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Abstract

The access to goods and markets is of vital importance for consumers and manufacturers
alike. Particularly, access to food plays an important role in societal welfare. Yet, traditional
brick-and-mortar retail stores have a limited capability to facilitate access due to space and
location restrictions. While in recent years a number of alternative distribution channels
have emerged, further research is required to understand when, how, and if these channels
should be used. This dissertation explores this gap by examining emerging distribution
channels that address issues related to the lack of access from a consumer perspective
and the perspective of micro, small, and medium enterprises (MSME). In particular, the
dissertation focuses on the exploration of two emerging retail distribution concepts: crowd
logistics (CL) and mobile retail. This work contributes to academic literature in these areas
by exploring them in the context of product diffusion and market access. In addition, the
work highlights the need for a holistic perspective when considering emerging distribution
concepts through the portrayal of underlying complexities and dynamics using CL as an
example. To this end, the dissertation presents three scienti ¢ articles, two focusing on
CL and one on mobile retail. Using agent-based and discrete-event simulation as well
as machine learning, model-driven decision support systems (DSS) are developed and
used to conduct scenario analyses. In addition, a novel methodological framework (the
“scoping systems thinking review') for the analysis and exposition of system elements
and connections is developed. The analysis of the different scenarios indicates that the
geospatial setting is an important aspect when considering the sustainability of different
distribution concepts. For example, the analysis of different CL scenarios indicates that
rural areas can potentially gain more market access (due to the lower retail density)
through CL but also require more extensive operations than urban areas, where relatively
small systems can improve retail access. Considering mobile retail, particularly the
variance in attractiveness between different stores can leverage its potential to improve
a product's market penetration, i.e., the share of customers that adopt the product. The
scoping systems thinking review for CL further illustrates that CL delivery systems can be
considered complex and dynamic systems. Overall, the dissertation illustrates that model-
driven DSS can play an important role in better understanding alternative retail distribution
concepts. The results and discussions presented in this thesis contribute valuable insights
for future works on alternative retail distribution concepts, highlighting exciting and relevant
research opportunities in areas such as operations research, operations management, and

supply chain management.



Part 2

Framework paper

1 Introduction

This introductory chapter lays out the foundation of the cumulative dissertation. The framework paper illustrates
the background and motivation for this work, describes the underlying problem, and clari es how the thesis
contributes to solving the problem. In addition, the chapter outlines related streams of literature and the employed

methodology and summarizes the three manuscripts that the dissertation comprises.

1.1 Motivation

The importance of micro, small, and medium enterprises (MSME) for the transition towards more sustainable
food systems is widely acknowledged. After all, MSMEs play a crucial part in global food production (FAO,
2024a). Furthermore, MSMEs can be drivers of sustainability (Coke-Hamilton, 2023), e.g., through sustainable
food innovations, such as innovations in cellular agriculture (Stephens et al., 2018, |2019). Related innovations
can range from incremental changes, e.g., locally or organically sourced derivatives, to radical innovation, such
as liquid foods. It must be noted, though, that the impact of MSMEs can vary between emerging and advanced
economies, often showing larger productivity gaps in emerging ones (Madgavkar et al.,|2024)). To facilitate growth
for MSMEs and, subsequently, the innovative power behind them, market access is essential.

Yet, MSMEs can be limited in their customer reach and access to markets. While local produce can be more
attractive to customers (Winterstein and Habisch, 2021), retail may only offer a limited amount of locally sourced
products on their shelves. In the physical space, retail store shelf space is limited, and listing well-established
brands and products entails lower risks for the retailer. Uncertainty and perishability are major themes driving
decision-making in retail operations (Mou et al.,[2018). Particularly in the food industry, where demand uncertainty
and product perishability can play a crucial role in inventory management, this can lead to tensions and trade-
offs regarding sustainability (Riesenegger and Hibner, 2022). In contrast, in an online retailing setting, products
can lack visibility due to potential choice overload caused by virtually in nite shelf space (Long et al.,| 2025;
Sethuraman et al., 2022; |Turri and Watson, |2023). Additionally, in online retailing, certain areas can be faced with
inequalities regarding service, i.e., remote areas are charged higher delivery fees or not serviced at all (Newing

et al.,|2022), limiting its suitability for distributing local produce.



Similarly, logistics operations in these local supply chains may be costly due to lack of scale and challenging
because of the geospatial customer dispersion (Mittal et al., 2004; |Lorentz et al.,|2012), i.e., there are fewer large
population centers, and the population is more scattered. While in metropolitan areas, business phenomena
such as quick commerce (Buldeo Rail et al., 2023), i.e., retail deliveries within minutes, present many citizens
with ample opportunity to satisfy their food needs, people can be left behind in rural areas and smaller cities.
High spatial dispersion, low population densities, and infrastructural weaknesses can contribute to the lack of
attractiveness for retailers and traditional logistics service providers (LSPs) to consider these areas (Newing
et al.,[2022). Recent events, such as the COVID-19 pandemic, illustrate the prevailing lack of equitable access to
retail services, particularly regarding vulnerable population groups (Altuntas Vural et al., [2024). In this way, the
quality of life for people with limited mobility, such as elderly or deprived people, can be limited based on the lack
of access to suitable retail options (Edwards et al., [2018; |Glickman et al., 2021; Kharel et al., [2024; [Kirkup et al.,
2004).

Additionally, while there is a growing number of innovations related to retail accessibility, many of them are
neither widespread nor well-tested (Ratchford et al., 2023). Thus, it remains unclear how alternative distribution
concepts can contribute to solving the underlying challenges with accessibility. Consequently, decision- and
policymakers may struggle with deciding how and what initiatives to support. This is exempli ed by the variety
of alternative distribution concepts that have gained attention in recent years. Examples include drone delivery
systems (Chen et al.} [2021; |Perera et al., [2020), mobile parcel lockers (Kotschau et al., 2023} |Peppel et al., 2024;
Schwerdfeger and Boysen, 2020), autonomous/unstaffed stores (Ahmed et al., [2023; |Benoit et al., [2024), mobile
stores (Cao and QI 2023; |Wishon and Villalobos, |2016a), and crowd logistics (Glaser et al.| [2021; |Mittal et al.,
2021).

This work focuses on two of the above-mentioned concepts, namely mobile stores and crowd-logistics (CL).
CL entails the utilization of private unused logistics capacities (Carbone et al., |2017), and mobile retail involves
using mobile stores, i.e., stores that can switch locations, either by themselves (vehicle) or through external
means (trailer). Examples for mobile retail can be found at farmers' markets, in the form of peddlers and next to
stationary retail stores, selling complimentary goods. While research indicates that these two concepts may hold
great potential for a sustainable distribution of goods (Ballare and Lin, [2020; Hsiao et al., 2019), more research
is needed to equip decision-makers and policymakers with adequate tools to consider how, when, and if they
should support their usage (Kasprzak et al., [2022; [Li et al., [2019; |Pourrahmani and Jaller, [2021; Wishon and
Villalobos) [20164a).

To address this gap, the work at hand develops and utilizes model-driven decision-support systems (DSS)
for evaluating the use of CL and mobile stores, particularly emphasizing their use to increase market reach and
facilitate product diffusion. To this end, the work employs simulation modeling and machine learning to explore
how existing market structures in the physical space (stores and marketplaces) compare to deliveries with CL
and on-site shopping at mobile stores in different scenarios. DSS build on computer technology to investigate
different scenarios (Power and Shardal [2007), which can help to explore and test diverse settings that otherwise
would be infeasible in a real-world exploration due to time, cost, or moral constraints. This dissertation develops
and uses model-driven DSS to conduct scenario analyses for CL and mobile retail. In addition, taking CL as

an example, the work builds on conceptual modeling to further illustrate how decision-makers and policymakers



must also consider underlying dynamic complexities to foster sustainable operations (in the sense of the triple
bottom line, i.e., considering the economic, ecological, and social dimensions) of such alternative distribution
channels. Consequently, this work focuses on providing decision support to reduce the uncertainties associated
with these concepts, not only regarding their potential to strengthen MSMEs and reduce disparity in access but

also related to how underlying dynamic aspects can shape and impact sustainability.

