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1. Introduction
As previously highlighted by Perotti et al. (2012), the topic of environmental sustainability
has brought about rising interest from both the practitioner and the research community
perspective, especially over the past decade (e.g. Hendrickson et al., 2006; Mahler, 2007;
Seuring and Müller, 2008; Gimenez Thomsen et al., 2012). On the one hand, such
growing importance has been mainly due to increased environmental concerns, such
as environmental pollution accompanying industrial development (Sheu et al., 2005),
diminishing raw material resources, overflowing waste sites and increasing levels of
pollution (Srivastava, 2007). Besides, other key factors such as government regulations,
changing consumer demands, and the development of international certification
standards (Melynk et al., 1999; Murphy and Poist, 2003) have progressively led
companies to look at sustainability initiatives with increasing attention.
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Many contributions on this topic can be found in the extant literature, sometimes
under the label “Green Supply Chain Management” (GSCM) (e.g. Murphy and Poist,
2000; Faruk et al., 2001; Zhu et al., 2008a). However, although previous studies
have made significant contributions to the literature, much still remains to be learnt
about managing environmental issues in logistics (e.g. McKinnon, 2010; Venus, 2011).
Moreover, papers approaching the issue of environmental sustainability from the
perspective of third-party logistics (3PLs) are still few (e.g. Facanha and Horvath, 2005;
Wolf and Seuring, 2010; Lieb and Lieb, 2010). It is nonetheless interesting to note that
research on these topics has progressively increased, thereby exposing the need to
call attention to environmental sustainability within companies that either carry
out logistics and transportation activities in-house or outsource them to third-parties
(e.g. Marasco, 2008). As such, an initial attempt to summarise and create a review on
the subject may prove particularly beneficial.

To the best of the authors’ knowledge, there is little literature review that
specifically examines environmental sustainability by adopting the viewpoint of
companies performing logistics and transportation activities. From a broader (i.e.
supply chain) perspective, we found a review of sustainable supply chain management
by Seuring and Müller (2008). We also detected a state-of-the-art literature review on
GSCM by Srivastava (2007) developed according to a holistic perspective, and not
focusing on a specific theme such as logistics. On a more limited scope, we found a
review by Abukhader and Jönson (2004), who look at the intersection of environmental
issues with logistics. However, their review concentrates on logistics management
journals only.

Coherently with the above analysis, the purpose of the present paper is to offer a
review of the contributions on the topic of environmental sustainability from the
perspective of companies involved in logistics and transportation processes. These
could be either companies that carry out logistics and transportation activities in-
house, or else outsource them to third-parties; or logistics service providers (e.g. 3PLs),
i.e. external companies performing logistics functions on behalf of a shipper (Marasco,
2008). Specifically, the main objectives are as follows:

. classify research on this topic as a guide for practitioners and academics, on the
basis of the main characteristics of the analysed papers (e.g. year of publication,
journal title, regions addressed, and research methodology adopted) and key
themes tackled;

. propose directions for future research, mainly for academics.

The need for focusing the present literature review on such a specific theme may also
be explained by the following reasons: first, many literature reviews have already been
conducted in the broad field of SCM; and, second, the overall number of papers
published on this topic is significantly high, as attested by Srivastava (2007). As such
we found it more valuable to concentrate on a more limited scope and perform an in-
depth examination.

The paper is organised as follows. The next section provides the methodology
adopted within this review. Section 3 presents and discusses the review results both in
terms of research methods and topic. Five key themes are discussed, i.e. sustainability
initiatives, motivations to adoption, benefits achieved after adoption, criticalities and
barriers to adoption, and evaluation and measurement of environmental initiatives.
Section 4 illustrates the identified gaps, as well as highlights potential directions for



future research in this field. In the final section, conclusions are drawn and research
limitations are identified.

2. Methodology
2.1 Scope of the study and article selection process
The present review focused on the literature relating to environmental sustainability in
logistics and transportation from the joint perspective of the logistics management
practitioners and researchers. In particular, we considered the viewpoint of private
companies (i.e. companies that carry out logistics and transportation activities in-house, or
else outsource them to third-parties, and 3PLs operating on behalf of a shipper), thus
including the literature dealing with GSCM only when logistics and freight transportation
activities were considered concurrently. Papers dealing with the use of greener
transportation modes (i.e. combined transport) were also included in the analysis only
when the sustainability perspective was taken into account.

In line with Srivastava (2007) the following analysis process was adopted:

. Definition of unit of analysis. The unit of analysis was defined as a single
research paper published in an international journal.

. Classification context. The classification context used to structure and classify
the material was defined (i.e. environmental sustainability in logistics and
transportation).

. Collecting publications. This literature review focused on scientific journal
articles. The starting point for the paper search was a number of library
databases (i.e. Scopus, Science Direct, ISI Web of Knowledge, Scirus, and Google
Scholar). The search was conducted using keywords and strings (e.g.
“Sustainability”, “Green Supply Chain Management”, “Green logistics”, “3PL”)
that were looked for in both the abstract and the main body of the paper. Other
cited papers were cross-referenced in order to ensure that potentially relevant
papers that were not identified through the above-mentioned databases were
included. This method made it possible to identify relevant research published in
all the major logistics and transportation journals, as well as the top
management journals (e.g. International Journal of Logistics Management,
Transportation Journal, International Journal of Physical Distribution & Logistics
Management, International Journal of Production Research, Supply Chain
Management: An International Journal, International Journal of Management
Reviews, Journal of Cleaner Production, Journal of Industrial Ecology, Business
Strategy and the Environment, Corporate Social Responsibility and
Environmental Management, Industrial Management & Data Systems).

