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Summary

This study focuses on the contribution that Micro-Fulfillment Centers, MFCs can make to
operational efficiency and environmental sustainability within e-grocery logistics in Sweden. The
study examines the impact of Decentralised Micro-Fulfillment Centers location
strategies on the costs of the last mile delivery and how the sustainable delivery technologies can
improve environmental performance. This was done using a sequential explanatory mixed-
methods approach, that is, quantitative data from logistics professionals through
surveys, and qualitative data through thematic analysis. The results show that Decentralised
Micro Fulfilment networks can be used for the reduction of delivery distances, quickening of
delivery speed and promoting sustainable delivery. The study reveals, however, that EV adoption
is not enough to achieve any measurable environmental benefits if it is not
combined with the route optimisation, proximity-based fulfilment, delivery consolidation and
network redesign. The outcome indicates that MEFCs are not just cost reduction instruments, but
also sustainability enablers that can be considered as a part of the urban logistics. In general, the
study adds to the body of knowledge on the proximity logistics and sustainable last mile delivery,
as it reveals the mutual dependency of decentralised logistics networks, operational efficiency
and environmental impacts in the Swedish e-grocery environment.
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1 Introduction

Micro-Fulfillment Centers are a fundamental change in the infrastructure of urban
logistics, from the central warehouse to the decentralized inventory placement. These small
automated centers which consist of physical urban centers approx. 1,000 and 3,000 sq.m in
size and digital urban centers, are designed to gain access to end
customers with quick delivery time and availability of product. Large retail stores with
outdated technologies and centralized warehouses are forms of conventional supply chain
(Rao, 2025). This shift of the supply chain network towards Micro-Fulfillment Centers is a
response to competitive pressure where customers need early delivery of groceries in the
online e-grocery sector without any delay. In addition, the use of the internet and smart
devices shows continuous growth in the E-commerce market which has replaced the
traditional retail market.

Micro-Fulfillment Centers consist of small centers located in urban areas which are diverse
for customers because they are on a concept of smart warehouse with
sustainable last-mile delivery. Pandemic COVID-19 accelerated the transition of the
conventional supply chain to Micro-Fulfillment Centers with a rapid increase in sales in
global and domestic e-commerce, which was a result of the lockdown in 2020. have been
particularly rising. Now e-grocery sector is experiencing fast growth rates, and customers
are even shifting towards online pharmacy sector because of reliable service and fast
delivery brought loyal customers (Rao, 2025). This project fills the knowledge gap about
the lack of empirical evidence linking network planning of Micro-Fulfillment Centers to
environmental performance outcomes.

1.1 Problem definition, Purpose and Research Questions

In the current context, urban last-mile delivery in the e-grocery and FMCG sectors is
becoming increasingly complex due to rapid urbanization and e-commerce growth.
Conventional centralized warehouses are typically located distant from the urban areas,
leading to long delivery routes, higher traffic on the roads, traditional delivery vehicles like
trucks increasing carbon emissions, higher operational costs, and same-day
deliveries expectation is almost impossible.

Although a new concept of Micro-Fulfillment Centers is emerging to address the
traditional logistics system, improving delivery speed by prioritizing sustainability. There is
limited systematic research comparing their environmental performance with that of
traditional warehouses. There is no strong evidence on how decentralized
warehouses maintain their operating cost. So there is a lack of integrated analysis of location
and size planning, fleet composition, and operational performance that
evaluates their joint impact on cost efficiency, delivery speed, and sustainability.

The purpose of this research is to examine the impact of decentralized
Micro-Fulfillment warehousing on carbon emissions and operations cost reduction in
urban fast-moving consumer goods to last-mile delivery in contrast to traditional
centralized distribution systems. The project aims to determine the location and size of
Micro Fulfillment Centers with planning strategies that can create measurable carbon
emission reduction in a way that ensures environmental safety and operational
efficiency in urban e-grocery logistics. The study analyses operational Micro-Fulfillment
Centers with the development of new technologies or systems for automation and
implementation.

The research is directed and focused on these research questions (RQ):

RQ1 - How do Micro-Fulfillment Centers size and location strategies affect operational
costs compared to traditional centralized warehouses in urban e-grocery logistics?
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RQ2 - What combination of advanced technologies and carbon emission delivery
vehicles  optimizes both  environmental and operational performance in
Micro-Fulfillment Centers-based logistics systems?

1.2 Limitations

Research focuses only on e-grocery and fast-moving consumer goods, which can be
identified by high order frequency, comparatively small basket sizes, and immediate delivery
demands. It excludes general merchandise or bulky product categories because it has fewer
orders than fast-moving goods. As these product categories generally have smaller-order
frequency,  require  different  storage and  transportation, and  varied
delivery arrangements that differ from the Micro-Fulfillment Centers operating model.
Due to this, the findings derived from this study might not be applicable to sectors with
fundamentally different logistics setups, demand fluctuations, and infrastructure needs.
Also, the study addresses a small number of operational Micro-Fulfillment Centers (two to
three) using a qualitative multiple-case study technique.

It lacks the proper information about how the results achieved from the analysis can be
applied. Lastly, they mostly prioritize the urban areas and their logistics performance, which
gets influenced by the population density and rules related to sustainability and vehicle
congestion. So the findings might not be appropriate to rural or suburban areas having
distinct geographical and economic conditions.

Furthermore, data for the study comes from interviews and publicly accessible
secondary sources, which could lead to inaccurate reporting and personal
interpretations. As a result, the findings of this study may not be directly generalizable to
other retail sectors or product types with different demand patterns and storage
requirements.
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2 Theoretical Review

This chapter focuses on the theoretical foundations of decentralised micro-fulfilment
warehousing as a mechanism for sustainable last-mile delivery in Sweden's urban FMCG
and e-grocery sector. The discussion is structured along six thematic areas:
Operational  characteristics of Micro-Fulfillment Centers, The challenges of
urban last-mile delivery, Facility Location Emissions outcomes, Sustainable Delivery
Technologies, The Specific Dynamics of the Swedish e-grocery and FMCG market, and
the concept of Proximity Logistics. These threads are pulled together in a final synthesis
that identifies the gap in research this study addresses.

2.1 Micro-Fulfillment Centers in E-Grocery Logistics

2.1.1 Operational Characteristics and Automation Technology

Micro-Fulfillment Centers are highly automated logistics facilities located inside urban areas
to meet the proximity of the end customers, with a minimum of 30 to 50
employees and a ground area of 1,000 to 3,000 square metres with a delivery radius of
around 5 kilometres (Freichel et al, 2019). These facilities operate on
"goods-to-person" principles where automated storage and retrieval systems, AS/RS
transport inventory to operators. They do not require human movement through
warehouse space, which allows space utilisation efficiencies where conventional
warehouses take up 300,000 square feet while Micro-Fulfillment Centers average 10,000
square feet (Freichel et al., 2019). The most commonly deployed technology is the
shuttle-based systems, followed by ultra-high density storage systems, and investment
decisions are made depending on the cost, space requirement, and operational flexibility
(Boysen et al., 2019).

The automation range of MFCs spans semi-automated pick-to-cart arrangements to fully
autonomous goods-to-robot, GTR systems that include robotic arms and machine vision
at workstations (Karaoulanis, 2024). In semi-automated designs, orders are sorted and
consolidated in a short time frame using conveyor-fed sortation systems, and fully
automated designs use autonomous vehicle storage and retrieval systems (AVS/RS), where
the  quantity of  vehicles can  be  dynamically adjusted to  the
throughput demand (Karaoulanis, 2024). Automation at the workstation level employs bot-
controlled order and product, and camera systems determine the position of items and pick
quantities. A design that significantly lowers the error rate and increases the number of
picks per hour compared to manual counterparts (Karaoulanis, 2024).
Automated MFCs carry higher fixed costs and are less suited to the small, fragmented urban
real estate parcels where MFFC deployment is most commercially viable (Yang et al., 2024).

2.1.2 Growth Drivers and Market Adoption

The consumer goods industry is rapidly expanding its fast delivery service into the
Micro-Fulfillment Centers network with the goal of meeting the increasing same-day
delivery requests (Lee et al, 2023). It is estimated that AS/RS revenue in
Micro Fulfillment applications will be $1.2 billion by 2027, and the adoption will be
concentrated in the segments of the grocery and fast-moving consumer goods
industries (Karaoulanis, 2024). The growth of quick commerce defined as fulfilment within
15 to 30 minutes of order placement has been the most direct commercial driver, with
multiple grocery and FMCG operators establishing Micro-Fulfillment Centers
networks in urban centres to serve these compressed delivery windows
(Egrocery Challenges, 2022; Yang et al., 2024).
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The omnichannel dimension of Micro-Fulfillment Centers adoption adds a further layer of
strategic relevance. Micro-Fulfillment Centers inventory in integrated online-offline
distribution networks can be used to fulfil the e-commerce orders as well as in-store
replenishment, eliminating the total cost of carrying two stock positions. Studies of Korean
quick commerce operators have demonstrated that a networked omnichannel
Micro-Fulfillment Centers system, where retail outlets tap into common MFC
inventory when local stocks are out of stock, results in significantly reduced delivery costs
compared to autonomous online and offline business (Lee et al, 2023). This
integration also aids in dealing with uncertainty in demand of perishable goods because the
capacity to divert near-expiry stock between online and in-store channels minimizes write-
off losses (Lee et al., 2023). For FMCG categories with high order frequency and short
shelf life, such as fresh produce and chilled goods, this inventory flexibility
represents a non-trivial operational advantage over centralised distribution.

2.1.3 Barriers to Adoption

Despite the growth of Micro Fulfillment Centers, research shows a systematic comparison
of the performance of Micro Fulfillment Centers versus traditional warehouses focusing
on environmental aspects is still absent (Yang et al., 2024). Location strategy research has
mainly  concentrated on the optimisation of cost and less on the
optimisation of emissions, while the research of automation is concerned with internal
ware-house operations and not with the outcome of deliveries (Wei, 2023; Seghezzi et al.,
2022). Integrated analysis between the decisions about the location, fleet
composition, and operational outcomes is still missing, in the case of e-grocery and
fast-moving consumer goods sectors where Micro-Fulfillment Centers deployment is most
advanced (Foresti et al., 2022).

The smaller and mid-sized retailers are especially vulnerable to barriers to adoption. High
capital requirements for automation technology cannot be recovered without
sufficient order density, and the MFC model is therefore most viable for operators who
can generate the throughput necessary to justify both urban real estate costs and
automation investment in the same facility (Yang et al., 2024; CE Sweden, 2025a).
Fragmented inventory management across distributed MFC nodes compounds the
operational difficulty without integrated stock visibility across the network.
Replenishment decisions are made in isolation and demand uncertainty increases at each
node (Wei, 2023). There is also a constraint of product category, since the small storage
geometries of automated MFCs are optimised to store standardised, shelf-stable SKUSs, as
opposed to large or non-standardised products, which in effect limits the breadth of
products that can be offered via this fulfilment channel (Yang et al, 2024). These
combined constraints mean that the MFC model, despite its commercial momentum,
remains operationally accessible to a narrower set of operators than the scale of
deployment ambition might suggest.

2.2 Urban Last-Mile Delivery Challenges

2.2.1 Structural Cost and Environmental Burden of Last-Mile Delivery

Last-mile delivery is the most inefficient, costly, and polluting part of the logistics chain,
accounting for up to 28% of the total cost of delivery while causing disproportionate
environmental impacts (Karaoulanis, 2024). Across the wider academic literature, the last-
mile's share of total supply chain cost has been estimated as high as 75%, depending on the
density of the delivery area and the vehicle and delivery method used (Silva et al., 2023).
Space shortage in clustered urban places forces traditional distribution centres to the
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outskirts of cities and results in delivery routes that are 15-20 kilometres long, passing
through congested city streets and generating high levels of emissions per
delivery unit (WEF, 2024; Rai et al., 2022).