1.2 Aims of the dissertation

This dissertation aims to explore and facilitate decision-support that can address issues related to the lack of
access from a consumer and MSME perspective, focusing on alternative retail distribution concepts. From the
consumer perspective, retail access, particularly to food, is an important aspect of the quality of life for the
local population. Limited product choice, reduced access to nutritious and healthy products, as well as long travel
distances or travel time to stores, can severely impact consumers (Coveney and O'Dwyer} |2009; (Giles-Corti et al.,
2016; |Pitt et al., 2017; |Schwartz et al., [2019). Particularly vulnerable population groups can strongly depend on
local retail infrastructure, e.g., due to a lack of mobility or digital literacy. From an MSME perspective, power
asymmetries between MSMEs and retailers, as well as larger competitors, can constitute signi cant barriers to
their business activities (Clapp, |2021; Herzberg et al.,|2022; |[Hingley, |2005; [Hirsch et al.,|2021). At the same time,
operating their own distribution channels can be costly and less effective as retail chains not only offer a larger
customer base but also synergies for product sales, such as cross-selling effects with other products. Additional
factors, such as limited LSP service options, can impose additional challenges (Kump and Fikar, 2021; Paciarotti
and Torregiani, 2021). From these two perspectives, “traditional' retail distribution concepts, including brick-and-
mortar stores and deliveries through LSPs, may offer insuf cient support to address respective challenges with
access to goods and markets. Hence, the thesis addresses two pressing socio-economic matters: (1) How can
alternative distribution concepts improve access to food on the retail level, and (2) how can they contribute to
better connecting local MSMEs with customers?

In particular, the work focuses on how innovative distribution concepts such as mobile stores and crowd
logistics (CL) can contribute to alleviating a lack of access. The dissertation addresses how important access is
to the development of MSMEs in terms of the diffusion of new products and market reach and whether mobile
stores can alleviate a lack thereof. Furthermore, it explores whether CL could serve as a substitute for LSPs and
traditional retail operations. The importance of viewing supply chains in light of the underlying dynamic properties
has been highlighted in academic literature (Gammelgaard, 2023; \Wieland, |2021). Therefore, focusing on CL as
an example, the dissertation also illustrates how underlying dynamic properties can severely in uence how these
new distribution concepts can affect sustainability. Overall, the aim of this work is to contribute to the discussion
on whether, how, when, and to what extent alternative distribution concepts can improve retail access from a

socio-economic perspective.



2 Background and related work

The following section provides background and connects related streams of literature relevant to the aims of
this dissertation. Speci cally, (i) it highlights the importance of distribution processes for the sustainability of
food systems, (ii) portrays the relevance of models for DSS, (iii) illustrates the importance of decision support
for emerging distribution concepts, and (iv) elucidates the status quo of scienti c literature pertaining to CL and
mobile retail. The section concludes by synthesizing the different streams of literature, embedding this work

within its scienti ¢ context.

2.1 Background on the role of distribution in food systems in terms of sustainability

Several works have illustrated the importance of distribution processes in food systems for global sustainability.
For example, estimations on the environmental impact extrapolate that up to one-third of anthropogenic
greenhouse gas emissions stem from global food systems (Crippa et al., [2021; |Poore and Nemecek, |2018), with
distribution processes playing a major part in increasing greenhouse gas emissions (Li et al., 2022). Economically
speaking, the value of the global food market is projected to be around 9.1 trillion USD by 2024 (Oyedijo and
Akenroyel |2024), and from a societal perspective, global food chains not only employ over 1.23 billion people, but
also play a critical role in the quality of life, predominantly for vulnerable population groups who suffer from a lack
of food security (i.e., a suf cient access to nutritious and healthy foods) (FAO,[2024b). As the interface between
producers and consumers, retail distribution plays an important role in providing access to food. For example,
in the agri-food industry, alternative distribution channels, including direct sales, play a crucial role in reaching
customers (Paciarotti and Torregiani, 2021).

To successfully establish sustainable and equitable distribution channels, retailers must face a nhumber of
challenges and market barriers involving different stakeholders, including logistics service providers and the
customers (Sallnas and Bjorklund, [2023). To ensure the success of new sustainable logistics solutions for
retail distribution, decision-makers need to develop a holistic understanding of underlying mechanics' dynamics
(Altuntas Vural and Aktepe, [2022). This requires further research and the development of DSS that can assist
in making informed decisions. Amongst others, this includes facilitating a better understanding of how emerging
distribution concepts should be operated and what (unanticipated) side-effects may result from their use (Altuntag

Vural and Aktepe, 2022; Claro et al., 2018).

2.2 Models as the basis for decision support systems

As [Power and Shardal (2007) in their review of model-driven DSS highlight, DSS build on using simulation,
decision analysis, and optimization methods. They delineate model-driven DSS from computer support based on
their accessibility for non-specialists, and their purpose to be used repeatedly for one speci ¢ decision situation.
They further argue that model-driven DSS should contain easy-to-understand models of a decision problem to
facilitate their usefulness to decision-makers. In a review of DSS for sustainable logistics, (Qaiser et al.| (2017)
highlight that DSS for logistics processes, particularly related to social aspects of sustainability, offer room for

further exploration. As a special form of DSS, spatial DSS combine spatial data and models, such as geographic



information systems (GIS), with decision models to evaluate scenarios with spatial properties (Keenan and
Jankowski, [2019; |Pick et al., 2017). [Keenan and Jankowski| (2019), reviewing the development of the eld of
spatial DSS over three decades starting in the mid-eighties, note that spatial DSS are less recognized by the
DSS research community. The work at hand integrates spatial components in two of the three manuscripts
presented, thus facilitating further discussions on the integration of spatial components in DSS.

For the simulation of complex systems, agent-based simulation modeling (ABS), discrete-event simulation
modeling (DES), and system dynamics (SD) modeling are frequently used modeling techniques (dos Santos
et al.,[2022; Greasley and Owen,[2018; Macal,|2016; Robinson, [2005; 'Shepherd,2014). Looking at a combination
of at least two of the abovementioned modeling techniques, so-called hybrid simulation, the review by Brailsford
et al.| (2019) showcases that these modeling techniques are often used in research to experiment with different
solutions for decision problems. For example, a review by [Kiesling et al.|(2012) shows that ABS is frequently and
successfully used for the simulation of product diffusion. The review by |Greasley and Owen| (2018) shows that
several works have used DES to model human behavior. While the authors note that using DES to model human
behavior can be challenging due to data collection and validation, they conclude that it is a feasible approach to
obtain more accurate model results. Regarding SD, [Forrester|(1994) points out that the rst step in the modeling
process, the description of the system can be greatly enhanced through the use of systems thinking. These
techniques can be particularly useful to increase the accessibility of DSS for non-experts, as called for by [Power
and Shardal (2007).

In addition to the capability to emulate complex environments, computer-aided simulation offers the advantage
that it can be combined with business analytics tools, such as machine learning techniques (ML). Integrating ML
can enhance simulation by providing additional options for analysis and modeling. For example, simulation can
be used to generate data that then can be analyzed through ML. Similarly, ML models can be used to control
elements within a simulation, such as agent behavior. Works such as |[Shashaani and Vahdat (2023)), |Sobottka
et al.|(2019) and Wang et al.| (2022) highlight that ML can be combined with simulation to either train or improve
ML models or to create surrogate models that reduce the amount of time required for simulations. Consequently,
model-based DSS can incorporate a variety of different techniques to help decision-makers make more informed

choices.

