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In recent years, the levels of e-commerce in the modern commercial environment have significantly increased,
necessitating the adoption of measures and policies capable of complementing each other to achieve a sus-
tainable urban freight transport system. Beyond traditional approaches, a new array of automation-based
technologies has been developed offering dynamic, and reliable solutions. This research designs a next-

Droids . . . . :
Last mile delivery generation multimodal last-mile delivery system of lunch boxes at the JRC campus, in Ispra, Italy, based on a
Blueprint service design approach that embraces three dimensions of engagement in participatory design for sustainable

change; scoping, developing and scaling. Analytically, the “scoping” phase focuses on establishing and operating
a living lab as a platform for co-design, fostering dialogue, shared understanding, and iterative learning among
stakeholders. The “developing” phase involves mapping the service through user journeys and service blueprints
while integrating digital practices. The “scaling” phase focuses on co-developing cooperative business models
that generate value, manage resources effectively, and foster sustainable, community-driven networks. The pilot
demonstrated significant operational improvements (droids navigated 77 % autonomously and sender waiting
time averaged 5.17 % of the total journey), while 90 % of users rate the service as satisfactory or very satis-
factory. However, the financial viability remains highly dependent on sponsorships and grants.

1. Introduction

In recent years, the importance of Urban Freight Transport (UFT) in
the modern commercial environment has significantly increased. The
COVID-19 pandemic acted as a catalyst for this change (Beckers et al.,
2021), with levels of e-commerce nearly doubling globally between
2019 and 2024 (Statista, 2023). Trends indicate continued growth; in
2023, global retail e-commerce sales reached an estimated 5.8 trillion U.
S. dollars, while projections indicate a 39 percent growth in this figure
over the coming years, with expectations to surpass eight trillion dollars
by 2027 (Statista, 2023). This rapid increase brings challenges related to
the continuous provision of home delivery services for a large volume of
orders and is often accompanied by new “desires” from end-users, such
as faster, more reliable, secure, and sustainable deliveries, placing

significant pressure on courier companies (Allen et al., 2018; Gatta et al.,
2023, chap. 21; Polydoropoulou et al., 2022). According to the World
Economic Forum (2024), if the current situation continues to meet the
projected demand for online shopping, the number of delivery vehicles
in the top 100 global cities will need to increase by 36 % by 2030. The
consequences are significant, as it is estimated that emissions from de-
livery vehicle traffic will increase by 32 %, and congestion will rise by
over 21 %, adding approximately 11 min to the daily commute travel
time for each passenger.

The challenges and the need for adopting new solutions (measures
and policies) in the field of UFT are well recognized within the European
Union (EU) (Prencipe et al., 2024). In line with the Paris Agreement, the
EU has set the ambitious goal of becoming the first climate-neutral
continent by 2050. In the context of UFT, this will be achieved with a
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dual approach designed to reduce CO2 emissions by 55 % by 2030 at the
latest, through the "Fit-for-55" package and paving the way for zero
emissions in freight transport, including UFT and passenger transport
(European Commission, 2024).

In the course of selecting and implementing suitable solutions,
numerous methodologies have emerged to address the myriad chal-
lenges of applicability (Galambos et al., 2024; Janjevic & Ndiaye, 2014;
Klose et al., 2022). Most studies acknowledge that horizontal ap-
proaches are ineffective and emphasize the necessity of local adaptation
to the specificities of urban areas and engagement with the local
ecosystem considering multi-stakeholder approaches (Marcucci et al.,
2017; Nathanail et al., 2018). In this light, this research outlines the
steps undertaken to pilot an innovative city logistics solution consisting
of a joint system of ground delivery robots (named onwards “droids”)
and cargo bikes, implemented at the Joint Research Centre (JRC) Ispra
Campus, located in the Province of Varese, Italy. The JRC campus serves
solely as a testbed, selected for its specific characteristics, as detailed in
the first subsection of the "BACKGROUND AND METHODOLOGY"
section.

While previous research has evaluated alternative last-mile delivery
solutions at the same JRC campus, including scenarios involving (i) an
automated delivery droid coupled with a Euro 4 Light Commercial
Vehicle (LCV), (ii) a delivery droid coupled with a depot station, and (iii)
a delivery droid coupled with an electric LCV (Garus et al., 2022), these
studies did not focus on the co-design or operationalization of a last-mile
service. It is important to acknowledge that a broader Living Lab (LL)
framework - the JRC Future Mobility Solutions LL - has been in place at
the campus since 2019 (European Commission, 2021). However, this
study establishes a thematic LL specifically aimed at co-creating, pilot-
ing, and scaling a joint food delivery service using droids and cargo
bikes. Distinctively, it integrates a service design methodology, applying
tools such as stakeholder journey mapping, blueprinting, and partici-
patory business modeling. This contribution represents the first attempt
at the JRC campus to systematically design and test the operational
feasibility of such a delivery system through a co-creation lens.

The motivation for piloting such a joint system is based on the notion
that vans are inefficient in urban contexts, multiple bikers are expensive
for completing the last mile of delivery, while droids are too slow to
drive all the way from a distribution hub. Another driving factor for
conducting this study, is that, excluding research focused on the tech-
nical design of droids (Hutter et al., 2017; Law, Fan, Li, & Mo, Jun. 2023;
Plank et al., 2022; Udoh et al., 2024) or the development of mathe-
matical routing algorithms (Alfandari et al., 2022; Chen et al., 2021;
Simoni et al., 2020; Yu et al., 2022), the body of literature addressing the
integration of droids in last-mile delivery systems is very limited. Ac-
cording to Alverhed et al. (2024), who systematically reviewed delivery
droids as part of delivery systems, research is predominantly focused on
(i) operations, (ii) infrastructure, (iii) regulations, and (iv) public
acceptance, while service design - preceding implementation - and
business value creation remain out of the literature radars.

To fill in these research gaps, the objective of this research is to
design a next-generation multimodal last-mile delivery system of lunch
boxes at the JRC campus, in Ispra, Italy, based on a service design
approach that embraces three dimensions of engagement in participa-
tory design for sustainable change; scoping, developing and scaling
(Smith & Iversen, 2018). Analytically, the objective is to (i) discuss the
process of establishing and operating a LL where diverse participants can
collaboratively explore potential futures and co-design services that
align with their evolving goals and aspirations (“scoping phase”), (ii)
co-map the planning of the service through user journeys and service
blueprints (“developing phase™), and (iii) co-develop cooperative busi-
ness models so that the service generate value and stays competitive,
while also managing resources, and exploiting future growth opportu-
nities (“scaling phase™).

The rest of the paper is structured as follows: Section 2 reports past
studies dealing with the use of droids in the delivery systems. Section 3
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gives the background with respect to the study area and the scenario
description, while it also outlines study’s service design methodological
steps. Section 4 describes the facilitation of the urban LL in Ispra and the
results from the performed co-creation activities. Section5 presents the
user journeys and the blueprint of the co-designed service. Section 6
details the business model, with a focus on revenue streams and cost
structure. Finally, Section 7 concludes the paper and provides sugges-
tions for future research.

2. Literature review

Before the COVID-19 pandemic, the concept of robots delivering
parcels to customers might have seemed futuristic (Chen et al., 2021).
However, with automation technology becoming increasingly pervasive
and integrated into society, it is now easy to envision delivery robots
eventually emerging as the dominant technology for last-mile delivery
(Marciani, 2023) in the following years. From an economic point of
view, droids can navigate flexibly, avoiding traffic congestion or acci-
dents, allowing them to maintain more consistent and higher average
speeds, which significantly reduces delivery times and adds reliability.
From an environmental point of view, delivery robots produce a mini-
mal footprint in terms of GHG and pollutant emissions, as they are
powered by electric engines with rechargeable batteries (IMcKinsey,
2017).