. Delimiting the field. As the number of references accumulated, it was found that
some of them were of greater significance than others. From this broad base, a
sub-set of papers dealing directly with environmental sustainability, either from
the “supply chain” or “logistics and transportation” perspective, was selected.
Only those papers whose main focus was these topics were selected and
therefore articles that mentioned them only in their introductory remarks, or as
collateral research themes, were excluded. Within this sub-set, a smaller cluster
of articles was identified that focused specifically on environmental sustainability
issues in the field of logistics and transportation activities, and only these were
considered for the purposes of the present review. In the end, 72 papers published



in the last 17 years were selected and examined in detail. The number of
publications reviewed in this study appears to be sufficient given the scope of the
analysis (i.e. focus on a specific theme). It is consistent with the number of papers
analysed in recent literature reviews addressing specific research themes in the
logistics arena (e.g. 48 papers in the literature review on choice of transportation
mode and carrier selection by Meixell and Norbis (2008), and 44 papers in the
review of Information and Communication Technology (ICT) for logistics and
freight transportation by Perego et al. (2011).

. Material evaluation. The material was analysed and sorted in accordance with
the classification context. This made it possible to identify the relevant issues
and interpret the results. Specifically, papers that examined the implementation
of environmental sustainability initiatives in logistics and transportation in a
particular company (e.g. by means of case study or interview) and articles
presenting wider research on the diffusion of environmental sustainability
initiatives among logistics and freight transportation companies in different
countries were included. Articles that present models to evaluate the impact of
such initiatives on company business were also included.

The outcome of this process was the selection of 72 papers on this topic. They were
published both in logistics and transportation journals (17), in management journals
(30) or other journals (ten). It is interesting to note that a number of the selected papers
were published in environmental journals (15).

2.2 Review method
Different review methods adopted in previous literature-review papers (e.g. Carter
et al., 2007; Meixell and Norbis, 2008; Natarajarathinam et al., 2009; Pettit and
Beresford, 2009; Perego et al., 2011) were examined. For the purposes of this review,
following Perego et al. (2011) the contributions were classified and examined based on
both the research method(s) adopted and their content.

The definition of the categories (i.e. “perspectives”) for the content analysis was a
function of the study viewpoint, i.e. that of companies involved in logistics and
transportation processes. The aim was to set a discussion on the main themes emerged
from the literature analysis, in order to tackle the key issues (i.e. “hot” topics) and
compare the literature on this subject. Consequently, the sustainability initiatives in
place, reasons for adoption, benefits achieved following adoption, critical issues and
barriers to adoption, and evaluation and measurement of environmental initiatives
related to building a “green” management system were found to be central themes, and
therefore were assumed to be satisfactory perspectives for the discussion.

In terms of sustainability initiatives several types of initiatives in the logistics and
transportation industry have been studied thus far by the research community (e.g.
Yang et al., 2005; Venus, 2011). For the purposes of this review, seven macro-areas were
identified to cluster the foremost initiatives towards environmental sustainability from
the perspective of companies involved in logistics and transportation processes. Four
of them are derived from the classification framework proposed by Zhu and Sarkis
(2004) and Zhu et al. (2008b), namely internal management, cooperation with
customers, external collaborations, and eco-design and packaging. In order to reflect the
specificity of the logistics area, three additional categories were included: distribution
strategies and transportation execution (e.g. Gonz�alez-Benito and Gonz�alez-Benito, 2006;
Lin and Ho, 2008; Jumadi and Zailani, 2010; Lieb and Lieb, 2010; Langella and Zanoni, 2011),



warehousing and green building (e.g. Hervani et al., 2005; Rizzo, 2006; Lin and Ho,
2008; Lieb and Lieb, 2010; Jumadi and Zailani, 2010), and reverse logistics (e.g. Murphy
and Poist, 2000; Hervani et al., 2005; Tsoulfas and Pappis, 2008).

Once the above-mentioned macro-areas were defined, the articles were first
summarised and then classified in accordance with the review criteria to facilitate the
identification of patterns that suggest relevant themes or possible gaps (Meixell and
Norbis, 2008; Perego et al., 2011).

3. Summary of review and discussion
Table I based on Natarajarathinam et al. (2009) and Perego et al. (2011), summarises the
content and features of each paper. Aligned with Perego et al. (2011), papers are reported
in chronological order “to reflect the evolution” of sustainability issues in logistics and
transportation “over time, as well as the initiatives progressively implemented and of
interest to the academic community” (p. 461). The following sub-sections illustrate the
paper analysis in terms of both key theme(s) tackled and the following characteristics:
year of publication, journal title, regions, addressed and research method.

3.1 Main characteristics of the analysed papers
As highlighted in Table I, the 72 examined papers were published between 1994 and
2011 in international peer-reviewed journals. Interestingly, most of the papers under
examination are relatively recent (i.e. 50 were published in 2005, with 13 papers
published in 2008, eight in 2007, seven in 2009 and 2010, and five in 2011), thus
attesting the rising attention the research community has shown towards these issues.

The considered papers were published in 33 different journals, including
International Journal of Physical Distribution & Logistics Management (seven papers
examined for the purposes of the present review), International Journal of Production
Research (seven), International Journal of Production Economics (six), Benchmarking:
An International Journal (six), Supply Chain Management: An International Journal
(six), Journal of Cleaner Production (four), as well as other journals. From the viewpoint
of the regions addressed, it is interesting to note that in 24 papers the first author’s
country is USA, whereas ten have a UK-based first author, and six are from China.
A number of publications have also been found with the Netherlands (six), Sweden
(five), Italy (four), India and Taiwan (three) as the first author’s country. Table II
highlights a significant variability of the contributions in terms of company type,
industry sector, and sample size of the examined papers. In the following, the reviewed
articles are categorised according to the research methods in Tables III and IV as per
Meixell and Norbis (2008) and Perego et al. (2011).