2.3 The need for decision support for innovations in physical retail distribution

Various researchers have illustrated the importance of decision support for innovation in (physical) retail
distribution. Breugelmans et al.| (2023) use a multi-method approach, combining the analysis of secondary data
with insights from interviews to illustrate that a better understanding of internal and external factors is important
to facilitate decision-making and successful implementations of new ways (for example, new retail formats) to
serve customers in the physical space. They highlight elucidating conditions affecting retailers' success as a
critical inquiry for future research. Similarly, Guissoni et al.[ (2021) show that a better understanding of how
different distribution channels can vary in ef ciency in diverse contexts is necessary to evaluate retail channel
con gurations by employing an econometric model. Sorescu et al. |(2011), using a narrative review, point out

that further research is needed to better understand new retail business models. They highlight that particularly



retail format, activities, and governance are key to helping retailers think strategically, thereby demonstrating the
importance of DSS. |Reinartz et al.| (2011), in a review of literature and business cases, draw attention to the
fact that, particularly in established markets, a retailer's access to data does not indicate that these data can be
leveraged as the transition to actionable insights can be challenging. Furthermore, works such as |[Melkonyan
et al.| (2020), who combine SD with multi-criteria decision analysis, showcase how decision support can help to

better understand the sustainability potential of different distribution concepts in local food networks.

2.4 Status quo of crowd logistics and mobile retalil

Research on CL has steadily grown over the past decade (Alnaggar et al., [2021} |Glaser et al., 2021} |Sina Mohri
et al., |2023). Explored areas include optimization and network planning (Archetti et al., [2016; He et al., |2020;
Kzl and Y Id z| 2023 Voigt and Kuhn| 2022 |Y Id z, 2021), pricing mechanisms (Ermagun and Stathopoulos,
2018; |[Rechavi and Toch, 2022; Wu and Chengl [2022), user behavior (Buldeo Rai et al., |2021} |Le and Ukkusuri,
2019; INguyen et al.,|2023b,a; |Punel and Stathopoulos, 2017; \Wicaksono et al.,|2022), business models (Buldeo
Rai et al., 2018; Devari et al., [2017; Ka e et al., 2017;| Mittal et al., 2021), and case studies (Li et al.,| 2019;
Paloheimo et al., [2016)). However, no previous work has considered how different levels of participation affect
delivery performance. Moreover, calls for a more holistic, systemic view and awareness (Castillo et al., [2022;
Samad et al., [2023) of CL and a better understanding of environmental and social trade-offs (Li et al., |2019;
Pourrahmani and Jaller, 2021; Qi et al.,|2018; |Wang and Yuen, 2023) remain largely unanswered, as most works
primarily focus on the economic perspective.

At the same time, research on mobile retail is limited in its research focus. Recent efforts (Dulin et al., [2022;
Ellsworth et al., [2015; [Horning et al., [2021} |[Hsiao et al., 2018} 2019; |Kasprzak et al., [2022; |Leone et al., [2017,
2019; |Lyerly et al., |2020; Vermont et al., [2022; Weissman et al., |2020; Widener et al., |2012) have primarily
concentrated on the question of whether mobile retail in the form of so-called mobile produce markets can serve
as an effective food desert intervention. Only few works (Cao and Qi 2023; |Robinson et al., [2016; Wishon and
Villalobos| 2016b,c) have considered the topic from an operational perspective. |Cao and Qi| (2023) use spatial
gueueing systems to model on-demand mobile stores. Their study highlights the potential of mobile retail to
improve service quality through location exibility. The authors further point out that operations in mobile retail
require further exploration. |Robinson et al.| (2016) use a case study approach, including eld observations,
analyzing the operations of two mobile stores in Syracuse, United States. While they observe that mobile
stores can alleviate issues with access, they note that operational, political, and economic barriers may limit
their potential. The authors also highlight that future work needs to address questions regarding the scope and
purpose of the operations of mobile stores. Wishon and Villalobos|(2016c) study a knapsack problem to optimize
assortment decisions for mobile stores, which they solve using a genetic algorithm. Their examination of a sample
case in Phoenix, United States, illustrates that operations research can signi cantly contribute to improving the
operational ef ciency of mobile stores. This is further substantiated by follow-up work (Wishon and Villalobos,

2016b), in which they further examine a knapsack problem and a vehicle routing problem.



While the studies on mobile stores as a food intervention indicate a t for the distribution of established
products (primarily fruits and vegetables), previous works have not yet explored the potential of mobile retail to

contribute to the distribution of new and innovative foods.

2.5 Synthesis

As demonstrated through the review of related work, despite a growing interest in alternative distribution concepts,
further research is needed to understand their role in providing sustainable and equitable (food) retail access. This
includes examining their necessary scope, their suitability compared to other retail formats, and their societal and
environmental impacts.

Particularly research on market access and product diffusion requires further attention. Research on mobile
retailing is still emerging, primarily focusing on the potential to improve access to fresh food. However, its potential
for facilitating the diffusion of new products has yet to be explored. Regarding CL, many works explore how
networks and matching algorithms can be optimized. However, the impact of varying participation levels on retail
coverage has yet to be examined. Additionally, while previous work acknowledges the complexity of CL delivery
systems, their interrelated subsystems have not been analyzed holistically.

Addressing these gaps is critical to providing adequate decision support for managerial decision-makers and
policymakers, thereby helping them to better understand whether, how, and when these distribution concepts
can be bene cial. Furthermore, exploring these gaps can clarify key questions for future research, guiding efforts
to assess the role of CL and mobile retailing in the transition toward sustainable and equitable food distribution
systems. This includes re ning questions about when CL and mobile retailing can provide promising performance

and in what scenarios other retail formats are preferable.

3 Contributions

As laid out in the previous sections, retail access can be a cornerstone for determining the quality of life for
the local population and the survival of MSMEs. Both market access and product diffusion play an important
part in this matter. As further illustrated, several emerging distribution concepts may alleviate prevailing issues
with distribution processes in the physical space. The underlying problem concerning decision-makers and
policymakers is that too little is known about how these emerging distribution concepts can affect social,
economic, and environmental sustainability. This thesis contributes to addressing this gap by examining two
innovative distribution concepts using conceptual and simulation modeling.

Focusing on CL and mobile retail as examples, the problem at hand is understanding to what extent they
could contribute to expanding market reach or facilitating product diffusion. Although CL has received growing
attention within the scienti c community, no research has yet considered how participation levels may in uence
its potential to address access to food. This is of particular importance as decision support in this matter could
help in deciding on the required scope of operations. Consequently, the rst study addresses this gap. Regarding
mobile stores, the third study presented in this thesis is the rst to consider how they could in uence the product

diffusion process. With store mobility as the core feature of mobile retail, these stores offer the possibility to



exibly extend local shelf space, which otherwise may be unavailable in the physical space. From the perspective
of long-term impact, it also remains unclear how these concepts need to be implemented to avoid negative
externalities. This thesis alleviates this uncertainty by proposing a new methodology to illustrate and explore
the underlying dynamic properties. Using CL as an example, the second study proposes the combination of
a scoping literature review and systems thinking to identify key feedback loops that decide how a concept can

contribute to sustainable development.

