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Abstract

By 2030, the rise of delivery vehicles in the ten most populated cities worldwide is expected to increase GHG emis-
sions between 21% and 32%. This trend puts pressure on public and private stakeholders to take measures to improve
the sustainability of last mile logistics in cities. The EU-project DECARBOMILE (DECARBONize last MILE logistics) aims
to develop interoperable and multimodal logistics solutions for decarbonized last mile delivery in urban contexts

in the years 2022-2026. This study presents a new framework of last mile’s cause-and-effect chain to identify potential
sustainable logistics solutions, hence embracing customer centricity. The latter is beyond the scope of conventional
logistics management and makes it difficult to manage the subsequent drivers of last mile logistics and supply chain
disruption: demand patterns and data valorization. The sustainability framework first maps the last mile challenges
against the Pl-oriented transport system model. With its sustainable performance criterion, the framework provides

a standardized approach to prioritize actions for addressing the challenges and measuring their target impacts
accordingly. As a conclusion of this study, the approach: (1) provides a standardized method to identify use cases

to decarbonize the last mile logistics in different contexts, (2) supports the development of a stakeholder-focused,
effective decision support system that enables to define, analyze, and compare scenarios based on sustainability
targets, and (3) fosters the design and deployment of sustainable last mile systems as well as their replicability.

Keywords Last mile logistics, Data economy awareness, Demand sustainability, Customer centric focus, System
performance criteria, Physical internet, Decision making support, Conceptual system model

1 Introduction

Digitalization has forced retailers to provide a wider
range of purchasing options for their customers, from
single to multi- and omni-channel strategies. This results
in countless last mile logistics options to deliver or return
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orders, regardless of their retailing strategy [1]. As cus-
tomers continue to make an increasing number of their
purchases online, deliveries destinations multiply beyond
retail stores and involve new facilities and locations dedi-
cated to processing additional steps of consumer deliver-
ies [2]. Moreover, the shipments are becoming smaller
and more numerous, putting pressure on last mile capac-
ities [3, 4]. This is more visible in urban areas where the
pressure to satisfy demands is high and will continue to
increase [5]. Because of these changes, the number of
delivery vehicles worldwide is expected to rise from 5.3 to
7.2 million by 2030 (+36%), with a subsequent increase
in congestion from 53 to 64 average commute times per
minute (+21%) and an increase in greenhouse gas (GHG)
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emissions from 19 to 23 MT (+21%) [4]. Hence, last mile
logistics concerns major environmental and economic
challenges for companies and cities [6].

Some companies and cities already consider last mile
logistics as a major source of challenges and compa-
nies seek new last mile strategies to cope with customer
trends striving for profits and sustainability [7-11]. Solv-
ing the challenges of last mile logistics is complex due
to its multidisciplinary nature and the number of stake-
holders involved. Several studies, including [12] and [13],
highlight the importance of customer centricity for the
provision of innovative solutions. This involves adopting
“business strategies that emphasize placing customers at
the center of all the organization’s activities to understand
and properly satisfy their needs” [14]. Incorporating the
customer perspective can reveal hidden opportunities
for business development meeting customers’ demands
while promoting practices that increase sustainability
[15-17].The subsequent decision-making process for sus-
tainable last mile logistics is more complex, and there are
efforts to provide toolkits, that help to identify problems
and map sustainability solutions with relevant Key Per-
formance Indicators (KPIs) [18].

Additionally, the integration of information and com-
munication technologies (ICTs) within the framework
of the Physical Internet (PI) paradigm is pivotal for
addressing such complexity inherent in modern logis-
tics systems. The PI concept promotes a global logistics
framework characterized by physical, digital, and opera-
tional interconnectivity, which is essential for enhanc-
ing sustainability and improving overall efficiency across
societal, environmental, and economic dimensions
[19-21]. By leveraging ICT, the PI facilitates seamless
communication and coordination among various logis-
tics stakeholders through the standardization of inter-
faces and protocols, the synchronization of modes and
channels, and the modularization of containers [22, 23].
In addition, vertical and horizontal collaboration takes
place, as the transport of the PI containers is carried out
by different logistics service providers (LSP) [24, 25]. This
collaborative approach is crucial for achieving a more
sustainable logistics ecosystem, as it allows for shared
resources and reduced redundancies in transportation
and storage [26]).

Even if there are logistics models where demand from
human activities drives the entire transport system
[27], current approaches to last mile development still
do not consider demand sustainability, overlooking that
the logistics system will not be sustainable if demand is
not sustainable. By not integrating demand drivers such
as commerce digitization and the subsequent customer
centricity, logistics models do not provide a link with
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the drivers of value chain disruption. Therefore, the
subsequent role that capillary solutions play to redesign
both, logistics and value chains, in the emerging sce-
nario under the increase in sustainability requirements,
is not considered.