The behaviour change resulting in online shopping instead of shopping in the physical
environment has reduced the need for commuting to go shopping and at the same time
multiplied parcel delivery trips in cities while not lessening traffic density, air pollution, or
noise levels (Gutenschwager et al., 2024). Cities are particularly vulnerable as they have a
large volume of delivery and limited road capacity. Such factors as population growth,
urbanisation, the development of e-commerce, and consumer expectations of speed are
self-reinforcing: with each increase in the volume of orders, more vehicles are put on the
already overcrowded roads, increasing the per-delivery time and per-unit fuel consumption
at the same time (Silva et al., 2023). Delivery vehicles can contribute up to 30% of traffic
in congested urban areas during peak hours, creating a compound externality that extends
beyond carbon emissions to include road accidents, illegal

parking, and noise (WEF, 2024).

2.2.2 The Centralised Distribution Centre Problem

Traditional logistics functioned well before e-commerce delivery. Large distribution centres
were located on the edge of urban regions because of lower real estate cost, as the landscape
permits warehouse operation (Chen et al., 2025). This peripheral arrangement made
economic sense under a lower-frequency, store-replenishment model, where vehicle
capacity was fully utilised on each outbound run and the delivery schedule was predictable.
But the shift to direct-to-consumer delivery fundamentally changed the unit economics.
Vehicles now carry smaller loads, stop more frequently, and must
navigate inner-city road conditions for which they were not designed (Hiibner et al., 2016;
Chen et al., 2025).

The centralised approach produces delivery routes in city centres that result in slow
response and late delivery due to traffic conditions (Chen et al., 2025). According to United
Nations projections, road traffic in urban regions is currently running at 40% above
free-flow conditions, a figure projected to increase by 68% by 2050, with a
corresponding 30% increase in carbon emissions, higher transportation costs, and
worsened air quality (Schachenhofer et al., 2023). The correlation between the location of
the facility and the environmental outcome is thus not merely a matter of the vehicle or
fuel employed but it is also a matter of the point of departure. A delivery that leaves a
peripheral warehouse has to cover more kilometres on average than one that leaves an
urban sited Micro-Fulfillment Centers, and the extra kilometres are directly
proportional to higher per-unit emissions of any type of vehicle (Hur & Won, 2024). This
geometric reality is what makes location strategy a first-order sustainability
variable, not a secondary one.

2.2.3 The Last-Mile Cycle and Sustainability Tensions

The compounding features of urbanisation and e-commerce development have led to a
translation of manageable logistics operations into what practitioners refer to as the "last-
mile problem," where current infrastructure that was optimised for lower
frequencies of delivery ends up being insufficient to meet current demand patterns (Maxner
et al, 2022). The world is becoming more susceptible to the policy
requirements of sustainability in urban logistics, which are aimed at minimizing the number
of vehicles and zero carbon emission goals (Kin et al., 2024). This leads to a vicious circle
where additional deliveries increase congestion, which in turn reduces the efficiency of
delivery and increases the operational costs (Silva et al., 2023).
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The tension between speed and sustainability is particularly sharp in the e-grocery
sec-tor. Quick on-time delivery services, same-day and on-demand hourly windows conflict
directly with the low-emission zone restrictions and delivery consolidation
policies that urban sustainability frameworks require (Maxner et al., 2022). An operator that
encounters a 30 minutes delivery commitment at a peripheral distribution centre will have
to send a vehicle with a small load, which results in a high ratio of emissions per order. The
same promise fulfilled by a well-placed urban MFC will restore the
efficiency of loads since the reduced delivery radius implies that a greater number of
customers can be covered within one tour (Yang et al., 2024). However, urban land to
locate such facilities is limited, costly, and in most European cities is becoming more and
more disputed by residential populations and urban planners who doubt the
presence of logistics facilities in mixed-use urban areas at all (Rai et al., 2022; WEF, 2024).
The key design issue of urban e-grocery logistics networks is to resolve this
tension between speed, sustainability and spatial access.

2.3 Location Strategy and Emissions Relationship

2.3.1 Decentralisation as an Emissions Reduction Mechanism

In the era of advanced technologies, Micro-Fulfillment Centers networks accelerate
E-commerce, especially for grocery retailing, through an evolution in warehouse and
logistics operations. The formation of distribution networks with the implementation of
emerging technologies and the decentralisation of warehouses as MFCs increases delivery
frequency with a focus on zero carbon emission strategy (Jimenez et al., 2024). A
decentralised Micro-Fulfillment Warehousing strategy creates less problematic urban
logistics, minimising the transportation infrastructure issues related to rush-hour traffic,
road quality, and vehicle parking issues in urban centres (Kiselev et al, 2021). The
location of MFCs based on the high-demand zones, and the concentration of
inventories under a single operational roof, has a quantifiable effect on the distribution
structure of urban logistics.

MFCs alter the emission calculus of the last delivery segment by reducing the route
distances of the last-mile delivery, and by multiplying that distance with
environment-friendly transport systems (Hribernik et al., 2020). Empirical evidence from
the city of London has shown that deploying MFCs to handle 50% of e-commerce orders
could decrease delivery vehicle-related emissions by 17% and reduce traffic
volumes by 13% (Karaoulanis, 2024). These numbers are not merely a by-product of
shorter paths but they also indicate a decrease in the number of vehicle movements needed,
as each MFC has several customers within a strictly delimited delivery radius instead of
having to take a single vehicle to the outskirts and then go through several urban areas
(Karaoulanis, 2024). This radius can be served with virtually zero tailpipe emissions with
MFCs and lighter electric vehicles or cargo bikes, a combination that is structurally
inaccessible to peripheral distribution centres that use diesel fleets, no
matter how well they are routed (Egrocery Challenges, 2022).

2.3.2 Fleet-Location Integration and Environmental Qutcomes

Multi Fulfilment Centers are not separable in terms of their environmental benefit and fleet
that they serve. The strategic facility location and zero-emission delivery vehicles combine
the environmental benefits that neither of the two elements generates, and comparative
studies show that electric vans that travel 50 kilometres between peripheral warehouses
have a greater impact on the environment than vehicles that travel 5
kilometres between closely located Micro-Fulfillment Centres (Hur & Won, 2024). This
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result turns the traditional belief that the main lever to last-mile emissions reduction is the
electrification of the vehicle fleet. In fact, location is the primarily variable, as it determines
the roue length which in turn influences lifetime energy consumption and emissions per
delivery, regardless of the types of propulsion used (Hur & Won, 2024; Karaoulanis, 2024).
These environmental returns are further extended by horizontal collaboration models, in
which rival retailers share MFC infrastructure in the same urban area (Hribernik et al.,
2020). The overall movement between urban MFC customer delivery vehicles is reduced
while asset utilisation per facility is improved when multiple retailers share
infrastructure rather than operating independently. Substitution of vehicles that
consume diesel with electric vehicles like e-bicycles and electric vans can reduce the cost of
delivery and the cost of operating urban infrastructure in case warehouses are situated in
the most densely populated areas (Karaoulanis, 2024). The route planning with artificial
intelligence optimises the last-mile delivery and has been shown to reduce the number of
delivery trips by 31 percent, the most effective use of clean vehicle fleets, and network-level
congestion  (WEF,  2024). The  overal impact of  demand-optimal
facility location, zero-emission vehicles, and algorithm-based dispatch is thus
significantly larger than any of these levers used individually, a fact that has direct
implications on how MFC network design should be assessed with respect to
environmental performance goals.

2.4 Sustainable Last-Mile Delivery Technologies

2.4.1 Electric Vehicles and Micro-Mobility in Urban Delivery

Electric vehicles and micro-mobility modes - especially e-cargo bikes and light electric vans
- are now being considered the most operationally mature alternatives to diesel in urban
last mile delivery, with electric vehicles counted as a now rather than future state solution
to be compared with drones or autonomous robots (Boysen et al., 2019; Silva et al., 2023).
Their environmental benefit however is not unconditional. In addition, battery range,
recharging time, and high acquisition cost continue to be documented obstacles toward
adoption, particularly for smaller carriers with less capital to replace extant fleets (Anosike
et al., 2023). For larger retail organisations, co-investment models where the cost of the
fleets is also shared with logistics service providers have started to make the transition more
viable (WEF, 2024).

The environmental case for electric vehicles is strongest for short distances to be
travelled. A cargo bike within a 2-3 km radius of a dense Urban node produces
significantly lower external costs per delivery compared to the same quantity being
handled by a Diesel Van from a peripheral distribution centre (Brotcorne et al., 2019; Hur
& Won, 2024). In Sweden specifically, municipal pressure to cut emissions from its fleet in
cities. such as Stockholm and Gothenburg has helped translate into a
mutualistic push towards e-cargo bikes with delivery density in inner city areas
supporting the feasibility of the model (CE Sweden, 2025a). This dynamic makes the MFC
delivery radius critical variable: the shorter the route, the stronger the
environmental case for lighter, zero-emissions vehicles.

The effectiveness of electric vehicles and micro-mobility in reducing emissions is not
solely reliant on the technology of the vehicles but also on the wider infrastructure that
supports it. The availability of fast-charging is still a material constraint in most cities in
Europe, and in areas with insufficient charging infrastructure, battery recharging during
loading and unloading windows, which has been demonstrated to increase effective
operating range, is an operational workaround and not a strategic plan (Settey et al., 2021).
Topography, winter conditions, and cargo weight also influence the choice of delivery
vehicle. E-cargo bikes, in particular, are well-suited to dense inner-city environments but
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are less suitable for longer delivery radii or situations requiring heavy thermal insulation to
maintain cold chain conditions. This limitation is particularly relevant in Swedish Urban
E-Grocery Operations, where temperature-controlled FMCG product constitutes a
significant portion of the delivery basket.

Another factor is the difference in environmental benefit with the mode of electricity
production. In a grid where the grid is largely renewable, e.g. in Sweden, where
hydropower and wind provide most of the electricity generation, battery electric
vehicles have significantly lower well-to-wheel emissions. This difference is important for
lifecycle carbon accounting: the environmental argument in favor of fleet
electrification is strongest in markets where renewable electricity is plentiful and
delivery distances are short, placing Sweden in a structurally favourable position
compared to most other European logistics markets (Nseif & Danesch, 2021; Palsson &
Olsson, 2026). A shift to electric vans in zero-emission areas would cut carbon
emissions by up to 85% and a shift to e-bikes instead of internal combustion
two-wheelers would reduce emissions by 90% and reduce the cost of last-mile delivery by
22% (WEF, 2024). These figures, however, are to be understood as upper limits rather than
the predetermined outcomes since they depend on the density of the routes, the quality of
the charging system, and the quality of the fleet control to a large extent.

2.4.2 Al-Driven Route Optimisation and Dynamic Dispatch

Vehicle routing optimisation has been investigated as a mechanism for reducing the
number of delivery trips and total distance travelled per order, with research finding time
window constraints and poor clustering of delivery stops to be among the leading cause
of avoidable vehicle kilometres (Silva et al., 2023). The use of machine learning combined
with real-time traffic data to solve the Vehicle Routing Problem (VRP) has made it
possible to take on more dynamic dispatch decisions, where tour assignments are adjusted
according to live demand signals instead of fixed schedules. This is of particularly relevant
for e-grocery operations where order volumes can change dramatically throughout the
day (WEF, 2024; Dethlefs et al., 2022).

But route optimisation does not work in a vacuum. Its effectiveness is limited by the spatial
configuration for the Fulfillment network it is applied on. A denser network of Multi
Fulfillment Centers each with a smaller delivery radius can creates shorter, more tightly
clusterable routes, which in turn enables optimisation algorithms to work closer to their
theoretical efficiency ceiling (Yang et al., 2024). Where MFC inventories data across
distributed locations is break-up and poorly integrated, this potential remains unfulfilled,
since dispatch systems will be unable to reassign orders across nodes with poor stock
visibility (Yang et al., 2024). The implication is that Al-driven routing and MFC network
design are not independent levers, as the returns of the one is
significantly dependent on the quality of the other.

