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ABSTRACT
Logistics networks need to conform to arising market trends and public
requirements for greening freight transport through a series of Green
Logistics Practices (GLPs). This study sets out to explore the use of
fossil-free fuels as a GLP and possible influence on business strategy
and system design. A literature review was conducted which concluded
that literature about the use of fossil-free fuels is limited. An explorative
interview study was conducted to further explore the use of
biomethane among actors in logistics networks. Customers increasingly
request green freight transport typically accepting moderately higher
prices for green transport. Development of green logistics services is
predominately driven by corporate stakeholders and internal initiatives,
while public regulation appeared to have a weak influence. The study
revealed new insights into how GLPs can relate to each other.
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1. Introduction

Business trends mirror the requirements of customers and development of technology of the cur-
rent age. The growing awareness of the impact human activities have on the environment has led
customers, businesses, and governments to shift mindset resulting in changes in market trends,
business operations and government involvement as described in European Commission’s 2018
report A Clean Planet for All (European Commission 2018). Transportation has a major environ-
mental impact, where freight transport is considered as challenging to improve (McKinnon 2018).

In the supply chain context, logistics activities have increased dramatically with the globalisation of
economies thereby increasing stress for creating and implementing sustainable business practices
across all actors within the logistics industry (Centobelli, Cerchione, and Esposito 2017). In the Euro-
pean Union, road transportation is consistently responsible for most of the transportation industry’s
environmentally negative effects (e.g. CO2 emissions, shipping less than truckload (LTL), noise pol-
lution, possible material waste from packaging), hence stakeholders in the freight and logistics indus-
try have focused on methods to minimise these effects, such as overall system design, eco-driving,
collaborative projects, alternative propulsion technology, fossil-free fuels, route optimisation, or
more sustainable packaging (Martinsen and Huge-Brodin 2014; Pålsson and Hellström 2016; Pieters
et al. 2012). These methods have been labelled differently over time but have lately been referred to as
Green Logistics Practices (GLPs) (Jazairy and von Haartman 2020). Although climate challenges may
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take centre stage in certain debates, GLPs promote a wider understanding of environmental sustain-
ability. The wide range of GLPs include measures relating to logistics, technical considerations, behav-
ioural matters and the selection of fuel and its consequences.

Transportation – freight transport in particular – is still reliant on fossil fuels. As stakeholder
opinions change, abandoning fossil fuels for fossil-free fuels is of particular interest in creating
environmentally sustainable supply chains (European Commission 2018). Several alternatives to
fossil-fuels have been suggested such as different manners of electrification, liquid biofuels and bio-
methane (McKinnon 2018). However, the required transition from today’s fossil-fuel transport will
take time thus all available alternatives should be considered. The freight transport system and its
actors can be illustrated through studying how the scope of GLPs may be affected when implement-
ing fossil-free fuels.

The purpose of this paper is to explore the transition from fossil fuels to fossil-free fuels in freight transport
through the prism of GLPs.

With this background and current challenges, the first item to address is how GLPs are rep-
resented in literature on logistics systems in relation to fossil-free fuel and in relation to actors
in the supply chain.

RQ1: Which GLPs are used and suggested in logistics literature for designing more environmentally sustain-
able logistics systems, and what is the role of fossil-free fuel?

Supply chain actors are many, such as freight forwarders and hauliers – logistics service provi-
ders (LSPs) – and producers as well as suppliers – shippers (Huge-Brodin and Sweeney 2021).
While their challenges and drivers when adopting solutions based on fossil-free fuels may differ,
it is imperative to explore different perspectives. Therefore, the second research question reads:

RQ2: How do different actors experience various drivers when changing from traditional to fossil-free fuel in
their freight transport and logistics systems?

GLPs are often described in their general meaning and from a systems perspective. Exceptions
include Jazairy and von Haartman (2020), who frame their discussion based on shippers’ perspec-
tive, and Martinsen and Huge-Brodin (2014) who discuss GLPs from both the LSPs’ and the ship-
pers’ perspectives. Shifting to fossil-free fuels can itself be a GLP but may have an impact on other
GLPs as well, thus affecting the operations, finances and offerings from the involved actors. The
third research question hence reads:

RQ3: How are GLPs influenced from changing to fossil-free fuels among actors in the supply chain?

Among the various alternative fossil-free fuels, biomethane was selected for in-depth study. Bio-
methane can, depending on choice of substrate, be one of the best options for fossil-free logistics.
Contrary to electrical solutions, biomethane is already available for heavy freight transport, and
vehicles using biomethane may also in the absence of biomethane use natural gas hence the access
to fuel infrastructure is not as limited as for electric vehicles. As such biomethane can be a fuel for
present use enabling a fast transition to fossil-free fuels. Also in the future, biomethane may be an
alternative for fossil-free freight transport in areas with restricted access to electricity (Ammenberg
2020 ).

The remainder of the paper structure is as follows: methods, a literature review focused on GLPs,
empirical findings and analysis, and conclusions with suggestions for future research.

2. Research design

A mixed-method approach was applied to answer the RQs. The researchers began by conducting a
systematic literature review to understand the research landscape and gain a better grasp of the
challenges in the field. After an analysis of the literature which concluded there is a lack in the
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logistics literature relating to fossil-free fuels, the researchers moved ahead and conducted an inter-
view study with selected actors from the supply and transport provision chain. Below, the literature
study, the interview study and the analysis procedure are described in more detail.

