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Abstract: Societal, economic and ecological prosperity will be highly affected in the next decades
due to socio-demographic developments and climate change. The design of more sustainable
logistics business types can address such challenges to build more resilient supply chains. Therefore,
the discussion with regard to transformational potentials of logistics businesses provides valuable
information to shape business strategies according to future sustainability requirements. Within
the framework of this paper, a mixed-methods approach has been applied to explore and analyze
drivers and barriers for sustainability transformations of logistics service providers (LSPs) and to
evaluate related business strategies with optimization and simulation methods in a concrete regional
context. So far, LSPs’ main obstacles are competitive pressure, focal firm orientation, and dependence
on other supply chain members, while supply chain collaboration and integration, as well as the
integration of sharing economy solutions and new digital technologies, have been identified as
promising for sustainability transitions. Accordingly, this paper suggests a roadmap for the logistics
sector while defining retention strategies such as growth, replication, mimicry, and mergence to meet
future societal and environmental requirements. By doing so, this study contributes to theory by
constructing the Lead Sustainability Service Provider (6PL) business model (arche)type and its role in
societal transitions.

Keywords: sustainable logistics; sustainable supply chain management; strategy development;
business transformation; business model classification

1. Introduction

Several supply chains are likely to drastically change due to regional impacts of climate change,
rapid urbanization, demographic developments, and a dynamic shift in demand patterns. Concrete
climate protection strategies designed, for example, to prevent CO2 emissions, are therefore being
actively pursued by industrial companies [1]. For the logistics industry as such, which is strongly
affected by rising fuel prices, more sustainable business activities mean not only a reduction of
CO2 emissions and cost savings in economic terms, but also opportunities to highlight the value
creation logic of logistics businesses and to allow for new governance forms in the supply chain [2].
In this context, transformational management along the entire supply chain requires integrated
solutions considering the main characteristics of business strategies to discuss promising avenues for
sustainability transformations [3]. Hence, a better understanding of transformation potentials in the
logistics industry will promote the development of innovative, integrative business models based on a
strategic roadmap.
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Even though sustainability strategies and business practices in logistics have been intensively
discussed in the literature, they have been focused on the economic (optimization of single
logistical functions) and environmental dimension (e.g., environmental impacts, such as emissions
of transportation activities), underrepresenting the social dimension of sustainability [4]. Also, most
research work being done concentrates on the (re-active) adaptation potentials of logistics businesses
against the before mentioned challenges rather than discussing pro-active and design-oriented
capabilities of logistics to contribute to a sustainability transformation within the frame of alternative
sustainable supply chains of a green economy. However, the improvement of social performance within
the logistics industry and their societal implications are crucial nowadays since concrete sustainability
transformations on the operational levels of economic alternatives are urgently needed as well as
scandals and resulting public debates increased the logistical awareness of consumers. Accordingly,
the present study intends to contribute by facilitating the understanding of transformation potentials
leading to pathways for sustainable logistics business models. Such a perspective of sustainability
transformations is essential to understand and overcome existing business model limitations and
develop strategies for socio-technical regime changes. Accordingly, the following research questions
guided our study:

RQ 1. What are the driving factors and challenges for sustainable logistics business
model transformation?

RQ 2. What are transformational pathways for the logistics sector to respond to the requirements
of sustainable supply chains?

To answer these questions, the present study combines qualitative methods with optimization and
simulation techniques to enhance strategic decision-making. Here, the use of specialized techniques for
the sustainable optimization of logistical structures enables decision makers to carry out evaluations
of different logistical strategies. As various objectives are explored with qualitative interviews and
embedded in an optimization model, the purpose of this study is “exploring” the landscape of plausible
outcomes and their relationships with certain decisions. Through applying a representative sample of
the search space, the available information for strategic decision-making is evaluated with regard to a
concrete regional setting.

The present study is structured as follows. In Section 2, the research is positioned in the existing
literature. Section 3 informs about related exploratory modeling and analysis (EMA) approaches.
Section 4 describes the research design while the findings are presented in Section 5. Section 6 maps the
results with regards to potential pathways for sustainability within the 1PL to 5PL logistics business
classification scheme. A discussion of logistics business models in societal transformation processes is
provided in Section 7. Concluding remarks and an outlook are presented in Section 8.

2. Literature Background

Companies use strategic planning to integrate sustainability within the vision of the company
and enhance its innovation potential [5]. In general, sustainability strategies can be linked to
environmental marketing management [6], green supply chain management [7], sustainable supply
chain management [8], purchasing [9], reverse logistics [10]; and Life Cycle Assessment (LCA) [11].
In addition, all these practices and strategies can be related to socially responsible and green logistics
management including the processes of transportation, packaging, and warehousing [12]. For instance,
technical innovations and a shift towards transport modes that create the least pollution and strategies
promoting multi-modality contribute to more sustainable transport and mobility systems [13]. Here,
planning approaches use a variety of static and dynamic models as well as mathematical approximation
methods and heuristics to support strategic planning. These approaches focus on different sub-areas
such as route planning, location planning, network design, or warehouse planning. With regard
to transportation issues, the main goal of most models is to minimize the distance traveled. This
can be achieved either directly through intelligent routing (route planning), or indirectly through
denser transport capacity utilization (loading space optimization). For this study, routing problems are
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explicitly incorporated into the explorative modelling because of its importance for the sustainability
performance in supply chains.

