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Abstract

This paper shows the outcomes of applying a Living Lab approach as a method to engage students with real-world challenges. In
Rotterdam, the students researched whether a consolidation hub could be a solution for the deliveries of coffee and hygiene
products to their campus. Multiple characteristics of teaching and learning in sustainability-oriented Living Labs are explained
for the case of Rotterdam. Students were free to make their research plans and obtained reflection, introspection and supervision
on their plans by teachers. Collaborative learning with the stakeholders allowed students to apply their academic knowledge and
skills with the professional people working in practice. All stakeholders were very enthusiastic about both the learning process
and the study outcomes, as they want to continue by formalising contracts for setting up a pilot project for consolidation.

© 2026 The Authors. Published by ELSEVIER B.V.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
The peer review will be performed under the responsibility of the 13th International Conference on City Logistics (City Logistics 2025).

Keywords: living lab; learning community; urban freight; consolidation; case study
1. Introduction

As part of the Paris Agreement’s goal for zero emissions by 2050, 29 Dutch cities, including Rotterdam, will
establish Zero Emission Zones (ZEZ) by 2025 (Green Deal Zes, 2024). This shift requires all stakeholders in urban
distribution to reconsider their methods of sending and receiving goods within the city (Municipality of Rotterdam,
2024). In line with the municipality’s sustainability agenda, Rotterdam University of Applied Sciences (RUAS) and
Erasmus University Rotterdam (EUR) have developed their sustainability plans. RUAS focuses on reducing the CO,
footprint of buildings and offices, promoting sustainable mobility for students and staff, and optimizing the
transportation of goods (Programme Together Sustainable, 2024). Erasmus University shares a similar sustainability
agenda, and both institutions are located on the same campus (Campus Woudestein). As a result, these organisations
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have collaborated to make the procurement and flow of incoming goods more sustainable. RUAS and EUR are keen
to assess the impact of a consolidation centre on their daily operations, as the ZEZ requires them to handle deliveries
differently (without diesel trucks). Both universities receive a variety of facility goods daily, including items such as
toilet paper, coffee, printing supplies, and office materials, each with its specific terms (delivery frequency, vehicle
type, delivery windows, etc.).

To develop practical solutions, it is essential to involve all parties in the supply chain, as solving this complex issue
requires the participation of receivers, shippers, freight forwarders, logistics service providers, and the municipality.
Given the complexity of the challenge, where multiple stakeholders with conflicting interests are involved, a
comprehensive approach is necessary. This approach should foster an environment where stakeholders can meet
regularly, learn from and with each other to achieve a shared goal. Simultaneously, students are deeply engaged in
research with participating companies. During their discussion with stakeholders and other student groups, they share
research experiences, data, and methods to find optimal solutions. Continuous feedback between stakeholders and
students is crucial in driving practical outcomes. Therefore, establishing a learning community in the form of a living
lab is essential. A living lab offers stakeholders a step-by-step learning environment. Viewing the Living Lab as a
learning ecology within a higher education institution can support both educational practices and applied research.
(van der Wee et al. 2024).

Based on the problem at hand, this research seeks to address the following question:

How can a Living Lab approach assist the University of Applied Sciences Rotterdam and Erasmus University
Rotterdam to receive their incoming goods by setting up a consolidation centre, to meet the zero-emission zone
regulations in Rotterdam?

This paper will first present a short literature review on best practice for the consolidation of facility goods. The
next step is an explanation of the living lab approach. Furthermore, the process steps and results of the case study in
Rotterdam will be presented including findings and recommendations. To conclude, an answer will be given to the
main research question with special attention to the continuous learning cycle among all stakeholders.

2. State of the art facility hubs

The literature search on ‘Facility Hubs’ found many articles on Facility Location models (Farahani, 2013). Facility
hubs play a crucial role in various industries, including manufacturing and transportation networks. They act as central
points for efficient operations and resource allocation. In transportation networks, hubs serve as switching points for
intermodal flows, optimising routes and reducing transportation costs (O’Kelly, 2010). Overall, facility hubs are
essential components that drive efficiency, cost-effectiveness, and network connectivity across various sectors.

Before finding hub solutions, it is necessary to classify the decoupling points and distribution structures for facility
goods. According to CILOLAB (2022), the facility goods can belong to Type 2 or Type 3 decoupling points. These
decoupling points are part of network cooperation between transport companies (with regional or local hubs) on a
regional level that can serve multiple cities (Type 2) or can be hubs on the edge of the city (Type 3) providing
functionalities and applications that vary from a generic urban consolidation centre, a facility hub, to a cross-dock
location where diesel vehicles can dock. The other drivers switch to (light) electric vehicles such as e-vans or cargo
bikes.

