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PROJECT SUMMARY

The project addresses the environmentalissues linked to the transport CO2 emissions
associated with e-commerce deliveries, rising issue of inequality in the service
accessibility at Swedish rural areas, and limited collaboration between the key
stakeholders.

The project is built around following questions:

* What are the Swedish rural e-consumers’ expectations, needs, and behavioral
responses towards logistics services?

* How delivery destinations change environmental performance of logistics
services in rural areas?

* Howto design and fit logistics services to rural areas to maximize their
environmental and operational sustainability?

* How can existing and new business models and policies can support climate
neutrality in Swedish rural areas?

This results

1. Provide a map of Swedish rural e-consumer needs and behavioral responses
towards different delivery services

2. Provide knowledge for fitting the last mile logistics design and business models to

Sweden's rural areas with operational feasibility and minimal environmental impact

3. Provide a model for measurement and prediction of CO2 footprint of different
delivery destination network configurations in rural areas, and (4) set a multi-

stakeholder engagement initiative for climate-neutral rural logistics.

The project is a collaboration between the Karlstad University, Lund University,
PostNord AB (logistics service provider), iBoxen (parcel locker network provider), Sunne
kommun (Sunne municipality), Helsingborgs stad (Helsingborg municipality).

“li-)  postnord éé r.
LUNDS r Sunne -
UNIVERSITET IBoxen I kommun HELSINGBORG




TABLE OF CONTENT

PROJECT BACKGROUND ...couuiiiiiiiiiieiie ettt ettt e et e et et e e eae e e eenas 3
RURAL E- LOGISTICS AND ENVIRONEMNTAL SUSTAINABILITY c.cevviiiiiiiiieeiiieeieeeee 3
CURRENT STATUS OF SUBJECT AND ITS DEVELOPMENT ....ccvuiiiiiiiiiieieiieeciieeeeies 5
AIM, GOAL, AND RESULTS ...ttt ettt et et et et e e e e e en e eaaeeenns 7

METHODS, TOOLS, AND DATASOURGCES......cctuiiiiiiiiieiieeiie ettt 9

PROJECT SETTING ....uuitiieeiie ettt ettt e et e et e et e eeaa e e eaneetaaeeenaeeenanes 13
LAST MILE E-COMMERCE DELIVERY - SUNNE ... oot 15
VASTER AMTERVIK AND OSTER AMTERVIK ......oiiiiiuiiieeeiiieeeeiieeeeeieeeeeiveeeeeeneee e 16

SUSTAINABILITY AND RURAL LOGISTICS ....ciiiiiiieeeiiee ettt ettt 17
CURRENT STATE OF SUSTAINABILITY IN RURAL LOGISTICS .....ccoeiiieiieieeeneeenenn. 17
CO2 EMISSIONS IN THE LAST MILE LOGISTICS ....couuiiiiiiiiiiieiiiieeiie et 18
CLIMATE-NEUTRAL LAST MILE LOGISTICS ...ttt ettt 19
THE PATH TO CLIMATE NEUTRALITY: Practices in Last-Mile Logistics........cc...c........ 20
CURRENT STATE OF CO2 EMISSIONS ...ttt e e 21

THE CONSUMER VIEW ...ceiiiiiiii ittt et e et et s et e et s eenaees 23

THE BUSINESS VIEW ...ttt et et et ete e et e e eeae e eena s 29

THE GOVERNANCE VIEW...... ettt e et e e et e e en e ees 35

ENVIRONMENTAL FOOTPRINT «..uttiiiiiiieeiii ettt ettt et et e e e e enne e 44

SCENARIOS DEVELOPMENT, EVALUATION, AND RECOMMENDATIONS .........cc........ 55

CONCLUSIONS . ...ttt e st ea e eaa s e e aaeeaaes 73




PROJECT BACKGROUND

RURAL E- LOGISTICS AND ENVIRONEMNTAL SUSTAINABILITY

The rising climate concerns associated with e-commerce logistics and the urgent need
for climate-neutral logistics solutions have brought about a growing consensus that a
holistic, multi-stakeholder approach is essentia for sustainable transitionl. According to
Statista (2024), global e-commerce sales surpassed four trillion U.S. dollars in 2024 and
the associated last-mile delivery operations contribute significantly to overall carbon
emissions in the retail sector. Sweden’s e-commerce market follows the global trend
with continuous growth since the COVID-19 pandemic (Error! Reference source not
found.) and an anticipated contenous growth for over five years (PostNord). When
translating these challenges to rural contexts, factors such as long travel distances,
limited transport infrastructure, and dispersed populations compound an even higher
the environmental footprint that that of urban areas. A broad coalition of stakeholders —
rural consumers and communities, e-retailers, logistics providers, policymakers, and
governing bodies — has a collective responsibility to ensure that logistics services in
rural areas evolve in a manner that aligns with long-term societal and environmental

objectives.
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Figure 1. E-commerce revenue in Sweden from 2004 to 2023 (in billion SEK). Statista
(2024)

This perspective carries particular weight in Sweden, where rural inhabitants often
depend on online retail due to the relative scarcity of brick-and-mortar alternatives.
Recent data suggest that at least 13% of the Swedish population resides in rural areas,
many of whom purchase essential goods via e-commerce (SCB, 2023), but is under

acontenous slow decline due to ongoing urabn reaallocation due to lack of acess to



services and economic opportunities. At the same time, Statista (2024) and PostNord
(2025) indicate that e-commerce revenue in Sweden has seen steady year-over-year
growth, reflecting anincreasing reliance on online shopping across the country, including
rural regions. However, demographic shifts, limited economies of scale, and a slower
rate of adoption for green technologies pose substantial obstacles for sustainable rural
development (Figure 2).
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Figure 2. Sustainable rural development challenges.

To address these challenges, establishing logistics services that are both
environmentally and operationally efficient is critical. By minimizing the negative
environmental impact of transportation while bolstering the delivery of essential goods,
such services can help improve the quality of life in remote communities, spur new
economic opportunities, and reduce the outmigration of rural populations to urban
centers. Multiple pilot projects and collaborations, some of which involve Swedish
municipalities, e-retailers, and international parcel carriers, have already demonstrated
that shared distribution points, electrified vehicle fleets, and optimized routing
algorithms can decrease emissions and lower operational costs. These efforts align with
broader market trends—such as the ongoing push toward carbon-neutral supply
chains—that have been documented in various industry reports, including those from
Statista. Ultimately, a coordinated approach that involves technology, policy, and

community.




CURRENT STATUS OF SUBJECT AND ITS DEVELOPMENT

Historically limited product and service demand in rural areas has posed financial and
logistical hurdles to e-commerce expansion, as covering the last mile for dispersed
communities often entails higher operational costs and lower delivery service densities.
In Sweden, this scenario is gradually evolving. According to data from Statista (2024),
approximately 96% of the Swedish population engaged in some form of online shopping
in 2024, positioning the country among those with the highest e-retail penetration
globally. Notably, a significant portion of rural Swedes make use of online channels due
to the limited availability of brick-and-mortar stores—a trend that contributes to

Sweden’s overall status as a mature e-commerce market.

Meeting consumer expectations for fast, preferably free, and environmentally friendly
delivery remains a top priority for both consumers and logistics service providers
transitioning to more sustainable operations. These efforts primarily benefit urban
centers, where higher delivery volumes support cost-effective and flexible services. In
contrast, rural regions continue to face challenges in achieving balance among
operational viability, financial considerations, and reduced environmental impact.
Research shows that consumer preferences differ between urban and rural contexts
(Vakulenko et al., 2022), pointing at the opportunities for tailored strategies. One widely
adopted solution involves strategically locating and diversifying delivery destinations to
enhance cost-effectiveness while accommodating varying consumer demands. This
approach has driven the rapid expansion of parcel locker networks across Sweden. As of
2023, PostNord installed around 5,800 parcel lockers nationwide (PostNord, 2023),
making it the fastest growing delivery destination mode, which also allows to streamline

last-mile operations and reduce carbon emissions (Figure 3).
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Figure 3. Modes of the latest e-commerce deliveries in Sweden (2019 and 2024
comparison). PostNord & HUI Research (2025).



These developments align with broader targets for sustainable growth in rural supply
chain management, emphasizing efficient logistics infrastructure, collaborative
partnerships, and innovative delivery solutions. Although progress is more visible in
urban areas, rural communities increasingly stand to benefit from initiatives designed to
lower the environmental footprint of transportation while delivering essential goods and
services. By adopting a holistic perspective—one that includes geographic nuances,
stakeholder collaboration, and evolving consumer behaviors—Sweden continues to
refine its e-commerce logistics model in both urban and rural environments.
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Figure 4. Future areas of development in Rural Supply Chain Management.
Prockl et al. (2021).

Ongoinginternational, national, and regionalinitiatives regularly encourage the adoption
of sustainable logistics business models by offering a combination of incentives, policy
frameworks, and research funding. For instance, the European Commission’s
“Sustainable and Smart Mobility Strategy” aims to reduce transport-related greenhouse
gas emissions by 90% by 2050, signaling strong support for clean mobility solutions.
However, many existing programs concentrate their efforts on improving environmental
performance in urban centers, leaving a gap in comprehensive approaches thatintegrate
both operational and ecological considerations in rural logistics. According to Statista, a
notable proportion of public and private investment in green transport is channeled
toward metropolitan regions, while rural areas receive comparatively less attention. This
creates a dichotomy where research and industry projects often focus on either urban
emissions reductions or cost-effective rural transportation services—rarely bridging the
two. As a result, the rural dimension of logistics and its environmental impacts are
frequently underrepresented, limiting the potential for truly holistic solutions that could
enhance operational feasibility while achieving climate-neutral goals in less densely
populated regions.



AIM, GOAL, AND RESULTS

The project is built around following questions:

What are the Swedish rural e-consumers’ expectations, needs, and behavioral
responses towards logistics services?

How delivery destinations change environmental performance of logistics

services in rural areas?

How to design and fit logistics services to rural areas to maximize their
environmental and operational sustainability?

How can existing and new business models and policies can support climate

neutrality in Swedish rural areas?

This project results

1.

Provide a map of Swedish rural e-consumer needs and behavioral responses
towards different delivery services

Provide knowledge for fitting the last mile logistics design and business models to
Sweden's rural areas with operational feasibility and minimal environmental impact

Provide a model for measurement and prediction of CO2 footprint of different
delivery destination network configurations in rural areas, and (4) set a multi-

stakeholder engagement initiative for climate-neutral rural logistics.




SDG 2030 No 9 “Industry, Innovation, and Infrastructure”

The project is set to advance operational and environmental
INDUSTRY, INNOVATION . S L .
ANDINFRASTRUCTURE sustainability in e-commerce logistics through business model
and service design innovation (hence, “industry” and
“innovation”) and through delivery destinations, such us parcel
lockers networks that are utilized in the project (hence,
“infrastructure”), as part of project goal No 3.

SDG 2030 No 11 “Sustainable Cities and Communities”

The projectis set to advance logistics service fitting and
availability in rural areas, which as part of project goal No 2
contributes to life quality in rural areas and reversing of the
population loss towards urban areas (hence, “sustainable cities
and communities”).

SDG 2030 No 12 “Responsible Consumption and Production”

The projectis set to provide insights and guidelines for rural e-
]2 mpsmmn commerce logistics service design and operations in order to

AND PRODUCTION minimize its environmental impact, as part of project goal No 1.
Thisis to be done by minimizing the last mile transport CO2
emissions from both the logistics companies (hence,
“responsible production”) and the pick-up trips carried out by the
consumers in rural areas (hence, “responsible consumption”).




METHODS, TOOLS, AND DATA SOURCES

PRIMARY DATA SOURCES

Interviews and workshops with market and public stakeholders were
conducted throughout the project to gather qualitative insights into
different aspects of the subject. The data-gathering process included
discussions with key stakeholders such as local authorities, retail
industry representatives, and logistics experts. Insights from these
interviews were analyzed to identify core challenges and trends, forming
the basis for the development of targeted workshops. After
synthesiszing the interview findings and the environmnetal evaluation,
three workshops were conducted with different stakeholder groups to
evaluate the main findings, gather feedback, and collaboratively outline
the next steps. These sessions allowed for deeper engagement,
validation of insights, and the co-creation recommendations.

Survey and interviews with consumers were conducted to gather
firsthand insights from individuals in the target areas. Initially, 98
interviews were conducted with consumers in Ostra Amtervik and
Vastra Amtervik to explore their experiences and challenges related to
online shopping and last-mile delivery. These interviews provided in-
depth qualitative insights, which were then complemented by a survey
distributed to both villages. The survey aimed to capture broader
patterns in consumer needs, behaviors, and preferences regarding e-
commerce and delivery services. Together, these methods provided a
comprehensive understanding of consumer perspectives.

Field observations were conducted to gain firsthand insights into rural
logistics practices. The observations involved site visits to key logistics
hubs, including local distribution centers, pick-up points, and last-mile
delivery routes in selected rural areas. During these visits, the research
team systematically documented infrastructure conditions, delivery
processes, and logistical challenges such as accessibility, service
reliability, and environmental constraints. The qualitative data collected
through these observations offered contextual understanding, enriching
the findings from stakeholder interviews and surveys.
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SECONDARY DATA SOURCES
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Statistikmyndigheten SCB statistics were utilized to complement
the primary data collection, with a key focus on official statistics from
Statistics Sweden (Statistikmyndigheten SCB). As the national
statistical agency, SCB provides comprehensive data across various
domains, including demographics, economics, infrastructure, and
social factors. These datasets served as a foundational resource for
analyzing population distribution, economic activity, servie use and
access, transportation infrastructure, and regional developmentin
the studied areas. By integrating SCB data with primary research
findings, the study was able to contextualize local trends within
broader national and regional patterns, strengthening the overall
analysis.

