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Managing logistics processes from an environmental perspective is increasingly
important in international supply chains. Essential elements of global logistics are
supply chains based on intermodal logistic units. The specificity of this type of
shipment, which often involves several modes of transport, requires a precise
definition of model boundaries and identification of specific factors determining
the level of carbon footprint. This research is focused on identifying the specific
emissivity level of each intermodal transport stage. The conducted study refers to
the international emission evaluation guidelines gathered in the UNGHGProtocol.
The carbon footprint (CF) evaluation commenced during the case study indicated
the need to consider the specificity of the assigned modes of transport. Hence
selected emission factors such as US DEFRA, US EPA, KOBiZE and UNFCCC were
engaged for better carbon footprint evaluation related to each stage of the
intermodal transport process. In the summary part, the environmental
efficiency level of each mode of transport has been compared. The sea freight
mode was indicated as the most efficient in terms of overall kg*eCO2 per
kilometre. The study shows that intermodal maritime transport, taking into
account the weight of the goods transported and the distance, is
approximately 68% more efficient than road transport. However, it must be
mentioned that to identify the differences comprehensively, transshipment
operations must also be taken into account in each scenario. Further research
steps and recommendations have been presented in the last section of this
research.
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Introduction

The potential to stop the progress of global climate change through the implementation
of appropriate legal acts has been noticed. The possibility of preventing adverse climate
change is understood as a challenge for societies for the coming decades in the XXI century
(Paprocki and Gajewski, 2020).

Due to the increasing importance of evaluating process efficiency within various areas of
the economy, the emissivity key factor has been implemented. During the research carried
out by Ahmed Ali et al. (2020) it has been pointed out that the emissivity of transport is
responsible for 23% of global emissions and is the largest source of GHG emissions after
industry. Detailed sources of emissions broken down by individual sectors of the economy
are presented in Figure 1.
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Decarbonisation of the transport sector has been identified as
one of the most important factors that may contribute to reduce the
carbon footprint (Gambhir et al., 2015; Dhar et al., 2017; Hill et al.,
2019; Czermański et al., 2020; Haywood and Jakob, 2023; Zanobetti
et al., 2023). Within the system, the shipping industry plays the
crucial role in the international trade, accounting for approximately
90% of the total traded tonnage; this mode of transport is the key
issue in the CF analysis. And, within the shipping industry, the
container shipping is one of the most emission-sourcing sectors, but
with the highest dependency on reliability, high frequency of port
calls and energy consumption dependency. However, this significant
involvement in international exchange also comes with a
responsibility, as it contributes to about 2.5% of the world’s
greenhouse gas emissions. To address this environmental impact,
efforts are being made to enhance the common transport system
through better modal integration, promote sustainability, adopt
green technologies in the transportation sector, improve resource
efficiency, and reduce carbon emissions. The International Maritime
Organization has taken the initiative to combat these challenges. It
has set an ambitious goal for its members, aiming for a remarkable
70% reduction in CO2 emissions by the year 2050. In an ideal
scenario, the organization seeks to eliminate these emissions
altogether. This commitment reflects the growing importance of
mitigating the negative environmental effects of maritime transport
and striving for a more sustainable and eco-friendly industry
(Czermański et al., 2020).

For the correct carbon footprint measurement, proper emission
factor sets supporting the process of managing transport processes
are essential. The issue of reducing greenhouse gas (GHG) emissions
from intermodal transport is part of the trend which has been
observed (Ampah et al., 2021). This approach is consistent with
increasing the role of introducing transport solutions based on
hydrogen energy (McDowall, 2014; Parra et al., 2019).
Simultaneously other solutions supporting the mitigation of
emissivity of transportation processes that utilise electric battery
vehicles are introduced in real market conditions (Zhao et al., 2016;
Andwari et al., 2017; Woody et al., 2021). With respect to European
policy aimed at reducing the carbon footprint by 2050, many
international legal steps have been taken to enable the green

transformation of European economies (UNFCCC, 1997; UN,
2015; UNFCCC, 2022). From the European perspective, an
important document, the European Green Deal, was created, the
main task of which is to set environmental goals to support the
development of a low-emission economy in all European Union
Member States (European Commission, 2020). The upcoming
international changes would affect all sectors of the economy,
including transportation. The transport sector is one of the
significant contributors to GHG emissions mainly due to its
reliance on petroleum-based fuels and coal (Bergqvist and
Monios, 2019; Saifuddin et al., 2019).

