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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 co-ordinates international energy research and development (R&D) activities through a comprehensive
portfolio 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
technological 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

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
Agreement. At the present time, the following projects have been initiated by the IEA EBC Executive Committee, with
completed projects identified by (*) and joint projects with the IEA Solar Heating and Cooling Technology Collaboration

Programme by (3%):

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 (*)
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Annex 17:
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Annex 19:
Annex 20:
Annex 21:
Annex 22:
Annex 23:
Annex 24:
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Annex 26:
Annex 27:
Annex 28:
Annex 29:
Annex 30:
Annex 31:
Annex 32:
Annex 33:
Annex 34:
Annex 35:
Annex 36:
Annex 37:
Annex 38:
Annex 39:
Annex 40:
Annex 41:
Annex 42:
Annex 43:
Annex 44:
Annex 45:
Annex 46:
Annex 47:
Annex 48:
Annex 49:
Annex 50:
Annex 51:
Annex 52:
Annex 53:
Annex 54:
Annex 55:
Annex 56:
Annex 57:
Annex 58:
Annex 59:
Annex 60:
Annex 61:
Annex 62:
Annex 63:
Annex 64:
Annex 65:
Annex 66:
Annex 67:
Annex 68:
Annex 69:
Annex 70:
Annex 71:
Annex 72:
Annex 73:
Annex 74:
Annex 75:
Annex 76:
Annex 77:
Annex 78:
Annex 79:
Annex 80:
Annex 81:
Annex 82:
Annex 83:
Annex 84:
Annex 85:
Annex 86:
Annex 87:

BEMS 1- User Interfaces and System Integration (*)

BEMS 2- Evaluation and Emulation Techniques (*)

Demand Controlled Ventilation Systems (*)

Low Slope Roof Systems (*)

Air Flow Patterns within Buildings (*)

Thermal Modelling (*)

Energy Efficient Communities (*)

Multi Zone Air Flow Modelling (COMIS) (*)

Heat, Air and Moisture Transfer in Envelopes (*)

Real time HVAC Simulation (*)

Energy Efficient Ventilation of Large Enclosures (*)

Evaluation and Demonstration of Domestic Ventilation Systems (*)
Low Energy Cooling Systems (*)

¥t Daylight in Buildings (*)

Bringing Simulation to Application (*)

Energy-Related Environmental Impact of Buildings (*)

Integral Building Envelope Performance Assessment (*)

Advanced Local Energy Planning (*)

Computer-Aided Evaluation of HYAC System Performance (*)
Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*)
Retrofitting of Educational Buildings (*)

Low Exergy Systems for Heating and Cooling of Buildings (LowEX) (*)
¥t Solar Sustainable Housing (*)

High Performance Insulation Systems (*)

Building Commissioning to Improve Energy Performance (*)
Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*)
The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems (FC+COGEN-SIM) (*)
1x Testing and Validation of Building Energy Simulation Tools (*)
Integrating Environmentally Responsive Elements in Buildings (*)
Energy Efficient Electric Lighting for Buildings (*)

Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government Buildings (EnERGO) (*)

Cost-Effective Commissioning for Existing and Low Energy Buildings (*)

Heat Pumping and Reversible Air Conditioning (*)

Low Exergy Systems for High Performance Buildings and Communities (*)
Prefabricated Systems for Low Energy Renovation of Residential Buildings (*)
Energy Efficient Communities (*)

¥t Towards Net Zero Energy Solar Buildings (*)

Total Energy Use in Buildings: Analysis and Evaluation Methods (*)

Integration of Micro-Generation and Related Energy Technologies in Buildings (*)

Reliability of Energy Efficient Building Retrofitting - Probability Assessment of Performance and Cost (RAP-RETRO) (*)

Cost Effective Energy and CO2 Emissions Optimisation in Building Renovation (*)

Evaluation of Embodied Energy and CO2 Equivalent Emissions for Building Construction (*)
Reliable Building Energy Performance Characterisation Based on Full Scale Dynamic Measurements (*)
High Temperature Cooling and Low Temperature Heating in Buildings (*)

New Generation Computational Tools for Building and Community Energy Systems (*)

Business and Technical Concepts for Deep Energy Retrofit of Public Buildings (*)

Ventilative Cooling (*)

Implementation of Energy Strategies in Communities (*)

LowEx Communities - Optimised Performance of Energy Supply Systems with Exergy Principles (*)
Long-Term Performance of Super-Insulating Materials in Building Components and Systems
Definition and Simulation of Occupant Behavior in Buildings (*)

Energy Flexible Buildings

Indoor Air Quality Design and Control in Low Energy Residential Buildings

Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings

Energy Epidemiology: Analysis of Real Building Energy Use at Scale

Building Energy Performance Assessment Based on In-situ Measurements

Assessing Life Cycle Related Environmental Impacts Caused by Buildings

Towards Net Zero Energy Resilient Public Communities

Competition and Living Lab Platform

Cost-effective Building Renovation at District Level Combining Energy Efficiency and Renewables
1 Deep Renovation of Historic Buildings Towards Lowest Possible Energy Demand and CO2 Emissions
1¥ Integrated Solutions for Daylight and Electric Lighting

Supplementing Ventilation with Gas-phase Air Cleaning, Implementation and Energy Implications
Occupant Behaviour-Centric Building Design and Operation

Resilient Cooling

Data-Driven Smart Buildings

Energy Flexible Buildings towards Resilient Low Carbon Energy Systems

Positive Energy Districts

Demand Management of Buildings in Thermal Networks

Indirect Evaporative Cooling

Energy Efficient Indoor Air Quality Management in Residential Buildings

Energy and Indoor Environmental Quality Performance of Personalised Environmental Control 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
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Working Group - Cities and Communities
Working Group - Building Energy Codes
Working Group - International Building Materials Database
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The Annex 74 ,Competition and Living Lab Platform® ran between January 2018 und June 2021 within the
Energy in Buildings and Communities Technology Collaboration Programme (EBC) of the International
Energy Agency. Annex 74 was intended as a platform for mapping and linking the building competition and
living lab experiences worldwide and working towards further improving both existing and developing new
formats. Annex 74 should stimulate the technological knowledge, the scientific level and the architectural
quality within future competitions and living labs based on the development of a systematic knowledge
platform as well as the link to obtain expertise from previous and current IEA activities. A total of eleven
experts from nine countries participated in this small annex with varying degrees of intensity.

This subtask acts as the “think tank” for the creation of innovative and useful competitions and living lab
experiences. For this, the evolution of existing competition formats such as the Solar Decathlon and the
creation, development and incorporation of the new competitions has been systematically analysed. The
goal of subtask B is to learn from previous SD Competitions and existing living labs in order to take
advantage of this knowledge, and learn how to improve and influence the direction and content of future
editions as well as new competition formats and living labs initiatives around the world, but not to
administrate/organize future competition.

Solar Decathlon is a competition that the U.S. Department of Energy began in 2002 (September) for
American universities, which consisted of designing, building and operating a prototype of energy self-
sufficient housing, powered by the sun, and equipped with all of the technologies that allow maximum
energy efficiency. The final phase consisted of assembling the prototype on the National Mall in
Washington D.C., where the so-called “Solar Village* was located, and where all of the prototypes were
exhibited and which then competed in 10 different Contests that make up the Competition (a decathlon). Its
main objective was to educate the next generation of architects and engineers, making them and the public
aware of the efficient use of energy, and promoting the development of integrated solar energy in houses.
It has been 19 years since the first Solar Decathlon took place, since then five pararell competitions are
being organized in Europe, China, Middle East, Latin America and Africa, overall 18 competions have been
carried out around the world.

The contests have been progressively improved, adapting to time, to tecnology innovation and research
and to local realities, forming one of the significant points of identity of the different Solar Decathlons
around the world.

In some editions, events and activities around the Solar Decathlon Competitions has been organized to
improve the educational and social awareness possibilities, and consequently improving the media impact
and incentivising companies into sponsoring the event.

The main objective of educating the next generation of architects and engineers and making them aware of
the need for more efficient and sustainable buildings is all well and good, but to what extent is this the
case? To what extent is it effective in raising awareness among students, professionals and the general
public on these issues? To what extent does it influence professionals? Innovation? And the development
of Student skills?

This report aims to provide knowledge on the real impacts and performances of the successive Solar

Decathlon competitions held around the world, as well as the organization of the events involved. These
impacts and performances are to be measured in an objective and quantifiable way, allowing a qualitative
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and quantitative analysis, as a basis for identifying key indicators, key drivers, lessons learned, etc. in order
to improve them in the future and bring the actual performances closer to the desired ones.
The objectives of this report outlines:

- Gathering existing experiences on the competitions and living labs around the world as well as the
events envolving them.

- Quantify and characterise the impacts and benefits in an objective way.

- Conduct a qualitative and quantitative analysis of SD performance, by means of surveys, indica-
tors, and qualified interviews

- ldentifying and analyse all the key drivers and lessons learned to assure an event that wrap up a
successful competition.

- Engaging experts to be involved and work on the rules and regulations of the individual competi-
tions within the Energy Endeavour.

- Defining new scenario developments that enrich existing competitions and living labs.

- The scope of EBC Annex 74 is on all Solar Decathlon editions and in the life after competition of
the houses. One of the most significant challenges is how to improve the performance of these im-
portant investments with new possible scenarios.

The methodology followed was diversed, starting with the systematic collection of information on the
various competitions held around the world to date, and documenting them in the Solar Decathlon
Knowledge Platform: their houses, their strategies and technologies, their performances in the competition,
as well as the objectives and strategies proposed by the organizing teams. Part of the information was
organized in the Organizations’factsheets and Postcompetition Factsheets.

A systematic worldwide survey was developed to measure the impact and performance of every edition.
Dozens of semi-structured interviews were conducted to complement the raw data of the surveys and to
enrich the analysis. More than 70 interviews were conducted with students, professors and researchers,
professionals, companies, and the different organizing teams and key people involved in the development
of the competition since its origins. These interviews have helped to understand the relationship between
objectives - strategies - achieved performance, key drivers, lessons learned, and suggestions for future
improvement.