Reports from relevant institutions and academic articles were used
to provide additional context and validate findings from primary data
sources. Key reports were sourced from organizations such as Post-
och telestyrelsen (PTS), Trafikanalys, Statista, and the European
Commission, which offer insights into postal and delivery services,
transportation trends, digital connectivity, and regional infrastructure
developments. These reports provided insights on logistics
performance, regulatory frameworks, e-commerce trends, and
sustainability initiatives and practices, helping to contextualize rural
logistics challenges within national and European policy landscapes.
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TOOLS AND METHODOLOGIES

A combination of geospatial, network, and statistical tools was used to analyze rural
logistics, facilitating data processing, visualization, and interpretation. OSMnx retrieved
and modeled street networks from OpenStreetMap, supporting analysis of rural
accessibility and logistics. NetworkX enabled network analysis, including shortest
paths, centrality, and traffic flow, while GeoPandas streamlined geospatial data
handling. SPSS was used for survey and statistical analysis, identifying consumer
behavior trends and logistics performance. OpenStreetMap data further enriched the
study with detailed geographic insights. Together, these tools enabled a data-driven
approach to understanding logistical challenges and consumer needs in rural areas. The

following tools were utilised to carry out the analysis:

OSMnx is a Python package designed to facilitate downloading,

m modeling, analyzing, and visualizing street networks and other

‘9 geospatial features derived from OpenStreetMap. It streamlines tasks
Q such as retrieving map data, building network graphs, and conducting

spatial analyses in a straightforward manner.
NetworkX s a Python package focused on the creation,
manipulation, and study of complex networks. It supports various
graph operations, such as shortest path calculations, centrality
measures, and network visualization.
GeoPandas is an open-source project that extends pandas’ data
structures to support geographic data. It provides functions for
reading, manipulating, and analyzing spatial datasets, making
geospatial tasks more accessible in Python.
OpenStreetMap is a collaborative initiative to develop a freely
editable map of the world. Volunteers contribute geographic
information, including roads, buildings, and points of interest, to
create a comprehensive global map resource.
SPSS is a software package widely used for statistical analysis of
survey data. It offers robust tools for managing data, conducting
descriptive statistics, and performing a range of advanced statistical
techniques.
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INTERVIEW AND WORKSHOP PARTICIPANTS
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PROJECT SETTING

Sunne, and specifically Ostra Amtervik and Ostra Amtervik, was selected as the primary
location for this project due to its representativeness in terms of rural logistics
challenges and opportunities, and demographics. Situated in Varmland County, Sunne
exemplifies key characteristics of rural Sweden, including dispersed settlements, a mix
of local and long-distance transportation needs, and a dependency on road-based
logistics networks. These factors make it an ideal testbed for sustainable e-commerce
logistics innovations. Several key factors justified the selection:

« Demographic and geographic relevance: Sunne’s population distribution and
transport network reflect broader rural logistics conditions in Sweden. The
municipality balances local economic activity with the challenges of distance-
based distribution.

o Existing e-commerce trends: Sunne has a growing e-commerce consumer
base, with local businesses and residents increasingly relying on online retail.
This trend provides an opportunity to study e-commerce logistics at a practical
level.

o Transportinfrastructure and challenges: The region’s reliance on road
transport and limited access to large-scale distribution centers mirrors the
logistical barriers faced by many rural municipalities. The study of Sunne allows
for an in-depth analysis of these challenges and potential mitigation strategies.

o Engagement and local collaboration: The municipality has shown a willingness
to collaborate on sustainability and innovation projects, creating a conducive
environment for testing and implementing climate-neutral logistics solutions.
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SUNNE KOMMUN (Varmlands lan)

Sunne kommun is a municipality in Varmland County, west central Sweden, with its
administrative center in the town of Sunne. The municipality covers an area of
approximately 1,448 square kilometers and features a population of 13.339 as of 2025.
The local economy is diverse, with notable industries in printing and packaging.
Companies like Tetra Pak and Miller Graphics have facilities in Sunne, and the local
college offers specialized courses in printing technology.

Population 13 339 (2025)
Area 1 448,25 km2
Population density 9,2/km2

Transport network

Sunne kommun has a functional transport infrastructure that connects the region to
the rest of Sweden. The European route E45 runs through the municipality, providing a
north-south corridor for road transport. Nationalroad 241 links Sunne with neighboring
municipalities, facilitating regional travel. The Fryksdal Line (Fryksdalsbanan) offers
rail transport between Torsby and Kil, where travelers can connect to the national
railway network, including routes to Karlstad and Stockholm. Public transportation
consists of local and regional bus services that provide commuting options for
residents and visitors.

Geography

The geography of Sunne kommun is defined by lakes, forests, and hills. The
municipality is located between the interconnected lakes Ovre Fryken and Mellan-
Fryken, which contribute to local recreation and tourism. The terrain includes

extensive forested areas and rolling hills, supporting industries such as forestry and
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tourism. Sunne covers approximately 1,297 square kilometers, with a low population
density and large areas of natural land.

Population

Sunne kommun has a population of around 13,000 residents, with a relatively low
density of about 10 inhabitants per square kilometer. The population structure
follows trends common in rural Sweden, with a significant proportion of elderly
residents. The town of Sunne serves as the main population center, while smaller
villages and rural areas have more dispersed settlement patterns. This demographic
distribution influences local infrastructure, services, and economic development.
Retail

Retail activity in Sunne kommun consists of small businesses, shops, and service
providers that cater to local demand. The municipality does not have large shopping
malls but includes smaller commercial centers offering essential goods and services.
Seasonal markets and fairs take place at various times of the year, featuring local
products, crafts, and food. These events contribute to the local economy and provide
sales opportunities for producers and vendors.

Logistics

Logistics in Sunne kommun are shaped by the existing transport network and the
needs of local industries. The road and rail connections facilitate the movement of
goods, supporting key economic sectors such as forestry, agriculture, and
manufacturing. Local businesses rely on regional distribution centers to maintain
supply chains and transport products efficiently. While Sunne does not have major
logistics hubs, its location within the national transport network allows for the
distribution of goods to domestic and international markets.

LAST MILE E-COMMERCE DELIVERY - SUNNE

Sunne kommun is served by multiple logistics companies that provide consumer parcel
deliveries, including home deliveries and parcel locker services. The list of companies

with established operations in the region include:

* PostNord Sverige AB. Sweden’s national postal service offering home delivery,
service points, and parcel lockers. Coop Sunne acts as a service point for
PostNord.

* DHL which offers home delivery, and service points pick-ups.

* DB Schenker which offers home delivery, and service point pickup.

* Bring which offers home delivery, and service point pickup.

* UPS which offers home delivery, and service point pickup.

* Instabee (Instabox + Budbee) which offers parcel locker pick ups.

15



While these delivery services cover Sunne and its immediate surroundings, options are

limited in the rural areas of the municipality, such as Ostra Amtervik and Vastra Amtervik.

In these locations, home delivery services may be less frequent or subject to longer

delivery times. Some logistics providers primarily use service points in Sunne town for

parcel collection rather than delivering directly to remote areas.

VASTER AMTERVIK AND OSTER AMTERVIK

Population (2022)
N of households

Av. yearly N of deliveries

PL distances

Mean distance to a parcel
locker (excluding walking
distance =500m)

Service point distances

Mean distance to a
service point

Viaster Amtervik

1024

492

3 000

Min distance: 33,7 m
Max distance: 14 352,5 m
Av. distance: 4 954,7 m

5055,7m

% of population in >
distance than that s
97,89%

Min distance: 13934 m
Max distance: 28 252 m
Av. distance: 18 855 m

18 855 m
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Oster Amtervik

799
452

2300

Min distance: 0,0 m
Max distance: 14 686,4 m
Av. distance: 5770,1T m

6 038,8 m

% of populationin >
distance than thatis
95,44%

Min distance: 11 005 m
Max distance: 32 759 m
Av. distance: 21 125 m

17044 m



SUSTAINABILITY AND RURAL LOGISTICS

CURRENT STATE OF SUSTAINABILITY IN RURAL LOGISTICS

Sustainable and environmental logistics in rural areas is a critical topic as it addresses
the unique challenges and opportunities for implementing sustainable practices in less
urbanized regions. This involves understanding the interplay between logistics,
environmental sustainability, and rural development. Historically, rural areas have
managed logistics through systematic approaches that balance natural resources,
population, and economic activities. This historical perspective remains relevant today,
emphasizing the importance of a structured logistics concept for sustainable rural
development (Magomedov, 2022). Rural logistics face significant challenges due to
limited transportation infrastructure and logistical operations, which negatively impact
the daily lives of rural residents, particularly socially disadvantaged groups (Parmaksiz
et al.,, 2024). The scarcity of actors, low or fluctuating quantities of goods, and long
transport distances further complicate logistics in these areas, making them costly and
inefficient (Hofmann-Souki et al., 2024). Moreover, the interplay between urbanization,
rural logistics, and carbon emissions needs further exploration to develop sustainable
policy frameworks (Zhang, 2024). Some of the examples of promissing approaches take
the following forms:

e Emission-free transportation. The push for emission-free logistics is crucial in
rural areas to meet climate goals like the EU Green Deal. However, rural areas
often rely on traditional, emission-intensive transport due to economic
constraints. Despite these challenges, there are opportunities for implementing
emission-free transportation solutions, provided there is adequate funding and
interest (Duerkop & Grubmuller, 2023).

e Socially responsible logistics. Social logistics projects, such as those tested in
Germany, demonstrate the potential for public transport systems to serve as
regional distributors of goods. These projects emphasize social and
environmental benefits, promoting sustainable logistics through collaborative,
real-world laboratory approaches (Greischel et al., 2023).

e Low-Carbon Logistics. In China, the development of low-carbon logisticsin
rural areas has shown a positive impact on economic growth, with a notable
geographical clustering of such initiatives. This development is linked to
increased income and education levels, particularly in the eastern and central
regions (Su et al., 2023).

The integration of micrologistics solutions, which focus on regional supply networks, is
gaining attention. These initiatives aim to improve the supply of daily goods in rural areas
by leveraging digitalization and collaborative efforts (Hofmann-Souki et al., 2024).
Additionally, addressing the relationship between urbanization, rural logistics, and
carbon emissions will be crucial in forming comprehensive sustainability strategies
(Zhang, 2024).
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CO2 EMISSIONS IN THE LAST MILE LOGISTICS

The rapid growth of e-commerce has significantly increased the demand for last-mile
logistics, which is the final step in the delivery process from a distribution center to the
end customer. This surge has led to a rise in transport emissions, particularly in urban
areas, necessitating innovative solutions to mitigate environmental impacts and
improve sustainability. These negative effects are known to have even higher impactin
rural areas due to longer travel distances and limited spread of the lates technological
solutions that enable sustainable transition.

Last-mile logistics is a major contributor to pollution, including carbon emissions, noise,
and air pollution. The increase in delivery vehicles has exacerbated these issues,
highlighting the need for sustainable solutions (Bertolini et al., 2024; Babjak & Yung,
2024). Traditional internal combustion engine vehicles, particularly diesel vans, are
identified as having the worst environmental impact compared to electric alternatives
(Temporelli et al., 2022; Croci et al., 2021). Addressing these emissions is essential to
align with environmental targets and reduce the negative effects of urban logistics. Some
of the solutions in this area are:

e Sustainable Vehicle Alternatives. Electric cargo bikes and electric vans
present viable alternatives for reducing transport emissions in last-mile delivery.
E-cargo bikes, in particular, show the best performance in minimizing emissions
across various impact categories, including CO2 and photochemical ozone
formation (Temporelli et al., 2022; Saha et al., 2023), but are currently found
suitable only for urabn and sub-urban operations. The adoption of electric
vehicles (EVs) in urban logistics can lead to significant reductions in global
warming potential and photochemical smog formation. However, depending on
the energy source, EVs may contribute to an increase in particulate matter
emissions (Croci et al., 2021) and have limited applications in rural areas.

¢ Innovative Solutions and Technologies. Beyond vehicle electrification, new
technologies such as Unmanned Aerial Vehicles (UAVs) and Autonomous
Delivery Robots (ADRs) offer potential solutions to reduce emissions and
operational costs in last-mile logistics. These technologies require changes in
operational procedures and are most effective when tailored to specific urban
settings (Babjak & Yung, 2024; Demir et al., 2022). Additionally, logistics pooling
strategies, such as multi-pick and multi-drop transport, have been shown to
significantly reduce CO2 emissions, surpassing targets set by environmental
agencies (Moussaoui, 2024).

Despite the potential of green vehicles and innovative technologies, their adoption in
last-mile logistics remains limited. Key challenges include the need for financial
incentives, the development of supporting infrastructure, and overcoming operational
barriers (Patella et al., 2020). Future research should focus on integrating multiple last-
mile solutions and establishing collaboration schemes to address stakeholders'
conflicting interests and enhance sustainability (Silva et al., 2023; Ranieri et al., 2018).
Strengthening policy frameworks and fostering public-private partnerships can also
accelerate the transition toward low-emission last-mile logistics.