2.1. Sustainable Logistics Business Models

Extending conventional business frameworks in accordance with sustainability requirements,
Boons and Lüdeke-Freund [14] define the key parameters in sustainable business models as follows:
(1) value proposition of products and services focusing on ecological, social, and economic value;
(2) overall infrastructure and logistics of the business guided by the principles of sustainable supply
chain management; (3) interface with customers enabling close relationships between customers and other
stakeholders to improve co-responsibility in production and consumption; and (4) equal distribution of
economic costs and benefits among all actors involved. Broadening this systems’ scope further, Neumeyer
and Santos [15] position business models as part of the whole entrepreneurial ecosystem, particularly
dependent on the stakeholder’s social network. In addition, Lüdeke-Freund et al. [16] see research in the
field of sustainable business models as still limited, particularly with regard to empirical analyses.

In this line, the logistics service providers’ (LSPs) potential to facilitate sustainable practices in the
supply chains is coming to the fore such that the alignment of logistical actions between actors in the
supply chain defines more sustainable and innovative logistics business models [17]. Such industry-
and branch-specific sustainable businesses can be analyzed to access business model elements and
(arche)types that support the management of voluntary social and environmental activities in certain
environments [18]. For the logistics industry as such, the business models of shippers and LSPs are
categorized by means of their service range and structure. A popular classification scheme is the 1PL
to 5PL scheme [19]. Table 1 gives an overview of this classification scheme and related sustainable
logistics practices.

Table 1. 1PL to 5PL scheme and related sustainable logistics practices [13].

Classification Description

1PL (Single Service
Provider)

Single service providers execute a single logistics services, such as freight carrier
(transportation) or stock keeper (warehousing). Accordingly, single service
providers should concentrate on methods to decrease the environmental and
social impact of their logistical assets (e.g., using cleaner drive technology).

2PL (2nd Party Logistics
Provider)

The 2nd party logistics provider executes all classical logistics functions of
transportation, handling and warehousing; typical business model for freight
forwarders, ocean carriers and parcel services. As they operate different transport
modes, the selection of the best modal split becomes an important instrument to
increase the environmental performance of their logistical activities.

3PL (3rd Party Logistics
Provider)

The 3rd party logistics provider extends the classical logistics function with
neighboring logistics services such as cross docking, inventory management and
packaging design. In this line, 3rd party logistics providers are often globally
acting companies who contract with their customers “at eye level” [20]. Hence,
they have the opportunity to implement more advanced, sustainable strategies
such as decision support systems to optimize transport mode, route and
capacity usage.

4PL (4th Party Logistics
Provider) and 5PL
(so-called Lead Logistics
Provider)

The 4th party logistics provider provides comprehensive solutions to coordinate
and integrate all supply chain members using information and communication
technologies (ICT). 4th party logistics providers are often specialized consulting
companies not carrying out any operations (so-called non-asset-owning service
providers). In contrast, lead logistics providers carry out certain operations by
owning or buying physical logistics infrastructure. Accordingly, coordination
mechanisms and joint decision-making are relevant to achieve more sustainable
supply chain configurations.

2.2. Logistics Business Transformation for Sustainability

Market innovations that drive sustainable change are often triggered by individuals and
companies incorporating sustainability aspects into their core business [21]. Companies can either
provide effective solutions to environmental or social problems or sell sustainably produced products
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in the mass market [22]. Taking an evolutionary economics perspective [23], the processes of varying,
selecting, and retaining business models induce market transformation [3]. Most of the factors
combined into the scenarios lie outside the control of the organization itself, and describe the current
trends not only from an economic or technological point of view, but also cover social aspects, e.g.,
consumer awareness or new sharing models. Taking into account these factors, the present study
focuses on potential pathways for the diffusion of sustainable logistics businesses. Here, retention
is most important in increasing market share. Retention, in general, describes diffusion processes
through innovation promoting growth in the market share of more sustainable businesses. Growth,
replication, mimicry, and mergence are seen as retention processes and strategies [3].

Growth: While business growth is often viewed in contrast to sustainable development,
the growth of a sustainable business model has to take place at the cost of unsustainable business
models. Thus, sustainable growth in consolidated markets acquires a structural market change.
To do so, high-growth niche players have to foster radical sustainability innovations in combination
with professional management techniques [3]. For the logistics sector, sustainable growth potentials
lie within the replacement of conventional transport and warehousing technologies favoring LNG
(Liquified Natural Gas), electricity, or hydrogen as energy sources [13]. Here, advanced decision
support systems (e.g., for vehicle routing) supported by advanced information technologies, such
as big data analytics or artificial intelligence are coming to the fore [1]. Growth potential also lies
within the implementation of sustainable reverse logistics practices that guarantee the use and reuse of
products. Recently, authors have started to incorporate social aspects in reverse logistics systems, such
as equity, diversity, health and safety practices, education, and stakeholder engagement [10,24].

