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Abstract

The main driver of the anthropogenic climate change is the increase in the amount of greenhouse gases (GHG). In 2019, the total
net anthropogenic GHG emissions were 59 GtCOze, about 54% higher than in 1990. In the same year, global transport was the
fourth largest source of net anthropogenic GHG - direct and indirect - emissions (15%). According to the IPCC, in 2019, road
transport (both passengers and freight) was the largest source of transport emissions (6.1 GtCOa2e; 69% of the transport sector).
Hence, emissions from road freight transport should be reduced to achieve climate targets. For these reasons, GHG mitigation has
become central in policies aimed at reducing polluting gas emissions in the global freight transport sector.

This paper will focus on the main methods used for the evaluation of environmental sustainability of intermodal transport chains,
with a particular focus on the ISO14083 standard. Prior the release of the ISO 14083, no international carbon accounting standard
was available. Nevertheless, there are many methods, national standards and norms that quantified the GHG emissions caused by
logistics operations. One of the most complete methods is the GLEC Framework, that aims at standardizing the calculation of GHG
emission related to freight transport. This work presents an application of the ISO 14083 standard and the GLEC Framework to a
real case study. The aim of the study is to analyse the publication of ISO 14083 standard and the subsequent update of the GLEC
Framework. The objective is to highlight potential weaknesses and compare the results with the methods currently in use for
calculating greenhouse gas emissions (see the IMO method and its performance indicators). With this contribution, the authors
hope to highlight the main critical issues that arise from the use of the proposed methodology.
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1. Introduction

The main driver of the anthropogenic climate change is the increase in the amount of greenhouse gases (GHG). In
2019, the total net anthropogenic GHG emissions were 59 GtCOzeq, about 54% higher than in 1990. In the same year,
global transport was the fourth largest source of net anthropogenic GHG (direct and indirect) emissions (15%).
According to statistics from the International Energy Agency, the transport sector’s carbon emissions accounted for
24% of the total global carbon emissions in 2019, making it the second-largest contributor to emissions sector in the
world. Hence, emissions from freight transport should be reduced to achieve climate targets. For these reasons, GHG
mitigation has become central in policies aimed at reducing polluting gas emissions in the global freight transport
sector. In the last twenty years, the necessity for a comprehensive and transparent standard for calculating and reporting
CO: emissions produced by transport logistics chains has been increasingly acknowledged (Ehrler et al., 2018;
Fancello et al., 2023; Fahimnia, 2019; Kellner and Schneiderbauer, 2019; Wild, 2021). The response of the transport
and logistics sector to the implementation of environmental policies is relatively slow in comparison to that of other
sectors (Oberhofer and Dieplinger, 2014). This could be attributed, in part, to the indirect contact between transport
companies and end-users, as well as to the sectors’ fragmentation and its low reactivity to changes. The importance of
good performance in the logistics industry contributing towards a low-carbon economy is widely recognised. Freight
transport operations has a negative effect on all environmental elements (Petro and Konec¢ny, 2017).

This paper will focus on the main methods used for the evaluation of environmental sustainability of supply chains,
with a particular focus on the ISO 14083, released in March 2023 by the International Standard Organization. It
provides requirements and guidance for the quantification and reporting of GHG emissions along the entire transport
chains for passengers and freight, including road transport. Until that time, various standards, regulations, and
methodologies were in use at the regional or national level, frequently referred to a single mode of transport.
Nevertheless, a single harmonised method was lacking. Nevertheless, there are many methods, national standards and
norms that quantified the greenhouse gas emissions caused by logistics operations.

Section 2 will provide a brief literature review and an overview of the main methods and standards regarding
quantification of GHG emissions in the transport and logistics sector. Section 3 will describe the methodology while
section 4 will present the case study. The results of the case study application will be illustrated in section 5. At last,
section 6 will conclude the paper.