18



CLIMATE-NEUTRAL LAST MILE LOGISTICS

The concept of climate-neutral last-mile logistics is gaining traction as urbanization and
e-commerce growth exacerbate environmental challenges such as pollution and
congestion. This area of logistics focuses on reducing the carbon footprint of the final leg
of delivery, which is often the most inefficient and environmentally damaging part of the
supply chain. Achieving climate neutrality in last-mile logistics requires a combination of
green technologies, optimized operations, and supportive policies to minimize
emissions and enhance sustainability.

Climate-neutral logistics refers to the implementation of strategies that minimize or
eliminate greenhouse gas emissions in logistics operations. This can be achieved
through the use of renewable energy sources, low-emission transportation, carbon
offset initiatives, and operational efficiency improvements. In last-mile logistics,
achieving climate neutrality is particularly relevant as this stage often involves short,
frequent trips that contribute disproportionately to overall transport emissions. By
shifting to sustainable solutions, logistics companies can reduce their environmental
impact while maintaining efficient delivery services.

While climate-neutral last-mile logistics is often discussed in urban contexts, itis equally
relevant for rural areas. Rural last-mile delivery faces unique challenges, such as long
distances, lower delivery densities, and limited infrastructure. Implementing sustainable
solutions, such as electric vehicles, drone deliveries, and decentralized distribution
networks, can reduce emissions while ensuring cost-effective and reliable service for
rural populations. Moreover, integrating micrologistics solutions and shared mobility
concepts can optimize rural deliveries and enhance sustainability.




THE PATH TO CLIMATE NEUTRALITY: Practices in Last-Mile Logistics

Achieving climate-neutral last-mile logistics requires a multifaceted approach that
includes adopting green technologies, optimizing operational strategies, and fostering
collaboration among stakeholders. Stakeholders must work together to create an
environment conducive to sustainable practices, ensuring that last-mile logistics
contribute positively to sustainability goals through a range of approaches:

GreenVehicles and Technologies: The adoption of green vehiclesis crucial forreducing
emissions in last-mile logistics. Studies show that e-cargo bikes outperform other
vehicles in terms of environmental impact, significantly reducing CO2 emissions
compared to diesel vans (Temporelli et al., 2022; Patella et al., 2020). Autonomous
delivery vehicles are also emerging as promising solutions for sustainable urban and
rural deliveries (Patella et al., 2020).

Operational and Organizational Solutions. Sustainable last-mile logistics can be
enhancedthrough the use of consolidation centers, shared micro-depots, and collection
and delivery points (CDPs). These help inreducing the number of trips and improving load
efficiency, thereby minimizing environmental impact (Bonilla et al., 2024; Silva et al.,
2023). In rural areas, decentralized distribution hubs can serve as strategic points to
improve efficiency and reduce emissions.

Integration and Collaboration. There is a need for integrating multiple last-mile
solutions and establishing collaboration schemes to address the conflicting interests of
stakeholders. This integration is essential for achieving the triple bottom line, which
includes economic, environmental, and social aspects (Silva et al., 2023). Rural logistics
can benefit from partnerships with local businesses, cooperatives, and public transport
services to enhance sustainable delivery models.

Policy and Incentives. Despite the benefits of green vehicles, their adoption remains
low. Public authorities need to provide incentives and develop policies that encourage
the use of sustainable logistics solutions (Patella et al., 2020). Additionally, the logistics
industry must adapt to social and technological advancements to future-proof logistics
operations (Lauenstein & Schank, 2022).

Business Models and Profitability. Different business models in last-mile logistics,
such as crowdshipping and traditional logistics service providers, show varying levels of
profitability and commitment to carbon neutrality. While crowdshipping emphasizes job
creation and flexibility, traditional models focus on employer responsibilities and
environmental targets (Kervola et al., 2022). In rural areas, cooperative models and
government-supported initiatives can play a key role in promoting climate-neutral
delivery services.

Consumer Involvement. Encouraging consumers to participate in logistics solutions,
such as using collection points, can enhance energy efficiency. This approach reduces
the need for individual deliveries and promotes the use of public transportation or
walking for the final leg of delivery (Halldérsson & Wehner, 2020). In rural regions,
incentivizing community-driven logistics solutions can further support sustainable last-
mile practices.
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CURRENT STATE OF CO2 EMISSIONS

The transport sector in Europe is a major contributor to CO, emissions, accounting for a
significant share of the continent’s total emissions. Among various modes of transport,
road transport remains the largest source of pollution, making it a primary focus for
emission reduction strategies. The sector is responsible for over 27% of Europe’s total
CO, emissions, with fossil fuel consumption being the main driver (Marrero et al., 2021;
Gonzalez et al., 2019). Several factors influence emission levels in the transport sector,
including economic activity and fuel prices, which affect the speed at which emissions
converge across European countries. Less polluting nations are gradually catching up
with more polluting ones in terms of emission levels (Marrero et al., 2021). Over time, the
intensity of CO, emissions has decreased, with key determinants being capital per capita
and energy consumption per capita (Robaina & Neves, 2021). Additionally, stringent
environmental policies and climate change mitigation technologies have played a
positive role in reducing emissions, while infrastructure investments have not shown a
significant impact in this regard (Georgatzi et al., 2020).

Therole of environmental technologies and renewable energy in reducing CO, emissions
is increasingly important. The adoption of renewable energy sources, such as electric
vehicles and hydrogen fuel cells, is seen as a crucial step toward emission reductions
(Kwilinski et al., 2024). However, in EU15 countries, environmentaltechnologies have not
demonstrated a statistically significant effect on emissions reduction, indicating that
targeted policies may be needed to enhance theirimpact (Alatas, 2021).

Policy challenges remain, as the convergence of emissions across European countries
suggests the need for tailored strategies that account for structural differences (Marrero
et al., 2021). A comprehensive approach—including innovation, education, and stricter
regulations—can help accelerate the transition toward sustainable transport (Kwilinski
et al., 2024). Despite the potential of environmental taxation as a tool for emissions
reduction, transport taxes have not proven to be significantly effective, underscoring the
need for more impactful fiscal policies (Aydin & Esen, 2018).

In recent years, both Europe and Sweden in particuler have made notable progress in
reducing carbon dioxide (CO,) emissions from passenger cars and vans, reflecting
concerted efforts to promote sustainable transportation and logistics. Between 2019
and 2023, the average CO, emissions from new passenger cars registered in Europe
decreased by 28%, mainly driven by the increasing adoption of electric vehicles (EVs),
which constituted 23.6% of the European Union's new car fleet in 2023 (European
Environment Agency, 2024). Consequently, the average CO, emissions of new registered
passenger cars inthe EU decreased by 1.6% compared to 2022, reaching 106.4 g CO,/km
in 2023 (ACEA, 2024). To further this progress, the European Green Deal aims for a 90%
reduction in greenhouse gas emissions from transport by 2050 (European Commission,
2024). Regulation (EU) 2019/631 sets increasingly strict fleet-wide targets for CO,
emissions from new passenger cars: 95 g CO,/km (NEDC) for 2020-2024 (approximately
115.1 g CO,/km WLTP), tightening to 93.6 g/km from 2025 to 2029, 49.5 g/km from 2030
to0 2034, and ultimately 0 g/km from 2035 (EEA, 2024).
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An average new car in the EU emits 110 g
CO,/km, while Sweden reports significantly
lower emissions for newly registered vehicles, at
66.6 g CO,/km. However, estimates for the
overall passenger car fleet in Sweden in 2024
suggest considerably higher emissions, ranging
from 126 g CO,/km to 150 g CO,/km. In rural
areas, these averages are substantially higher,
as the primary drivers of emission reductions—
fleet electrification and vehicle replacement—
are concentrated in urban regions. In contrast,
rural areas experience a slower transition due
to lower adoption rates of electric vehicles
and a longer vehicle turnover cycle.

Sweden has emerged as a leader in reducing CO, emissions from new passenger cars.
In 2023, Sweden had the lowest average emissions for newly registered carsin the EU, at
66.6 g CO,/km, followed by Finland (85.3 g CO,/km) and Denmark (86.3 g CO,/km)
(ACEA, 2024). According to the Swedish Transport Administration's report, "Road Traffic
Emissions 2023", the average CO, emissions for all passenger cars in Sweden
amounted to 126 g CO,/km in 2023, a decrease from 128 g/km in 2022 (Trafikverket,
2023). However, according to other sources using different estimations, this number can
amount to 130-150 g CO,/km in 2024. For newly registered cars, emissions fell from 88
g/km in 2021 to a preliminary 70 g/km in 2022, reflecting Sweden’s continued transition
toward low-emission vehicles (Trafikverket, 2022).

Despite these advancements, several challenges remain. In rural areas, cars tend to be
older, emit more CO2, and are used more frequently (Naturvardsverket, 2024).
Moreover, while battery electric vehicle (BEV) registrations in the EU increased from
13.5% in 2022 to 15.5% in 2023, petrol-powered cars still dominated the market,
accounting for more than half of new registrations (including hybrid cars), followed
by diesel cars (17%) (European Environment Agency, 2024).

To address these issues, the European Commission extended the deadline for car
manufacturers to meet the 2025 pollution targets by two years, until 2027. This move
aims to provide "breathing space" for the automotive industry as it faces a slowdown in
EV sales (The Guardian, 2025). However, environmental organizations argue that
delaying these regulations could slow the transition to affordable clean cars (The
Guardian, 2025).
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THE CONSUMER VIEW

CONSUMER BEHAVIOR, NEEDS,
AND HABITS IN RURAL AREAS
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ACCESS AND AVAILABILITY

Rural consumers often face limited access to a wide range of products in local stores,
which makes e-commerce a vital channel for meeting everyday needs. Online shopping
offers rural residents access to a broader assortment of goods, including specialized or
niche products that are otherwise unavailable locally. However, this reliance on e-

commerce is tempered by constraints in delivery infrastructure and service availability.

CONSUMER TRAVEL BEVAVIOR

The way consumers travel (Figure 5) to receive their e-commerce deliveries varies
significantly depending on the delivery method, with important implications for

convenience, environmental impact, and logistics planning.
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Figure 5. Consumer pick-up travel mode distribtuion.

For home deliveries, the vast majority of consumers (84.4%) do not need to make any
trip at all, as parcels are received directly at the doorstep. This delivery method
minimizes consumer travel and is perceived as highly convenient, especially for those
who are often at home or can plan their day around expected deliveries. Only a small
share of home delivery recipients make a detour (9.4%) or a dedicated trip (6.2%), likely
in cases where delivery attempts fail or additional arrangements are needed.

In contrast, parcel lockers and service points often require consumers to travel. Among
those using parcel lockers, 75% reported making a detour to pick up their parcels, while

25% made a dedicated trip. These figures suggest that while parcel lockers offer
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flexibility in pickup time, they are rarely situated along consumers’ regular routes,

leading to extra travel.

Service points perform slightly better in this regard. While 67.3% of pickups involve a
detour, 24.5% require a dedicated trip, and 8.2% are collected on the way during other
errands. This may reflect the location of many service points near grocery stores or
central urban areas, which makes them more accessible as part of consumers' existing

travel routines.

These findings highlight that the location and accessibility of pickup points play a
crucialrole in shaping consumer travel behavior. Delivery solutions that align better with
consumers' daily routines can reduce the need for extra trips, offering benefits not only

in terms of convenience, but also in reducing traffic and environmental impact.

TRUST AND SERVICE EXPERIENCE

Trust in the delivery process is critical. Rural consumers often report concerns about
missed deliveries, unclear handover procedures, or damaged parcels due to rough
transport conditions. A positive delivery experience—including courteous service,
package integrity, and accurate timing—plays a key role in customer satisfaction and

future purchase decisions.

DELIVERY EXPECTATIONS AND PREFERENCES

Consumers in rural areas are generally more accustomed to longer delivery times
compared to their urban counterparts. While fast delivery remains desirable, many rural
consumers prioritize reliability, transparency, and flexibility in delivery over speed.
Preferences often include:

e Clear communication about delivery schedules.
o Flexible delivery options (e.g., home delivery vs. service point pickup).

e« The ability to track parcels and receive delivery notifications.

Some rural consumers are also more willing to consolidate orders or wait longer if it
means reducing delivery costs, driving times, and environmental impact. In the
consumer group within this project, the distribution of travel distances to the nearest
delivery destination (i.e., parcel lockers) has shown a remarcable difference of those in
urban areas (Figure 6), making the “slipper distance” approach to minimising the

environmental impact of the consumer travel inaplicable.
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Figure 6. Destributin of consumer travel distances to the nearest parcel locker in rural areas.

ATTITUDES TOWARD SUSTAINABILITY

Sustainability plays a growing role in shaping rural consumer attitudes toward e-
commerce delivery, however, the sutainbaility dimention of the service is not as
prominent as that of urban e-consumers. There is a general openness to solutions such
as shared pick-up points and use of local logistics hubs or collection lockers. However,
these attitudes vary based on individual values, awareness levels, and the availability of
sustainable delivery alternatives.