Replication and mimicry: Replication is an alternative form of diffusion. Here, niche pioneers set
up a sustainability-oriented business model solely applying sustainable ways of production and were
followed by other niche players. Mimicry describes the strategy of copying business model elements
of niche businesses and incorporating them in a modified way into a mass market player’s business
models. For the logistics industry, start-up businesses with a city logistics focus provide the potential
for replication and mimicry as they allow for alternative transportation modes such as cargo bikes,
private or public transportation. In crowd logistics businesses, for instance, the offered services are
mostly fulfilled by consumers and not by the staff of a company [25]. Accordingly, these allow for an
inclusion of private persons to conduct logistics activities. Here, replication and mimicry strategies
are promising the field of sharing economy businesses as shared consumption has the potential to
raise the awareness for ecological and social aspects related to distribution channels [26]. In addition,
circular economy business models provide the potential to leverage LSP’s sustainability potential [27].

Mergence: Mergence has been studied mainly from the perspective of mass market players
through the acquisition of promising niche players. If companies do not compete directly, they can
also build strategic alliances such as strategic partnerships. Thus, a balance between a customer
orientation and operating cost-effectively can be also achieved through supply chain coordination.
In this context, supply chain coordination is defined as coordinating cross-company activities on a
vertical and horizontal supply chain level to share risks and rewards in a fair manner [28]. Accordingly,
logistical infrastructure has to be shared and combined effectively to achieve better sustainability.

3. Exploratory Modeling and Analysis (EMA)

EMA aims to utilize the advantages of computer-aided simulations and experiments when it
comes to decision-making where a significant amount of uncertainty is present [29]. Within EMA,
exploration procedures are conducted via computer-aided experiments. One single run of the computer
aided experiment (calculation run) is performed with a model that has a given structure and a given
parameterization. Here, a calculation run based on the input of fixed data represents a single estimate
of the future. Conducting a large number of calculation runs (performed with one or several models),
a structure for likely actions and sequences of events can be derived. These possible outcomes
arise by making alternative decisions assuming different, unknown future events. Accordingly,
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different possible scenarios can be explored. Therefore, EMA is not about optimizing the outcome of
possible solution through the evaluation. Rather, the possible “what-if” questions are supposed to be
clarified [30,31]. Hence, the most important goal of EMA is to find the most robust decision paths to
cover a variety of future scenarios [31,32]. Accordingly, strategic pathways are robust in the face of
uncertainty when its actions perform satisfactorily over a wide range of future situations.

So far, there have been few studies that use exploratory modeling for supply chain or logistics
issues. For instance, Kwakkel et al. [33] developed an Adaptive Airport Strategic Planning (AASP)
approach based on the more common Airport Master Planning (AMP) for the development and
expansion of airports. They used exploratory modeling to test the efficacy of their AASP for a variety
of future scenarios concerning Amsterdam Airport Schiphol. Moreover, Halim et al. [34] dealt with
EMA and scenario discovery regarding the impact of deep uncertainty on global container transport
in European ports. These authors combined the concept of scenario discovery with an additional
worst-case discovery technique. In addition, Corvers [35] conducted a scenario discovery in the context
of Supply Chain Risk Management. Factors that were tested are warehousing decisions and various
common risks coming from business and customer demand. Just recently, Mollaemi et al. [36] used
a scenario discovery approach based on a hypothetical air fleet. It deals with the trade-off between
maintenance services and aircraft investments with the aim of maximizing flight hours and keeping
investment and service costs to a minimum. In contrast to the previous studies, the present study
focuses on the application of EMA-based techniques (optimization and simulation) for analyzing
potential pathways for LSPs in a specific regional setting based on a more general, qualitative
exploration. To the best of our knowledge, none of the previous studies tackled the proposed research
questions so far.

4. Research Design

In general, a mixed-methods approach was applied to explore relevant driving factors and
barriers for sustainability transitions of LSPs (see Section 4.1), as well as to analyze and evaluate related
transformational strategies within a concrete region, in particular the Linz region in Upper Austria
(Section 4.2).

4.1. Qualitative Exploration

In order to study transformational potentials of logistics business models, drivers and barriers
influencing the sustainability performance of the supply chain were identified through qualitative
expert interviews and discussed within a participatory workshop. Since the research interest
particularly addresses logistics services, the qualitative interviews were held with experts in the
field of supply chain and logistics services, as well as in consumer lifestyle. All the specialists
had at least five years of experience in their field. Regarding the expert interviewee selection,
six interviewees were chosen from a group of scientists (professors) holding a chair in logistics and SC
management at European universities, while the other six interviews were conducted with scientists
whose research is focused on sustainable consumption and production. From the practitioners’ side,
three interviewees were selected from sustainability managers who work with Western European LSPs,
while three interviewees worked with Western European non-governmental consumer organizations
(see Table 2). In sum, 18 qualitative expert interviews were conducted based on an interview topic
guide (see Appendix A). The interviews lasted up to 60 min and were tape-recorded or transcribed
with important quotes summarized. The transcripts, summaries and important quotes were analyzed
with the qualitative content analysis approach in a structured, inductive manner [37] and linked to the
literature, whenever possible.
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Table 2. Interviewee settings and expertise.

