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Preface 

The International Energy Agency 
The International Energy Agency (IEA) was established in 1974 within the framework of the Organisation for Economic 
Co-operation and Development (OECD) to implement an international energy programme. A basic aim of the IEA is to 
foster international co-operation among the 30 IEA participating countries and to increase energy security through 
energy research, development and demonstration in the fields of technologies for energy efficiency and renewable 
energy sources.  

The IEA Energy in Buildings and Communities Programme 
The IEA co-ordinates international energy research and development (R&D) activities through a comprehensive port-
folio of Technology Collaboration Programmes. The mission of the IEA Energy in Buildings and Communities (IEA 
EBC) Technology Collaboration Programme is to develop and facilitate the integration of technologies and processes 
for energy efficiency and conservation into healthy, low emission, and sustainable buildings and communities, through 
innovation and research. (Until March 2013, the IEA EBC Programme was known as the IEA Energy Conservation in 
Buildings and Community Systems Programme, ECBCS.) 
The R&D strategies of the IEA EBC Programme are derived from research drivers, national programmes within IEA 
countries, and the IEA Future Buildings Forum Think Tank Workshops. These R&D strategies aim to exploit techno-
logical opportunities to save energy in the buildings sector, and to remove technical obstacles to market penetration of 
new energy efficient technologies. The R&D strategies apply to residential, commercial, office buildings and community 
systems, and will impact the building industry in five areas of focus for R&D activities:  

- Integrated planning and building design 
- Building energy systems 
- Building envelope 
- Community scale methods 
- Real building energy use 

The Executive Committee 
Overall control of the IEA EBC Programme is maintained by an Executive Committee, which not only monitors existing 
projects, but also identifies new strategic areas in which collaborative efforts may be beneficial. As the Programme is 
based on a contract with the IEA, the projects are legally established as Annexes to the IEA EBC Implementing Agree-
ment. At the present time, the following projects have been initiated by the IEA EBC Executive Committee, with com-
pleted projects identified by (*) and joint projects with the IEA Solar Heating and Cooling Technology Collaboration 
Programme by (☼): 
Annex 1:  Load Energy Determination of Buildings (*) 
Annex 2:  Ekistics and Advanced Community Energy Systems (*) 
Annex 3:  Energy Conservation in Residential Buildings (*) 
Annex 4:  Glasgow Commercial Building Monitoring (*) 
Annex 5:  Air Infiltration and Ventilation Centre  
Annex 6: Energy Systems and Design of Communities (*) 
Annex 7:  Local Government Energy Planning (*) 
Annex 8:  Inhabitants Behaviour with Regard to Ventilation (*) 
Annex 9:  Minimum Ventilation Rates (*) 
Annex 10:  Building HVAC System Simulation (*) 
Annex 11:  Energy Auditing (*) 
Annex 12:  Windows and Fenestration (*) 
Annex 13:  Energy Management in Hospitals (*) 
Annex 14:  Condensation and Energy (*) 
Annex 15:  Energy Efficiency in Schools (*) 
Annex 16:  BEMS 1- User Interfaces and System Integration (*) 
Annex 17:  BEMS 2- Evaluation and Emulation Techniques (*) 
Annex 18:  Demand Controlled Ventilation Systems (*) 
Annex 19:  Low Slope Roof Systems (*) 
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Annex 20:  Air Flow Patterns within Buildings (*) 
Annex 21:  Thermal Modelling (*) 
Annex 22:  Energy Efficient Communities (*) 
Annex 23:  Multi Zone Air Flow Modelling (COMIS) (*) 
Annex 24:  Heat, Air and Moisture Transfer in Envelopes (*) 
Annex 25:  Real time HVAC Simulation (*) 
Annex 26:  Energy Efficient Ventilation of Large Enclosures (*) 
Annex 27:  Evaluation and Demonstration of Domestic Ventilation Systems (*) 
Annex 28:  Low Energy Cooling Systems (*) 
Annex 29:  ☼ Daylight in Buildings (*)  
Annex 30:  Bringing Simulation to Application (*) 
Annex 31:  Energy-Related Environmental Impact of Buildings (*) 
Annex 32:  Integral Building Envelope Performance Assessment (*) 
Annex 33:  Advanced Local Energy Planning (*) 
Annex 34:  Computer-Aided Evaluation of HVAC System Performance (*) 
Annex 35:  Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*) 
Annex 36:  Retrofitting of Educational Buildings (*) 
Annex 37:  Low Exergy Systems for Heating and Cooling of Buildings (LowEx) (*) 
Annex 38:  ☼ Solar Sustainable Housing (*)  
Annex 39:  High Performance Insulation Systems (*) 
Annex 40:  Building Commissioning to Improve Energy Performance (*) 
Annex 41: Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*) 
Annex 42: The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems (FC+COGEN-SIM) (*) 
Annex 43: ☼ Testing and Validation of Building Energy Simulation Tools (*) 
Annex 44: Integrating Environmentally Responsive Elements in Buildings (*) 
Annex 45: Energy Efficient Electric Lighting for Buildings (*) 
Annex 46: Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government Buildings (EnERGo) (*) 
Annex 47: Cost-Effective Commissioning for Existing and Low Energy Buildings (*) 
Annex 48: Heat Pumping and Reversible Air Conditioning (*) 
Annex 49: Low Exergy Systems for High Performance Buildings and Communities (*) 
Annex 50: Prefabricated Systems for Low Energy Renovation of Residential Buildings (*) 
Annex 51: Energy Efficient Communities (*) 
Annex 52: ☼ Towards Net Zero Energy Solar Buildings (*)  
Annex 53: Total Energy Use in Buildings: Analysis and Evaluation Methods (*) 
Annex 54: Integration of Micro-Generation and Related Energy Technologies in Buildings (*) 
Annex 55: Reliability of Energy Efficient Building Retrofitting - Probability Assessment of Performance and Cost (RAP-RETRO) (*) 
Annex 56: Cost Effective Energy and CO2 Emissions Optimization in Building Renovation (*) 
Annex 57: Evaluation of Embodied Energy and CO2 Equivalent Emissions for Building Construction (*) 
Annex 58: Reliable Building Energy Performance Characterisation Based on Full Scale Dynamic Measurements (*) 
Annex 59: High Temperature Cooling and Low Temperature Heating in Buildings (*) 
Annex 60: New Generation Computational Tools for Building and Community Energy Systems (*) 
Annex 61: Business and Technical Concepts for Deep Energy Retrofit of Public Buildings (*) 
Annex 62:  Ventilative Cooling (*) 
Annex 63:  Implementation of Energy Strategies in Communities (*) 
Annex 64:  LowEx Communities - Optimised Performance of Energy Supply Systems with Exergy Principles (*) 
Annex 65:  Long-Term Performance of Super-Insulating Materials in Building Components and Systems 
Annex 66:  Definition and Simulation of Occupant Behavior in Buildings (*) 
Annex 67:  Energy Flexible Buildings 
Annex 68: Indoor Air Quality Design and Control in Low Energy Residential Buildings 
Annex 69: Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings 
Annex 70: Energy Epidemiology: Analysis of Real Building Energy Use at Scale 
Annex 71: Building Energy Performance Assessment Based on In-situ Measurements 
Annex 72: Assessing Life Cycle Related Environmental Impacts Caused by Buildings 
Annex 73: Towards Net Zero Energy Resilient Public Communities 
Annex 74: Competition and Living Lab Platform 
Annex 75: Cost-effective Building Renovation at District Level Combining Energy Efficiency and Renewables 
Annex 76: ☼ Deep Renovation of Historic Buildings Towards Lowest Possible Energy Demand and CO2 Emissions 
Annex 77: ☼ Integrated Solutions for Daylight and Electric Lighting   
Annex 78: Supplementing Ventilation with Gas-phase Air Cleaning, Implementation and Energy Implications 
Annex 79: Occupant Behaviour-Centric Building Design and Operation 
Annex 80: Resilient Cooling 
Annex 81: Data-Driven Smart Buildings 
Annex 82: Energy Flexible Buildings Towards Resilient Low Carbon Energy Systems 
 