Overall, papers are mainly conceptual or based on empirical research (e.g. case
studies, interviews, surveys), whereas only few are based on an analytical or multi-
method approach. Apparently, we did not find any specific relationship between the
type of research questions or themes addressed and the type of research method
adopted within the papers. For instance, focusing on the topic(s) addressed,
sustainability initiatives adopted by 3PLs have been tackled by means of either
empirical research, conceptual papers, or – to a lower extent – analytical modelling.
Likewise, the themes of criticalities and barriers to adoption, benefits achieved, and
evaluation and measurement of environmental sustainability present the same
dissimilarities in methods. Conversely, papers dealing with motivations to adoption
seem more often based on an empirical approach (i.e. surveys) (e.g. Gonz�alez-Benito
and Gonz�alez-Benito, 2006; Zhu and Sarkis, 2007; Lin and Ho, 2008).
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We identified several conceptual papers, which may be either literature and general
review or conceptual models (e.g. Meade and Sarkis, 2002; Tsoulfas and Pappis, 2008).
Most conceptual papers are focused on the evaluation and measurement of environmental
initiatives. As an example, Tsoulfas and Pappis (2008) propose a decision model based on
environmental performance indicators, which may support decision making by using
a set of principles applicable to supply chain design. Another example is given by
Meade and Sarkis (2002), who investigate the development and advancement of reverse

Driver No. of papers examined

Company type
3PLs 19
Shippers 2
Others (e.g. inter-modal terminals, couriers/express couriers) 38
na 5
Industry sector
Automotive 1
Carbon/energy 4
Electonics 4
Food and beverage 4
ICT applications/E-commerce 2
Manufacturing and merchandising 10
Multi-sector 16
Packaging 3
Pharmaceuticals 1
Retailing/distribution/logistics 7
Textile & apparel 1
Others/na 19
Sample size (i.e. number of examined companies)
o5 25
Between 5 and 10 2
Between 10 and 50 5
450 26

Note: As for “Company Type” please note that the sum of papers reported exceeds the number of 72
because multiple company types were studied in some papers

Table II.
Classification of the

analysed papers with
respect to the company

type, sector studied and
sample size considered

Methodology %

Survey (2) 2.8
Simulation (3) 4.2
Math models (5) 6.9
Case studies (17) 23.6
Conceptual model (15) 20.8
Other (20)a 27.8
Multi-methods (10)b 13.9
Total (72) 100

Notes: aFor example: literature reviews, matched-sample comparison group methodology, analytic
network process (ANP), delphi and maximise agreement heuristic (MAH) method; bthe methodologies
adopted within papers using multi-methods are specified in Table IV

Table III.
Research method

summary



logistics concepts and practice, and the selection of partners for the specific function of
reverse logistics.

Furthermore, we found several empirical papers discussing the adoption level of
sustainability initiatives. For instance, this is the case of Lin and Ho (2008), who
performed a questionnaire survey and examined six factors (i.e. technological,
organisational, and environmental dimensions) influencing the intention to adopt green
innovations for logistics service providers. Another example is provided by Wolf and
Seuring (2010), who analyse whether environmental issues form a supplier selection
criteria of companies when sourcing 3PL services by means of nine case studies.

Finally, analytical models and simulations are still relatively limited. They mainly
focus on reverse logistics issues and on the use of ICT systems to support strategic
environmental decisions. For instance, Efendigil et al. (2008) points out a model for the
selection of 3PLs according to sustainable criteria on the reverse logistics market.

3.2 Sustainability initiatives
The subject of sustainability initiatives appears as the most discussed in the
examined literature, addressed by means of both empirical (e.g. case studies) and
conceptual approaches.

In line with Murphy et al. (1994), many companies operating in different supply
chains have approached initiatives towards environmental sustainability. To date
green initiatives range from purchasing and eco-design to outbound and reverse
logistics ( Jumadi and Zailani, 2010), involving all the different supply chain phases,

Methodology Papers

Survey (5) Zailani et al. (2011), Keebler and Plank (2009), Gonz�alez-Benito and Gonz�alez-
Benito (2006), Rao (2002), Murphy et al. (1995)

Simulation (3) Rai et al. (2011), Van der Vorst et al. (2009), Hilty et al. (2006)
Analytical
models (7)

Venus (2011), Bai and Sarkis (2009), Efendigil et al. (2008), Sheu (2008), Sheu et al.
(2005), Sarkis (2003), Krumwiede and Sheu (2002)

Case studies (21) Colicchia et al. (2011), Venus (2011), Wolf and Seuring (2010), Cholette and Venkat
(2009), Darnall et al. (2009), Keebler and Plank (2009), Mondragon et al. (2009),
Lieb and Lieb (2008), Kohn and Huge Brodin (2008), Min and Ko (2008),
Wever et al. (2007), Gonz�alez-Benito and Gonz�alez-Benito (2006), Humphreys
et al. (2003), Schvaneveldt (2003), Veleva et al. (2003), Faruk et al. (2001), Murphy
and Poist (2000), Kitazawa and Sarkis (2000), McIntyre et al. (1998a, b)

Conceptual model
(19)

Lai et al. (2011), Jumadi and Zailani (2010), Singh et al. (2009), Carter and Rogers
(2008), Tsoulfas and Pappis (2008), Presley et al. (2007), Svensson (2007), Facanha
and Horvath (2005), Yang et al. (2005), Sarkis et al. (2004), Gerbens-Leenes et al.
(2003), Sarkis (2003), Meade and Sarkis (2002), Rao (2002), Lin et al. (2001),
McKinnon (2000), Van Hoek (1999), Azzone et al. (1996), Wu and Dunn (1995)

Other (24) Lieb and Lieb (2010), Sanchez-Rodrigues et al. (2010), Jeffers (2010), McKinnon
(2010), Lin and Ho (2008), Rubio et al. (2008), Zhu et al. (2008c, d), Ciliberti et al.
(2008), Marasco (2008), Gunasekaran and Kobu (2007), Presley et al. (2007),
Srivastava (2007), Zhu et al. (2008a), Vachon and Klassen (2006), Aronsson and
Huge Brodin (2006), Browne et al. (2006), Zhu and Sarkis (2006), Hervani et al.
(2005), Vachon (2007), Gerbens-Leenes et al. (2003), Murphy and Poist (2003),
Faruk et al. (2001), Murphy et al. (1994)