Besides the individual route decisions, Al-based systems are being applied at a network
level to optimise the overall impact of freight transportation and consumer travel. This
distinction is significant because the location of pick-up and drop-off points not only affects
vehicle kilometres but also the distance consumers travel to collect their orders (Pilsson &
Olsson, 2026). This total-transport-impact view is especially applicable to the FMCG and
e-grocery  industries, where consumer travel to pick up replaced or
delayed orders can cause emissions that partially counterbalance the savings realized by
tighter delivery routing. The net environmental outcome must therefore be modelled and
managed by taking into account consumer behaviour as opposed to vehicle
movement which is the only way to ensure that the net environmental outcome is propetly
represented and managed (Palsson & Olsson, 2020).
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The data infrastructure required to support such level of integrated optimisation is yet to
be well established in most urban markets. The availability of delivery time windows,
kerbside availability, real-time traffic conditions, and dynamic demand indicators should
all be available and interoperable to allow Al routing system to reach its hypothetical
efficiency limit. Practical Commercial confidentiality limits the disclosure of information
between competing logistics service providers and retailers in practice, and municipal data
on kerbside utilization and freight vehicle counts are usually incomplete or unavailable
(WEF, 2024; Silva et al., 2023). The Logistick 010 community of

Rotterdam, where the data-driven recommendations from the private sector have
informed public policy commitments, including the design of zero-emission zones,
represents a well-developed example of how this data gap can be bridged (Rai et al.,
2022). Without such coordination mechanisms, the benefits of Al-based dispatch in
Swedish cities are constrained by the quality and availability of underlying data rather than
the algorithms themselves.

2.5 The Swedish E-Grocery and FMCG Logistics Context

2.5.1 Market Structure and the 3PL Landscape

Sweden is consistently ranked as one of the most developed e-commerce markets in
Europe, with sales of goods online growing by approx. 40% in 2020 alone, a trajectory
attributed in large to pandemic induced behavioural change (Patowary et al., 2023). This
growth has created ongoing pressure on the e-commerce infrastructure of grocery
retailers and FMCG operators to reorganise their fulfilment infrastructure as supply chains
that had been developed for in-store replenishment have proven ill-suited for high
frequency, small basket home delivery (Hiibner et al., 2016; Dethlefs et al., 2022). The e-
grocery segment in particular, where delivery-speed is very important variable as a source
of competitive advantage, and where consumers expect fulfilment to happen within narrow
time windows, has driven the most visible shifts in the manner in which inventory is
positioned, and in the way in which last-mile trips are structured (Egrocery Challenges,
2022).

The 3PL landscape in Sweden is characterised by the coexistence of large international
carriers - DHL, DB Schenker and PostNord - along with regional and specialist
providers such as Budbee, Instabox and Airmee, which are concentrated in Stockholm,
Gothenburg and Malmé (Patowary et al, 2023). PostNord maintains the largest
national reach, but dominance is concentrated outside the three major urban centres; within
the cities, last mile delivery is becoming increasingly fragmented with multiple carriers in
competition for speed and convenience, not merely price (Patowary et al., 2023; CE
Sweden, 2025b). Retailers of meaningful scale, including several of the major
Swedish e-commerce operators, hold contracts with multiple L.SPs at the same time, both
in order to give customers options for delivery, and also to have negotiating
leverage over individual providers (Nseif & Danesch, 2021).

For mid-sized FMCG retailers who cannot afford the capital expenditure of proprietary
Multi Fulfillment Centers infrastructure, 3PL partners are the practical mechanism through
which the capability for distributed fulfilment becomes accessible. Demand density,
however, is the binding constraint as infiltration can be sufficient for MFCs in dense inner-
city zones of Stockholm and Gothenburg to achieve good enough order throughput to
justify rent and staffing expenses, but the economics break down spirally in mixed
residential or suburban zones with lower drop density (CE Sweden, 2025b). This
stratification of viability across urban geographies is a structural feature of the Swedish
market which any MFC deployment strategy must account for.



Degree Project for Master of Science with Specialization in Operations and Supply Chain Management

The strategic location of the 3PL providers within the Swedish FMCG market presents a
significant principal-agent relationship in the sustainability context. Retailers contract LSPs
to do the last-mile delivery, but they do not have much direct control over how the
emissions per parcel are generated along the last route. Publicly fossil-free LSPs include
Budbee, Instabox, and Airmee, but the methodologies of calculating CO2 per delivery
differ across providers and are not independently verified in most cases (Nseif & Danesch,
2021). The result is an information asymmetry that compromises the ability of FMCG
retailers to make meaningful comparisons of competing carriers in terms of their
environmental impact, and makes it practically impossible to sustainability claims at the
point of purchase by end consumers (Nseif & Danesch, 2021). It is not a Swedish issue but
is especially pronounced there since the degree of sustainability awareness among the
operators and consumers is comparatively high.

The other structural feature of the Swedish market is that PostNord is the in-cumbent
national carrier that has the greatest geographic coverage. PostNord is often the sole LSP
that is economically viable in the case of FMCG operators that serve customers outside the
three major metropolitan regions, regardless of its emissions profile in a specific delivery
area (Patowary et al, 2023). The concentration of MFC-viable demand density in
Stockholm, Gothenburg, and Malmé thus creates a two-speed logistics
market: a high-performing, competitive inner-city market where MFCs, e-cargo bikes, and
specialists  LSPs compete, and a less dense national market where centralised
distribution by the traditional fleet of PostNord is the default, with differing
sustainability outcomes across the two (Patowary et al., 2023; CE Sweden, 2025a).

2.5.2 Consumer Expectations and the Regulatory Environment

Swedish consumers hold a specific position in the European e-commerce landscape: digital
adoption is high, expectations regarding the delivery speed and reliability exceed the EU
average, and sustainability is considered a genuine purchasing consideration rather than
merely a secondary preference (Patowary et al.,, 2023; Nseif & Danesch, 2021). Instant
delivery defined as fulfilment within 15 to 30 minutes has come from being a niche offering
to a commercially meaningful segment, with the grocery sector at the centre of this shift
(Egrocery Challenges, 2022). The co-existence of the speed and the sustainability
expectations creates a structural tension that needs to be resolved in network design, not in
messaging but promises of fast low emission delivery cannot be made credible without the
necessary supporting infrastructure.

A particular credibility problem has been found in the Swedish market with respect to
emissions transparency. Logistics service providers determined their CO2 emissions per
delivery using inconsistent methodologies and different input assumptions, and it has
become effectively impossible for e-retailers to compare sustainability claims between
service providers, or to verify what is communicated to end consumers (Nseif & Danesch,
2021). Only 34% of the largest e-retailers in Sweden offered what might be called
sustainable last-mile delivery at the time of the last real study (Nseif & Danesch, 2021). A
figure which reflects not only commercial indifference but also a lack of a standardised
measurement basis on which credible commitments can be made.

On the regulatory side, Swedish municipalities have steadily increased the conditions under
which commercial vehicles running on diesel may be operated in urban zones with explicit
emission reduction goals incorporated in Urban transport plans for the cities of Stockholm
and Gothenburg (CE Sweden, 2025b). These restrictions constitute a regulatory tailwind
for the use of MFC areas with an electric fleet in configurations that, with their shorter
delivery radius, zero emission vehicles, constitute just what low emissions zone
requirements reward. The regulatory direction is clear, even if the speed of enforcement
has varied between municipalities and it is this regulatory direction, rather than consumer
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demand, that is likely to be the decisive factor driving MFC
adoption in Sweden’s urban logistics system in the near term.

The Swedish regulatory context is indicative of a more national policy commitment to
emissions reduction that is not limited to municipal low-emission zones. The stated
ambition of Sweden to be a fossil-free welfare state by 2045 provides a directional signal to
logistics operators in the long term, even in areas where certain transport regulations are
yet to be developed. This aspiration has already impacted the behaviour of the more
environmentally conscious retailers: one of the larger e-commerce operators interviewed in
previous Swedish market research said that they had stopped contracts with
PostNord in some areas where they could not guarantee fossil-free delivery, and that LSP
sustainability compliance was a procurement requitement, not a secondary
consideration (Nseif & Danesch, 2021). This type of purchasing power, which is
practised by big-volume retailers, is among the limited ways in which sustainability
standards can be spread throughout the LSP market without the compulsory
standardised measurement.

The lack of a standardised CO2 measurement approach among Swedish LSPs has
implications on the omnichannel retail industry in general as well. A systematic review of
environmental sustainability demands of omnichannel deliveries has found that LSPs need
to consolidate deliveries, use fleet management and route planning tools, and use non-fossil
fuel vehicles with adequate range but that the demands are a multi-actor problem with
retailers, LSPs, and consumers all having a role to play (Palsson & Olsson, 2026). The
difference between the mentioned ambition of retailers and the confirmed environmental
performance of the LSPs they engage in the Swedish market is still large, and this difference
discredits ~ any  sustainability = positioning  based on  the claims  of
last-mile delivery (Nseif & Danesch, 2021). It would require regulatory intervention on
measurement standards or industry-based certification systems that are not currently
available in Sweden on a scale to close it.

2.6 Proximity Logistics and the Decentralisation Imperative

2.6.1 From Logistics Sprawl to Urban Re-integration

The concept of proximity logistics describes the intentional location of logistics
facilities within dense, mixed-use urban locations acting as a direct structural
counterweight to what is termed 'logistics sprawl' as the historic outward migration of
warehousing and distribution infrastructure to suburban locations in search of cheaper land
and larger floor areas (Rai et al, 2022; Dablanc & Rakotonarivo, 2010). This
outward migration stretches the routes for delivery, increases vehicle kilometres
travelled per order and emissions per unit all of which are multiplied in sectors that are
characterised by high order frequency and small basket size like e-grocery and FMCG (Rai
et al., 2022). Proximity logistics doesn't necessarily replace suburban infrastructure. Rather,
it adds a city-scale inventory and fulfilment capacity layer in close proximity to the place of
consumption, where vehicle kilometres per delivery is structurally shorter and makes the
case operationally viable for zero-emission micro-mobility (Rai et al., 2022).

The conditions that drive this process of shift are dual. On the demand side, same-day and
rapid e-grocery delivery will only be credible if the inventory is within a short radius of the
customer. On the policy side, low-emission zones, pedestrianisation programmes and
'x-minute city' spatial planning visions across European municipalities have seen a
progressive constraint on the large goods vehicle access in urban cores, those activities have
forced a reconfiguration on how goods reach consumers in an urban core (Rai et al., 2022;
WEF, 2024). Together these commercial and regulatory pressures have drivn a shift
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towards decentralized warchousing, transforming it from a strategic option into a structural
necessity for operators in dense urban markets.

The experience of Rotterdam and Paris policy shows how this change is being
proactively addressed using urban planning tools. The zero-emission zone of
Rotterdam, announced with an area of 30 square kilometres (about twice the size of its
predecessor low-emission zone) was not only intended to limit the number of diesel
vehicles but also to create spatial planning conditions that would attract logistics
facilities that Paris has taken an alternative, complementary strategy, marking out more than
sixty location perimeters on individual land parcels where developers are legally required to
incorporate a  logistics  facility ~when constructing or re constructing
buildings - in effect requiring proximity logistics capacity to be built into new
development at the planning phase (Rai et al., 2022).

These regulatory precedents directly apply to the Swedish context. Such compulsory
logistics integration requirements are not yet in operation in Swedish municipalities, but
the direction of urban transport policy in Stockholm and Gothenburg, with congestion
charging, limited access of goods vehicles, and emission reduction targets embedded in
city transport policies, is towards a more restrictive regulatory environment of

peripheral distribution. The difference between the existing Swedish policy and the more
developed frameworks that are already in place in Rotterdam and Paris is not only a threat
to the FMCG operators who fail to restructure their network to meet the needs of the
regulatory requirements that are yet to crystallise, but also an opportunity to the operators
who invest in proximity logistics infrastructure before the regulatory requirements
crystallise (CE Sweden, 2025a; Rai et al., 2022)

2.6.2 Collaborative Models and the Viability Boundary

The case for proximity logistics is not absolute in terms of economics. Urban real estate
carries a substantial cost premium and for an MFC to justify fixed costs in rent
payments, staffing and automation technology, a sufficient quantity of order
throughput within its catchment area is required (Yang et al., 2024; CE Sweden, 2025a).
Horizontal collaboration where competing retailers share MFC infrastructure within the
same urban zone is one mechanism where per unit fixed costs can be lowered
without requiring each operator to commit to a completely independent facility.
Simulation based research has demonstrated how shared fleet and micro-hub
arrangements in the form of retailers within the same urban area can yield measurable drops
on the number of vehicles that need to be deployed, plus total route distances (Hribernik
et al,, 2020; Silva et al., 2023).