Working Group - Energy Efficiency in Educational Buildings (*) 
Working Group - Indicators of Energy Efficiency in Cold Climate Buildings (*) 
Working Group - Annex 36 Extension: The Energy Concept Adviser (*) 
Working Group - HVAC Energy Calculation Methodologies for Non-residential Buildings 
Working Group - Cities and Communities 
Working Group - Building Energy Codes 
Working Group - International Building Materials Database 
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1. Introduction 

General context 

Objectives of IEA EBC Annex 74 regarding “After Competition & Living Lab Scenarios” 

Objectives 
The purpose of the report is to make knowledge available about the after-competition use of Solar Decath-
lon projects as living labs to those who are intending to participate in a living lab competition and those who 
are on the way to set up their own living lab. The report should allow a compact overview for future organiz-
ers and teams about successfully implemented living labs. Main source was an in-depth analysis of former 
editions of the Solar Decathlon, mainly the European editions, but also case studies from the US and Af-
rica, together with results from experts’ interviews which summarize the stories and experiences behind the 
projects.  

Contents of the report, scope, and limitations  
One principal idea of this focus report is to let the project leaders speak about their personal experience in 
the post-competition use phase of SD prototypes. What outcomes can they report? Which successful ac-
tions could be implemented? What has been achieved during this important use phase of SD prototypes? 
On the other side: which challenges have they encountered? Which learnings could be achieved, and 
which recommendations can be given to future SD participants, teams and project leaders? All information 
is compiled, anonymizing individual statements of the participants in the survey and the semi-structured 
interviews, but transmitting as direct as possible the voice through quotations of the ones who made these 
experiences first-hand. This research focuses specifically on living labs which are used for educational pur-
poses in their after-competition use phase, as this allows a prolonged positive impact in the field of higher 
education, with the possibility to train and educate whole generations of future professionals in and around 
the prototypes.  

Relevance in Building Competitions & Living Labs 
Solar Decathlon competitions offer to participating universities a unique opportunity for introducing into 
Higher Education a learning by building approach, with students as important drivers of the whole process. 
This positive impact can be prolonged through a well planned and executed after-competition use of proto-
type buildings. Every participating team must face the decision about the after-competition use of its proto-
type in a certain moment before or at least immediately after the competition. Tracking projects of earlier 
competitions shows that many of the projects lacked a solid after-competition use concept, and as a result 
or could not be reconstructed, or had only a limited lifespan due to a lack of financing, lack of options for a 
final location or a lack of use and management concept, among others. Making Solar Decathlon projects 
available for an intense after-competition use in the field of teaching and research multiplies their impact in 
the field of research and education, especially when used as educational living labs which showcase sus-
tainability strategies for buildings in the field of efficiency, sufficiency and consistency to a broad public in 
and outside universities. Getting inspired by successful examples of post-competition living labs and learn-
ing about related challenges and obstacles is a useful contribution for future teams.  
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2. Online research, survey and semi-struc-
tured interviews on post-competition liv-
ing labs 