2.1. Literature review procedure

While rigorous in structure, the results of a systematic literature review enable researchers to confi-
dently describe the current research and justify that knowledge is missing. The researchers chose to
follow the six steps designed by Durach, Kembro, and Wieland (2017), as visually displayed in
Figure 1, to structure the process. Inclusion and exclusion criteria (Table 1) were applied to stream-
line the literature selection resulting in the final collection of literature. To capture freight transport
in the supply chain, the search terms ‘freight’ and ‘transport’ were chosen. As not all utilise the term,
GLP, broadening of the search terms to include all possible environmental initiatives lead to the
inclusion of ‘sustain*/green/ environment* logistics’ in the search string. Finally, the researchers
wanted to identify action of found GLPs which led to the inclusion of several action-related
terms. The following search string was compiled and performed in Scopus in March 2021:

TITLE-ABS (freight OR transport) AND TITLE-ABS-KEY (transition* OR adopt* OR shift* OR
challeng* OR drive* OR motivat* OR implement* OR enact* OR switch*) AND TITLE-ABS (sus-
tain* OR green OR environment* AND logistics)

The findings of the articles were categorised by the researchers based upon actors, drivers and,
finally, into 4 different categories of GLPs: Business Strategy, Logistics System, Social and Energy &
Emissions. The characterisation of GLPs categories was inspired by (Castelein, van Duin, and Geer-
lings 2019) and (Evangelista 2014), and was the result of iterations between the authors.

Each category was analyzed separately, responding to RQ1. The categories were all discussed in
relation to biomethane as the focal fossil – free fuel.

2.2. Literature overview

2.2.1. Literature landscape
The 162 articles included from the literature search span a period of 25 years displaying spurges in
publications correlating with the dates of major international climate summits such as the Kyoto
Protocol in 1997 and Paris Climate Accord in 2015. Most of the articles were published between
2016 and 2020. While there is research represented from all continents, Europe, with 61 articles
(38%), is the largest contributing continent.

As the literature search was conducted in the first quarter of 2021, it is difficult to determine the
representation of articles to be published during 2021. The spread of articles published per year is
illustrated below in Figure 2.

2.2.2. Methods utilised in collected literature
Qualitative and quantitative studies as well as literature reviews are represented in the literature
sample (Figure 3). Case studies and simulations were the most common methods utilised. The

Figure 1. Six steps of a SLR & literature selection progression (Durach, Kembro, and Wieland 2017).
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methods differ among the case studies with the majority as multiple-case studies. Literature reviews
hold a good representation in the sampled literature. Two included literature reviews discuss
alternative fuels but from the producers’ perspective (Gold and Seuring 2010; Roddy 2013), none
of the included literature reviews actually investigate implementation and subsequent challenges
of fossil-free fuels in the supply chain. This broad range of methodology enables a multitude of
topics, viewpoints, and results to be reported, allowing the researchers to understand the problem
on a deeper level.

2.3. Interview study

As described in the introduction, biomethane was chosen as a focal alternative fuel. Beside its
potential role to decrease the use of fossil fuels in freight transport, biomethane has regional impor-
tance for East Sweden where the research group is located. This means that existing solutions are
comparatively well-developed, which may positively influence the actors’ perceptions of using
biomethane.

In order to respond to RQ2 and RQ3 five interviews were held with stakeholders. The first two –
with one Forwarder and one Fuel supplier, were explorative and semi-structured, since the field is
novel and research results are lacking (Bryman and Bell 2007). Based on the results from these
interviews, three more interviews were conducted: two with hauliers – both contracted by the for-
warder; and one with a shipper – a customer of the forwarder. The latter three interviews were also
semi-structured, however, less so than the first two interviews. The actors were selected based on
their practical experience from biomethane for heavy freight transport.

The interviews were recorded, and the findings were documented by the researchers. Two
researchers were present at each interview. The respondents were given the opportunity to control
and adjust their responses. Following strict documentation and allowing participants to adjust
responses ensures construct validity Yin 2011).

Table 1. Literature inclusion & exclusion criteria.

Inclusion Exclusion

Peer-reviewed journal articles Documents and reports from governments or organisations that
have not been peer-reviewed

Articles written in English Articles written in other languages
Studies focusing on actions and practices to create more
environmentally sustainable freight transport

Studies focusing on humanitarian logistics, food perishability,
tourism, public health, agriculture, passenger vehicles and public
transportation, city and urban planning

Figure 2. Number of articles published per year.
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The researchers systemised the interview results in relation to the actors’ drivers for using bio-
methane, and in relation to how using biomethane affected the other GLPs. In comparison to the
literature review, additional aspects emerged in relation to the drivers.

2.4. Analysis

The conducted analysis aimed to further explore the use of biomethane in relation to freight trans-
port connected to previous literature, hence no analysis technique to bring forth explanation was
applied. The results from the interview study were juxtaposed with the literature review. The Actors
and their respected Drivers were analyzed in parallel per actor. This analysis served to position the
research against prior studies.

Final GLP categories extracted from the literature review were further developed with respect to
the biomethane perspective based on the interviews. For each category, corresponding practices
when using biomethane were related to the literature found from the systematic literature review.

First the analysis was conducted by two of the researchers, secondly the other members of the
research team added their reflections. Such triangulation of analysts allows for validation of the
results by avoiding biases as well as taking advantage of the different perspectives of the analysts
(Patton 2014). Based upon the findings and responses to research questions, a wide set of impli-
cation for research and practice were revealed.