The research highlights the importance of the use of the right
type of vehicle for the right type of transport task. This applies to
both road-based (Dubisz et al., 2022b) and ship-based fleets (Wang
andWang, 2021). Using integer programming, it is possible to create
a model to support the selection of the optimal vessel, speed, route,
and schedules. Wang and Wang (2021) point out that thanks to the
use of a tailor-made simulation algorithm, it is possible to reduce the
costs by about 5%, which is also reflected in a reduction of the carbon
footprint of the intermodal transport processes. Simultaneously in
the corresponding research a mathematical model of the liner
scheduling recovery problem incorporates several control
parameters that can significantly affect the overall level of
efficiency of maritime intermodal transport (Abioye et al., 2021).
Vessel speed adjustment, vessel handling rate adjustment, port
skipping with and without containers can be included in the
model developed by Abioye et al. (2021). Using simulation
experiments, the efficiency of the fleet could be verified under
several possible scenarios. The Diffused Memetic Optimizer
algorithm has been proposed as a support tool for the recovery
of ship berth schedules (Dulebenets, 2023). By applying different
management modelling techniques, it was possible to achieve the
most favourable ratio between efficiency and quality, depending on
the scenario adopted. It was thus possible to optimise the handling
resources available in port terminals. Issues related to improving the
efficiency of the company’s operating model form the basis for its
successful operation (Elmi et al., 2022). The appropriate design of
recovery plans can increase the long-term profits of logistics
operators. Elmi et al. (2022) point to the uncertainty of the

FIGURE 1
Global GHG emissions by economic sectors. Source: own elaboration based on (Ahmed Ali et al., 2020).
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business environment and the reaction time to unexpected events
during the realisation of logistics processes. The proposed
mathematical model is able to simulate and draw conclusions
that can contribute to the continuous improvement of the
efficiency of maritime logistics processes (Elmi et al., 2022). The
organisation of vessel transport can benefit from the experience
gained in the organisation of maritime rescue operations (Chen
et al., 2023). Selected parameters of the intermodal sea transport
chain indicate the need to reduce response times by choosing the
right means of transport to meet transportation needs. An
appropriate integer programming model can support the
verification of the optimal configuration of a supply chain based
on vessel transport. The research highlights the importance of using
of the right type of vehicle for the right type of transport task. This
applies to both road-based and ship-based fleets. Using integer
programming, it is possible to create a model to support the
selection of the optimal vessel, speed, route, and schedules.
Through the use of a tailor-made simulation algorithm, it is
possible to reduce the costs by about 5%, which is also reflected
in a reduction of the carbon footprint of the intermodal transport
processes (Wang and Wang, 2021). The authors of the another
important study measured the resilience of China’s maritime
economy based on adaptive capacity theory (Zhai et al., 2023).
From 2000 to 2020, resilience was measured in 11 Chinese coastal
provinces using a constructed system of assessment indicators
including three sub-dimensions of resilience: resilience, adaptive
capacity and evolution. The main finding is that although the gap
between provinces in the regional level of maritime economic
resilience is widening, the provinces, in general, are maintaining
an upward trend. In other words it means that the provinces’ level of
maritime economic resilience is steadily improving. The carried out
spatial-temporal analysis of resilience interactions showed that the
overall spatial characteristics of resilience are relatively stable. The
Lu et al. (2023) article highlights the importance of energy
conservation and emission reduction in changing climate. It was
proved that optimization model can effectively reduce the operating
cost during sailing cycles and control carbon emissions. Lu et al.
(2023) found that speed optimization is also a potential method for
reducing GHG emissions from ships. They investigated the speed
optimization while considering ECAs by Multiple Objective Particle
Swarm Optimization (MOPSO). Simultaneously Xiao et al. (2023b)
noted that fuel consumption in shipping operations has a huge
impact on the ecological environment, the port city environment, air
quality and the health of residents. In addition, the paper uses
Automatic Identification System (AIS) data records and data related
to ships in U.S. coastal waters in 2021 in order to calculate emissions
from ships in 30 U.S. ports in 2021. The results show a very
significant trend in the distribution of ship emissions according
to different types of ships and ports. Another research presents
calculations based on the entire life cycle of bicycles and life cycle
theory of carbon emissions generated and reduced over the entire
life cycle of bicycles (Xiao et al., 2023a). The authors presented a very
interesting study in which they estimate the amount of carbon
emissions from public bikeshares. They wanted to prove that public
bikes have positive implications in terms of reducing emissions and
are a green travel mode. Xu et al. (2022) used comparative research
to assess the influence of COVID-19 and the volatility of shipping
index - the Baltic dry bulk freight rate index. The BDI is of particular

significance in measuring the health of the world economy. In the
literature the COVID-19 outbreak, appeared as a sudden disaster
shocked most human activities. What is more the COVID-19
epidemic and the corresponding economic crisis have almost
affected global production, supply and consumption. Xu et al.
highlighted also the effects of the epidemic on the operations in
shipping and port industries.