Index Setting and Expertise

Practitioners

P1 German third-party food logistics provider
P2 German third-party fashion logistics provider
P3 Austrian third-party food and FMCG logistics provider
P4 German consumer advice agency
P5 Irish consumer engagement and information center
P6 Finnish sharing economy expert

Scientists in the field of (sustainable) logistics and SC management

S1 Professor in transport and logistics management
S2 Professor in retail logistics
S3 Professor in SC management
S4 Professor in logistics and service management
S5 Professor in SC management
S6 Scientist working in a research institute concerned with mobility research

Scientists in the field of (sustainable) consumption

S7 Professor of consumer and household economics
S8 Scientist in research group concerned with sustainable consumption and production
S9 Scientist in research institute concerned with responsibility research
S10 Scientist in research institute concerned with social innovation
S11 Scientist in research center concerned with environmental economics
S12 Scientist in research concerned with environmental economics

Due to the complexity of qualitative interviews, careful interpretations of the interview results
are necessary to analyze the extent to which the findings serve the research purpose [38]. According
to Yin [39], quality procedures with regards to internal validity, external validity, construct validity,
and inter-rater reliability need to be in place when analyzing qualitative data and documents to
ensure methodological rigor. Regarding internal validity, the transcript coding was performed by two
researchers, also ensuring inter-rater reliability. To further strengthen internal validity, the insights
from the expert interviews were triangulated with the data from the consumer interviews. In terms of
external validity, comparisons with literature were conducted, as suggested by Riege [40]. To further
strengthen external validity, an expert workshop was performed with scientific participants from
various German universities (none of whom was an interviewee) discussing the approach to evaluate
the inductive coding scheme as well as the strategic categories derived from the qualitative content
analysis approach. Construct validity was built by collecting data from multiple sources, while
reliability was achieved by exposing relevant parallels across multiple sources.

4.2. Strategy Evaluation

To evaluate the observed business strategies in a concrete setting, synthetic data were generated
to simulate the peri-urban and socioeconomic characteristics of the Linz region in Upper Austria.
Generally, generating a synthetic population is useful when real data are not (yet) available,
in particular when testing future strategic scenarios [41]. In this line, agent-based models such as
traffic models require explicit assumptions about individuals or households. Therefore, synthetic data
about households require datasets that preserve the statistical characteristics of the entire population.
To generate the synthetic data, in a first step, all buildings in the concrete region of Linz were
retrieved from OpenStreetMap (OSM). These buildings were filtered to include only private housing.
Each house was randomly given socioeconomic parameters such as income, number of adults and
children in the household as well as car ownership. The probability of owning a car is based on the
income in the household. In a second step, the logistics network is constructed to apply for certain
sustainable logistics strategies. Such a logistics network consists of specific facilities, in particular
plants, warehouses, distribution centers (DCs), and customers. Assuming that plants and consumers
are fixed locations, strategic decision-making on certain retention strategies is concentrated on DCs in
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terms of the optimal number and location [42]. Accordingly, the locations of DCs were calculated using
k-means clustering algorithm [43]. The k-means clustering algorithm produces different results, with
each calculation run given a fixed input. Therefore, the calculation with k-means was run 100 times
and the results were averaged. An example of 10 DCs is illustrated in Figure 1.
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To model individual agents (households) with numerous decision possibilities, parameters were
included that control the behavior of households. Each of these parameters represent a conditional,
discrete probability distribution, which defines, for instance, the degree of contributing to an action
of interest based on belonging to a socioeconomic class. These probability distributions were
subject to Monte Carlo simulation experiments in a third step. These result of the Monte Carlo
simulation were further coupled with certain transformational pathways to derive insights for business
decision-making [36].



Logistics 2018, 2, 25 8 of 19

5. Findings

By analyzing the interview data, structural dimensions describing current challenges (Section 5.1),
driving factors and emerging trends (Section 5.2) were derived. These findings were linked to the
literature in order to refine business transformation strategies for sustainability (Section 5.3). In a last
step, related last-mile strategies were evaluated for the Linz region in Upper Austria (Section 5.4).

5.1. Transformation Challenges

“If a logistics service provider, for instance, would run an online supermarket and, at the same time,
offering transportation services to retailers, this would cause a clear conflict of interest. The logistics
service provider would be a competitor to its own customer. This is not our self- comprehension.” (P1)

In the experts’ opinion, the focal company in the supply chain is still the main trigger for adopting
technologies and practices that result in labor practices considered to be fair, and that result in a lower
impact on the environment (P1; P2; S1). Despite external pressures on focal companies to act sustainably,
a strong focal firm orientation might also prevent LSPs from implementing further sustainable practices
considering the empirical results. With regard to communication of sustainable aspects, for instance,
retailers need to strengthen the value of their brand to differentiate themselves from competitors
as cross-company retailing slackens the consumers’ brand loyalty to a single trading firm (P1; P3).
Although LSPs and retailers need to cooperate to achieve a clear and consistent communication about
sustainable logistics aspects, retailers have little interest in doing so, fearing the dilution of their own
brand identity (P1; P3).