Today, there are many pilots of droid-based delivery systems already
in operation, with new ones launching almost every day (Ostermeier
et al., 2021). From a business perspective, Hoffmann and Prause (2018)
argued that delivery robots have substantial potential to create value for
companies. Focusing on food delivery service particularly, Starship
Technologies, a San Francisco-based company, operates a delivery robot
service in North London. Earlier in 2020, the company expanded this
service to six additional cities, including the launch of a grocery delivery
service in Washington, D.C. (Starship Technologies, 2022). The business
model of the service focuses on the cost advantage of last-mile delivery,
with costs estimated to be less than €1 per unit/delivery, which -
depending on local wage levels - can be up to 15 times lower than
current costs (Starship Technologies, 2018). For customers, the added
convenience comes from robot delivery offering a standard
15-to-20-min delivery window, a much more precise timeframe
compared to traditional delivery, which typically provides only a gen-
eral date (calendar day) in advance. In another example, Grubhub, a
prominent food ordering and delivery platform, and Kiwibot, a leading
company in last-mile robotic delivery, partnered in 2023 to offer robot
delivery services on more than 250 college campuses throughout the
United States, starting from the University of North Dakota (Kiwibot,
2022). Students were able to order meals from on-campus dining loca-
tions, via the Grubhub app, with Kiwibots delivering food even in
extreme weather conditions, when other services were not operating. Of
course, other than food delivery service pilots, many other droids’ pilots
can be spoted, ie. Amazon Scout, Postmates and FedEx’s SameDay Bot in
the US, DHL’s PostBOT in Germany, and more.

As Srinivas et al. (2022) indicate in their review of recent de-
velopments and future directions on robot-driven deliveries, there are
two critical aspects for the succesfull scale up of the pilots; (i) the sys-
tem’s flexibility in handling unforeseen circumstances, such as low
battery charges or technical faults, and (ii) regulatory issues. As per the
latter, in 2017, San Francisco officials have voted to restrict where de-
livery robots can go in the city mainly due to concerns about the safety of
pedestrians, particularly elderly people and children (City logistics,
2017). Gehrke et al. (2023) examined sidewalk Autonomous Delivery
Robots (ADRs) and quantified safety interactions with pedestrians and
bicyclists using video-recorded interactions and Post-Encroachment
Time (PET) analysis. Their study revealed that most severe conflicts
occur at intersections and narrow pathways, highlighting the need for
improved infrastructure design and sidewalk ADR regulations. Jennings
and Figliozzi (2020) acknowledged that droids will compete for space on


https://www.mdpi.com/2673-7590/2/1/4

L. Karakikes et al.

sidewalks with pedestrians and this will inevitable raise regulatory ob-
stacles, and they distincted droids into Sidewalk ADRs and Road ADRs.
In their study they performed an analysis of the characteristics and
regulation of Road ADRs in the US and a study of the relative travel,
time, and cost efficiencies that Road ADRs can bring about when
compared to traditional van deliveries. The results indicated that Road
ADRs can offer significant cost savings in many scenarios, though this
comes at the cost of notably higher vehicle miles per customer served.
Unlike Sidewalk ADRs, Road ADRs are likely to contribute substantially
to increased vehicle miles per customer, concluding that while Road
ADRs outperform conventional vans in competitiveness, their limita-
tions - short range and limited storage capacity — remain significant
barriers. A Road ADR pilot was run by Valeo, an automotive supplier
specialized in developing electric, autonomous and connected vehicle
technologies, in partnership with Meituan Dianping, China’s leading
e-commerce platform for services, operating popular food delivery ser-
vices in many Chinese cities (Valeo, 2020).

The biggest advantage of droids is that they are able to drive
autonomously, and a single operator can manage a whole fleet of robots
(Poeting et al., 2019). On the contrary, a significant barrier is the
readiness of the traffic environment for autonomous delivery robots.
Arntz et al. (2023) named it as "roboreadiness", consisting of two com-
ponents: the robot’s performance within the traffic environment and its
level of social acceptance. Kapser et al. (2021) and Abrams et al. (2021)
examined the acceptance of droids as a means for contactless home
deliveries. Both studies were performed in 2020, when restricting
measures were imposed, due to Covid-19. Using online questionnaires
and similar analysis methods, they both resulted that trust in technol-
ogy, price sensitivity, innovativeness, performance expectancy, hedonic
motivation - among other aspects - determine behavioural intention,
discussing also respective policy implications. For example, Kapser et al.
(2021) stressesed that if shipment costs are too high due to the use of
expensive automation technology, there will be little acceptance in the
population and advantages of droids as a contactless delivery option will
be missed out. Public acceptance was also researched in later years —
after COVID-19 pandemic - by Koh and Yuen (2025) who examined
urban planning policies and how they shape ADR adoption using
Structural Equation Modeling (SEM). They found that residents’ per-
ceptions of ADRs align with the Health Belief Model and
Task-Technology Fit Model, suggesting that policies promoting safety
and efficiency can enhance ADR adoption. Similarly, Yuen et al. (2022)
used the Technology Acceptance Model and Theory of Planned Behavior
to explore consumer behavior toward ADRs, concluding that COVID-19
acted as a significant accelerator for ADR acceptance, especially in dense
urban settings.

Moreover, innovative evaluation methodologies for assessing droid
deployments, through case studies’ demonstration, are also under the
research spotlight (Garus et al., 2022; Plank et al., 2022; Zeng et al.,
2022). Analytically, Zeng et al. (2022) developed a multi-criteria deci-
sion-making framework integrating self-confidence aggregation and
social trust networks to evaluate ADR feasibility. In a similar approach,
Plank et al. (2022) developed a prototype evaluation methodology
based on Open Street Map data to assess ADR deployments in different
German cities. The results indicated varying performance outcomes
depending on urban density and robot class selection. Specifically, small
ADRs exhibited superior accessibility in pedestrian-dense urban cores
but suffered from increased detour times due to restricted movement on
sidewalks. In contrast, larger ADRs operating on roadways benefited
from faster speeds and reduced detours but faced significant accessi-
bility constraints in high-traffic areas. The study also found that side-
walk ADRs performed poorly across most cities, as infrastructure
limitations and longer travel paths outweighed their accessibility ad-
vantages. Moreover, Garus et al. (2022) integrated multi-criteria deci-
sion-making analysis and scenario analysis to reflect stakeholder
perspectives in last-mile delivery. Their findings indicate that
low-capital investments in delivery droids could lead to operational cost
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savings and improved environmental performance but may raise social
sustainability concerns related to safety and equity. Expanding on this,
Garus et al. (2024) conducted a comparative analysis between ADRs,
bicycles, and light commercial vehicles (LCVs) using GIS-based
modeling and routing optimization. Their results indicate that ADRs
are best suited for pedestrian-centric areas, bicycles for dense urban
cores, and LCVs for suburban/rural last-mile operations, providing a
data-driven foundation for optimizing vehicle allocation strategies.

While relevant business and operations research can be found
sporadically, existing studies on last-mile delivery tend to focus on in-
dividual aspects, such as regulatory frameworks (Hoffmann & Prause,
2018), business models (Starship Technologies, 2022), or public
acceptance (Kapser et al., 2021), without integrating the full cycle of
service design. Table 1 summarizes relevant existing research, catego-
rizing it into scoping, developing, and scaling phases, and includes a row
for this study’s unique coverage of all three phases.