3. Literature review on GLPs and fossil-free fuel

The section starts by presenting the actor perspective on GLPs in literature. This is followed by the
result from analyzing the driver suggested by literature for developing green logistics. The final part
of the section describes the GLPs in themselves, and how they are represented in literature.

3.1. Actors

Identifying the main actors from which the research’s perspective comes from or is targeted towards
enables the reader to have a broader perspective of whom assumes investment responsibility and
allows them to shift through potential biases. In this group of literature, three major actors were
realised: supply chain actors, governmental actors, and general stakeholders.

Figure 3. Methods represented.

INTERNATIONAL JOURNAL OF LOGISTICS RESEARCH AND APPLICATIONS 5



3.1.1. Actors from supply chain
Some studies hold the perspective from the entire supply chain network hindering an in-depth sol-
ution. Investigation of GLPs at an entire supply chain level tends to be very broad and general, such
as building of better infrastructure or optimal routing (Gallo et al. 2017; Kayikci 2021; Zhu, Nowak,
and Erikstad 2014). Certain actors in the supply chain tend to be drawn to certain questions due to
the nature of their role in the supply chain. Freight transporters tend to look toward the trends in
shifting from a traditional mode to a greener one or the introduction of intermodal transportation
(Iannone 2012; Kumar and Anbanandam 2020). The GLPs studied where the perspective stemmed
from Third Party Logistics (3PL) providers centred around minimising costs for all involved parties
(Niu et al. 2018; Tiwari et al. 2021).

3.1.2. Actors from governing bodies
The presence and influence of governments and governing bodies allow the researchers to trace and
understand the geographical research and innovation representation of GLPs. As discussed pre-
viously, there is a large amount of research coming from Europe which could be an indicator of
the European governments being an underlying actor (Bressers, de Bruijn, and Dinica 2007).
Few of the articles in this group had the government actors as the sole perspective point, a govern-
ment perspective was paired with a non-government entity such as freight transporters, shippers or
academic institutions (Beškovnik 2010; Havenga and Simpson 2018; Paddeu et al. 2020). Moving
towards intermodal transportation and placing a greater emphasis on rail transport is seen in
studies spanning over multiple regions or economic stages (Hanaoka and Regmi 2011; Havenga
and Simpson 2018).

3.1.3. Actors from general stakeholder groups
The literature concerning general stakeholders formed no concrete trends. Many of these studies
were broad investigating multiple industries or organisations using one of multiple GLPs (Klumpp
2016). Many of the articles that hold the perspective of multiple stakeholders across industries tend
to discuss more innovative or ‘recent’ developments in GLP such as vehicle electrification and bio-
based fuels (Cebrat, Karagiannidis, and Papadopoulos 2008; Crawford et al. 2016; Zhao et al. 2019).
Citizens of urban areas are recognised as an important stakeholder group in most city logistics
research (Nathanail et al. 2021).

3.2. Drivers of green logistical practices

Globalisation of economies and shifting customer trends created an atmosphere where transpor-
tation has become a crutch and force for many industries with their survival depending on its suc-
cess (Ji and Sun 2017; Zhang et al. 2017). As the development of transportation systems continue,
the importance of balancing profit, stakeholder demands, and environmental effects have increased.

The rise of digitalisation and advancement in technology has brought once regional economies
to the global stage. An increase of logistical activities followed the development of economies, which
in recent years have led towards greener practices as a comprehensive method to reduce costs, mar-
ket demands and compliance with regulations (Geng et al. 2020; Hakawati et al. 2017; Pålsson and
Kov 2014; Pashkevich et al. 2019). Developing countries, such as China, India and Nigeria, are
taking great strides in implementing GLPs to improve infrastructure, labour market, and reduce
carbon emission congruently strengthening their economies (Dioha and Kumar 2020; Kayikci
2021; Khandelwal 2020; A. Kumar and Anbanandam 2020, 2021; Orji et al. 2019; Wu and Haasis
2018). Players driving the mainstreaming of GLPs are not limited to those in the logistics sector
providing possibilities for collaboration across industries and stakeholders thus promoting greener
business as a norm in the foreseeable future (Laari et al. 2016; Sallnäs and Huge-Brodin 2018).

The customer demand and market trends have positioned sustainable and greener supply chains
as a competitive advantage. Well-implemented GLPs have the possibility to do more for the
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organisation than just reduce their climate impact (Fernández Vázquez-Noguerol et al. 2018; Harris
et al. 2011; Lammgård 2012; Lee et al. 2014). Visibility and transparency of the supply chain comes
to the forefront which has in recent years become a customer demand (Evangelista 2014). Cities
grow in population demanding quick, easy last-mile transport that does not contribute to the
amount of traffic in urban areas (Fraske and Bienzeisler 2020). Simultaneously as the e-commerce
sector grows, the demand for a particular level of service is present, creating a difficult situation for
organisations to control the amount of orders while meeting the customer desires to have business
with a green company (Mangina et al. 2020).

3.3. Green logistics practices (GLPs)

Four groups form each to be discussed at a greater detail. Formation of these practice groups stem
from their function or actor enforcement. The four groups are as follows: Business Strategies, Logis-
tics System, Social, and Energy & Emissions.