Beyond the achievements and successes, there have also been unsuccessful strategies and
differentresults from one edition to another. If the Solar Decathlon is to be an effective vehicle to promote
innovation and social awareness to improve energy efficiency and the sustainability of our buildings and
cities, with a view to “zero carbon cities®, it is mandatory to document and critically analyse the
development of the editions..

The intense experience accumulated in all editions is rich and varied, a systematic analysis has been
carried out throughout this project to allow us to make a critical balance, to recognize the great potential of
the competition, and to draw many lessons learned not only regarding the competition itself, but also on
how to give continuity by taking advantage of previous experience and maximizing the outreach
performance.

This is precisely the approach used to measure the performance achieved in these aspects. The following
report documents the conclusions and lessons learned from these editions held so far, and provide a
critical analysis with some recommendations on how to improve and enhance the potential of The Solar
Decathlon. It has great potential to align and support with the priorities of the Sustainable Development
Goals.
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Abbreviations

Abbreviations Meaning

APDI Association of Lighting Professionals

BACS Building Automation and Control Systems

BEMS Building Energy Management Systems

BIPV, Building Integration Photovoltaics

BIM Building Information Modelling

BUW Bergische Universitat Wuppertal

CAD Computer Assited Drawing

CECODAS European Social Housing Agency

CERMI Comité Espafiol de Representantes de Personas con Discapacidad
CISOL Centre d’Investigacié Solar

CODA China Overseas Development Association

CSTB Scientific and Technical Centre for Building

DEWA Dubai Electricity and Water Authority

DOE US Depatament of Energy

ECSO European Construction Sector Observatory

EMI Epitésiigyi MinGségellendrzé Innovéciés Kht.

EEF Energy Endeavour Foundation

GAIA Les Grands Ateliers Innovation Architecture

GBCE Green Building Council Spain, The European Social Housing Agency
GESLAB Global Energy and Sustainable Laboratory in Building

HVAC Heating, Ventilation and Air Conditioning

ICT Information and Communications Technology

IDAE Instituto de diversificacion y ahoro de energia

loT Internet of Things

IRESEN Moroccan Research Institute in Solar Energy and New Energies
KPls Key Performance Indicators

Mou Memorandum of Understanding

MV/LV Medium Voltage / Low Voltage

NEED National Energy Education Development Project

NREL National Renewable Energy Laboratory

ONCE Organizacién Nacional de Ciegos Espafioles

PCM Phase Change Materials

RES Renewable Energy Sources

RVI Representative value index

SCCEIP Smart Cities and Communities European Innovation Partnership
SD Solar Decathlon

SDE Solar Decathlon Europe
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SDC Solar Decathlon China

SDLC Solar Decathlon Latinamerica and Caribe
SDME Solar Decathlon Middle East

SDA Solar Decathlon Africa

SDG Sustainable Development Goals

SDKP SD Knowledge Platform

SMEs Small and Medium Enterprise

STEM Science, technology, engineering, and mathematics
TES Thermal Energy Storage (TES)

UPM Technical University of Madrid

VET Vocational and Educational Training.
ZEB Zero Energy Buildings

ZEC Zero energy clusters

Definitions

Assembly: Period between the arrival of trucks and the beginning of the contests in the SD Solar Village.
Communications Materials: All printed or electronic publications designed to convey information
supporting the Competition goals.

Please refer to the Graph Chart & Brand Manual.

Competition: All aspects of the Solar Decathlon Europe 2019 in Hungary related to the 10 contests and
the scoring of those contests, along with the project development of the Competition houses.

Competition Calendar: The timetable establishing the dates of the final phase of the Competition and the
daily activities assigned.

Competition House: Complete assembly of physical components installed on SD Solar Village, in
compliance with the SD Rules.

Contes: The Solar Decathlon Europe competition consists of 10 separately scored contests, each
containing one or more sub- contests.

Contest week: Period of days on SDSolar Village when some or all contests are active.

Disassembly: Period between the conclusion of public tours and the completion of SD Solar Village clean-
up.

Electric and Photovoltaic Chart — Interconnection Application: Form submitted by the Team’s
electrical engineer to the Site Operations Coordinator, which provides the technical details needed to
determine the suitability of the Team’s electrical and photovoltaic systems for interconnection to the village
grid.

This form is part of the Electric and PV Chart and Checklists document.

Electric and PV Chart and Checklists: Document that includes the "Electric and Photovoltaic Chart",
"Electric System Design Checklist", "Photovoltaic Checklist”.

and "Electrical Storage System Checklist". It must be completed and submitted by Teams from Deliverable
3 onwards.

Event: Activities that take place on SD Solar Village including, but are not limited to, registration, assembly,
inspections,

contests, special events, public exhibits, and disassembly.

Event Sponsor: An entity selected by the SD Organization to support the project and help to ensure its
success.

Final phase of the SD Competition: The period of days including assembly, disassembly, and contest
week periods.

Graphic Chart & Brand Manual: A document that describes, defines, and illustrates how the SD’s visual
identity elements, when used correctly, can help to create a consistent and memorable communications
programmes and actions, thus building a distinct personality for the SD brand.

17/242



This document guides you in how to present the brand in various visual media such as print, internet and
broadcast.

Grid-Tie Assembly: Period during assembly after the house has been connected to the village grid
(interconnected).

Inspection: Each of the inspections realised in all the Competition Houses on SD Solar Village for verifying
compliance with the SD Rules.

Inspections Card: Official card indicating the Teams’ inspections’ status.

Jury: Group of individuals selected by the Organizers to make evaluations on a specific aspect of each
Team’s project according to SD contests.

Penalty Referee: Individual, appointed by the Organization, to examine and assess the Team’s faults, and
propose to the Competition Manager all penalties in accordance with the Rules. They shall determine the
severity of Rules infractions, classify them as minor or major and report them to the Competition Manager.
Penalty Referee shall be independent of the SD Organization and shall have a nationality other than the
nationality of the competing Teams.

Protest Resolution Committee: Group of individuals selected by the Organizers to resolve Team protests
during the Competition. The Protest Resolution Committee consists of people who are familiar with the
project, but not part of the organization or the Teams.

Public Exhibit: Areas of the Competition site open to the public during designated hours.

Rule: Principle or regulation governing conduct, action, procedure, arrangement, etc., for the duration of
the project.

Scored Period: Any period during which a particular measured contest is in progress.

Scoring Server: Digital application that collects data from the central data logger server, includes forms for
manually entering jury and task- based sub contest results, and calculates composite scores.

Solar Decathlon Europe Building Code: A set of design and construction standards set forth and
enforced by the Solar Decathlon Europe Building Official for the protection of public health and safety
during the event.

Speed Peer Review: A platform for exchange and knowledge to raise awareness and solve problems.
Teams make short minute presentations of their solar house projects in front of their peers. They
synthesise their concepts, learn from the other Teams projects and from each other.

Stand-Alone Assembly: Period during assembly before the house has been interconnected to the village
grid.

Sub Contest: An individually scored element within a contest.

(Juried) Sub Contest: Sub Contest based on jurors’ assessment.

(Measured) Sub Contest: Sub Contest based on task completion or measured performance.

Village Grid: Bi-directional, AC electrical network system installed on the Competition site which will
constantly and individually measure the contribution and consumption of electrical energy of each house.
Communications Manager: This manager is the organizer responsible for the project’s public outreach,
communications activities and special events.

Competition Direction: Competition Director is the organizer responsible for the management of the
competition and responsible for mobilizing all the necessary resources for the achievement of its
objectives, with decision-making authority in aspects related to the scope, planning, Rules and quality of
the Competition.

Competition Manager: Enforcing the Rules and stating its content, conducting a fair and compelling
competition, assigning penalties, and scoring.

Competition Strategies Management: Planning, coordinating, and controlling all the activities related to
the Competition.

Competition Coordination: Organizing and supervising the Deliverable reviews, and planning,
coordinating, and controlling the activities relate with the Competition.

Infrastructure Management: Planning, execution, development, and control of all the activities related to
the assembly, functioning and disassembly of Solar Village.

Inspection: Carrying-out the house’s inspection and filling out the corresponding Inspection Card,
according to the SD Building Code.

Monitoring & Scoring Management: Monitoring & Scoring Manager is the organizer responsible for the
instrumentation system, monitoring and scoring of the Competition.

Jury Manager: Organizer, liaison between the Solar Decathlon Organization and the jury, responsible for
accompanying the jury during the house visits, the deliberation process, and the evaluation reporting.
Competition area.

Observer: An organizer assigned by the Competition Manager to observe Team activities during the
contest week. An Observer reports observed infractions of the Rules to the Rules Officials and records the
results of specific contest tasks but does not provide interpretations of the Solar Decathlon Europe Rules.
Competition Area.

Office Services Manager: Organizer responsible for planning, coordinating, and directing a broad range of
services that allows the Organization to operate efficiently. Office Services Area.
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Press & External Communications Coordinator:

Organizer responsible for communications issues between the internal and external parties of the Solar
Decathlon, acting as proxy between the participating Teams and the media.

Project Manager: Organizer responsible for the management of the project and responsible for mobilizing
all the necessary resources for the achievement of the objectives, with the final decision-making authority
in all the aspects related to the scope, planning, costs, quality, resources, communications, risks,
sponsorship, and acquisitions of the project.

Public Events Coordinator: Organizer responsible for planning, coordinating, implementing, and
developing all the public activities and events related to the Competition and for the public outreach of the
project. Communications Area.

Rules Official: Organizer authorised to interpret the Rules. The Competition Manager is the lead Rules
Official. Competition Area.

Scorekeeper: Individual selected by the Organizers to operate and maintain the scoring server during the
Competition. Competition Area.

Site Operations Coordinator: Organizer responsible for the evaluation of the Teams’ Site Operations
plans, consequently developing the Competition site operation plan and the coordination and supervision of
the houses’ assembly and disassembly works at Solar Village.