This leads to the following gaps:

1. Qualitative toolkits, while holding the promise to
help to explore complex issues, lack objective criteria
to guide consistent decision-making. This allows for
too much subjective interpretation, leading to poten-
tially less effective or equitable decisions. Integrating
objective criteria is needed to ensure that decisions
are based on clear standards rather than personal
biases.

2. The PI focus remains at the level of logistics systems
planning and implementation without further look-
ing at demand and the mutual influence between
demand’s and logistics services’ sustainability.

This study aims to develop a new conceptual frame-
work, by considering customer centricity in sustainable
last mile planning, business modelling, implementation
and operation. It embraces the core innovation of The-
ory of change (ToC), which gives a situation analysis,
maps different types of outcomes with their interrela-
tions and based on the desired outcomes, formulates
relevant interventions [28]. The core objective of this
paper is to create a tool that is directly derived from
this conceptual framework. This tool is designed to
showcase the cause-and-effect relationships between
targets that arise from sustainability features and chal-
lenges in last mile logistics. By leveraging the insights
provided by the conceptual framework, the tool also
offers prioritization criteria to identify and implement
the necessary actions to effectively address these chal-
lenges. Thus, the development of both the framework
and the tool are closely linked, with the tool serving as
a practical application of the theoretical insights gained
from the framework.

This study is structured as follows: Section 2 provides
the theoretical background regarding sustainable last
mile logistics and presents the Pl-enriched logistics
model. Section 3 describes preliminary study that was
conducted. Section 4 develops the conceptual frame-
work, while Section 5 outlines the research methodol-
ogy to apply this framework. Section 6 details the initial
application of the framework in a case study conducted
in Logrofo. Section 7 discusses the findings from the
previous sections and Section 8 presents the deriving
conclusion including the contributions, limitations and
further research.
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2 Theoretical background

The new framework for designing sustainable last mile
logistics systems is based on a literature review of current
approaches to sustainability in urban logistics, along with
a conceptual logistics model enriched with the principles
of the PIL.

2.1 Sustainability in last mile logistics

In the past few years, the importance of sustainability has
increased. Many researchers have presented three main
dimensions: environment, economy, and society, with
relevant features and indicators when discussing sustain-
able development [29-31]. For conducting the literature
review, a systematic approach was taken to ensure rigor,
transparency, and reliability in the process. To do so, we
have reviewed more than 50 articles (including journals,
books, conferences, etc.) in the context of sustainability
and last mile logistics.

2.2 Environmental features and indicators

This dimension focuses on the protection of biodiversity,
the restriction of environmental capacity, and the conser-
vation of natural resources [32]. By reviewing previous
works in this area, it can be seen that experts introduce
three main categories for environmental features: Regu-
lations (e.g. Political Stability, Rule of Law, or Regula-
tions) [33], Ecological and Livability (e.g. Solid waste, Air,
Visual (aesthetic issues) and Noise pollution) [34] and
System Efficiency (e.g., Ecosystem Preservation, Infra-
structure Efficiency [31, 33]).

2.3 Societal features and indicators

This dimension refers to “social justice, equal opportu-
nity, and protection from social disadvantages for the
supply of goods and services, emphasizing the possibil-
ity of future generations and equity among classes” [32].
It can be categorized into two main levels: Human being
and Community [35-37]. At the human being level, soci-
etal features and indicators focus on individual well-being
and personal working conditions. These include: types
of work benefits (insurances, vacation), working condi-
tions (work schedule, salary) and working harmony (type
of employee and salary) [37]. Providing secure and safe
services in accordance with accepted procedures of qual-
ity has become important [38], as well as satisfaction and
opportunity which are awarded for performance above
minimum requirements [39]. These aspects are crucial
for human beings because they directly impact individual
quality of life, job satisfaction, and the ability to perform
work safely and effectively. The focus of this level is on the
immediate environment surrounding of the individual,
including their interactions within the workplace and the
benefits they receive for their work. On the community
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level, societal features and indicators shift from individ-
ual well-being to the broader context in which people live
and interact. Key features at this level include: the den-
sity of urban development and safety as people sense an
attachment to and pride of the place [40], accessibility
and equity of the service level in an area (homogenous or
heterogenous), and concordance. This includes demand
dependency on available capillary services [41], and pub-
lic infrastructure. This is linked to restrictions in urban
areas [42] due to geographical difficulties, historic cent-
ers, population density, narrow streets, strict regulations,
and limitations of spaces and facilities for fast loading
and unloading [43]. At the human being level working
conditions focus on the individual, while at the com-
munity level, they relate more to the built environment.
For example, how well the community is equipped with
necessary infrastructure impacts the overall quality of life
and can either support or hinder the working conditions
of the population. This includes factors like the availabil-
ity of safe and efficient public services, and stress linked
to the physical environment in which these services are
delivered.

