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ABSTRACT

This paper evaluates the outcomes of two projects, “Ind
Studies in a North South Collaboration" in Céte d’Ivoire
Awareness Through Higher Education" in Rwanda. Tk
study Master’s program at the partner universit
requirements into academic training. This curric
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oject in Rwanda focuses on
egrate renewable energy systems,
1r integration into universities’ study
jsed awareness about renewable energy
art of the education system. The implemented
systems include photovoltaic to 6.6 kWp and provide energy and water
services to communities 0 inhabitants while simultaneously supporting hands-on
engineering education.
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programs has enhanced hands-o
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INTRO 10

ards sustainable energy systems and climate-resilient societies requires
C gical innovation but also strong educational frameworks that equip future
al§ with the necessary knowledge and practical skills. In many regions of Sub-
rica, however, higher education institutions face challenges in providing practice-
raining in fields such as renewable energy, sustainability, and energy efficiency. This
paper examines how educational innovation and applied learning approaches can help address
these challenges. After outlining the broader sustainability and educational context, the
following sections present the specific challenges faced by higher education systems in
Rwanda and Cote d’Ivoire, introduce the two case-study projects analysed in this paper, and
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discuss the theoretical foundations of Living Labs and experiential learning that underpin the
implemented approaches.

Renewable Energy Potential in Africa

Sustainability has become one of the most important principles in fighting climate change
and in managing the transition towards renewable energy. The African continent has by far the
highest technical renewable energy potential for 2050, as shown in Figure 1 [1]. With an
estimated total technical potential for renewable energies worldwide of almost 12 EJ in 2050,
Africa can cover 5.4 EJ. That means around 45 % of and more than 50 times the worldwide
primary energy demand of 2007 [1]. Many African countries already have a relatively high

countries to increase their energy independence [4]. This can be best ad
their extremely high renewable energy potential [5]. By generating thei
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Eduvgtiomal Challenges in Rwanda and Cote d’Ivoire

A key factor to increase sustainability and therefore successfully tackle climate change in
the long term is education [7]. For this reason, the paper will focus on increasing education
quality through practice-orientation, which many education systems in African countries still
lack [8]. The main reasons for the lack of practical training in those countries’ education
systems are, among others, the lack of practically trained teachers and professors [9] and little
collaboration between academia and industry [8]. The shortage of equipment at universities
also plays an important role [10], since students have to understand technology through hands-
on experience. This practical experience is only possible with consumables [11], which will be
worn out by students over time. In African countries, the procurement and replacement of those



consumables are often too expensive, or the equipment is not available at all. This also causes
a lack of practice-oriented learning in higher education [12].

Furthermore, topics like sustainability or energy efficiency should be taught from a young
age to reach more people and extend the scope [13]. In this way, universities can teach their
students more easily in those subjects by building on the already existing knowledge base and
eventually create skilled workers [14]. Since many countries in Africa still have a high school
dropout rate [15], raising awareness about sustainability, climate change, or renewable energies
and teaching people about the basics of energy efficiency often becomes another challenge
[16]. With a higher energy efficiency, the total energy demand of developing countries can be
either reduced or its increase lessened despite the population growth and overall g#reasing
energy consumption [17].

In the following, some characteristic figures of the education systems in RWa
d’Ivoire will be presented, showing that each of them comes with its owfiPCTaChg
improvements, educational quality in Rwanda remains a challenge, with % [
to acquire practical skills or relevant knowledge from formal @Hucagdg, pa
effective learning years are fewer than the actual years spent 1 %
indicate that a substantial number of school-age children and € [
in Rwanda due to poverty, early pregnancies, or low parenggi gnt
[20]. In Cote d’Ivoire, the primary school completionrate in9@22 was below 70 % [21]. Lower

dpificant dropout rate between
en in Cote d'Ivoire were expected

rolment in tertiary education was

rrent data still
ain out of school

primary and lower secondary education [22].
to complete eight years of schooling by age
only around 11 % in total for both sexes #&02

Case Study Projects

eng@®s and find possible solutions, two projects have

ntegrated Dual Engineering Studies in a North
d’Ivoire and "Growing Rwanda Energy Awareness
) in Rwanda, serve as case studies for the analysis in

To address the above-menti
been implemented. Both prgy
South Collaboration" (II
Through highER Edu

for another year. The projects aim to contribute, among
affordable energy” and SDG 4 “quality education” [25]. Since