As can be seen from the last row of Table 1, this research addresses
the gap of covering all three phases, by proposing a service design
framework that enables multi-stakeholder engagement and a phased
approach to co-design, test, and scale a multimodal last-mile delivery
service. To the authors’ best knowledge, the only example of partici-
patory desing is an initiative between Johanneberg Science Park and
Chalmers University of Technology in Sweden (DriveSweden, 2023). In
this initiative, HUGO, a small autonomous delivery robot, was deployed
to deliver packages while also gathering insights on the societal accep-
tance, infrastructure readiness, and operational feasibility of autono-
mous solutions. Through real-world campus trials and focus groups,
public perceptions and safety interactions were assessed, particularly in
shared urban mobility contexts. The initiative involved multiple stake-
holders, including researchers, product developers, property owners,
and city authorities. This research extends beyond the HUGO initiative
incorporating.

e Multimodal integration: Unlike HUGO, which primarily focused on
standalone autonomous droid deliveries, this study integrates cargo
bikes and droids into a joint delivery system, optimizing the effi-
ciency of multimodal last-mile logistics.
Decision-support framework: This study develops a structured
methodology for stakeholder engagement and co-creation, ensuring
that public authorities, businesses, and users actively shape service
design. HUGO focused on user perception and qualitative assess-
ments, while this study provides a decision-support framework to
facilitate scaling and long-term service sustainability.
e Performance metrics: This study incorporates a data-driven approach
to analyze the efficiency of the system, whereas HUGO focused more
on qualitative user experience and route optimization.

3. BACKGROUND and METHODOLOGY
3.1. JRC campus in Ispra

The JRC in Ispra ranks as the third-largest European Commission
site, following Brussels and Luxembourg. Originally established in 1960
as a nuclear research facility, it has evolved into one of Europe’s premier
research campuses, boasting numerous laboratories and unique research
infrastructures. The site hosts a daily population of approximately 2200
Commission staff across over 100 buildings, with 36 km of internal roads
and all necessary logistical services to operate a small town, including
energy generation and water provision. Encompassing a fenced area of
167 ha, the JRC facility provides a safe, secure, yet real environment,
where Italian laws related to safety, transportation, and highway codes
are applied under its own responsibility (European Commission, 2024).

3.2. Methodology

The methodology of service design is structured into three
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Table 1

Summary of existing research on droids categorized by scoping, developing, and scaling phases.
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Study Phase” Focus Area Methodology Key Findings

McKinsey (2017) Scoping The role of automation in urban ~ Market report & industry Identifies emerging trends in commercial urban
last-mile delivery analysis transport, including electric vehicles (EVs), droids, and

autonomous ground vehicles (AGVs) as potential
solutions for reducing congestion, emissions, and
operational costs. Highlights the impact of urban
consolidation centers (UCCs) and parcel lockers in
improving logistics efficiency.

Kapser et al. (2021) Public acceptance Survey Analysis Identifies factors impacting user acceptance

Srinivas et al. (2022) Systematic review of Literature Review, Taxonomy of ~ Provides a comprehensive review of ADR-based
autonomous delivery robots ADR Research delivery operations, analyzing factors like routing, fleet
(ADRs) & infrastructure planning, efficiency, user acceptance,

and social intelligence

Yuen et al. (2022) Acceptance of ADRs in urban Technology Acceptance Model Identifies behavioral factors influencing ADR adoption,
cities (TAM) & Theory of Planned highlighting COVID-19 as a key adoption accelerator

Behavior (TPB)

Koh and Yuen (2025) Consumer adoption of ADRs in Structural Equation Modeling Analyzes urban planning policies and factors affecting

urban planning (SEM) ADR adoption, applying Health Belief Model and Task-
Technology Fit Model

Alverhed et al. (2024) Review of droids Literature Review Outlines focus areas like infrastructure and regulation

Hoffmann and Prause (2018) Developing  Regulation Case Study Highlights regulatory challenges in autonomous

delivery

Jennings and Figliozzi (2020) Performance comparison of Analytical modeling Evaluates costs, travel time, and vehicle miles per
RADRs and conventional vans (Continuous Approximation delivery of Road Autonomous Delivery Robots

Method) (RADRs) vs. conventional vans. Finds RADRs can save
costs but increase total vehicle miles traveled in urban
settings.

Chen et al. (2021) Optimization of droid-assisted Vehicle Routing Problem (VRP) Proposes a Vehicle Routing Problem with Time
last-mile delivery modeling & matheuristic Windows and Delivery Robots (VRPTWDR),

algorithm demonstrating potential operational savings with self-
driving robots

Garus et al. (2022) Sustainability assessment Multi-criteria decision analysis Evaluates environmental and operational impacts

Plank et al. (2022) Geographic feasibility of GIS-based accessibility analysis Develops a prototype evaluation methodology for ADR
autonomous delivery robots using Open Street Map (OSM) deployment in German cities, assessing the

data accessibility of different droid configurations and
identifying key urban infrastructure constraints for
droid operations.

Zeng et al. (2022) Decision-making framework for ~ Multi-criteria decision-making Proposes a social network-based MCDM model for
evaluating unmanned ground (MCDM) approach under evaluating UGDVs, integrating expert trust aggregation
delivery vehicles (UGDVs) Pythagorean fuzzy environment and self-confidence weighting for robust decision-

making. Demonstrates practical application with a case
study.

Heimfarth et al. (2022) Truck and droid hybrid delivery =~ General Variable Neighborhood Proposes a Mixed Truck and Robot Routing Problem
optimization Search (GVNS) algorithm (MTR-RP) to optimize cost and reduce vehicle miles

traveled

Lemardele et al. (2023) Life-cycle analysis of ADRs Life Cycle Assessment (LCA) & Finds ADRs’ biggest environmental burden is fleet

Continuous Approximation (CA)  production and renewal, recommending optimization
methodology of lifecycle sustainability

Gehrke et al. (2023) Safety interactions of sidewalk Field study with video-recorded Observes and quantifies conflicts between SADRs,
autonomous delivery robots interactions and post- pedestrians, and bicyclists, using surrogate safety
(SADRs) encroachment time (PET) measures (PET). Finds that most severe conflicts occur

analysis at intersections and narrow pathways, highlighting the
need for better infrastructure and SADR safety
regulation

Garus et al. (2024) Comparative analysis of ADRs, GIS-based modeling, Google OR-  Shows ADRs are most efficient in pedestrian-focused
bicycles, and LCVs in last-mile Tools, vehicle routing problem areas, bicycles in dense urban centers, and LCVs in
delivery solver suburban/rural settings

Starship Technologies (2022) Scaling Business models Pilot Study Shows cost savings in droids’ delivery

DriveSweden, 2023
HUGO Initiative (Johanneberg
Science Park & Chalmers
University of Technology,
Sweden)

(This research)

All Phases?

Multi-stakeholder co-creation
and social acceptance of
autonomous droid deliveries

Participatory trials with focus
groups and real-world
deployment tests

Examines societal acceptance, infrastructure readiness,
and operational feasibility of autonomous droids.
Conducted fully automated pick-and-deliver tests

Scoping phase: Conducted an assessment of last-mile delivery challenges, focusing on cost, environmental impact, and infrastructure feasibility
for autonomous solutions. Explored the integration of autonomous droids with urban mobility systems, including shared pathways with

pedestrians and cyclists.
Development phase: Analyzed routing efficiency, and package handling under different conditions. Conducted focus groups to assess societal
acceptance and interaction with users.
Scaling phase: Transitioned from small-scale trials to broader urban demonstrations, focusing on refining business models and regulatory
adaptation. Explored new use cases for commercial applications, including integrated passenger-freight systems. Investigated multi-robot

cooperation and the potential for scaling operations in complex urban environments.