2.4 Economical features and indicators

The economic dimension refers to the goal of enhancing
quality of life over the long term by creating a competi-
tive economic system [32]. It contributes to the creation
of added value and financial viability by confronting it
to the associated costs (profitability) [16, 40] and looks
at the potential optimization to increase the efficiency
of resources used (productivity) [44, 45]. Likewise, it
considers other features: quality of services, measuring
resources [46] in relation to the service level, the level of
synergies to achieve a target level [47], the compatibility
of the demand with other demand requests requiring
similar functionalities [17], and the volume of innova-
tions introduced into the system and used [48, 49].

2.5 Urban transport system model and physical internet
For assessing the potential contribution of the later pre-
sented framework to last mile logistics modeling we
analyze a state-of-the-art Conceptual System Model of
Transport and Traffic, the potential influences of the PI
on it, and the scope that it covers.

The system model used in this study is a further devel-
opment of the conceptual model for transportation first
introduced by [50] with a market-oriented focus along
with the systems model of land use, accessibility, trans-
port and traffic by [51] with a planning perspective. [50]
isntroduced three variables: transportation system, activ-
ity system and flows that influence each other. This model
can be used to describe the overall system performance
and its changes. A change in one variable also leads to a



Beck et al. European Transport Research Review (2025) 17:29

Cooperation

¥

Real-time

information Persons

data Goods
Information

pccession

(Shared)

Micro Hubs
Urban Consodidat
Centers

Pl-hubs

Distribution center

Page 4 of 14

Interoperability

Transpor¢

Modularization

®

Movables

Jyyeil

Planning

Land use

Collaboration

Standardization

Fig. 1 Pl-enriched (orange) and changes of elements (pink) of the Conceptual System model of Transport and Traffic (Own illustration based

on [27])

change in the others. [51] enriches this model with more
planning aspects. For this purpose, the elements of the
transport system Persons and Goods, Vehicles and Ves-
sels, Infrastructure and Facilities are represented as a
system. The elements are connected by the relations
Transport, Traffic, Land Use and Accessibility. The Activ-
ities are driving the system, but according to [51] they are
not strictly a part of the model. [27] develops the Con-
ceptual System Model of Transport and Traffic further.
This model includes the flow of information and the plan-
ning and implementation of all human activities, which
are the fundamental part of the model, as they trigger the
demand for transportation and drive the entire transport
system. Fig. 1 shows the model with the influences of the
PI shown in orange and the observed changes of the ele-
ments in pink. The PI concept can help to identify the
actors involved along with the innovations to make urban
logistics more sustainable, even as customer demand for
(urban) logistics increases [24, 27]).

The conceptual system model is independent of a spe-
cific transport and space system. The objects of flow are
Persons, Goods and Information. The availability of accu-
rate real-time information or data (e.g., on the current
traffic situation or access restrictions) can optimize route
planning and, for example, increase the efficiency and
reliability as well as the sustainability of urban logistics
operations [52]. Flows are not possible without Trans-
port, whereby people, goods and information change

their address from A to B. The PI-concept encourages
the implementation of consolidation or cooperation in
transport [26] and has an impact on the nodes and infra-
structure usage [27]. The vertical and horizontal collabo-
ration takes place, as the transport of the PI containers
is carried out by different LSP and the transshipment
and (intermediate) storage takes place in shared facili-
ties (distribution centers, logistics hubs, PI-hubs) [10, 24,
25]. Movables (vehicles and vessels) carry out this trans-
port on the corresponding infrastructure. The PI concept
has an impact on the usage of transport capacity of the
movables (e.g., cargo bike instead of van) and vice versa.
The interaction between the two elements is the Traffic
resulting from physical movement. By choosing alter-
native transport systems (e.g., water instead of road) or
alternative movables (e.g., cargo bikes instead of vans),
the PI could reduce the environmental impact by traf-
fic density in cities and thus reduce the negative impacts
of traffic. Within the framework of the PI concept, the
modular loading units (PI containers) independently find
their way through the logistics system, whereby modu-
larization and standardization ensure the required level
of interoperability between the logistics nodes for achiev-
ing collaboration. The modularity of the transport equip-
ment increases the importance of the information flow
[24, 25]. The location of the Facilities with their address
and the physical transport infrastructure are repre-
sented by Land use. The facilities as a fixed or temporary
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structure are immovable for a specific time and are the
nodes of the transport system. The PI concept envisages
the use of additional (small) facilities such as micro hubs
or urban consolidation centers in cities, resulting in an
increase of land use, that needs to be considered in trans-
port planning [24]). The relation Accession represents
the possibility to leave point A and to arrive at point B at
certain times and the general accessibility of the facilities
with various means of transport. Accession is influenced
by potential regulations as well as the necessary number
of tours for the transport [27].