Universities Relations Coordinator: Organizer responsible for the communications with the participating
Teams, helping them through the project development. Competition Area.
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Solar Decathlon is a competition that the U.S. Department of Energy launched at the end of the 20th
century, the first edition of which was held in Washington DC in 2002.Seven other editions have been held
since then in US. In 2007 the competition jumped to Europe thanks to the Universidad Politécnica de
Madrid, who organized the first two competitions of Solar Decathlon Europe, and of which 4 editions have
already been held. Subsequently China , Latin America, and Middle East organised two editions each,
and Africa has hosted one so far. In total 18 editions have been held to date, with another 6 foreseen for
the coming years.

Every competition consists of students designing, building and operating a prototype of high energy-
efficient and sustainable houses, zero energy powered by the sun. The final phase consists of assembling
the prototype to make up the so-called “Solar Village*®, in which all of the prototypes are exhibited and
compete in 10 different Contests that comprise the Competition (a decathlon). Its main objective is to
educate the next generation of architects and engineers, making them and the public aware of the need for
more efficient and sustainable buildings and cities.

The extent to which these objectives have been achieved is one of the raisons d”étre of this report, which
attempts to collate the experience of the competitions and associated events as a whole, to evaluate it from
both a qualitative and quantitative point of view, with its impacts and performances, to correlate the
objectives with the strategies, and these with the results and performances achieved. The quantitative
analyses developed with surveys and performance indicators, as well as the qualitative analyses
developed with more than 70 interviews conducted with students, professors and researchers,
professionals, companies, and the various organizing teams and key people involved in the development of
the competition since its origins, have allowed us to understand these relationships and to identify, key
drivers, lessons learned, and suggestions for future improvement.

This report summarises and systematizes all of the work performed by the Annex 74 team, describing the
evolution of the competitions from their origins to the final use of the prototypes after the competition, the
evolution of the Rules & Regulations, the evolution of the events and projects that have been developed
around the different competitions, with their strategies, and the analysis of some of the most outstanding
successes. It also describes and analyzes the strategies, objectives, and implementations developed by
the different organizing teams with their performances and lessons learned.

The performances of competitions and associated events are assessed objectively through surveys and
indicators, and a qualitative analysis is made in particular on the educational performances and
professional skills development by the students, as well as the impact from the point of view of
communications and social awareness. Finally, it identifies the main key drivers for successful competitions
and their linked events, from their various points of view, finally extracting the main conclusions and
lessons learned regarding the university competitions, the associated events, the experience of the
organizing teams, and the performances and impacts of The Solar Decathlon.
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Methodology

The focus of EBC Annex 74 is on all Solar Decathlon editions. Since the first competition in 2002, the Solar
Decathlon has expanded internationally to include five additional worldwide competitions: Solar Decathlon
Africa, Solar Decathlon China, Solar Decathlon Europe, Solar Decathlon Latin America and Caribbean, and
Solar Decathlon Middle East. Since 2002 SD has pursued essentially similar objectives, but the
introduction of wider and more topical challenges since then it has had an impact on the competition results
and its evolution.

Solar-powered houses that participate in Solar Decathlon are used as case studies. The purpose of this
competition is to facilitate understanding and raise the awareness of sustainable construction, and to shed
the light on the importance of passive design strategies combined with active solar systems to put the world
on a sustained pathway for decarbonised energy systems without compromising the high-standard of living
for households.

This report aims to provide knowledge on the real impacts and performances of the successive Solar
Decathlon competitions held around the world, as well as the organization of the events involved. These
impacts and performances are to be measured in an objective and quantifiable way, allowing a qualitative
and quantitative analysis as a basis for identifying key indicators, key drivers, lessons learned, etc., in order
to improve them in the future and bring the actual performances closer to the desired ones.

In order to achieve these objectives of Annex 74 concerning the impacts and performance of Solar
Decathlon competitions around the world, a methodology based on three main work phases has been
defined (figure 1):

PHASE |.A.- IDENTIFY USEFUL INFORMATION TO EMBODY THE KNOWLEDGE PLATFORM

IDENTIFY
PHASE I USEFUL INFO
PHASE |.B.- ADAPTATION OF THE KNOWLEDGE PLATFORM TO INCORPORATE ALL INFO
SDKP
W
PHASE |
PHASE Il.- GATHER AS MUCH INFO AS POSSIBLE GATHERING

INFO

PHASE I11.A.- ASSESSMENT METHODOLOGY: SURVEYS, INDICATORS, INTERVIEWS,... M
PHASE 1| \\/
PHASE 111.B.- CRITICALANALYSIS, DISCUSSION, KEY DRIVERS, AND LESSONS LEARNT ‘ ANALYSIS &

DISCUSSION

Figure 1: Research methodology

Work Phase |: Consisted of identifying what information would be important to gather in order to be able to
analyse the competitions held and the associated events both qualitatively and quantitatively, thinking
about how this information could - should - be analysed, and how to incorporate it into the SD Knowledge
Platform (SDKP), which should be adapted accordingly. The work was articulated in two successive sub-
phases:
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PHASE I.A.: Identify useful information to embody the knowledge platform
PHASE 1.B: Adaptation of the knowledge platform to incorporate all this information.

Work Phase Il:Consisted of gathering information from every competition, both, from participating teams,
their houses and its performance, and from the organization teams. This information has been uploaded to
the Knowledge Platform.

Work Phase lllI: Real focus of our work and where added value is given to the information gathered. A
systematic methodology has been developed to carry out both the qualitative and quantitative analysis. The
application of this methodology has been articulated in two successive phases:

Work Phase Ill.A.: Assessment Methodology to objectify the impacts and performance of the different
editions. The methodology consists of five main areas of work:

— Study of the documentation gathered and in-depth knowledge of the evolution of the rules and
regulations, contests, strategies of the various organizing teams, and results obtained both from
the point of view of the competition, as well as the events and activities directly or indirectly
associated with Solar Decathlon competitions.

— Preparation of organization factsheets by the organizing teams compiling the main objective data
of each edition, from the defined objectives, strategies, budget, planning, risk management, solar
village, competition, events, outreach, and main conclusions and lessons learned.

— Conducting a comprehensive global survey in which, from a previous selection of qualifying
questions, respondents were oriented to the different roles analyzed in the survey, such as
students, faculties and professors, professionals and industry, general public and visitors, and
organizers.

— The identification of variables, indicators and key performance indicators that, based on information
from the Knowledge platform, Organizations factsheets, Postcompetition Factsheets, and survey
results, were defined and calculated to facilitate the quantitative and qualitative analysis.

—  Semi-structured interviews (70) were conducted with different stakeholders from different
competitions. Distributed among decathletes from the SDE 2019 edition, faculties and professors
(from SDE 2019 and others), professionals and companies (mostly from SDE 2012), and, the most
important for the purposes of this report, with the relevant people who created the Solar Decathlon
Competition in the United States, those responsible for bringing the Competition to Europe, Africa,
China, or Miidle East, and those responsible for most of the organizing teams of the different
competitions held around the world.

Work Phase [lII.B: Critical analysis of all data, surveys, indicators, and information gathered about
competitions and linked events, discussion of results to perform qualitative assessments (about education,
professional skills, peoples’ awareness, etc.) and quantitative evaluation to analise the real performance
and impacts and identify the key drivers for successful SD competitions and its events. From this global
assessment some lessons learned have arisen.

Work Phase |IV.- Compilation reports with conclusions and recommendations which are deliverable is this
Solar Decathlon Competitions Report. Impacts and performance
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2. Solar Decathlon Competitions.
Evolution and linked initiatives

2.1 Origin. The concept. Initial Objectives

The origin of the Solar Decathlon competition is to be found in the student solar car racing competitions
(Solar Race) organized by the Department of Energy (DOE) at the end of the 20" century, which was the
inspiration for the brilliant idea of Mr. Richard King (DOE) to promote solar energy in homes through
university competitions, with the technical support of Ms. Cecile Warner (NREL), who had participated in
the organization of the university Solar Race competitions. Both were in charge of the organization of the
first four Solar Decathlon competitions, and Mr. King continued in the organization first, and in the technical
support even after his retirement, in practically all the 18 editions held around the world (figure 2: 9 in the
USA, 5 in Europe, 3 in China and 2 in Latin America, 2 in Middle East and 1 in Africa).

SOLAR DECATHLON
EUROPE (5)

DOE SOLAR
DECATHLON (9)

SOLAR DECATHLON
CHINA (3)

SOLAR DECATHLON
LATINAMERICA (2)

SOLAR DECATHLON
MIDLE EAST (3)

SOLAR DECATHLON
AFRICA (1)

Figure 2: Solar Decathlon evolution.

The goals of the Solar Decathlon US 2002 were quite ambitious and all of them are still pertinent 19 years
later in most of the territories, even so, the scope of Solar Decathlon has evolved as can be observed in the
following analysis of its goals evolution. The Objectives of the first Solar Decathlon competition were to
effectively integrate architecture and technology to create attractive houses that are comfortable to occupy,
provide the amenities for, and energy to power, typical household and home office activities and produce
enough additional power to maintain the charge of an electric vehicle. The engineering design challenge to
accomplish these objectives was integrated into all parts of the design, construction, and operation phases.

Currently, the specific Solar Decathlon’s goals are to:
— Provide participating students with unique training that prepares them for the clean energy
workforce.
— Educate students and the public about the latest technologies and materials in energy-efficient
design, clean energy technologies, smart home solutions, electric vehicles, and high-
performance buildings.
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— Demonstrate to the public the comfort and savings of homes that combine energy-efficient
construction, home systems, appliances, and innovative design with onsite renewable energy
production.

Compared with the initial goals there has been an evolution, the evolution of these goals has had a direct
impact on the Contests, in the houses designed and in the competition itself.