Note: Please note that the sum of papers reported in Table IV exceeds the number of 65 because we
specified the different methodologies adopted within papers using multi-methods

Table IV.
Research methods



as remarked by Colicchia et al. (2011). Among this wide context, a rising interest
has been specifically observed with reference to environmental sustainability
from a logistics and freight transportation perspective. An example is given by
McKinnon (2010) who attests that the state of the art in this arena is currently at an
early stage but interest in these issues has been growing, and also recognises that
logistics and freight transportation activities play a key role in pursuing supply
chain competitiveness. The “sustainable” viewpoint is often accompanied by an
“economic” perspective, as the foremost requirement is the achievement of the target
service level by minimising overall logistics costs. It should be noted that previous
studies recognise three dimensions of sustainability, i.e. social, economic, and
environmental, thus reflecting a “triple bottom line” approach (e.g. Pope et al., 2004).
This “three-pillar” model is often conceptualised as three intersecting circles
representing the environment, society and the economy (Gibson, 2001). Within this
perspective, the integration of environmental, social, and economic criteria may
allow an organisation to achieve long-term economic viability, as highlighted by
Carter and Rogers (2008).

Based on the analysis performed, following we discuss the sustainability initiatives
coherent with the macro-areas illustrated in Section 2.1. Table V reports the full list of
sustainability initiatives and their related macro-area.

3.2.1 Distribution strategies and transportation execution. The literature review
reveals a rising attention to distribution and sustainable transportation execution, in
terms of both technological innovation and management strategies. From this viewpoint,
one of the key objectives lies in the reduction of greenhouse gases and CO2 emissions.
As such, fleet technological innovation, such as cleaner vehicles and the use of alternative
fuels, are among the most widespread initiatives, as attested by Lieb and Lieb (2010).
Overall, the need for vehicle fleet “greening” has been widely acknowledged, also due to
government regulations, rising fuel costs, lack in fuel availability, and desire to enhance
company’s image (e.g. Lieb and Lieb, 2008; McKinnon, 2010). Besides, initiatives of
shifting traffic to more fuel efficient modes, sharing vehicles across multiple customers,
limiting the speeds at which company equipment is operated and reconsideration
of network design and transport strategies have also been identified. As for redesign of
logistics system components, Colicchia et al. (2011) provide the case of Nestlé: the
company has developed multi-spring brands to bring production sites nearer to
areas of consumption, in order to reduce distances travelled and road traffic.

Finally, some management strategies towards environmental sustainability have also
been detected (e.g. Wu and Dunn, 1995). For instance, it is the case of freight consolidation,
and reducing vehicle idling time (e.g. Lieb and Lieb, 2010). To this extent, further
operational assistance towards transportation efficiency improvement may be provided
by ICT applications supporting functionalities such as planning, routing, and fleet
tracking and tracing (e.g. Hilty et al., 2006; Marchet et al., 2009; Jeffers, 2010; Perego et al.,
2011; Marchet et al., 2012).

3.2.2 Warehousing and green building. Warehousing and green building issues have
still been little discussed in the examined papers. Overall, eco-friendly warehouse
design and energy efficiency seem to be among the foremost recognised initiatives.

As for eco-friendly warehouse design, it has been achieving a rising attention
specifically in conference proceedings, although papers published in academic journals
are still few (e.g. Rizzo, 2006; Dhooma and Baker, 2009). Some of the foremost initiatives
in this sense lie in energy-efficient heating and lighting systems, material handling
equipment (i.e. “green storage”), as well as the creation of a “sustainable” work place
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sustainability found in the
examined literature
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for employees, with green ICT and eco-friendly facilities. Projects towards energy-
efficient lighting systems (i.e. installing skylights and clerestory windows in
distribution facilities that allow companies to use natural light as a source of interior
illumination), the use of less-polluting energy sources, and environmental programmes
towards consumption reduction are some examples of relatively widespread initiatives.
ICT have a “great potential to support sustainable development” (p. 1,618), especially
in terms of energy savings, as highlighted by Hilty et al. (2006).

As regards warehouse energy efficiency, three main initiatives may be identified,
namely the use of alternative energy sources (e.g. solar panels), energy-efficient material
handling equipment, and water systems (e.g. plants and landscaping materials that
minimise water waste, use of “gray water” systems) (e.g. Rizzo, 2006; Lieb and Lieb,
2010). As highlighted by Zhu and Sarkis (2007), the adoption of such practices may
sometimes be supported by governmental resource subsidies or tax breaks.

3.2.3 Reverse logistics. In line with the definition of the Reverse Logistics Council,
reverse logistics may be defined as “the process of planning, implementing, and
controlling the efficient, cost-effective flow of raw materials, in-process inventory,
finished goods, and related information from the point of consumption to the point of
origin for the purpose of recapturing value or of proper disposal” (Meade and Sarkis,
2002, p. 283). A substantial interest towards reuse and recycling has been started since
the 1990s, as remarked by Murphy et al. (1994). More recently, considerable attention
has been confirmed on the “reverse” approach, thanks to the rising awareness of
environmental issues and attention towards logistics sustainability.

The examined literature provides many contributions dealing with reverse logistics
initiatives. Waste reduction, transport and disposal, materials recycling and reuse, and
consumption reduction whenever possible are a few examples of initiatives in this
sense (e.g. Van Hoek, 1999; Rubio et al., 2008). The subject of reverse logistics from the
viewpoint of 3PLs is tackled by Krumwiede and Sheu (2002), who propose a model for
assessing the feasibility of reverse logistics implementation in 3PLs. Min and Ko (2008)
offer a mixed-integer programming model and a genetic algorithm that can solve the
reverse logistics problem involving the location and allocation of repair facilities for
3PLs. Finally, Lieb and Lieb (2010) indicate that many of the major global 3PLs have
made important commitments to environmental sustainability improvements during
the past several years by developing reverse logistics practices.