The model is suitable for both transport and traffic in
general and for last mile logistics in particular. In last
mile logistics, the goods are often parcels, fresh food or
building materials, carried by smaller vehicles such as
cargo bikes or vans, all of which move within the limited
space of the inner-city infrastructure. Additional facili-
ties such as urban consolidation centres, micro-hubs or
smart lockers are often necessary for last mile logistics
and can be represented in the model too. Hence, it ena-
bles to represent logistics processes that can be linked to
the subsequent KPIs, identifying the different elements
involved in the sequence of relations. Likewise, it enables
to map where the different challenges of last mile logis-
tics operate, and how they interfere with the ensemble of
elements and relations. Hence, the impacts on last mile
dynamics can be assessed along with subsequent actions.
For example, it can be checked whether the main contri-
bution to emissions is the type of vehicles or the location
of facilities to prioritise actions and relevant investments
and adaptations in operations [27].

But even if the logistics models consider Activities trig-
gered by demand that drive the entire transport system,
their focus remains at the level of demand planning and
implementation without further looking at its sustain-
ability. That means that current models are missing a key
input for a full assessment of sustainability, including the
drivers of customer choices such as incentives based on
data monetization. Despite a steady growth of literature
on last mile logistics sustainability over the past years [16,
29, 31], the current body of knowledge does not include
those drivers in the models to make up a prioritization
criteria for holistic decision-making.

3 Preliminary study

Given the information found in the literature study about
potential features for sustainable last mile logistics, the
authors conducted a preliminary study to reduce the
number of features and indicators in last mile logistics
sustainability. This process of participant observation
within last mile logistics practices has been carried out
in Spain, Belgium, United Kingdom and France. It led
to identifying a set of key features for the sustainable
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performance of last mile practices, and to test them on
field in Guadalajara’s Metropolitan Area (GMA) [53]. The
study included different stakeholder groups and has been
performed from September 2018 to April 2023. The goal
of these works was to validate the potential of collabo-
ration and cycle-logistics to reconfigure last mile urban
systems towards sustainability.

Moreover, the authors worked with public authorities,
LSPs, businesses, and their customers. This collaboration
showed that addressing both supply and demand aspects
leads to a more holistic and sustainable approach to last
mile delivery in cities, improving urban logistics perfor-
mance in the tested pilots compared to the baseline [53].
It also helps to identify and validate a set of key features
of the sustainable performance of last mile practices, that
stakeholders can target to guide their transformation
towards more sustainable set ups. Table 1 shows the fea-
tures, identified in the preliminary study, which are cat-
egorized in the three sustainability dimensions (social,
environmental, and economic) consistent with the litera-
ture review. The economic features in terms of offer are
productivity and profitability, the social ones are work-
ing conditions and safety, and the environmental one is
systemic viability, which includes air quality, regulations,
resource consumption and economic externalities. In
terms of demand, the economic features are the eco-
nomic nature and operational compatibility of goods, the
social ones are the sales’ dependence on capillarity and
customers geography, and the environmental one is also
the systemic viability.

The output of this preliminary study provides a struc-
tured baseline for the subsequent phases of the research,
facilitating a focused and evidence-based approach
to bridging the identified gaps. This ensures that the
future steps in the study can build on solid empirical

Table 1 Sustainable Features identified (Own illustration)

Sustainable features and indicators

Dimensions Features
Offer Environmental Systemic viability
Social Safety
Working conditions
Economic Profit
Productivity
Demand Environmental Systemic viability
Social Customers geography
Sale’s capillarity dependence
Economic Operational compatibility

Economic nature
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foundations, ultimately leading to the successful deploy-
ment of sustainable last mile logistics solutions.

4 Conceptual framework

To address the gaps associated with last mile urban sys-
tems towards sustainability, this study develops a concep-
tual framework that leverages the principles of the ToC
to enhance the sustainability of last mile urban systems.
These principles provide a robust methodological foun-
dation for analyzing the current situation, mapping out
ideal targets and intermediate outcomes, understanding
their interconnections and settling objectives. It hence
outlines the causal pathways through which desired out-
comes can be achieved, which leads to formulate relevant
interventions providing the enabling outputs to reach
the objectives. Urban logistics, particularly the last mile
delivery part, is increasingly audited for its environmen-
tal and economic impacts. The ToC offers a systematic
approach to understanding and addressing these chal-
lenges by providing a structured methodology for plan-
ning, implementing, and evaluating interventions aimed
at achieving specific outcomes [16, 17].