2.1 Methodology 

This research has been structured in two parts. A general online research regarding the current location, 
operation, use and ownership of former Solar Decathlon projects on one side, and a survey and interview-
based research on specific projects based on direct communication with their current directors on the other. 
Projects from the original US competition since 2002, the European SDE competitions since 2010, and the 
first African competition (SDA 2019) have been taken into consideration. 
A list about US projects has been facilitated by DOE representative Joe Simon with contact details and cur-
rent location of each of the SD participants in the US since the first competition in 2002. A total of 152 pro-
jects have been revised regarding their post-competition use as educational living labs. 25 projects have 
been selected in a first search for current operative living labs related to education. 15 projects have been 
further analysed and 10 resulted in educational living labs with a high interest for this research.  
On a European level, competition participants since 2010 have been listed and searched through the corre-
sponding webpages, especially the www.building-competition.org website. 12 potential current operating 
educational living labs have been identified and after a deeper analysis, 10 have been selected as educa-
tional living labs with a high interest for this research.  
Regarding the SD Africa (SDA2019) 4 potential Living Lab projects have been recommended by Samir 
Idrissi Kaitouni member of the SDA 2019 organization and Annex 74 collaborator. All projects are located 
still at the original place of the competition, at the IRESEN installations at Rabat, Maroc, where they form 
part of the R&D platform Green & Smart Building Park. All 4 projects have been contacted through direct 
email to their current project responsible. 2 projects could be further analysed and information about cur-
rent activities has been facilitated and integrated in this report. 
 
After the selection of potential interesting projects and based on the information encountered, a data sheet 
has been drafted with a summarized description of each of the projects, pictures of its current state, contact 
details to owners or operators, as well as links to publications of current activities. Additionally, the type of 
living lab, the available infrastructure and the activities carried out have been described. The data sheet 
and the integrated graphical evaluation system regarding typical living lab characteristics are based on the 
PhD thesis of the author (Masseck, 2016). A total of 24 data sheets have been generated. (see Annex 1) 
In parallel an Educational Living Lab Survey (see Annex 2) has been designed with 4 blocks of questions. 
A first block focuses on concepts of each educational living lab, asking for the educational methodologies 
applied, educational materials generated, target groups who benefit form the project, its impact on HE cur-
ricula and campus, and about new educational networks which could be generated. 
In a second block of questions project leaders have been asked for a critical view on their living lab project, 
focusing on the challenges and obstacles encountered in the 3 areas of Concept and Implementation, 
Costs and Maintenance, and Operation and Outcomes. 
The Educational Living Lab Survey has been sent out to all 24 selected projects. 4 friendly reminders have 
been sent out to each project, the right contact person for answering the survey needed to be searched for 
additionally in some cases, and personal contacts have been used for coming through to the right persons 
to answer the survey, mainly the former faculty advisors or responsible professors of the projects. An over-
all of 8 completed surveys have been received after a period of 3 month. 
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Based on the received surveys, a semi-structured interview has been requested to the project leaders, and 
7 interviews could be held with an average duration of 1 hour, highlighting the main aspects of the an-
swered survey and focusing on additional information about the most important experiences and learnings. 
This allowed gathering valuable additional information about specific success stories as well as individual 
drawbacks of projects, which could not be collected through the standardized survey. 
In the final process, data sheets have been complemented through the information facilitated by project 
leaders, surveys have been evaluated and the main additional information of the semi-structured interviews 
has been transcribed.  
In the following survey and interview results of this research on Educational Living Lab are presented. 

2.2 Results I: Concepts of Educational Living Labs 

According to European Network of Living Labs (ENoLL), “a Living Lab is a real-life test and experimentation 
environment where users and producers co-create innovations”, with four main activities typically employed 
by Living Labs:  

• Co-Creation: co-design by users and producers  
• Exploration: discovering emerging usages, behaviours and market opportunities  
• Experimentation: implementing live scenarios within communities of users  
• Evaluation: assessment of concepts, products, and services according to socio-ergonomic, socio-

cognitive, and socio-economic criteria. 

On the other hand, main characteristics of Living Labs are their multi stakeholder approach, often based on 
a PPP (Public-Private-Partnership); the focus on user involvement, giving a special role to the user as part 
of the innovation process; Open Innovation, considering innovation as an open process with multiple stake-
holders; and the setting in a real-life environment, experimenting and capturing user insights in real-life situ-
ations.  
In the context of Solar Decathlon competitions and higher education, a living lab can be understood as a 
place where construction, monitoring and evaluation can happen at one place, through a multi stakeholder 
approach (students, researcher, companies, administration, general public), in a co-creation or open inno-
vation process, allowing for user-centred research under real conditions of use (house occupancy experi-
ments) and real-time feedback about performance data, user comfort, user-building interaction, energy 
management, energy efficiency, and many related field of interest in the holistic search for truly sustainable 
housing concepts of the future. 
For this report, 21 projects have been analysed and identified as Educational Living Labs with a high inter-
est due to their successful implementation and operation, as well as the achieved and documented out-
comes. For 8 projects additional information could be generated through the mentioned survey and 7 per-
sonal follow-up interviews could be held, complementing the gathered information through personal insides 
and reflections of the current project directors. In the following the results of this research are summarized. 
 

2.2.1  The post-competition lifespan of SD prototypes 
Analysing the post-competition use of SD prototypes, one important question is the overall lifespan of a 
Project. Some of the projects which appear in the data sheets (Annex 1) are no longer operative. Many of 
them are projects from earlier SD competitions and their after-competition use phase ended already due to 
their age. Others have found their use for a longer period of years within a university context, e.g., as resi-
dence buildings under permanent occupation, and still maintain their Living Lab characters due to guided 
visits, ongoing performance evaluation or as part of a local energy grid (Missouri). 
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Project leader have been asked to estimate the foreseen lifespan of their projects, and answers have been 
given between 3 years and “no end foreseen”, but an average lifespan between all documented projects 
can be estimated in around 5-6 years, with the oldest ones operating over 14 years and the newest ones 
starting recently their post-competition use phase. 
It is worth to mentions that lifespan is an important aspect for the payback of energy, effort, and money of a 
project after a SD participation, but the intensity of use must also be taken into consideration for evaluating 
the overall success of the after-competition use. Some prototypes show very low activity during a longer 
period after competitions, before being activated and used again. Others get immediately reconstructed 
and used for ongoing research or dissemination activities. This often depends on how the after-competition 
use phase has been planned beforehand and important aspects like final location, use rights, maintenance 
and management have been clarified and corresponding agreements have been closed among partners. 