As Solar Decathlon has expanded internationally, the goals of the Solar Decathlon have been adapted to
local idiosyncrasies. The Solar Decathlon essence has been maintained, but in these six worldwide
competitions: Solar Decathlon Africa (SDA), Solar Decathlon China (SDC), Solar Decathlon Europe (SDE),
Solar Decathlon Latin America and Caribbean (SDLAC), and Solar Decathlon Middle East (SDME)
interesting new approaches have been integrated which have influenced in the competition results.

The SDE 2010 goal was to contribute to the knowledge and dissemination of industrialised, solar and
sustainable housing, and therefore has the following basic objectives:

— To raise awareness of the students participating in the competition on the benefits and
opportunities offered by using renewable energies and sustainable construction, challenging
them to think creatively and develop innovative solutions that contribute to energy savings and how
it affects our everyday lives.

— To encourage the construction professionals to select materials and systems that reduce the
environmental impact of a building over its entire lifetime, optimizing its economic viability and
providing comfort and the safety of occupants.

— To educate the public about responsible energy use, renewable energy, energy efficiency,
and the technologies available to help them reduce their energy consumption.

— To emphasise the correct order of intervention: first reducing the building’s energy
consumption and increasing its energy efficiency; and afterwards, integrating solar active
systems and/or other renewable technologies. Moreover, the building systems must be
selected and dimensioned using environmental and cost-effective criteria.

— To encourage the use of solar technologies and other renewable energy sources.

— To promote architecturally attractive solar system integration, working on using the solar
technologies to replace conventional construction materials in the building envelope such as the
roof, skylights or facades.

— To clearly demonstrate that high performance solar homes can be comfortable, attractive
and affordable.

The purpose of the Solar Decathlon China 2013 competition was to closely combine solar energy, energy
conservation and architectural design into a new integrated way with the help of the technology and
creativity of the world”’s top R & D, and design teams, so as to design, build and operate a solar residential
space with perfect functions, comfort, livability and sustainability, And through the competition to accelerate
the international integration and exchange of knowledge within the solar energy industry, promote the
innovation, development and commercialisation of related technologies.

Solar Decathlon China 2018 aimed to explore ways of promoting green development through competition,
to promote green technology and industrial innovation, and advocate the popularisation of a green lifestyle.
The goal of the SDME 2018 Organization was to contribute to the knowledge and dissemination of
industrialised, solar and sustainable housing, and therefore had the following basic objectives:

— To raise awareness of the students participating in the competition of the benefits and
opportunities offered by the use of renewable energy technologies, energy management and
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sustainable construction, challenging them to think creatively and develop innovative solutions
that contribute to energy savings.

— To encourage professionals from different industries to select materials and systems that reduce
the environmental impact of their buildings, optimizing its economic viability and providing comfort
and the safety of occupants.

— To educate the general public about responsible energy use, renewable energy, energy
efficiency, and the technologies available to help them to reduce/optimise their energy
consumption.

— To encourage the use of solar technologies.

— To promote architecturally attractive solar system integration, working on using solar
technologies to replace conventional construction materials in the building envelope such as the
roof, skylights or facades.

— To clearly demonstrate that high-performance solar homes can be comfortable and
attractive.

— Toincrease public awareness about energy for residential use. The competition demonstrates that
a beautifully and well-designed house can generate enough electricity to meet the needs of a
household.

The goal of the SDA 2019 Organization was to contribute to the knowledge and dissemination of solar
and sustainable housing, with the following basic objectives:

— Raise awareness of participating students of the benefits and opportunities of renewable
energies and sustainable construction and challenging them to think creatively to develop
innovative solutions that contribute to energy savings.

— Educate the public regarding responsible energy use, renewable energy, energy efficiency and
available technologies to help reduce energy consumption.

— Promote the use of solar technologies, including architecturally attractive solar system
integration, and enhancing the use of solar technologies to replace conventional construction
materials in the building envelope such as the roof, skylights, or facades.

— Demonstrate that high performance solar homes can be comfortable, attractive, and
affordable.

Solar Decathlon has pursued essentially similar objectives since 2002 but the introduction of wider and
more up-to-date ambitions has had an impact on both the “Rules and Regulations” and in the competition
results.

Since the first competition in 2002, the Solar Decathlon has expanded internationally to include five
additional worldwide editions: Solar Decathlon Africa, Solar Decathlon China, Solar Decathlon Europe,
Solar Decathlon Latin America and Caribbean, and Solar Decathlon Middle East.

In the fall of 2002, 14 teams of college and university students from across the United States, including
Puerto Rico, competed in the first-ever Solar Decathlon on the National Mall in Washington, D.C. The Solar
Decathlon”s 10 contests challenged the teams to design and build energy-efficient, completely solar-
powered houses. The competition, which was open to the public for more than a week, gave both the
students and visitors to the Mall an opportunity to experience homes that feature environmentally sound,
cost-effective technologies that meet the energy demands we face today.
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The Challenge: “On the domestic front, our industry’s goal is to meet 10% of U.S. peak generation capacity
by 2030...” — Solar Electric Power, the U.S. Photovoltaic Industry Roadmap - One Approach to the
Challenge: Install significantly more building-integrated PV systems in residential and commercial buildings,
growing to 1.7 GWp/aby 2020.

In 2020, the U.S. installed 19.2 gigawatts (GWdc) of solar PV capacity and by 2030, the current estimate is
that 13.4% of U.S. homes will have a solar PV system. Residential deployment reached a record 3.1 GW in
2020, exceeding the goal to meet 10% of U.S. peak generation by 2030.

In the fall of 2005, 18 teams from colleges and universities across the United States, including Puerto Rico,
and from Canada and Spain, assembled in Washington, D.C., for the second Solar Decathlon. The United
States Department of Energy (DOE), its National Renewable Energy Laboratory (NREL), the National
Association of Home Builders (NAHB), the American Institute of Architects (AlA), and private-sector
partners BP, Sprint Nextel, and DIY Network sponsored the Competition. The 2005 event took place from
October 6—-16, 2005, on the National Mall in Washington, D.C. The Mall was again selected for this event
because it is a national stage, but it necessitated the transport of each solar home from its campus to and
from Washington, D.C., at considerable expense. Regulations that were designed to protect the National
Mall limited building size and height, mandated handicapped accessibility, prohibited excavation, and
limited the entire event (arrival, assembly, competition, disassembly, and departure) to 21 days.

The main innovations with respect to the prior competition in 2005 was to restructure the rules to focus on
earning points vs. penalties that detracted from a perfect score. In this edition, the organizers also
implemented a building code, with a greater emphasis on safety which was to become a key element of all
future Solar Decathlon competitions globally. Without a safe event, the important messages of the Solar
Decathlon could not be received. In this edition, all of the teams received $5,000 from the Department of
Energy to compete.

For 2007, the competition continued to evolve. The main objects were categorised in three areas:
Education, Competition, and Research & Development. For students, the competition provided hands-on
learning to enhance classroom instruction. For the general public, the solutions inspired action in their own
homes. For professional builders and architects, the competition influenced their future projects and
careers. With regard to the competition, the objectives were to provide student motivation, generate public
interest, and challenge perceptions: demonstrating actual working homes that look good. The final
objective, R&D, the project showcased side-by-side comparisons of building technologies and provided an
opportunity for industry and researchers to test within an iterative design process.

In 2009 (see figure 3), the competition refined what was done in The 10 Decathlon Contests - 2009

the prior event. The main objectives surrounded competition and
education. Additional funds were provided to each competing team

e . . * Architecture — 100 points (subjective)
- $100,000 per team, and competition criteria were refined. In  Market Viability — 100 points utredtve
2009, the competition generated more than 300,000 house visits * Engineering — 100 points (subjective)
- . . e * Lighting Design — 75 points (subjective)
and 2.3 million Web site page views. In 2011, the competition « Communications — 75 points (subjective)
pursued much the same structure as 2009, though the location » Comfort Zone — 100 points (objective)
. . i . * Hot Water — 100 points (objective)
was shifted from the main section of the National Mall to West - Appliances — 100 points (objective)
Potomac Park. The competition allowed for slightly larger homes * Home Entertainment — 100 points (objective)
. . . * Net Metering — 150 points (objective)
and increased its focus on affordability in response to the
economic recession. Alongside the 2011 edition activities, the SD US 2005 contests and scores.

Solar Decathlon began to expand internationally, with the first
international event occurring in Europe in 2010.
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The Universidad Politécnica de Madrid (UPM) participated in three editions of the American Competition: in
2005 (first non-American university to participate in the Competition); in 2007 and in 2009. During the 2007
Competition, a Memorandum of Understanding (MOU) was signed between the Spanish and the American
Governments, by virtue of which Spain would organize two editions of the Competition in Madrid, for
European Universities, giving rise to the international Solar Decathlon Europe Competition.

The Spanish Government commissioned UPM to organize the first two editions of the Competition in
Europe, with the aim of adapting it to European sensibilities, and taking advantage of the SDE to raise
awareness and educate not only European university students, but also professionals and citizens,
promoting energy efficiency, renewable energy, and the sustainability of buildings and cities.

The organizing team articulated two additional major objectives to be developed:

— To promote the Innovation and Generation of Knowledge in systems to improve the energy
efficiency of buildings, the integration of renewable energies, and the enhancement of sustainability
in cities and buildings, transferring all this knowledge to the industry and professionals, in order to
generate a critical mass of technical experts who integrate it into their daily thinking, and can apply
it in their designs and technical activities.

— To take advantage of the social interest and the media attraction that the Competition aroused
in the media in order to sensitize society, from children and young people to the general public, to
the responsible use of energy, the need to improve the energy efficiency of our buildings, to
integrate renewable energies, and to help develop a more sustainable society.

In order to meet the challenge and the proposed objectives, many changes and innovations were
incorporated into the Competition in Europe. Various strategies were developed, many of them shared
with the participating teams, some favoured by the European Commission, and many of which were
extended and improved on in the successive European Competitions. This developed an SD Competition
with a clear European character and different from the other editions held over the years in the United
States, China, Latin America, the Middle East, and Africa.