2. State of the art

Scientific literature still requires further advancement in the field of decision-making models pertaining to
greenhouse gas emissions produced by logistic activities (Dehdari et al., 2023). However, in the last years, a growing
number of authors are dealing with this issue, generally investigating in detail a single mode of transport. For instance,
Perotti et al. (2021) propose a methodology for calculating the environmental impact of logistics sites based on carbon
footprint assessment. In the field of road transport, Petro and Kone¢ny (2017) have created a calculator of external
costs in road transport based on carbon emissions. Furthermore, Agavanakis et al. (2023) developed a cloud-based
data hub that is capable of collecting and sharing primary data regarding the vehicle type, the road trip, and the load
transported. du Plessis et al. (2022) argue that one of the limitations of the existing methods is that they are based on
general principles, which makes it challenging to apply them to specific transport chains, such as, for example, the
fresh fruit distribution. Furthermore, it is desirable that the results of the different evaluation methods are consistent
with each other (Ehrler et al., 2018). One of the most complete methods is the GLEC Framework, developed by the
Global Logistics Emissions Council, led by the Smart Freight Centre. It aims at standardizing the calculation of GHG
emission related to freight transport. Furthermore, it harmonizes numerous other existing methodologies and it cover
all freight transport modes (air, inland waterways, rail, road, sea) and hub operations (ports or warehouses) along the
transport chain. Furthermore, the last version of the Framework includes freight transport using pipelines and cable
cars. It is aligned with the IPCC Good Guidance and Uncertainty Management in National Greenhouse Gas
Inventories (IPCC Guidance) and the Science based target initiative SBTi.

During September 2023, in full alignment with the new ISO 14083 standard, an updated version of the GLEC
Framework was published. The ISO 14083:2023 is an international standard released by the International Standard
Organization (ISO) in March 2023. It represents the first international standard to provide requirements and guidance
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for quantifying and reporting of GHG emissions along entire transport chains, both for passengers and for freight,
including all modes of transport. Table 1 and Figure 1 provide an overview of the most relevant and common standards
or methods used for the evaluation and reporting of GHG emissions. Each standard/method is defined for a regional
or an international scope and can consider one or more modes of transport. Generally, methods are defined for a
specific mode of transport while standards (ISO, EN) consider different modes. Commercial tools, which are generally
used by logistics operators or clients, are aligned with the international standards.

Table 1. Standards and methods

Standard/Method Type of Region Modes of Transport Reference
GHG Protocol Method International Generalised (WRI, 2004)
1SO14064 Standard International Generalised (ISO, 2006)
1SO14067 Standard International Generalised (IS0, 2013)
1SO14083 Standard International Generalised (IS0, 2023)
EN16258 Standard Europe Multimodal (CEN, 2012)
SmartWay Program North America ~ Multimodal (SmartWay, 2012)
CE Delft Research International Multimodal (except air) (STREAM, 2016)
GLEC Framework Method International Multimodal (Smart Freight Centre, 2023)
EcoTransIT Commercial International Multimodal (EcoTransIT, 2024)
BigMile Commercial International Multimodal https://bigmile.eu/
CarbonCare Commercial International Multimodal https://www.carboncare.org
Green Freight Europe Program Europe Multimodal (GFE, 2021)
IMO - EEOI Official International Sea, IWT (IMO, 2009)
CCWG Initiative International Sea - container shipping (CCWG, 2015)
ICAO Method International Air (ICAO, 2014)
IATA: RP1678 Method International Air (IATA, 2022)
IML Guide Research International Hub - Logistic sites (Dobers and Jarmer, 2023)
Green Logistics Method Research Europe Hub - Logistic systems (Lean and Green, 2021)
Green Efforts Research Europe Hub - Seaports and terminals ~ (Green Efforts, 2020)
ITEC Initiative Europe Hub - Intermodal terminals (ITEC, 2020)
EEEG GHG Guidance Initiative Europe Hub - Container terminals (EEIG, 2023)
HBEFA 4.2 Commercial Europe Road (HBEFA, 2022)
GHG Protocol 18014067 IWAI6 Fram(ivaEi v.2 FramC;\];/Eg( v.3
2004 2013 2015 2019 2023
1SO14064 EN16258 GLEC 1SO14083
2006 2012 F‘am;‘(’)";’gk vl 2023

Figure 1: Timeline of the main tools for the calculation of GHG emissions. Source: authors’ elaboration.

ISO14083 is the first international standard that considers all modes of transport. For this reason, the authors have
chosen it for a first application to a real case study.