Moreover, there is a need for LSPs to guarantee minimum social standards due to the increasing
internationalization of the logistics industry (in line with the engagement of foreign employees, often
employed through sub-contractors) (S1; S5). Therefore, the experts highlighted the importance for
compliance with social and legal standards when operating logistics across borders (P1; P2; P3; S2).
In contrast, the retailers’ high price sensitivity concerning logistics services (e.g., as a consequence of
not charging shipping costs to the consumer) supports a low consumer willingness to pay for logistics
services (P2; P3; S1; S2; S4). However, some of the interviewees did not exclude consumers who are
willing to pay more for better sustainability performance, particularly those target groups that are
open-minded toward social and ecological issues (P1; P2; P3; S2; S4). To meet this goal, it would be
mandatory to coordinate pricing activities across the whole supply chain to assure social logistics
standards (S2). Currently, the experts see rather small chances to realize such a transformation due to
the high competition within the logistics industry (P1; P2; P3; S2; S4; S5). Nonetheless, logistics-oriented
retailers, such as Amazon, are already changing consumers’ attitudes toward new business practices,
creating new competitive pressures for “traditional” business practices that may lead to structural
changes within supply chains.

5.2. Transformation Drivers

“I think, the problem is, the industry is changing, the social structure is changing, and the technology is
changing. Logistic service providers have to either follow or lead these changes. Certainly, one logistic
service provider, one company does not have enough room, [ . . . ] skills and the resources to make this
change happen. So, in that case, collaboration, establishing joint trading programs, defining what will
be required in the next five to ten years, being proactive is the key in my opinion.” (S4)

The interviewees stressed the importance of coordinating activities among the supply chain actors
(S1; S2; S3; S4; S5). During the interviews, the question of how to configure supply chains under
such conditions was discussed. With regard to trends like leasing or renting vehicles and warehouses,
the interviewees focused on the shared use of resources and infrastructure among LSPs (P1; P6; S3;
S4; S6; S10; S11). Here, several 3PLs providers no longer operate their own truck fleet in favor of
coordinating material and information flows (P1; P2; P3). On the one hand, this was seen as a chance
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for sustainable logistics services since, for instance, the cross-company use of vehicles might also
support conversion to alternative technologies (like e-mobility), which are currently too expensive
for one single company to operate (P1; P6; S6). On the other hand, these practices were controversial
when discussed by the interviewees. They argued that a paradigm shift is required to achieve stronger
horizontal collaboration (P1; P2; P3; S3; S4). For instance, truck drivers would have to share their
vehicles and retailers would need to lower their competitive foreclosure thinking in consolidating
commodity flows (P1). Currently, the experts see better chances to gain efficiency potentials for the
supply chain by the joint development of advanced technologies (S2; S3; S4; S6).

In addition, possibilities to expand logistics service offerings on a vertical supply chain level
in regard to manufacturing (e.g., by using 3D printing) and to online retailing were discussed in
the interviews (P1; S2; S4; S8). With 3D printing, a more sustainable supply chain configuration
is achievable in terms of decentralized production (S2; S4). 3D prints can be produced in LSPs’
warehouses, or the printing raw material can be supplied for production directly at the consumers’ site
(S4). This change would simplify the supply chain configuration and reduce efforts (e.g., less traffic).
Although technological innovations, such as 3D printing on a vertical level or e-mobility on a horizontal
level, would provide the opportunity to strengthen the position of LSPs and, at the same time,
enforce a more sustainable supply chain configuration, many interviewees recognized that such
an implementation might be difficult (P1; S2; S4; S8). Due to the role of LSPs as a link between
manufacturer, retailer, and consumers, a strategic reorientation that extends the LSPs’ portfolio might
conflict with the interests of other supply chain actors (P1). In the opinion of the interviewees,
the highest potential for sustainability currently lies in professionalizing online retailing in terms of
last-mile logistics: for example, by bundling cross-company commodity flows (P2; S2).

From the interviewees’ point of view, the trend of the sharing and circular economy businesses
has the potential for more sustainable configurations of business-to-customer relationships in general,
and last-mile logistics in particular (P2; S2; S4; S8; S10; S11). In this line, shared consumption
considerably affects last-mile logistics since products must be transported by consumers to consumers
(S11). During the interviews, the question of how to configure last-mile logistics was discussed, with a
focus on crowd logistics business models (S2; S4). The interviewees mentioned storage services, freight
shipping, local delivery services and freight forwarding as the most promising trends in the sharing
economy with regard to logistics professionalism and sustainability impact (P2; W2; S4; S8; S10; S11).
However, in the opinion of the interviewees, the sharing economy business practices still require further
logistical professionalism to cope with system and technological complexity (S8; S10; S11). Moreover,
the interviewees considered logistics practices carried out by private parties to be controversial, also to
close cycles. The current social performance of sharing services is the main argument against this form
of last-mile configuration, since an official registration, compulsory insurances, and load protection
are missing (P2; S2; S4). Accordingly, logistical sharing and circular economy practices should assure
at least the social minimum standards including fair wages, compulsory insurances, and accident
prevention regulations.