A subdivision of fast delivery hubs, dedicated e-commerce fulfilment facilities, have been
banned by regulatory measures in residential parts of a number of European cities because
of the traffic, noise, and disruption they cause (WEF, 2024). The distinction between the
urban  MFC, which is  well-integrated and  commercially  disruptive
e-commerce fulfilment facility usually is planning intent and operational design. The
introduction of zero emission zones like those being implemented in thirty to forty cities
throughout the Netherlands starting in 2025 is expected to change the competitive
equilibrium towards operators that have already co-invested in the proximity
positioning and in electrification of their fleet as the compliance costs of peripheral
operators who continue to rely on diesel fleets are anticipated to rise considerably over the
next several years (Rai et al., 2022; WEF, 2024)

The difference between micro-hubs and MFCs is worth keeping distinctly in the
framework of collaborative models. Micro-hubs are mainly cross-docking locations
products come out of bigger upstream warehouses and are loaded onto city-suited
vehicles without any significant storage or order-picking potential (Rai et al., 2022). MFCs,
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in contrast, stock inventory and process orders in-store, so that the sustainability advantage
of the MFC is upstream. The frequency of replenishment trips is reduced by consolidating
stock to serve multiple orders before any vehicle exits the facility. The last-segment
efficiency  gain is  only  captured by  collaboration  models  sharing
micro-hub infrastructure, but shared MFC networks, assuming they are possible,
compress the entire journey between inventory and customer (Rai et al., 2022; Yang et al,,
2024). The organisational barriers to the latter are considerably higher, as they
require retailers to agree on shared inventory visibility, compatible order management
systems, and mutually acceptable service level standards — none of which is easily
negotiated between commercial competitors.

One of the practical limits to the viability of purely private collaborative MFC models is the
propensity of established operators to focus on control over end-to-end delivery experience
(WEF, 2024). White-label and shared-fleet delivery arrangements, while
economically rational from a network utilisation perspective, are resisted by retailers who
rely on branded delivery as a customer touchpoint and loyalty mechanism. It has been
demonstrated that white-label deliveries with urban consolidation centres and zero-
emission micro-mobility modes can decrease the number of delivery trips by 30% and
reduce the overall delivery expenses by 51%, but the adoption rates are low without
subsidies or regulatory requirements (WEF, 2024).

2.7 Theoretical Synthesis and Identified Research Gap

The theoretical literature reviewed throughout this chapter reveals a structural gap along
the alignment of three research domains: facility design and location of MFC, fleet
components decisions, and measurable environmental outcomes. Location optimisation
re-search has focused mainly on cost minimisation, minimising the cost of rent,
replenishment, and transportation rather than just focusing on carbon emissions as a
decision variable (Wei, 2023; Seghezzi et al., 2022). Automation research, in contrast, has
been concerned with intrafacility efficiency gains provided by AS/RS and
shuttle-based systems, without the scope of its analysis extended to understand what
happens to emissions per delivery once goods are outside the facility (Yang et al., 2024).
These two bodies of work cover adjacent problems but are analytically separated.

The gap is most significant in the FMCG sector and the e-grocery sector, where the
de-employment of MFC has gone the furthest in terms of commercial application.
Despite a growing literature on the network design of MFCs, including predictions of
optimal facility location, size and automation type, no systematic study examines the joint
influence of these decisions on carbon emissions, delivery cost and also the
operation performance in an overall manner (Yang et al., 2024; Foresti et al., 2022). There
is not any strong evidence on how decentralised MFC network performs
environmentally relative to centralised warehousing and there is no integrated analysis
linking location and size planning to fleet composition and sustainability outcomes (Rao,
2025). The end result is that operators and policymakers have no evidence base able to
support network design decisions that must meet both commercial and
environmental objectives at the same time.

This analytical gap is placed in a broader gap in the omnichannel sustainability literture.
Systematic review of environmental sustainability requirements of omnichannel
deliveries has found freight transport to be the aspect influenced by requirements of the
most actors. The LSPs, retailers, and consumers at the same time had observed that no
strategies are currently reported in the academic literature that consider the
consumer travel factor or the buildings factor in the required depth of operation (Palsson
& Olsson, 2026). This multi-actor complexity is especially acute in the case of FMCG and
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e-grocery operators since the fulfilment decision, which MFC node fulfils which order,
directly influences not only the outbound vehicle kilometres but also, via the product
substitution and product return dynamics that occur following failed or partial deliveries,
the  overall  downstream emissions footprint  of  the  transaction.
Integrated analysis that captures this full chain of consequences is not found in the existing
MFC or last-mile literature (Palsson & Olsson, 2026; Yang et al., 2024).

This gap has methodological implications on the measurement of sustainability in the study
of logistics networks. Recent studies of MFC location and network design adopt cost
minimisation as the main optimisation goal, and emissions are at best a secondary constraint
and not a co-equal decision variable (Wei, 2023; Seghezzi et al., 2022). It implies that the
current optimisation models, including those that are highly developed and consider MFC
size, type of technology, and location at the same time, are not
developed to determine the network structure that yields the optimal joint performance in
terms of cost and carbon dimensions. The shift towards multi-objective network design as
opposed to cost-optimised one is not only methodologically required but also practically
urgent. Access to urban logistics space has already being conditionalized by policymakers
in Swedish cities, which implies that operators will soon have to make network decisions
based on two goals, not on one (Rai et al., 2022; CE Sweden, 2025a).

Sweden makes this gap especially visible. It is a market with high e-commerce
penetration, evidence-based regulatory pressure from municipal sustainability targets, an
active set of competitive last-mile operators, and MFC deployment in early stages in Stock-
holm, Gothenburg, Lulea and Boden but there is no systematic empirical study has yet been
able to link MFC network configuration to quantifiable environmental performance in this
particular context (Patowary et al., 2023; CE Sweden, 2025a). The conditions of research
exist but the research has not been done.

This study fills that gap by considering the effect of MFC location and size strategies, in
combination with delivery fleet composition on carbon emissions and operational costs in
the urban e-grocery and FMCG delivery context of Sweden.
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3 Methodology

This chapter sets out the philosophical position, research design, data collection
procedures, and analytical methods adopted in this study. The mixed-methods
methodology was used, which included a ten-item Likert-scale questionnaire and three
open-ended questions that were given to 70-80 logistics and supply chain professionals who
were working in the Urban E-grocery, FMCG and Delivery Partners industries in Sweden.
The quantitative data was analysed with the help of SPSS and the qualitative one was
analysed with the help of thematic analysis. Together, these two strands address the two
research questions and the three associated hypotheses.

3.1 Research Philosophy

The philosophical standpoint taken in this research is pragmatism. In contrast to
positivism, which focuses on the measurement of objective phenomena, and
interpretivism, which focuses on subjective experience, pragmatism considers the
research problem itself as the point of departure in choosing the right methods
(Cre-swell and Clark, 2017). This approach is suitable for this study as it examined both in
operational outcomes that are measurable, such as the cost of delivery, the emissions of the
vehicles, the location of the facilities, etc., and in the situated interpretations of the
practitioners of those realities. Neither the data alone would be sufficient to answer both
research questions.

Pragmatism also supports a deductive orientation in the quantitative strand, in which three
hypotheses based on the theoretical review are tested on the data collected, and an inductive
orientation in the qualitative strand, in which themes are built upwards on the basis of the
open-ended responses (Morgan, 2007). This dual orientation is not a methodological
inconsistency ~ but a  deliberate  design  choice, grounded in  the
recognition that RQ1 and RQ2 each require a different form of evidence to be answered
adequately.

3.2 Research Design

A sequential explanatory mixed-methods design was adopted. In this design,
quantitative data are gathered and analysed initially, and qualitative data are then
gathered and analysed to interpret or put the statistical results into context. The
quantitative strand is given priority as it is the main source of evidence to test the
hypothesis, and the qualitative strand is explanatory in nature, it adds depth to the
patterns that the Likert data can identify but not fully explain.

The deductive quantitative strand tests whether perceived MFC placement reduces
last-mile costs (H1), whether sustainable vehicle adoption improves environmental
performance (H2), and whether automation and micro-fulfilment technologies enhance
operational efficiency (H3). The inductive qualitative strand relies on open-ended
responses of practitioners to give operational context to those findings. The two strands
are integrated at the interpretation stage, as per the conventions of the sequential
explanatory model (Bryman, 2010).
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3.3 Research Strategy and Data Collection

3.3.1 Cross-Sectional Survey Strategy

A cross-sectional survey strategy was selected as the primary data collection method. This
method allows for the measurement of attitudes and perceptions in a specified sample at a
specific point in time, which is suitable when the goal is to describe industry-wise trends
and not to monitor change over time. The survey instruments are highly appropriate in
measuring the ordinal-scale attitudinal data and enable the presentation of standardised
questions to a high number of respondents, which minimises the variability caused by
interviewer-based methods. The survey was sent online, eliminating geographical barriers
and enabling coverage of various Swedish urban markets, such as Stockholm, Gothenburg,
and Boden. The link to reach out the questions is attached in Appendix A.

3.3.2 Survey Instrument Design

The survey instrument comprised two parts. The first consisted of ten Likert-scale
statements rated on a five-point scale from 1 (Strongly Disagree) to 5 (Strongly Agree).
These items were constructed to measure four theoretical constructs: last-mile operational
cost pressure, decentralised fulfilment effectiveness, sustainability orientation, and green
delivery performance. All items were explicitly mapped to either one or more of the three
research hypotheses before being distributed. The second section was three open-ended
questions that dealt with operational issues, location selection criteria, and the ways to
environmental sustainability. The open-ended questions followed the Likert items in such
a way that the respondents had already answered the structured statements before giving
free-text answers, a sequencing rule that is likely to yield more contextually-based qualitative
data.

3.3.3 Sampling Approach

Purposive sampling was employed. The target audience included logistics managers, supply
chain experts, and operations professionals who had first-hand experience of urban
last-mile delivery in the Swedish e-grocery and FMCG industries. Purposive sampling was
chosen as opposed to probability sampling since the research needs respondents who have
certain domain knowledge relevant to the research questions rather than a statistically
representative cross-section of the general working population. This is consistent with
established practice in supply chain survey research, where expert samples are preferred
when the phenomenon under investigation is sector-specific and operationally
comprehensive.

3.3.4 Sample Profile

A total of 10 completed responses were received and retained for analysis. Non-purposive
responses from those people who do not hold relevant operational positions of urban last-
mile delivery in the Swedish e-grocery and FMCG industries, were filtered out before the
analysis. The size of the sample (10) is small and this is recognized as the most important
methodological limitation of the study. The sample size of 10 meets the minimum
requirement to carry out the procedures to test the Cronbach alpha reliability test, and
Pearson correlation at the construct level, but it falls short of the conventional lower limit
of stable ordinary least squares regression estimates and one-sample t-test confidence at the
conventional power threshold. The three open-ended questions yielded textual data from
all 10 respondents, producing a qualitative dataset sufficient for thematic analysis.
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3.4 Operationalisation of Constructs

Four composite variables were constructed from the ten Likert items. The constructs were
calculated as the average of the items that comprised them:

Last-Mile Operational Cost Pressure (LMOCP) (Q1, Q2, Q3 and QG6); Decentralised
Fulfilment Effectiveness (DFE) (Q5, and Q10). The construct pairing was made to
represent the logic of the two research questions. LMOCP captures the perceived cost
burden of centralised last-mile delivery, the problem side of RQ1 while DFE captures the
perceived operational and strategic benefit of MFC adoption, representing the solution side
of RQ1.

Sustainability Orientation (SO) (Q7 and Q8), and Green Delivery Performance (GDP) (Q4,
Q9), SO and GDP answer RQ2 (see Table 1).

This structure follows established conventions for composite variable construction in
survey-based logistics research (Hair et al., 2019). The fact that testing relationships
between these pairs of constructs is done instead of testing relationships between individual
items lowers the noise in measurement and yields more consistent inferential outcomes.