In addition to the city logistics decoupling points, Quak and Kin (2024) propose a second typology to decompose
city logistics into four transport structures. According to their classification, they sketch the following structures for
facility goods:

(i) Various small deliveries: these deliveries are diverse in nature and frequency. These can be delivered on demand
to all possible locations. These vary from small business deliveries to shops or construction sites, to service parts
or facility deliveries to offices.

(i1) The last category does not directly generate deliveries, but it does generate commercial transport movements and
is thus considered as city logistics. These are mainly services for which a van is often used to carry out work at
private homes or businesses (e.g. painters, plumbers and mechanics). This also holds for coffee services/print
services where the service persons also execute maintenance and delivery at the same time.
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To reduce truck and van kilometres for facility delivery, the best practice for facility logistics is that suppliers
cooperate combined with the development of a hub on the outskirts of the city supported with the help of an incentive
in procurement requirements (see e.g. Balm, 2022). For the maintenance and service trips van kilometres could be
reduced by the use of P+R locations which may be at existing hubs on the outskirts of cities and within cities, or
mobility hubs (Quak & Kin, 2024).

3. Living lab as a learning community

A Living Lab is a research and innovation methodology that tests new technologies, products, and services in real-
world contexts to enhance people's quality of life. It serves as a collaborative platform where researchers, businesses,
and citizens can co-create, co-design, and evaluate solutions to complex urban challenges (Supangkat et al., 2017).

In a Living Lab, it's essential to involve all stakeholders from the beginning to the end of the process. To grasp the
complexity of a problem from various perspectives, it's beneficial to engage different participants, including users,
experts, regulators, and private entities. According to Steen and van Bueren (2017), we can categorise stakeholders in
a Living Lab into four types: (1) Users, who represent the target group and are key decision-makers; (2) Private
actors, who bring practical knowledge and resources; (3) Knowledge institutions, which provide expertise and
scientific support; and (4) Public actors, who focus on long-term perspectives and regulatory responsibilities.
According to Nesterova et al. (2018) city logistics is a sector where solutions frequently require a multi-stakeholder
approach, involving parties with diverse, and sometimes conflicting interests. Given the highly dynamic nature of
urban logistics, it's often unclear in advance which solutions will effectively address emerging challenges. Establishing
Living Labs in this context offers a novel method for exploring and responding to evolving trends in urban freight.
These labs promote action-oriented collaboration, encourage the implementation of innovative solutions, and enhance
communication and cooperation among stakeholders.

Experiential | Collaborative

______ MECHANISM
Lea.ming process

Contemplative ! Re-imaginative,

:l = Case Choices

made in the
Living Lab

Fig 1. Research Framework on teaching and learning in sustainability-oriented Living Labs within higher education (Applied from van der Wee
etal., 2024).

As van der Wee et al. (2024) note it is essential to structure the multiple characteristics of teaching, communicating
and learning in sustainability-oriented Living Labs. For our case, the most prominent characteristics (for the case of
Rotterdam) are discussed and labelled (the rectangles) in Figure 1.
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3.1. Context

Living Labs allow students to engage with real-world challenges, enabling them to tackle issues that meet specific
contextual needs. Like Larrsson & Holmberg (2018), our project is also aiming for low-carbon mobility and
transportation. These challenges are inherently complex and uncertain, transforming into design or research
assignments for students. Through Living Labs, students collaborate with various stakeholders such as users, public
actors, private actors, and knowledge institutes (Steen & van Bueren, 2017). Stakeholders' roles can vary as acting
clients, partners, or users depending on the nature of the challenge and their relationship with the students. Other
contextual factors also play a role in the case, as the universities are involved alongside stakeholders from the facility
goods. This involvement enriches the collaborative learning experience by providing students with access to university
resources and expertise, as well as practical insights and support from stakeholders within the facility goods sector.
This integration ensures a comprehensive learning approach, connecting academic theory with practical application in
addressing real-world challenges.

3.2. Interventions: characteristics of the pedagogical approach

In our case, the emancipatory pedagogy is the most appropriate approach. Emancipatory pedagogy recognises the
complexity, uncertainty, and ambiguity which are inherent in sustainability challenges. Emancipatory in this context
means freedom from oppression, inequality, or ignorance. By creating such an environment, it fosters reflexivity and
choice, both individually and collectively determined, to empower students to direct their collaborative efforts amidst
these challenges (Tassone et al., 2022). Within Living Labs, teachers acting as supervisors implement these pedagogies
by providing opportunities for students to work together on real-world issues. It includes activities designed for
introspection on goals, values, and responsibilities, enabling self-organisation and self-determination.

3.3. Mechanisms: characteristics of the learning process

Collaborative learning involves working as a team towards a common goal by integrating diverse practices and
perspectives. In this context, stakeholders from professional practice or society join student teams, allowing students
to bridge academic knowledge and skills with everyday professional practice. By incorporating stakeholders'
knowledge and experiences, students enhance their understanding and approach to real-world challenges. Regular
meetings with stakeholders provide opportunities for students to present and discuss their ideas, sharing a dynamic
exchange of insights and feedback.