All phases

Multimodal last-mile delivery
with droids and bikes

LL with participatory co-design

Integrates all three phases to co-design, test, and scale a
comprehensive urban logistics solution

# Note: The categorization of studies into Scoping, Developing, and Scaling phases follows the broader service design methodology of this study (see section
“BACKGROUND AND METHODOLOGY” below). While these phases apply directly to delivery services’ design, they have also been used for structuring research

contributions in this field.
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interconnected phases: scoping, developing and scaling (Smith &
Iversen, 2018). These phases provided a systematic approach to
conceptualizing, developing, and implementing services while ensuring
iterative engagement with stakeholders. Fig. 1 presents a structured
visualization of how these phases interlink within the service design
approach, facilitating a smooth transition from problem exploration to
service implementation and scaling.

The scoping is the foundational step where relevant stakeholders are
engaged in co-design activities to collaboratively explore the research
field, identify challenges, and define (research) questions. This phase is
crucial in shaping participation, ensuring that a diversity of perspectives
was included in the early stages of service development. The primary
goal is to establish a LL as a dynamic space where uncertainty and
complexity are embraced, fostering dialogue, shared understanding, and
innovation-driven collaboration (Ebbesson et al., 2024).

In this study, the scoping phase involved a series of co-creation ac-
tivities (i.e. meet-ups and workshops) that identified key challenges in
last-mile delivery at the JRC Ispra campus. The activities shaped the
requirements for the integrated droid-cargo bike system, defining user
expectations and operational constraints. Stakeholder insights gathered
at this stage laid the groundwork for the subsequent development of user
journeys and service blueprints (see subsection “Scenario Description as
an Output of the Scoping Phase” for workshop insights).

The developing phase moves beyond conceptual exploration to focus
on practical service development, integrating both tangible and intan-
gible elements. Rather than simply creating technological artifacts, this
phase prioritizes digital practices and interaction frameworks, ensuring
that services evolve in response to specific contextual needs (Marsden
et al., 2008). However, a key challenge in this phase is that many
stakeholders may not fully grasp the potential of digital tools, requiring
an approach that facilitates experimentation and engagement rather
than prescribing rigid procedures (Iversen & Dindler, 2014).

In this study, the developing phase involved the iterative design of
user journeys and service blueprints, ensuring that service planning was
directly informed by real user needs and ecosystem challenges. Insights
from the scoping phase shaped the mapping of logistics flows, allowing
for continuous refinement of the blueprint design based on stakeholder
feedback. Fig. 8 illustrates this iterative process, demonstrating how
adjustments were made to align the service structure with user expec-
tations and operational realities.

Finally, the scaling phase extends service development beyond pro-
totyping, ensuring that solutions are economically viable, scalable, and
sustainable. This phase emphasizes co-creating business ecosystems
through the development of a sustainable business model canvas, the

Scoping

Ve ~ Vs ~ s

» Ecosystem
Identification

* Engagement

» Co-creation activities

« Concept

Developing

~

« User Requirements
« User Journeys
« Service Blueprints

B
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identification of revenue streams, and the establishment of cooperation
agreements and arbitration frameworks. Scaling is not limited to
tangible service implementation; it also includes the creation of
collaborative networks and governance structures that drive long-term
adoption (Katsela & Palsson, 2021).

In this study, the scaling phase involved the co-development of
cooperative business models in collaboration with logistics providers
and policymakers. This ensured that the droid-cargo bike service
extended beyond its initial testing phase. The business model canvas
(see Fig. 13) was designed to outline viable revenue structures, cost
models, and stakeholder roles, ensuring long-term financial and opera-
tional sustainability. By aligning regulatory adaptation with service
implementation, this phase facilitates the transition from a localized
pilot to a scalable, replicable urban freight solution.

4. Urban living lab in Ispra

LLs are collaborative environments where various groups of stake-
holders come together to co-create and co-design solutions that address
complex urban challenges (Pink et al., 2022). In the context of city lo-
gistics, establishing LLs provides a platform for stakeholders to collab-
orate and test innovative solutions aimed at improving the efficiency,
sustainability, and resilience of UFT systems (Ebbesson et al., 2024).
They also act as trading zones where stakeholders can exchange
knowledge, ideas, and resources, enabling them to learn from each other
without being hindered by conflicting interests and agendas (van Waes,
& NikolaevaRaven, 2021).

Fig. 2 shows the different stakeholders involved in Ispra LL, cate-
gorizing the groups based on their level of involvement. The outer layer -
Informed - includes contact people. The middle layer -Involved - consists
mainly of the service enablers (ie. riders, canteen workers, new final
users, etc.). The innermost layer, labeled “Core team”, comprises the
logistics service providers and fleet operators (YAPE and MEASY), data
analysts, and Ispra JRC campus site services. Specifically, YAPE is an
Italian-based provider of Al-powered self-driving droids designed for
pedestrian environments, capable of navigating sidewalks and urban
pathways. MEASY is an Italian company operating in the field of
vehicular robotics logistics specializing in cargo bike-based last-mile
delivery solutions. In context of this study, YAPE and MEASY play the
role of the logistics service provider and fleet operator combined, as
YAPE droids are used to transport meals within a designated operational
area and MEASY provides the cargo bike, which transports meals from
the central canteen to an intermediary point, where YAPE droids take
over (see subsection “Service Blueprint™).

&%

Scaling

» Business Ecosystem
« Sustainable Business

Model Canvas
* Revenues Stream
» Cost Structure
& « Cooperation

-

agreement and
Arbitration models

Fig. 1. Service design methodology.
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Stakeholder engagement began in January 2023, and since then,
multiple activities have been conducted. Table 2 provides an overview
of the co-creation activities conducted over the 18-month scoping phase
period (GREEN-LOG, 2023), detailing the purpose, research and docu-
mentation methods, stakeholder representation (linked to Fig. 2), and
documentation methods used in each activity.

Other than the four digital meetings (Meet-ups) and other bilateral
meetings among the stakeholder groups, a co-creation workshop titled
“Co-Creating Next-Generation Last-Mile Solutions” held on September
29th, 2023, in the JRC premises of Ispra, Italy. The workshop aimed to
(i) clearly define the problem needing resolution and (ii) finalize and
validate the envisioned service concept, while also identifying potential
hidden opportunities. In total, ten onsite and eighteen online partici-
pants, attended the workshop. The ten JRC participants included rep-
resentatives responsible for canteen management, site management,
logistics sector and JRC employees.

Key discussions focused on the problem statement, specifically
addressing the needs of service users (analyzed in the next section)
and JRC employees as customers. Topics included enhancing food hy-
giene, streamlining payment processes, challenges of traveling to the
canteen—particularly on busy, rainy, cold, or hot days—finding parking
near the canteen entrance, and reducing long wait times in canteen
queues. Workshop discussions also highlighted the potential for using
advanced technological solutions to meet the targets of the JRC site,
emphasizing the importance of reducing carbon emissions, and creating
efficient, user-friendly services for ordering and tracking deliveries.

4.1. Scenario description as an output of the scoping phase

The scoping phase resulted in the following delivery service scenario:
The operation begins each day at the canteen, where a cargo bike,
loaded with freshly prepared lunch boxes, sets off towards an interme-
diary, partly refrigerated, point (Fig. 3). There, the task of delivering
meals is transferred to trio of droids, which spread out to serve meals
within a predetermined delivery zone, accommodating 1000 employees.
It is worth noting that the demand is variable, as more than half of this
population typically works remotely, and some prefer to bring their own
meals.