3.2.4 Eco-design and packaging. In industrial processes packaging activities have
relevant effects on environment and transport (Wever et al., 2007). Initiatives towards
environmental sustainability in this sense essentially lie in packaging reduction, and
use of recycled and ecological material (Gonz�alez-Benito and Gonz�alez-Benito, 2006),
treatment of packaging waste in a more environmentally benign manner (Faruk et al.,
2001), and packaging design for reduced environmental impact (Ciliberti et al., 2008).
Optimising freight loads has also been observed. Indeed, reducing weight and volume
of packaging results in cargo efficiency and waste reduction (Sarkis et al., 2004; Jumadi
and Zailani, 2010). Finally, some authors take into account packaging issues within a
more holistic approach. For instance, it is the case of Wever et al. (2007), who developed
an approach based on product-level benchmark data analysis to obtain environmental
strategic-level information (i.e. “environmental benchmark”).

3.2.5 Internal management. Internal management initiatives towards environmental
sustainability involve both managers and operative staff. They mainly consist in
personnel training and development of organisational sensitivity to sustainability issues
(Lieb and Lieb, 2010; Jumadi and Zailani, 2010), as well as organisational changes to



address sustainable goals. In some other cases the establishment of new expertise and
sustainability-dedicated intercompany groups has also been observed (Lieb and Lieb,
2008). The study by Murphy and Poist (2003) shows that companies have either formal
(written) or informal (unwritten) policies for managing environmental issues, and green
strategy usage appears to differ based upon the degree of formality of a company’s
environmental policy. Overall, Jumadi and Zailani (2010) state that managerial skills
represent a key element towards the achievement of environmental objectives. Companies
need skilled and trained manpower to serve higher-end clients by introducing new
services and innovative solutions. Focusing on 3PLs, besides staff training and
development of personnel sensitivity to sustainability issues, Lieb and Lieb (2010) also
mention the identification of appropriate environmental targets and the establishment of
sustainability priorities within the company.

3.2.6 Cooperation with customers. Vachon (2007) highlights the key importance of
collaboration with customers among the “green” initiatives available for companies
involved in logistics and transportation activities. For instance, Min and Ko (2008)
identify solutions such as inventory, handling, and warehousing of product returns
as well as practices of “mapping the process of reverse logistics involving product
returns to create opportunities for cost savings and service improvements” (p. 176).
The evolutionary process of adoption, with a main focus on collaboration between
3PLs and their customers, has been investigated by Lieb and Lieb (2008). The authors
highlight a progressive increase of both 3PLs and customer commitment towards the
implementation of environmental initiatives. Cooperation with customers may include
efforts towards CO2 reduction, improvement of vehicle fleets and recovery policies for
end products, as well as support on reverse logistics practices and waste management
(Ciliberti et al., 2008). Another example is provided by Cholette and Venkat (2009).
They illustrate the use of web-portals to calculate energy and CO2 emissions associated
with a customer’s transportation link and storage echelon. Finally, what emerges from
the literature review is that environmental initiatives of collaboration with customers are
mostly developed by large-sized 3PLs, as recognised by Lieb and Lieb (2010), whereas
small- and medium-sized companies still seem to be a step behind from this viewpoint.

3.2.7 External collaborations. Numerous players are involved within logistics and
transportation processes (Hervani et al., 2005). Within this complex scenario, many
companies have begun integrating sustainability into supplier selection to gain the
“green goal”, as recognised by Humphreys et al. (2003) and Bai and Sarkis (2009).
If costs, flexibility, and service quality were traditionally the foremost drivers, the
rising attention to environmental issues has led to the need to consider further
variables, such as consumption of energy, production of waste and emission level of
pollutants. As such, initiatives labelled as “external collaborations” may include
policies and procedures like monitoring discharges and periodical audits, as per Bai
and Sarkis (2009). It is interesting to note the case of Lai et al. (2011): they illustrate the
example of “Clean Cargo Working Group”, a “business-to-business collaboration
dedicated to integrating environmentally and socially responsible business principles
into transportation management” (p. 632) with the mission of working with businesses
to create a clean and sustainable world.

Additionally, Vachon and Klassen (2006) highlight the key role of technological
integration with primary suppliers and major customers towards environmental
monitoring and collaboration. Further evidence from the 3PL perspective is provided
by Lieb and Lieb (2010), who highlight some examples of close collaboration between 3PLs,
non-governmental organisations and government agencies (e.g. SmartWay Program).



Finally, pursuing common environmental goals (e.g. fleet efficiency, emission reduction,
use of alternative fuels) has promoted the development of collaborative initiatives
among 3PLs and shippers to improve transport efficiency, thereby optimising routes
and freight loads (Gonz�alez-Benito and Gonz�alez-Benito, 2006).

3.3 Motivations to adoption
As far as motivations towards adoption are concerned, many of the examined articles
are empirical papers. Previous literature has recognised a number of elements which
may influence company responsiveness to the implementation of sustainability
initiatives. To provide an overview of the literature review on this subject, motivations
to adoption are discussed as follows in line with the following perspective: external
factors, and internal factors.

3.3.1 External factors. Zhu et al. (2007) mention a number of “external” factors, such
as the role of institutional pressures as possible explanations as to why firms should
engage in environmental initiatives. Legislative and regulatory compliance has been
recognised by other authors as one of the potential drivers to implementation (e.g.
Azzone et al., 1996; Murphy and Poist, 2003; Zhu and Sarkis, 2007; Lieb and Lieb, 2010).
Further external motivations may be also found, namely: pressure by customers/
marketing or explicit customer demand (e.g. Murphy and Poist, 2000; Hervani et al.,
2005; Gonz�alez-Benito and Gonz�alez-Benito, 2006; Zhu and Sarkis, 2007; Lin and Ho,
2008; Lieb and Lieb, 2010), competitive pressures (Lieb and Lieb, 2010), desire to gain
competitive advantage (e.g. Sarkis, 2003; Murphy and Poist, 2003) and improve
company performance (e.g. Gonz�alez-Benito and Gonz�alez-Benito, 2006; Ciliberti et al.,
2008), public pressure and societal expectations (e.g. Murphy and Poist, 2003),
collaboration/integration with suppliers (e.g. Vachon and Klassen, 2006), and profit
opportunities (e.g. Murphy and Poist, 2003; Wolf and Seuring, 2010). Finally, Darnall et
al. (2009) offers evidence that perceived influences from internal, regulatory, and
supply chain stakeholders are positively related to the use of environmental audits.