DIGITAL LITERACY AND SHOPPING BEHAVIOR

While digital access has improved in rural areas, there can still be disparities in digital
literacy, affecting how consumers navigate online platforms, assess sellers, and handle
issues such as returns or refunds. Moreover, shopping patterns in rural areas may be
more deliberate and planned, often involving bulk purchases to reduce delivery

frequency and cost.
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LAST MILE DELIVERY BEHAVIOR, NEEDS, AND PREFERENCES

1. Proximity and Convenience Drive Decision-Making

Rural consumers prioritize close and easily accessible pickup locations. Local grocery
stores, gas stations, and service points—especially those already part of their daily
routes—are preferred. Many highlight the importance of avoiding extra trips, with places
like Sunne or the local 24/7 store in Vastra Amtervik mentioned repeatedly as ideal
pickup points. Convenience often outweighs other considerations.

“The best place would be as close as possible... Ideally, | wouldn’t shop online
unless it’s something | absolutely need.”
“The gas station and store are perfect—it’s already on the way.”

2. Home Delivery Is Appealing but Conditional

Home delivery is widely appreciated, especially when the parcel fits in the mailbox or
can be dropped off without requiring the recipient to be at home. However, many are
reluctant to choose home delivery if it involves added costs, if they can't be home to
receive it, or if large trucks must navigate rural properties. Convenience, trust, and price
play a major role.

“It’s just so convenient to have it delivered to my home so | don’t have to go
anywhere.”
“If it’s something | can’t get in town, then home delivery makes sense.”

3. Price Sensitivity Is a Major Factor

Cost is a decisive factor in delivery choices. Consumers often choose between pickup
and home delivery based on shipping fees or the cost-efficiency of avoiding a drive.
Free or low-cost options are significantly preferred, even if they involve slightly more
effort.

“If it costs too much, then | won’t choose home delivery.”
“Everyone wants the cheapest option—price always matters.”

4. Delivery Lockers Are Viewed as Convenient — When They’re Accessible

Many consumers value delivery lockers for their flexibility and ease of use. They allow
for pickup outside regular business hours and reduce the need to wait in line. However,
issues arise when lockers are full, hard to access, or not offered as a delivery option
during checkout, which are all vary common scenarios among the respondents.

“You just get the code and pick it up—it’s really smooth.”
“It’s frustrating when the locker | want is full, and | have to drive far instead.”
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5. Sustainability and Efficiency Matter

Several respondents expressed concerns about unnecessary travel, both for personal
reasons and environmental ones. Coordinating package pickup with grocery trips or daily
routines is a common practice. There’s also skepticism toward large delivery vehicles in
smallvillages due to environmental and logistical concerns.

“I don’t want to waste fuel picking up a single package.”
“It feels strange when big trucks stop here to deliver one parcel.”

6. Trust and Reliability Are Key

What matters most to many is that the delivery is reliable, intact, and trackable.
Notifications, speed, and predictable arrival times are all valued. Some mentioned
problems with missed deliveries or unclear tracking but generally found the systems to
work well.

“What’s important is that the item arrives intact and isn’t damaged.”
“l want to know it’s in my mailbox before I leave for work.”

7. Mixed Familiarity with Delivery Options

Some consumers are experienced and confident in navigating delivery alternatives,
while others—particularly older individuals—are less familiar or hesitant to engage with
options like lockers or online ordering in general. In several cases, relatives assist with
online purchases.

“I don’t shop online—I asked my grandchild to help me when | need it”
“I’ve never seen a delivery locker in person.”
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THE BUSINESS VIEW

RETAIL AND LOGISTICS BUSINESS PRACTICE,
NEEDS, BARRIERS, AND OPPORTUNITIES
IN RU RAL AREAS
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SUSTAINABILITY CHALLENGES IN RURAL LOGISTICS

E-retailers and logistics providers are increasingly pressured to align their operations
with sustainability goals. However, rural last mile delivery poses particular challenges
due to geographic dispersion, lower delivery volumes, and limited infrastructure. While
urban areas are seeing progress through electrification and micro-hubs, rural settings
lag behind, often relying on conventional, emission-heavy vehicles and routes.

MAIN TAKEAWAYS

e Low population density and long distances reduce delivery efficiency and
increase emissions.

e Sparse charging infrastructure and harsh climates limit electric vehicle (EV)
adoption.

¢ Home delivery increases emissions unless deliveries are effectively consolidated.

e Self-pickup can lead to more car trips, undermining sustainability goals.

e Strategic consolidation and route optimization are essential for greener rural

delivery.

CONSUMER BEHAVIOR AND SUSTAINABLE CHOICE DESIGN

In today’s digital marketplace, consumer expectations heavily shape last mile delivery.
Retail platforms tend to prioritize speed and convenience, often at the expense of
environmental considerations. Sustainability information is rarely integrated into
checkout flows, and default settings usually favor the fastest delivery rather than the
most sustainable.

MAIN TAKEAWAYS

¢ Consumers often prioritize convenience over sustainability, despite stated
preferences.

e Delivery uncertainty drives rural consumers to make less sustainable choices.

e Nudgingthrough default green delivery options can guide better behavior.

e Transparent communication of environmental impact supports more conscious
decisions.

e Al-driven tools can increase trust and enable smart, sustainable logistics
choices.
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ECONOMIC VIABILITY AND COST ALLOCATION MODELS

The standard cost structure of e-commerce logistics is designed for scale—urban
environments with high delivery density and short distances. In contrast, rural deliveries
often require individualized routes and extra resources, putting pressure on margins.
Current models seldom reflect these cost disparities, and many retailers absorb the loss

to maintain uniform pricing.

MAIN TAKEAWAYS

o Rurallogistics incur higher costs due to fewer stops and longer distances.

e Tiered pricing models (e.g., urgency-based or rural surcharges) enhance cost
transparency.

e Public subsidies and co-financing models are needed to ensure service
sustainability.

e Leveraging existing rural infrastructure (e.g., postal routes) reduces
redundancies.

o New business models must balance cost efficiency with equitable service

access.




COLLABORATION AS A STRATEGIC ENABLER

The e-commerce sector is highly fragmented, with multiple providers managing their own
delivery networks—even in areas with low delivery density. This duplication reduces
efficiency and raises environmental impact. While urban areas are seeing pilot programs
in collaborative delivery, rural regions have yet to fully explore shared logistics solutions.

MAIN TAKEAWAYS

e Shared logistics between companies improves efficiency and reduces
environmental impact.

e Legal and competitive concerns often hinder collaboration without policy
support.

e Successful cases show collaboration can be profitable when well-structured.

e Municipalities and regions can act as facilitators of cross-sector coordination.

e Joint logistics models are particularly viable in rural, low-volume contexts.

REFRAMING SERVICE LEVELS FOR SUSTAINABILITY

Fast delivery is a hallmark of modern e-commerce, with next-day or even same-day
options now considered standard. These expectations are driving high-emission
practices, especially in low-demand areas. Yet rural consumers often value reliability
and cost over speed, opening possibilities for redefining what constitutes a high-quality

delivery experience.

MAIN TAKEAWAYS

¢ Fast delivery expectations are misaligned with rural sustainability goals.

o Slower, consolidated delivery models reduce emissions and operational costs.

e Tiered pricing incentivizes consumers to choose environmentally better options.

e Clear communication helps align customer expectations with sustainable
delivery.

¢ Redefining what “good service” means is key to long-term change.
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INFRASTRUCTURE GAPS AND INNOVATION OPPORTUNITIES

Urban areas benefit from concentrated investment in logistics infrastructure: EV
charging stations, automated parcel lockers, and smart route planning systems. In rural
areas, these enablers are still largely missing, limiting the deployment of efficient, low-
emission logistics solutions. Technological innovation remains underutilized outside

metropolitan zones.

MAIN TAKEAWAYS

¢« Rural areas lack sufficient EV charging and smart delivery infrastructure.

e Investmentin route optimization, digital interfaces, and delivery precision is
critical.

e Autonomous vehicles, drones, and smart lockers present long-term
opportunities.

e Innovative packaging solutions reduce damage, volume, and delivery
inefficiency.

e Businesses must prioritize digital and physical infrastructure to stay
competitive.




STRATEGIC ROLE OF POLICY AND REGULATION

Policy frameworks in e-commerce and logistics often target national or urban-level
challenges, with rural contexts receiving less attention. Without targeted interventions,
rural consumers and businesses risk exclusion from sustainable logistics advances.
Regulatory support and public-private partnerships are crucial for leveling the playing
field.

MAIN TAKEAWAYS

¢ Public policy is essential to address rural logistics challenges and gaps.

¢ Investments in infrastructure and subsidies enable long-term sustainability.
e Regulation can promote collaboration across companies and sectors.

o National strategies are needed to ensure equal service across regions.

e Policy alignment supports innovation while securing rural economic inclusion.

MANAGING RETURNS AND PACKAGING SUSTAINABILITY

Returns management is a growing concern for e-retailers, both economically and
environmentally. While urban reverse logistics systems are improving, rural returns often
involve long transport routes and manual handling. Additionally, overpackaging and
damaged goods resultin unnecessary waste and emissions throughout the supply chain.

MAIN TAKEAWAYS

¢ Returns create a major environmental and financial burden in rural delivery.
o Efficient reverse logistics and reduced return rates are key priorities.
¢ Economic disincentives can help limit unnecessary returns.

¢ Optimized packaging minimizes transport volume and reduces damages.
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THE GOVERNANCE VIEW

GOVERNANCE APPROACHES
AND REGULATION MECHANISMS
IN RU RAL AREAS




SUSTAINABILITY CHALLENGES IN RURAL LOGISTICS

In rural areas, the structural design of logistics networks poses serious sustainability
challenges. Sparse populations, long delivery routes, and weak infrastructure create
systemic inefficiencies. Policy-makers face the dual challenge of ensuring access to
services while promoting environmental responsibility. A lack of green infrastructure
such as EV charging stations and weather-adapted transport options compounds the
issue. Environmental governance must address how public planning and regulation can
support sustainable logistics in these under-served regions.

KEY POLICY INSIGHTS

¢ Rurallogistics systems require policy attention due to inherent sustainability
challenges linked to low population density, long distances, and limited
infrastructure.

e Investmentin EV charging infrastructure and cold-weather-adapted green
technologies is needed to enable rural decarbonization.

e Policy frameworks must consider the environmental trade-offs of home delivery
versus self-pickup models in low-density regions.

o Geographic dispersion in rural logistics creates transport inefficiencies that
increase emissions, demanding route consolidation and regional coordination
strategies.

¢ Rural sustainability planning must account for increased private car use in last

mile logistics and provide alternatives that reduce environmental impact.




CONSUMER BEHAVIOR AND PUBLIC CHOICE ARCHITECTURE

Governments play a critical role in shaping consumer behavior through public
communication strategies, digital infrastructure, and regulation. Despite growing
environmental awareness, consumer choices often contradict sustainability goals due
to convenience bias or service uncertainty. In rural areas, the lack of reliable delivery
undermines sustainable uptake. Through policy instruments like nudging, information
transparency, and digital tools, governance can help aligh consumer choices with

environmental priorities.
KEY POLICY INSIGHTS

o Thereis a gap between rural consumers' stated preferences and actual
behavior, highlighting the need for government-supported awareness
campaigns.

e Public platforms and regulation should promote transparency regarding
environmental and economic impacts of different delivery options.

e Policy can support Al-driven digital interfaces that inform consumers in real-
time about the sustainability impact of their choices.

¢ Insecure or unreliable logistics services in rural areas lead to unsustainable
consumer defaults (e.g., driving to pick-up points), which could be addressed
through public service standards or subsidies for reliable delivery.

e Clearer environmental labeling and default-setting for green delivery options can

be introduced as soft regulatory tools to steer consumer behavior.




ECONOMIC VIABILITY AND FAIR COST ALLOCATION

Maintaining rural delivery services is economically challenging, given the low volume and
high cost per shipment. From a governance perspective, ensuring equitable access to e-
commerce delivery across regions while maintaining environmental and fiscal
responsibility requires new economic models. Public subsidies, differentiated pricing
structures, and shared infrastructure are tools that can support economically viable and
socially just logistics systems.

KEY POLICY INSIGHTS

e The cost burden of sustainable delivery in rural areas needs to be fairly
distributed through pricing reforms and targeted public subsidies.

e Examples like the "Gotland surcharge" can inform national models for regionally
differentiated logistics pricing.

o National or regional governments can promote coordinated use of existing rural
delivery networks (e.g., postal or newspaper services) to optimize system
efficiency.

¢ Policy must address the balance between consumer convenience and
environmental cost through regulated pricing tiers for urgency vs sustainability.

¢ Economicincentives for collaboration across logistics providers should be

considered, especially where it can offset rural delivery costs and environmental

impact.




REGULATORY SUPPORT FOR COLLABORATION AND COMPETITION
REFORM

Current competition laws and market practices often prevent logistics providers from
collaborating—even when it could enhance sustainability. In rural areas, the duplication
of routes and infrastructure leads to inefficiencies. Governance can enable cooperation
through legal reform, joint-service mandates, or public procurement models that reward

coordinated delivery systems.
KEY POLICY INSIGHTS

o Legal frameworks should be re-evaluated to permit strategic cooperation
between logistics providers in rural areas where competition limits
sustainability.

e Government and municipalities can facilitate neutral platforms for shared
delivery infrastructure and route optimization.

e Public procurement models should reward collaborative logistics solutions,
particularly in low-density areas where duplication is wasteful.

e Successful regional examples (e.g., ICA and Coop joint logistics in the north)
illustrate that policy-backed cooperation can deliver sustainability without
compromising competition principles.

e Strategic coordination across providers should be incentivized through
subsidies or tax relief to enhance rural logistics viability and environmental

performance.