Table 1. Table of constructs

Construct Short Items  Rationale
Form

Last-Mile LMOCP Q1,Q2, Captures perceived cost burden and urban
Operational Cost Q3 delivery challenges (the "problem" side of
Pressure RQ1)
Decentralised DFE Q5, Q6,  Captures perceived benetits of MFCs —
Fulfillment Q10 speed, efficiency, future viability (the
Effectiveness "solution" side of RQ1 + H3)
Sustainability SO Q7,Q8 | Captures strategic commitment to emission
Orientation reduction (organisational intent side of

RQ2)
Green Delivery GDP Q4, Q9  Captures operational sustainability — EV
Performance adoption and shorter routes reducing

emissions (outcome side of RQ?2)

3.5 Quantitative Data Analysis

Data was analysed using IBM SPSS Statistics. The analytical plan was carried out in four
stages:

The internal consistency of each construct was evaluated in the first stage using Cronbach's
alpha, with a minimum value of 0.70, which is standard practice in exploratory survey
research (Field, 2024). Inter-item correlations were analysed with alpha values to ensure
that items in each construct were measuring the same underlying dimension and not
unrelated attitudes. Any construct that is below the threshold would be subject to
item-level review before hypothesis testing.

The second phase consisted of descriptive statistics. Mean, standard deviation, skewness
and kurtosis were calculated on each item and each construct composite. All ten items were
also generated into frequency distributions to describe the response patterns in the sample
and determine whether there were any floor or ceiling effects that could influence the
interpretation of inferential findings.

The third phase addressed hypothesis testing. Each hypothesis was tested using one-sample
t-tests which compared the construct means with the neutral midpoint of the scale, which
was 3.0. A mean that was significantly higher than 3.0 at p < 0.05 was considered as an
indication of the agreement with the hypothesis.
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Fourth, Pearson correlation coefficients were computed for three construct pairs: LMOCP
and DFE (the problem-solution link in RQ1), SO and GDP (the intent-outcome link in
RQ2), and DFE and GDP (the cross-RQ link connecting operational efficiency to
environmental performance). A hypothesis was said to be supported when the t-test and
the directional correlation both passed the significance test.

3.6 Qualitative Data Analysis: Thematic Analysis

Thematic analysis was used to analyse the open-ended responses, which involved the six-
phase process outlined by Braun and Clarke (20006), familiarisation with the data, initial
codes, searching themes, reviewing themes, defining and naming themes, and the final
written account. This approach was chosen because it is flexible and focuses on in-depth
analysis, and to determine patterns of meaning among responses. Thematic analysis is best
applied to open-ended data collected by surveys where the responses are generally shorter
than those found in interview transcripts and the responses together demonstrate common
interpretive patterns throughout the sample (Braun and Clarke, 2000).

The entire set of responses to the three open-ended questions was manually coded. Codes
were created inductively and remained close to the language of the respondents and then
grouped into candidate themes through repeated grouping and review. It is acknowledged
that coding was carried out by a single researcher, which introduces a reflexivity limitation.
The results in Thematic analysis with a single coder are considered at the master level and
should be interpreted as a single rigorous interpretive account and not as a set of categories
that are objectively tested.

Five themes were identified from this process: operational cost burden of centralised last-
mile delivery, urban infrastructure and spatial constraints on MFC viability, fleet
electrification and sustainable delivery transition, systemic emission reduction through
network redesign, and technology-enabled efficiency and future MFC adoption. These
themes are directly mapped to the three hypotheses and the two research questions, which
contribute to their analytical consistency.

3.7 Integration of the Two Strands

A sequential explanatory design does not involve integrating the quantitative and qualitative
strands in data collection or initial analysis, but at the interpretation stage. Chapter 4 shows
the statistical results of the four SPSS phases, and the thematic evidence is used to explain,
and interpret the results where the numbers alone are not enough. For instance, themes are
used to provide the operational logic behind practitioner agreement where a hypothesis is
statistically supported.

3.8 Ethical Considerations

The survey was conducted on a voluntary basis, and there were no incentives. The academic
purpose of the study was explained to the respondents before they filled the questionnaire,
and the submission of the completed responses was considered informed consent to
participate. No personally identifiable data was gathered anywhere. The instrument was
constructed in such a way that no individual respondent can be tracked down based on any
response or a combination of responses. In Chapter 4, the participant code is used to
attribute open-ended responses only which is the standard practice in qualitative data
collected through surveys.

The data collected are stored securely and used exclusively for the purposes of this research.
These procedures are consistent with the ethical principles of voluntary participation,
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informed consent, and data confidentiality applicable to postgraduate social science
research.

3.9 Limitations of the Method

There are four methodological limitations that are recognized. First, purposive
non-probability sampling constrains the findings. The 10 respondents were not chosen at
random out of a specific population, but rather based on their expertise in the domain
therefore, no statistical inference can be confidently made outside of the Swedish e-grocery
and FMCG logistics industry. Second, n = 10 is sufficient for Cronbach's alpha and Pearson
correlation, but it falls below conventional thresholds for one-sample t-test power and is
entirely unsuitable for ordinary least squares regression, which was consequently not
conducted.

Third, the ten self-reported Likert items are the risk of common method bias, especially
items related to sustainability, because social desirability pressure can overstate responses
to Q7 and Q8. Fourth, the cross-sectional design measures perceptions at a given time. As
the rate of MFC adoption in Swedish urban logistics increases, practitioner attitudes will
change as the industry matures, and gives temporally consistent results.
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4 Results and Analysis

This chapter presents the findings from both strands of the mixed-methods research
design. The quantitative results are reported first, covering reliability and internal
consistency of the four composite constructs, item and construct-level descriptive statistics,
normality assessment, one-sample t-test hypothesis testing, and Pearson correlation
analysis. The qualitative thematic results of the three-phase open-ended analysis are
reported later, followed by an integrated interpretation in which the two strands are brought
together. All analyses were performed on a sample of n = 10 respondents who completed
both Likert-scale and open-ended parts of the survey instrument.

4.1 Reliability and Internal Consistency of Constructs

Internal consistency was assessed for each of the four composite constructs prior to
inferential testing. For LMOCP, which comprises four items (Q1, Q2, Q3, QO0),
Cronbach's alpha was calculated using SPSS. The value returned was o = 0.508
(standardised o = 0.511) (see Table 2), which is less than the conventionally accepted
minimum threshold of 0.70 (Field, 2024). The inspection of the item-total statistics showed
that the weakest contributor was Q3, which had a corrected item-total correlation of 0.089
(see Table 3). The removal of Q3 would increase alpha to 0.619, which, although still
marginal, would be closer to the 0.60-0.69 range that can be considered acceptable in
exploratory studies (Hair et al., 2019). Q3 was retained on theoretical grounds as high
density city route complexity is a constitutive dimension for last-mile cost pressure and
removal would narrow the construct in ways inconsistent with the research questions.

Table 2. Reliability statistics for LMOCP

Reliability Statistics

Cronbach's
Alpha Based
an
Cronbach's Standardized
Alpha [terms M oof lterms
gO8 A 4

Table 3. Item-total statistics for LMOCP

Item-Total Statistics

Scale Corrected Squared Cronbach's
Scale Mean if Yariance if ltem-Total Multiple Alphaif tem
[tem Deleted ltem Deleted Correlation Correlation Deleted
Customer demand for 10.70 4.900 2495 686 442
fastilexible delivery
Lastmile is most 10.80 381 .haz 412 142
expensive part of logistics
Urban delivery routes are 11.00 5333 .08y 045 618
challenging
Faster picking/packing 11.00 4.444 283 AN 443
needed

For the two-item scales, Cronbach's alpha is considered an unteliable estimator at k = 2,
and the Spearman—Brown coefficient was reported alongside the inter-item Pearson
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correlation instead. For DFE (QQ5, Q10), the intet-item correlation was r = 0.310, p = 0.383
(see Table 4), yielding a Spearman-Brown coefficient of 0.473.

Spearman-Brown coefficient=(2*r1)/(1+r1)

This indicates weak and non-significant inter-item agreement, representing a reliability
concern for this construct. In the case of GDP (Q4, Q9), r = 0.518, p = 0.125 (see Table
5), Spearman-Brown = 0.682 - moderate in direction but less than the significance level,
again requiring interpretive caution.

Table 4. Correlation analysis for DFE

Correlations

Decentralised MFCs as
distribution future
improves standard
urban speed solution
Decentralised distribution  Pearson Correlation 1 310
improves urban speed Sig. (2-tailed) 383
[ 10 10
MFCs as future standard Pearson Correlation 310 1
LRl Sig. (2-tailed) 383
Il 10 10
Table 5. Correlation analysis for GDP
Correlations
Operations Sharter
depend on routes reduce

Evs/sustaina

environmenta

hle methods limpact
Operations depend on Pearson Correlation 1 A18
S susainable Sig. (2-tailed) 128
I 10 10
Shorter routes reduce Fearson Correlation 518 1
environmental impact Sig. (2-tailed) 125
I 10 10

The only construct to meet acceptable reliability standards was SO (Q7, Q8), with an inter-
item Pearson correlation of r = 0.725 (p = 0.018) (see Table 6) and a SpearmanBrown
coefficient of 0.840. This is higher than the 0.80 two-item reliability benchmark and it
means that the two items, namely Q7 and Q8, which are the measurement of active
emission reduction behaviour and reducing strategic carbon commitment respectively, are
measuring the same underlying dimension consistently. Results associated with SO have a
proportionately higher statistical plausibility than the results of the other constructs.
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Table 6. Correlation analysis for SO

Correlations
Company
actively
reduces Reducing
carbon carbon is
emissions strategic goal
Company actively Pearson Carrelation 1 725
reduces carbon o
emissions Sig. (2-tailed) .08
[+ 10 10
Reducing carbon is Pearson Correlation 725 1
strategic goal ) .
Sig. (2-tailed) 018
] 10 10

* Correlation is significant at the 0.05 level (2-tailed).

4.2 Descriptive Statistics

4.2.1 Item-Level Descriptives

Descriptive statistics were computed for all ten survey items. Q8 (reducing carbon
emissions is an important strategic goal) had the highest item mean in the dataset (M =
4.20, SD = 0.789) followed closely by Q7 (company actively seeks to reduce carbon
emissions). None of the respondents rated either of the items below 3 (Neutral), which
suggests that the agreement on the organisational sustainability commitment is near-
uniform (see Appendix A, Figures 2-11). Q5 (decentralised distribution points could
improve delivery speed) and Q10 (MFCs could become standard for Swedish e-grocery)
both returned M = 3.90, SD = 0.568, see Table 7, with distributions tightly concentrated
in the agree-to-strongly agree range and no respondent rating either below 3 (see
Appendix A, Figures 2-11 for item frequency distributions).

Table 7. Descriptive statistics for all ten survey items

Statistics
Last-mileis Company
Customer maost Urhan Operations Decentralised actively Sharter WMFCs as
demand for expensive delivery depend on distribution Faster reduces Reducing routes reduce future

fastiflexible part of routes are EVsisustaina improves pickingipacki carbon carbonis environmenta standard

delivery logistics challenging ble methods urban speed ng needed emissions strategic goal limpact solution
N Walid 10 10 10 10 10 10 10 10 10 10
Missing 62 68 68 62 68 62 68 62 68 68
Mean 3.80 370 350 3.40 3.90 3.50 410 4.20 3.30 3.90
Std. Deviation 919 1.059 1.080 1174 568 1.080 738 789 1.059 568
Skewness -601 042 .0o0 o -.091 -1.323 -.166 -407 -042 -.091
Std. Error of Skewness 687 687 687 687 687 687 687 687 687 687
Kurtosis 386 -1.238 -1.032 -1.457 1.498 2816 -.734 -1.074 -1.238 1.498
Std. Error of Kurtosis 1334 1334 1.334 1334 1.334 1334 1.334 1334 1334 1.334
Minimum 2 2 2 2 3 1 3 3 2 3
Maximum 5 5 5 5 5 5 5 5 5 5

Q9 (shorter routes have less environmental impact) had the lowest rating (M = 3.30, SD =
1.059), with three respondents disagreeing with it, the highest single-item disagree response
rate in the survey. Q4 (operations depend on EVs or sustainable delivery methods) had the
largest dispersion (M = 3.40, SD = 1.174, kurtosis = -1.457), which means that the response
pattern is polarised, rather than a consensus. Q06 (faster order picking and packing is
needed) was notably left-skewed (skewness = -1.323, kurtosis = 2.816) (see Table 7),
pointing to a leptokurtic concentration of agreement responses with one outlier at the
strongly disagree end.
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4.2.2 Construct-Level Descriptives

At the construct level, SO had the highest mean M = 4.15, SD = 0.709, indicating the
strong agreement on organisational sustainability orientation observed at the item level.
DFE has M = 3.90, SD = 0.459, which is the smallest standard deviation of all four
constructs, indicating that the responses are in a homogeneous pattern and there is the
strongest consensus regarding the perceived effectiveness of decentralised fulfilment.
LMOCP has M = 3.625, SD = 0.659, see Table 8, which means that responses are sitting
above the neutral midpoint with moderate dispersion, consistent with recognised but
variable perceptions of last-mile cost pressure across respondents.