The developed conceptual framework involves several
key components as demonstrates in Fig. 2. The frame-
work begins with a thorough situation analysis, where key
stakeholders—such as LSP, local governments, retailers,
and consumers—are identified and their roles in the last
mile logistics ecosystem are mapped out [12]. This step
involves assessing the current state of last mile logistics,
focusing on KPIs such as profits, air quality, customer
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and employees’ engagement. By doing so, the analysis
highlights specific challenges that hinder the sustainabil-
ity of current logistics systems and the desired situation.

Following the situation analysis, the framework focuses
on mapping stakeholders’ intermediate objectives that
enable them with added values while contributing to
achieve the system targets. They include short-term,
intermediate, and long-term effects, showcasing their
interrelations [54, 55]. This mapping helps stakeholders
to identify the relevant outcomes achieving their objec-
tives, and how they influence one another and contrib-
ute to the systems’ overarching sustainability. Outcomes
include reducing carbon emissions, minimizing waste,
and increasing the rate of renewable energy sources in
last mile logistics, all contributing to reduce environmen-
tal bills and pressure over all stakeholders. Additionally,
companies may seek to improve economic efficiency by
optimizing costs and delivery routes, thereby reducing
overall operational expenses. Likewise, public adminis-
trations may focus on improving accessibility to goods
and services, ensuring fair labor practices, and settle
more efficient and less intrusive logistics operations, all
of them contributing to enhance the quality of life for
urban residents.

Based on such desired outcomes identified through the
mapping process, relevant interventions can be formu-
lated. These interventions should be evidence-based and
provide tailored outputs (key results) to address the spe-
cific challenges identified in the situation analysis [56].
To prioritize those actions, the framework integrates

THEORY OF CHANGE FRAMEWORK FOR SUSTAINABLE LAST MILE LOGISTICS

Long term targets definition. Challenges ) -

Case Study

Stakeholders engagement

Sustainable Impact i ificati hall i i
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Fig. 2 Conceptual framework designed to address the transformation of current last mile systems to embrace sustainability, with a ToC logic. (Own

illustration)
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the functional, cause-and-effect logic central to the ToC.
This involves identifying and ranking the interdependen-
cies between various components of the logistics system,
determining where interventions can be most effective.
Specific interventions leading to key results can be then
formulated to address the identified challenges, such as
the implementation of smart routing technologies, the
adoption of low-emission vehicles, and the development
of urban consolidation centers. The framework also lays
the groundwork for continuous monitoring and evalua-
tion, ensuring that the impacts of these interventions are
tracked and adjusted as necessary to achieve the desired
outcomes. By clearly defining the actions to be taken,
the required conditions for success, and the stakehold-
ers involved, this framework provides a comprehen-
sive approach to define an implementation strategy for
achieving the change pursued and advancing towards the
sustainability of last mile logistics in urban areas [57].

There are several outcomes from this framework. First,
it extends the literature review to identify the sustain-
ability indicators linked to each feature, including those
related to data exploitation. Second, it extends the assess-
ment of the sustainability of the components of the last
mile system by introducing the Pl-enriched logistics
model. This has provided a tool to assess the sustain-
ability of last mile performance in cities. It highlights the
interdependencies between challenges, the sustainability
targets they impact, and the components involved. This
assessment forms the core of the study and is a key con-
tribution to completing the envisioned ToC framework
for sustainable last mile logistics.

5 Applied methodology

The Horizon Europe project DECARBOMILE, aims to
test and validate different approaches to decarbonize last
mile logistics in four Living labs (LL) in (Nantes (France),
Logrono (Spain), Istanbul (Tiirkiye) and Hamburg (Ger-
many), defining and implementing several use cases in
each of them in the span of four years, between Septem-
ber 2022 and August 2026. In line with the objective of
advancing last mile sustainability in urban areas, the ToC
framework has been developed to provide the steps to
define action plans and to prioritize them into use cases
as Fig. 3 illustrates.

As a first step, the relevant challenges have been
identified in each LL by local stakeholders (e.g. Local
authorities & decision-makers, Logistics and Trans-
port companies, business and consumers, Universities
and Researchers) in a set of workshops between Feb-
ruary and March 2023. Workshop tools, activities and
the agenda were wrapped up into guidelines, including
an e-mail template for inviting external stakeholders,
a draft of attendance list and the reporting template
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to document the workshop results. Additional tem-
plates were provided for the different workshop activi-
ties. They were split in two rounds for data collection.
During the first-round, participants listed their last
mile needs and challenges on repositionable notes
and placed them in different categories: environmen-
tal, social, technological, economical. Within the sec-
ond round, a joint discussion led to rank the identified
topics from high to low relevance to identify the most
pressing needs and challenges.