3. Methodology

In this section, the methodology proposed by the ISO14083 and the GLEC Framework will be explicated. The
calculation of GHG emissions from transport operations begins with the identification of the so-called "transport
chain". As defined by the ISO14083, a transport chain is a sequence of elements related to freight or a (group of)
passenger(s) that, when taken together, constitutes its movement from an origin to a destination (1SO, 2023). Figure
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2 illustrates a multi-element freight transport chain composed by a series of events. Once the last point of production
or transformation is left, the freight is transported from point A - where the consignor entrusts the goods - to point B -
when the freight reaches its intended destination. Point B is also defined as the first point at which no operations related
to the transportation of the goods take place. In this example, the intermodal transport is carried out by two road
transport elements (C) and a maritime shipping service (D). Road/sea terminal operations are also included.
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In accordance with the ISO14083 standard, the GLEC Framework recommends a bottom-up approach for
calculating the emissions associated to a transport chain (TC) (see Figure 3). The total GHG emissions of a TC are
calculated as the sum of the individual transport chain elements (TCEs) (see eq. 2). A TCE is defined as a section of
a transport chain within which the freight is carried by a single vehicle or transits through a single hub (ISO, 2023).
Furthermore, the emission intensity of the transport chain can be assessed by dividing the calculated emissions by its
transport activity (see equation 1). Emission intensity is a useful key performance indicator (KPI) that is frequently
employed to assess the environmental efficiency of a transport chain or the performance of a logistics operator.

emission intensity;. = GHG emissionsy./transport activity ¢ (D
GHG emissionsy; = Y./, GHG emissionsrcg; 2)
GHG emissionsycg, = emission intensityroc(rcg;) * transport activity ¢, 3)

The following steps provide the general procedure for the calculation of the GHG emissions of a transport chain
consisting of n TCEs (see eq. 2 and eq. 3).

a) Calculation of the transport activities of the TCE

The transport activity for freight transportation is expressed in tonne-kilometers (t-km), while the hub operation
activity is measured in tonnes of outbound freight. Consequently, both the mass of the shipment and the covered
distance are required. In addition to mass, which should always be included in the analysis, other metrics, such as
volume or item, can be used occasionally. This issue will be further detailed in the next sections. With regard to the
TCE distance, the GLEC Framework, in line with the ISO14083, considers three possible alternatives: the shortest
feasible distance (SFD), the great circle distance (GCD) and the actual distance corrected by a Distance Adjustment
factor (DAF). The latter is used only when the transport operator does not have access to the SFD or the GCD.

b) Identification of the emission intensity of the TCE

The assessment of the emission intensity related to a specific TCE is conducted by determining to which transport
operation category (TOC) or hub operation category (HOC) the TCE can be connected. A TOC is defined as “a group
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of transport operations that share similar characteristics” while a HOC as “a group of hub operations that share similar
characteristics” (ISO, 2023). Therefore, in this step, it is crucial to link each TCE; to its corresponding TOC(TCE;) or
HOC(TCE)). The chosen characteristics of a TOC/HOC can be based on different factors (mode of transport, number
and type of vehicles, type of journey, type of freight, etc.). It is necessary to identify an emission intensity value for
each TOC/HOC. To achieve this, different data categories can be employed. ISO 14083 categorises data into two
groups: primary data (direct measurement or calculation based on direct measurements, e.g. emission factor or activity
data) and secondary data. The latter can be divided in two categories: modelled data (modelled using primary data
and/or relevant GHG emission parameters) or default data from a published source.

The following steps, from this point forward, will only refer to the case of a TCE(TOC). However, the procedure
doesn’t change in the case of TCE(HOC). The emission intensity of a TOC(TCE) can be calculated as shown in
equation 4. Similarly to equation 1, the requested factors are the GHG emissions and the transport activity. With regard
to the latter, activity data is evaluated as discussed above for the case of a TCE (see above, point a).

emission intensityrocrcg;) = GHG emissionsTOC(TCEi)/transport activityrocrce)) 4)

While the second version of the GLEC Framework (GLEC, 2019) was based on the principles of the GHG Protocol,
which proposed a division of logistics emissions into three scopes (scope 1, scope 2 and scope 3), the third version, in
line with ISO 14083, follows a new classification. Therefore, GHG emissions of a TOC(TCE) consist of two
components: emissions resulting from the energy used for the vehicle operations (VO) and emissions related to the
vehicle energy provision (VEP). Equation 5 shows the generalized formula.