Table 8. Descriptive statistics for constructs

Descriptive Statistics

M Minimum  Maximum Mean Std. Deviation Skewness Kurtosis
Statistic Statistic Statistic Statistic Statistic Statistic Std. Error - Statistic Std. Error
LMOCP 10 3.00 475 3.6250 65881 729 .68y -1.051 1.334
DFE 10 3.00 4.50 3.9000 45847 -.601 687 396 1.334
S0 10 3.00 5.00 4.1500 70807 -.076 687 -1.155 1.334
GDP 10 2.00 4.50 3.3500 97325 -.264 687 -1.608 1.334
Valid M (listwise) 10

GDP had the lowest construct mean (M = 3.35, SD = 0.973) and the largest standard
deviation, which is indicative of the actual disagreement that is present in Q4 and Q9 at the
item level. The most negative value of kurtosis (kurtosis = -1.608) was also obtained with
the GDP distribution, which is a platykurtic, broadly dispersed distribution. Skewness
values for all four constructs fell within +1 (LMOCP = 0.729, DFE = -0.601, SO = -0.076,
GDP = -0.264), and kurtosis values within +2. Construct-level descriptive are summarised

in Table 13, Appendix A.
4.3 Normality Assessment

Normality was assessed using the Shapiro-Wilk test, which is the recommended statistic for
samples smaller than 50 (Field, 2024). All four constructs returned p-values exceeding the
0.05 threshold LMOCP, W = 0.864, p = 0.084; DFE, W = 0.885, p = 0.149; SO, W =
0.905, p = 0.249; GDP, W = 0.881, p = 0.135 (see Table 9). No construct was rejected as
not normal and parametric inferential tests, one-sample t-tests and Pearson correlation,
were considered suitable to the hypothesis testing phase that follows.

Visual inspection of the normal Q-Q plots and detrended Q-Q plots (see Appendix A,
Figures 12-19) was conducted to supplement the Shapiro-Wilk results. In their Q-Q plots,
DFE and SO exhibited the most similar point-to-diagonal tracking, which is consistent with
their lower Shapiro-Wilk statistics and higher p-values. Both LMOCP and GDP had small
tail deviations that are observed in their detrended plots, with LMOCP having a small
positive skew at the upper tail and GDP having departure at both lower and upper ends.
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Table 9. Tests of normality for constructs
Tests of Normality

Kolmogorov-Smirnoy? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
LMOCP 215 10 200 BG4 10 .0c4
DFE 286 10 020 .BB5 10 145
S0 185 10 200" 905 10 244
GDF 248 10 082 881 10 135

* This is a lower bound of the true significance.

a. Lilliefors Significance Correction

4.4 Hypothesis Testing: One-Sample T-Tests
4.4.1 H1: Decentralised MFC Placement Reduces Last-Mile Delivery Costs

The DFE construct, measuring perceived effectiveness of decentralised fulfilment,
returned M = 3.90, SD = 0.459, t (9) = 6.194, p < 0.001, 95% CI (0.571, 1.229) (see Tables
10 and 11), Cohen's d = 1.96. Cohen's d = mean - test value/SD

The mean is greater than the neutral midpoint of 3.0, which is a large effect size by the
standards of Cohen (1988). Respondents also agreed that decentralised distribution points
enhance speed of delivery (QQ5) and that MFCs are a viable future model of Swedish e-
grocery (Q10). On the t-test criterion alone, H1 is supported.

Table 10. One-sample statistics for key variables

One-Sample Statistics

std. Errar
M Mean Stad. Deviation Mean
LMOCP 10 36250 GAEE 20833
DFE 10 3.9000 45947 14530
50 10 41600 70807 22423
GDOP 10 3.3500 87325 30777

The image is not all that clear. The Pearson correlation between LMOCP and DFE, as
reported in Section 4.5, is r = 0.321, p = 0.360, directionally positive but statistically non-
significant. The respondents, as a group, support the MFC effectiveness, yet those who
experience a greater pressure of costs do not show a significantly stronger endorsement in
comparison to those who experience a lesser pressure of costs. H1 is therefore treated as
partially supported. The t-test evidence is strong, but the problem solution links between
cost pressure and MFC endorsement lacks statistical confirmation at this sample size.
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Table 11. One-sample t-test for key variables

One-Sample Test
TestValue=3
95% Confidence Interval of the

Mean Difference
t df Sig. (2-tailed) Difference Lower Upper
LMOCP 3.000 g9 015 G2500 15837 1.0863
DFE 6.194 9 .0oo 80000 A713 1.2287
S0 5129 4 .0 1.15000 G428 1.6572
GDP 1137 ] 285 35000 - 3462 1.0462

4.4.2 H2: Sustainable Vehicles Improve Environmental Performance

The GDP construct, measuring operational sustainability outcomes from EV adoption and
route shortening, returned M = 3.35, SD = 0.973, t (9) = 1.137, p = 0.285, 95% CI (-0.3460,
1.046), Cohen's d = 0.36 (see Tables 10 and 11). The mean is slightly higher than 3.0, which
means that the difference is not statistically significant at p < 0.05 and the effect is low. H2
is not supported on the t-test criterion. It is the quantitatively most significant result in the
chapter.

Importantly, this non-significance is not because of power of n = 10. Both item-level
distributions of Q4 (operations depend on EVs, M = 3.40, SD = 1.174) and Q9 (shorter
routes reduce environmental impact, M = 3.30, SD = 1.059) exhibit actual disagreement,
three respondents rated Q4 below neutral and three rated Q9 below neutral. The
respondents do not all believe that the current EV implementation and route shortening
have been generating quantifiable environmental performance improvements. The
qualitative evidence in Section 4.7.3 discusses the reasons why this gap exists between
sustainability intent and perceived outcome.

4.4.3 H3: Automation and MFC Technologies Enhance Operational

Efficiency

Three t-test outcomes are relevant to H3. LMOCP has M = 3.625, SD = 0.659, t (9) =
3.000, p = 0.015, 95% CI (0.154, 1.0906), Cohen's d = 0.95, significant, large effect. DFE
has M = 3.90, SD = 0.459, t (9) = 6.194, p < 0.001, 95% CI (0.571, 1.229), Cohen's d =
1.96, significant, very large effect. SO has M = 4.15, SD = 0.709, t (9) = 5.129, p = 0.001,
95% CI (0.643, 1.657) (see Tables 10 and 11), Cohen's d = 1.62, significant, large effect. All
three constructs sit significantly above neutral.

H3 is supported. The respondents see faster order picking and packing (Q6), MFC adoption
as a future standard of operations (Q10), and the strategic significance of emission
reduction (Q7, Q8) as a real improvement and not an aspirational position. The overlap of
meaningful findings across LMOCP, DFE, and SO indicates that respondents are aware of
the issue of existing centralised systems and the logic of operation of technology enabled
decentralised alternatives, which is exactly what H3 suggests.

4.5 Pearson Correlation Analysis

Pearson correlation coefficients were calculated on all four pairs of constructs. The
strongest and only relationship that was significant in the matrix, SO <> GDP correlation
r = 0.640, p = 0.0406, indicating a strong positive relationship between organisational
sustainability orientation and green delivery performance (Cohen, 1988). Organisations
reporting stronger strategic commitment to emission reduction also reported stronger
perceived environmental outcomes from their delivery operations. The LMOCP «> SO
correlation was also found to be significant at r = 0.639, p = 0.047, a strong positive

25



Degree Project for Master of Science with Specialization in Operations and Supply Chain Management

relationship that indicates that respondents who experience greater cost pressure also
report greater sustainability orientation. This was not a hypothetical relationship but is
analytically relevant: it suggests that the same conditions of cost pressure due to urban
density might also drive sustainability commitments.

Two correlations did not reach significance. LMOCP «> DFE has r = 0.321, p = 0.366
directionally significant but statistically non-significant at n = 10. DFE <> GDP has r =
0.087, p = 0.811 it has non-significant relationship that indicates that perceived MFC
effectiveness and green delivery performance are essentially unrelated in this sample. The
full correlation matrix is presented in Table 12.

Table 12. Correlation matrix for key variables

Correlations

LMOCP OFE 50 GDP
LMOCF  Pearson Correlation 1 A 639 AT74
Sig. (2-tailed) 66 047 083
[ 10 10 10 10
DFE Pearson Caorrelation a2 1 307 087
Sig. (2-tailed) 366 388 811
I 10 10 10 10
S0 Pearson Correlation 639 307 1 640
Sig. (2-tailed) 047 .388 046
[l 10 10 10 10
GDF Fearson Correlation AT4 .08v 640 1
Sig. (2-tailed) .083 BN 046
I 10 10 10 10

* Correlation is significant at the 0.05 level (2-tailed).

4.6 Summary of Quantitative Findings

Across the hypothesis testing phase, H1 was partially supported, the DFE t-test was
significant (p < 0.001), but the LMOCP «» DFE correlation did not reach significance,
leaving the problem solution link statistically unconfirmed. The quantitative evidence did
not support H2, there was no significant difference between GDP and the neutral midpoint
(p = 0.285), and the item-level disagreement on Q4 and Q9 indicates that there is indeed a
difference in the perceptions of green delivery outcomes by practitioners. H3 was
supported and the t-test results were significant across LMOCP, DFE and SO with large
effect sizes (Cohen, 1988). The qualitative strand that follows contextualises and, in the
case of H2, explains these quantitative patterns.

4.7 Thematic Analysis Findings

4.7.1 Theme 1: Operational Cost and Urban Constraints in Centralised Last-
Mile Delivery

Nine of ten respondents contributed to this theme. The operational cost was found to be
the greatest challenge by seven participants, and it is the only issue that was mentioned in
the qualitative dataset. Notably, the issue of cost was hardly ever defined as a discrete
internal problem, the participants always defined it as structurally produced by the urban
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environment. Compounding factors that increase the per-delivery costs beyond what can
be achieved by improvements in operational efficiency alone were cited as traffic
congestion, limited parking, restricted access to the city-centre, compliance costs in the
low-emission zone, and high labour and fuel costs (see Figure 1). P005 (Participant 05)
named labour, fuel, vehicle cost, and regulatory pressure together in a single response,
"labor is expensive, fuel and vehicle costs are high, and strict environmental regulations
(like low-emission zones) add extra pressure. On top of that, traffic congestion and limited
parking in dense urban areas slow things down, making deliveries less efficient and increase
cost," while PO02 characterised the relationship between cost and congestion in the most
concise terms: "high operational costs and traffic congestion in dense urban areas."

This pattern supports H1 by establishing that centralised last-mile delivery is perceived as
costly, not primarily because of poor internal management but because of structural urban
conditions that decentralised MFC placement position. The reference to parking and access
challenges in Stockholm, Gothenburg or the country of the largest urban e-grocery market,
justifies the finding in the Swedish context that focuses on RQ1. The identified cost-
constraint linkage that was identified qualitatively also provides the contextual logic of the
significant LMOCP t-test result (M = 3.625, p = 0.015) that was obtained in Section 4.4.3.