Four editions of Solar Decathlon Europe have taken place to date: SDE 2010 & SDE 2012 in Madrid with
the commitment of the Spanish Government, SDE 2014 in Versailles with the commitment of the French
Government and SDE 2019 in Szentendre.

The Energy Endeavour Foundation (EEF) is a Netherlands-based non-profit business entity endorsed by
the U.S.Department of Energy (DOE) to steward the SDE in 2016. Custodian of the SDE Rules and SDE
brand, the EEF nowadays produces the European-wide SDE Call for Cities and its corresponding
international SDE Call for Teams. The Energy Endeavour Foundation provides the structure and framework
for the future of the SDE.

SDE 2019 in Szentendre was organized under the Energy Endeavour Foundation designation and the
commitment of the Hungarian Government. The next edition of SDE 2021 will be held in 2022 (postponed
as a result of COVID19) in the German city of Wuppertal, under the Energy Endeavour Foundation
designation and the commitment of the German Government.The Second Phases SD US Competitions:
SD 2013, SD 2015, SD 2017

For the period of 2013 — 2017, the competition left Washington, D.C. and was hosted by local
municipalities, first in California and then in Colorado. The U.S. edition of Solar Decathlon was in 2013 and
2015 held at the Orange County Great Park in Irvine, California. Teams competed to design, build, and
obtian cost-effective operation, energy-efficient, and attractive solar-powered house. The teams spent
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almost two years designing and building energy-efficient houses powered by the sun. In the final
competition, the teams and their houses went head to head in 10 contests to determine an overall winner.
The winning team produced a house that:

— Was affordable, attractive, and easy to live in

— Maintained comfortable and healthy indoor environmental conditions
— Supplied energy for cooking, cleaning, entertainment, and commuting
— Provided adequate hot water

— Produced as much or more energy than it consumed.

For this edition, the program benefitted from a highly publicised event with high-quality designs and a
successful collaboration with industry. The team adapted to changes in the site and local municipal
governmental control. Some challenges, such as how to get started with recruiting amidst a government
shutdown due to lack of funding, the challenge of dealing with a non north-south site, challenging wind
conditions, but productive engagement in educating students, enthusing the public, and involving industry.

For the 2017 edition, the party responsible for carrying out of the competition changed from the National
Renewable Energy Laboratory to a private industry partner, Energetics, Inc. The Solar Decathlon 2017
competition was held in October 5-9 and 12—-15, 2017, in Denver, Colorado, at the 615t & Pefia Station on
the University of Colorado A line commuter rail connecting Denver International Airport to downtown Union
Station. Eleven teams competed to design, build, and operate cost-efficient, energy-efficient, and attractive
solar-powered house. The Swiss Team won the overall competition with their entry,

NeighborHub. It was the first entry for this combined team of Ecole Polytechnique Fédérale de Lausanne,
School of Engineering and Architecture Fribourg, Geneva University of Art and Design, and the University
of Fribourg. For more information about the 2017 event, read the visitors guide.
(https://www.solardecathlon.gov/2017/)

The 2017 competition was enhanced with new contests to emphasise:
— Innovation
— Water use and re-use strategies
— Smart energy use
— Market potential.

In addition, Solar Decathlon 2017 emphasised:
— Cost-effective architectural and engineering design
— Energy-efficient heating and cooling systems, appliances, and electronics
— Occupant health and comfort
— Communications.

For the first time in the event”s history, teams were eligible for cash prizes vs. pre-determined contracts for
financial support. Each team that successfully built a solar house at the competition site would receive at
least $100,000 for rising to the challenge, and top finishers would receive significantly more. With DOE
funding limited to $2,000,000 in total, the return on investment was incredibly high with over 2,000 students
educated (less than $1,000 per student) and over 40,000 visitors (50 per student) if each were counted
individually. Overall, though, it was a challenging structure to work with a for-profit entity in a new city on a
tighter timeline.
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In January 2011 SD China signed an MOU between China & the US, in April 2011 the first SD China was
launched. In September 2011 Datong was chosen as the SD China 2013 host City, in Shanxi Province.
The next milestones are highlighted:
— 2012.05 SDC 2013 final teams released.
— 2012.10 SD China 2013 competition housing concepts and models released.
— 2012.12 SD China 2013 official mascot “YangYang“ and slogan “,“Shine in the Future, Great
Harmony in the World “ Released.
— 2013.08 SD China 2013 Finals opened, exhibited, awarded and closed.
— 2016.04 SD China 2017 host city Dezhou City, Shandong Province.
— 2016.07 SD China 2017 final teams appeared.
— The second SD China competition was launched in April 2016, as SD China 2017 hosted in the city
of Dezhou City, Shandong Province, and in July 2017 the final teams were selected.
— 2016.07 SD China 2017 final teams appeared.
January 2017. Housing concept and model released and the final dates were postponed to 2018. The SD
China 2018 final opened in August 2018, exhibited, held a series of activities, presented awards and
concluded

Solar Decathlon Latin America and Caribbean was conceived in March 2014, through a memorandum of
understanding between the U.S. Department of Energy and the government of Colombia. This competition
has a great difference in relation to others because it was the first edition in this region of the planet and the
projects must be adapted to the needs of a tropical climate and respond to the need for social housing,
prioritizing solutions with a positive impact on the community.

The first competition was held in Columbia, where fifteen universities participated in December 2015.
Universities from Uruguay, Peru, Mexico, Chile, Panama, United Kingdom, United States, Spain and parts
of Colombia presented their prototypes to the public at the Solar Villa located on campus of the Universidad
del Valle in Santiago de Cali, Colombia.

The organization Solar Decathlon Latin America and the Caribbean decided to focus on four components
which were: Social Housing, Density, Rational use of Environmental Recourses and Regional Relevance.
In addition to all the basics of the Solar Decathlon objectives, the teams had to focus on housing solutions
specifically for the Latin America and Caribbean region, that prototypes are affordable, that meet the needs
of occupants with reduced mobility, that are suitable for dense urban areas and obviously make efficient
use of natural resources.

The contests of this competition were: Architecture, Engineering and Construction, Energy Efficiency,
Electrical Energy Balance, Comfort Conditions, House Functioning, Urban Design & Affordability,
Innovation, Sustainability and Communication, Marketing and Social Awareness. Each of them had a
maximum score of 100 points, totaling 1,000.

Among the fifteen participating houses, the one with the highest score and first place was the team from
the Universidad ORT from Uruguay with the prototype called “La Casa Uruguaya“ (see figure 4) and a total
score of 779.15. Completing the podium, “Calicivita“, representing the Pontificia Javeriana de Cali and
ICESI universities took second place with 777.55 points. Third place went to the house “HisCali“
representing the universities of Santiago de Cali and Sevilla with a total score of 764.38.
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Figure 4: SDLAC 2015 Winner: La Casa Uruguaya (Universidad ORT Uruguay)

Totaling 689 participating people and 72,200 visitors, the competition was considered a success and on
November 21, 2016, representatives from the U.S. Department of Energy; the National Planning
Department (DNP) and the Ministry of Mining and Energy (MME) of the Republic of Colombia; and the
State of Valle del Cauca, Colombia signed a memorandum of understanding to collaborate on the
development of the second Solar Decathlon Latin America and Caribbean that was held in December 2019
(figure 5).

The second competition was also held with the same objectives and in the same location as the first. In this
second edition, universities from seven different countries participated: Brazil, Italy, England, Peru,
Germany, Spain and different regions of Colombia.

Figure 5: SDLAC 2019 Solar Vila. (Carlos Rodriguez)

With the same contests as those held in the first edition, fifteen teams exhibited their prototypes at The
Solar Villa. The winning house of this edition was “Minga“, represented by the universities Pontificia
Javeriana de Cali (see figure 6) and Universidad Federal Santa Catarina/Instituto Federal Santa Catarina
(Brazil and Colombia). Second place went to “PEI“ (Pontificia Universidad Javeriana) and third to
“TUHOUSE" (Universidad de San Buenaventura/ Universidad Auténoma de Occidente).
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Figure 6: SDLAC 2019 Winner: Minga House (Universidad Javeriana de Cali)

2.2.5 The Middle East Competitions: SDME 2018 and SDME 2020

In 2018, the first competition was held in the Middle East. It was headquartered in the city of Dubai (see
figure 7), in the United Arab Emirates and organized by DEWA. Solar Decathlon Middle East 2018 aimed to
develop and promote ideas, capabilities and technologies that can be implemented for the benefit of the
inhabitants of the Middle East region.

The prototypes had to follow standards with respect to the cultural, climatic and social contexts of the
region, as well as a high-performance prototype that had to function successfully for the duration of the
competition. The proposals had to be aimed at solving the problems and needs of a sustainable life in this
region, where high temperatures, high humidity and dust affect the daily lives of the population for most of
the year.

Universities from the United States, Oman, Pakistan, Qatar, France, Jordan, Serbia, Netherlands, Italy,
Romania, Palestine, Saudi Arabia, Malaysia, Taiwan, Australia and from various parts of the UAE
participated for 14 days in total, in November 2018, in the first Middle East competition, located in
Mohammed bin Rashid Al Maktoum Solar Park in Dubai.

The main objectives of this competition were:

— Make the participating students aware of the benefits and opportunities offered by the use of
renewable energy technologies, energy management and sustainable buildings.
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— Encourage professionals from different market segments to select materials and systems that
reduce the environmental impact of buildings, optimizing their economic viability and providing
comfort and safety to occupants.

— Educate the public about responsible energy use, renewable energy, energy efficiency and
available technologies to help you reduce your energy consumption.

— Encourage the use of solar technologies.

— Promote architecturally attractive solar systems and the integration of solar technologies such as
roofs, skylights, or facades, and demonstrate that high-performance solar homes can be
comfortable, attractive, and affordable.

The competition that had 1,000 points to be distributed in the following contests: Architecture (max 100p),
Engineering and Construction (max 100p), Energy Management (max 140p), Energy Efficiency (max 80p),
Comfort Conditions (max 120p), House Functioning (max 120p), Sustainable Transportation (max 80p),
Sustainability (max 80p), Communication (max 80p) and Innovation (max 80p).