2.2.2  Educational methodologies and teaching formats applied 
Due to the character of the Solar Decathlon Competitions as a student-driven event, which allows in-depth 
learning by planning, building, and operating real prototype buildings, all projects are linking teaching, re-
search and innovation during their development and execution. 
In the after-competition use phase some projects seem to focus more on research activities, others foster 
specifically educational initiatives, and many of them maintain a mix between both. Therefore, a clear dis-
tinction between research and educational living labs cannot be easily made. Reality shows a huge variety 
of possible after-competition uses, and only a closer analysis of a specific project can reveal its unique mix-
ture between educational and research activities. Over the lifecycle the focus and intensity of activities also 
tends to change, as e.g., research on technological components of prototypes is generally done in the first 
2-3 years and then tents to decrease.  
This might lead to the conclusion that most projects might start as a research living lab, with educational 
activities, shifting over time towards an educational living lab with some research activities still going on. 
Regarding the specific use for education, online research and survey results allow the following description 
of the post-competition use of projects: 

• Prototype exploration through students (materials, systems, concepts) (20 out of 22) 
• Measurements and evaluation of the prototype in-situ (thermal comfort, system performance, biocli-

matic solutions, comparison of measurements and simulation) (20 out of 22) 
• Seminars/workshops inspired by the special place (18 out of 22) 
• Co-creation initiatives for new projects, bringing together different stakeholders (students, research-

ers, companies, administration…) (10 out of 22) 
 

This demonstrates that all prototypes maintain their character as showcase for innovative solutions which 
spreads knowledge through guided visits, prototype exploration and performance evaluation as well dis-
semination activities at the place.  
Through semi-structured interviews with 7 project leaders the following additional information regarding 
generated educational methodologies and applied teaching formats could be gathered: 

2.2.3 Educational materials generated 
A major outcome of Solar Decathlon projects are project documentations, monitoring results and results of 
testing of innovative materials, components and installations regarding their energetic, constructive and 
aesthetic performance. Beside these technical documents, many dissemination materials are generated 
like leaflets, video presentations and recorded guided visits, as well as online courses like MOOCs, virtual 
or augmented reality presentations among others. All results are valuable educational materials, which can 
be generated before, during or after a competition, and used also in the post-competition phase of a project 
as educational materials at a faculty. 
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Online research and survey results allow the following description of generated educational materials: 

• Documentation of the prototype used regularly as case study for teaching (16 out of 22) 
• Articles published about the prototype (5 out of 22) 
• MOOC course developed in or around the prototype building (2 out of 22) 
• Augmented / Virtual reality representations (3 out of 22) 

Through semi-structured interviews with 7 project leaders the following additional information regarding 
generated educational materials could be gathered: 
Project leaders mention the effort to introduce materials in teaching activities, and that mainly themselves 
are using these materials for teaching purposes, whereas the general interest by other professors, not di-
rectly linked to the project is reported as limited. Effort is reported to motivate students to link final career 
projects or research exercises to the prototypes to generate consolidated knowledge regarding specific as-
pects of the prototypes in the post-competition use phase. This is partly successful but requires time and 
dedication of project leaders. In general, the novelty of the prototype and the resulting interest in its evalua-
tion has a duration of 2-3 years maximum, especially when a university repeats its participation in a new 
SD edition, and a new prototype is generated. On the other side, established MOOC courses in relation to 
the prototypes have a longer lifespan due to the attractive, modular digital learning materials generated, 
which can be used independently from the access to and condition of the physical object. 

2.2.4  Target groups who benefited from the projects  
The post-competition use of Solar Decathlon prototypes can be focused on different target groups, depend-
ing on the type of use (education, research, dissemination, place for activities and events), the chosen lo-
cation (university campus, neighbourhood, public or private ground) and the responsible entity or owner 
(university, municipality, public or private entity). In many projects different target groups are benefitting 
from the project, and diversity seems to contribute to the viability and continuity over time of many living lab 
concepts.  
Online research and survey results allow the following description of target groups of the analysed educa-
tional living labs: 

• Use through the team members of the project (19 out of 22) 
• Use through Bachelor students (15 out of 22) 
• Use through Master students (9 out of 22) 
• Use through Researchers and academics (12 out of 22) 
• Use through Highschool students and teachers (1 out of 22) 
• Use through General public (12 out of 22) 

 
Regarding the different disciplines, the following target groups could be identified: 

• Architecture students (19 out of 22) 
• Engineering students (12 out of 22) 
• Highschool students (1 out of 22) 

Through semi-structured interviews with 7 project leaders the following additional information regarding tar-
get groups who benefit from the projects could be gathered: 
Quantifications of impact on different target groups have been diverse, reporting 5 Master thesis and 2 
Bachelor thesis related to the Rooftop prototype of UK Berlin during the last 5 years, around 50 Bachelor 
students benefitting from the Selficient prototype at Utrecht University, up to 10.000 Bachelor students visit-
ing the 2015 SD prototype at Delft University, as these kinds of visits have been installed as standard pro-
gram for all new students. Other more recent projects like TO of UPC and SDA projects from 2019 had dif-
ficulties to start with impact due to pandemic restrictions during 2020 and 2021.  
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2.2.5  Positive impact on HE curricula and campus 
Solar Decathlon projects do have a major impact on a faculty due to its duration from start to competition of 
around 2 years, the intensity of workload for students and teaching staff, as well as the high visibility of the 
project in and outside university.  
Online research and survey results allow the following description of positive impact on HE curricula and 
campus: 

• Creation of new infrastructure (19 out of 22) 
• Creation of new forms of teaching focused on real project and construction (12 out of 22) 

Project leaders describe the impact on HE curricula as following: 
 

As I have presented the projects in my lectures at the faculty, most students now know them. What 
works particularly well are three films we have made: two mini-documentaries and a mini-film. Students 
and people across the world love these and share them in social media.  
 