Sources of global greenhouse gas emissions within transport
modes have been presented in Figure 2. Hence it can be observed
which mode of transport generates the most GHGs. It can be
observed that a quarter of the emissions come from road
transport, which is responsible for 15% of all global GHG
emissions. Passenger transport (by cars, motorcycles, buses and
coaches) causes 45% of all GHG emissions entering the atmosphere
each year (European Parliament, 2022). Road transport in the form
of freight and cargo causes a negative anthropogenic impact on
climate change by contributing 29% of GHG emissions. Another
significant transport sector responsible for causing emissions is
aviation. It is responsible for 11.6% of emissions from transport
(2.5% of all global GHG emissions). The research on the carbon
footprint levels among air and maritime transport conducted by the
European Commission focuses on the sudden increase in emissivity
driven by increased passenger and freight traffic (European
Parliament, 2022). Maritime transport is responsible for 11% of
overall global transport emissions. As a result of the statistical
research and the measured emissivity of means of transport, it
has been proved that the lowest carbon footprint results from
transport processes carried out by rail transport mode. The share
of GHG emissions of this type of transport is only 1% (Teraz
Środowisko, 2023). However, when determining the carbon
footprint level of transportation processes measured in km-
tonnes, the perspective of the overall cargo volume should always
be considered (Wong et al., 2018). Simultaneously, research
conducted by the European Environment Agency confirm that
road transport is responsible for most of the overall global
emissions (71.7%), followed by aviation (13.9%) and maritime
transport (13.3%) (Zawieska, 2020). The precise quantification of
the carbon footprint of transport processes is a constant challenge
due mainly to the nature of the transport process itself. The
emissions caused by transporting goods depend on the amount
of fuel combusted. The majority of currently known analysis and
evaluations were conducted according to the mode-based method
which focuses on a specific transport mode in order to accommodate
intermodal transport specificity based on combining the methods of
cargo transportation container, swap body or trailer—into one
service carried out by an intermodal operator (Czermański et al.,
2021). Hence it is a challenge to accurately evaluate GHG emissions
across comprehensive intermodal supply chains. In the following
part of this paper, an attempt was made to identify the individual
factors determining the level of the carbon footprint of transport
processes according to each stage of intermodal transport.

The transport sector possesses great potential for the reduction
of greenhouse gas emissions, mainly due to the development of
alternative fuels or alternative sources of energy (McDowall, 2014;
Dhar et al., 2017; 2017; Andwari et al., 2017; Hill et al., 2019; Parra
et al., 2019). As indicated in Figure 3 transport is the only sector of
the economy that records steady growth (Farm Europe, 2019). This
fact requires the creation of legal and organisational frameworks to

Frontiers in Environmental Science frontiersin.org03

Bielenia et al. 10.3389/fenvs.2023.1237763

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1237763


limit the current trend. For better understanding of mutual
dependencies between GHG emissions resulting from transport
and various stages of intermodal transport, the following research
questions have been outlined.

Research Question 1: Do the available GHG emission
measurement methods enable its full assessment within each
stage of intermodal transport?

Research Question 2: Can we compare the existing GHG
emission measurement methods, and by which criteria?

Research methodology

To conduct solid research and obtain reliable answers to
research questions 1 and 2, a two-way study was conducted. A

review of the literature is aimed at identifying the factors
determining emissions during the implementation of intermodal
transport. Maritime shipments as well as the road stages of transport
in China and Poland were analysed. Simultaneously, emission
factors determining GHG emissions in ports, resulting from port
operations, were verified. Considering the conclusions drawn during
the literature review, a case study analysis was carried out. The
carbon footprint was evaluated from the perspective of 1 TEU
(Twenty-Foot Equivalent Unit) utilised within intermodal
transport from China to Poland. During the study, reference was
made to a set of rules for evaluation of the carbon footprint resulting
from the international GHG Protocol while considering of the
conditions in which the transport was carried out.
Standardisation of the measurement and presentation of the
results of the emssivity of individual logistics processes are
among the advantages of this GHG Protocol CF evaluation
method (Garcia and Freire, 2014). The method provides the

FIGURE 2
Global transport emissions by its source of generation. Source: Teraz Środowisko elaboration based on International Energy Agency (IEA) and
International Council in Clean Transportation (ICCT) (Teraz Środowisko, 2023).