The winning house was from the United States, Team Virginia Tech (see figure 8) with a total score of
937.83. In second place was Team UOW, from Australia and UAE with a score of 905.56 and in third place,
Baitykool Team with 895.97 points.
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Figure 8: SDME 2018 Winner: Virginia Tech Team. (SDME)

The competition returned to the Middle East in October 2021 for new universities to bring what is most
modern and technological to the region.

2.2.6 The Solar Decathlon Africa: SDA 2019

In November 15, 2016 in Marrakesh, the Moroccan Ministry of Energy, Mines and Sustainable
Development; The U.S. Department of Energy; And the Moroccan Research Institute in Solar Energy and
New Energies (IRESEN); signed a MOU to collaborate in the development of the first African edition of
Solar Decathlon (see figure 9).

For the first time being held on the African continent, the event brought together more than 1,200 students
from 54 different universities with the aim of designing and building smart homes that run exclusively on

solar energy.

In order to emphasise the significance of Solar Decathlon Africa, the contestants had to integrate regional
sustainable raw materials while working on the components of the building. The competition”s main
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objectives were to generate knowledge on net zero energy buildings within the emerging continent,
highlighting the perks of decentralised solar energy in bringing about an increasingly electrified continent,
speeding up actions in achieving sustainable energy for all Africans, and taking advantage of local African
materials and knowhow in the building sector.

The first Solar Decathlon Africa was held in September 2019 where eighteen teams presented their
prototypes at the Solar Village, which was located in the Green & Smart Building Park R&D platform in the
city of Benguerir, Morocco. The houses were then evaluated by a jury of professionals throughout the ten
contests to determine the winners. The exhibited houses were intended to adapt perfectly to the African
climate and specifications. The African edition was characterised by the integration of local sustainable
materials in the components of the competition prototype houses. The teams used low energy embodied
materials and their projects should make a small environmental footprint.

Figure 9: SDA 2019 Solar village. (SDA)

With a total score of 846 points, the house “INTERHOUSE* (United States and Morocco) was the winner of
the competition (see figure 10). In second place, the house “Bayt-Akhdar” (Senegal and Morocco) had the
final score of 814 points. With a difference of just two points in relation to second place, home “Solar-Ution*
(Morocco) took third place.

/ // e .MM e
Figure 10: SDA 2019 Winner: Interhouse. (SDA)

Solar Decathlon Africa was one of the continent”s most ambitious and inspiring events in the area. As the
final balance of the competition, more than 300 companies supported the teams and organizers; the
program taught the visiting and participating public about energy efficiency and renewable energies; so far,
many innovative technologies have been developed by local companies; Business and job creation; many
start-ups and small and medium-sized companies benefited from the event’s advantages and emerged
with a growing potential for success.
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2.2.7 The new Solar Decathlon Europe Competitions coordinated by The Energy
Endeavour Foundation (EEF): SDE 2019 and SDE 2021/22

After five years without having any competition on the European continent, the fourth edition was held in
Szentendre, Hungary, in July 2019. Universities from Spain, Netherlands, Thailand, Algeria, Romania,
Belgium, France and Hungary, totaling ten teams, presented their home prototypes at The Solar Villa,
located in the EMI Szentendre Industrial Park.

SDE 2019 is the first competition in Solar Decathlon history focused on the renovation of existing buildings
(see figure 11). This was made incorporating the contest “Neighbourhood Integration and Impact’. Teams
had different aproaches to retroffit the built environment. Most students chose an existing building,
analising the building and the context proposing solutions to upgrade both. This contrasts with the
construction of new, energy-efficient residential buildings editions of the Solar Decathlon competition. This
positioning adopted affordable and viable building renovation schemes combining modern,
environmentally-friendly and innovative solutions. It is a fact that these are among the most relevant current
challenges faced by the construction industry, triggered by social demand in Europe and beyond.

.

Figure 11 SDE 2019 Solar Vila.

The contests that year were: Architecture; Engineering & Construction; Energy Efficiency; Communication
& Social Awareness; Neighborhood Integration & Impact; Innovation & Viability; Circularity & Sustainability;
Comfort Conditions; House Functioning; Energy Balance. Contests were worth 100 points each.

With a total of 853.48 points, the home of the French team “Habiter 2030“ won the competition (see figure

12). Second place went to the representative house of “Team MOR* (Netherlands) who had a total of
851.79 points. Third place was “Team OVER4“ (Romania) with 802.50 points.

Figure 12: SDE 2019 Winner: Habiter 2030 House.

That year, the prototypes could be visited for longer than normal: an extended 2-month exhibition took
place after the end of the competition. In other editions of the Solar Decathlon Europe Competitions, the
disassembly of prototypes usually starts immediately after the final awards ceremony and takes place
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within a few days. SDE 2019 organizers decided to change this tradition to host an extended exhibition
beyond the 2-week public competition phase. The expanded exhibition was at the end of September 2019,
and allowed the prototypes to be visited by a very wide audience.

In October of that year, the call for the next SDE competition was opened, which will take place in 2022, in
Wuppertal, Germany.

Following the Solar Decathlon 2017, the U.S. Department of Energy expanded the ways in which teams
could compete by incorporating the historical Race to Zero student design competition, which first began in
2014. With this change, the Solar Decathlon expanded to include both a Design Challenge — where teams
design a zero-energy-ready building over 1 or 2 semesters and a Build Challenge — where teams design
and build a home. For the 2020 edition, the Solar Decathlon originally expected to exhibit some homes on
the National Mall as part of the Smithsonian Folklife Festival while others were built permanently in their
own community, however, due to the COVID-19 pandemic, the program was delayed and all homes were
built permanently in their own communities. By adding the Design Challenge, the U.S. Solar Decathlon
grew from about 20 teams per year to over 100 teams.

The annual Design Challenge allows for more schools, more building types, and a greater emphasis on
education at a lower cost-per-participant. Teams competing in the Solar Decathlon Design Challenge work
for one or two academic semesters. Participants prepare creative solutions for real-world issues in the
building industry. Qualifying teams complete a design project and attend the Solar Decathlon Design
Challenge Weekend, where they present their designs to a panel of industry expert jurors.

For the Local Build activities, not requiring the teams to transport their houses to a central competition site,
more schools were able to compete with lower budgets and lower environmental impacts. Collegiate
institutions that are recognized as leaders in cultivating career-ready, young professionals with cutting-
edge skills. Industry partners who collaborate with teams gain national and local recognition and have the
opportunity to interact with knowledgeable future design and construction professionals. To learn more
about the two-challenge structure, visit https://www.solardecathlon.gov/event/challenges.html and to see
the houses from the 2020 edition, visit the Solar Decathlon Virtual Village at
https://www.solardecathlon.gov/virtual village/ .

Construye Solar — Chile

The government of Chile has made a commitment to reduce the country”s energy consumption by 20% by
2025, and that 20% of the energy generated corresponds to non-conventional renewable sources. They
carried out a series of actions related to the energy and environmental agenda, which respond to this
commitment and within them Construye Solar Chile was created.

Organized in 2015 by the Ministry of Housing and Urbanism of Chile, the Chile Green Building Council and
La Ruta Solar, the competition that has already had three editions (2015, 2017 and 2019) invites
universities in Chile (and other places in the world) to design and build prototypes of sustainable social
housing, in order to contribute to improving the quality of this type of building and change the community”s
perception of social housing in Chile. The prototypes are built to the real scale and are exhibited for ten
days in the event called “Villa Solar* (see figures 13,14,15), which is located in Parque O”Higgins in
Santiago. The main objectives of the competition are:
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— Develop sustainable housing solutions that contribute to improving the quality of social housing in
Chile.

— Align the work of different sectors: The State, the private sector, the academic world and the
citizens, so that together they contribute to improving the quality of social housing in the country.

— Convene Chilean and foreign universities to develop innovative prototypes that offer feasible
solutions to replicate as social housing in the country.

— Promote the development of social housing prototypes that respond to particular problems, through
sustainable strategies.

— Disseminate among citizens the concepts of sustainability in construction through the exhibition of
proposals for sustainable social housing. Construye Solar participating teams compete through ten
individual contests. Like the Solar Decathlon competitions, the sustainable social housing proposal
that obtains the highest overall score is the winner. The houses were evaluated through three
modalities that are: jury contests (Architecture, Engineering and Construction, Communication and
Social Awareness, Urban Design and Accessibility, Innovation, Sustainability), Measured contests
(Well-being and Comfort, Housing Operation) and Mixed contests (Water Use, Energy Efficiency).

During the ten days of the Villa Solar, different activities were developed for families, public and
professionals interested in issues of energy efficiency and sustainability, such as workshops, sustainable
theater, eco-cinema, etc.

Figure 13: Winning Team 2015. Casa Parrén S-27 Figure 14: Winning Team 2017. Casa Parron S3

Figure 15: Winning Team 2019. Casa Tecno.
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Oman Eco House Design Competition

The EcoHouse Design Competition (EHDC) is a program based on the rules and concept of Solar
Decathlon where university teams are challenged to design, build, and operate energy efficient houses. In
2011, the concept of the competition was presented so that something similar could be carried out in
Oman. The Research Council of Oman (TRC) led the effort to organize the commitment that began to be
prepared the following year.

In November 2014, five teams participated in the competition which consisted of eight contests (see figure
16), which had a score of 100 points each, totaling a maximum of 800 points. As in SD competitions, the
winner is the team that accumulates the highest overall score in the competition. The eight contests were:
Conceptual Design & Design Development, Architecture, Engineering, Sustainability, Communications,
Comfort Zone, Appliances/Lighting/Electronics and Energy Balance. The winning team was the one that
best combined consumer appeal and design excellence with optimal energy production and maximum
efficiency.

Unlike the SD competition, the Oman Eco House Design Competition did not have a central location where
all the houses were gathered to be judged and visited. It was decided that the prototypes would be built
close to each respective campus, it being a decentralised competition.