The main impact on our curriculum is an increased ratio of practical studies and experiments with a real 
building. The SD protype is now used as a seminar room, in which we can descriptively discuss with 
the students about building energy efficiency, indoor climate and the usage of renewable energy for 
buildings. 
 
Our school is focus on acting on the reality. This kind of projects allows us to inspire to the students in 
order to go further than the typical classes. 
 
The project helped us to identify the strengths and weaknesses of the different courses of the faculty, 
highlighting the need for more in-depth interdisciplinary teaching. For this purpose, the teaching staff 
must be trained or have an interdisciplinary background. This is one of the best ways to give the differ-
ent classes and respond to the questions and concerns of students. 
 
In general, the project has reinforced the idea of mixing students from different disciplines (architecture, 
civil engineering and environmental engineering) under a single course type workshop. 
There is more room now for collaboration between different disciplines and more collaboration with 
companies 
 
Our university is convinced of the educational value of teaching by project. 
The students and professor of the project continue to work together within the framework of an associa-
tion they created and new research subjects related to the theme are launched: PVT, Phase change 
materials, ...  

 
Through semi-structured interviews with 7 project leaders the following additional information regarding 
positive impact on HE curricula and campus could be gathered: 
Selficient (SD 2017) reports that its prototype is a perfect showcase at the campus, reflecting the focus on 
sustainability and innovation of the faculty.  
The MOR prototype forms part of the Green Campus at TU Delft, a location where different kind of re-
search infrastructures and prototypes can be constructed, operated and monitored. 
UPC prototypes since 2010 had major impact on the faculty’s curricula, showing an increasing integration 
and synergy with regular subjects and course in each new edition. 
Other prototypes have been handed over to third party institutions. WaterShed (University of Maryland) and 
the Easton 3E Lab (Missouri) are examples for this. In these cases the post-competition use has little or no 
impact on the HE curricula or campus, as these projects are located at a certain distance to university, and 
access and management are in hands of new entities. Some monitoring and operational aspects might still 
be solved in collaboration, but impact on campus and curricula is generally low.  
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Overall it can be stated that SD projects have a considerable impact on HE curricula, shifting mindsets of 
universities towards project based education, fostering interdisciplinary collaborations among faculties and 
generating visibility and dissemination of energy efficiency, renewable energies and sustainable housing.  

2.2.6  New educational networks generated 
A Solar Decathlon participation is for universities a major opportunity for building up networks of students, 
researchers, companies and institutions, which support the project during development and construction 
through contribution of material and know-how, participation in linked research projects or funding, among 
others. These networks across disciplines are useful for education, research and market-uptake objectives, 
according to the interest of each partner. Networks often persist in the post-competition phase and are val-
uable outcomes of the competition for universities on medium and long-term. 
Online research and survey results allow the following description of positive outcomes regarding the gen-
eration of educational networks: 

• Creation of student networks which persist in the post-competition phase and often result in a com-
mon profession project like a start-up or a cooperative (15 out of 22) 

• Creation of research networks which allow generating research and innovation outcomes in and 
around the prototypes (6 out of 22) 

• Creation of institutional networks which keep supporting the project in the post-competition phase, a 
new participation in a later competition or a similar project on local or regional level (7 out of 22) 

Through semi-structured interviews with 7 project leaders the following additional information regarding ed-
ucational networks could be gathered: 
The MOR prototype (SDE 2019) generated a spin-off, called MOR, which currently offers the development 
of smart buildings, applying the MOR concept of refurbishment and conversion of old office blocks into 
highly energy-efficient housing. First concept work has been done for …. 4 lead students of the MOR team 
are business partners in this new venture, offices are located at the TU Delft Campus and the team re-
ceives support and advice by former faculty advisors.  
The UPC prototypes e(co) (SDE 2012), Ressò (SDE 2014) and TO (SDE 2019) resulted in the generation 
of cooperative of former team members, creating sustainability focused architecture practices, as well as 
prolonged collaboration as operators of the respective prototypes together with public administration and 
university as stakeholders.  
E(co) has been the core project that initiated the foundation of the Arqbag cooperative (www.arqbag.coop), 
which at the date of this report states of 7 founding members and 3 collaborators, developing sustainable 
architecture projects with a specific focus on the social innovations like neighbourhood facilities and co-
housing projects. Some Arqbag members are also part of the current teaching staff at ETSAV (UPC), and 
through this link transmit their knowledge, attitude and experience gained in the last years to following gen-
erations of students. 
Ressò (SDE 2014) gave place to the association Accio-Ressò, constituted by former SDE students, which 
after the competition in 2014 directed the re-building and implementation process of Ressò as a neighbour-
hood facility at Sant Muç (Rubí) in cooperation with the city council of Rubí. Ressò since then has served 
as a platform and space for multiple activities which contributed to improve the living quality of the neigh-
bourhood. It has served as a multifunctional space for educational activities regarding energy efficiency, it 
supported the implementation of energy efficiency projects in the neighborhood, and it hosted other activi-
ties like yoga classes or similar offers for a neighbourhood which lacks this kind of offers. Administrative 
issues led to the temporary closure of the installation at the time of writing, but according to the drivers of 
the project, a re-activation is planned.  
TO (SDE 2019) is the newest project at UPC and has been rebuilt at the UPC Campus South Diagonal in 
the beginning of 2020, with the aim to start activities as a Living Lab that allows guided visit and educa-
tional initiatives for UPC students and the general public. The project has received support for this post-
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competition use by the city council of Barcelona and the Barcelona Energy Agency. Due to the pandemic 
outbreak in 2020, no specific activity could be implemented up to date. 
It shows that the generation of networks among the huge diversity of participants is one of the most inter-
esting outcomes which benefit all type of stakeholders of a project. Companies get into touch with potential 
future collaborators, Higher Education Institutions (HEI’s) build up or improve their university-industry rela-
tionships and their collaboration with public institutions, students build up interdisciplinary networks that of-
ten allow generating a core group for a start-up initiative, or any other type of cooperative enterprise linked 
to the project, but also beyond. Educational networks based on a university project evolve many times to-
wards professional relationships over time.  
 