RETHINKING SERVICE LEVELS IN RURAL POLICY DESIGN

Fast delivery has become a consumer norm, but it is environmentally and economically
unsustainable in rural contexts. Policy makers must reframe public expectations by
promoting longer delivery windows and aligning service standards with regional realities.
Through communication, incentives, and regulation, service levels can be adapted to
better support rural sustainability goals.

KEY POLICY INSIGHTS

¢ Consumer expectations for rapid delivery should be addressed through public
campaigns and incentive structures promoting slower, greener options.

o Tiered delivery pricing can be implemented to reflect urgency levels, aligning
with environmental goals and enabling informed consumer choices.

e Extended delivery windows in rural areas can be normalized through public
communication strategies and adjusted service level regulations.

e Financial incentives (e.g., reduced shipping fees for slower delivery) can be
designed to support more sustainable consumer behavior in low-density
regions.

e Clear public communication of delivery timelines and associated environmental

impacts is essential for shifting expectations.




INFRASTRUCTURE INVESTMENT AND INNOVATION POLICY

Technological advancement and infrastructure investment are critical for making rural
logistics both viable and sustainable. From a governance perspective, this involves
supporting public-private innovation partnerships, funding for rural digital and EV
infrastructure, and piloting new solutions such as autonomous vehicles and drone
delivery. Without policy-driven innovation support, rural areas risk falling further behind.

KEY POLICY INSIGHTS

e Infrastructure gaps in charging stations and parcel lockers must be addressed
through public investment and national rural logistics strategies.

e Innovation grants and pilot programs should prioritize rural-specific logistics
technologies, including drone delivery and Al-based route optimization.

o Digital public infrastructure, such as smart interfaces and parcel delivery
coordination platforms, should be supported to improve service quality and
reduce emissions.

e Support for autonomous or hybrid delivery vehicles adapted for rural conditions
can be accelerated through regulation and testing zones.

¢ Policy should prioritize packaging efficiency standards and innovations that

minimize waste and emissions in rural last mile delivery.




NATIONAL AND REGIONAL POLICY RESPONSIBILITIES

Ensuring sustainable logistics in rural areas requires coordinated action between local,
regional, and national authorities. Logistics equity is a public concern, and interventions
must align with climate goals, territorial cohesion, and service accessibility. Regulatory
frameworks, infrastructure funding, and oversight mechanisms all play a role in ensuring

rural communities are not left behind in the green transition.

KEY POLICY INSIGHTS

e Anationalrural logistics strategy is needed to ensure equitable service delivery
and climate alignment across regions.

e« State-owned providers (e.g., Postnord) may have a formal role in ensuring
minimum service standards, potentially supported by subsidies.

e Governance should ensure public-private collaboration models are embedded
into rural transport and digital infrastructure planning.

e Policy must address the societal implications of uneven logistics access and
develop frameworks for inclusive, sustainable service provision.

¢ Regulatory mechanisms should require sustainability benchmarks for rural
logistics operations and monitor regional disparities.
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RETURNS MANAGEMENT AND PACKAGING POLICY

Returns logistics are an overlooked but impactful component of environmental
performance in e-commerce. Policy interventions—ranging from packaging standards to
return incentives or penalties—can significantly reduce unnecessary return flows. In
rural areas, where return transport is even more resource-intensive, regulatory focus is

essential.
KEY POLICY INSIGHTS

e Policy should address the high environmental impact of return logistics in rural
areas by promoting prevention strategies and eco-design requirements.

¢ Economic disincentives or charges for unnecessary returns could reduce
emissions and system inefficiencies.

e National packaging guidelines should encourage optimized sizing and protective
materials to prevent damage and reduce volume.

¢ Handling standards should be regulated or incentivized to improve delivery
quality and minimize repeat trips due to damaged goods.

e Returns policy reform must be part of any sustainable e-commerce regulation,

especially in rural regions where impacts are amplified.




ENVIRONMENTAL FOOTPRINT

EVALUATION OF CARBON DIOXIDE EMISSIONS
OF THE E-COMMERCE LAST MILE DELIVERY
IN RURAL AREAS




MODELLING EMISSIONS IN RURAL E-COMMERCE DELIVERY SYSTEMS

As e-commerce continues to expand, understanding and reducing the environmental
impact of last-mile delivery has become a growing priority—especially in rural areas,
where both delivery operations and consumer behaviors differ from urban settings. This
model was developed to estimate the average CO2 emissions per parcel, taking into
account both the logistics system design (delivery mode and vehicle routing) and
consumer travel behaviors associated with different delivery types.

The model provides a structured way to quantify and compare emissions from different
delivery alternatives—such as home delivery, parcel lockers, and service points—and

incorporates real-world variability in how people travel to pick up their parcels.
MODEL STRUCTURE

The model estimates emissions per parcel using the following formula:

ddist
Eparcel = fm fm,t -d - €ty + n "€ty

mem teT trip

Definition of terms

Eparcet: Total emissions per parcel (e.g., in kg CO,-equivalents)
Sets

* M: Delivery modes = {Home Delivery, Parcel Locker, Service Point}
* T:Triptypes for consumer pickup = {Dedicated Trip, Detour, On-the-way / No
Travel}

Variables

* fn isthe fraction of people choosing delivery mode m.

* fmt isthe fraction of people (among those choosing mode m who use pickup trip
type t.

* disthedistance traveled by a person on a pickup trip.

* e isthe emission factor associated with the personal trip of type t.

* dg: is the distance traveled by delivery vehicles.

* Ny is the number of parcels that the delivery vehicle trip is responsible for.

* e, isthe emission factor associated with the delivery vehicle trip.
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HOW THE MODEL WORKS
The model consists of two main components:

1. Consumer Pickup Emissions

zfm,t -d e

teT

This term calculates the average emissions from the consumer’s side of the last mile. It
distinguishes between three different travel behaviors:

¢ Dedicated trip: Consumer makes a special trip only to collect the parcel.
¢ Detour: Parcelis picked up during another trip (e.g., combined with grocery

shopping).
e On-the-way/ No travel: Parcel is picked up without any extra travel (e.g., at
home or during an existing trip).
Each behavior has a different emissions intensity, captured by the emission factor

2. Delivery Vehicle Emissions

ddist .

ta
ntrip

This component calculates the delivery vehicle emissions per parcel, taking into

account:

The total distance the vehicle travels to distribute packages.

The number of parcels delivered on that route (to fairly allocate the emissions).

The emission intensity of the delivery vehicle.

w

. Weighting Across Delivery Modes

The entire expression is weighted by f,,, the share of consumers using each delivery
mode. This allows the model to reflect the real-world distribution of delivery choices

across the population.
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USE CASES

This emissions model is particularly valuable across multiple domains—supporting

more sustainable decision-making in logistics, policy, and infrastructure design. Here

are key application areas and the application scenarios are:

Policymakers and Local Governments

Introducing subsidies for delivery lockers

in rural areas

Setting emission-based incentives or

taxes for e-commerce logistics providers

Supporting infrastructure investments
like community parcel hubs or
consolidated delivery points

Retailers and Logistics Providers

Optimize last-mile delivery strategies

based on environmental performance

Design green delivery options at checkout

(e.g., “low-carbon pickup”)

Plan routes and vehicle types more
efficiently, especially in low-density areas

Researchers and Analysts

Quantify and compare GHG emissions
across delivery modes

Run what-if scenarios to evaluate
emerging technologies (e.g., electric
vans, drones)

Model the impact of behavioral shifts,
such as increased acceptance of parcel

lockers or shared deliveries
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Example: A rural municipality
considering investing in parcel
lockers at local gas stations
can use this modelto compare
total emissions for lockers
versus traditional home
delivery—both for consumers
and logistics fleets.

Example: A retailer using this
model may find that offering
free pickup at a parcel locker
reduces emissions significantly
compared to failed home
deliveries and return trips.

Example: A research study
evaluating emissions from
holiday-season shopping can
model how a shift from 60%
home delivery to 60% parcel
locker usage affects rural

carbon footprints.



Urban and Rural Planners

e Where to locate pickup infrastructure to Example: A rural planner can
minimize detours and extra trips use the model to test whether
placing a parcel locker near a

e Howtointegrate e-commerce access

into broader mobility or sustainability SETEE DRI IY) CErizr

plans results in lower per-parcel

emissions than one placed

o Equity impacts, ensuring that remote or farther from the main road.

older populations aren't left behind

INSIGHTS AND EXTENSIONS

The model offers key insights into the interaction between logistics system design,
consumer behavior, and environmental outcomes. It can also be extended in several

ways to deepen analysis or support decision-making.
1. Trade-offs Between Delivery Modes

Contrary to conventional wisdom, home delivery is not always more polluting than
pickup alternatives. In low-density rural areas, individual trips to service points or lockers
may generate more emissions than a consolidated delivery run. Example: If many rural
consumers drive 20 km round-trip for a dedicated pickup, the per-parcel emissions may
exceed those from a single delivery van serving multiple homes efficiently in the same

area.

2. Behavioral Sensitivity Matters

The model highlights how consumer behavior significantly impacts emissions. The share
of "on-the-way" pickups (e.g., during grocery runs) drastically lowers the consumer travel
emissions term. Delivery infrastructure that integrates with existing routines (e.g.,
lockers at supermarkets) can dramatically improve environmental performance.
Example: Aretailer places a locker near a popular grocery store, increasing the share of
"on-the-way" pickups and reducing the effective emission factor for that mode.
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3. Tailored Emission Factors and Green Technology Integration

The model allows for adapting emission factors to local conditions to use electric vehicle
factors instead of diesel, differentiate by vehicle size, type, and energy source, and
account for bike-based or pedestrian trips for pickups in dense areas. Example: In areas
where a logistics company operates electric vans, the delivery emissions term can be
updated to reflect a lower carbon intensity, improving the overall sustainability profile of
home delivery.

4. Integration with Cost, Time, and Service Quality Metrics

The model can be extended to include economic and service performance, creating a
multi-criteria framework though adding delivery cost and time terms, simulating trade-
offs between emissions, convenience, and reliability, optimizing for lowest carbon per
parcel while maintaining acceptable service levels. Example: A delivery provider uses
the extended model to explore which option minimizes emissions without increasing

cost or reducing service speed—balancing ecological and economic goals.
5. Environmental and Social Equity Considerations

The model supports analysis of access gaps and sustainability inequalities between
urban and rural consumers. It can help ensure that low-emission delivery options are not
only offered in cities but are extended to underserved communities as well. Example: A
rural development agency uses the model to identify areas with high emissions per
parcel due to lack of nearby pickup infrastructure, and proposes strategic locker
placement to address this.
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CO2 EMISSIONS ANALYSIS

The emissions model is applied to estimate CO, emissions per e-commerce parcel in

rural contexts, incorporating consumer travel emissions, which vary depending on

whether the trip to receive the parcelis a dedicated journey, a detour, or integrated into

an existing trip, and delivery vehicle emissions, determined by the distance traveled per

parcel in home delivery scenarios. The model evaluates three commonly used delivery

types: Home Delivery, Parcel Locker, and Service Point. Each type represents a distinct

configuration of last-mile logistics and consumer involvement. The analysis is informed

by empiricaliinsights from rural travel patterns and consumer behavior data.

The primary objectives of the analysis are to:

Detour trip Dedicated trip

On the way/No travel

Examine the interaction between delivery mode and consumer behavior in

shaping emissions outcomes.

Identify low-emission delivery strategies tailored to rural areas.

Inform infrastructure planning and service design that supports climate-

conscious e-commerce systems.

1.43
1.87 1.03 0.84
0.95 0.05 0.00
Home IZI)eIivery Parcel ILocker Servicé Point

Figure 7. CO2 Emissions by Delivery Type and Trip Purpose.
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The results of this rural (presented in a heamap in Figure 7) show the CO, emissions per
package (in kg) across three different delivery types—Home Delivery, Parcel Locker, and
Service Point—and three types of trip purposes—Dedicated Trip, Detour Trip, and On-
the-Way / No Travel. This visualization illustrates how consumer behavior in rural areas
strongly influences the environmental footprint of last-mile delivery.

The results clearly show that dedicated trips generate the highest emissions across all
delivery modes. Emissions from home delivery in this category reach 5.41 kg CO, per
parcel, followed by service points at 4.20 kg and parcel lockers at 1.43 kg. These elevated
levels reflect the inefficiency of single-purpose journeys in rural settings, where
distances are longer and consolidation is more difficult—whether the trip is made by a

consumer driving to a pickup point or by a delivery van serving isolated households.

When consumers engage in detour trips, such as combining parcel pickup with another
errand, emissions decrease significantly but remain non-negligible. For home delivery,
emissions are estimated at 1.87 kg CO, per parcel, while parcel lockers and service
points resultin 1.03 kg and 0.84 kg respectively. This reduction highlights the benefits of
shared travel, yet also reveals the persistent environmental cost of additional driving,

which can be substantialin rural areas even when partially offset by multi-purpose trips.