The delivery service at its current fleet size aims to deliver initially
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40-80 orders daily. This goal is supported by the operational capabilities
of the droids, which can complete a delivery in 10-15 min, and the cargo
bike, which can transport between 10 and 20 lunch boxes in one go. A
SWOT analysis for the envisioned service is given in Fig. 4.

Strengths: The service’s core strength lies in its sustainable and
green delivery process, utilizing electric bikes and droids to significantly
reduce CO2 emissions and pollution, supporting urban sustainability
goals. By employing mixed vehicle technologies, the service adapts
flexibly to different conditions such as weather and traffic, ensuring
reliable operations. It also enhances user convenience by saving time,
reducing the need for walking, especially during busy or inclement
weather days. Predictive, data-driven models enable real-time optimi-
zation of deliveries, improving operational efficiency and user satisfac-
tion. Overall, the service enhances the quality of life by providing
flexible, efficient lunch delivery options, particularly for users who wish
to avoid long canteen lines or have tight schedules.

Weaknesses: One major weakness involves concerns surrounding
data privacy and security, especially regarding the handling of user in-
formation. The service also faces challenges in addressing complex user
preferences; while some may embrace the convenience of droids’ de-
livery, others may prefer walking to the cafeteria or selecting their food
in person. Integration of multiple systems, such as Measy and Yape, adds
another layer of complexity, making seamless operation across plat-
forms challenging, particularly at scale. Additionally, some users may be
hesitant to adopt the technology due to a lack of digital literacy or
discomfort interacting with automated systems, presenting barriers to
widespread acceptance.

Opportunities: There are numerous opportunities for the service to
support the local economy by driving additional orders for local food
providers, especially those who experience lower foot traffic. The ser-
vice also acts as a platform for innovation in human-robot interaction,
providing valuable insights that could be applied to future models and
broader applications. By promoting eco-friendly last-mile deliveries, the
service reduces traffic congestion and CO2 emissions, offering sustain-
ability gains. Public awareness campaigns can further highlight the
environmental benefits, encouraging broader adoption of the service
and sustainable practices. Moreover, the service’s flexibility, such as
delivering during adverse weather conditions or high-demand periods,
enhances user convenience and adaptability, allowing it to cater to
various user needs.

Threats: The service faces several threats, including infrastructure
limitations, such as the availability of charging stations or pathways for
droids, which may hinder scalability considering all JRC campus. Reg-
ulatory and policy challenges related to autonomous delivery systems
and green technology could also pose significant hurdles, slowing the
implementation process. Skepticism and resistance to change are addi-
tional threats, as some users may fear job displacement by droids or
prefer traditional food access methods, like walking to the canteen.
Furthermore, the rise of remote work could reduce demand for on-site
food delivery services, potentially affecting service uptake and overall
profitability.

5. User requirements, user journeys and service blueprint
5.1. User requirements

In requirements engineering, requirements elicitation refers to the
process of discovering system requirements from users - customers and
other stakeholders - to uncover all necessary requirements (Browne &
Rogich, 2001). This process is essential before requirements can be
analyzed and specified, though it can be challenging due to potential
issues in fully capturing all necessary information from stakeholders
(Lee et al., 2022).

The co-creation workshop held in Ispra identified several critical
factors for the successful implementation of the service. A list of user
requirements, as these arouse from the minutes of the workshop, were
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Table 2
Overview of the main co-creation activities.
#  Activity Purpose Resear. Method Documentation Method Stakeholder No. of Duration
Representation participants
1 Introduction - Create teams, - Discussion Attendance list, Notes Core team, Involved, 9 1h
- Record experiences and expectations - Lunch seminar Informed
- Initial interviews
2 Meet-Up 1 - Identify expectations, challenges, goals - Structured Miro boards, Notes Core team, Involved, 7 1h
and success factors discussion (use of Informed
- Identifying existing and needed Miro tool™)
stakeholders
3 Meet-Up 2 - Identify core team and collaborative - Structured Miro boards, Notes Core team, Involved, 8 1h
structure with involved and informed discussion (use of Informed
stakeholders Miro tool)
- Identify possible users of the LMD service,
and map coming activities
4 Meet-Up 3 - Present top four things to achieve, - Structured Miro boards, Notes, Core team, Involved, 6 1h
geographical orientation, user journey discussion (use of Presentations Informed
ideas, top three challenges, top three Miro tool)
success factors - Presentations
5 Co-creation - Conceptualise/Validate the envisioned - Workshop Attendance list, All 14 stakeholder 28 (10 onsite, 4h
workshop service (physical Recorded session groups represented ( 18 online)
- Explore hidden opportunities and further attendance) (video), Polls, Notes Fig. 2)
synergies - Presentations
- Polls
- Free discussion
6 Meet-Up 4 - Iterating LL requirements from user - Structured Miro boards, Notes, Core team, Involved, 9 1h
perspectives to integrate more in-depth discussion (use of Presentations Informed
knowledge and prepare for Miro tool)
implementation - Presentations

 https://miro.com/. Miro is a collaborative online whiteboard platform used for visual brainstorming, organizing ideas, and real-time stakeholder interaction

during workshops.

LL Ispra Use Case | Lunch box delivery

e Canteen

0 Intermediary (sorting) point with fridges

e Vehicles station

Cargo-bike route: First part of the delivery — from the Canteen to
the Intermediary point

Droids route: Last part of the delivery — from the Intermediary
point to the Offices

Fig. 3. Location and schematic representation of the delivery service.

clustered into respective key areas for service improvement (see

Table 3).

5.2. User journeys

Having elicited the user requirments, next step was to formulate the
sequences of the service and develop the service blueprint. To achieve

that, the primary users were identified and their respective user journeys
were developed to describe the process a user goes through when
interacting with the service, so that critical areas for improvement are
identified. Figs. 5-7 focus on customers (JRC employees), canteen
operator, and logistics service provider (Measy cargo bike operator,
Yape droids operator, Platform developer) respectively, while pain
points, opportunities, and areas for enhancement were identified to
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Sustainable and Green Delivery Process: Utilizes green vehicles (bikes/electric droids) to reduce CO2 emissions and
pollution, contributing to sustainability goals in urban logistics.

Mixed Vehicle Technologies: Offers flexibility with a combination of electric and robotic delivery options, enhancing
adaptability to different conditions (e.g., weather, traffic).

Convenience and Time-Saving: Reduces wait times and walking distances, especially in adverse weather conditions,

saving valuable time for users on busy days.

Predictive and Data-Driven Models: Uses advanced analytics to optimize deliveries and adjust operations based on

real-time data, improving efficiency and user satisfaction.
Improved User Experience: Enhances quality of life by offering flexible lunch delivery, especially for users who
prefer to avoid canteen queues or have limited lunch breaks.

* Data Privacy and Security: Concerns over how user data is handled during robotic deliveries and potential risks

associated with digital platforms.

Complex User Preferences: Difficulty accommodating varied preferences—some users prefer walking to the canteen,

others may be hesitant to interact with droids, and some value the in-person selection of food.

Integration Challenges: Combining different systems (Measy, Yape) and ensuring seamless operation across platforms

may create technical hurdles, especially in scaling the service.

robotic systems, posing barriers to adoption.

User Technology Acceptance: Some stakeholders may lack digital literacy or feel uncomfortable with interacting with

Support for Local Businesses: Delivery service can boost local food providers by increasing orders, especially for
those who might otherwise experience lower foot traffic.

Innovation in Human-Robot Interaction: Provides a valuable testbed for exploring and improving human-robot
interaction, offering insights for future models and broader applications.

Sustainability Gains: Reduces car use and promotes eco-friendly last-mile deliveries, decreasing congestion and CO2

emissions.
Public Awareness and Environmental Impact Campaigns: Opportunity to educate the employees on the environmental
benefits of green delivery solutions, fostering broader adoption of sustainable practices.