3.1 Overview over the thesis contents

This cumulative thesis comprises three manuscripts in a journal article format. Table [2.1]gives an overview of the
works contained within this thesis. In all cases, the doctoral candidate is the rst and corresponding author. The
doctoral candidate was responsible for the conceptualization, writing of the manuscript, revision, visualization,
methodology development, software development, and analysis. The three articles are presented sequentially,
as illustrated in Table The underlying research objectives, related research questions, and the employed

method are summarized in Table 2.2

Table 2.1: Scienti ¢ publications that constitute the body of this thesis

Nr.  Title / Status Authors Role In

@ Investigating crowd logistics Florian Cramer First and International Journal
platform operations for local food & Christian Fikar  corresponding  of Retail & Distribution
distribution author Management*

Published (DOI: IJRDM-10-2022-0400)

@ Modeling sustainable operations in Florian Cramer First and Sustainability
crowd logistics delivery networks: & Christian Fikar  corresponding  Analytics and
A scoping systems thinking review author Modeling**

Published (DOI: 10.1016/j .samod.2025.100039)

@ Rethinking accessibility: Catalyzing Florian Cramer First and TBD
early-stage diffusion of grocery & Christian Fikar  corresponding
innovations using mobile pop-up author
stores

Working paper

* SCIMAGO Business and International Management Q1, H-Index: 101, 5-year Impact Factor: 5.5, CiteScore (2023): 8.6,
VHB-JOURQUAL4 Ranking: C, AJG (2024) Ranking: 2

** The rst volume of the journal was published in 2021. Thus, most metrics are not yet available at the time of writing.
The journal is published in collaboration with the International Federation of Operational Research Societies (IFORS).

VHB-JOURQUAL4 Ranking: B

From a methodological standpoint, the three papers focus on model-based approaches, such as simulation

modeling and conceptual modeling. This is re ected through the use of ABS, DES, ML, and the development



Table 2.2: Overview of objectives, questions and methodologies for the research contained in this thesis

Paper

Research objective

Resulting

research question(s)

Employed method(s)

operations for local food distribution

@ Investigating crowd logistics platform

Evaluate the feasibility of
using crowd logistics (CL)
to expand the market reach
of MSMEs, considering
the trade-offs  between
food quality and vehicle
kilometers traveled in
the distribution process.
Determine how participation
levels impact local producers'

market reach.

How does the scope

of CL activities impact
market reach for local food
producers?

How does CL impact food
and

quality transport

distance for local food

distribution?

¢ Agent-based

simulation

* Discrete-event

simulation

crowd logistics delivery networks:

@ Modeling sustainable operations in

A scoping systems thinking review

Identify and analyze the
dynamic elements within CL
delivery systems, exploring
their interactions and impacts
on both the environment and
society. Additionally, it
highlights potential areas for

future research, particularly

What are the critical dynamic
elements within CL delivery
systems, how are they linked,
and how do the different

elements interact?

* Scoping systems
thinking review,

combining:
— Scoping literature
review

— Systems thinking

(Causal Loop

@ Rethinking accessibility:
Catalyzing early-stage diffusion of grocery

innovations using mobile pop-up stores

relating to the identied

underlying  causal loop Diagrams)
structures.

Examine whether mobile | How do store mobility,

retail solutions, such as | location selection, and » Agent-based

mobile pop-up stores, can
serve as viable alternatives
to traditional grocery

stores to stimulate -early-

stage product adoption
and diffusion. Explore
how different  customer
dispersion patterns and

product rejection shape the
product diffusion process in

light of product availability.

product rejection affect the
initial stages of the product

diffusion process?

simulation

¢ Machine learning




of causal loop diagrams (CLDs; for analytical modeling and as a precursor to SD). The focus on model-based
decision support was chosen due to the innate dynamic properties within food supply chains. Operations within
food supply chains are subject to uctuating customer demand and product loss and are highly competitive. Thus,
piloting and testing new business models can not only be costly and consume a signi cant amount of time but

they can also be associated with a signi cant level of uncertainty.

3.2 The potential of crowd logistics to increase access to local produce

The rst paper, 'Investigating crowd logistics platform operations for local food distribution’ (Cramer and
Fikar, 2023), explores CL regarding its suitability for the transport of food products, focusing on the potential to
increase the reach of local producers. Moreover, the study investigates how the level of participation, i.e., the
share of the local population that participates as occasional couriers (OC), can affect access to local produce.
While previous studies have considered determinants of the willingness to participate, to the best of the authors'

knowledge, no previous study has elaborated on how different participation levels affect CL's delivery capabilities.

Simualted
Region

o

Vv

Outlets Baskets

ICT Platform i ) )
Simulation Environment

Figure 2.1: Structure of the simulation environment of the developed decision support system, source: |[Cramer and Fikar

(2023)

To account for the underlying dynamics in consumer behavior, the study combines ABS with DES to facilitate
an understanding of how participant levels in uence CL potential in an urban and rural setting. Using farmers'
markets and farm shops as sources for the deliveries, the paper also investigates the impact on food quality
(using the keeping quality model by Tijskens and Polderdijk| (1996)) and changes in travel distance. Figures[2.1]
and [2.2] show the structure of the developed DSS used for the exploration. The simulation environment consists
of the simulated region, which comprises populated areas with individual inhabitants living in households as well
as retail outlets of local producers, such as farmers' markets and farm stores. The processes at outlets and the
information and communication technology (ICT) platform are governed through DES, whereas inhabitants and
households build on ABS.

For the investigation, two regions from Germany are used as sample cases to investigate rural (Upper
Franconia) and urban (Munich municipality) areas. Figure [2.3] portrays the developed scenarios for the analysis:
(a) a scenario without any CL activity; (b) a scenario where only shoppers at retail outlets may participate in CL
activities; and (c) a scenario where anyone may participate in CL activities, e.g., shoppers as well as people on

their way back from work.
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Figure 2.2: Modeled agent actions and ows for the developed decision support system, source: Cramer and Fikar (2023

The results highlight that CL holds signi cant potential to increase product access at the expense of minor food

quality losses. However, as illustrated in Figure 2.4} it also nds differences between rural and urban population
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Figure 2.4: The scope of operations has different effects on the share of population that can be served in rural and urban

scenarios, based on|Cramer and Fikar 42023P

12




scenarios. While using CL in the urban scenarios can add around ve percent in access, the rural scenarios can
reach up to 18 percent additional population. As the gure shows, urban scenarios reach the point of diminishing
returns quickly. Additionally, the difference between scenarios considering only shoppers and those that include
considering all inhabitants as a potential OC is relatively small in the urban setting. In contrast, the rural setting
exhibits a more pronounced difference between scenarios and a slower, more gradual decline in returns. While
the research indicates that CL holds a greater potential for increasing retail access in rural areas, in urban areas,
fewer participants are required. As such, the study provides important insights into the required scope of CL
delivery systems in different geospatial contexts.

The study also considers the effects of changing preferences for deliveries, preference for local produce,
and the impact of convenient store opening times. While varying the preference for local produce does shift
the scale of customers and participants, no other signi cant changes were observed. Testing the effects of
a difference in opening time convenience (24/7 availability versus real-world opening times of farm stores and
farmers' markets) indicates that the higher the temporal availability, the less the CL system depends on couriers
that are not shoppers. This is a highly relevant nding for policymakers when discussing legal frameworks that
determine opening times, as the study suggests that less restrictive opening times require fewer “extra’ couriers. It
is also an interesting nding for operators of smallholder retail outlets such as farm shops and farmers' markets, as
it suggests that providing more convenient opening times and including on-site shoppers could increase customer
reach, thereby informing decisions on additional distribution channels.

The analysis further implies that delivery preference plays an important role in the dimensioning of CL
systems. A counterintuitive nding of the study is that delivery preference can affect coverage positively at
high participation levels while having a negative impact on low ones. The negative impact of low participation
levels can be attributed to a lower number of customers that travel to the stores themselves, thus requiring more
delivery drivers to cater to the same number of customers. Interestingly, delivery preference also has different
effects on competition between OCs in an urban and rural setting. The higher geospatial spread in a rural setting
leads to higher competition amongst couriers when the preference for deliveries increases.