3.3.2 Internal factors. Besides external factors, a number of “internal” (i.e. company-
related) drivers may be found leading to the adoption of sustainability initiatives, such as
company environmental improvement (e.g. McIntyre et al., 1998a, b; Murphy and Poist,
2003; Gonz�alez-Benito and Gonz�alez-Benito, 2006; Presley et al., 2007; Lieb and Lieb,
2010), efficiency increase and cost reduction (e.g. Wu and Dunn, 1995; Murphy and Poist,
2003; Vachon, 2007; Wolf and Seuring, 2010; Zailani et al., 2011), company reputation (e.g.
Lin and Ho, 2008). Among the most important reasons for establishing sustainability
programmes, Lieb and Lieb (2010) also mention the “corporate desire to do the right
thing”: this motivation speaks to a company’s wish to position itself and be a responsible
member of an industry, of the world marketplace, and of society. Focusing on 3PLs, the
adoption of an environmental behaviour is largely driven by economic motivations, and a
simple environmental perspective is rarely observed among 3PLs. However, 3PLs will
have to become more environmentally and socially aware in order to develop
sustainability goals due to both environmental regulatory measures and consumers’
demand of greener alternatives (Facanha and Horvath, 2005).

3.4 Benefits achieved after adoption
Although both practitioners and researchers seem to attest to the importance of
initiatives towards environmental sustainability (e.g. Lieb and Lieb, 2010), benefits
achieved after adoption are still only partially tackled in the examined literature.
Overall, environmental initiatives have conventionally been associated with an



additional cost imposed on companies, which may erode their global competitiveness.
However, this paradigm has been challenged by recent literature, and it is now widely
recognised that improving company environmental performance may lead to better
economic or financial performance, and not necessarily to an increase in cost, as
highlighted by Ambec and Lanoie (2008).

Focusing on the examined set of papers, the identification of advantages arising from
the implementation of environmental policies has been mainly found within conceptual
papers, as well as in empirical papers (e.g. case studies), thus revealing the key
importance of this topic also from the company perspective. A number of taxonomies are
available in the literature aiming at classifying the benefits achieved after adoption (e.g.
Sarkis et al., 2004; Hilty et al., 2006; Zhu and Sarkis, 2007). Overall, from the viewpoint
of the impact on company business, both “tangible” (e.g. increased efficiency and
effectiveness) and “intangible” benefits (e.g. improved corporate image) have been pointed
out. In order to provide an overview of the literature review on this subject, benefits from
adoption are analysed separately in line with this latter classification.

3.4.1 Tangible benefits. This category includes those benefits that may be measured
either from an economic or environmental viewpoint. Economic benefits are typically
related to the reduction of material costs and of energy consumption, and costs related to
waste disposal and environmental accidents (e.g. Wu and Dunn, 1995; Presley et al., 2007).
Further economic benefits are connected to waste reduction (e.g. packaging). This may be
achieved by the implementation of ISO 14000 standards and by making employees aware
and proactive in terms of sustainability issues (Gonz�alez-Benito and Gonz�alez-Benito,
2006). At the same time, optimising the number of distribution centres, implementing
routing and tracking policies, increasing the use of alternative fuels and keeping the fleets
more efficient and less polluting by using advanced-technology vehicles (Wu and Dunn,
1995) may allow a reduction in the overall company costs. For instance, Lieb and Lieb
(2008) highlight savings of up to 40 per cent in terms of transportation costs in the case of
use of alternative vehicles. Finally, e-logistics may contribute to a reduction in operations
and maintenance costs, thanks to its positive impact on procurement and warehouse
management (Sarkis et al., 2004). As for environmental benefits, in line with Zhu and
Sarkis (2007) they essentially lie in the reduction of emissions, liquid and solid waste, air
emissions, and waste water, reduction of consumption of hazardous/harmful/toxic
materials, and the frequency of environmental accidents.

3.4.2 Intangible benefits. According to Stevels (2002), the foremost intangible benefits
include improved company image, better quality of life for customers, and increased
motivation of stakeholders towards environmental issues. Improved company image has
also been acknowledged by Carter and Rogers (2008) and Lin and Ho (2008). For instance,
Carter and Rogers (2008) assess that engaging in sustainable behaviour can make an
organisation more attractive to suppliers and customers (Ellen et al., 2006), to potential
employees (Capaldi, 2005), and to shareholders (Klassen and McLaughlin, 1996). Another
interesting insight is provided by Vachon and Klassen (2006). According to the authors,
the more the players of the entire supply chain are integrated, the higher the combined
benefits deriving from environmental initiatives. From this perspective, a better
collaboration among the players involved may be beneficial, and may be viewed as a
potential improvement lever (Gonz�alez-Benito and Gonz�alez-Benito, 2006).