Bftiditions, as well as education system, this has to be taken into account
projects’ methods or results to other countries. As transferability is

The implementation of Living Labs in this context is theoretically grounded in experiential
learning theory and open innovation. By shifting from traditional classroom settings to real-
world labs, the projects facilitate a “learning-by-doing” approach where students bridge the
gap between abstract sustainability concepts and practical application. This aligns with
innovation theory by positioning the university as an incubator that co-creates knowledge with
local stakeholders, transforming academic research into community-driven technological
solutions. According to Kolb’s experiential learning theory, knowledge is created through the
transformation of experience, combining concrete experience, reflective observation, abstract
conceptualisation, and active experimentation [26]. Living Labs operationalise this



pedagogical cycle by embedding students in real-world sustainability challenges where theory
and application interact iteratively. Furthermore, Living Labs can be interpreted within the
framework of open innovation and quadruple helix models, which emphasise collaboration
between academia, industry, government, and civil society. By integrating these actors into co-
creation processes, Living Labs function as intermediary innovation spaces that foster socio-
technical transitions toward sustainability. In sustainability education, such approaches align
with transformative learning theory, which suggests that exposure to real-world complexity
enables learners to critically reassess assumptions and develop systemic problem-solving
competencies. Therefore, the projects presented in this study are not merely infrastructural
interventions but pedagogical innovations embedded in sustainability transition theory.

Against this background, the following sections analyse how the presented projcgts agdglress
these challenges through practice-oriented sustainability education.

METHODS

practice-oriented learning, and sustainability education in countriesig
the connection between those topics and presented possible
challenges. This paper focuses on the measures implemente
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ates both projects using a qualitative case study approach combined with

- requirement analysis. In Figure 2, this is shown as the fourth phase of the

ased on the research done previously to the project idea development [28], this

nalyse how the projects have been implemented and what results or impacts have

been achieved so far. Each project will be evaluated separately in this paper. Before this
evaluation, the methods used similarly in both projects will be explained in the following.

Methodical approach of the projects

One goal of the projects is to integrate practice-orientation into education systems. To
achieve this, new study programs were implemented, or existing ones were revised at the
partner universities, together with local stakeholders. By doing this, new and long-term
collaborations with important stakeholders from industry, politics, and local communities can
be established to continuously identify gaps in the existing education system. Those new or
revised study programs focus on teaching subjects like energy efficiency, renewable energies



and sustainability, thus enhancing education quality and raising standards. Another goal of the
projects is the design and implementation of so-called “Living Labs” by students and staff who
are integrated into the education system through the new study programs.

Living Labs, in this case, are real-life locations, accessible to schools, universities, industry
and local communities. They function as an education platform, from which all stakeholders
can benefit. Living Labs allow students from schools and universities to experiment and learn
in a realistic environment [29]. At the same time, they provide a strategic hub for community
engagement, allowing the local population to get in touch and familiarise themselves with
green technologies [30]. Additionally, the deployment and integration of Living Labs into

change, renewable energies and sustainability. Their overall goal is to serve as am
facility that addresses the above-mentioned educational challenges on differe

User-Centred Design Approach

afd define
bility goals,
brand are given
understanding of

The so-called “user-centred design” (UCD) was used as an approg
the requirements of the Living Labs. UCD is a framework of process
user characteristics, environment, tasks, and workflows of a prog
extensive attention at each stage of the design process [32]. It
a user’s demands, priorities, and experiences, and can lcaf
differs from other product design philosophies, as it trie im¥¢ the product around how
users engage with the product [33]. The goal is
behaviour and expectations to accommodate theq@

energy providers), political institutions (
were involved throughout the whole pro

o the project’s data collection platform. Specific
d by the partner universities and distributed to the
to reach a minimum of ten participants from each
, which led to a total number of approximately 50
Plders getting tired of being interviewed often was avoided

online questionnaires werg
different stakeholders.

stakeholder group @
participants in ejgimgyclg
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%, estionnaires. The results of the first questionnaires were analysed
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same stakeholder group within one month and evaluated afterwards. This
ss was repeated three times until the results were detailed enough to continue