In conclusion, the paper highlights several important insights into the design, scope, and setting of CL
delivery systems for local food distribution. Amongst others, geospatial customer dispersion and existing retail
infrastructure play an important role in CLs viability and required scale. Moreover, the study shows that rebound
effects, such as competition between drivers, can have a major impact on the potential to facilitate access.
Furthermore, it shows that with increasing levels of participation, the negative externalities can also increase,
thereby highlighting the need to understand turning points in CL. This observation served as a primary motivator

for the second paper, which focuses on understanding CL from a holistic perspective.

3.3 Understanding crowd logistics from a systems perspective

Considering the identi ed potential in the rst paper, as well as the fact that CL initiatives are still relatively
scarce in practice, the second article, entitled 'Modeling Sustainable operations in crowd logistics delivery
networks: A scoping systems thinking review' (Cramer and Fikar, [2025a), provides a more holistic

understanding of CL delivery systems. To this end, the article develops a new methodological framework
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grounded in a scoping literature review and systems thinking. Using scienti c literature as the basis for identifying
core structures in CL, the article maps CL as a dynamic, wicked system. Figure [2.5] illustrates the iterative

approach to building a holistic understanding of CL delivery systems.

Literature selection Literature analysis Loop building System analysis

Identify

Identify missing /
missing / incomplete
incomplete loops
literature

Figure 2.5: The scoping systems thinking review methodological framework, based onCramer and Fikar 2025al)

The study builds on several calls for a more holistic and dynamic understanding of CL delivery systems
(Carbone et al [2017; [Castillo et al., [2022; [Frehe et al [2017; [Glaser et al. 2021 [Li et al [2019; [Pourrahmani|

land Jaller| [2021} Qi et all, [2018} [Samad et al., [2023} Ta et al.| [2023). Building on the procedure suggested

by [Thomé et al) (2016) for literature reviews in operations management, the paper selection for the literature

review followed a six-step process: First, potential papers were identi ed based on a de ned search string and

inclusion and exclusion criteria. The initial results were screened through a check of keywords and titles, followed
by a cursory reading of abstracts. The remaining articles were used for a forward and backward search, adding
relevant citing and cited works to the selection. After that, articles were selected based on a full reading of the
articles. At a later stage, the selection was updated to accommodate missing papers addressing gaps identi ed
through the loop modeling process and system analysis. Through coding of the literature, relevant concepts and
structures for the modeling process were identi ed.

In total, 63 causal relations were identi ed within the CL literature, and 23 additional causal links were
substantiated in the wider context of the sharing economy literature. The resulting loop structures comprise a total
of eight reinforcing loop structures (marked with an “R"), i.e., loops that facilitate same-direction reactions (e.g.,
an increase follows an increase, a decrease follows a decrease), and 18 balancing loop structures (marked with a
“B"), i.e., opposite-direction reactions (e.g., a decrease is followed by an increase). Within these structures, three
major sides were identi ed: The customers' side, the couriers' side, and the platforms' side. Figure ortrays
all identi ed loop structures, highlighting how CL delivery systems can be understood as wicked systems, i.e.,
as complex and dynamic systems involving unintended side effects, diverging goals, and interconnected sub-
systems. The gure illustrates how the three major sides involved in CL delivery systems, the customers, the
couriers, and the platform, interact and in uence each other.

The analysis of the loop structures shows that operating sustainable CL delivery systems is not a trivial task.
Amongst others, the paper highlights the need and dif culty of integrating traditional logistics service providers
with CL. It further outlines that user pools, i.e., customers and couriers, are a limiting factor for system growth. For

example, the analysis highlights that user pools may be susceptible to depletion. Consequently, user retention
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Figure 2.6: Causal loop diagram of crowd logistics delivery systems, source: |Cramer and Fikar 2025a|)

plays a major role in achieving sustainable CL delivery systems. The analysis indicates that commonly used

incentivization strategies, such as surge pricing and tipping, could cause such a development if they are not

implemented with care.

The study also emphasizes the potential impacts of CL systems from a societal perspective. While CL could

lead to better resource use by increasing the load factors for private vehicles, incentivizing its use in the form

of dedicated trips, i.e., not as detours to existing trips but rather as extra trips, may lead to rebound effects and

increase traf c load. Furthermore, incentivizing dedicated trips can lead to creating full-time instead of occasional

drivers. Considering that these couriers operate on a freelance basis, they may face several disadvantages, such

as a lack of union options, lack of insurance, and income uctuations.

The results highlight that alternative distribution concepts, such as CL, must be viewed from a holistic

perspective to achieve sustainable operations. The proposed methodological framework, the scoping
systems thinking review, can help build an initial understanding of underlying system structures and dynamic
dependencies. The identi ed dynamic structures and identi ed opportunities for future research can serve as
stepping stones for further exploration of CL. Relatedly, Table provides an overview of several research
guestions emanating from the work. Three particularly promising areas for future work comprise explorations on
how operations can and should be scaled, discussions on how ef ciency and effectiveness can be balanced, e.g.,

how optimization efforts impact societal and environmental developments, and analyses focusing on contextual
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elements, i.e., how cultural idiosyncrasies and area of application affect the sustainability of CL delivery systems.
Additionally, the developed causal loop diagrams can provide valuable decision support, helping decision-
makers and policymakers to understand better how their choices may in uence, evolve, or counteract intended

sustainability goals.

Table 2.3: Examples for future research opportunities concerning crowd logistics delivery systems, based on |Cramer and

Fikar| (2025al)
Topic Possible research questions
Operations How can customers be motivated to use CL?
scaling

How can customer participation be leveraged to facilitate the growth of the courier base and

vice versa?
How can a lack in customer base be compensated?
Do ridesharing and crowd logistics platforms compete over the same user pools?

What are the long-term effects of monetary control mechanisms on operations stability and

growth?

What capabilities contribute the most to maintaining momentum in CL initiatives?

Optimization vs.  What are the long-term effects of monetary control mechanisms on CL's sustainability potential?

Effectiveness
What dynamic differences issue the greatest challenge for an extension of LSPs through the
integration of CL?
How can a "healthy' share of dedicated trips for a speci ¢ CL initiative be determined?
To what extent does current practice create social disparity and segregation?
How do remuneration control mechanisms affect the couriers' quality of life?
Is the customers' or the couriers' side more strongly affected by adverse social impacts caused
by CL?
What are the infrastructural prerequisites to facilitate the sustainable use of CL for deliveries?
What are the interdependencies between sustainable use of CL and societal developments?
Contextuality What potential does crowd logistics hold during public emergencies?

How do societal challenges, such as an aging population and a decreasing number of people

with driver's licenses, affect CL?

How does cultural context impact CL sustainability potential?
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3.4 The potential of mobile retail to facilitate product diffusion

The third article, 'Rethinking accessibility: Catalyzing early-stage diffusion of grocery innovations using

mobile retail solutions'  (Cramer and Fikar, |2025b), explores mobile retail with respect to its potential to assist in
early product diffusion. The study compares the achieved market penetration, i.e., the share of the population that
adopted the product, and total sales in varying scenarios. Speci cally, mobile stores are compared to selecting
promising stores for listing new products and picking at random from existing retail locations. These two selection
scenarios for stationary stores were chosen to re ect a centralized and a decentralized planning approach: (1)
The selection by a central planning authority, e.g., a retailer, choosing the most promising stores rst, and (2) a
decentralized approach, in which each retailer can choose whether to list a product or not by themselves (which
was simulated through a random selection of store locations). In addition to varying the number of stores, the
work also explores mixing different stores and the effect of product rejection. For the exploration, ABS is used to

simulate customer adoption behavior and ML is used to identify promising locations.