FIGURE 3
Indexed evolution of EUGHGemissions per sector. Source: Farm Europe, DoNECPS from the 28member statesmeet EU transport decarbonisation
targets? 2019, Brussels.
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ability to measure different components of greenhouse gases. These
include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O)
and others. This holistic approach ensures that all relevant emission
contributors are considered. The methodology is freely available to
the public, and its credibility is further enhanced by the transparency
of its assumptions and the logic of its emissions assessments. The
credibility of the methodology is also the result of collaboration with
various organisations whose focus is the reduction of the
anthropogenic impact on the environment. Its flexibility allows
carbon performance to be measured for different logistics
processes within a supply chain. In addition to measurement
solutions, the methodology provides recommendations for setting
targets to reduce emissions. The main disadvantages of the
methodology include its complexity (Schmidt et al., 2022).
Performing a carbon footprint assessment requires a lot of very
detailed information. However the carbon footprint assessment is
based on assumptions when data quality is poor or non-existent. The
scope of the GHG Protocol is primarily focused on the direct and
indirect emissions from an organisation’s operations (Scope 1 and
Scope 2), with limited guidance on the assessment of emissions from
the value chain (Scope 3). What is more it can be more difficult to
quantify Scope 3 emissions. The obtained results were evaluated on
this basis, and the emission factors adopted in the analyses were
compared. Recommendations for further research were formulated
in the last section of this paper. The adopted research logic is
presented in Figure 4.

Literature review—international legal
framework for CF management within
intermodal supply chains

One of the major legal acts aimed at reducing emissions is
the Paris Agreement. The provisions of the Paris Agreement

initiated the EU’s efforts to achieve climate neutrality. The great
challenge facing sustainable economies was identified during the
21st Conference of the Parties (COP21), where the climate
policy goal of halting global warming at “well below 2°C” was
set (UN, 2015). Based on theoretical considerations, the
pathways to climate neutrality and the scope of efforts to
decarbonise transport are widely described in the literature
(Koh et al., 2013; Wesseling et al., 2017; ITF, 2018a; ITF,
2018b; Farm Europe, 2019). The proposed solutions can be
divided into three groups: technological solutions, changes in
the behaviour and preferences of transport system users, and
regulatory changes (ITF, 2018a). The International Transport
Forum announced that maritime transport emitted 938 milion
tonnes of CO2 in 2012, which constitutes 2.6% of overall global
carbon emissions. In addition, in 2018, the fourth and most
recent IMO GHG Report showed a continuing increase on a
global scale in the volume of CO2 emissions (up to 1,056 million
tonnes), achieving a 2.89% share in global anthropogenic CO2

emissions. (IMO fourth GHG Study, 2020) Hence the goal of
achieving climate neutrality includes the challenge of reducing
emissions in the maritime sector. It is presumed that without
immediate action, CO2 emissions by international maritime
transport processes may increase between 50% and 250% by
2050 (ITF, 2018c). One of the most emissive modes of transport
within the entire sector is road freight. Minimising its CF level
may have a significant impact on overall transport
decarbonisation. According to the International Transport
Forum, as much as 50% of all global diesel production is
consumed by the transport sector with its considerable share
of the totality of GHG emissions, and the sector accounts for the
80% of the global net increase in diesel use (since 2000) (ITF,
2018c, pp. 6). Maritime transport is constantly increasing apace
with the growth in global trade and in turn leads directly to
increased GHG emissions. Shipping, especially in coastal areas,
negatively impacts human health and the environment.
Maritime transport is responsible for 15% of nitrogen oxide
and 5%–8% of sulphur oxide emissions. It has been highlighted
that around the year 2000, in Europe, ship emissions caused
50,000 premature deaths (Bergqvist and Monios, 2019).
Research on the effectiveness of logistics processes in
container terminals in Chile verified the degree by which the
use of additional sound indicators increased the efficiency of the
logistical processes. The impact of the changes was also analysed
in terms of changes in the level of energy consumption. It has
been shown that the emissivity of port operations in intermodal
transport can be changed depending on the assumed degree of
technological advancement of logistics processes (Spengler,
2016). Another study showed that introducing a set of
indicators and recommendations in the intermodal supply
chain aimed at implementing carbon-saving mechanisms can
significantly contribute to improving the performance and
competitiveness of the intermodal logistic unit service model.
The essence of process transparency and the critical role of the
correct flow of information and good-quality data has been
outlined (Spengler and Wilmsmeier, 2019). Continuous
efforts to improve the efficiency of port emissions
management resulted in surveys at 41 container terminals in
Latin America and the Caribbean. On this basis, the direct

FIGURE 4
Research methodology. Source: own elaboration.
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sources of emissions caused by electricity consumption were
precisely indicated. The principal processes related to handling
intermodal logistic units are focused on the physical relocation
of TEUs in the terminal area and are related to offshore ship
handling services and the unloading and loading of intermodal
logistics units (Spengler and Wilmsmeier, 2015). Intermodal
transport, known in Europe as combined transport, has been
assigned as the cleanest transport technology merging high
spatial flexibility of road transport from the first to last mile
with high cargo capacity and fewer atmospheric emissions per
transportation work unit (tonne-mile or tonne-kilometre). But
due to the complexity of any given intermodal chain and
thousands of possible intermodal services, no studies
dedicated to the carbo footprint of intermodal transport have
thus far been undertaken.