3.3.1. Business strategy GLPs
The GLPs allotted in this group have the main purpose to promote a more successful overall
business with the unintended benefit of creating a more sustainable system. These practices can
be broken down further into two smaller groups: Competencies and Business Models and Tools.

Competencies: These GLPs lean towards the service provided to their customers, managing the
customer relationship and brand promotion with a sustainability perspective.

. Internal competencies and experiences of collaboration (Sallnäs and Huge-Brodin 2018)

. Conducting research on target market identifying weak points that hinder from reaching sus-
tainable goals (Rakhmangulov et al. 2018)

. Sustainable pricing of logistics services (Kumar et al. 2017)

. Creation of workplace culture and employee support of organisational sustainable goals
(Rodrigues and Kumar 2019)

Business models and tools: As more businesses are moving towards more environmentally friendly
business practices, trends of certain models and tools aiding businesses to create more sustain-
able business performance have emerged.

. Just-In-Time and Lean practices enable businesses to minimise costs and environmental
impact (Rodrigues and Kumar 2019)

. Integration of a 4PL increases stakeholder value (Mehmann and Teuteberg 2016)

. Circular Economy and sharing economy business models (Khandelwal 2020)

. Logistics Performance Indices (LPI) aid in identifying focus areas (Anser et al. 2020)

. Decision Support Systems (DSS) to create more sustainable logistics (Qaiser et al. 2017)

3.3.2. Logistics system GLPs
The practices included in this category target one or multiple aspects of the logistics system with the
goal of creating a holistically more productive system while reducing its environmental impact.
Three subcategories have been identified within this group, each of which will be discussed further:
Modes & Vehicles, Infrastructure & System Design, and Minimisation & Optimisation.

Modes & vehicles: These practices either encourage a modal change or adjustments in the transport
vehicles attempts of reinventing certain modes to become greener.

. Investigation into efficiency of dry ports as part of an intermodal system (Awad-Núñez et al.
2015; Demir et al. 2019; Eng-Larsson and Kohn 2012)

. Truck Platooning to increase energy efficiency (Paddeu et al. 2020; Pająk and Cyplik 2020)
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. Longer Heavier vehicles (Rodrigues et al. 2015)

. Drones for last mile transport (Kirschstein 2020)
Infrastructure & system design: GLPs that fall into this category change or modify an aspect of the

current infrastructure or network design.
. General modernisation of existing infrastructure (Kayikci 2021)
. Freight villages and inland container terminals (Merlak, Groznik, and Al-Mansour 2019)
. Reverse logistics and centralised logistics providing better cost and service performance poss-

ibly minimising carbon emission (Lopes Ferri et al. 2015; Yuchi et al. 2019)
Minimisation & optimisation: This category addresses the practices that concern methods in

which the transport mode utilised can be minimised or optimised in some manner.
. Route optimisation maximising deliveries while minimising fuel use (Zhu, Nowak, and Erik-

stad 2014)
. Horizontal collaborations by pooling similar orders from different (Tiwari et al. 2021)
. Crowdshipping to utilise free transport capacity (Gatta et al. 2018)

3.3.3. Social GLPs
These practices are put into effect by actors that typically have little supply chain knowledge and are
connected to a separate larger body such as government or international legislation. The two prac-
tices categorised as Social GLPs are: Policies and Taxation.

Policies: The focus of many policies is the greenification of road transport.
. Reluctancy to adopt policies (Jaller, Otero-Palencia, and Yie-Pinedo 2019)
. Lack of policy addressing freight transport (Stelling 2014)

Taxation:As taxation is typically included in the enactment of policies, little is researched about the
role of taxation in the efforts of creating more sustainable logistics practice norms making it
difficult to separate taxation and policies.

. Alignment of taxes across the supply chain is called for (Henkow and Norrman 2011)

3.3.4. Energy & emissions GLPs
Practices included in this category have the goal of minimising emissions emitted and introducing a
long-term sustainable manner to conduct business. Many of these practices are a result of technical
or innovative progression of previously discussed GLPs. Three subgroups have emerged: Overall
System Solutions, Mode Specific Solutions, and Alternative Fuel Sources.

Overall system solutions: Practices that lie in this group attempt to bring attention towards the
importance of decreasing pollution, conserving energy and decarbonising logistical activities.

. Propose strategy or models rather than concrete solutions (Vasiliauskas, Zinkevičiute, and
Šimonyte 2013)

. Publication and distribution of Carbon Emission Reports (Kalenoja, Kallionpää, and Rantala
2011)

Mode specific solutions: Every mode utilised in transport carries advantages and disadvantages to
its use, these practices attempt to maximise advantages while minimising disadvantages.

. Low carbon emitting vehicles for road transport (Dioha and Kumar 2020)

. Greener road transport in cities (Athena, Seraphim, and Vandelslander 2014)
Alternative fuel sources: Over the years, research has provided multiple alternatives to fossil fuels.

These practices are investigations into which fuels can successfully replace fossil fuels in freight
transport.
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. Sustainable jet fuel (SJF) (Smith et al. 2017)

. Wind-powered electricity (Poulsen and Hasager 2016)

. Electrification of urban freight fleet (Watrobski et al. 2017)

. Bio-based fuels i.e. biomass, torrefied biomass, biogas/biomethane (Crawford et al. 2016; Rehl
and Müller 2011; Thrän et al. 2016)

Among the GLPs mentioned above, the last group addresses alternative fuels – expected to mini-
mise fossil carbon emissions – directly and the results mirror the relatively low interest for this
question in earlier logistics research. Albeit the question of fossil-free fuels – as any other part of
the logistics system – cannot fully be understood in isolation. Other GLPs are closely or indirectly
connected to the fuel-issue, which will be addressed below.