The lowest emissions are observed in scenarios where parcel collection occurs on the
way orinvolves no additional travel. In these cases, home delivery resultsin 0.95 kg CO,
per parcel, likely reflecting optimized routing and clustered deliveries. Parcel lockers and
service points show near-zero emissions—0.05 kg and 0.00 kg respectively—when
pickup occurs as part of an existing trip. These findings underscore the significant
environmental advantage of integrating delivery and pickup into established mobility

routines.

Taken together, the results illustrate the critical role of consumer behavior and delivery
infrastructure design in shaping the emissions intensity of last-mile logistics in rural
contexts. Reducing emissions in these areas requires a combination of strategies.
Placing parcel lockers and service points along commonly used travel corridors—such
as near grocery stores, fuel stations, or community hubs—can significantly reduce the
need for dedicated trips. Encouraging consumers to align pickup with routine travel, for
instance through incentives or better visibility of low-emission options at checkout, can
also support more sustainable behavior. Meanwhile, optimizing home delivery routes
and shifting to low-carbon delivery vehicles may help mitigate the impact of deliveries to

remote households.
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Ultimately, the analysis shows that emissions are not only a function of distance or
delivery mode, but also of how and when consumers engage with the delivery system.
In rural areas, fostering integrated, flexible, and shared delivery solutions offers the

most promising pathway toward lowering the carbon footprint of e-commerce.

Further insight into the distribution of emissions by source is provided in Figure 8, which
breaks down average CO, emissions per package by delivery type and the purpose of the
associated consumer trip. This figure builds on the previous analysis by explicitly
separating emissions attributable to the delivery vehicle from those resulting from

consumer travel across different trip purposes.

. Delivery Vehicle
s Consumer Dedicated Trip
mmm Consumer Detour Trip

CO2 Emissions (kg)
o
-]

=g
-3

04 -

02-

0.0

Home Delivery Parcel Locker Service Point

Figure 8. CO2 Emissions by Delivery Type and Trip Purpose per Package

In the case of home delivery, emissions per parcel are dominated by the delivery vehicle
itself, which contributes the majority of the total emissions. Consumer-related
emissions remain relatively low, owing to the fact that parcels are typically delivered to
the doorstep with no need for the consumer to travel. This underscores the importance
of delivery vehicle efficiency and routing strategy, particularly in rural areas where

distances are long and population density is low.

Conversely, parcel lockers and service points show a markedly different emissions
profile. For these modes, a substantial share of total emissions comes from consumer
travel—particularly in the case of dedicated or detour trips. The emissions attributed to
the delivery vehicle in these cases are comparatively low, as parcels are delivered in bulk
to centralized pickup points. However, the benefit of centralized delivery is often offset
when consumers must travel significant distances to retrieve their packages, especially
when these trips are made solely for that purpose.
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This distinction illustrates a key trade-off in rural delivery systems: while consolidating
parcel drop-offs may reduce logistics emissions, it can shift the burden onto consumers,
increasing overall emissions if infrastructure is poorly located or not aligned with existing

travel routines.

The aggregate impact of these behaviorsis made even clearerin Figure 9, which presents
total CO, emissions per delivery type per year in rural areas. Here, the annualized
emissions from each delivery mode are shown in absolute terms, offering a broader view

of system-level sustainability.

W Delivery Vehicle
B Consumer Dedicated Trip

Consumer Detour Trip
1400 -

1200 -

1000 -

CO2 Emissions (kg)

Home Delivery Parcel Locker Service Point

Figure 9. Total CO2 Emissions by Delivery Type per Year in Rural Areas

Home delivery emerges as the largest contributor to total emissions, driven primarily by
the high emissions associated with delivery vehicles covering dispersed rural routes.
Despite the relatively low consumer-related emissions per package, the frequency and
reach of home delivery operations result in a substantial overall footprint. Parcel lockers
and service points, by contrast, show significantly lower total emissions—particularly
parcel lockers, which benefit from centralized drop-offs and moderate consumer trip
emissions. Yet, the most notable pattern is seen in service points. While they appear
highly efficient in per-package terms when used on the way or in combination with other
trips, total emissions remain significant due to a relatively high number of dedicated
trips. This reflects a behavioral pattern observed in rural interviews: although service
points are available, their location is not always convenient, and consumers often make
separate journeys to collect parcels—thereby diminishing the potential environmental

advantage of centralized delivery.
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An important observation from the analysis is the remarkably low total emissions
associated with parcel locker deliveries compared to other modes. While lockers
demonstrate strong performance in terms of emissions per package—especially when
used during routine trips—their aggregate footprint remains minimal primarily because
they are not yet widely utilized in rural areas. Limited access, low infrastructure
coverage, or consumer unfamiliarity may all contribute to their underuse. As a result,
their overall emissions contribution is small not only due to efficient delivery
consolidation but also because the volume of parcels delivered to lockers is relatively
low. This finding points to a significant opportunity: if parcel locker infrastructure were
more strategically deployed and better integrated into rural consumers' everyday
mobility patterns, the environmental benefits observed at the per-package level could be
scaled up. Encouraging greater adoption of this delivery mode—through improved
placement, education, and service desigh—could therefore play a key role in reducing

total last-mile emissions in rural regions.
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SCENARIOS DEVELOPMENT,
EVALUATION, AND
RECOMMENDATIONS




SCENARIO 1

SCENARIO DESCRIPTION

This scenario explores the potential environmental, operational, and behavioral impact
of reallocating and optimising the locations of delivery destinations—specifically
parcel lockers and service points—in rural areas. The primary aim is to align these
delivery infrastructure points more closely with existing consumer mobility patterns,
thereby minimizing the need for dedicated and detour trips and reducing the carbon
footprint per parcel.

Under current conditions, many rural consumers make separate trips to collect parcels
from pickup points that are not well-integrated into their daily routines. This behavior
leads to elevated consumer-related emissions, even when delivery consolidation
through lockers or service points is in place. In this scenario, delivery destination
locations are repositioned to high-traffic, multifunctional nodes such as:

e Grocery stores or supermarkets

e Fuel stations

¢ Community centers

¢ Public transport nodes or school pick-up areas
o Village entry points

These locations are selected based on their proximity to daily or weekly routines, ease
of access, and potential to support on-the-way pickups.

SCENARIO ASSUMPTIONS

e Ageospatial analysis of mobility patterns, traffic flows, and service availability in
rural regions is conducted to identify optimal locations.

e Existing underutilized lockers or pickup points are either decommissioned or
relocated.

¢ New installations are selected in or adjacent to locations that rural consumers
visit regularly for non-e-commerce purposes.

o Delivery routing is adapted to reflect the new infrastructure map.
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EXPECTED IMPACTS

Environmental

Behavioral

Operational

Significant reduction in

consumer trip-related

CO, emissions due to the

increased share of on-the-

way pickups.

Lower vehicle emissions

from logistics operators

due to clustered delivery
points and reduced service

redundancy.

Higher adoption of parcel
lockers and service points
due to improved
convenience and
perceived effort
reduction.

Improved satisfaction
among consumers who are
able to integrate parcel
retrieval into their routines.

Decrease in the number of
dedicated trips for parcel

More efficient last-mile
routing for logistics
providers, with lower

delivery costs per parcel.

Potential for reduced failed
deliveries as consumers
shift away from home
delivery.

Initial capital and planning
costs related to relocation,

collection. infrastructure setup, and

user adaptation support.

EMISSION OUTCOMES AND CONSUMER PREFERENCES

Overall, relocating parcel lockers and service points to aligh with existing travel
patterns did reduce emissions associated with consumer pickup trips, particularly
by increasing the share of on-the-way trips and reducing the need for detours and
dedicated trips. However, the analysis also showed that alternative placement
strategies—designed to match specific consumer location preferences—did not lead to
significant reductions in total CO, emissions compared to the current layout. This is
largely because the existing infrastructure is already placed in locations that are
relatively central within the village geography and are easily accessible to a wide share
of the population. Interestingly, while some consumers expressed preferences for
alternative pickup points—based on their personal routines or perceived convenience—
these preferences were relatively evenly distributed across several potential locations.
As a result, no single alternative location provided a consistent advantage in reducing
total travel distances across the entire consumer base. In fact, some locations preferred
by individuals were less efficient when considering aggregate travel distances or their

position outside main commuter routes.
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STAKEHOLDER PERSPECTIVES AND SCENARIO EVALUATION

Logistics Providers Consumers

Retailers

Municipalities/Public Sector

POSITIVE

Improved
convenience,
reduced
travel time,
lower fuel
costs. and

processes.

Opportunity
for route
optimisation
and cost
efficiency;
fewer failed
deliveries.

Increased
customer
satisfaction,
potential to
offer low-
carbon
delivery
options as on.
part of green
branding.
Lower local
emissions,
improved
service
access, and
alignment

sustainability
goals.

CAUTION

May require
habit change
or adaptation
to new
interfaces

Investment in
infrastructure
reallocation,
coordination
with property
owners for
new locker
sites.

Must ensure
proper
integration
into checkout
systems and
consumer
communicati

Public-private
partnerships
to facilitate
location
access and
data sharing
with for planning.

OUTCOME

Consumers
generally benefited
from the
reallocation
strategy when it
aligned with their
routines, but
individual
preferences varied.

Route efficiency
improved slightly
due to more
concentrated drop-
off points and
reduced failed
deliveries.

Minimal impact on
cost or delivery
performance, but
potential branding
benefits through
offering more
sustainable
delivery options.

Reallocation
initiatives support
broader climate
goals, but require
coordination with
private logistics
actors and local
land use plans.
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CONSIDERATION

While central
placements serve
the collective
well,
personalized
convenience
remains an issue
for some.

Emission
reductions from
delivery vehicles
were modest, as
delivery
destinations
remained broadly
central.

INSIGHT

Ongoing
flexibility and
choice among
pickup
locations may
be key to
maintaining
user
satisfaction,
especially in
low-density
areas.

In regions with
dispersed or
inefficiently
placed
infrastructure,
greater
operational
gains may be
achieved
through
reallocation.
Highlighting
"greener pickup
points" at
checkout could
subtly influence
consumer
behavior toward
lower-emission
choices.

Even small
emission
reductions can
be meaningful
when scaled
across
communities—
especially in
areas with large
volumes of
deliveries.



IMPORTANCE OF LOCAL GEOGRAPHIC CONTEXT

It is important to note, however, that these findings are context-dependent. In the case

study village, the delivery destinations were already situated near the central axis of the

community, offering relatively equal accessibility from multiple directions. In other rural

settlements, particularly those with service points or parcel lockers placed in village

centers rather than near main roads or entrance points, the optimisation potential may

differ considerably. In such cases, moving infrastructure closer to main traffic corridors

or common exit/entry routes could have a more pronounced impact on reducing

emissions by facilitating a greater share of pickups “on the way.” This highlights the need

for locally informed planning, where infrastructure placement reflects not only the

geographic center of the settlement, but also the actual flow of people and vehicles

within and around the village.

PLAUSABILITY EVALUATION

infrastructure is already centrally placed.

EVALUATION DIMENSION SUMMARY GRADE

Technical and Logistical The scenario is technically straightforward and

Feasibility can be implemented with modest adjustments.

Behavioral Alignment and Moderate consumer willingness to adapt, with Moderate

Acceptance some behavioral inertia, especially among older 3/5

users.

Institutional and Policy Implementation depends on local coordination, Moderate

Support which varies widely across rural contexts. 3/5

Market and Economic Economically viable only if parcel volumes or Low

Drivers partnerships justify relocation investment. 2/5

Environmental Gains Emission reductions are modest where existing Low
2/5

KEY LESSONS FROM SCENARIO 1

e Geographic centrality does not always equate to emission efficiency; optimal

placement depends on actual travel patterns and behavioral routines.

¢ |Insome rural areas, current delivery infrastructure is already well positioned,

leading to marginal/negligable gains from relocation.

¢ Nevertheless, in villages where pickup points are not aligned with traffic flows,

the potential for emissions reduction through strategic reallocation is

significant.

¢ Aone-size-fits-all model is unlikely to succeed; instead, flexible, data-informed

local planning will yield the best outcomes.
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FREIGHT AND PASSANGER FLEET ELECTRIFICATION

While the transition to electric delivery fleets is gaining momentum in many parts of the
logistics sector and appear attractive at first glance to various stakeholders, this
scenario is currently not plausible for widespread implementation in rural areas due

to several interrelated constraints.

1. Technical and Infrastructure Barriers

Rural regions continue to face limited access to reliable charging infrastructure, with
significant portions of the rural road network falling outside the current coverage of fast-
charging stations. Many rural delivery routes involve long distances with sparse stop
density—conditions that strain the range capabilities of most commercially available
electric vans and light trucks. Furthermore, rural areas often experience severe winter
conditions, where low temperatures reduce battery performance and increase

operational risk, especially without adequate maintenance support.

2. Logistical and Operational Inertia

In addition to infrastructure barriers, the logistics sector’s electrification in rural areas
remains slow and even occasionally stagnant, particularly among mid-sized and
regional carriers. Even where vehicle models exist, delivery operators report limited
incentives to switch, especially if routes are long, delivery volumes are low, and cost
recovery is uncertain. Operators often lack the financial or logistical capacity to investin
electric fleets without strong public or commercial incentives. In most rural contexts,
diesel remains the default due to its robustness and compatibility with existing

infrastructure.