Flexible and Customizable Services: Can adapt to users' needs by offering flexible delivery options, such as delivering
lunch during busy periods or adverse weather, enhancing user convenience.

* Infrastructure Limitations: Insufficient infrastructure, such as charging stations for electric droids or pathways for

droids, may impede service scalability.

green technology could slow implementation.

Regulatory and Policy Challenges: Navigating complex local regulations around autonomous delivery systems and

Skepticism and Resistance to Change: Concerns about droids replacing jobs or skepticism about the usefulness of the

service, particularly among those with lower digital literacy or who prefer traditional methods.

affecting uptake and profitability of the service.

Changing Work Patterns: The rise of remote work may reduce demand for on-site food delivery services, potentially

Fig. 4. SWOT Analysis based on Ispra’s Living Lab Core Team Co-creation Activities.

improve the user experience.

As illustrated in Fig. 5, customers place their orders through JRC’s
internal system, namely pre notation system through which the
customer (JRC employee) will declare their chosen lunch and preferred
delivery times. On the day of delivery, the latter are notified via email
when their order is about to arrive.

Fig. 6 shows the canteen operator journey. The canteen operators
start by preparing all the meals that the customers have booked through
the marketplace platform. Once the meals are ready, they pack them
into lunch boxes. Next, the canteen operator logs into the pre-notation
system to manage the day’s orders. With all orders reviewed, the
canteen operator organizes the packed lunch boxes and hands them over
to the cargo bike rider, ready for delivery.

Furthermore, Fig. 7 shows how the canteen operators and logistics
service provider work together to ensure a smooth operation. Once the
packed orders are loaded onto the Measy cargo bike, they are trans-
ported to the exchange point. Then, the Yape droids take over, each
assigned to specific deliveries based on a routing algorithm that con-
siders proximity, route length, battery status, and user preferences.

5.3. Service Blueprint

Based on the user journeys and the underlying processes, a detailed
service blueprint was generated. As shown in Fig. 8, the process begins
with the user placing an order through the JRC prenotation platform.
JRC compiles the daily orders list, which is accessible to the canteen.
The canteen then receives the order list, prepares the lunch boxes, and
hands them to a cargo-bike rider. The cargo-bike rider transports the
lunch boxes to the intermediary (sorting) point and loads them onto the
Yape droids. The fleet platform assigns deliveries to each droid for the
final leg of the journey. The platform receives updates on the delivery
status, which are shared in a common data space. Finally, the fleet
platform informs the user via email once the order has arrived, ensuring
a smooth and timely delivery experience within the JRC campus. It is
noted that supportive modules such as the "Day-to-day optimization"
module and the "Event-triggered optimization" module provide essential
enhancements to this process. The "Day-to-day optimization" module
uses artificial intelligence algorithms to predict logistics demand in the
medium term, acting as an anticipatory shipping module that supports
scheduling and modeling tasks. The "Event-triggered optimization"
module, on the other hand, dynamically adjusts delivery operations in
response to unexpected events, such as weather changes or fluctuations
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Table 3
List of user requirements.
No Area Requirement
1 User-Friendly Digital - Ensure the ordering platform is efficient and
Interface easy to use

- Provide clear usage instructions and

explanations for the ordering platform

Offer a variety of lunch options

Ensure the service integrates naturally into

customers’ daily routines, making it a

convenient alternative to visiting the

canteen

Guarantee on-time, seamless delivery solu-

tions that fit into users’ busy schedules,

particularly during bad weather or high-

demand periods

4 Privacy - Address privacy concerns related to

downloading work-related apps on personal

devices

Develop a strong communication strategy to

highlight the service’s benefits, particularly

its sustainability aspects

Build a green brand identity that resonates

with the JRC community

6 Support for Work-Life - Ensure the service supports other activities,
Balance such as meetings, by offering flexible

delivery times

Ensure the service is easy to adopt for users

and stakeholders (canteen workers,

management)

Streamline canteen operations to avoid

additional workload or disruptions

Address concerns over the use of public

funds and manage perceptions of robotic

delivery systems

2 Diverse and Flexible Food
Options

3 Seamless and Timely
Delivery

5 Clear Communication and
Green Branding

7 Operational Efficiency and
Stakeholder Buy-In

in order volumes, ensuring the system remains flexible and resilient in
real-time.

6. Cooperative business models

The third and final phase (“scaling”) focuses on value creation with
an emphasis on ensuring the financial sustainability of the proposed
service, if economy of scale is achieved (Ville, Gonzalez-Feliu, &
Dablanc, 2012). In their study, Katsela and Palsson (2021) highlight
several successful implementations of business models in city logistics
while analyzing critical factors, ie. number of stakeholders involved,
internalizing externalities, subsidies, etc. One common conclusion is
that a viable business model must attract sufficient customers to achieve
economies of scale. Specifically, it is crucial to understand the service’s
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Fig. 5. Customer journey.
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cost and revenue structures to identify the "break-even volume" required
for financial sustainability.

6.1. Pilot results

The piloting of the delivery service took place between November
11-15, 2024 and January 20, 2025 assessing the feasibility of the joint
delivery system in a real-world environment. During this period, the
service successfully delivered 20 food packages in total to four different
buildings. The pilot data indicated that droids traveled a total of 5.67 km
and 2.16 km, respectively, completing deliveries through a combination
of autonomous navigation, remote control, and local manual control
(Fig. 9).

In “Autonomous Mode”, droids navigated and completed deliveries
independently, utilizing onboard sensors to follow predefined routes
without human intervention. In the “Remote Control Mode”, the oper-
ator (rider) monitored and directed the droid’s movements from a
remote location, typically intervening when the droid encountered un-
expected obstacles, unclear pathways, or areas where full autonomy was
not yet reliable. In “Local Control Mode”, the operator (rider) was
physically present and manually operated or assisted the droid in
response to unpredictable conditions, such as crowded areas or insuffi-
cient mapping data. Fig. 9 indicates, on January 20, 2025, remote
control was not necessary, as sufficient mapping data were already
available.

Furthermore, the analysis of journey time distribution revealed that
the majority of time for the deliveries that took place on November
11-15, 2024 was spent on navigation (72.45 %), while sender wait time
(9.78 %) and receiver wait time (17.77 %) accounted for the remaining
duration. Fig. 10 indicates, on January 20, 2025, the sender waiting time
was reduced, suggesting enhanced delivery performance (Fig. 10).

Finally, user feedback from the pilot was largely positive (Fig. 11).
Ninety percent of participants rated the service as either “satisfying” or
“very satisfying,” while only ten percent reported dissatisfaction. This
indicates that the delivery system was well received, with users recog-
nizing its potential for convenience and efficiency. When asked about
the long-term implementation of the service, 40 % were totally in favor,
50 % were in favor, and 10 % were opposed, with no participants
expressing opposition.

6.2. Revenue streams and cost Structure

The cost and revenue structure of the delivery service includes both
fixed and variable elements (Table 4), providing a detailed financial
breakdown of investment, operational costs, and revenue streams. The

1. Once the order is 1. Open Yape's 1. Hapoily eat
near, receive an compartment lunch
email notification and grab the
«your order is here» lunch box.
2. Close the
compartment

Note: Marketplace stands for the pre-notation system, which could possibly in the future include other additional vendors.
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input for these estimations was provided by Yape (droid company),
Measy (cargo-bike company) and JRC facility representatives (6 per-
sons) in December 2024, after piloting the service for the first time in
November 2024, allowing stakeholders to refine cost and revenue esti-
mates based on initial real-world observations.