This collection of challenges is at the base of the ToC
framework, which aims to map and prioritize the chal-
lenges collected for identifying and implementing tar-
geted actions. Prioritizing requires a holistic approach
considering the whole spectrum of last mile logistics
stakeholders to uncover nuanced behaviours and prac-
tices that influence last mile systems sustainability, and
their interdependence. Therefore, in a second step the
framework combines the last mile practices sustainabil-
ity features (cf Section 3) with the PI-enriched concep-
tual system model of transport and traffic (cf. Section 2.5)
to map the challenges’ impacts on the sustainability of
urban last mile, showcasing their causal pathways.

Local partners of each LL were asked to map each chal-
lenge of their relevant lists with offer and demand sus-
tainability features by marking the boxes of Table 2 below
[58].

In this step, the challenges are also mapped against the
PI-enriched Conceptual System Model of transport and
traffic (cf. Section 2.5), by marking whether a challenge
affects the component of the logistic model (x) or not
(blank) (Table 3).

This leads to identifying the challenges that affect more
elements and relations of the urban logistics system and
how transversal they are. Furthermore, it shows through
which components of the logistics system each chal-
lenge affects the sustainability of the overall system, and
which of its specific features. Likewise, the tool shows the
dependencies between the challenges, so they can be pri-
oritized in a third step of analysis, based on this mapping
of challenges, impacts and causal links.

A similar approach has already been used by other
authors to conduct studies in the field of sustainability.
[59] employed participant observation as part of a mixed
methods approach to study the integration and report-
ing of Sustainable Development Goals (SDGs) in higher
education. This methodology allowed for a comprehen-
sive understanding of the challenges and innovations
in sustainability practices within the university setting.
[60] introduced a workshop method for early sustain-
able product development that utilizes back casting from
sustainability principles to create a vision, assess the
current state, and derive strategies. It enables us to map
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sustainability challenges and opportunities at a concep-
tual level, settling the baseline for defining use cases.

6 Case study

6.1 Study area

A first case study to define the action plan to apply in
use cases based on the ToC framework was conducted
in Logrono’s LL. Over the last 10 years, the city’s appear-
ance and form have been considerably altered around a
lively and commercial old town through changes in land
use patterns and new developments. Furthermore, the
city’s location on the major road provides easy access to
jobs, education, shopping, and commercial services.

6.2 Results of the case study
The workshop in Logrofio collected 29 main challenges
for last mile sustainability in the city. The subsequent
analysis of the challenges per component of the logis-
tics model shows the interdependencies between them,
to rank them and set priorities. The prioritization shows
which challenges should be tackled first, acting on which
elements and relations of the logistics model, according
to how much pressure they put on the performance of
the system.

Table 4 shows the concentration of affectations to
each performance aspect per component of the concep-
tual logistics model of the system (Dark Red: very high

to Dark Green: very little) based on the number of chal-
lenges. The table also shows the Level of Affectation of
each component of the model as the ratio between the
total number of challenges that it induces across the dif-
ferent areas of the performance and the maximum pos-
sible. The results in Table 4 show that Productivity and
Profitability are the most affected aspects of the perfor-
mance by challenges along with the Systemic Viability of
demand. They are mostly challenged through Transport,
Goods, Persons and Information, and Activities, with the
relevant Movables and Accession right after and Facilities
slightly behind.

In this sense, Table 5 allows us to address the specific
challenges affecting the system in detail. For instance,
in Logrofio, only three challenges are impacting almost
every category on the performance of both sides, OFFER
and DEMAND, and almost all components of the logis-
tics model (8 out of 10): City clusters to consolidate last
mile, Scarcity for logistics spaces in the center and Data
enabled decisions. After those challenges, the most fre-
quent challenges affecting the logistics model (7/10) are:
Keep local retail in the economic loop, Last mile deliv-
ery & shop supply and Adapt built infrastructure: cycle,
charging, hubs, lockers. However, out of all the challenges
affecting the Elements and Relations of the logistics
model, two have the most impacts on the sustainability
features of city’s last mile performance: Improve cargo-
bikes quality, accessibility, maintenance and Awareness.
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Table 2 Sustainable performance assessment of the challenges (exemplary) (Own illustration)

Sustainable Performance Assessment
CHALLENGE OFFER DEMAND
ECO SOC ENV ECO SOC ENV
w2
2 | &
- o
a 7]
[
2 a3 g S | g | =2 | s g
S 5 5 o 5 I~ o =
e |2 | = | & B |2 | = | 8 | & B
= =. =
g S| 8| & < & 18 | & | = <
2 - 2 < B = =] o o S
= = o =4 = a 0 o
< g = g 2 = = E
= = = =
o = =]
2 < E-: o = <
= 8 <
< &
(¢}
Shortage of space for new fa-
el X X X X X X
cilities

Although they involved components of the logistics
model carrying less pressure (level of affectation).