2.3 Results II: Critical view on Educational Living Labs 

Learnings for a successful after-competition use of SD prototypes can be especially achieved through a 
critical review of processes, obstacles and success stories linked to specific projects. A critical analysis by 
project leaders themselves and specific recommendations out of their experiences made, are most valua-
ble in this context. For this reason, in this chapter voice is given almost unfiltered to them, with quotations 
out of survey results and interviews. Only references which would allow identifying the specific projects 
have been eliminated for privacy reason. A closer look is given on concept and implementation of proto-
types in the after-competition phase, on costs and maintenance, as well as operation and outcomes. Fi-
nally, a critical view is given on the integration of projects into the HE curricula. 

2.3.1  Concepts and Implementation 
The after-competition use of SD prototypes requires a concept for the implementation of prototypes, espe-
cially a place where to rebuild the house, with the possibility to stay for a certain period. Also, entities must 
be linked for this new phase of operation and exploitation through agreements and contracts.  
Project leaders reported the following aspects and experiences through the survey and personal interviews: 
 

Getting it rebuilt after the competition has proved to be very hard compared to the speed of construc-
tion during the competition, because everyone was tired and busy again with other things, and the 
weather was bad during winter. It was a struggle. We have also had trouble getting things arranged re-
garding the hand-over. 
 
It is very hard to find a building site on the university campus where a SD prototype can stay for several 
years (this process had a duration of 3 years in our case) 
 
To re-build it again was an achievement itself. And we started pretty well with neighbours. But city hall 
did not allow them to self-manage the space. 
 
The main difficulty is the situation (the use of the land) and the creation of a convention with the owner 
of the land. In this case the convention defines that the cultural exploitation of the prototype is in the 
hand of one entity, and the maintenance (with associated costs) is of … the two institutions that use it 
as research infrastructure. 
 
It requires a different attitude from teachers 

Here are some obstacles and drawbacks when using our SD prototype post-competition as an educa-
tional living lab: 
- the project is too far from our university 
- Lack of operating budget for the project 
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- Lack of a regulatory framework for the operation of the project: after two years an agreement is still 
being prepared 

 
These quotations and the additional information given through interviews, as well as the knowledge about 
projects which suffered from the lack of adequate location for their after-competition use and therefore had 
to be dismantled, show that a clear planning for location and after competition use is essential. 
 
Overall, it can be stated that the following aspects are most relevant: 

• Define well in advance the concept of exploitation and the type of post-competition use as well as 
the responsible parties. 

• Agree as early as possible on location and duration of occupation for the post-competition use of SD 
prototypes as living labs.  

• Location should be as close as possible to university for operational reasons. 
 

2.3.2  Costs and Maintenance 
Cost and Maintenance of prototypes in the post-competition use phase are critical aspects. After competi-
tion end resources are often limited, many teams even have accumulated debts during the whole process 
of development, construction and competition, and new funding is necessary to cover cost for reconstruc-
tion at a new location.  
Project leaders reported the following aspects and experiences through the survey and personal interviews: 
 

Arranging well that one party can do the maintenance, operation and eventual demolition was a strug-
gle. The money has gone and parties taking over usually want to be paid for it, which in our case came 
down to dodgy arrangements for which the faculty eventually paid the bill. Better to have this arranged 
beforehand with people who are trustworthy. 
 
The SDE competition format doesn't really consider the necessary costs for the re-reconstruction in the 
post competition phase. 
 
The maintenance is a big issue because city hall does not want to spend money regularly. The reas-
sembly was relatively easy. The maintenance is much more complicated. 
 
Who takes care of it and who pays are the key questions. A usage convention has solved this. 
It is difficult to find a viable business model. 
 
Lack of operating and maintenance budget for the project. 

 
Overall, it can be stated that the following aspects are most relevant: 

• Secure financial resources for re-construction forehand, as in the post-competition phase resources 
are limited. 

• Estimate the maintenance costs of the prototype in the post-competition phase and clarify who will 
take them over and for how long. 
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2.3.3  Operation and Outcomes 
Operation in the post-competition phase might be critical. New agents might have taken over the responsi-
bility of the project, or shared operation is agreed among several entities. Daily operation also requires per-
sonal and material resources as well as knowledge about the prototype itself. All this leads to critical situa-
tions of the operation and exploitation of prototypes which must be handled and solved. 
Project leaders reported the following aspects and experiences through the survey and personal interviews: 
 

You definitely need partners in the administration of your institution which love the project. 
 
The operation was thanks to good will from the team members and illusion from neighbours. 
 
Ensuring that the prototype is operational for research purposes and that the sensor data is correctly 
uploaded to the database etc. is a special challenge. In general, the facility management of the proto-
type created for a temporary competition is not an easy task due to the "test" component of its creation. 
Finding a balance between the needs of education and the needs of companies. 
 
Lack of a regulatory framework for the operation of the project: after two years an agreement is still be-
ing prepared. 

 
Overall, it can be stated that the following aspects are most relevant: 

• Plan operation beforehand and clarify administrative support as early as possible to avoid delays 
due to necessary negotiations and missing framework. 

