0.3% 

MDO -1% -0.1% -0.2% 

MGO -2% 0% -0.3% 

LNG 2% -1% -0.3% 

CNG -2% -1% -1% 

 

Based on the information provided, companies in different sectors can anticipate the following 
approximate changes in well-to-wheel (WTW) emissions across all fuels, considering the revised 
US emission factors. 
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Future improvements 

As explained earlier in this report, the emission factor values included in ISO 14083 are not without 
their shortcomings. Two of the most pressing issues that have already been identified include:  

1. The reliance on older data sets to calculate emission factors, which will be out of date by 
the time ISO 14083 is published.  

2. The lack of emission factors for countries other than Europe or North America has raised 
questions in some countries.  The purpose of the ISO 14083 standard is not to be a 
repository of emission factors, but rather to set out the methodology for transport sector 
GHG emission calculations. It was for this reason that the emission factors themselves 
are not compulsory and that national values that follow the methodology set out in ISO 
14083 may be used.  

 

These two issues are particularly pressing in locations, such as Europe, where energy policies 
and regulations are constantly evolving in response to economic, environmental, and political 
pressures. Unfortunately, due to ISO's lengthy timeline for publishing its standards, it was not 
possible to address these issues in the final version of ISO 14083.  However, it has been possible 
update the values as explained for inclusion in the latest GLEC Framework and further updates 
will be incorporated as they occur.  By using the latest version of the GLEC Framework, 
companies will be able to ensure that their emissions are properly accounted for and that their 
reports are more reliable.  These values will be put forward when the time does come for the next 
periodic update of ISO 14083. 

 



Fuel Emission Factors in ISO 14083 - A brief description of the derivation of emission factors 

Smart Freight Centre 

 

 

July 2023 24 
 

Literature 

 

 

[1]   International Organization for Standardization, “Greenhouse gases 
— Quantification and reporting of greenhouse gas emissions arising 
from transport chain operations (ISO/FDIS 14083:2023),” 2023. 

[2] FitzGerald D. and Sonderegger T., “Documentation of changes 
implemented in the ecoinvent  database v3.9.1. ecoinvent 
Association, Zürich, Switzerland.,” 2022. 

[3] Argonne National Laboratory, “Summary of Expansions and 
Updates in GREET ® 2022 Energy Systems and Infrastructure 
Analysis Division,” 2022, Accessed: Feb. 09, 2023. [Online]. 
Available: www.anl.gov. 

[4] Intergovernmental Panel on Climate Change, Climate Change 2021 
– The Physical Science Basis. Cambridge University Press, 2023. 
doi: 10.1017/9781009157896. 

[5] T. F. , Stocker et al., “IPCC, 2013: Climate Change 2013: The 
Physical Science Basis. Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate 
Change ,” no. Cambridge University Press, Cambridge, United 
Kingdom and New York, NY, USA, pp. 1–1535, 2014. 

[6] M. PRUSSI, M. YUGO, P. L. DE, M. PADELLA, R. EDWARDS, and 
L. LONZA, “JEC Well-to-Tank report v5,” p. 248, 2020, doi: 
10.2760/959137. 

[7] ifeu, infras, and Fraunhofer IML, “EcoTransIT World- Environmental 
Methodology and Data Update 2022,” 2022. 

[8] M. Wang et al., “Greenhouse gases, Regulated Emissions, and 
Energy use in Technologies Model ® (2021 Excel).” 2021. 

[9] M. Wang et al., “Greenhouse gases, Regulated Emissions, and 
Energy use in Technologies Model ® (2022 Excel).” 2022. 

[10] G. Wernet, C. Bauer, B. Steubing, J. Reinhard, E. Moreno-Ruiz, and 
B. Weidema, “The ecoinvent database version 3 (part I): overview 
and methodology,” International Journal of Life Cycle Assessment, 
vol. 21, no. 9, pp. 1218–1230, Sep. 2016, doi: 10.1007/S11367-016-
1087-8. 

[11] European Council, “EN 16258 - European Standards,” 2012. 
https://www.en-standard.eu/csn-en-16258-methodology-for-
calculation-and-declaration-of-energy-consumption-and-ghg-
emissions-of-transport-services-freight-and-passengers/ (accessed 
Feb. 09, 2023). 

[12] ENI, “GASÖL (HEIZUNG) (Alle Typen),” 2012, Accessed: Feb. 09, 
2023. [Online]. Available: www.eni.com 

[13] ICAO, “Annex 16 to the convention on international civil aviation - 
Environmental protection – Volume IV Carbon offsetting and 
reduction scheme for international aviation (CORSIA),” 2018. 
https://elibrary.icao.int/reader/229739/&returnUrl%3DaHR0cHM6L
y9lbGlicmFyeS5pY2FvLmludC9ob21lL3Byb2R1Y3QtZGV0YWlscy
8yMjk3Mzk/X2dsPTEqMXE2Y3Q2MipfZ2EqTXpReE1qUTJNRFV5
TGpFMk56VTVORGt5T1RBLipfZ2FfOTkyTjNZRExCUSpNVFkzTl



Fuel Emission Factors in ISO 14083 - A brief description of the derivation of emission factors 

Smart Freight Centre 

 

 

July 2023 25 
 

RrME9USTVNQzR4TGpBdU1UWTNOVGswT1RJNU1TNHdMakF
1TUEuLg%3D%3D?productType=ebook (accessed Feb. 09, 2023). 

[14] J. Beath et al., “Contribution of Infrastructure to Oil and Gas 
Production and Processing Carbon Footprint,” 2014. 

[15] H. Xu, L. Ou, Y. Li, T. R. Hawkins, and M. Wang, “Life Cycle 
Greenhouse Gas Emissions of Biodiesel and Renewable Diesel 
Production in the United States,” Environ Sci Technol, vol. 56, no. 
12, pp. 7512–7521, Jun. 2022, doi: 
10.1021/ACS.EST.2C00289/ASSET/IMAGES/LARGE/ES2C00289
_0002.JPEG. 

[16] European Commission, “Annexes to the Proposal for a Regulation 
of the European Parliament and of the Council  on the use of 
renewable and low-carbon fuels in maritime transport and amending 
Directive 2009/16/EC,” 2021. 

[17] US EPA, “eGRID Summary Tables 2021,” 2023. 
https://www.epa.gov/system/files/documents/2023-
01/eGRID2021_summary_tables.pdf (accessed Jul. 25, 2023). 

[18] Argonne National Laboratory, “Summary of Expansions and 
Updates in GREET ® 2021 Energy Systems Division,” 2021. 
[Online]. Available: www.anl.gov. 

  

 

 

 

 

 



 

 

Contact   

Smart Freight Centre 

Keizersgracht 560, 1017 EM 

Amsterdam, Netherlands 

P.O. Box 11772, 1001 GT 

Amsterdam, Netherlands 

Tel. office: +31 6 4695 4405 

www.smartfreightcentre.org 

info@smartfreightcentre.org  

Join our journey towards 

efficient and zero-emission 

global freight and logistics 
 

 

 

 

 

 

http://www.smartfreightcentre.org/
mailto:info@smartfreightcentre.org

	Executive Summary
	1 Introduction
	1.1 Purpose of Document
	1.2 Methodology
	1.2.1 General
	1.2.2 Europe
	1.2.3 North America

	1.3 GHG emission factors and sources
	1.3.1 Europe
	1.3.2 North America

	1.4 Emission Factors update
	1.4.1 Europe
	1.4.2 North America

	1.5 Scaling Emission Factors: ISO 14083 to GLEC Version 3
	1.5.1 Europe
	1.5.2 North America


	Future improvements