GHG emissionSToc(TCEi) = GHG emiSSionSVO,TOC(TCEi) + GHG emiSSiOHSVEP,TOC(TCEi) (5)
GHG emissionsy o veproc(rce;) = Qroc(rery ™ Evo(rcri)vEP(TCED) (6)
where:

Qroc(rce; is the quantity of the GHG activity type referred to the TOC(TCE;)
evoyvep is the GHG emission factor for the TOC(TCE;) activity, measured in gCO,eq per quantity of fuel or energy

For example, in the case of a road transport activity performed with a diesel vehicle, the quantity of diesel fuel
consumed is equivalent to the QTOC(TCEi). GHG emission factors convert the quantity of consumed fuel or energy
into GHG emissions, expressed in CO»eq units. The emissions produced from VO are also known as tank-to-wheel
emissions (TTW), while those related to VEP are known as well-to-tank emissions (WTT).

¢) Calculation of the TCE’s emissions

In the last step, the GHG emissions of each TCE must be determined. To do so, the corresponding GHG emission
intensity of the related TOC/HOC and the transport (or hub) activity of the TCE should be multiplied (see eq. 3).

4. Case study

In this study, it was decided to test the GLEC Framework to a real situation. An intermodal logistics company
operating in the Mediterranean area was selected for the application. This company offers its customers integrated
logistics solutions using its network of warehouses, terminals, and road transport services for the collection and
delivery of goods. Additionally, it offers regular short sea shipping services. It manages the entire transport cycle, thus
guaranteeing the so-called door-to-door mode. The ISO14083 standard and the GLEC Framework propose the
establishment of GHG emissions and relative intensity factors over a specified period, typically one calendar year. In
this way annual variabilities (seasonal variability, demand fluctuations, interruptions, etc.) are included in the model.
Furthermore, the reporting principles, which are valid at both the organizational levels and the transport or hub service
level, require a one-year report frequency (GLEC, 2023). However, the aim of this first application is to assess the
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proposed methodology and identify the principal findings that may be addressed from the results. The time period of
one year will not be considered. Instead, a single transport chain - chosen as representative of the logistics operator
core business - will be analysed. It should be noted that the methodology described in Section 3 can be readily adapted
to accommodate the consideration of multiple transport chains.

The objective of this application is to evaluate the emissions generated during the delivery of a freight unit (semi-
trailer) from the initial customer (O - point of origin) to the final customer (D - point of destination). In this instance,
an intermodal road-sea transport solution is being considered. Figure 4 provides a comprehensive schematic overview
of the transport phases. The transport chain is divided into five transport chain elements. TCE| and TCEs represent the
road transport phases performed with a semi-trailer, TCE3 the Ro-Ro maritime service, while TCE; and TCE4 include
the hub operations that take place in the port terminal.

TCE, TCE, TCE; TCE4 TCE;s

Figure 4: Intermodal freight transport chain of the real case study (Source: authors’ elaboration)

Each TCE is characterized by a TOC or a HOC. TCE; and TCEs share the same TOC (TOC-road) while TCE, and
TCE4 the same HOC (HOC-hub). TCE; is characterized by the TOC-sea. Table 2 presents the primary data provided
by the logistics operator. Not all data was referred to the single journey, therefore some adjustments are required.

Table 2. Summary of the data provided by the intermodal logistics company.

CE TocH0C Toeormmyian g COU Y Oubone ot quni ot
TCE1 TOC-road  Semi-trailer’s journey 145 13 - diesel 43
TCE2 HOC-hub Hub operations - 13 diesel 44
TCE3 TOC-sea Ship’s journey 542 2,500%* - HFO 29,510
TCE4 HOC-hub Hub operations - 13 diesel 44
TCE5 TOC-road  Semi-trailer’s journey 250 13 - diesel 74

*It considers the total mass of freight transported during the ship’s journey, included the 13t of the semitrailer

5. Results

This section presents the results of the application of the methodology proposed by the GLEC Framework in
accordance with the ISO14083 standard. As previously discussed, the methodology is a bottom-up approach.
Therefore, the intermediate results will be presented in their order of calculation.