3. Industry Strategy and Regional Focus

Major logistics providers, such as PostNord, have committed to electrifying last-mile
delivery fleets in urban, suburban, and relatively densely populated areas, where
route optimization and charging availability make the transition more viable. However, in
rural areas, these actors typically rely on fossil-fuel-powered vehicles or explore
biofuel alternatives when feasible. Notably, biofuels such as HVO (Hydrotreated
Vegetable Oil) offer emissions reductions without the need for new vehicle
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infrastructure—but are rarely available in most rural locations, limiting their

scalability.

4. Long-Term Perspective

Although electrification is not plausible in the short term for rural last-mile logistics, the

long-term potential remains significant. If battery technology continues to improve—

offering greater range, faster charging, and better cold-weather reliability—and if rural

charging infrastructure expands through national investment strategies, this scenario

could become increasingly realistic. For now, it serves more as a future-looking scenario

than a viable near-term strategy.

PLAUSABILITY EVALUATION

EVALUATION DIMENSION SUMMARY GRADE
Technical and Logistical Limited by current EV range, cold-weather Low
Feasibility reliability, and insufficient rural charging 2/5

infrastructure.

Behavioral Alighment and
Acceptance

Rural consumers’ transition to electric vehicles is
slow due to cost, infrastructure gaps, and range
anxiety, limiting the broader system effect.

Institutional and Policy
Support

Long-term supportive policy direction exists, but
short-term rural transport electrification plans
are lacking.

Market and Economic
Drivers

High upfront investment, energy market
instability, and low delivery density make
electrification unattractive in rural areas for now.

Low
2/5

Environmental Gains

High emissions reduction potential if
implemented, especially in the scenrio of the
consumer private fleet electrification.

KEY LESSONS FROM SCENARIO 2

* Electrification of rural delivery fleets is technically constrained by limited charging
infrastructure, long distances, and harsh winter conditions. Adoption is further
slowed by low incentives and high operational risk for logistics operators serving

sparsely populated rural areas.

* Biofuels offer an interim solution but are not widely available in rural contexts.

*  While notviable in the near term, the scenario holds strong long-term promise if

technology and rural energy infrastructure continue to develop.

* Significant environmental gains could be realized if rural freight and private vehicle

fleets are electrified at scale in the future.
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SCENARIO 3

SCENARIO DESCRIPTION

This scenario investigates the potential of shifting consumer delivery choices toward
lower-emission alternatives—such as parcel lockers and in some cases service
points—by re-designing the checkout process and introducing targeted incentives.
The goal is to influence delivery mode decisions at the point of purchase using
behavioral nudges, pricing strategies, and sustainability messaging.

Interventions include:

e Highlighting environmental benefits of low-emission options during checkout.

o Offeringinitial financial incentives, such as reduced or free delivery to lockers or
service points.

e Setting sustainable options as the default when consumers are within a
reasonable distance.

¢ Implementing loyalty rewards or gamified features tied to sustainable delivery
choices.

Crucially, the success of this scenario depends on increased availability and capacity
of parcel lockers (or other alternative delivery destinations in close proximity to
consumers). While many rural consumers are open to using pickup points, current locker
infrastructure is limited and often inaccessible in sparsely populated areas. To support
a system-wide shift, the parcel locker network must be expanded and strategically
placed in high-traffic, easily accessible locations.

SCENARIO ASSUMPTIONS

e Asignificant share of rural consumers currently select home delivery by default,
for convenince, and often due to habit or limited locker access.

¢ An estimated 60-70% of consumers live within environmnetally plasible
potential range of a pickup point, but actual accessibility may be constrained by
availability or capacity.

o Parcellocker network is scaled up in parallel with behavioral incentives to meet
increased demand.
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EXPECTED IMPACTS

Environmental

Behavioral

Operational

Lower emissions per parcel
as home deliveries
decline and locker usage

rises.

Greater potential for “on-
the-way” pickups, reducing
unnecessary trips.

Emissions reductions are
directly linked to both
behavioral shifts and

infrastructure expansion.

Clearer visibility of
sustainable options
increases consumer

awareness and uptake.

Cost-sensitive and
environmentally
motivated consumers are
most likely to shift.
Sustained behavior change
depends on maintaining
incentives and ensuring
pickup options are

Higher delivery density at

lockers.

Potential for lower last-
mile costs and reduced
failed delivery attempts.

Retailers must manage
interface changes and
coordinate with logistics
partners and locker

convenient and network operators.

accessible.

ENVIRONMENTAL IMPACTS

This scenario presents one of the most promising opportunities for emissions reduction
in rural last-mile delivery by directly targeting the most emission-intensive delivery

modes. The environmental benefit comes from two converging dynamics:

1. Mode Shift from Home Delivery to Pacel Lockers
When parcels are delivered to a parcel locker or service point, emissions from the
logistics provider are significantly reduced. This is because multiple parcels can be
dropped off at a single location in bulk, rather than requiring multiple stops across
dispersed rural households for performing home deliveries. This consolidation leads
to lower vehicle emissions per parcel.

2. Reduced Consumer Travel
With carefully located lockers and service points—preferably along routes people
already travel for work, shopping, or errands—consumers are more likely to collect
parcels “on the way”. These on-the-way pickups contribute little to no additional

emissions, unlike dedicated or detour trips that increase fuel usage and travel time.

As a result, emissions can drop significantly across both the delivery and consumer
travel components of the last-mile distribution system, especially when adoption of
sustainable delivery modes is high and infrastructure supports that shift.
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STAKEHOLDER PERSPECTIVES AND SCENARIO EVALUATION

Retailers Logistics Providers Consumers

Municipalities/

Public Sector

POSITIVE

Better pricing
and
environmental
transparency.
Some may find
pickup more
flexible than
home delivery.

Reeduced
delivery costs
and higher
parcel volume
concentration.

Alignment
with
sustainability
goals and
improved
delivery
reliability.

Low-cost
strategy to
reduce
emissions and
improve
service equity.

CAUTION

Adoption
depends on
locker access
and trustin
the system.

Dependent on
infrastructure
scaling and
geographic
coverage of
locker
network.

Investment in
interface
redesign and
consumer
engagement;
must partner
in expanding
locker
availability.
Support
infrastructure
roll-out,
communicatio
ns campaigns,
or financial
incentives to
increase
locker access.

OUTCOME

Increased
awareness
of
sustainable
options and
potential for
lasting
behavior
change.
Improved
route
efficiency
and delivery
reliability.

Ability to
offer low-
carbon
delivery
options as
part of value
proposition.

Emissions
reductionin
last-mile
delivery and
improved
accessibility
for rural
populations.

CONSIDERATION

Ease of use,
clarity of
incentives, and
visibility of pickup
points at
checkout are
crucial.

Coordination with
retailers to
predict demand
and optimize
parcel locker
usage.

Checkout design
and
communication
of delivery
options must be
simple, clear, and
motivating.

Identify key
access points
and support
partnerships for
strategic
placement of
delivery
infrastructure.

INSIGHT

Nudging is
effective, but
physical access
remains a critical
enabler of long-
term behavior
shift.

Lower
operational costs
are achievable,
but only with
sufficient locker
density and
consumer
uptake.

Sustainability can
become a
competitive
differentiator if
well integrated
into the customer
journey.

Public sector
facilitation is key
to bridging
infrastructure
gaps and scaling
up locker access.

Note: While the intervention itself is simple to deploy through digital platforms, its

effectiveness is tightly linked to physical delivery infrastructure. In many rural areas,

parcel lockers are not yet widely available or adequately placed, limiting the consumer’s

ability to make sustainable delivery choices. Service points (e.g., grocery stores or post

offices) may exist, but their location and accessibility can vary. Thus, the behavioral

nudge must be supported by targeted investment in expanding and optimising locker

infrastructure. Without this physical foundation, consumers may still default to home

delivery—even when the checkout interface promotes greener options—because the

alternatives are inconvenient or unavailable.
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PLAUSABILITY EVALUATION

EVALUATION DIMENSION SUMMARY GRADE
Technical and Logistical Technically easy to implement through platform High
Feasibility interfaces, and parallel expansion of locker 4/5

infrastructure.

Behavioral Alighment and Consumers are receptive to nudges and Moderate
Acceptance incentives, but actual uptake depends on trust, 3/5
habit, and proximity to pickup points.

Institutional and Policy High potential for support from municipalities High

Support and national sustainability agendas, especially if 4/5
co-funded locker expansion is included.

Market and Economic Moderate/low implementation cost with High

Drivers potential for logistics savings; strong retailer and 4/5
logistics provider interest in efficiency.

Environmental Gains High potential to reduce delivery emissions, High
especially if pickup occurs on the way and locker 4/5

coverage increases.

SHIFTING THE DELIVERY METHOD MIX

A sensitivity analysis was conducted to explore how changes in the distribution of
delivery modes will affect total annual CO, emissions in a rural e-commerce setting.
While the scenario assumes that consumer behavior can be influenced through
checkout design and targeted incentives, it is important to understand the potential
scale of environmental impact that such a shift will deliver. Since home delivery remains
fixed due to physical or behavioral constraints in rural areas, this analysis focuses
specifically on the trade-off between parcel locker and service point usage, both of which
rely on consumer pickup but differ significantly in terms of travel behavior and emissions
intensity. This allows to quantify the emissions reduction potential of encouraging
greater use of parcel lockers, determine how sensitive total system emissions are to
changes in the pickup mode mix, and provide evidence for stakeholders considering
whether behavioral nudges and infrastructure expansion are justified from a
sustainability perspective. This data-driven approach provides a foundation for
assessing the strategic value of Scenario 3, identifying conditions under which it
becomes a high-impact intervention, and highlighting the interdependence between
digital behavior design and physical infrastructure planning.

Firstly, quantitative support is provided for the central premise of Scenario 3: that
changing consumer behavior at checkout, when combined with accessible and

strategically located pickup infrastructure, can materially reduce the carbon footprint of
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rural e-commerce logistics. However, the benefits rely on two critical conditions that
consumer willingness to shift delivery preferences in response to incentives, interface
design, or environmental messaging, and that physical capacity and coverage of the
parcel locker network to absorb the increase in demand. Without these, the emissions
savings demonstrated in this scenario would not be achievable at scale. But with
appropriate investment and stakeholder coordination, the scenario offers a high-impact,
low-disruption path toward more sustainable last-mile delivery.

The results (Figure 10) illustrate the sensitivity of total annual CO, emissions to changes
in the delivery method mix, with home delivery share fixed at 37.6% and varying
proportions of parcel locker (PL) and service point (SP) deliveries. The analysis is based
on a rural delivery system processing 5,300 parcels per year. The current scenario,
(indicated by the red marker), represents the existing distribution of delivery methods,
resulting in 7,739 kg CO,/year. In contrast, a hypothetical 40% parcel locker usage
scenario (green marker) maintains the same home delivery share but increases parcel
locker use to 39.5%, reducing service point use to 22.9%, and is perceived operationally
feasible by the stakeholders. This configuration results in a total of 6,884 kg CO,/year,
yielding an emissions saving of 855 kg CO, annually, equivalent to an 11.1% reduction.
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Figure 10. Sensitively Analysis: Annual CO2 Emissions vs. Delivery Mode Ratios

These results underscore the substantial emissions reduction potential of Scenario 3,
even when home delivery volumes remain unchanged. The shift from service point to
parcel locker usage—enabled by checkout nudges, incentives, and improved
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accessibility—demonstrates a clear linear relationship between parcel locker share and

emissions reduction. Key observations include:

1. Service points, while more efficient than home delivery, still result in higher
consumer travel emissions—particularly when they are accessed via dedicated or
detour trips. In contrast, parcel lockers tend to be used more flexibly and are more likely
to support on-the-way pickups, reducing consumer-side emissions significantly.

2. The results show that a shift of just under 35 percentage points from service
points to parcel lockers leads to a double-digit percentage drop in total emissions,
without affecting the home delivery share. This reinforces the idea that behavioral and
interface-based interventions alone can yield system-wide benefits.

3. The analysis also supports the importance of expanding parcel locker
infrastructure to accommodate higher usage. The emissions benefits are clearly present,
but locker availability must scale with demand to realise these gains.

KEY LESSONS FROM SCENARIO 3

* Behavioralinterventions at the point of purchase (checkout) can steer
consumers toward more sustainable delivery modes without disrupting the
logistics system or requiring major infrastructure overhauls.

* The scenariois highly scalable and low-cost, relying on interface design, pricing
strategies, and communications rather than technology or transport systems.

* However, the scenario's success is contingent on sufficient parcel locker and
service point capacity, which remains limited in many rural areas.

* Mode shifts alone can generate meaningful emission reductions, particularly
when pickup aligns with consumers’ existing travel patterns.

* Retailers, logistics providers, and municipalities all have clear roles to play in
enabling and scaling this shift.
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SCENARIO 4

SCENARIO DESCRIPTION

This scenario explores the impact of reducing home delivery frequency while enabling
consumers to access a an integrated delivery destination network, irrespective of which
logistics provider or e-commerce platform they use. The central goal is to improve
environmental performance and user flexibility in rural last-mile logistics through
smarter system coordination, without requiring any infrastructure alterations.

At present, many rural consumers are restricted in their delivery choices due to the
fragmented nature of the logistics system—with access to parcel lockers and service
points often limited to specific carriers. This results in longer, less efficient consumer
trips (detours or dedicated drives) to less optimal delivery points and missed
opportunities for emissions reductions. In this scenario:

¢ Home deliveries are reduced by 30%, with deliveries consolidated into fewer
trips per week.