Figure 2.7: Structure of the developed decision support system combining agent-based simulation and machine learning

for the location selection process, source: |Cramer and Fikar| (2025b))

Figure illustrates the methodological framework and structure of the DSS developed for the exploration.
The DSS uses ML (neural networks) to estimate location potential based on the sales history for each location.
For stationary stores, the location is set at the beginning of the simulation, whereas for mobile stores the potential
for each location is re-evaluated each period (with the restriction that stores cannot visit locations consecutively,
as this could lead to a stationary rather than a mobile store setting). ABS is used to model the product diffusion
process based on individual agent behavior, building on the ideas of the Bass| (1969) diffusion model, thereby
incorporating the effects of advertisement and word of mouth, as illustrated through Figure The gure
illustrates the product adoption process, which is divided into different phases: Starting with an unaware potential
customer, the customer learns of the new product either through advertisement or from his or her peers through
word-of-mouth. Once the customer is aware he or she looks for an option to buy and try the product. Once the

customer is able to buy the product, the product is evaluated. Either the product is adopted or rejected, i.e., the
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customer is either willing to use the product and to buy it again, or not. When a customer decides to adopt the
product, the product then is bought regularly. Thus, the effect of negative word-of-mouth is represented implicitly
through the customers who reject the product, thereby blocking communication paths in the social network. This
approach was chosen to minimize con icts with parameterization and complexity, ensuring a more robust and

interpretable model.
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the product product
product
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Figure 2.8: Each agent in the simulation has their own adoption process which can be triggered through advertisement or

word-of-mouth, source: |Cramer and Fikar, 42025bp

The study explores both real-world geographical settings and stylized geospatial con gurations to account for
potential issues with generalization. For the real-world sample case, the City of Hamburg, Germany, was chosen,
as it is frequently used as a test market and harbors a large number of food-related start-ups and MSMEs. For
the stylized setting, dispersion patterns by [Gehring and Homberger| (2001), [DIMACS| (2021)), and [Uchoa et al.|
were explored. Figure portrays the different dispersion patterns mapped to a 500 by 500 Cartesian

coordinate system. For the real-world case, the store locations of a major retail chain were used, whereas for the
stylized experiments, ten stores were located in space, using distance clustering, so that each covers ten percent
of the population. For the exploration, it was assumed that the mobile stores are located in the parking lots of
these store locations.

While the analysis shows that mobile stores cannot compete with selecting particularly promising stores in all
scenarios, it elucidates that there are settings where mobile stores are superior in terms of market penetration,
e.g., in areas with small clusters and a high store attractiveness heterogeneity. Figure [2.10] illustrates the
performance for the sample case. Considering that many retail stores struggle with shelf space limitations,
the results indicate that mobile stores can be an adequate solution for “incubating' new products, i.e., facilitating

early product diffusion before moving successful products onto the shelves of stationary stores.
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Figure 2.9: Geographical dispersion patterns considered in the evaluation of the potential of mobile retail in terms of market

penetration and total sales, based on|Cramer and Fikafl qZOZSbP

As illustrated, in a real-world setting, selecting promising stores can become impossible due to shelf space
limitations. Therefore, it is more likely that the performance of stationary stores would be closer to that of a
random selection procedure. The comparison between mobile stores and randomly selected stationary stores

showed higher market penetration for mobile stores for all explored settings. Moreover, mobile stores also showed
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Table 2.4: Development of market penetration (in %) subject to dispersion setting and store heterogeneity for the selection

of one single store, based on|Cramer and Fikar| (2025b)

No store attractiveness heterogeneity (cv=0)

Small clusters Large clusters Random dispersion Random clustering
week random  selected mobile random  selected  mobile random  selected mobile random  selected  mobile
1 0.30 0.33 0.31 0.30 0.32 0.35 0.29 0.37 0.34 0.28 0.32 0.32
2 0.92 0.92 0.92 0.89 1.03 1.03 0.93 1.02 1.02 0.90 0.98 0.97
3 1.89 1.95 1.94 1.90 2.13 2.15 1.90 2.09 2.05 1.86 2.07 2.04
4 3.34 3.40 3.38 3.28 3.72 3.64 3.27 3.65 3.64 3.27 3.62 3.57
5 5.07 5.17 5.23 5.02 5.70 5.57 5.06 5.49 5.50 5.02 5.53 5.52
6 7.21 7.29 7.33 7.10 8.07 7.91 7.16 7.69 7.81 7.07 7.77 7.72
7 9.65 9.75 9.71 9.44 10.70 10.56 9.62 10.26 10.30 9.56 10.33 10.35
8 12.29 12.44 12.36 12.15 13.61 13.47 12.20 13.18 13.19 12.17 13.32 13.16
9 15.18 15.40 15.19 14.99 16.85 16.72 15.08 16.35 16.33 14.96 16.38 16.30
10 18.2. 18.51 18.35 18.12 20.36 20.17 18.09 19.73 19.65 17.98 19.67 19.49
11 21.48 21.67 21.59 21.37 24.00 23.81 21.26 23.11 23.14 21.17 23.16 22.89
12 24.77 25.07 24.93 24.80 27.76 27.67 24.66 26.69 26.79 24,51 26.76 26.48
13 28.33 28.56 28.45 28.29 31.75 31.49 28.17 30.46 30.49 27.99 30.52 30.19

Low store attractiveness heterogeneity (cv=0.25)

Small clusters Large clusters Random dispersion Random clustering
week random  selected mobile random  selected  mobile random  selected mobile random  selected  mobile
1 0.28 0.32 0.31 0.30 0.30 0.38 0.29 0.34 0.31 0.33 0.33 0.33
2 0.85 0.94 0.92 0.89 0.98 1.07 0.89 1.00 0.93 0.89 0.98 1.02
3 1.80 1.98 1.90 1.84 2.03 2.16 1.90 2.05 1.96 1.94 2.12 2.12
4 3.27 3.42 3.30 3.26 3.64 3.68 3.24 3.53 3.46 3.36 3.69 3.61
5 4.97 5.21 5.10 5.09 5.54 5.74 5.03 5.43 5.29 511 5.55 5.56
6 7.07 7.36 7.29 7.18 7.89 8.05 7.06 7.65 7.45 7.18 7.72 7.77
7 9.39 9.69 9.74 9.56 10.59 10.86 9.35 10.11 9.98 9.52 10.22 10.18
8 11.98 12.33 12.33 12.17 13.53 13.72 11.98 12.86 12.75 12.00 13.06 13.03
9 14.76 15.11 15.20 15.06 16.70 17.04 14.79 15.86 15.76 14.87 16.08 16.14
10 17.64 18.19 18.28 18.10 20.15 20.48 17.76 19.08 18.98 17.90 19.34 19.38
11 20.78 21.27 21.56 21.24 23.80 24.02 20.87 22.47 22.42 21.18 22.67 22.79
12 24.03 24.53 24.96 24.68 27.57 27.71 24.18 26.05 26.01 24.52 26.17 26.38
13 27.40 27.88 28.44 28.18 31.43 31.59 27.69 29.66 29.73 27.92 29.77 30.08

Medium store attractiveness heterogeneity (cv=0.5)