4. Case from Rotterdam

In the Rotterdam Living Lab focused on purchase logistics, we identified eight stakeholders, each represented by
at least one individual and possessing distinct interests (Table 1).

The Erasmus University Rotterdam (EUR) and the Rotterdam University of Applied Sciences (RUAS) were
included as they are the primary purchasers of goods. Companies Maas and CWS were selected because they are the
largest suppliers to both universities in terms of volume and frequency of deliveries. Dachser was also chosen for its
significant role as a third-party logistics provider handling a large share of the delivery volume. Hubbel and Kappa
Koeriers operate a consolidation centre for the Rotterdam area, and their expertise is invaluable to this project. Finally,
the Municipality of Rotterdam is involved as the regulatory authority, interested in understanding the impacts of
logistics on local and regional externalities such as congestion and emissions.

4.1. Setup

The project spanned one year, from September 2023 to September 2024. Each stakeholder was represented by a
group of four students, organised into two cohorts. The first cohort addressed the business issue, while the second
cohort built on their work to develop a business solution. This structure ensures continuity throughout the project. In
total, 60 students participated. Students met with their stakeholders weekly, and the stakeholders convened monthly
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to discuss the process and progress, fostering collaborative learning. All stakeholders focused on similar focus areas
and associated KPIs to compare the overall outcome per stakeholder (see Table 2).

Table 1. Overview of the stakeholders and their roles.

Stakeholder

Role

Interest in order of importance

Erasmus University

Rotterdam University of Applied

Sciences
CWS
Maas Coffee

A purchaser of goods,
Knowledge Institute

A purchaser of goods,
Knowledge Institute
Supplier of hygiene articles

Supplier of Coffee

Liveability of the campus (Emissions and Congestion),
Cost, Service levels

Liveability of the campus (Emissions and Congestion),
Cost, Service levels

Service levels, Cost, Emissions

Service levels, Cost, Emissions

Dachser Logistics Service Provider Cost, Service Levels, Emissions
Hubbel Consolidation centre Business Development, service levels, cost
Kappa Koeriers Consolidation centre Business Development, service levels, cost
Municipality of Rotterdam Regulator Liveability of the city (Emissions and Congestion)
Table 2. Goals translated in KPIs.
Focus area KPI Focus area KPI
Cost Opex Customer Satisfaction Customer satisfaction on service
Capex Satisfaction of supplier and service
provider
Operations Handling time Sustainability CO2 Footprint
Lead time # Deliveries
Service Level On time
In full

4.2. Methodology & data collection

The project utilized a mixed-method research approach. Initially, students conducted a literature review on
consolidation centres. They also analysed the current situation based on key performance indicators (KPIs, see Table
2) and explored potential solutions for implementing a consolidation centre. Throughout the year, all stakeholders met
multiple times, along with the field experts (like best-practice cases in Amsterdam and Utrecht). In total, 20 people
were interviewed.

For quantitative data collection, students analysed datasets from the order management systems of Maas and CWS
to assess current flows, types of vehicles, volumes, number of trips, and lead times. Additionally, on-campus
observations were conducted to gather data on congestion and loading/unloading times, enriching the existing datasets.
Both qualitative and quantitative findings were compiled into reports from the eight student groups.

4.3. Consolidation

The geographical focus of this project was the Woudestein Campus in Rotterdam, where both Rotterdam University
of Applied Sciences (RUAS) and Erasmus University Rotterdam (EUR) have their faculties. Currently, both
companies CWS and MAAS deliver their goods directly to the campus without using a consolidation centre. In the
proposed scenario, a consolidation centre located outside the ZE-zone will be utilised, with electric vehicles handling
the final mile of delivery. Based on the quantitative analyses, the outcomes are shown in Table 3.
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Table 3. Outcomes of the quantitative analysis.

Impact Analysis Results Explanation
Emission Emissions calculations Decline of 40% up to In the current situation, suppliers primarily use diesel
(CO2/NOx) based on KM driven in 80% of the total vehicles for deliveries.

th? current and new cmission. In the proposed scenarios, the last mile of delivery will be

min/max scenarios. : :

handled by electric vehicles.

Delivery Route optimalisation Decline of 30% up to With bundled deliveries, recipients will receive their goods
moments at the  analysis based on full 60% of the total only once or twice a day, rather than up to eight times a day
customer truckloads kilometres from different suppliers.
Lead time Lead time calculation Delays of 1 to 2 days. Since products are no longer delivered directly due to the use

Service level

Cost

based on a comparison
between the current and
new situation.

Analysis of in-time
delivery as a comparison
between current and new
situations.

Cost calculations
distribution cost,
comparison between
current and new
situation.