“New logistic service providers are coming, trying to develop peer-to-peer services in order to facilitate
the exchange of logistics services on a platform. [ . . . ] In the sharing economy, you need some logistics
that can be done by the consumers themselves.” (W11)

5.3. Synthesized Empirical Results

During the interviews, LSPs’ main obstacles and drivers in enhancing their sustainability activities
were investigated. These obstacles are competitive pressure, focal firm orientation, and dependence
on other supply chain members. Secondly, the expert’s implications are presented regarding the
factors and trends that drive the application of sustainable logistics practices beyond current activities.
In particular, supply chain collaboration and integration, as well as the integration of sharing economy
solutions and new digital technologies, have been identified through the qualitative content analysis
approach. Mapping logistics businesses in a wider entrepreneurial ecosystem, classical and future
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sustainable logistics business models can be derived and clustered in accordance to retention processes
and strategies. In this line, the empirical results suggest at least three transformation pathways
for sustainability with regard to the single retention strategies of growth, replication/mimicry and
mergence, which are evaluated and discussed in the next sections. So far, the empirical data indicate
that growth and in particular mergence strategies are most promising for the logistics industry while
replication/mimicry rather have the potential to complement the other pathways. Table 3 synthesizes
the empirical results with regard to the 1PL to 5PL logistics businesses classification scheme and related
retention strategies.

Table 3. Observed sustainable logistical strategies from the expert interviews.

Classification Growth Replication Mimicry Mergence

1PL (Single Service Provider) Increasing use of cleaner
technologies New (digital) technologies Shared use of

infrastructure

2PL (2nd Party Logistics
Provider) Advanced decision

support systems Crowd logistics solutions Multi-modal
transportation3PL (3rd Party Logistics

Provider)

4PL (4th Party Logistics
Provider) and 5PL (so-called
Lead Logistics Provider)

Last-mile and reverse
logistics integration

Sharing and circular
economy businesses

Supply chain
coordination

5.4. Strategy Evaluation

To evaluate the derived transformation pathways, the required logistics infrastructure is a most
crucial. Therefore, an important decision variable in the modeling is the number of DCs determining the
realization of last-mile and reverse logistics integrated supply chains as well as logistically coordinated
sharing and circular economy businesses. In this line, the number and density of DCs defines strategic
potential, such as potential growth through additionally generated demand and mergence potentials
to increase efficiency. While a solely economic perspective primarily fosters the expansion of market
shares and the reduction of operation costs, a holistic perspective fosters also alternative transportation
modes, such as cargo bikes, private car use, or even walking distance as well as logistically enabled
sharing and circular economy businesses. The evaluation of the required infrastructure in the concrete
setting fostered the analysis of how different numbers of DCs affect the average distances to enable
alternative transportation modes and consumer-centered logistics services such as delivery services
(see Figure 3).

Such an analysis gives insights where thresholds exist that allow certain business practices in
a peri-urban area such as the Linz region. For instance, if 3 km is a threshold for using a cargo bike,
then there is little motivation to establish more than 10 DCs. The total length of transporting goods
(milk-run based on TSP) and consumer trips (from private households to the closest DC) is shown in
Figure 4. Here, an increasing number of DCs decreases the total travel length. While this analysis can be
useful for deciding on the number of DCs, however, it does not take into consideration the consumers’
mobility behavior. Therefore, the analysis was extended by a simulation approach to construct certain
scenarios. Figure 5 illustrates the customers’ distance to the nearest DC while Figures 6–8 illustrates a
single run of a Monte Carlo simulation for a given parameterization and five DCs. These results are
based on individual purchasing choices that are determined by income, number of people living in
a household, and whether a consumer owns a car or not. Accordingly, the mode of transportation
(bike, car or walk) is also determined by these factors.

Evaluation of growth strategies: Generally, the use of decision support systems for location
planning and vehicle routing allows for a more efficient and sustainable growth to achieve last-mile
and reverse logistics integration. In particular, Figure 5 illustrates that the median distance to the closest
DC can be reduced far below 2000 m if a sufficient infrastructure is in place. Nonetheless, the related
investments in additional DCs need to be economically justified when it comes to balancing the single
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sustainability dimensions. So far, the existing barriers such as the high competition in a specific region
rather frustrate sustainable growth strategies lead by LSPs. However, logistics-oriented retailing
companies such as Amazon are currently favoring power shifts in the supply chain. In addition,
white-label logistics solutions fostered by municipalities might also have a positive influence in
achieving the required infrastructure density.Logistics 2018, 2, 25  11 of 19 
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Evaluation of replication and mimicry strategies: While the emphasis was put on the essential
network elements of facilities and transportation modes to evaluate more green and sustainable
network designs, relevant insights with regard to promoting alternative transportation modes in
walking or biking distance could be derived. Assuming a threshold of 2000 m as biking distance, for
instance, 20 DCs guarantee the maximum total length of short trips in the region of Linz (see Figure 4).
Accordingly, the inclusion of private persons to conduct logistics activities is possible and promising
for a future sharing economy and circular economy businesses to further leverage LSP’s sustainability
potentials. However, the required logistical infrastructure is a necessary prerequisite for replication
and mimicry strategies and, therefore, their realization continues growth and mergence strategies.