4.7.2 Theme 2: Strategic Location Selection for Decentralised Fulfilment

Eight out of ten respondents added to this theme, which had the most detailed individual
responses in the qualitative data. Four participants identified customer proximity as the
major location selection criterion. Rent and real estate cost, access to the transport network,
local traffic and regulatory conditions all appeared in three to four responses (see Figure 1),
which confirms that location decisions are impacted by multi factors.

There is a rent-vs-distance trade-off recognised by P005 and PO10 which is a cheaper
peripheral facility and not automatically preferable if the resulting delivery kilometres
increase total operational cost. PO10 articulated this trade-off most precisely "to minimize
delivery costs, a company must strategically balance the trade-off between higher real estate
prices in high-density areas and the reduced fuel, labor, and transportation expenses gained
through proximity to customers and major multi-modal infrastructure hubs." This is the
most analytically specific single statement in the qualitative data and is directly related to
the location strategy dimension of RQ1. P006's simpler framing "we choose locations
mainly based on rent cost, closeness to customers, and how easy it is for deliveries and
parking in the area" reflects the same logic at a practitioner level.

4.7.3 Theme 3: Sustainable Delivery Through Fleet Transition and Network
Redesign

Nine out of ten respondents helped in this theme. Electric vehicles or eco-friendly delivery
modes were cited by seven participants, making them the most frequently mentioned
sustainability intervention. None of the respondents referred to fleet transition as a solution
in itself (see Figure 1), as all the respondents who mentioned EVs also mentioned at least
one other intervention, route optimisation was mentioned in six responses (P002, P004,
P005, PO06, PO07, PO0S, P0O10).

P010 explicitly combined Al-optimised route consolidation, micro-hubs, and a shift to the
use of electric cargo bikes instead of diesel trucks as a combined system, rather than as
separate options. "utban grocery logistics in Sweden can become more sustainable by
integrating Al-optimized route consolidation and 'micro-hubs' that facilitate a shift from
heavy trucks to heavy-duty electric cargo bikes and fossil-free delivery fleets ." P007 divides
the package into four interventions, "using electric vehicles, optimizing routes,
consolidating deliveries, and using local warehouses to reduce travel distance." P008 refers
to geo-fencing as a complementary mechanism of emission-free delivery of goods to the
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city, and P005 explicitly mentions the combination of shorter routes with MFCs and
consolidated loads, which is indicative of a systems-level understanding of emission
reduction that could not be captured by the Likert scale items.

This pattern is the most significant qualitative finding in the study. It states directly why
GDP failed to achieve significance in Section 4.4.2, practitioners do not feel that EV
adoption in isolation is enough to bring improvements in environmental performance.
Fleet transition is considered one of the required inputs into the system that also requires
network redesign, proximity-based fulfilment, and data-driven routing. This result confirms
H2 that sustainable vehicles can only enhance environmental performance when embedded
within a redesigned decentralised network.
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Figure 1. Thematic map

4.8 Integrated Interpretation

The quantitative and qualitative strands are most convergent on H1 and H3. DFE was
statistically significant t (9) = 6.194, p < 0.001), which indicates that there is a strong and
consistent agreement among the respondents on the effectiveness of decentralised
fulfilment. Theme 1 provides the cost-side justification for this agreement, centralised
delivery is perceived as structurally expensive under Swedish urban conditions, while
Theme 2 supplies the decision-level logic through which MFC placement translates
perceived effectiveness into actual cost reduction. H3 is supported in both strands
significant t-test results on LMOCP, DFE, and SO are consistent with qualitative evidence
that MFCs are placed by practitioners as a dual-purpose operation mechanism, which
addresses delivery cost through proximity and emissions through shorter routes and
consolidation. The most analytically important point of separation between the two strands
is related to H2. GDP was not found to be significant (p = 0.285), indicating that the current
practices of EV and route-shortening are not perceived to be providing any measurable
environmental benefits. Theme 3 demonstrates that practitioners view fleet electrification
as insufficient when pursued independently of network redesign, MFC deployment, and
route consolidation. This conditionality is the key discovery of the mixed-methods analysis
and the most significant input of the qualitative strand to the study. It redefines H2 not as
rejected, but requiring a systems-level interpretation, sustainable vehicles can only improve
environmental performance when they are integrated into a decentralised, technology-
enabled logistics network.
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5 Conclusion

This chapter draws together the conclusions of the study in relation to the purpose, re-
search questions, and hypotheses set out in Chapter 1.

5.1 Main Conclusions

This study shows that Micro-Fulfillment Centers can play an important role in improving
urban e-grocery logistics in Sweden. The results indicate that practitioners consider it to be
a practical solution to shorten delivery distance, enhance delivery efficiency, and reduce
operational cost by locating MFCs near demand areas. Decentralised fulfilment seems to
be most effective when it reduces delivery routes and enables more compact and responsive
deliveries.

The results also indicate that customer proximity is one of the most important factors in
deciding where MFCs should be placed. The study proposes that a more decentralised
network is more appropriate for the time-sensitive and high-frequency nature of e-grocery
delivery, as opposed to a large centralised warehouse at the edge of the city. This makes
location strategy a central part of operational performance, not just a real estate decision.

5.2 Sustainability and Technology

The study further shows that environmental performance cannot be improved by electric
vehicles alone. Sustainable delivery technologies work best when used in conjunction with
decentralised fulfilment, route optimisation and a logistics structure that enables shorter
and more efficient delivery rounds. In other words, sustainability depends on the whole
network design, not only on the vehicle type.

The results also indicate that automation and MFC technologies can contribute to efficiency
and sustainability. Respondents viewed MFCs not only as a way to reduce cost but also as
an enabler of greener delivery practices. This dual role makes MFCs strategically important
for urban logistics, especially where delivery speed, cost pressure, and environmental
concerns must be balanced at the same time.

In general, the study finds that MFC implementation in the urban e-grocery logistics in
Sweden can be regarded as a structural redesign of the delivery system. It's not just an
operational upgrade, it's a change in the way products are stored, moved and delivered
throughout the city. MFCs can help achieve both economic and environmental objectives
by locating inventory closer to customers and establishing the conditions for shorter,
cleaner, and more efficient routes. The findings therefore point to
Decentralised Micro-Fulfilment as a promising approach for the future of urban FMCG
delivery.
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6 Discussion

This chapter explains about the quantitative and qualitative results of Chapter 4 with the
discussion of the theoretical positions developed in Chapter 2 and the broader literature on
Micro-Fulfillment Centers, logistics and sustainable urban delivery. The discussion is
structured around the two research questions and three hypotheses, and identifies where
the findings confirm existing theory.

6.1 MFC Location Strategy and Last-Mile Cost Reduction

The significant DFE result M = 3.90, t (9) = 6.194, p < 0.001, Cohen's d = 1.96 suggests
high and consistent level of agreement from the respondents regarding the advantages of
decentralised distribution points in terms of delivery speed and the fact that MFCs are a
credible future operational model for Swedish e-grocery. This is broadly consistent with the
argument developed in Section 2.6, locating fulfilment infrastructure within a short radius
of demand shortens vehicle kilometres per delivery with zero-emission micro-mobility
becomes viable (Rai et al., 2022). This is confirmed at the practitioner level by the qualitative
evidence from Theme 2, where four out of ten practitioners stated that proximity to
customers was the most important factor when choosing a location.

However, the LMOCP «> DFE correlation of r = 0.321 (p = 0.366) was not statistically
significant, which means RQ1 that operators experiencing higher cost pressure would more
strongly endorse MFC placement as the remedy, is directionally understandable but
empirically unconfirmed in this sample. This study does not support this assumption at n
= 10, but one possible explanation is that all respondents work in Swedish urban markets
where the structural cost drivers are common to all firms, irrespective of their size. If all
operators are experiencing the same congestion, parking enforcement and low emission
zone compliance costs, then the difference in LMOCP may not be enough to distinguish
between endorsement by the respondents.

Theme 1 provides the contextual logic as seven out of 10 respondents identified operational
cost as the main urban last-mile challenge, and cost was identified as being structurally
created by the urban environment, rather than due to inefficiency within the organization.
Traditional trend of warehousing facilities moving to suburban areas, extending delivery
distances, driving up kilometres per order and creating congestion effects per order, all of
which are addressed by MFC proximity (Dablanc and Rakotonarivo's 2010).

The rent-vs-distance trade-off identified in Theme 2 most clearly expressed by P010 as a
strategic balance between urban real estate and the savings from transport, fuel and labour
costs due to customer proximity, is identified but not fully addressed in Section 2.6.2. H1
is considered partially supported, as perceptions of the MFC's effectiveness are high, but
the direct relationship between cost pressure and endorsement of the MFC needs to be
explored further with larger sample sizes.

6.2 Sustainable Vehicle Adoption and the Environmental
Performance Gap

The GDP construct (measuring operational sustainability outcomes of EV adoption and
route shortening) yielded a mean score of 3.35, compared to a neutral score of 3.0, t (9) =
1.137, p = 0.285. The null hypothesis for H2 cannot be rejected on the t-test criterion. This
is the most important quantitative result of the study, and should not be taken lightly.
GDP's non-significance does not imply that respondents are not interested in sustainable
delivery, it simply means that they are not seeing measurable environmental performance
improvements in their operations as a result of EV adoption and route shortening.
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The data for Q4 (operations depend on EVs or sustainable delivery methods, M = 3.40,
SD = 1.174) and Q9 (shorter routes reduce environmental impact, M = 3.30, SD = 1.059)
both have some genuine disagreement (three respondents rated each item below neutral).
This pattern is consistent with the adoption literature, which consistently identifies capital
cost, depot charging infrastructure shortfalls, and fleet electrification (Anosike et al., 2023;
Ehrler et al., 2021). The problem is not that operators do not want to electrify; the problem
is that the operational conditions required for EVs to produce measurable environmental
gains, sufficient charging infrastructure, appropriate vehicle range for urban route density,
and compatible facility arrangements are not yet in place.

The correlation between SO and GDP is the most obvious empirical indicator in the dataset
for RQ2, with r = 0.640 (p = 0.046). SO returned the highest construct mean in the study
(M = 4.15) and the strongest internal consistency (Spearman-Brown = 0.840), suggesting
that strategic sustainability orientation is both genuinely held and structured across
respondents. This is consistent with the Swedish regulatory and cultural context discussed
in Section 2.5.2, where operators face material pressure from low-emission zone policies,
and consumer expectations that treat environmental responsibility as a baseline rather than
a differentiator (CE Sweden, 2025b).

Theme 3 is the mechanism that connects the SO «> GDP correlation and the GDP non-
significance together. Seven out of 10 respondents identified EVs as a sustainability
intervention, but no single one suggested fleet electrification as a standalone solution, with
most of the EV mentions being paired with another intervention, typically route
optimisation, MFC-based proximity or delivery consolidation. PO08's specific mention of
geofencing for emission-free city delivery, and PO10's integrated approach of Al-optimised
route consolidation, micro-hubs and electric cargo bikes as a system, demonstrates that
environmental outcomes need a network-level response, not just a vehicle-level one. This
finding qualifies H2 rather than simply rejecting it.

6.3 Automation, Technology Integration, and MFC Viability

H3 was supported across all three relevant constructs. LMOCP returned t (9) = 3.000, p =
0.015, Cohen's d = 0.95, DFE returned t (9) = 6.194, p < 0.001, Cohen's d = 1.96; and SO
returned t (9) = 5.129, p = 0.001, Cohen's d = 1.62. The perceived cost pressure, MFC
effectiveness and sustainability orientation scores are significantly higher than the neutral
point with large effect sizes. The combination of the results of these three constructs
suggests that the argument of H3, that automation and MFC technology improves
operational efficiency and is a viable future model, is well supported by this sample.