RESULTS AND DISCUSSION

This section of the paper presents and discusses the results of both projects. The project
IIDES-NSC included a students’ pilot project for designing a prototype at the partner university
Université Nangui Abrogoua (UNA) in Cote d’Ivoire as a base for the first Living Lab. The
design and implementation processes were carried out by a group of ten students, who were
the first cohort of the newly implemented dual-study Master’s program at UNA. It was
supervised jointly by the German and the Ivorian project partner universities and supported by
local industry and non-governmental organisations (NGOs). After testing the prototype at



UNA, the students’ design was adapted to the requirements of rural areas and the Living Lab
was put into operation at the village of Legroskro in Western Cote d’Ivoire. Based on the
experiences from the project IIDES-NSC, the design for the Living Labs was improved and
further developed in the project GREATER. With four Rwandan partner universities
participating in this project, the idea is to implement four Living Labs with the same basic
structure, showing different use cases. All of them are connected to each other through a central
data cloud and monitoring system.

Project in Cote d’Ivoire

The design for the prototype for the Living Lab at UNA was done in a practice or project
phase during the Master’s study program by the students. An overview of the sys as it is

implemented on campus is shown in Figure 3. The prototype consists of two main One
part is the photovoltaic system for electricity generation, and the other part is with
a water pump and reservoir for water distribution. The electric installation an
overseas container, including a battery and, among others alternating urrent
(AC/DC) converter, an inverter and wiring. The photovoltaic (PV) p nfcd on the
container roof with two panel strings connected in parallel. Next to tlie 3 e borehole

ater reservoir on
©d to the reservoir

with a solar-powered water pump inside, as well as a scaffoldiuag
top. The water distribution system consists of a water faucet d @
for domestic water. Another water faucet is connected to :
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ure 3. General system overview of the prototype at UNA

cessful installation of the prototype at UNA, the group of students further
d adapted its design to the needs of the rural area around the village of Legroskro.
nt was using a flexible building structure instead of a heavy and expensive
o that the construction can be easily extended in the future. Concerning the domestic
water distribution, several water faucets were installed, so that people in the village can use
them simultaneously and queues can be avoided, since Legroskro has around 500 inhabitants.
Furthermore, another water outlet was added at a height of approx. 2 meters above ground
level. This requirement resulted from the UCD and enables the local people to fill up buckets
placed on their heads while standing up, preventing them from lifting heavy objects or spilling
water while doing so. With the adaptations mentioned above, the Living Lab was implemented
according to the model shown in Figure 4. The system consists of twelve solar panels,
connected in two parallel strings with six panels each. With a panel power of 550 W, the PV
system has a total power of 6.6 kWp, and the lead-acid battery has a capacity of 10 kWh.




Schmitt, L., Newiadomsky, C., et al. Year 2026
From Prototypes to Living Labs: Advancing Sustainability... Volume 14, Issue 2, 1140696

e NAVIGATEUR °

COMMENTAIRES ©

y W\

shown
prid nor any
#S provided a
continuous electricity supply for a refrigerator, enabling the Ig ROR ore and preserve

two in the vicinity of the Living Lab and one at each end ilf&ge. Additionally, the PV

C ater tank filled and to maintain
the water treatment for drinking water. The pic
in the village of Legroskro after the inaugurdion i
the PV system and the water tank; the pure
system.

g
¥, Koe

igure 5. eating Living Lab in Legroskro, Cote ’Ivoire [Source: Derval Toukam]

S -~

The prototype at UNA is currently serving students in different engineering study programs
in their educational path. They are able to learn from the prototype through practical exercises
and data analyses. The study programs also include projects, in which student groups have to
improve the architecture of the Living Lab, assist the communities in maintaining them and
implement further similar Living Labs in other rural areas of Cote d’Ivoire. Furthermore, a
research group at UNA is currently investigating the new water source of the prototype on
campus for possible usage in the agricultural sector. This research project strengthens the
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cooperation between different faculties and creates a benefit for both the engineering and the
agricultural departments.

Project in Rwanda

For the project GREATER in Rwanda, the same process was used for designing and
implementing the Living Labs. The UCD approach, with several rounds of questionnaires as
well as feedback loops, led to an overall catalogue with general requirements of a Living Lab.
Although the specific design and use-cases are individual and very different from each other,
this catalogue can be used for the basic design. The basic design of a Living Lab consists of a
building or container with an off-grid, stand-alone energy system powered by renewable

which does not necessarily have to be located inside the building.
with electricity generated by the renewable energy system.