4. Actors’ perspectives on biomethane as alternative fuel

This section presents the findings from the explorative interviews and discusses them in relation to
literature review. First the actors that were interviewed are introduced, and their respective drivers
for using biomethane are discussed. Second the GLPs mentioned in the interviews are presented
and discussed in the context of the actors’ roles and the findings from literature.

4.1. Actors and drivers

The interviewed actors, their network and relation amongst each other are visualised in Figures 4
and 5. The interview study includes five actors with experience using biomethane in road transport.

The Forwarder is the only actor that is included in both networks. Forwarder is an international
freight transport provider with a strong presence in Sweden. It provides freight transport services to
customers by engaging contracted haulier companies, which in turn perform the transport oper-
ations. The organisation has strong sustainability goals of reducing carbon emissions by 50% in
2030 compared to their 2006 levels.

Figure 4. A logistics network with actors using biomethane for freight transport.
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Customer is a major manufacturer of material handling equipment with a global market pres-
ence. Its main production facility lies in the region. Forwarder is Customer’s logistics provider, and
Haulier 1 provides the transport services. Customer’s sustainability work is ambitious and well-
integrated with the internal management systems, for example utilising biomethane as an energy
source for energy intense production. Customer continually strives to identify possible sustainable
solutions for its operations.

Haulier 1 is a regional haulier owning about 37 trucks. Haulier 1 is a transporter while most of
their transports are organised by Forwarder (≈95%). Customer is the largest shipper they serve. All
transports for Customer are operated on biomethane upon their request. Figure 4 displays the
described network using arrows as to indicate communication and flow of goods.

Fuel Supplier is the regional provider of biomethane, owned by one of the municipalities in the
region. It provides biomethane based on organic waste collected from households and various
regional industries (ie animal farming, slaughterhouses). Biomethane is marketed as a climate-
wise superior energy source, possibly providing the user with a negative carbon emission/output
depending on the process. Fuel Supplier can provide biomethane at a stable price level, which
they consider a unique selling point. Fuel Supplier and Customer collaborate to provide Customer
with a more sustainable operation.

In the second network, Haulier 2 is introduced. Haulier 2 is the largest haulier contracted by
Forwarder, operating solely in the Swedish market. Like Haulier 1, Haulier 2 operates transport
on behalf of Forwarder. Despite being fully owned by Forwarder, Haulier 2 is not preferred by For-
warder over other contracted hauliers and actively collaborates with the other hauliers contracted
by Forwarder. No particular customer of Network 2 was interviewed, but Haulier 2 and Forwarder
discuss terms of the Market which is shown in Figure 5.

In comparison with the findings from the literature review, the interview study focused on actors in
the freight transport industry: two hauliers and one forwarder. Actors from governing bodies were not
part of the study, however, they were mentioned in the interviews when the impact of public policies
was discussed. From the final group of actors identified in the literature review – general stakeholder
groups – one customer within the industry sector was interviewed. In addition, the interview study
included an actor not present in the literature review: the Fuel Supplier. As such the Fuel Supplier is
seldom part of the core actor set-up in general supply chains, however, when alternative fuels are in
focus the fuel supplier plays a crucial role on the network. In relation to previous multi-actor studies
on GLPs in general (Jazairy and von Haartman 2020; Martinsen and Huge-Brodin 2014), this study
has a stronger focus on the transport provision side. The literature findings for freight transport indus-
try suggested that shifting to greenermodes and intermodal transportation (Iannone 2012; Kumar and
Anbanandam 2020), alongside a cost focus (Niu et al. 2018; Tiwari et al. 2021) were most addressed. In
this study the intermodal dimension is excluded, as the focus is on road freight.

Figure 5. Logistics network of Forwarder, Haulier 2 and the market.
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As seen in the literature, certain drivers promote the implementation of GLPs. Implementation
of GLPs is often considered as a comprehensive method to reduce costs, respond to market demand
and comply with regulations (Geng et al. 2020; Hakawati et al. 2017; Pålsson and Kov 2014; Pash-
kevich et al. 2019b). These three pillars inspired the interview study, but the categories were slightly
altered after the interviews, see Table 2. The Costs group includes aspects that relate to costs and
does not refer only to financial costs but aspects in the service offering that will force organisations
to change or reevaluate their service offering. The studied actors serve various Markets as well as
Customer demands so analyzation of demand trends of these groups may reveal a common driver
that spans across the entire network. The Regulations driver refers foremost to those laid out by
Swedish government and European Union, additionally any guidelines or expectations set by an
organisation’s board in relation to moving the company towards environmental sustainability.
Table 2 outlines the driver’s presence for each actor.