• Consider that technical challenges might appear, as prototypes are student built and might need 
improvement for long-term operation and monitoring. 

 

2.3.4 Integration in academic curricula 
SD prototypes in their post-competition use phase con be valuable objects and places for new teaching for-
mats, interdisciplinary educational formats, and innovative experience-based learning initiatives. Neverthe-
less, existing HE curricula are generally little flexible regarding innovations in form or content. 
Based on the survey and personal interviews, project leaders described their experience regarding the inte-
gration of SD prototypes into the academic curricula as following: 
 

The Idea is to integrate the prototype in some specific subjects, but COVID postponed all. 
 
I use the prototype examples in my lectures, and they are used for tours of new students coming in in 
August, but furthermore, there is no embedding in the curriculum. We do ask students to connect grad-
uation projects to the prototypes, which has been done regularly. 
 
This worked very, very good in our case. No challenges. 
 
Not much. One studio was focus on this reassembly for a year and it helps to do the next SDE edition. 
 
The prototype has been very much exploited during its elaboration so at a curricular level the interest 
has decreased, but the willingness to make use of the prototype for a facility management via digital 
tools such as the BIM is now up to date. 
 
It takes time. 
 
The project is too far from our university. 
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Overall, it can be stated that the following aspects are most relevant: 

• Plan integration in academic curricula as early as possible as little flexibility exists generally for adapt-
ing HE curricula to new academic formats or contents. 

• Consider that reconstruction of SD prototypes requires time and resources which might delay the 
readiness for post-competition uses, but also opens the possibility to consider reconstruction and 
operation itself as an academic activity to be embedded in HE curricula. 

• Consider that digital tools (MOOCs, BIM) might open up possibilities for additional use in HE curricula 
when academic interest in the SD prototype itself decreases over time due to loss of novelty. 

 

2.4 Discussion and Outlook: How to successfully convert SD proto-
types into post-competition Living Labs 

After describing the diverse impacts achieved, obstacles encountered, and conclusions drawn by the inter-
viewed project leaders it can be stated that there also exists a certain pressure for teams to convert SD 
projects into high impact post-competition labs and only a view really succeed in achieving a high visibility 
and high impact through a holistic implementation and a strong concept. 
Nevertheless, beyond the visible part of a post-competition use as living lab, almost all projects generate a 
huge number of distributed, small-scale benefits, which are difficult to detect and to document, but which 
exist. The explanations given by project leaders about the post-competition phase and resulting initiatives 
and activities give testimony about this prolonged positive influence on the involved participants, like new 
professional projects, e.g. cooperatives or jobs in companies which supported and collaborated in SD pro-
jects, or simply the human networks generated. 
SDE projects are generally milestones for faculty advisors which have a high component of stress, risk, but 
also rewards as researchers and lecturers. Struggle with after-competition use seems to be typical, with 
conflicts to solve regarding the available work force, because students are exhausted or leaving university, 
lack of financial resources with many teams come back from the competition without resources left or even 
with some debts to deal with, and a lack of organizational support e.g., for finding appropriate location and 
operational support at university. 
Finally, asked for the most important recommendations to give to others who aspire to do a similar project 
for an educational living lab, team leaders gave the following answers:  

- You need people to go to the challenge and win. Find friends in your organisation who can help 
you – e.g., subdirectors. 

- Have a good strategy and proposal for having your sponsors attached to the prototype for the post-
competition use. 

- Political support needed. 
- Limit the budget. 
- Involve in a second round the partners of the competition - continuity is so important. 
- Set up a group of professors and students to promote the after-competition use. 
- Assure support from the university – high level decision makers should be in the boat.   
- Make it accessible to others, opening it up!  
- Don’t give up! 

As result it can be stated that every team must solve many obstacles for a successful after-competition use 
of its prototype and as the review of SD projects shows, so far only some teams achieve a fully operational, 
well managed and financially and structurally supported living lab over a longer period right from the start. 
Situations of each team and each university are very individual, although some common challenges could 
be identified and some interesting recommendations could be gathered for supporting future teams in the 
transformation of their prototypes into post-competition living labs.     
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3. Conclusions 

Research on the reality of after-competition uses of Solar Decathlon prototypes has been carried out with 
the aim to make knowledge available about the after-competition use of Solar Decathlon projects as living 
labs to those planning to participate in a living lab competition. 
Principal idea of this focus report has been to let the project leaders speak about their personal experience 
in the post-competition use phase of SD prototypes. What outcomes can they report? Which successful 
actions could be implemented? What has been achieved during this important use phase of SD proto-
types? On the other side: which challenges have they encountered? Which learnings could be achieved, 
and which recommendations can be given to future SD participants, teams and project leaders?  
 
An overall of 22 interesting living lab projects have been identified among SD projects from the US compe-
titions since 2002, SDE projects since 2010 and SDA projects of the 2019 competition. This does not ex-
clude that many other Solar Decathlon projects had or still have a successful post-competition use. 
This research has been focused specifically on living labs which are used for educational purposes in their 
after-competition use phase, as this allows a prolonged positive impact in the field of higher education, with 
the possibility to train and educate whole generations of future professionals in and around the prototypes.  
 
Challenges and success stories could be described, highlighting the overall impact of projects regarding 
applied educational methodologies and teaching formats, generated educational materials, target groups 
who benefited from the projects, positive impact on HE curricula and campus as well as newly generated 
educational networks. The personal experience of project leaders could be reflected through semi-struc-
tured interviews, giving firsthand information about the experienced challenges and conflicts and valuable 
recommendations about how to prevent or overcome them. 
 