Transportation processes efficiency

The case study section refers to estimating the level of the
carbon footprint of the intermodal transport process. The
evaluation was carried out from the perspective of 1 TEU.
Hence a literature background for better container shipment
specificity has been introduced. According to Central Statistical
Office a container ISO is “a container designed to carry goods
repeatedly, without the need to reload them when changing
modes of transport, equipped with facilities for easy transport
and handling, resistant to the conditions of carriage and having
the most ISO standardised dimensions possible: width and height
8 feet, length: 20 or 40 feet. A container-platform is a container
with a platform base equipped with top and bottom container
corner fittings but has neither a roof nor side walls. A TEU is a
standard unit for calculating the containers of various capacity
and for describing the capacity of ships and container terminals.
One TEU = 1 container measuring 20—feet ISO” (Statistics
Poland, 2023). According to Bielenia et al. (2020), the terms
“intermodal loading unit” (ILU) and “intermodal transport unit”
(ITU) are not fully defined, but as of 2003 they can be
identified by unit types such as semi-trailer, trailer, swap
body, container and road vehicle. The Commission proposed a
directive in which ILUs were defined as either a container or
a swap. The Directive proposed by the Commission was revoked
at the end. Aforementioned authors Bielenia et al. (2020)
pp.11 also mentioned that official glossaries such as United
Nations Economic Commission for Europe (UNECE) and
EUROSTAT, industry standards (i.e., CEN), and European
projects (e.g., COSMOS) have compiled a complete set of
definitions related to the equipment transported in combined
transport (CT).

The digital maturity of logistics processes within the supply
chain significantly impacts the quality of handling flows within
international supply chains. As a result of the use of Bayesian
statistics, the interdependence between market parameters and
the course of the transport process was also noticed (Golinska-
Dawson et al., 2023). The same conclusions can be applied to
measuring and mitigating the carbon footprint resulting from the
supported transport processes. The research focused on
analysing the efficiency of transport processes also concerns

the degree of their digitisation (Nowak et al., 2022). This
approach makes it possible to guarantee the appropriate
quality of data necessary for estimating the carbon footprint.
The study by Li and Schmerer (2017) verified this approach for
rail transport used to import goods via the new silk road, in which
Poland plays a key role. As a result of the study, the market’s need
to increase the degree of digitisation of supply chains was
demonstrated as necessary to ensure further improvement of
process efficiency. The digitisation of processes within supply
chains is closely related to the possibility of estimating the level of
the carbon footprint and evaluating the emissivity of transport
processes. Due to the desire of company shareholders to
minimise the costs associated with implementing primary
transport processes, it is necessary to identify the factors
affecting the level of emissions (Dubisz et al., 2022a). As a
result of the research, the challenges faced by the supply chain
management staff and the factors determining the increase in
emissivity and energy consumption of transport processes have
been demonstrated. In the example of the organisation of natural
gas transmission in supply chains, it has been shown that
the bullwhip effect and a relatively small number of
participants in the process support the achievement of the
scale effect (Dujak et al., 2019). In this context, proper
mapping of the process, understanding its course and
measuring the carbon footprint of the processes can support
proper modelling of the process and significantly increase its
efficiency. In this context, proper measurement of the
carbon footprint of the transmission process is crucial to
ensure proper process energetic efficiency. The issue of
harmful emissions and operating costs were presented through
the prism of electricity and fuels that are consumed by the
combined terminal. These parameters are currently of key
importance in assessing the operational efficiency of the
terminal, and it seems that their role will steadily increase in

TABLE 1 Energy consumers within Container Terminal.

Energy consumer
Fuel type

Diesel Petrol Gas Electricity

Ship to shore cranes x x

Mobile cranes x x

Rail mounted Gantry cranes x x

Rubber tyred Gantry cranes x x

Reach stackers x x

Straddle carriers x x

Tractor-trailer units and lorries x x x

Generator x x

Buildings x

Lighting x

Reefer containers x

Other port vehicles x x x x

Source: own elaboration based on Spengler research (2016).
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the coming years (Bielenia et al., 2020). Researchers Spengler and
Wilmsmeier (2019) noticed that the lack of proper tracking
processes inside the port terminal results in severe difficulties
in managing the port and assessing its efficiency of transhipment
processes. Their study indicates that measuring the carbon
footprint is crucial for the port manager to provide services at
the level expected by service recipients. For this purpose,
transparency of all logistic processes taking place inside the
port must be ensured.