Figure 16: Oman Eco House Design Competition. Right winning team house: HCT Team (City of Muscat), left 2nd
place house: GUtech team (City of Muscat).

In 2015, the development of a second edition of the EHDC began, which unfortunately, due to the
consequence of the collapse of oil prices in Oman, activities were suspended indefinitely.

Global energy & sustainable building Challenge (GESBC)

The Global energy & sustainable building Challenge is a proposal developed by The UPM for The United
Nations in 2013, to create a global research network based on active demonstrators / buildings developed
by universities worldwide in order to obtain measurable results within a continuous evaluation process.

The topic was to challenge universities worldwide to improve energy efficiency and sustainability in
buildings and cities dealing with both existing buildings to be retrofitted and new zero energy buildings. The
competition was designed with a wide margin of flexibility both in terms of the conditions of the houses and
the conditions of the competition, which were ultimately fully adapted to the local cultural and economic
environment. The competition measured the progressive improvement in sustainability and energy
efficiency conditions over time, so that the creativity and energy of university students was invested in
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innovating technologies and house performance, sharing knowledge in a worldwide network of GESBC
researchers and professors who shared knowledge and exploited synergies, transferring technologies and
strategies to resource-limited countries, with participation funded by the World Development Bank.

This challenge covers all technical and non-technical universities, from different countries with different
types of building processes adaptable to economic, social conditions, etc.

The main social objective is to provide a global collaborative network of GESBC researchers and
universities by:

— Promoting Research and Innovation: Developing new strategies, technologies and materials.
Enhancing interdisciplinary collaboration with R&D Institutions.

— Disseminating Communication: Creating awareness among local administrations. Transferring
knowledge to the university environment & professionals. Requesting the reformation of national
and local regulations.

— Sharing Knowledge: Exchange Program of Students & Researchers. Optional Technical Support
from U.N. Program (NGO, GBC, etc.). Workshops and Conferences (Annual Global + Yearly
Local). Publications (Newsletters, papers, etc.). Web site (virtual lecture room and real time
results).

The competition was to be held in dozens of universities around the world in developed, developing and
third world countries. It was articulated in five years of growth in accordance with the following scheme, in
which, as you can see in figure 17, could directly access all the Solar Decathlon houses of the various
competitions in the world, that entered directly in the year of the competition. Every University competed
from their campuses with all kinds of houses, buildings to be retrofitted, pavillions, with all kinds of local
Technologies, constructive solutions.

| - 'B] YEAR1 YEAR2 > YEAR3 > YEAR4 > YEARS 2 ool B

CONSTRUCTION
PROCESS

Figure 17: Schedule of Global energy & sustainable building Challenge

The proposal, which was never implemented, foresaw a system of recognition with UN quality labels that
would allow the international progress of universities in their commitment to sustainable development.
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By entering a Solar Decathlon Project, the team (faculty advisor, and the members of the team as
individuals) agree to comply with the document setting out Rules & Regulations.The Competition
Regulations exist to promote a fair and interesting competition. Failure to comply with the Competition
Regulations may result in official warnings, point penalties, or disqualification from the Competition.

From Solar Decathlon 2002 to 2019 the document has maintained the structure and essence: it is divided
into three Sections:

Section I: Definitions

In this chapter the specific terminology of the Solar Decathlon is compiled:

Decathlete, Observer, Contest, Contest Officials, Assembly and Disassembly, Faculty Advisor,
Headquarters, Inspectors, Jury, Official Scores, Organizers, etc. After each new edition of Solar Decathlon,
the Solar Decathlon Community grows and this terminology, full of meaning, travels around the world along
with the experience of new decathletes, faculty advisors and organizers.

Section II: General Rules

The Rules primarily exist to promote a fair and interesting competition. In this section information and rules
about the Authority, the Solar Decathlon Goals, the Organization, the Administration, the participation, the
site Operations and the houses design is compiled.

Section Ill: Contest criteria

Following the structure of the Olympic decathlon, the Solar Decathlon was conceived to have ten different
contests. These contests are designed to gauge how well the houses perform, how livable they are, and
how sustainable they are. The contests cover all the aspects of the sustainably built environment including
the integration of renewables and the communication and social awareness efforts of the solar decathletes.
That explains why the Solar Decathlon competition is known as the “Olympics of the Sustainable Built
Environment.”

There are three types of contest:

— From the first Solar Decathlon, depending on the evaluation method the contests are classified on
Juried, Monitored and Task Completion. The Juried Contests are evaluated by experts in their field.
The jury assessment is based on the documentation submitted by the teams, the information
shared by the teams during the project guided visit, and the on-site corroboration of the features of

the project.

— The monitored contests are related to the projects” success in providing comfortable indoor
conditions and their energy performance. The organizers install a monitoring system in each of the
projects that record their performance in real-time.

— The task completion contests are assessed based on the success of the teams in completing the
tasks required in the competition rules. The organizers designate people to supervise and record
the results of the teams when they carry out the tasks. These people are known as Observers.

The Competition Rules and Regulations have a direct impact in the design of the houses. The construction
process, in every kind of construction, usually has limitations. The usual conditionings are budget, space,

39/242



weather, time, etc. Nevertheless, limitations in the Solar Decathlon house construction process are more
and different than usual:

They are designed, built and operated by students.

They use Solar energy exclusively.

They must comply with a specific solar envelope, footprint and measurable area.

They must be assembled and disassembled in a specific available time and space.

They will be visited by a significant amount of public, so the orientation and the organization of the
lots are important to make them accessible and safe.

The houses performance and the students work will be evaluated in 10 contests.

Solar Decathlon has been in a continuous evolution, changes have been made from one competition to the
next one, nevertheless there are some major changes, which can be considered innovative and strategic,
making differences and being maintained in the following editions.

The main changes associated with the certain homogeneous periods of the competition are listed below.
The grouping of editions is determined by very significant changes, however, in addition to these changes,
other minor adaptations occur in all editions.

In the first editions there were significant adjustments (see figure 18), the main ones from SD US 2002 to
SD US 2011 being:

From 2002 to 2005 the main contest changes were made, most of the main contest will remain in
future editions as a sub contest. In 2002, the Architecture contest was called “Design and
Liveability”.

Evolution from autonomous houses to smart villages, from 2002 to 2007 houses were autonomous,
energy was stored in batteries in each house, in SD US 2009, the houses became part of the Solar
Village grid.

In SD US 2009 the contest “getting around” was eliminated.

Some relevant changes were incorporated into the second period of SD US (SD US 2011 to SD US 2017) :

For the first time in the event”s history, teams were eligible for cash prizes. Each team that
successfully built a solar house at the competition site would receive at least $100,000 for rising to
the challenge, and top finishers would receive significantly more.

In SD US 2015 the contest “Commuting” and the contest “Water” were incorporated.

In SD US 2017 the contest “Commuting” was eliminated.

An adaptation of the Competition to European reality resulted in the incorporation of the largest number of
changes between competitions (Main changes from SD US 2009 to SDE 2010):

Evolution from a Solar Houses Competition to Sustainable Houses Competition.

Shift the focus from high energy production to low consumption (low energy demand) and a wise
use of the energy, seeking alignment with the energy efficiency policies of the European Union.
Increasing the emphasis on the integration of the solar systems (BIPV) and the nearly Zero Energy
Buildings (NZEB).

For first time in the SD the ten contests were divided into five categories: Architecture, Solar,
Comfort, Social-Economic and Strategic.

Changes on 9 of the 10 contests, 2 totally new contests and 7 reinvented ones.
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SDE 2010 evaluates all the items in the SD US 2009 (except the Home Theatre) and add new

contests and sub-contests.

For first time in the SD transversal (cross-cutting) evaluation was used. That is the case in

Innovation and Sustainability.
New evaluation areas: Construction, Solar Systems, Energy Efficiency, Social Awareness, and

Industrialised Construction.

SD US 2002 SD US 2005
Contests subcontests Contests Subcontests
Design & Livability Firmness Architecture Firmness
200 points Ty 200 points Commodity
Delight Delight
Presentation & Simulation 100 Construction Documents 50 points Dwelling Livability
points Building Energy Analysis 50 points D (el Buildability

Home Business

) Office space comfort and integration 30 points

Documentation

100 points

M Electrical enrgy consumed by home business equipment 20 points

100 points

Completion of contest diaries 25 points

Operation TV/video 25 points

As-Built Drawings and Submittals 40 points

Schematic Energy Analysis Report 40 points

Final Project Summary 10 points

Pre-Event Project Deliverables 10 points

Graphics & Communication Web Site 40

Communications

100 points House Tours 30

100 points

Newsletters 30

Web Site 50 points

House Tours 40 points

Branding Effectiveness 10 points

Comfort Zone

J Innovation of systems 15 points

Comfort Zone

Temperature Control 40 points

100 points D e e e & e e A et 100 points Humidity Control 20 points
M 24 h :T,HR 20 points Comprehensive Assessment of Thermal Comfort 20 points
M Week-long T,HR 20 points Comprehensive Assessment of Indoor Air Quality 20 points
Refrigeration J Innovation of systems 15 points Appliances Refrigeration Temperature Control 20 points
fuclpoln J Consumer appeal/ integration of system 15 points fuuieelnts Freezer Temperature Control 20 points
M Performance Index 35 points Clothes Washing Tasks 15 points
M Electrical energy consumed to provide refrigeration 35 points Clothes Drying Tasks 15 points
Hot Water JInnovation of systems 15 points Dishwashing Tasks 10 points
(DD J Consumer appeal/ integration of system 15 points Cooking Tasks 10 points
M Performance Index 35 points Hot Water Shower Tests 75 points
100 points

M Electrical energy consumed to provide refrigeration 35 points

Comprehensive Assessment of Hot Water System 25 points

Energy Balance

Balancing electrical supply and demand 100 points

Energy Balance

Energy Balance Measurement 100 points

Getting Around Mileage Credit Getting Around Mileage Credit
Lighting M Hand-held light meter 60 points Lighting Electric Lighting Quantity 20 points
100 points 100 points

M Office work space 10 points

M Kitchen work space 10 points

M Performance Index 35 points

J Innovation of systems 10 points

Standard Usage Patterns 15 points

Exterior Lighting 5 points

Integration of Electric and Natural Lighting 5 points

Electric Lighting Quality 40 points

Daylighting Quality 15 points

Main changes from SD US 2002 to SD US 2005

The sustainable building objectives of the European Union have led to the continuous evolution of the
competition in Europe. The main changes from SDE 2010 to SDE 2012 are:
The solar envelope height was increased in order to expand the scope of the contest, addressing
the use of roofs in collective buildings and the analysis of two-story housing.