From these drivers, trends arose amongst the actors. Keeping costs low has been deemphasised
while providing quality service and setting an appropriate price to meet the market demand. The
costs related to biomethane are not as high compared with fossil fuel alternatives. Trucks running
on biomethane do not have the same high demand for investment when compared with electric
vehicles. Fuel supplier can provide biomethane at a stable price in turn creating predictable costs
for production providing price security de-coupled from the oil market price. Nevertheless, costs
appear to diminish in importance according to Customer and Forwarder, but there is an urgency
to keep costs low at both Haulier 1 and 2, and Fuel Supplier. This finding is not reflected in the
literature study, where cost savings were more frequently addressed among 3PLs (Niu et al.
2018; Tiwari et al. 2021) than among transport companies, such as Haulier 1 and 2 (Iannone
2012; Kumar and Anbanandam 2020).

The demands coming from the market may be one of the strongest drivers, as described by all the
respondents. Customers in general are requiring more environmentally sustainable solutions for
logistics services, without pinpointing any particular fuel solution. An exception is Customer
specifically requesting biomethane for freight transport, since they use it for other industrial pro-
poses. All actors report a general increase in environmental sustainability awareness amongst
their customers.

All actors find government regulations, while a present driver, relatively weak and easy to meet.
Forwarder and Customer state that the company’s owners set strong demands that go beyond cur-
rent government regulations.

The findings above at large confirm the situation described by (Geng et al. 2020; Hakawati et al.
2017; Pålsson and Kov 2014; Pashkevich et al. 2019). It is evident that the three main pillars are
adequate as such for the case of using biomethane for freight transport, however, the cost driver
differs from the general considerations. Using biomethane can contribute to save costs over
time, but costs are not of major importance for neither the actors nor their customers. The

Table 2. How the actors perceive different drivers.

Cost Market & customer demand Regulations Other

Forwarder Time & quality promise,
cost is secondary

Customers request
sustainable logistics

Strong demands
from owners

Customer Price not a main issue,
allows cost to fluctuate

Customers request
sustainable logistics

Strong demands
from owners

Employee initiatives

Haulier 1 Cheaper than electric
vehicles

Customer requests
biomethane

N/A

Fuel
supplier

Stable foreseeable costs,
stable fuel price

Increasing among haulier
firms

Government
subsidises
biomethane

Haulier 2 Environmental
sustainability may
increase cost

Customers request
sustainable logistics,
increasing awareness

Easy to meet Internal intra-departmental
competition driving
overarching initiatives.
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combination of public regulation perceived as weak and owners’ directives being perceived as stron-
ger suggests that the development towards increased use of biomethane for freight transport is dri-
ven by strategic initiatives alongside customer demands, rather than by public regulation solely. The
presence of customer demands is clearer and bring about direct change whereas public regulation
and government incentives appear to work towards securing future change. As in the literature
review, the respondents did not differentiate between potential effects of policy instruments, regu-
lation and taxation.

A driver found in the interviews but not arising in the literature is the involvement of employees
while implementing GLPs. Customer encourages employees to come with suggestions on how to
create more environmentally friendly operations and work premises. Haulier 2 has an internal com-
petition among drivers on reducing their fuel use thereby emissions. This involvement of employees
has led organisations to take steps forward in their sustainability plans. This finding strengthens the
result above, that the development and use of biomethane for freight transport is driven among and
between the actors themselves rather than by public regulation.

4.2. GLPs

Taking the GLP groups which formed from the literature analysis, the interviews of the five actors
were broken down and analyzed in the frame of these four groups allowing the researchers to begin
to explore the relationship among the different practices and their role in enabling each actor to
become more sustainable.

4.2.1. Business strategy GLPs
The five actors interviewed displayed multiple business strategies including both competencies and
business models and tools. Centobelli, Cerchione, and Esposito 2017 list several possible GLPs
logistics organisations may offer depending on their position and function in the network; organ-
isations in the management position have the ability to steer greenification of the supply chain
through service offerings, employee engagement and sustainability training additionally implemen-
tation of performance measurements which all five actors have done in some manner.

Customer has the competencies of encouraging their employees to come with suggestions on
how to create more sustainable operations while also collaborating with their stakeholders resonat-
ing with what is written in (Rodrigues and Kumar 2019). As a business model and tool, Customer
has an overall company sustainability goal and focused on operations in that the contracted custo-
mers require energy efficient transport. Forwarder places their competency not on the price of the
solution but the quality of the sustainable transport solution, they provide understanding that their
customers want to be sustainable. The business models & tools of the Forwarder places an emphasis
on creating services based upon the needs of the customer placing delivery time and service quality
at a higher importance than cost. From the interviews, Haulier 1 revealed one competency: meeting
the requirements of the customer which was driving shipments with biomethane trucks.

Haulier 2 discussed several competencies such as finding solutions to meeting customer requests
of emission reduction, setting an organisational goal of reducing emissions even though the growth
of the business. Haulier 2 stated that route optimisation was at the core of their operations. While
Haulier 2 considers environmental improvement at the centre of their business model, it is a com-
petency that there is not an end-goal yet a constantly moving goal allowing improvements to always
be made and the bar to be raised. Haulier 2 supports internal competition among truck drivers to
encourage eco-driving which is supported by site managers. Haulier 2 collaborates with other haul-
iers serving Forwarder in providing quality sustainable service rather than competing. Within their
business model, the use of biomethane may reduce costs in certain areas, but it also may increase
other costs. Therefore, they allow costs to eventually trickle down to the customers stating, there is
‘no such thing as free shipping’.
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Finally, Fuel Supplier comes with its own competencies and Business models & tools. Fuel Sup-
plier’s ability to provide biomethane at a stable price has had many positive effects such as the
growth of liquid biomethane and expanding customer base to new industries. Their business
models and tools prove to also have enabled a growth in biomethane use for freight transport
via the introduction of a tank card giving the truck drivers the ability to tank their trucks across
the country and keeping a regional circular focus on the production of biomethane.