Terminal process emission factors

Based on the conducted research, several parameters
determining the shape of terminal container emissions were
identified and presented in Table 1. The key information
necessary for a correct emissivity assessment is identifying the
sub-processes while handling the TEU. Another element is to
identify the energy sources required to power them. Based on
Spengler (2016) studies, it was found that the infrastructure
elements used to handle TEUs in ports utilise different types
of fuels or energy sources. This condition can cause differences in
emissions between various terminals in the world. Twelve main
elements of the coastal infrastructure were identified. Most of
them may use electricity. Most of the identified infrastructure
elements use two or more fuels. The variety of fuel types can cause
discrepancies when measuring the carbon footprint of ports due
to limited data about the technical aspects of the utilised terminal
infrastructure.

Road emission factors

Factors influencing the level of the carbon footprint in supply
chains have been verified in the scientific research identified
below. It was pointed out that the use of ‘low-costs’ simulation
strategies supports proactive modelling of distribution chains
in order to minimise fuel consumption by road vehicles (Silva
et al., 2009). At the same time, the impact of vehicle speed on the
emission level was verified. The tests were carried out using heavy
trucks. It has been shown that appropriate control of the speed of
vehicles, considering the terrain, positively reduces the
mission intensity of road transport processes (Zamboni et al.,
2015).

The division into groups of factors influencing the level of the
carbon footprint resulting from the implemented distribution
processes has been proposed by the research by Dubisz et al.
(2022a) based on survey research among transport management
representatives (Dubisz et al., 2022b). The research outlined the
following factors.

• Vehicle type;
• GVM (gross vehicle mass);
• Engine type;
• Truck body type;
• Tyre type and size;
• Age of vehicle;
• Rate of wear and tear on the vehicle.

Shipping emission factors

The level of the carbon footprint resulting from the maritime
transport processes is affected by several factors. With regard to
the emissions of one means of transport and the weight of the
carried goods, maritime transport is considered the least
emission intensive. Therefore, aggregated transport in
container ships shows a favourable carbon footprint indicator
for transported goods.

The factors affecting maritime transport’s emissivity include the
shipping route planning method. Proper route planning
significantly impacts the overall carbon footprint of transport.
Another critical factor is the types of fuel used by the
ship. Thanks to the use of fuels based on components obtained
from biomass, it is possible to reduce the carbon footprint of
maritime transport by up to 90%. In addition to traditional fuels,
it is possible to use hydrogen, but this involves incurring significant
investment expenditures to modernise ship propulsion unit types. A
study from Scandinavia shows alternative methods based on ferry
routing corridors in order to minimise transport emission (Pizzol,
2019). The studies have also shown that limiting the speed of vessels
also contributes to reducing the emissivity of sea freight. To lower
the energy consumption of maritime transport, various energy-
saving solutions are implemented to reduce energy consumption
by devices on board.

Based on the study, a set of crucial criteria was developed that
has a significant impact on the level of emissivity of the transport
supply chain, depending on the means of transport used or the
internal operations of the container terminal. Findings are presented
in Table 2.

Case study

According to Bielenia et al. (2020) ‘Freight transport is
responsible for around 25% of the European Union’s (EU)
greenhouse gas emissions, making it the second largest
emitting sector after energy. Significant reductions in
emissions are needed to achieve long term climate goals in the
EU with projections showing an increase in the total freight
transport activity of about 58% (1.2% p. a.) between 2010 and
2050.’ Hence a need for proper verification of the actual
emissivity of intermodal transport processes has been
observed. It could be obtained by commencing accurate GHG
emissivity assessment related to each stage of the intermodal
transport processes. According to conducted literature review,
the main emission factors within each stage of logistics operation
were identified. Such an approach ensured the practical character
of the presented case study part and allowed a valuable carbon
footprint assessment to be delivered. Based on the evaluation, the
main emission factors may be indicated and confronted with
findings from the literature review.

The initial research stage of identifying emission factors for
road, sea and rail transport was crucial for the conducting of
further case studies. The overall carbon footprint of the
presented intermodal transport scenario was evaluated to
indicate accurate measurement methods, constraints resulting
from the availability of emission factors and data quality used
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for CF assessment. The overall level of the carbon footprint
resulting from the implemented intermodal transport was
carried with a baseline calculations unit of 1 TEU. To ensure
the appropriate logic of the calculations, reference was made to
the assumptions of the GHG Protocol regarding Scope
3 emissions. Therefore, for a better understanding of further
CF evaluation steps, the route of this intermodal shipment is
presented in Figure 5.