Last but not least, the results show the ranking of
challenges according to the overall pressure that it
induces to city’s last mile logistics, considering its
interdependences: how many times challenges appear
simultaneously in different parts of the logistics system.
For example, the first challenge “City clusters to con-
solidate last mile” appears in 5 out of the 7 red zones
(see Table 5) of the logistics system, in 18/22 of the
orange, in 11/17 of the yellow, and in 14/26 of the light
green zones, and in 7/16 dark green zones. Whereas
the second one “Scarcity for logistics spaces in the
center” appears in all the zones except in the dark green
zone. Based on the ranking, the first challenge should
be considered first, and the actions defined to address it
would contribute to address more effectively the whole
system.

By doing so, the results show to what extent the chal-
lenges affect several aspects of the sustainable per-
formance of the system and to what extent they affect
different elements and interactions in the urban logis-
tics model. Based on this assessment, the challenges can
be prioritized for addressing them orderly, according to
their impact on performance, and their interdepend-
ences: addressing one could unblock addressing others
or require coping first with another so that the two chal-
lenges should be considered together, with the result-
ing action requirements and expected results. Later, this
information can help to identify who should be involved
and the subsequent dynamics it may enable to trigger.

7 Discussion

The findings of this study provide critical insights into
the potential for transforming last mile logistics sys-
tems towards sustainability, through both empirical and

Table 3 Logistics model and challenges (exemplary) (Own illustration)

Logistics Model ASSESSMENT
Q
[=]
&
5 < g = > o = >
2 & £ S =S g = =] g
% @ g 2 9 = 8 g
2
Shortage of space X X « X X X
for new facilities
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Table 4 Number of challenges related to each part of logistics model and Performance (Own illustration)

LOGISTICS MODEL

RELATIONS /
INTERACTIONS
PERFORMANCE EQ -
=}
S22 |8 |7 | & o = N z
2 S g 2 S z g 2 3
g | g g S 3 & c é
" g 3 g & & 3 © 3 g
2 a
Productivity 20 16
o~ Profitability 19
=
=
3 Working conditions 8 8
Safety 9 11
Systemic viability 17 16
Economic nature 7 6
ECO
% Operational compatibility 18 12
= Sale's capillarity depend-
5 15 13
2 | soc |_cnce
Customers geography 15 11
ENV | Systemic viability
Total
Level of Affectation 66% | 65% | 70% | 66% | 65% 70% 66% 66% 67%

conceptual approaches. The study successfully identifies
and categorizes key features and indicators of sustain-
able last mile practices, offering a comprehensive founda-
tion for stakeholders seeking to improve their logistical
systems. This approach resonates with the broader prin-
ciples outlined by [61], particularly the emphasis on
integrating various dimensions of sustainability in opera-
tional planning.

Moreover, the engagement of diverse stakeholder
groups—including public authorities, LSPs, businesses,
and customers—emerges as a key strength of this study.
This collaborative approach led to the identification of
challenges to critical features of sustainable last mile
logistics, such as profitability, systemic viability, and
operational compatibility, which are in line with the three
dimensions of sustainability: economic, environmental,
and social. By addressing both supply and demand-side
factors, the research highlights a holistic methodology
for tackling urban logistical challenges. These findings
are supported by similar works in urban logistics, which
emphasize the importance of collaboration among key
actors to optimize sustainability outcomes [12, 16].

For example, in the Logrofo case study, the challenge
of city clusters for last mile consolidation has the great-
est impact, primarily affecting infrastructure. Although

infrastructure is the only element of the logistics model
directly impacted by this challenge, it carries the high-
est level of influence (70%). Addressing this will require
specialized expertise to assess and implement appropri-
ate measures. Challenges that require similar actions can
be grouped together, providing the basis for defining use
cases that incorporate the relevant components of the
logistics model, guided by their interdependencies.

The DECARBOMILE framework’s approach to sus-
tainability aligns with earlier studies, particularly in its
emphasis on standardized performance criteria to guide
decision-making. This is further supported by [18], which
developed a toolkit for mapping sustainability solutions
in urban logistics. Our study expands on this by not only
offering a solution-mapping framework based on subjec-
tive criteria but also introducing a structured method
for prioritizing these solutions based on their impact on
sustainability. This prioritization approach is essential for
effective decision-making in sustainable logistics.