The following financial projection of the service is analyzed over a
10-year period, taking into account different daily delivery volumes: 20,
40, 60, and 80 deliveries per day (Fig. 12). The financial projections
indicate that only the 20 deliveries/day scenario is profitable, reaching a
cumulative profit of €83,375 by Year 10. In contrast, 40, 60 and 80
deliveries/day result in growing deficits of €22,250, €127,875 and
€233,500, respectively. The key reason for these financial losses lies in
the high procurement cost of droids and cargo bikes, alongside the strict
delivery time window, which limits scalability. The key assumptions
taken for drafting the financial projections are the following:

e The service must complete all deliveries within 2-3 h (lunch period)
o0 20 deliveries/day require 1 employee,' 1 cargo bike, and 3 droids.

1 A single cargo bike transports up to 20 meals per trip.

10

0 40 deliveries/day require 2 employees, 2 cargo bikes, and 3 droids,
significantly raising fixed costs.

o 60 deliveries/day would require 3 employees, 3 cargo bikes, and 9
droids.

o 80 deliveries/day would require 4 employees, 4 cargo bikes, and
12 droids.

o A single set consisting of 1 cargo bike and 3 droids receives €30,000

per year in sponsorship (Item 13 in Table 4)

o A double set (2 cargo bikes, 6 droids) receives €45,000 per year
(1.5 times the base case).

o A triple set (3 cargo bikes, 9 droids) would receive €60,000 per
year (2 times the base case).

o A quadruple set (4 cargo bikes, 12 droids) would receive €75,000
per year (2.5 times the base case).

The financial breakdown across different scenarios reveals that fixed
costs and revenues play a much larger role in overall profitability than
variable costs. The bottom graphs demonstrate that while variable
revenues contribute to total earnings, they do not significantly offset the
high fixed costs associated with fleet procurement, infrastructure, and
labor. Thus, the financial viability remains highly dependent on spon-
sorships and grants.
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It should be noted that, the estimated 5.42-h working day used in the
financial model (see Table 4) reflects a calculated operational workload
based on delivery volumes and cycle time. This estimate assumes un-
interrupted execution of delivery tasks and excludes idle time or breaks.
It does not represent an actual employment contract. In real-world
implementations, labor planning would need to align with local
employment laws and typical contractual structures, such as 6-h part-
time or full-time shifts, and incorporate contingencies for delays or
downtime.

Moreover, while the financial projections assume software devel-
opment as a one-time cost - reflecting the in-house prototyping during
the pilot - this approach differs from standard industry practice. In
commercial implementations, fleet management systems are typically
delivered as Software-as-a-Service (SaaS) subscriptions, often bundled
with the robot hardware and support. These systems cover routing,

11

diagnostics, and user interfaces, and their cost structure would impact
both capital and operational expenses. Future deployments of the ser-
vice would therefore need to adopt a modular or subscription-based
software model, which may offer more scalable and predictable cost
planning.

6.3. Sustainable business model canvas analysis

This research adopts and adapts the Business Model Canvas frame-
work (Osterwalder & Pigneur, 2010) to explore the business value of the
service. Central to value creation is an emphasis not only on financial
gains but also on sustainability, which plays a pivotal role. Therefore,
the proposed business model aim at creating value for all the partners by
combining different kinds of value, ie. societal and environmental
impact value.

By its definition, the business model canvas can be explained by nine
building blocks, i.e. customer segments, value propositions, channels,
customer relationships, revenue streams, key resources, key activities,
key partnerships, and cost structure. In this research, two additional
building blocks are examined to capture the sustainability footprint
(externalities) of the proposed solutions; Eco-Social Benefits and Eco-
Social Costs. Eco-Social Costs describes all the costs incurred for oper-
ating the business on an environmental and societal level, while Eco-
Social Benefits describes, respectively, all the benefits. Fig. 13 pro-
vides an illustration of the business model canvas highlighting how all
components collectively contribute to the overall success of the delivery
service.

6.4. Cooperation aspect

Efficient cooperation is a precondition for scaling up and building
capacity. Ferrero et al. (2018) point out that many initiatives tend to
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overemphasize technology, such as platforms and optimization tools,
while neglecting the critical link between business and operational
models. This oversight complicates the alignment of stakeholders’
diverse objectives (Lagorio et al., 2017) and results in diminished sup-
port and commitment, ultimately hindering collaboration. A better un-
derstanding of what drives stakeholder collaboration is crucial, as it can
foster the development of policy measures that balance the interests and
goals of both private and public stakeholders in city logistics (Le Pira
et al., 2017).

In the envisioned cooperative business model in Ispra, shared
decision-making and a sense of collective ownership are central. Coop-
eration agreements detailing collaboration terms and partners’ rights
are already in place, while a Med-Arb (Mediation-Arbitration) model has
been adopted to resolve potential disputes through mediation (Pappas,
2015).

7. Concluding discussion

This study presents the design and implementation of an innovative
last-mile food delivery solution at the EU JRC campus in Ispra, Italy,
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using a service design approach consisting of three phases; scoping,
developing and scaling.

Pilot results come from two distinct test rounds: a) Nov 11-15, 2024
and, b) Jan 20, 2025. Results showed that during the first test round the
droids traveled a total distance of 5.674 km, completing deliveries
through a combination of autonomous (49 %2), remote (29 %), and local
control (22 %) modes. Notably, during the second test round, were
2.160 km were covered, remote control was 0 %, indicating improved
mapping data and enhanced navigation capabilities based on the
learnings from the initial test round. Operational improvements were
observed also in “Sender waiting time” which was decreased from 9.18
% to 5.17 %, promising greater efficiency in delivery operations and a
smoother user experience. As per the latter, user feedback was over-
whelmingly positive, with 90 % of participants rating the service as
satisfactory or very satisfactory.

Beyond its operational strengths, the service also contributes to

2 Average of 5 days: kilometers traveled autonomously over total kilometers
traveled.
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Table 4
Service’s Cost structure and Revenue streams.
# Category Item Estimation Comment
(in €)
Cost Structure
1 Initial Droid 69,000.00 Estimated average cost
Investment Procurement for 3 droids
2 Costs (Fixed) Cargo Bike 5000.00 Estimated cost for 1
Procurement cargo bike
3 Intermediary 4000.00 Estimated cost for a
Refrigerated refrigerated unit
Point storing approx. 100
meal packages
4 Software 65,000.00 Order management
Development (Total est. system: 10,000 €
cost) Delivery management
system: 15,000 €
Status update &
tracking system: 8000
€
Visualization &
analytics dashboard:
10,000 €
Demand rediction &
planning: 7000 €
DataSpace & system
integration: 15,000 €
5 Operational Labor Costs 20,312.50 No. of packages
Costs (Fixed) (Wages for delivered/day by 1
loading/ rider: 20 packages
unloading) Average delivery time
per package with
droid: 12.5 min
Total time for
deliveries (excluding
loading/unloading):
250 min (4.17 h)
Time for loading,
unloading, and Riding
to intermediary point:
85 min (1.25 h)
Total daily work hours
(including all tasks):
5.42h
Rider’s hourly wage:
15 €/hour
Daily labor cost: 81.25
€/day
Annual labor cost (250
working days):
20312.50 €
6 Labor Costs 3000.00 Annual cost
(Overtime) (Approximation)
7 Energy Costs 450.00 Annual cost per droid
(Fueling unit: 150 €
batteries for
droids)
8 Maintenance 2650.00 Annual cost per droid
and Repairs unit: 750 €
(droid and cargo Annual cost per cargo
bike) bike unit: 400 €
9 Refrigeration 200.00 Annual cost
Costs (for
intermediary
point)
10 Licensing and 1500.00 Annual cost