Small clusters Large clusters Random dispersion Random clustering
week random selected mobile random selected mobile random selected mobile random selected mobile
1 0.29 0.30 0.33 0.26 0.36 0.34 0.28 0.32 0.30 0.28 0.32 0.33
2 0.79 0.92 0.95 0.89 1.02 0.99 0.84 0.95 0.94 0.87 0.99 0.97
3 1.74 1.94 1.95 1.82 2.15 2.10 1.85 2.00 1.99 1.82 2.07 1.98
4 3.09 3.41 3.42 3.13 3.66 3.66 3.20 3.36 3.50 3.21 3.61 3.49
5 4.79 5.22 5.26 4.85 5.52 5.58 4.94 5.23 5.36 4.83 5.53 5.37
6 6.80 7.34 7.46 6.82 7.77 7.79 6.93 7.34 7.50 6.84 7.64 7.54
7 9.05 9.49 9.84 9.11 10.26 10.40 9.15 9.79 10.03 9.05 10.10 10.09
8 11.44 12.07 12.45 11.63 13.00 13.17 11.57 12.45 12.89 11.43 12.73 12.76
9 14.10 14.97 15.31 14.37 15.94 16.31 14.31 15.31 15.79 14.12 15.70 15.76
10 16.88 17.87 18.41 17.26 19.13 19.61 17.11 18.33 19.03 16.94 18.74 18.96
11 19.87 20.90 21.62 20.27 22.49 23.11 20.09 21.47 22.36 19.84 22.04 22.36
12 22.83 24.07 25.08 23.47 26.02 26.65 23.20 24.80 25.78 22.79 25.43 25.83
13 25.93 27.30 28.47 26.73 29.58 30.34 26.31 28.24 29.29 25.97 28.83 29.45

High store attractiveness heterogeneity (cv=0.75)

Small clusters Large clusters Random dispersion Random clustering
week random selected mobile random selected mobile random selected mobile random selected mobile
1 0.28 0.30 0.31 0.32 0.32 0.35 0.31 0.30 0.30 0.30 0.29 0.30
2 0.89 0.90 0.91 0.91 0.97 0.99 0.86 0.95 0.96 0.89 0.95 0.94
3 1.79 1.89 1.93 1.91 2.05 2.05 1.81 1.96 2.02 1.84 2.00 2.01
4 3.15 3.32 3.39 3.21 3.48 3.57 3.13 3.39 3.49 3.18 3.48 3.42
5 4.80 5.08 5.21 4.89 5.29 5.46 4.81 5.09 5.42 4.81 5.28 5.29
6 6.67 7.04 7.31 6.84 7.42 7.71 6.64 7.11 7.56 6.60 7.21 7.48
7 8.74 9.27 9.75 8.93 9.78 10.32 8.71 9.37 10.00 8.60 9.47 9.97
8 11.01 11.65 12.30 11.25 12.34 13.14 11.02 11.82 12.70 10.83 11.91 12.61
9 13.43 14.20 15.07 13.66 15.10 16.11 13.45 14.45 15.57 13.18 14.53 15.58
10 15.94 16.84 18.03 16.16 17.87 19.32 15.99 17.23 18.54 15.73 17.21 18.71
11 18.59 19.63 21.18 18.90 20.85 22.70 18.61 20.02 21.89 18.42 19.95 21.91
12 21.23 22.49 24.39 21.56 23.83 26.25 21.33 22.96 25.23 21.15 2291 25.26
13 23.88 25.28 27.73 24.35 26.89 29.80 24.07 25.93 28.61 23.78 25.87 28.69
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higher repeat sales for almost all settings. Considering the difference in market penetration, particularly at low
to medium store numbers, mobile stores can also create a temporal offset, i.e., a head start in terms of product
diffusion, which can be measured in days that the selection of random stores needed to catch up to the same
level of market penetration.

The analysis of the extent of variations in store attractiveness further illustrates the potential of mobile stores
for product diffusion. With an increasing variation of store attractiveness between stores, mobile stores started
delivering higher market penetration than choosing selected stationary stores. As Table[2.4]highlights, particularly
dispersion patterns based on a clustered dispersion structure can lead to a better performance of mobile stores
in terms of market penetration. Starting at a medium heterogeneity in store attractiveness, mobile stores
outperform stationary ones in most cases for clustered customer dispersion settings. While the study shows
that an increasing heterogeneity in store attractiveness can impede market penetration, the analysis indicates
mobile stores can address this issue better than stationary stores, particularly in settings with high heterogeneity
and small clusters. Regarding repeat sales, the variations did not indicate any signi cant changes.

The study offers several important insights regarding the use of alternative distribution concepts for product
diffusion. For example, the study highlights the importance of the underlying geospatial customer and retail
dispersion structures. Therefore, when deciding when or to what extent to use alternative retail distribution
concepts, such as mobile retail, understanding the target area is crucial. While the study indicates that when
all stores are perceived as similar in attractiveness and customers live in metropolitan areas, i.e., mega-cluster
structures, mobile stores are less effective than selected stationary stores, the built environment of such areas
(densely populated urban areas) likely can impose barriers that mitigate the difference. For example, establishing
new stationary stores within urban areas can be expensive, and stores within city centers cannot easily extend
their size to accommodate more shelf space. In rural areas, on the other hand, customer structures are dispersed,
making the diffusion process more scattered. Mobile stores can address issues in both settings due to their high
location exibility. However, this exibility comes at the cost of repeat sales, as frequent relocations can drastically

limit a store's temporal availability.

4 Discussion

Research on CL and mobile stores varies in focus and progress when considering their potential as alternative
distribution concepts to improve (food) retail access. Therefore, this thesis contributes to different aspects
of the distribution process for either concept. Regarding mobile retail, the study (Cramer and Fikar, [2025b)
within this dissertation focuses on mobile retail's potential to serve as a platform to facilitate product diffusion.
Considering that mobile stores are a cost-ef cient and exible distribution concept that requires relatively little

long-term commitment, mobile stores could be interesting channel choices for MSMEs and retailers to expand
local networks. For example, local MSMEs could operate a mobile store collaboratively to enhance access to
locally sourced produce. Moreover, considering that in a real-world scenario, the selection of the most promising
stores is not always feasible or possible, the study indicates that mobile stores could be well suited to facilitate
early-stage product diffusion. It must be noted though that the study does not consider the effect of ephemerality

(increased attractiveness due to limited-time availability), which constitutes a major factor for the attractiveness of
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pop-up stores (Zogaj et al., |2019), or co-location (locating a retail store in the vicinity of another, thus increasing
the attractiveness of the area) (Chen et al., [2020; |[Nilsson and Smirnov, |2016)), which may leverage sales for both
the mobile store as well as adjacent retail stores. Therefore, considering the observations made in|Cramer and
Fikar (2025a) for CL, further research from a holistic perspective is required to better understand how mobile
stores can contribute to product diffusion in a sustainable manner.

While research on mobile stores has addressed their potential to facilitate access to (food) retail options, CL
lacks in this perspective. Previous research efforts in CL have given little consideration to essential questions
concerning the evaluation of CL for increasing accessibility to retail. The explorations of the required scope of
such systems in this thesis can serve as a stepping stone for future research efforts and the implementation of
CL in practice. For example, the analysis presented in|Cramer and Fikar|(2023), showcases that particularly rural
areas could bene t from the use of CL. Considering that rural areas, with their more dispersed customer and store
structures, are more challenging for people with limited mobility, investments in infrastructure and the integration
of LSPs with CL in these areas could prove to be bene cial for customers, MSMEs, retailers, and logistics
providers. This contrasts with current developments, as established CL initiatives primarily operate in urban
areas, where customers and OCs are less dispersed and available in greater numbers. The analysis in |Cramer
and Fikar| (2023) further highlights that acquiring desirable couriers, e.g., those that can cover unattractive routes,
is more important than simply growing the courier pool. This nding highlights an important point pertaining to
the potential of alternative distribution concepts: the impact of geospatial customer dispersion.