[56] highlighted the importance of evidence-based, out-
come-driven frameworks in driving sustainable logistics
transformations, a principle we embraced by integrat-
ing the ToC with empirical data from stakeholder work-
shops. This ensured our interventions were grounded in
real-world contexts and adaptable across various urban
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Table 5 Prioritization of challenges according to its affectation and interdependences (Own illustration)

g =l | z
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gl | &
City clusters to consolidate last mile 31417 |4(4]8]|15(36.78 1811 ] 14
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Adapt built infrastructure: cycle, charging, hubs, lockers 3(5|18(4(2]6]|14( 31.12 18 9 | 12
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settings. Few studies have rigorously applied the ToC
framework in last mile logistics, filling a gap in the litera-
ture, as argued by [5, 31], who emphasized the need for
objective metrics to assess logistics sustainability.

By providing a method for prioritizing actions based on
their environmental impact, the current study contrib-
utes to this ongoing discourse, offering a practical tool
for stakeholders aiming to decarbonize last mile logistics.
Additionally, the study resonates with the findings of [9],
who explored the benefits of urban consolidation cent-
ers and alternative delivery modes, such as cargo bikes,
in reducing the carbon footprint of last mile logistics.
The incorporation of these strategies within the DECAR-
BOMILE framework underscores the importance of
adopting innovative solutions that can be tailored to the
specific needs of different urban environments.

8 Conclusion and further steps

This study validates and extends the existing literature
on sustainable last mile logistics by offering a struc-
tured, stakeholder-driven approach to identifying
and implementing sustainability solutions in last mile
logistics. By integrating the ToC and an enriched PI-
logistics model, this research presents a comprehensive
framework to guide future studies and practical imple-
mentations in this field. Through comparison with
previous studies, this research highlights the critical
importance of collaborative, context-specific solutions
in achieving sustainable urban logistics. The framework
presented offers a new perspective for transforming
last mile logistics systems, addressing the fundamental
gaps identified in this paper: lack of objective criteria
and limited focus on demand. The approach is based on
clear, measurable targets concerning the expected per-
formance and value-added outcomes, supported by a
holistic assessment of local challenges. This assessment
maps out the various sustainability dimensions of the
logistics system, identifies their interdependencies, and
suggests ways to address them, settling priorities.

A key contribution of this study is its focus on the
mutual influence between the sustainability of logistics
demand and the sustainability of logistics offer. Cur-
rent logistics models often overlook this interaction.
By introducing the concept of “demand sustainabil-
ity” and its associated challenges, the new framework
addresses one of the main gaps identified in previous
research. This approach centers on customer centric
logistics, which is at the core of last mile logistics dis-
ruption. It considers the role of data in the decisions
made by all key stakeholders—customers, LSPs, and
companies utilizing disruptive business models based
on data-enriched value propositions. This creates a
crucial link between the logistics and supply chains
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and the broader value chain. Therefore, the framework
seeks to enable stakeholders to more effectively navi-
gate the transformation toward sustainable last mile
systems, considering a wide range of factors that influ-
ence decision-making.

The tool presented in this study systematizes how to
showcase the causal pathway between specific challenges
and sustainability targets, laying the groundwork for rep-
licating this approach to decarbonize last mile logistics.
It also addresses a second key gap in sustainable logistics
decision-making: the lack of objective criteria. The tool
enables a qualitative and quantitative assessment that
ranks challenges according to how they impact the over-
all sustainability performance of logistics systems and
their core components. This prioritization, informed by a
functional logic that includes interdependencies between
components, sets the stage for developing effective, tar-
geted actions. These actions can then be implemented
with the involvement of relevant stakeholders, whether
they are impacted by the challenges or act as enablers of
change.

For each challenge, the next step is formulating specific
objectives for the various stakeholders involved. These
objectives must reflect the added value that each stake-
holder gains from addressing the challenges, focusing on
the specific components of the logistics model that are
impacted. Once the objectives are defined, correspond-
ing actions can be identified, along with success met-
rics to monitor the progress. This approach proposes to
use Objectives and Key Results (OKRs), which set aspi-
rational goals that drive teams and individuals toward
meaningful change. By clearly defining objectives and
aligning actions, stakeholders can address challenges in a
more organized and effective manner.

Beyond data literacy, another main limitation of this
study is the scope of application, limited to a single
living lab. Ongoing application in the rest of DECAR-
BOMILE’s living labs is expected to show the sensibility
of results to the location. Another limitation is the cur-
rent level of automatization of the assessment process,
that the project aims to address by developing a digital
twin decision support system for the definition and pri-
oritization of use cases that foster the implementation
of sustainable last mile systems in cities.

Abbreviations

DECARBOMILE  Decarbonize last mile logistics

ECO Economic

ENV Environmental

GHG Greenhouse gas

GMA Guadalajara’s Metropolitan Area

ICT Information and communication technologies
KPI Key Performance Indicators

LL Living lab

LSP Logistics service providers

OKR Objectives and key results
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