4.2.2. Logistics systems GLPs
The Logistics systems GLPs used by the actors varied but they agreed that a more stable network
needs to be built in order to switch to fossil-free fuel on a wide-spread level.

Customer remarks in its interview that the routes of biomethane trucks are carefully planned in
order to optimise their use due to certain routes having limited access to appropriate tanking
stations for pure biomethane. Tanking stations providing a biomethane mix appear more fre-
quently along routes. However, pure biomethane provision is more restricted.

Haulier 1 has not experienced any major change or need for adjustments when maneuvering
biomethane vehicles, only a somewhat longer tanking time, thus no changes in system design
have been made from their side. Additionally, Hauiler 1 has made no changes to routes whereas
when speculating over purchasing an electric delivery van, many changes to the routes would
need to be made according charging times and driving time between charges. Haulier 2 has
made changes to the trucks in their fleet, like those described by Latham (1998) so that they include
high performance, Euroclass standard engines. Haulier 2’s trucks have also undergone changes to
become as aerodynamic as possible, such as removing any frivolous décor and placing a rubber skirt
around the edge of the truck cabin. Haulier 2 finds it difficult to promise one alternative fuel
throughout a delivery sequence as the availability differs across the country. The pooling of consign-
ments from different customers also adds to this complexity. Additional challenges occur, accord-
ing to Haulier 2, in optimising routes as trip planning must sync with available re-fuelling and
regulated rest time for truck drivers. As Haulier 2 attempts to optimise routes to the best of
their ability integrating alternative fuels, costs may reflect the lack of fuelling infrastructure. Impor-
tance of infrastructure towards the strength of the sustainability of the supply chain is reported in
Kayikck (2020) stating that there is a positive correlation between resilience of the logistics infra-
structure and sustainability of transport.

4.2.3. Social GLPs
Social GLPs typically are seen as a strong ally in pushing industry towards a more sustainable
business operation (Stelling 2014), however, the actors interviewed expressed different views.
Both Haulier 1 & 2 stated that existing policies were weak influencers and easily met; the require-
ments of their customers or the Forwarder are stricter. Fuel Supplier remarks that the government
subsidies for use of fossil-free fuels promotes biomethane use.

An additional policy mentioned by Haulier 1, yet not mentioned in literature collected in the
search, was the quietness of biomethane trucks enabling a reduction for noise pollution for cities
and for fragile ecosystems both of which have protective measures in action.

Haulier 2 remarked that municipalities would have the ability to further encourage the develop-
ment and use of fossil-free fuels by allotting strategically located land for tanking stations. Reluc-
tancy to meet such needs of hauliers is disappointing.

4.2.4. Energy & emissions GLPs
From the literature analysis, this GLP group was pinpointed as the most progressive in moving
organisations towards reduction of greenhouse gases and reaching sustainability goals. The GLP
alternative fuels is the focus, possibly affecting the discussion around GLPs that could be classified
as Energy & Emissions GLPs.
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Customer agrees that there will be a mixture of modes and alternative fuels utilised to reach pre-
scribed sustainability goals which was not specifically mentioned in the literature review yet dis-
cussed in (Karlsson 2020). Statement from both Customer and Forwarder support the idea that
biomethane as a fuel is better suited for long-haul trucking and electrification is better suited for
passenger cars. Haulier 1 has additionally used HVO (Hydrotreated Vegetable Oil) to fuel trucks.
Haulier 2 writes reports for truck emission based on their energy consumption and strives towards
an overall switch to fossil-free fuels not preferring one over another.

5. Conclusions and future research

The themes of this article are fossil-free fuel and GLPs (green logistics practices) with the purpose to
explore the transition from fossil fuels to fossil-free fuels in freight transport through the prism of
GLPs. It was addressed through a literature review and an explorative interview study. For the inter-
view study, the use of biomethane was selected as the particular focus. The study was performed
among actors in one regional network and one more generic and national network, to explore simi-
larities, differences and interrelations among the actors.

The purpose was addressed through three research questions (RQs). The first research question
reads: Which GLPs are used and suggested for designing more environmentally sustainable logistics
systems, and what is the role of fossil-free fuel? From the literature review four groups of GLPs
were identified: Business strategy GLPs, Logistics systems GLPs, Social GLPs and Energy and Emis-
sion GLPs. The Energy & Emissions GLP group is most progressive in tactic and innovation com-
pared to the other groups. These practices enable and inspire companies to drastically reduce
carbon emissions, pushing their operations towards reaching climate neutral goals of multiple gov-
erning bodies. In relation to fossil-free fuels, the literature review revealed only a few examples in
the context of GLPs. While selection of fossil-free fuel is often mentioned to reach the climate and
environmental goals, very little, if any, detail is provided. This indicates that more research into
specific fossil – free fuels is needed, to understand the specifics of the wide variety of alternative
fuels that emerge in freight transport and logistics.