3.5 Criticalities and barriers to adoption
This aspect seems to be under-represented in the examined literature, and is mainly
addressed by empirical research (i.e. case studies). Interestingly, it appears to be central



within many conference or practitioner papers (e.g. Evangelista et al., 2010; Rodrigue
et al., 2001), thus revealing that both academics and companies are starting to show
their interest in understanding how the implementation process of sustainability
initiatives may be adapted to their company business. Overall, the literature review
reveals that one of the foremost criticalities faced by companies after adoption consists
in the lack of economic benefits. In particular, Hervani et al. (2005) highlight that
personnel training, appropriate structures for the evaluation and measurement of the
green practice and specific technical skills and competences are recognised as primary
costs. Amongst the barriers that may prevent companies from adoption, both internal
and external factors may be recognised. Some of the main external barriers consist in
reluctance towards innovation (Hervani et al., 2005). Other barriers may consist in lack
of knowledge or technology (Zhu et al., 2008a), poor supplier commitment, the presence
of industry-specific hurdles (Zhu and Sarkis, 2007), as well as difficulties in identifying
and measuring costs and benefits deriving from adoption. As for the internal barriers,
critical factors appear to be economic in nature (McIntyre et al., 1998a, b) i.e. the overall
costs associated with sustainability initiatives. As observed by Zhu and Sarkis (2004),
restrictions to company behaviour in adopting sustainability initiatives may also
arise from the enactment of internal procedures, e.g. lack of training or commitment
(Hervani et al., 2005). Moreover, suppliers seem to be more responsive to the customers’
environmental requirements under certain conditions of the supply chain relationship
(Vachon and Klassen, 2006). Overall, expectations of management that win-win
opportunities do exist seem to play a key role in lessening the barrier to adoption,
according to Zhu and Sarkis (2004).

In the remainder of this paragraph a specific sub-section is devoted to the internal
barriers and the external hurdles that may prevent companies involved in logistics and
transportation activities from implementation of sustainability initiatives.

3.5.1 Internal barriers. Several internal barriers have been pointed out in the
literature. First, companies seem to be hampered by economic or financial factors. Such
is the case of the emerged difficulty in taking on investment risk (e.g. McKinnon, 2010),
especially when no incentives for sustainable supply chain management are available
(Zhu and Sarkis, 2007). Besides, there is great difficulty in quantifying the costs coming
from adoption (McKinnon, 2010). A second element that seems to act as an obstacle
lies in the long implementation periods especially for small-sized 3PLs, as observed
by Lieb and Lieb (2010). Third, a general lack of awareness has been remarked
(e.g. Krumwiede and Sheu, 2002): the investment is sometimes not perceived as
being necessary, and this prevents companies from implementation (Wolf and
Seuring, 2010). Fourth, companies seem to perceive some operational criticalities,
mostly due to personnel training (e.g. Hervani et al., 2005) or a lack of knowledge
(Krumwiede and Sheu, 2002; Sarkis et al., 2004; Wolf and Seuring, 2010). Connected to
this latter point, a general reluctance to change has also been observed (Sarkis, 2003;
McKinnon, 2010).

3.5.2 External barriers. Two main external barriers are brought up in the literature:
first, inhibition towards innovation, and second, lack of knowledge (e.g. Krumwiede
and Sheu, 2002; Hervani et al., 2005). Furthermore, uncertainty as well prevails in the
evaluation and measurement of the environmental initiatives, in particular as to which
measures can reduce which costs, which can be the most efficient, which can be used
directly vs mid-term or long-term (Wolf and Seuring, 2010). Finally, Vachon and
Klassen (2006) underline the lack of integration amongst the players of the supply
chain, and specifically the scarce attitude towards collaboration.



3.6 Evaluation and measurement of environmental initiatives
Measuring environmental sustainability has been achieving a rising interest among
both practitioners and the research community. Many authors have stressed the need
to examine performance improvement opportunities to achieve corporate profit and
market share objectives by reducing environmental risks and impacts while improving
ecological efficiency. Some examples in this sense are Gunasekaran and Kobu (2007)
(i.e. Kaplan’s “no measures, no improvement”, p. 2820), Zhu et al. (2007), McKinnon
(2010) (i.e. “if you can’t measure it, you can’t manage it”, p. 44), and Venus (2011).

Many authors present specific metrics and tools to assess environmental impacts by
developing analytic methods and techniques such as Life Cycle Assessment, Material
Flow Analysis, and Risk Analysis. Such is the case of Faruk et al. (2001), who delineate a
management tool called “ecological supply chain analysis” to identify the environmental
impacts and material flows associated with supply decisions and stimulate actions where
they are most likely to produce real environmental improvements. Rao (2002), Humphreys
et al. (2003), and Bai and Sarkis (2009) assess new approaches to evaluate sustainability
by considering supply chain actors and stakeholders. Overall, sustainability indicators
and composite indexes are increasingly recognised as a useful tool to reach the green goal.
There are a number of initiatives working on indicators and frameworks for sustainable
development, as highlighted by Singh et al. (2009) who mention the World Business
Council for Sustainable Development and the Global Reporting Initiative as some of the
most important foundations for sustainability reporting.

Additionally, several sets of environmental performance indicators have been
defined. For instance, Tsoulfas and Pappis (2008) highlight that it is possible to identify
indicator groups according to their evaluation focus, e.g. transportation and
warehousing (Azzone et al., 1996; Gerbens-Leenes et al., 2003; Cholette and Venkat,
2009), packaging, waste and reverse logistics practices (Sarkis, 2003; Zhu et al., 2007)
and other management issues and policies (Presley et al., 2007; Sheu, 2008). Significant
attention has been given to energy consumption and pollutant emissions (Schvaneveldt,
2003; Hilty et al., 2006), especially with regard to carbon emissions. There are a number
of global carbon auditing standards to measure the carbon intensity of the supply chain
and to estimate the total amount of CO2 emitted (i.e. carbon footprinting). From this
perspective, the carbon auditing in supply chains and specifically defining CO2 equivalent
emissions at a company level may help companies to determine the major opportunities
for decarbonisation. However, carbon auditing at a product level may appear a wasteful
distraction, as highlighted by McKinnon (2010).

4. Identified gaps and directions for future research
Although different studies have been conducted so far on environmental sustainability
in logistics and transportation and several facets have been deeply investigated,
a number of themes are still under-represented or missing as emerged from the reviewed
literature. In order to provide some insights leading to further research, we list the
main shortcomings.