Table 3. Intermediate results of the calculation: from emission factors to the emission intensity

Data activity TOC/HOC(TCE:i) TOC-road TOC-sea HOC-hub

Emission factor,ygp (WTT)** 0.96 kgCO,eq/kg 0.68 kgCO,eq/kg 0.96 kgCO,eq/kg
Emission factor,yo (TTW)** 3.17 kgCOseq/kg 3.18 kgCO.eq/kg 3.17 kgCOseq/kg
Total quantity of fuel Qroc(rce) 117 kg 29,510 kg 8.8 kg
GHG emissions,ygp (WTT) 112 kgCO,eq 20,066 kgCO,eq 8.5 kgCO,eq
GHG emissions,yvo (TTW) 371 kgCOseq 93,841 kgCOseq 27.9 kgCO,eq
GHG emissions (WTW) 484 kgCOseq 113,908 kgCOseq 36.4 kgCO,eq
Transport/hub activity 5,135 tkm 1,355,000* tkm 26 t
Emission intensity (WTW) 0.094 kgCOyeq /tkm 0.084  kgCO,eq/tkm 1.413 kgCOseq/t

* The transport activity is referred to the total shipment; **The emission factors are drawn from the GLEC Framework



470 Vitiello Daniel Mark et al. / Transportation Research Procedia 90 (2025) 464—471

Table 3 illustrates the steps from equation 6 to equation 4, that is, from the VEP/VO emission factors to the
TCE(TOC/HOC) emission intensity. Having calculated the emission intensities for each TOC/HOC, it is now possible
to calculate the final GHG emissions for our TC. First, the total emissions are calculated using the aggregate
transport/hub activity data. Having done this, the final evaluation can be performed by dividing the latter by the
transport/hub activity of the single freight unit. The total GHG emissions of the TC is nothing but the sum of the GHG
emissions calculated for each TCE, equal to 1,114 kg COeq. Table 4 provides the numeric results.

Table 4. GHG emissions for the single freight unit data

e e BT T R et
TCELl 0.094 1,885 - 177
TCE2 1.413 - 13 18
TCE3 0.084 7,054* - 592
TCE4 1.413 - 13 18
TCES 0.094 3,250 - 305
TOTAL TC - - - 1,114

* The transport activity is referred only to the semitrailer’s freight mass
6. Conclusions

The aim of the study is to analyse the publication of ISO 14083 standard and the subsequent update of the GLEC
Framework. Indeed, prior to the publication of ISO 14083, no other international standards existed for quantifying
and reporting GHGs emitted from transport chain operations. The objective is to highlight potential weaknesses and
compare the results with the methods currently in use for calculating greenhouse gas emissions (see the IMO method
and its performance indicators). As this is a relatively new standard, it was necessary to carry out an initial application
in order to gain an understanding of how the proposed method works.

The ISO standard was deepened through an analysis of a real-world case. This case study quantified the overall
emissions generated by an intermodal freight transportation chain involving two modes of transport and two transfer
hubs. The bottom-up approach was employed to calculate emissions for each TCE and the associated intensity factors.

The results show that the total GHG emissions of the analysed transport chain are about 1,114 kgCOseq, of which
592 arise from the maritime phase (53%). The emission intensity of the road phase is 0.094 kgCO,eq/tkm while for
the maritime phase it’s 0.084 kgCO,eq/tkm.

The authors highlight the possibility that the method offers in being able to integrate several phases of a transport
chain. Another notable advantage is the comparability of results between modes of transport. However, the model's
primary limitation is the interdependence between the quality of primary data (distances, consumption, and
commodity characteristics) and the results. This is due to the difficulty in obtaining primary data, as logistics operators
often lack the necessary tools to record them in a timely manner. The case study represents a preliminary approach to
the method, which is why it is simplified. In fact, the application only considers a single trip of a semi-trailer, excluding
other transport modes and multiple trips. Therefore, future studies will have to consider more complex transport
chains.
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