¢ Consumers maintain access to home delivery but are encouraged to use pickup
alternatives for faster access.

e Consumers are granted interoperable access to the entire local network of
parcel lockers and service points, regardless of logistics provider. As a result,
20% of consumers experience a reduction in detour or dedicated trip lengths,
due to more convenient delivery point selection along their existing travel routes.

IMPLEMENTATION REQUIREMENTS

Rather than new physical investments, this scenario depends on technological and
operational integration between logistics providers. This includes:

o Shared digital platforms, or API-based systems that allow parcels to be
delivered to any available locker or service point.

 Back-end coordination across carriers and platforms to ensure booking,
tracking, and delivery handoffs can occur seamlessly.
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At the current state of the market, this level of interoperability is not standard practice,

and is unlikely to emerge organically due to competitive pressures. Therefore, external

intervention may be needed in the form of:

¢ Incentives (e.g., innovation grants, co-investments, or carbon credits for shared

access systems)

e Orregulatory mechanisms, requiring open delivery networks or establishing

standards for inter-provider access to pickup infrastructure

EXPECTED IMPACTS

Environmental

Lower vehicle emissions
due to fewer home delivery
trips and better route
density.

Greater potential for “on-
the-way” pickups, reducing
unnecessary trips.

Reduced consumer-side
emissions, as more
consumers shift to delivery
destinations closer to their
routine travel paths.

ENVIRONMENTAL IMPACT

Behavioral

Consumers benefit from
greater freedom and
convenience in choosing
where and when to collect

parcels.

Some behavior adaptation
is required as delivery
windows may become

more structured.

Users may develop new
preferences for pickup
models if well-integrated
and accessible.

Operational

Improved logistics
efficiency due to route
consolidation and higher
stop density.

Better utilisation of existing
infrastructure, with no need
for capital investmentin
new lockers or service
points.

Need for coordination
platforms and shared
access protocols between

logistics firms.

Environmental gains are achieved through two mechanisms:

1. Reduced vehicle emissions from logistics providers due to fewer home

delivery trips, improved route efficiency, and better stop clustering.

2. Shorter consumer travel distances for parcel pickup, as broader access to

the network enables more consumers to choose delivery destinations closer to

their routines—shifting travel behavior from detour/dedicated to on-the-way

pickups.
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STAKEHOLDER PERSPECTIVES AND SCENARIO EVALUATION

Retailers Logistics Providers Consumers

Municipalities/

Public Sector

POSITIVE

Greater
flexibility and
shorter travel
for pickups

Fewer trips,
better route
density, and
reduced cost
per parcel

More robust
and attractive
delivery
options to
offer
customers.

Emission
reduction and
improved
service equity
through no-
cost
infrastructure
usage.

CAUTION

May need to
adapt to less
frequent home
delivery and
wider platform
integration

Need to
coordinate and
share
infrastructure
with
competitors.

Must redesign
checkout
systems and
coordinate
across multiple
logistics
partners.
Requires
regulatory role
or incentive
structure to
initiate

interoperability.

OUTCOME

Higher
satisfaction
for those
previously
underserved
or with long
detours
Operational
savings and
more reliable
delivery
execution.

Stronger
service
reliability and
sustainability
credentials.

Policy
opportunity to
drive rural
innovation and
support digital
inclusion.

SHIFT IN EMISSONS UNDER SCENARIO 4

CONSIDERATION

Simpler interface
and real-time
access to delivery
point availability
are crucial

Standardisation of
access systems
and platform
integration will be
essential.

Integration of
backend logistics
APls and clear user
guidance are
needed

Convening
stakeholders and
enabling neutral
infrastructure
governance may be
needed.

INSIGHT

Open access
creates more
equitable and
efficient
delivery
experiences

With support,
shared access
can reduce
costs and
emissions
system-wide

Delivery mode
choice
becomes a
lever for
competitive
differentiation

Public support
is key to
breaking
competitive
barriers in
fragmented
delivery
systems.

The implementation of Scenario 4 results in a reduction in both per-package and total

annual CO, emissions across all delivery types in the rural last-mile system. Across all

three delivery modes—Home Delivery, Parcel Locker, and Service Point—CO, emissions

per parcel decrease due to more efficient delivery logistics and improved access to

pickup infrastructure. Service Point deliveries show the most significant per-package

reduction in consumer-side emissions. As more consumers gain access to a wider

network of pickup points—often located along their existing travel routes—emissions

from unnecessary trips are reduced and replaced by on-the-way pickups (Error!

Reference source not found.).

70



mm Delivery vehicle
mm Consumer Dedicated Trip
W Consumer Detour Trip

CO2 Emissions (kg)
o
o«
i

o
@
'

0.4-

0.2-

0.0

Home Delivery Parcel Locker Service Point

Figure 11. CO2 Emissions by Delivery Type and Trip Purpose per Package (Scenario)

System-wide, the implementation of Scenario 4 leads to a reduction in total emissions
from 7,739 kg CO,/year to approximately 6,650 kg CO,/year. This amounts to a total
annual reduction of 1,089 kg CO,/year or approximately 14.1% lower emissions
compared to the current state. Notably, these environmental gains are achieved without
building any new delivery infrastructure. Instead, they result from consolidated home
delivery operations, which reduce the number of trips, and shorter consumer travel
distances for parcel pickup, enabled by open access to the full delivery network
regardless of carrier.

W Delivery Vehicle
W Consumer Dedicated Trip
W Consumer Detour Trip

CO2 Emissions (kg)

0

Home Delivery Parcel Locker Service Point

Figure 12. Total CO2 Emissions by Delivery Type per Year in Rural Areas (Scenario)
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PLAUSABILITY EVALUATION

EVALUATION DIMENSION SUMMARY GRADE

Technical and Logistical Technically achievable with existing

Feasibility infrastructure, but requires backend integration Moderate
and shared platform access between logistics 3/5
providers.

Behavioral Alighment and Consumers are likely to accept reduced delivery High

Acceptance frequency when paired with improved access 4/5
and flexibility.

Institutional and Policy Interoperability is unlikely without public-sector Moderate

Support coordination, incentives, or regulatory 3/5
enforcement.

Market and Economic High potential for operational savings, but market Moderate

Drivers actors may resist cooperation without 3/5
competitive safeguards or incentives.

Environmental Gains Strong potential from reduced delivery trips and High
shorter consumer travel distances to more 4/5

accessible pickup points.

KEY LESSONS FROM SCENARIO 4

e Emissions reductions of approximately 14.1% can be achieved without new

infrastructure by improving coordination and delivery scheduling.

¢ Reducing home delivery frequency leads to more efficient routing and lower

vehicle emissions.

¢ Open access to all delivery points shortens consumer trips and reduces
emissions from detour and dedicated pickups.
¢ The current lack of interoperability between logistics providers limits system
efficiency and user convenience.
¢ Incentives or regulatory mechanisms may be needed to ensure cooperation and
open access among service providers.
¢ Rural e-commerce sustainability can be significantly improved through smarter
system integration and shared logistics networks.

72




CONCLUSIONS

Rural areasin Sweden are increasingly reliant on e-commerce, which creates higher last-
mile delivery demands and associated CO, emissions. The project analyzed consumer
behavior, logistical operations, and environmental impacts in rural settings,
demonstrating that longer travel distances, sparse infrastructure, and consumer pickup
habits exacerbate the carbon intensity of the final mile.

Key takeaways include the central role of consumer travel emissions (often as high as or
higher than logistics provider emissions), the potential for strategic infrastructure
deployment (e.g., parcel lockers in high-traffic areas), and the importance of
collaboration across stakeholders—policymakers, local communities, and logistics
operators—to realize tangible reductions in rural logistics’ carbon footprint. While
electrification can offer large emissions savings in the long run, near-term improvements
rest on better infrastructure planning, smarter routes, and incentives for consumers to
embrace low-emission delivery modes. Based on this project, the main conslusions are:

Rural E-Commerce is Growing but Challenging

E-commerce demand in rural Sweden continues to rise—mirroring national and global
trends—yet rural environments face unique hurdles including longer distances, lower
population densities, and more limited transport and digital infrastructure. These factors
make the last mile more costly and carbon-intensive than in urban areas.

Last-Mile Deliveries are a Major Emissions Driver

Both logistics provider fleets and consumer travel (for parcel pick-up) contribute
significantly to total CO, emissions in rural last-mile delivery. In some scenarios,
consumer travel to collect parcels generates as much—or more—emissions than the
delivery vehicle itself, especially when trips are made solely for pick-up.

Delivery Infrastructure and Consumer Behavior Strongly Interact

Strategically placed parcel lockers and service points can reduce both logistics and
consumer emissions, but only if:

o They align with consumers’ regular travel routes (to prevent dedicated trips).
¢ Capacityis sufficientto meet demand, and

e Consumers are actively aware of—and willing to use—them.

Electrification Has High Potential but Limited Short-Term Feasibility

While electrifying rural delivery fleets and private vehicles can yield large emissions
reductions, the short-term feasibility is constrained by:

¢ Limited charginginfrastructure,

e Longdelivery routes, and
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e Cold-weather performance issues in battery electric vehicles.
These barriers slow adoption in sparsely populated regions compared to urban
centers.

A Shift Toward Parcel Lockers Reduces Emissions

Moving a portion of service-point and home-delivery volumes to parcel lockers can
produce a sizable reduction (over 10% in some modeled scenarios) in total CO,
emissions, especially when pickup aligns with consumers’ existing trips. However,
realization of these benefits depends on scaling and optimizing locker networks, as well
as effectively “nudging” consumers at checkout.

Multi-Stakeholder Collaboration is Essential

Achieving meaningful progress requires cooperation between local governments,
logistics providers, retailers, and communities. No single actor can address the long
distances, dispersed population, and technological gaps alone. Collaborative planning
and coordinated investment are crucial for ensuring both economic feasibility and
environmental gains.

Dedicated Regulation and Incentive Mechanisms are Critical

Without specific policies and incentives—such as tax credits, grants, or emission-based
pricing—progress toward climate-neutral logistics in rural areas will be markedly slower.
Regulatory requirements, public support for infrastructure, and well-designed financial
mechanisms can accelerate the adoption of green technologies and sustainable last-
mile models.




KEY RECOMMENDATIONS

Achieving low-emission and efficient rural e-logistics requires coordinated efforts across
policy, infrastructure, business operations, and community engagement. These
recommendations target policymakers, logistics and retail actors, and local
communities, building on the findings of this study.

A key priority is to improve infrastructure and service design. Parcel lockers and pickup
points should be placed near locations rural residents already visit—such as grocery
stores, gas stations, or community centers—to encourage on-the-way pickups and
reduce dedicated trips. Underused pickup points should be relocated to higher-traffic
areas. Investment in rural charging infrastructure is also essential to support gradual
electrification, even if limited to a basic but reliable network. The development of multi-
use rural hubs that combine parcel services with local amenities can further increase
accessibility while minimizing travel.

Supportive policy and incentive structures are needed to enable this transition. Local
governments should provide tax incentives, grants, or subsidies for logistics operators
using low-emission vehiclesin rural areas. Pilot programs can help test and evaluate new
delivery models, such as shared lockers or postal bus integrations. At the consumer
level, e-commerce platforms should promote sustainable delivery choices through
checkout nudges like green badges or shipping discounts. A long-term, rural-specific
electrification strategy—with phased targets aligned with infrastructure and market
readiness—will also be important.

Improving operational efficiency remains central. Logistics providers should adopt
route optimization tools and explore delivery consolidation, especially in low-density
areas. Collaborations or shared platforms between carriers can enhance efficiency and
lower costs. To meet growing demand, locker networks must scale appropriately through
coordination between logistics actors and infrastructure providers. At the same time,
tracking emissions per parcel using standardized methodologies can help monitor
performance and support continuous improvement.

Lastly, engaging consumers and local communities is essential. Promoting “on-the-
way” pickups through community campaigns can help reduce unnecessary travel.
Educational materials, such as flyers or short tutorials, can make locker use more
accessible, while robust tracking and notifications build consumer trust. In remote
areas, community-led pickup sharing among neighbors can improve delivery access
while limiting individual travel.

Together, these actions form a systems-oriented roadmap that combines behavioral,

digital, and logistical strategies to make rural last-mile delivery both more sustainable
and user-friendly.

75



LOOKING AHEAD

Achieving climate-neutral rural e-logistics requires a balanced mix of better
infrastructure, supportive policies, innovative business models, and engaged
consumers. While immediate large-scale electrification in rural regions faces technical
and cost barriers, near-term reductions in emissions can be realized through:

o Effective parcel-locker placement and usage,

e Careful route optimization,

o Creative consumer incentives, and

e Incremental expansion of low- or zero-emission vehicles.

Over the longer term, continued investments in charging networks, battery technology,
and policy frameworks will open the door to deeper decarbonization of rural logistics.
Crucially, without dedicated regulation and well-structured incentives, the
sustainable transition will remain slow—especially in sparsely populated regions
where the business case for low-emission technologies may appear weak. Coordinated
action among key stakeholders will be essential to overcome these barriers, ensuring
that e-commerce can grow responsibly while maintaining the environmental integrity
and community well-being of rural Sweden.
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