4.1 Little attention has been focused thus far on sustainability initiatives among 3PLs
Although a number of papers have tackled the subject of environmental sustainability
(or “GSCM”), very few studies have specifically addressed these issues from the
viewpoint of companies performing logistics and freight transportation activities.
Moreover, initiatives adopted by 3PLs have been only partially explored (e.g. Facanha
and Horvath, 2005; Lieb and Lieb, 2010), and many key themes, such as environmental



issues related to 3PL selection process (e.g. Zhu et al., 2008c), and the aspects related to
supply chain cooperation between shippers and 3PLs from a “green perspective”, as
suggested by Wolf and Seuring (2010) seem to be under-examined. Finally, further
investigation on the role of institutions (e.g. incentives and governmental regulations)
should be beneficial, as highlighted by Hervani et al. (2005), with a specific focus on
the role of 3PLs.

4.2 “Warehousing and green building”, and “internal management” initiatives seem to
be under-examined
Although the real estate sector has started to offer new solutions (e.g. green building
initiatives, as well as “environmentally cleaner” material handling systems), literature
still provides only few recent insights on warehousing and green building. The relevance
of these aspects has been recognised by Rai et al. (2011) who developed a carbon
footprint assessment in a distribution warehouse, thus quantifying the total amount of
CO2 emissions saved through an alternative design strategy. However, neither
environmental nor economic effects of green building initiatives are widely discussed or
clarified in-depth. Finally, internal management initiatives also seem under-examined,
although their relevance has attested (e.g. Murphy et al., 1995; Hervani et al., 2005;
Lieb and Lieb, 2008).

4.3 Criticalities and impacts after adoption have been little studied so far
As for criticalities after adoption, a thorough examination has only been observed for
some of the identified macro-areas, such as reverse logistics (e.g. Wu and Dunn, 1995),
whereas additional research should be recommended for the others. Focusing on
impacts deriving from adoption, they have been mainly addressed from the viewpoint
of the shippers and considering the entire supply chain. As such, much remains to be
learnt from the 3PL perspective (e.g. Lieb and Lieb, 2010), and therefore further studies
should be beneficial, based as well on real-life case studies.

4.4 Evaluation and measurement of environmental performances have only been
partially explored and a more holistic perspective is still missing
In recent years many efforts have been made towards the measurement and control
of company environmental performances. In this sense, a number of metrics have
been proposed so far that specifically focus on certain facets. However, a more
comprehensive perspective is required to face the complexity of the entire problem.
Specifically, the problem of allocating the investment in environmental initiatives
among all the players involved (e.g. for those 3PLs who serve multiple shippers) should
be further investigated.

4.5 Further empirical investigation based on in-depth real-life case studies as well as
analytical models and simulation may be recommended
Although a number of papers have been found based on an empirical approach, studies
are still missing that provide in-depth real-life case studies of companies involved
in logistics and transportation activities. In particular, few studies have been found
that tackle in detail all those aspects related to environmental sustainability from a
logistics and transportation perspective (e.g. adoption level and issues connected to the
implementation process) by adopting a holistic approach. Furthermore, analytical models
and simulation may be recommended to better examine the effects of the adoption process
on company business.



5. Conclusions
The review presented in this paper involved 72 research contributions on environmental
sustainability in logistics and transportation published between 1994 and 2011. The
papers were analysed in terms of their main characteristics (e.g. year of publication,
journal title, regions addressed, and research method(s) adopted) and content.

The contribution of the present paper is twofold: first, it provides a structured
review process that may be used as a guide to earlier research on the subject of
environmental sustainability in logistics and transportation; and second, it highlights a
number of research issues for future investigation.

Several interesting themes were identified in the literature. Current environmental
sustainability initiatives among companies that perform logistics and transportation
activities were analysed in detail, including the reasons for their adoption, the benefits
achieved following their implementation, the critical issues and barriers to adoption,
and the issue of evaluating and measuring environmental sustainability. It was observed
that the topic of environmental sustainability has so far been tackled by several authors,
highlighting the increasing interest in this theme. Most of the papers examined are
relatively recent (i.e. 50 were published from 2005 onward). In terms of the regions
addressed, it is interesting to note that in 24 papers the first author’s country is USA,
whereas ten have a UK-based first author. Finally, with respect to methodology, the
review revealed that many of the examined articles are either conceptual papers (15) or
empirical studies (i.e. mostly based on case studies) (17). Very few contributions based on
simulation (three) and analytical modelling (five) were found.

This review has shown that a number of important areas are under-represented. It
was found that little attention has been paid so far to sustainability initiatives among
3PLs, and the subjects of “warehousing and green building” and “internal management”
initiatives do not seem to be adequately addressed. Similarly, critical issues and benefits
achieved following the adoption of sustainability initiatives have received little attention
so far, and evaluation and measurement of environmental performance have only been
partially explored and a more holistic perspective is still missing. Finally, research
methodologies such as empirical investigation based on real-life case studies, as well as
analytical and simulation models are currently under-represented. Future research along
these lines would be therefore recommended.

From a practitioner’s perspective, the present paper contributes to the following aspects:

. it clearly identifies the main initiatives related to the creation of a sustainable
supply chain;

. it emphasises the key theme of “green-oriented” investment in some areas of the
supply chain (i.e. 3PLs), which can benefit the entire supply chain (e.g. shippers);

. it underlines the fact that environmental performance measurement systems
often focus only on the “visible” company-oriented metrics; and

. it highlights a clear direction for future research, recommending that further in-
depth case studies should be conducted to provide insights into the benefits
achieved following adoption as a reference point for further sustainability-
oriented initiatives.

Finally, this study has one potentially significant limitation that should be
acknowledged. Although efforts were made to be all-inclusive, as Perego et al. (2011)
recognised in their review of ICT for logistics and transportation, significant research



studies could have inadvertently been omitted from the review. However, the authors
believe that this review provides an accurate representation of the body of research on
environmental sustainability in logistics and transportation published during the
specified timeframe, and therefore the resulting assessments can be relied upon.
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