Evaluation of mergence strategies: To achieve a high coverage also in peri-urban areas, such as
the Linz region, existing opportunities should be activated through a shared use of infrastructure,
e.g., through collaborating with other retail stores or restaurants. In order to realize a higher
sustainability performance, warehousing infrastructure can be shared and combined more effectively
constructing a network of micro hubs and depots to also allow for alternative transport modes.
Accordingly, the evaluation of the derived transformation pathways confirms the qualitative, empirical
results and points to the growth and mergence strategies as the most promising in the near future.

6. Road Mapping to Include LSP Pathways for Sustainability

To allow for a structured discussion of potential transformation pathways for sustainability,
the existing 1PL to 5PL business model (arche-)types are incorporated into a transformation roadmap
(see Figure 9). In the following, the 1PL to 5PL classification scheme is discussed taking into account
current business developments and challenges, in particular the observed challenges coming from
e-commerce and multi-/omni-channel retailing. These business challenges have been changing in the
past from subcontracting (1PL) and globalization (2PL) towards e-commerce and omni-channel growth
(3PL to 5PL). Solutions for these challenges have also been strongly driven by transformations in the
past, starting from the planning of locations and vehicle routing (1PL) towards advanced ICT (2PL),
cross-docking (3PL), and advanced pooling (4PL to 5PL). Combining these challenges with possible
solutions allows for the inclusion of a new business model (arche)type to the 1PL to 5PL scheme,
the so-called Lead Sustainability Service Provider (6PL). The 6PL not only extends the existing 1PL to
5PL scheme, but also represents the target course of the transformation roadmap. As a developmental
option, 6PL was part of the ILoNa research designs that led to this paper’s underlying research
activities (see Acknowledgments).

Single Service Provider: With regard to multi-channel grocery retailing, 1PLs either run
distribution centers to store products or carry out transports between suppliers, distribution centers and
retail stores [45]. In addition, picking processes can be carried out as contract logistics services by 1PLs.
Within those conventional business models, transformation potentials lie not just in the application of
cleaner technologies but also in the inclusion of new (digital) technologies. However, subcontracting
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as practice to achieve a high regional coverage will remain such that 1PLs are an important part of
growth and mergence strategies of 4PL–5PL companies. Therefore, 4PL–5PL companies have to assure
social standards when outsourcing single logistics activities.

2nd Party Logistics Provider: With regard to online retailing, last-mile delivery services of
groceries are becoming more relevant for 2PLs in the near future, in particular for parcel service
providers. Due to nature of food products, requirements considering hygiene, perishability as well
as packaging and labeling [46] are also tackling service providers in the last mile. Hence, specific
packaging (isolated boxes) or transport processes (in different temperature zones) might have negative
impacts on the sustainability performance [47]. As 2PLs already coordinate limited parts of the supply
chain such as the last mile, advanced decision support systems are coming to the fore to decrease the
travel distance and increase the drop-off rate. In addition, 2PLs have the replication and mimicry
opportunities to include consumer in crowd logistics businesses. However, such business need, once
again, assure social standards as well as the necessary procedures to assure quality procedures.

3rd Party Logistics Provider: 3PLs are generally capable to run omni-channel distribution
channels and, therefore, can include mergence strategies such as multi-modal transportation. However,
decentralized organizations like cooperatives have more and higher hurdles when implementing
centralized online solutions and distrust logistics service providers when it comes to a safe handling
of food products [47]. This is why omni-channel retailers often deliver their products by themselves
rather than using a 3PL. Accordingly, 3PLs might have to include retailing activities in their business
portfolio in line with a sustainability growth strategy. Although new players in the market, such as
Amazon, are following such a strategy, established LSPs might fear to lose retail customers by pursuing
such a way.

4th Party Logistics Provider and Lead Logistics Provider: 4PLs and 5PLs have the opportunity
to realize more alternative business models through the concrete integration of consumer-centered
businesses such as circular and sharing economy solutions in their service portfolio to achieve further
positive sustainability effects. A prerequisite for such alterative businesses is that coordinated, and
logistically integrated supply chains are in place. Accordingly, growth and mergence strategies lie the
basis for a strategy development towards the development into a 6PL. Such a development allows
for new solutions that include advanced sustainability performance goals into conventional logistics
businesses as well as empower consumers for logistics prosumption activities [48].