The data used in the study were taken from statistical sources to
determine the energy intensity of terminal processes in ports.
Simultaneously, the analysis tool ArcGIS Network was used to
verify the distances for maritime and road transport. Thanks to
this approach, it was possible to determine the actual shipping route
for the maritime shipping stage and calculate the distance for the
road transportation stages, taking into account the logistics network.
A set of emission factors was used to assess the carbon footprint of
each transportation stage. The exact emission factors used, are

specified in the further description of the study. The study was
conducted on a frequent intermodal connection for intermodal
transport from China to Poland. The aim of the study is to
understand the interdependencies between the supply chain
parameters and to identify opportunities for reduction of its
carbon footprint and consequent increase in efficiency.

Road freight carbon footprint
assessment

While analysing the carbon footprint resulting from road
transport, the TEU loading point in China and the ship loading
port were identified. On this basis, it was indicated that the
distance of the road section from Xuancheng to Shanghai is
134 km. The vehicle allocated for this transport operation was in
the GVM class of up to 40 tons in the age range of 1–5 years.

TABLE 2 Matrix of key factors influencing carbon footprint of transport on import relation by transport mode.

Transport
mode

Fuel
type Biofuels

Energy consumer
type (vehicle

type)
infrastructure

type)

GVM
Engine
type

Age of
vehicle

Route
planning

Internal
operations

management

Degree of
technological
advancement

Road freight x x x x x x x x

Sea freight x x x x

Container
terminal
operations

x x x x

Source: own elaboration

FIGURE 5
Map of the intermodal route evaluated within this case study. Source: own elaboration.
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According to Dubisz et al. (2022b), the truck’s age parameter is
a significant heterogeneous fleet parameter that impacts
road freight emissivity. It is directly connected with increased
fuel consumption compared to a new truck’s factory parameters
(Dubisz et al., 2022b). In this case, it was possible to calculate the
CF level based on two sets of carbon footprint emissions charts
published by UK DEFRA (2022) and US EPA (2022).

The second road section of this intermodal chain commenced in
Poland between the port of Gdynia and the recipient’s warehouse in
Stryków. The calculated distance was 340 km. The allocated vehicle
was a GVM class truck of up to 40 tons, aged 1–5 years.

It must be understood, that when using older vehicles or
splitting the load due to palletising in port, it must be
assumed that the parameters of the heterogeneous fleet affect
the fuel consumption and CO2 emissivity accordingly. The
results of road freight carbon footprint evaluation are
presented in Table 3.

Shipping carbon footprint assessment

Two sets of emission factors were used to determine the
emissivity of maritime transport. The set of UK DEFRA
indicators (2022) and factors published by the United
Nations in the Greenhouse Gas (GHG) Emissions Calculator
(2022) allows to evaluate accurate CF level, taking into account

two key factors of distance and payload weight based on the
tonne-kilometres unit. Both emission factor charts
allow indicating ship type and capacity. Those factors are
crucial and show an increased impact on the overall carbon
footprint level. A hypothetical Maersk vessel with a
5,000–7,999 TEU capacity was adopted for the calculations. It
was noted that the UK DEFRA method presents more precise
coefficient values, while the coefficients published by the UN are
rounded off.

Concerning the weight of the goods—16,000 kg—and the
distance travelled by ship—7,996.83 km—the results indicate a
difference of 16% of the calculated carbon footprint. To
determine the ship’s capacity and shipping route, the
calculations must accurately reflect the of the type of ship and
its characteristics, as these factors significantly influence the
overall emissivity level. All calculations were carried out under
the logic of the GHG Protocol. In this case, reference was made to
the parameters of weight and distance travelled of the specific
means of transport used.

The US EPA emission factors set cannot be used due to the
different units presented in this study’s approach. The US EPA
supports CF calculation resulting from combusted fuel,
whereas this information could not be obtained in terms of
sea freight.

The results of the carbon footprint calculations resulting from
the intermodal transport are presented in Table 4.

TABLE 3 Road freight carbon footprint evaluation per 1TEU.

GHG protocol carbon footprint assessment
methodology

Emission factors—UK DEFRA Emission factors—US EPA

Petrol type—emission factors kg*eCO2 per km

Transport stage Source of emission Unit value Unit Diesel

Road freight to port (CN)

40 GVM HGV Truck fuel combustion

134 km 1.00128 0.893531774

Road freight from port (PL) 340 km 1.00128 0.893531774

Carbon footprint evaluation—kg*eCO2

474.61 423.53

Source: own elaboration

TABLE 4 Shipping carbon footprint evaluation per 1 TEU.