11 Operational
Costs
(Variable)

12

Revenue Streams

Permits | Fixed
cost
Contigency costs ~ 0.30

Food Packaging 0.05

Per delivery
(Approximation), ie.
failed deliveries,
delays, malfunctions
Per delivery, ie.
stickers, printing
material
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Table 4 (continued)

# Category Item Estimation Comment
(in €)
13 Revenues Corporate 30,000.00 Annual revenues for a
(Fixed) Sponsorship set of 1 cargo bike and
(branding on 3 droids: 30,000.00€
droids/bikes) Annual revenues for 2
sets: 30,000.00€ * 1.5
Annual revenues for 3
sets: 30,000.00€ * 2
Annual revenues for 4
sets: 30,000.00€ * 2.5
14 EU bodies 125,000.00 Once
funding green
mobility
solutions
15 Grants 50,000.00 Once
supporting 3
droids/1 cargo
bike
16  Revenues Revenues 1.00 Per delivery
(Variable) (Approximation)

sustainability in three key ways. First, many employees currently drive
to the canteen, as walking takes over 10 min, particularly in extreme
weather conditions such as cold, heat, wind, rain, or snow. By providing
a delivery alternative, the service helps reduce unnecessary car trips and
their associated emissions. Second, sustainability extends beyond envi-
ronmental and economic aspects to encompass social equity. Previously,
the absence of a delivery service meant that employees with mobility
challenges had to depend on colleagues for assistance. By introducing a
reliable meal delivery option, the service ensures equitable access for all
employees, fostering a more inclusive and supportive workplace. Third,
while CO2 reduction was not directly measured, the use of electric cargo
bikes and droids supports the claim that the service contributes to green
last-mile deliveries.

Weakness of the service is the vague picture with regards to customer
preferences. Some users may still favor walking to the canteen for social
or personal reasons (Horton & Forsberg, 2020), thus understanding
these preferences is key for scalability. Another weakness is that
although the service received no strong opposition, 10 % of participants
expressed dissatisfaction, which could indicate skepticism about robotic
delivery replacing traditional methods, echoing concerns of resistance to
change and job replacement (Polydoropoulou et al., 2023). Further-
more, the need for remote and local control in the initial test round and
local control in the second test round indicates integration challenges
and the necessity of refining autonomous navigation.

Moreover, a detailed analysis of cost and revenue structures along-
side financial projections was presented. The financial projections
highlighted the need for improvements and alternative pricing models
to enhance financial viability. Based on the presented calculations, the
service remains highly dependent on sponsorships and grants, a com-
mon characteristic in the city logistics domain (Nascimento et al., 2023).

Achieving financial viability begins with integrating advanced
technology, such as Al-based path planning and enriched mapping data,
continuously refined through repetitive delivery trips. This will increase
the proportion of fully autonomous navigation per trip and reduce the
current 12.5-min average delivery time per droid, which is presently
impacted by delays from remote and local control interventions.
Consequently, this optimization will enable a higher number of de-
liveries within the strict lunch window. Additionally, establishing a
credible delivery system will further maximize deliveries within the
available timeframe. A reliable system encourages recipients to be pre-
sent on time, minimizing sender waiting times and eliminating unnec-
essary delays. Furthermore, as automation technology advances and
market adoption grows, procurement costs for droids and cargo bikes
are expected to decline. This will lower the initial investment burden
and enhance the overall return on investment, making the service more
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Fig. 12. Cumulative profit/loss and cost-revenue breakdown over 10 Years.

financially sustainable. Moreover, introducing alternative pricing
models - such as premium-priced express deliveries - could increase
profit margins. Customers willing to pay a higher fee for faster service
would generate greater revenue compared to the current €1 per delivery
model. Finally, contingency costs (€0.30 per delivery) are expected to
decrease over time due to increased operational efficiency, improved
battery life, and software optimizations, further contributing to long-
term financial sustainability.

7.1. Limitations

This study has limitations. First, the research primarily focuses on a
campus, which may limit the generalization of the findings to other
urban contexts where the interaction with users differ. Second, the
implementation of autonomous droids and cargo bikes is still in its early
stages, and long-term operational data is lacking. This makes it chal-
lenging to fully assess the scalability and sustainability of these solutions
over time. Third, the study relies heavily on stakeholder engagement
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and co-creation activities, which, although beneficial, may introduce
biases based on the participants’ perspectives and the specific socio-
economic environment. Finally, regulatory and policy hurdles, as well
as infrastructure limitations, present significant barriers that require
comprehensive strategies and collaborations beyond the scope of this
initial research.

7.2. Future research

Future research should focus on scaling these solutions to the JRC
campus and adapting the prototypes for broader urban environments.
The pilot was initially limited to four buildings, underscoring the need to
expand service coverage to assess its effectiveness in diverse campus
settings. In an urban context, successful implementation will require
addressing the unique logistical challenges while continuously refining
the business models to ensure they remain sustainable and effective.

Another key research direction involves gaining a deeper under-
standing of complex user preferences. As noted, employees who prefer
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Key Resources
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e Ordering Platform

*  Fleet management
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* Intermediary
Refrigerated Point

Key Activities é;

* Userplaces the order on
the ordering platform

¢ Platform receives the
order list and updates
on delivery status

* Canteen prepares lunch
boxes and hands them
to the cargo bike rider

* Measy cargo bike picks
up the lunch boxes,
delivers them to the
intermediary point, and
manages final delivery
through the fleet
platform

* Maintenance and
charging of droids and
cargo bikes

¢ Customer Support for
order tracking and
handling issues

Value Propositions

o

Access to restricted
areas on campus
Delivery punctuality
Responsiveness due to
proximity of droids and
bikes

Green branding (eco-
friendly delivery)
Same-day order and
delivery
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Time savings for
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canteen travel and

queue) +  Social Media

Flexible delivery options
(weather-proof,
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schedules)
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Local community (Word
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O
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= Charging Stations for
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Notifications

Cost Structure

®

* (See Table 4 for more information)

Revenue Streams

* (See Table 4 for more information)

Eco-Social Costs

* Training Programs for staff to interact with and maintain robots
» Digital Literacy Initiatives to assist users with the platform

Eco-Social Benefits

* Using green energy for Yape and Measy

* Training and learning in human-robotics interaction

* Improved road infrastructure to accommodate droids

* Decreased congestion and decarbonization with more green vehicles
* Reduced car trips to the canteen, supporting decarbonization goals

Fig. 13. Sustainable business model canvas.

walking to the canteen for social interaction or exercise are less likely to
adopt the service. These individuals either work near the canteen and
find delivery unnecessary or are captive walkers - those who choose to
walk despite having access to alternative transport modes, such as cars
or bicycles. While this behavior may seem intuitive, further research
could provide valuable insights into their decision-making process and
identify potential incentives that might encourage occasional service
use.
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e Scoping Phase: Encompasses early-stage exploration of technolog-
ical, regulatory, and societal factors influencing autonomous de-
livery solutions. This includes studies that examine public
perceptions, governance challenges, feasibility assessments, and
emerging trends, laying the foundation for co-design and stakeholder
engagement.

Developing Phase: Covers practical implementation efforts,
including studies that propose optimization models, technological
refinements, operational frameworks, and feasibility testing. In the
service design context, this phase focuses on iterative development,
prototyping, and the adaptation of digital tools and logistics
solutions.

Scaling Phase: Relates to business ecosystem development, policy
integration, and long-term adoption strategies. Research in this
phase explores economic viability, regulatory adaptation, gover-
nance models, and operational scaling. In service design, this cor-
responds to the co-creation of sustainable business models,
collaborative networks, and strategies for wider deployment.
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