Lead Sustainability Service Provider (6PL): Constructing a 6PL business (arche)type, a
consumer-choice-centered perspective is important to resolve existing barriers such as the willingness
to pay for logistics services or the realization of a higher social and societal performance. Hence, LSPs
need to include consumers directly into their business strategies and communicate related activities.
In this line, a closing of business cycles has to bridge the last mile as a crucial point to achieve supply
chain and reverse logistics integration. Possible practices in this direction are the sharing of existing
infrastructure and the building of alternative (transportation) systems such as the use of cargo bikes.
However, dependence on other supply chain members as well as fierce competition is still seen as a
major challenge for LSPs to implement such sustainable practices. Accordingly, LSPs would gain from
potential pathways that stress anti-competitive and performance enhancement purposes. In this line,
new (digital) technologies as well as consumer empowerment play an important role to also pursue
replication and mimicry strategies.
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7. Discussion of Societal Transitions and Related Logistics Strategies from a Business
Model Perspective

So far, competition within the logistics industry is preventing a transformation in direction
to a more sustainable supply chain configuration. Therefore, the existing logistics business model
(1PL to 3PL) hampers transitions by reinforcing the current system’s stability [49]. As these business
models are part of the current socio-technical regime and apply the dominant regime logic [49], LSPs
mainly adapt to environmental “stand-alone” practices in transportation and packaging and assure
the minimum social standards required by external stakeholders so far [50]. Accordingly, many
interviewees recognized that due to the role of LSPs as link between manufacturing, retailing, and
consumer, a strategic extension of the LSPs’ portfolio might conflict with the interests of other supply
chain members. However, the findings provide evidence that growth and mergence strategies allow
further sustainability improvements of the existing system, at least to a certain extend. Here, also 4PL
and 5PL companies have the opportunity to increase the sustainability performance by governing fast
parts of the supply. Nonetheless, there are currently just a limited number of 4PL and 5PL companies in
the market able to pursue such strategies. However, technological innovations provide the opportunity
to strengthen the position of 3PLs in the supply chain and, at the same time, grow in the direction of a
5PL with the required logistical infrastructure.

A second option for a transition of the existing system lies in the potential of LSP’s business models
to act as an intermediary between technological niche players and the socio-technical regime [49]. Here,
replication and mimicry strategies allow LSPs to implement sustainability-oriented business practices
from niche pioneers in their own business portfolio such as crowd logistics, sharing or circular economy
business practices. Currently, these business practices might not be profitable but allow for achieving
consumer-choice-centered logistical services. In particular, those businesses that incorporate the last
mile have the opportunity to implement a 6PL business model. In this line, alternative transportation
modes could weaken the pricing pressure on logistics services. However, the current findings indicate
that such a pathway is unlikely in the near future and rather provides the potential to continue future,
transformational processes since the required logistics network do not exist yet and current systems
thinking limits the sharing of existing logistics infrastructure.

Looking closer at sustainable business models for LSPs itself, the 1PL to 6PL classification
scheme does not fit the existing business model ontologies and archetypes. While authors have
started to consolidate the literature on sustainable business models by introducing sustainable
business model ontologies and archetypes in recent years [15], they neglected the nature of
LSPs as service provider for sustainable niche players and globally acting companies alike.
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For instance, Bocken et al. [18] distinguish between eight different sustainable business model
archetypes: (1) promoting maximization of material and energy efficiency; (2) creation of value from
waste; (3) substitution with renewable and natural processes; (4) delivery of functionality rather than
ownership; (5) adoption of a stewardship role; (6) encouraging sufficiency; (7) repurposing products
and services for society and environment; and (8) the development of scale-up solutions. In this
line, the 6PL business model can adopt all of these business model archetypes. Accordingly, future
research should foster transformative business model innovation approaches for certain business
model (arche-)types in other industries [51].

8. Conclusions and Outlook

Purpose of this explorative study was to provide a structured analysis of sustainability pathways
for logistics business transformation. In this line, the authors conducted a two-stage approach by
(a) knowledge production with expert interviews and (b) systematically evaluating the results with
the help of quantitative approaches. By doing so, the present study defines LSP’s retention strategies
to meet future societal and environmental requirements. In addition, the study contributes to theory
by constructing the Lead Sustainability Service Provider (6PL) business model (arche)type and its role
in societal transitions.

However, applying qualitative and quantitative research methods is not free of limitations that
can be addressed in future research activities. Therefore, future work can further address the people
dimension in logistics and supply chain management, for instance by testing the empirical results
with a survey. Moreover, the logistics industry comprises the primary focus of this study. Hence, the
findings are not generalizable for other industry contexts and, accordingly, provide opportunities for
future research.
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Appendix

1. Introduction

a. Introduction to the study, its aims and the researcher
b. Assurance of confidentiality and anonymity

2. Logistics and sustainability

a. What are the most important sustainability hot spots related to logistics services (incl. the
LM) from a social, ecological and economical perspective?

b. What are the main drivers for sustainable logistics services? Which trends support
sustainable logistics services?

c. What are the main barriers to sustainable logistics services? Which trends constrain
sustainable logistics services?
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3. Designing more sustainable SCs

a. What role do logistics service providers play in designing a more sustainable SC?
b. What role do other actors in the SC play?
c. How can Sharing and Circular Economy solutions contribute in designing a more

sustainable SC?

4. Sustainable logistics and sustainable consumption

a. Where/when do logistics service providers interact directly/indirectly with consumers?
b. How important are information technologies to bring logistics service providers and

consumers together?
c. Are there any initiatives to inform consumers about sustainable logistics services?
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