A general conclusion is that the investment in terms of material, economic and human resources is im-
mense for Solar Decathlon prototypes. To consider this effort sustainable requires maximizing its impact in 
all phases of the project (design phase, construction phase, competition phase and post competition 
phase). Not using Solar Decathlon prototypes after the competitions, or lifecycles of just 2 or 3 years limit 
very much their overall impact regarding the amount of people (students, researchers, visitors, profession-
als) who benefit from the unique, experience-based teaching and learning opportunities, the prototypes are 
able to offer.  
On the other hand, the presented results of projects which successfully generated initiatives and activities 
around the prototypes in the post-competition phase are a testimony of the prolonged positive influence of 
Solar Decathlon prototypes, when implemented properly for a post-competition use as living labs.  
 
Therefor organizers, competition teams and all related institutions and entities should lay their focus in a 
very early stage of the projects on the overall lifespan and a well-planned, intense post-competition use of 
Solar Decathlon prototypes which assures a prolonged educational impact, an important number or re-
search results and an overall high impact in society in general. 
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ANNEX 1 

Case studies – 20 fact sheets of post-competition Educational Living 
Labs  

 
 
 
Projects 
 
SDE 2019 

      TO, Spain 
      MOR, Netherlands 

 
SDA 2019 
 Interhouse, Marroc 
 TDART, United States, Marroc 
 
SD 2017 

      NeighborHub, Switzerland 
      Selficient, Netherlands 

 
SD 2015 

      Nest Home, United States 
       

SDE 2014 
      Rooftop, Germany 
      Ressò, Spain 
      Techstyle-haus, France 
      Cubity, Germany 
 

SD 2013 
      Chameleon House, United States 
      ECHO House, Canada 

            Insite, United States 
 
SDE 2012 

      SML System, Spain 
       

SD 2011 
      WaterShed, United States 
      Cenovus Spo’pi Solar House, Canada 

            Self-Reliance, United States 
 
SDE 2010 

SML House, Spain 
LOW 3, Spain 
 

SD 2009 
     Interlock House, United States 

           Solar House I, United States 
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ANNEX 2 

Educational Living Lab Survey – UPC 2020  
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Basic information 
Please give us some general information about your project 

Your name, position and current role regarding the project 
Your email address 
University / Higher Education Institution / or other institution or company 
SD/SDE Project name 
SD/SDE Competition in which your project participated 
Current project name (if different to original one) 
Current location of the prototype 
Currently responsible persons/entities (if different to original ones) 
The foreseen lifespan of the project (if foreseen or if the project ended already) 
 

1. Educational materials generated 
Please indicate the educational materials generated in relation to the SD prototype especially during 
the post-competition phase 
1.1. Video documentation 
1.2. MOOC courses or other types of online materials / courses 
1.3. Publications (printed or online) 
1.4. Master thesis work 
1.5. PhD thesis  
1.6. Research reports, patents or similar 
1.7. Others 
Please describe how the SD prototype allowed for the generation of these materials and how materials 
are made available / used in teaching (now or in the past). Please also give links to currently online 
available materials. 
 

2. Educational methodologies/formats applied 
Please indicate the educational methodologies or teaching formats applied in the post-competition 
phase 
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2.1. Prototype exploration through students (materials, systems, concepts) 
2.2. Measurements and evaluation of the prototype in-situ (thermal comfort, system performance, bio-

climatic solutions, comparison of measurements and simulation) 
2.3. Seminars/workshops inspired by the special place 
2.4. Co-creation initiatives for new projects, bringing together different stakeholders (students, research-

ers, companies, administration…) 
2.5. Others: please indicate below 
Please describe how the SD prototype allowed for the implementation of innovative educational meth-
odologies and formats  
 

3. Target groups I 
Please describe the target groups which participated or benefited otherwise from the SD prototype 
post-competition use 
3.1. BSc students  
3.2. MSc students  
3.3. PhD students  
3.4. Professionals  
3.5. Highschool students  
3.6. General public  
3.7. Others  
Please describe how many persons of each target group have been benefiting from activities related to 
the SD prototype in its post-competition phase and in which period of time (e.g. 3 PhD thesis in 5 
years). 
 

4. Target groups II 
Please indicate the disciplines which participated or benefited otherwise from the SD prototype post-
competition use 
4.1. Architecture  
4.2. Civil Engineers 
4.3. Other Engineering 
4.4. Others: please indicate below 
Please describe shortly the proportion among different disciplines and the different ways of participat-
ing / benefiting from the SD prototype during the post-competition use phase.  
 

5. New educational formats and their influence on the universities’ curricula 
Please describe how innovative educational formats and activities linked to the SD prototype develop-
ment and post-competition use influenced your universities’ curricula activities. Has there been a last-
ing influence or contribution to the curricula? 
 

6. New educational networks generated 
Did the post-competition use of your SD prototype lead to the establishment or maintenance of a net-
work (students, faculties, companies, administration, universities) linked to it? Which type of network 
and with which kind of results? 
 

7. Other positive impacts on education 
Please feel free to mention any other educational experience or outcome you consider relevant to 
share (generation of spin-offs, cooperatives, professional perspectives of participants, similar prototype 
projects, faculties recognition and networks, new research lines, new MSc programs, …) 
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8. Finally: We all learn from challenges we have to solve, so please share with us some information 

about obstacles and drawbacks in the post-competition use of your SD prototype as Educational 
Living Lab  
8.1. Challenges regarding Concept and Implementation as Educational Living Lab. Please describe 

shortly. 
8.2. Challenges regarding Costs and Maintenance. Please describe shortly. 
8.3. Challenges regarding Operation and Outcomes. Please describe shortly. 
8.4. Challenges regarding Integration in academic curricular. Please describe shortly. 
8.5. Others or any other comment you would like to make 

 
End of survey. Thank you very much! 
We really appreciate your support of our Annex 74 work on Living Labs and will come back to you with re-
sults! 
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