However, for urgent
deliveries lead time will
be faster (within 1 or 2
hours).

A decline of service-
levels.

Both an increase and a
decline

of a hub, deliveries are delayed by 1 to 2 days. This allows
the final leg of the journey to be more efficiently loaded.
However, the hub offers the option to store inventory,
enabling urgent deliveries to be completed faster than in the
current setup.

The addition of an extra party to the logistics chain
introduces complexity and potential delays. Recipients will
need to accept that deliveries may occur less frequently.
However, urgent orders can be processed more quickly, as
stock can be maintained to accommodate these urgent needs.

The current logistics service provider lowers costs by
eliminating the need to manage the last mile of delivery.
While additional costs arise at the hub, the overall transport
chain operates more efficiently.

This efficiency depends on factors like the density of
delivery stops, current routes, and the flexibility of
customers to accept fewer deliveries. Additionally, recipients
spend less time handling shipments.

Table 4. Outcomes of the qualitative analysis.

105

Stakeholders

Outcomes

CWS and MAAS

Dachser

Hubbel and Kappa
RUAS and EUR

Municipality of Rotterdam

Assist in reaching sustainability goals (CSRD)

Obey the rules and regulations set by the Municipality.

Flexibility and shorter lead times due to stock being nearby.

Decline of service levels towards customers (less frequent deliveries), but more flexible with urgent orders.
More volume per trip (long-haul) as last-mile is not their core business.

Less time loss in the cities

Less damage to own fleet and other vehicles.

No vehicle restrictions at the consolidation centre.

Small local service providers with E-vehicles and last-mile/bundling expertise.
Zero-emission deliveries at the campus

Fewer (heavy) vehicles on campus

Increase accessibility of the campus

Less frequent deliveries and therefore less handling time on location.
Improved liveability on campus

Meets the regulations

Fewer emissions

Less traffic
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The living lab approach proved to have positive effects on the stakeholders involved. The group of participating
stakeholders were very enthusiastic and engaged in the solution provided, and is open to continue addressing the
following challenges that arise:

(i) Getting the business case right since there is little transparency on the cost savings for the suppliers, to finance
the extra cost for the consolidation centre.

(i) Extra stakeholders in the chain bring complexity in handling, ICT alignment, and reliability.

(iii) The majority of the purchase contracts last for 4 years, which makes it difficult to change into a new contract in
which a consolidation centre is included.

(iv) Both CWS and MAAS do execute services on location like maintenance or cleaning of devices. In the new
situation, this service could be executed by the Universities or by the consolidation centre. Otherwise, a service
trip from the supplier is still required.

(v) Multiple consolidation centres in multiple cities cause less standardization, which could lead to more
complexity. Suppliers have a strong preference to work with just one consolidation centre in other cities to
avoid extra time and effort on operational alignment.

4.4 Discussion

Before the implementation of the Living Lab approach, stakeholders held certain expectations—based on
findings in the literature (Balm, 2022; Quak & Kin, 2024)—that the introduction of a hub could positively
influence emission reduction and cost efficiency. The Living Lab approach not only revealed the potential impact
margins in terms of costs, emission reduction, and service levels, but more importantly, its open research
framework enabled collaborative research and educational engagement. This framework fostered critical
discussions and active interaction among stakeholders. Teachers acted as coaching facilitators, bridging
collaboration between students and stakeholders. Open communication among stakeholders further enhanced
coherence throughout the implementation process. In our case, the Living Lab approach provided clear insights
into the advantages and disadvantages of the hub solution for each stakeholder. It also helped identify critical
issues related to missing data assumptions, highlighting the need for more in-depth analysis to clarify their
effects.

5. Conclusions

The Living Lab approach is a method to engage students with real-world challenges. In our case, students studied
whether a consolidation hub could be a solution for the deliveries of coffee and hygiene products to the campus of
both universities. The emancipatory pedagogical approach was the most appropriate method that recognises the
complexity, uncertainty and ambiguity inherent in sustainable challenges. The different stakeholders’ goals in our case
represented the complexity. At the same time, students were given the freedom to make their research plans and
obtained reflection, introspection and supervision on their plans from the teachers. Collaborative learning with the
stakeholders allowed the students to apply their academic knowledge and skills with the professional people working
in practice. In this specific case, students used interviews, flow diagrams, cost calculations, route-planning software
and stakeholder analyses to come up with insights on the what-if question of whether a consolidation hub should be
used or not. Methodologically, all methods applied were set up in collaboration with stakeholders and thoroughly
discussed the provisioning of data, materials and time reservations for interviews. To manage the stakeholders’
expectations, this approach offered a clear outline of the anticipated outcomes and, perhaps more importantly,
highlighted the areas where further research is needed following implementation. All stakeholders are still very
enthusiastic about both the learning process and the study outcomes, as they want to continue by formalising contracts
to set up a pilot.
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