This is supported by the theoretical basis in Section 2.1. Compared to conventional
warehouses, MFCs with goods-to-person principles and automated storage and retrieval
systems (ASRS) can deliver space utilisation efficiencies in urban footprints that are not
possible with conventional warehouses (Freichel et al., 2019). The DFE items Q5 (de-
centralised distribution improves delivery speed) and Q10 (MFCs could become the
standard solution for Swedish e-grocery) both returned M = 3.90 with dataset (SD = 0.459),
suggesting that agreement on MFC viability is not just significant but remarkably consistent.
Both items received no more than neutral ratings from any respondent, which is significant
in a sample.
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6.4 The Interdependence of Network Redesign and
Environmental Outcomes

The most significant finding of this study is not any single hypothesis out-come but the
conditional relationship that emerges from reading the quantitative and qualitative strands
together on H2. GDP was not significant on the t-test (p = 0.285), but SO <> GDP was
significantly correlated (r = 0.640, p = 0.046), and Theme 3 demonstrated that every
respondent who cited EVs also cited network-level interventions as co-requisite. GDP's
non-significance can be interpreted alone as a lack of environmental performance when
adopting sustainable vehicles. In qualitative evidence, it suggests something more precise
that EV adoption in isolation does not improve environmental performance, but EV
adoption embedded within a redesigned decentralised network does.

At the practitioner level, the qualitative responses operationalise this argument: P010's
integrated framing of the Al route consolidation, micro-hubs, and electric cargo bikes as a
combined system is not coincidental, but rather a reflection of a systems-level
understanding of how these interventions interact. This study does not allow for a definitive
claim at n = 10, but the qualitative evidence is consistent (9 of 10 respondents contributed
to Theme 3, and none of the respondents suggested fleet transition as a standalone
solution), indicating that it is a finding that should be explored at larger scale.

6.5 Implications for the Swedish E-Grocery and FMCG Context

The SO construct was the highest scoring and most internally consistent measure in the
dataset (M = 4.15, Spearman-Brown = 0.840) which is in line with the Swedish market
context described in Section 2.5. Sweden operates as one of Europe's most sustainability
committed logistics environments renewable energy adoption in warehouse and transport
operations is widespread. The national carbon reduction targets are enforced through low-
emission zone policies in Stockholm, Gothenburg and other major cities, and consumer
expectations treat environmental performance as a purchasing criterion rather than a
peripheral concern (CE Sweden, 2025b; Patowary et al., 2023). This is not surprising in this
context, as the high SO scores are the expected output of an institutional environment that
structurally supports sustainability orientation across all operators, irrespective of firm size.
The identified structural cost in Theme 1 (labour costs, fuel, compliance with the low-
emission zone and congestion in the city of Stockholm) has a direct market implication,
which is supported by the literature on the Swedish landscape. The rent-versus-distance
trade-off established in Theme 2 is the obvious next step in horizontal collaboration
between competing retailers, sharing the fixed costs of MFC facilities, and the route density
benefits of consolidated delivery.

6.6 Theoretical Contribution and Research Gap Addressed

This study was placed in the gap of literature because of the lack of empirical evidence,
especially from practitioner survey data, that demonstrates the impact of MFC size and
location strategy on operational costs relative to centralised warehouses and that shows
what combination of technologies optimises both environmental and operational
performance at the same time.

The methodological contribution is the mixed methods design, which enabled the non-
significance of GDP to be seen as a contingency finding rather than a null finding. If it was
just a quantitative study, it would have been concluded that H2 is not supported and the
study would have been discontinued. This design decision highlights that Likert-scale data
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is not enough to capture the operational logic of practitioners' attitudes in a contextually
specific sector as the Swedish urban e-grocery sector (Creswell and Clark, 2017).
Specific theoretical contributions:

e Sustainable vehicles improve environmental performance only when combined
within a redesigned decentralised logistics network that integrates route
optimisation, MFC-based proximity, and delivery consolidation. This qualifies the
dominant modelling approach in the last-mile, which treats EV adoption as an
independently measurable intervention (Mangiaracina et al., 2019).

e Practitioners position MFCs simultaneously as cost reduction tools (RQ1, via
proximity and shorter routes) and as sustainability enablers (RQ2, via reduced
vehicle kilometres and support for micro-mobility). This engages two literature
streams the operational efficiency and environmental sustainability (Karaoulanis,
2024).

e The trade-off between rent-versus-distance from customer proximity is identified
in the theoretical literature (Yang et al., 2024) but rarely documented as an active
decision-making logic. This study provides that practitioner-level evidence through
Theme 2, adding an empirical dimension to what has largely been a modelling-
based argument.

e The SO < GDP correlation (r = 0.640, p = 0.046) positions organisational
sustainability orientation, not fleet composition as the most reliable predictor of
environmental performance in this sample. This suggests that the institutional and
strategic dimensions of sustainability commitment may warrant greater attention in
future research than the operational dimensions that currently dominate the
literature.

6.7 Practical Implications

The rent-versus-distance calculation identified in Theme 2 should be an integral part of the
MFC location decision making process and not an assumption for e-grocery operators and
logistics managers. The significant t-test result for the LMOCP construct (M = 3.625, p =
0.015) indicates that these pressures are already severe in the Swedish urban markets, and
that the average delivery route in the markets becomes more expensive, longer and more
congested with every kilometre added to the average route through peripheral facility
placement. The results of this study indicate that the environmental benefits of fleet
electrification are only measurable when combined with a network that reduces distances
and, optimises the dispatch of orders using Al and combines orders into fewer trips.

The qualitative evidence from Theme 1 reveals that parking enforcement, restricting vehicle
access in the city centre and the costs of compliance with low emission zones are structural
amplifiers of per delivery cost, which are directly within the control of the municipality and
urban planner. The operational cost problem could be solved by the proximity enablement
of suitable sites for MFC infrastructure, as well as the environmental performance problem
by the shorter routes and the support of micro-mobility as part of urban spatial planning
processes.

The high correlation between LMOCP and SO (r = 0.639, p = 0.047) is important for
investors in logistics because it suggests that the operators that are most impacted by
operational cost pressures are also the most likely to have a strong strategic sustainability
orientation. It identifies a segment of the Swedish e-grocery market that is both
commercially motivated to invest in MFC infrastructure and strategically aligned with the
environmental performance benefits that infrastructure delivers.
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7 Reflection and Future Research

This chapter reflects on the research process and the key lessons learned from conducting
the study. It also discusses directions for future work by identifying limitations of the
present research and suggesting areas for further investigation.

7.1 Reflections on the Performed Study

The biggest challenge we faced in this study was the difference between the analytical plan
we developed and the data we actually able to gather. The original plan was to have a larger
purposive sample to be used for regression analysis in addition to the t-tests and
correlations. When only ten responses were available for SPSS; the plan had to be revised
substantially and regression was removed, and the study was reframed as explicitly
exploratory. That was frustrating, and we will not pretend otherwise. It was probably more
instructive to work through the analysis honestly, adapting the analysis to the sample rather
than forcing procedures on it that the sample could not support, than it would have been
to have a clean dataset. Research integrity demands that the research findings be reported
as they are found, not as they were planned.

We did not realize how much the qualitative strand would take with the study analytically.
The first thought that crossed our mind when GDP became non-significant was that H2
just didn't make it. Reading the open-ended responses alongside that result changed the
interpretation entirely. This experience has truly changed the way that we think about mixed
methods research, not as quantitative data with a bit of qualitative colour, but as two truly
complementary sources of meaning.

We know that ten respondents do not represent the whole sector, when it comes to
generalisability. The main conclusion, however, that the sustainable vehicle fleet requires a
redesigned network to deliver environmental results. The future research on this topic can
be extended across different regions if we have a sample size of at least 50 or more than
this.

7.2 Future Work and Research

The most obvious research direction is to replicate this study with a sample size adequate
for regression analysis and increased statistical power for all tests. The current n = 10
produced large effect sizes on the t-tests, DFE Cohen's d = 1.96, SO Cohen's d = 1.62 but
low power on the correlations, which means potentially real associations between
constructs may have gone undetected. The study would have n = 50, and the same
instrument would have been used, which would enable OLS regression testing of the
original analytical plan which was not possible at n = 10 (Hair et al., 2019). The same
instrument could be deployed without modification, which would also allow direct
comparison with the current exploratory findings.

A comparative Nordic study represents a direction that would test the generalisability of
the rent-versus-distance trade-off finding across different regulatory and urban planning
environments. The sustainability targets are similar in the three Nordic countries, but the
density of cities, the regulations for low-emission zones and the development of the
e-grocery market vary.

The other direction is quantitative network modelling of the systems-level H2 finding. The
conditional relationship outlined in Theme 3, that EVs can only enhance environmental
performance in a re-designed decentralised network, could be formally tested by simulating
the vehicle routing problem in a centralised network and a decentralised network with and
without electric fleets in a variety of Swedish urban demand scenarios.
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9 Appendix A - Additional Results
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Figure 2. Frequency distribution of survey item 1
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Figure 3. Frequency distribution of survey item 2
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Figure 4. Frequency distribution of survey item 3
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Figure 5. Frequency distribution of survey item 4
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Figure 6. Frequency distribution of survey item 5
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Figure 7. Frequency distribution of survey item 6

41



Degree Project for Master of Science with Specialization in Operations and Supply Chain Management

Percent

Percent

50

40

30

20

40

30

20

Company actively reduces carbon emissions

Meutral Agree Strongly Agree

Company actively reduces carbon emissions

Figure 8. Frequency distribution of survey item 7

Reducing carbon is strategic goal
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Figure 9. Frequency distribution of survey item 8
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Shorter routes reduce environmental impact
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Figure 10. Frequency distribution of survey item 9

MFCs as future standard solution
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Figure 11. Frequency distribution of survey item 10
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Table 13. Construct-level descriptives

Descriptives
Statistic  Std. Error
LMOCP  Mean 3.6250 20833
95% Confidence Interval Lower Bound 3.1837

i LA UpperBound  4.0963

5% Trimmed Mean 3.5872

Median 3.3750

Variance 434

Std. Deviation G581

Minimum 3.00

Maximum 475

Range 1.75

Interguartile Range 1.31

Skewness 729 687

Kurtosis -1.051 1.334
DFE Mean 3.9000 14530

95% Confidence Interval Lower Bound 3.6713

e CLEE Upper Bound ~ 4.2287

5% Trimmed Mean 318167

Median 4.0000

Variance 21

Std. Deviation 45947

Minimum 3.00

Maximum 450

Range 1.50

Interquartile Range B3

Skewness -.601 687

Kurtosis 386 1.334
=19] Mean 41500 22423

95% Confidence Interval Lower Baund 3.6428

(R Upper Bound ~ 4.6572

5% Trimmed Mean 41667

Median 4.0000

Variance 503

Std. Deviation 70907

Minimum 3.00

Maximum 5.00

Range 2.00

Interquartile Range 1.50

Skewness -076 687

Kurtosis -1.155 1.334
GDP Mean 3.3500 30777

95% Confidence Interval Lower Bound 2.6538

fortean UpperBound ~ 4.0462
5% Trimmed Mean 33611
Median 3.5000
Variance 947
Std. Deviation 87325
Minimum 2.00
Maximum 450
Range 2.50
Interguartile Range 1.75
Skewness -.264 Ge7
Kurtosis -1.608 1.334
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Normal Q-Q Plot of LMOCP
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Figure 13. Normal Q-Q plot for LMOCP
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Figure 14. Detrended normal Q-Q plot for LMOCP
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Normal Q-Q Plot of DFE
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Figure 15. Detrended normal Q-Q plot for DFE
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Figure 17. Normal Q-Q plot for SO
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Figure 18. Detrended normal Q-Q plot for SO
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Normal Q-Q Plot of GDP
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Figure 20. Normal Q-Q plot for GDP
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Figure 19. Detrended normal Q-Q plot for GDP

48



Degree Project for Master of Science with Specialization in Operations and Supply Chain Management

50

45

40

35

o

44

42

40

38

36

34

32

30

LMOCP
Figure 21. Outliers detection for LMOCP
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Figure 23. Outliers detection for SO
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Figure 24. Outliers detection for GDP

Questionnaire Link

https://docs.google.com/forms/d/e/1FAIpQLSdEX]W8EwYhSx4CjhBU7L.TO62z501
OlthFN2kU3ep6xKuXiwg/viewformPusp=sharing&ouid=113576723723593908780

50


https://docs.google.com/forms/d/e/1FAIpQLSdExJW8EwYhSx4CjhBU7LTO6az5O1OlthFN2kU3ep6xKuXiwg/viewform?usp=sharing&ouid=113576723723593908780
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