The analyses of the different CL (Cramer and Fikar, 2023) and mobile store (Cramer and Fikar, 2025b)
scenarios clearly highlight the importance of geospatial aspects for the choice and design of alternative
distribution concepts, thereby offering insights beyond their context, and aligning with previous research, such as
Rechavi and Toch| (2022) or |Yang et al.| (2024). For example, the potential of mobile stores to increase market
penetration correlates with customer dispersion and store heterogeneity. The results presented in|Cramer and
Fikar| (2025b) indicate that depending on the customer dispersion, either mobile or selected stationary stores
lead to the highest market penetration, whereas a random selection of stationary stores yields the lowest for
most scenarios. In addition, the experiments showed that with increasing heterogeneity in store attractiveness,
mobile stores show a strongly increased performance, particularly for clustered customer dispersion settings.
The comparison of CL scenarios (Cramer and Fikar, |[2023) further highlights the difference between urban and
rural scenarios. In an urban context, the potential of CL to increase access is limited due to the already high
level of retail accessibility; however, relatively small numbers of OCs can provide some improvement. In a rural
context, CL can boost access much higher while also needing a larger scope of operations. Therefore, the thesis
illustrates that geospatial context is key when contemplating alternative distribution concepts.

When considering the role of temporal availability, the results presented in (Cramer and Fikar, 2023) regarding
the effect of convenient opening times indicate that when opening times limitations are eliminated, building
on shoppers as OCs shows the same potential as including everyone as a potential courier. Several other
works, such as|Dayarian and Savelsbergh| (2020), |[Dayarian and Pazour| (2022)), and [de Maio et al.| (2024) have
also highlighted the potential of using shoppers as OCs. Given that CL can also happen on a small scale
between family members, friends, and neighbors, as examined by Devari et al.| (2017), investments in assisting

infrastructure (e.g., meeting places and parcel lockers) could also improve initiatives building on social capital.
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This is illustrated through CL activities during the COVID-19 pandemic, where neighbors, family, and friends
placed shopping bags containing food or medical supplies in front of infected people's doorsteps to ensure
their well-being. While taking along groceries for neighbors, friends, and family already takes place in practice,
coordinated efforts via public CL platforms could bene t local stakeholders.

Yet, taking into account the results from the analysis of CL on a systems level, it must be noted that alternative
distribution concepts, such as CL systems, may come with disadvantages and dif culties for local communities.
The identi ed potential fallacies and negative side effects (Cramer and Fikar, 2025a) clearly highlight that a
discussion beyond economic and customer service aspects is important when evaluating the sustainability of
alternative distribution concepts. For instance, the analyses indicate that user control mechanisms like surge
pricing and tipping could wear out the user pool in the long term and may lead to adaptive user behavior that
circumvents managerial efforts. They also illustrate that CL also has the potential to cause or exacerbate social
segregation on both the customers' as well as the couriers' sides. Several identi ed loop structures illustrate that
CL delivery systems involve a number of mechanisms that can cause rebound effects. For example, increasing
the number of OCs to facilitate fast deliveries may cause increased traf c, thereby increasing delivery delays.
Increasing the share of dedicated delivery trips may increase the number of available OCs but also lead to an
increase in resource consumption as drivers no longer take parcels along the way but instead drive dedicated
routes.

In line with previous works (Carbone et al., [2017; Devari et al., 2017; |Li et al., [2019; |IPourrahmani and Jaller,
2021; |Qi et al., |2018; Wang and Yuen, 2023), the paper (Cramer and Fikar, [2025a) highlights the importance of
understanding that CL delivery systems are wicked systems and thus require a holistic perspective, considering
not only economic but also environmental and societal aspects. Therefore, the scope and design of CL initiatives,
as well as the required integration with LSPs, need careful consideration. The presented CLDs can inform
fellow researchers for future research and modeling of CL delivery systems in this regard. While CL was used
as an example to illustrate the complexity of sustainably improving retail access, this complexity extends to
all distribution concepts. Therefore, this thesis highlights the need for holistic approaches when considering the
sustainability of distribution concepts. The introduced casual loop diagrams provide an easy-to-understand visual
decision support that can guide decision-makers- and policymakers in this process.

The results and analyses presented as part of this dissertation further illustrate several pathways for future
research. With research on mobile retail still in its infancy, the work shows that further research, particularly
from an operational perspective, is necessary. From an operations research perspective, further development of
optimization methods for routing, scheduling, inventory management, assortment and shelf space management,
and location choice is necessary. For example, in light of the presented ndings, further research is necessary to
determine when products should be moved from mobile shelves to stationary ones and vice versa. Furthermore,
given the many possibilities to choose store size and design, further research needs to investigate trade-offs
between store size and con guration and its ties to costs and emissions.

When moving to CL, the dissertation clearly highlights that future research efforts need to consider CL from
a holistic perspective. This includes further elaboration on how CL affects its users and the environment and
what managing strategies can increase its sustainability. Thus, one primary concern that needs to be addressed

to enable a transition to sustainable implementations is the trade-offs between optimization and effectiveness.
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Beyond this focus, further research should also address contextual challenges for CL, such as the impact of an
aging population or a decreasing number of driver's license holders. Future works can also investigate how the
adoption of CL can be facilitated and how competition affects the user pools in the long term.

On a more general level, the dissertation highlights the need for more holistic perspectives and DSS to
guide research, assist managers, and empower policymakers. While the thesis underscores the need for further
research, it also highlights the potential of alternative distribution concepts to improve sustainability, presenting

them as an exciting opportunity for scholars in operations and supply chain management.

5 Concluding remarks

The aim of this thesis is to contribute to a better understanding of how alternative retail distribution channels can
facilitate market (MSMESs) and product (customers) access. Focusing on CL and mobile retail, the dissertation
considers how CL can in uence market access and how mobile stores may shape the product diffusion process.
Additionally, the thesis contemplates the implications of integrating these two perspectives into a systems
perspective, thereby considering alternative distribution channels as dynamic and complex systems.

Through the development of model-driven DSS and the analysis of various scenarios, the thesis addresses
the required scope of CL delivery systems and the potential of mobile retail to facilitate product diffusion. The
analysis of the proposed scenarios indicates that both concepts can serve as viable alternatives to traditional
retail stores. It also shows, however, that a holistic understanding of distribution channels is necessary to better
understand unanticipated side effects, such as negative externalities. As the discussion in the previous section
highlights, different questions related to retail access (e.g., whether to facilitate product adoption or general
availability) can require different solutions. It also shows that spatiotemporal aspects can play a major role when
addressing these questions. Depending on the geographical and infrastructural setting, the respective scale
and scope of operations may vary signi cantly. This illustrates an important point: There are no one-size- ts-all
solutions when considering how to improve retail access for both the customers and the MSMEs. Individual
distribution channels may even work best when combined with other distribution channels into synergetic,
complementary systems. Needless to say, such hybrid systems also increase complexity, making understanding
how to manage them sustainably even harder.

Therefore, this thesis emphasizes that understanding retail distribution channels from a holistic perspective is
key to acting sustainably. It takes a step forward toward a better systemic understanding of alternative retail
distribution channels. Furthermore, this work is among the rst to examine CL from a holistic perspective,
illustrating how CL delivery systems can be viewed as wicked systems. The presented CLDs expose the
complexity of sustainably managing alternative distribution channels, such as CL. Thus, the thesis highlights
the need for holistic perspectives when considering how alternative distribution channels can address potential
issues with retail access. The methodological framework developed, the scoping systems thinking review,
offers an innovative and useful tool to examine dynamic dependencies and system relationships. While further
empirical research is needed to substantiate the results and insights presented in this thesis, the decision support
developed, in the form of scenario analyses and causal loop diagrams, provides a foundation for more sustainable

real-world implementations.
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