GHG protocol carbon footprint
assessment methodology

UNFCCC UK DEFRA

Transport stage Source of emission Unit value Unit tonne.km tonne.km

Sea freight CN to PL Fuel combustion by vessel 7,996.83 km 0.02 0.016831

Carbon footprint evaluation—kg*eCO2

2,558.99 215,351

Source: own elaboration
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Terminal electricity consumption CF
assessment

As a result of the literature review, many factors determining
the level of the carbon footprint within intermodal transport have
been identified. Of the many and diverse emissions resulting
from the processes of various participants in port operations, the
focus was on measuring the CO2 emissions resulting from
electricity consumption. For this purpose, the annual TEU
transhipment volume of the Port of Shanghai and the declared
electricity consumption were determined (Ling, 2021; Statista,
2021). In this way, the average electricity consumption rate per
1 TEU was evaluated. To provide reliable calculations, the
reference was made to emission factors resulting from
the electricity production mix in China and Poland. Emission
data related with electricity production emissivity published by
Statista (2021) were used for the calculations of the Chinese part,
while KOBiZE (2022) factors were used for
emissivity calculations in the Polish context. Hence the carbon
footprint evaluation considers the energy mix characterising the
country of the sender of the goods as well as the recipient of
the goods. The level of terminal energy consumption
and its corresponding carbon footprint has been evaluated in
Table 5.

Conclusion and recommendations

Global trade causes global GHG emission from the
transportation processes. Notwithstanding the fact that
maritime transport accounts for the largest share of these
processes, it generates the smallest carbon footprint compared
to a unit of freight work. The literature review showed that the
degree of technological advancement has a significant impact on
the level of the carbon footprint of logistics processes. The results
of the literature study were confirmed in the case study section.
Based on the results, the following conclusions can be
formulated.

• The obtained level of the carbon footprint of transport
processes carried out by a heterogeneous road transport
fleet and container ships and terminal operations differs
depending on the types of vehicles used and the fuel type
combustion. As a result, it can be concluded that the level of
the estimated carbon footprint of these processes depends on
the technological advancement of used vehicles or
infrastructure elements.

• To determine the level of intermodal transport CF of complex
types of intermodal transport data from multiple sources of
emission factors are required, accordingly to the complexity of
the intermodal transport chain.

• Not all sets of emission factors can help determine emissions
from every stage of intermodal transport processes. Due to the
data type specifying the 1 TEU route, it was not possible to
calculate emissions expressed as kg*eCO2 for maritime
transport using emission factors published by the US EPA.
The difficulty originates from the lack of data on the amount
of fuel the ship uses in the analysed direction.

• The GHG Protocol methodology is a reasonable basis for
estimating the CF level in transport. However, due to the CF
emission factors sets, their data are only suitable for some
applications.

• Determining CF in intermodal transport requires a flexible
approach and the selection of appropriate emission factors.

• To some extent it was observed that maritime transport, due to
the long distance, was characterised by the highest level of
carbon footprint, meanwhile the lowest level of the carbon
footprint was related to the energy consumption of the
terminal processes. While comparing the environmental
efficiency of each transport mode, the lowest emission
index per km is characteristic of maritime transport.

• For the maritime transport, the level of the carbon footprint
emitted for 1 TEUweighing 16,000 kg is 0.32000055 kg*eCO2/
km, while the emission index for the same payload transported
by road was 1.00128692 kg*eCO2/km.

• Road transport over long distances is the least effective when
implementing intermodal transport tasks.

TABLE 5 Terminal electricity consumption and related carbon footprint evaluation per 1 TEU.

GHG protocol carbon footprint assessment
methodology

Source of emission factor

Transport stage Source of emission Unit value Unit PL—Kobize 2019 kg*eCO2 per
1 kWh

CN—Statista 2019 kg*eCO2 per
1 kWh

CN Terminal
operations

Energy consumption of terminal internal
processes

1.0945958 kWh per
1 TEU 0.758 0.55981

PL Terminal
operations

Carbon footprint resulting from consumed
electricity—kg*eCO2/TEU

0.82 0.61

Source: own elaboration
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• The greatest environmental efficiency from the perspective of
a logistic unit is characterised by maritime transport.

Taking the above into consideration, it can be recommended that
further research should verify the degree of emissivity of rail transport of
containers. These may be focused on estimating CF levels based on the
amount of used fuel. This approach may provide more reliable results
with reference to actual ship route conditions. However, above all, it is
necessary to constantlywatch the adequacy of the comparison of different
transport modes within one intermodal chain to another using the same
evaluation units, like CO2 emission per 1 tonne-km or 1 TEU-km.
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