Through the UCD approach, each of the four partner unive
want to analyse with their Living Lab:

1. Water pump and smart-irrigation system for agri

2. off-grid electricity supply for a village;

3. laboratories and classrooms for a seconda

4. community centre with solar cooking

One upgrade from the Living Lab i
different Living Labs in the project
with a monitoring and control syst

asuring systems on site. The collected data will
be sent from each Living Labto®e that is managed by the universities. Thus, each
university will have remo iving Labs and will be able to monitor, analyse and
evaluate the data. Th& i re of this ecosystem is shown in Figure 6.
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Figure 6. Architecture of the Living Lab ecosystem in Rwanda [34]

By installing a standardised monitoring and control system in every Living Lab, it will be
possible and easier to connect them all to one central cloud service that all universities can use.



With this approach, the universities can still access all Living Labs individually, but without
having problems concerning software or interface compatibility. As a result, students from
different study programs at all partner universities will be able to do on-site experiments and
learn, for example, how to monitor, analyse and evaluate data. Lecturers can integrate
interdisciplinary projects into their study programs, where student groups will maintain
existing Living Labs, improve the architecture and even identify more use-cases to be
investigated for new Living Labs. In addition, universities or schools will carry out local events
around the Living Labs to raise public awareness on topics like climate change, renewable
energy, and sustainability. In this way, they will serve as a community centre with a large
publicity effectiveness and at the same time as an education platform not only for students but
also reaching out to younger people like schoolchildren.

Performance Indicators and Comparative Evaluation

KPI Category GREATER
Students directly involved Education 80
New or revised study modules Educatj 94
Interdisciplinary projects E t 1 2
Community members accessing services 0 nity 500 350
Public outreach events conducted % 6 9
Installed PV capacity chnical 6.6 kWp 24 kWp
Number of end-users suppli chnical 500 120

e
v
Compared to the
integration througlemgi dnnection and cross-university collaboration. However, the
project in Cote d
water and C an’ off-grid village. While IIDES-NSC emphasises prototype-to-
implemegtat ‘ REATER prioritises networked Living Lab ecosystems and data-

e pi¥pjcets discussed in this paper, [IDES-NSC in Cote d’Ivoire and GREATER in
Rwan ghlight the transformative potential of integrating industry-driven education models
into sustainability-focused higher education. These programs exemplify how universities can
act as incubators for innovation and skill development in renewable energy and sustainability
by effectively bridging the gap between academic training and practical industry needs. The
findings confirm that Living Labs can operationalise experiential learning approaches by
integrating theoretical knowledge with real-world experimentation in sustainability education

The goal of IIDES-NSC is to show that dual-study programs integrating theoretical
education with hands-on industry experience enhance students’ employability and directly
contribute to the renewable energy sector. Through collaboration with UNA and local industry



partners, a dynamic learning environment with the prototype and the Living Lab can be fostered,
which can equip graduates with both technical expertise and real-world problem-solving
capabilities. Meanwhile, GREATER aims to reinforce the role of Living Labs as a means to
facilitate experiential learning, allowing students to engage in applied research and directly
contribute to Rwanda’s energy transition goals.

Limitations and Transferability

Despite the promising results presented in this study, several limitations should be
acknowledged. First, stakeholder participation in the UCD process was limited in number and
may therefore not fully represent the diversity of perspectives within the respective national
contexts. Although multiple stakeholder groups were involved, like universiticggindustry
representatives, political institutions, and local communities, the sample sizS\genapined
relatively small due to logistical and project-related constraints.

Living Lab concepts and ensured stakeholder involvement in the
iterations could potentially have generated more detailed requirga
of the design choices. Furthermore, the survey instruments
developed collaboratively within the project consortium b
independent stakeholder groups. While this approach
stakeholder ownership, it may limit the statistical roQustnes

d gencralisability of the results.

Another limitation concerns the evaluatigff” ting Long-term technical and socio-
particularly for the Living Labs
implemented within the GREATER proj under development. As a result, the

present study focuses on early imple

older co-creation through UCD, integration of Living Labs into
am@ collaboration between universities, industry, and communities
ble approach that can be adapted to different local contexts. Future
itise longitudinal studies to evaluate the long-term educational, technical,
ic impacts of Living Labs and to assess their sustainability beyond the
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