The second research question reads: How do different actors experience various drivers when
changing from traditional to fossil-free fuel in their freight transport and logistics systems? In the
analysis of actors and drivers, the results point to the relatively low influence of cost as a driver
for increased use of biomethane. This was explained by the fact that investigated actors perceive
their customers as becoming increasingly aware of environmental sustainability. Sustainability out-
balanced the cost argument, and the cost for biomethane is neutral or even lower than that for fossil
or traditional solutions. Customers tend to require sustainable solutions and not any particular sol-
ution, hence the stable costs of biomethane are appreciated by the actors. With respect to bio-
methane, according to the interviewees the market drives the use of biomethane much more
than public regulations. Owners’ directives as well as employee initiatives were also proposed as
important for increased use of biomethane, thus strengthening the role of corporate stakeholders
driving the development rather than public regulation. The findings expand the three groups of dri-
vers suggested in literature: cost, market demands and regulations (Geng et al. 2020; Hakawati et al.
2017; Pålsson and Kov 2014; Pashkevich et al. 2019).

The third research question reads: How are GLPs influenced from changing to fossil-free fuels
among actors in the supply chain? The first group – Business strategy GLPs – was considered impor-
tant by all actors, and the different actors’ business models were directly related to their respective
drivers for using biomethane: costs decrease in priority for their customers, while customer require-
ments on service and sustainability increase. Contrary to many expectations, a switch to bio-
methane did not entail any major influence on the System design or optimisation of routes, as
part of the second group of GLPs. However, this related strongly to access to tanking infrastructure,
where insufficient infrastructure could constitute a major hindrance to expansion. Regarding Social
GLPs, the actors consider regulations as weak in supporting the use of biomethane, although some
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subsidies are in play. The final group Energy and Emission GLPs come out very strongly, partly as
an effect of the study’s focus on biomethane. In particular, biomethane is considered an attractive
fossil-free fuel for long-haul freight transport for the future.

The interviews revealed that while the implementation of these practices yields less carbon emis-
sion and similar operational costs, the switching costs are high. Knowledge and infrastructure costs
of converting entire systems to fossil-free fuels, such as biomethane, are among the largest barriers
described by (Takman and Andersson-Sköld 2021). However, as organisations move towards these
practices on a large-scale, these high switching costs can be interpreted as beneficial long-term
investments.

In this study, the empirical focus was on one of the many GLPs suggested in logistics literature,
namely fossil-free fuel using biomethane as an illustration. Taking one of the GLPs as a starting
point allowed the researchers to unveil relationships among other identified GLPs. Such a strategy
may also prove to be successful with another fossil-free fuel in focus.

5.1. Implications

This literature review and complementary interview study provides both managerial and research
implications. From a managerial point of view, this research begins to identify the challenges in
introducing and implementing fossil-free fuels, as that relates to many different GLPs. The identifi-
cation and description of them can inspire and support customers, forwarders and hauliers to
explore the potential of fossil-free fuels – and biomethane in particular – in their own specific net-
work. The access to fuel and to infrastructure is critical for cost performance and viability, however,
the actors in our investigation experience a growth in availability as well as in customer interest. In
connection to this, the inclusion of the fuel supplier in this study solidifies the importance of the fuel
supplier’s role in the freight transport system especially in cases where new propulsion has been
introduced. Hence, any supply chain actor considering biomethane as a fuel for their freight trans-
port should be prepared to re-evaluate their analysis repeatedly.

The literature review was limited to logistics-related literature and little information on the
implementation of fossil-free fuels was found. Still, biomethane is utilised, however, not common
in freight transport. A suggestion for future research is to expand the literature search by also taking
the perspective of biomethane and its usage in freight transport.

This explorative study was performed in Sweden, and mainly with a regional focus. More
research is required to go deeper into each facet of implementation, preferably with different
geo-political views. This study collects and attempts to bring clarification to the different GLPs
and their relative importance for fossil-free fuel, allowing researchers to understand the status of
research in the field.

While this paper addresses various GLPs in groups per se, the research revealed numerous
relationships between the GLP groups. Some examples are:

. The resting time for truck drivers is stipulated in regulations (Social GLP). At the same time, this
works as a limiting factor in planning systems (Logistics system GLP) based on biomethane, if it
takes time also to tank.

. Availability of resources restricts the possibilities to optimise the system (Logistics system GLP),
and also to meet customer requirements (Business strategy GLP).

. Joint tank card with other fuel suppliers is an important market competency (Business strategy
GLP) which also improves the system performance (Logistics system GLP)

. Municipalities could support better (Social GLP) by allowing land for tanking stations, which
would improve systems performance (Logistics system GLP)

These examples illustrate synergies and conflicts among the GLPs, and further research into
these mechanisms would be useful for researchers but also for practitioners.
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Although operational costs appear to be less of a problem for using biomethane for freight trans-
port, other costs may be more of a barrier. Future research may include further investigation into
switching costs and re-design of logistics networks post-biomethane adoption.

Finally, prior research into GLPs typically involves shippers, and transport and logistics compa-
nies. This investigation expanded the actor set-up by including the Fuel Supplier, which was inter-
esting because the major change studied was that of fuel switch. The Fuel Supplier in the interview
study stood out in the GLP analysis as it is not a typical logistics actor. However, their circular
business model was considered as a major strategic advantage, alongside the stable market price
of biomethane. The inclusion of the Fuel Supplier in the study contributed to these explanations
to the attractiveness of biomethane, and it was confirmed by the other actors. This highlights the
importance of including various actors and their relationships into further research, to expand
the understanding of how alternative and fossil-free fuels can support the transition to more envir-
onmentally friendly logistics.
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