The valuation of the energy efficiency analyzing houses in passive operation.
A more exhaustive monitoring of the progress of the teams was carried out by organizing two

workshops.

The limitation of PV power is increased to promote the use of innovative systems.
A smart grid and smart grid centre are assembled in the Solar Village.

The intention of a continuous improvement of the competition has resulted in changes and adaptations in
all European competitions. The main changes from SDE 2012 to SDE 2014:

The limitation of PV power was further increased to promote the use of innovative systems.

The scope of the competition was expanded by incorporating the Urban contest, urban density and

building renovation.

Building Sustainability was included through the requirement of a lifecycle analysis.
Urban design/Transport/Affordability Contest

Adaptive thermal comfort, comfort range adjusted every day.

Indoor environmental quality evaluation: Air quality new easements, Daylight factor, Operative

temperature, Reverberation.

In 2018 the creation of Energy Endeavour Foundation to ensure the continuity and quality of the

competition.
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The “Sustainable transportation” contest was incorporated in Solar Decathlon Middle East. The main
change in the Solar Decathlon China was the reflection of interests from hosting cities. One of the
enhanced concepts was solar energy during the first SD China competition. All of the houses reached net-
zero performance during the competition. Diversified solar systems were also employed by the teams. A
new concept of permanence was introduced during the second competition, which resulted in more two-
storey houses with larger finished areas. This actually created challenges for the teams in terms of costs
and difficulties in construction. The third SD China competition introduced a new concept of interactive
experiences through including the evaluation of the media, on-site and online audiences.

In the transition to Europe (from SD US 2009 to SDE 2010) there were some new and enhanced concepts
integrated into SD:

— Sustainability and Innovation contest were included as transvesal contests.

— Research and the scientific utilisation of the results was fostered to promote the collaboration of the

organization with prestigious scientific journals.

— Industrialised construction and modularity were included as a specificic subcontest to foster
building construction technology transfer to the market.
Communication to foster Students and people awareness
Energy efficiency with passive and active performances

In SDE 2014, the organization in France decided to focus on the following items:
Density, mobility, sobriety, innovation, affordability.

— Project in its environment vs. Prototype in the competition.

Additional area of operation was included to facilitate assembly work.

— Density and community development were fostered.

From SDE 2014 to SDE 2019, continuing with the idea of the SDE 2014 of “Project in its environment vs.
Prototype in the competition” and focus on renovation. The scope of the contest was a value-added
renovation of an existing building. Teams could choose between:

— Renovation of the traditional rectangular ground floor building model with a brick wall either with
concrete flooring or without a heavy flooring solution.

— Aroof-top apartment built on the site with other indications of the context (augmented / virtual
reality, etc.).

— Renovation project to solve typical problems in the country or region of the Team.

— Any other proposal to solve specific local challenges that could enrich the SDE community.

— Teams can design their installations considering the heating and cooling network. However, the
houses will not be connected to the Low temperature district heating and cooling networks during
the contest period.

— The houses will remain for two more months after the final award ceremony.

It is planned to lease approximately 10 of the houses to stay in the Solar Village for one or two years (long-
term monitoring and public visits).

In Africa (from SD US to SDA) new and enhanced concepts focus on education; Africa is rich in resources,
has very young population, and undergoes a substantial increase in its energy infrastructure to connect a
population in need of energy. However, it should invest in its human capital by training and educating its
collegiate students, researchers, and providing a qualified workforce. This critical mass has the knowledge
and the know-how to best serve its communities by developing advanced decentralised electricity systems
to assist the emerging continent. Innovation and applied research are the key factors in bringing energy to
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Africa and making the best use of its resources. In that, the continent is becoming a test bed of renewable
technologies that will be able to provide a fundamental contribution to the future of the industry.

In this topic, the Solar Decathlon Africa, with its perks to Africa, has enhanced the north-south cooperation
and contributed to training its collegiate students, and form a strong workforce of tomorrow able to sustain
the growth of Africa. The SDA enhances the outcomes of R&D in boosting innovative solutions to better
serve a community in need.

Some other improtant changes affecting the principles of the design of the houses and the Solar Village’s
infrastructure were introduced in Europe (from SD US 2009 to SDE 2010):
— The lot size and proportions were changed. The new square proportion permits an easy
accommodation on any site.
— Increase the height of the Solar Envelope and permit the participation of two-storiey houses.
— First time in the SD that the projects were able to send electricity to the grid.
— PV limited for first time in the SD. The sum of the nominal power of inverters was limited to 15 kW.
— First time in the SD that batteries were permitted on grid connected projects. Battery banks limited
to 5000 VA.
— The design approval document required the signature and stamp of an electrical engineer, in
addition to the structural one.
— The deliverables include architectural models of the projects. The first SD models’ exhibitions were
held.
— The scoring and the monitoring data were show in real-time on the SDE 2010 website.
— Health and Saefty rules and deliverables structure were changed.
— Water on site, no cistern trucks were needed to deliver the water to the projects.
— Custom made web-based communications tool for participating teams and the organization, the
SDE WAT.

From SDE 2012 to SDE 2014 the continuous improvement of SDE gave rise to the following changes:
— No generators were permitted on site.
— Use of colour code and grading the teams’ deliverables.
— Provide training on the Sima Pro software and template for the houses’ lifecycle analysis.
— The Instrumentation and monitoring group was separated from the competition group.
— The Chairman/woman of the jury was selected by the organizers.

The African edition has focused on the integration of local sustainable materials while working on the
components of the competition prototype houses. The collegiate decathletes have used low embodied
energy materials and their projects should be resource responsible. The sustainable houses are adapted to
the local climate. SDA edition gave rise to the following changes:

— Two-day Heath & Safety training provided to the participating teams

— Construction period was 23 days
— Installed PV capacity was limited to 10 kW and storage capacity to 5 kWh.

Location of the Solar Villages:

— SD US 2002-2009: National Mall, Washington D.C.US
— SD US 2011: New Solar Village location: National Mallwest Potomac Parkwashington, D.C.US
— SD US 2013,2015: Orange County Great Park, Irvine, California.US
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— SD US 2017: Denver, Colorado

— SDE 2010: Both Banks River Manzanares, Madrid. Spain.
— SDE 2012: Casa de Campo, Madrid. Spain.

— SDE 2014: Versalles, France.

— SDE 2019: Szentendre. Hungary.

— SDC 2013: Shanxi Datong, China.

— SDC 2018: Shandong Dezhou, China

— SDLAC 2015: Universidad del Valle in Cali, Colombia

— SDLAC 2019: Universidad del Valle in Cali, Colombia

— SDME 2018: Mohammed bin Rashid Al Maktoum Solar Park, Dubai, EAU
— SDA 2019: Benguerir.Morocco.

The evolution of the solar envelope and the house size (table 1) has provided more design possibilities and
solutions, mainly from the point of view of the urban problematic approach.
The main changes are:

— From one- to two-storiey houses.

— Bigger space for assembly and disassembly.

. . Architectural | Conditioned
Lot dimensions )
footprint area
SD US 2002, 2005
’ ’ 82 ft 67 ft 5 2
2007, 2009 25.0 m) (20.4 m) 800 ft 450 ft
1000 ft? (92.9
SDUS 2011, 2017 | 76 (23.8 m) ?‘IOSHS my | m)-600E | 600 (55.7 m?)
' (565.7 m?)
25.0 m (82 ft) 20.0m 74.0 m? (797 2 2
SDE 2010 (65.6 1) | ft2) 42.0 m? (452 ft?)
45.0 m?
SDE 2012, 2
2014,2019 and 200m 6567) | 200M | 4590mz. | /0.0 m*for one-storey .
(65.6 ft) houses and 110,00 m# for multi-
SDME 2018 . )
storey housing units.
55 m? (600 ft?) to 90m? (970 ft?)
20.0m 200 m? for single floor housing unit and
SDA 2019 200m (65.611) | 5561 | (2150 fi2) 110.00 m? (1200 f2) for multi-
storey housing units

Lots, footprint, and conditioned area dimensions.

One of the goals of the first Solar Decathlon Competition in 2002 in Washington was to demonstrate that
the sun can supply the energy necessary for all of the daily energy demands of a small autonomous house.

The houses should reduce consumption to a minimum and produce electricity in quantities equal to or
greater than their consumption.

In SD US 2009 the Solar Village upgraded from a group of autonomous houses (2002,2005 and 2007) to
the first Solar Decathlon Grid.

In the SDE 2010, the first microgrid in Spain was designed and implemented to support the competition,
connecting houses that worked with different types of electrical power.
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In the SDE 2012 competition an intelligent distribution network was created operating in a way that was
both comprehensible and visible: the visitors to the Solar Decathlon could understand how energy is
managed in a smart environment.

The participating universities have less than two years to design and build a complex house with specific
limitations. From 2002 the competition consisted of an Assembly phase, a Competition and Public Visit
phase ending with the Awards Ceremony and the disassembly phase.

Figure 19 gathers the available information of the Competitions schedule, compiling the 2-year period
before the competition event and the main milestones that the Teams have to comply with. Time
management is a key factor in the Team’s Organization.

SDUs
2002 123 456 7 8 9101112 1 2 3 4 5 6 7 8 9 101112
Application, formal proposal
u u Team Selection
2005 123 456 7 8 91011121 2 3 4 5 6 7 8 9 101112
D Deliverables
Assembly
2007 12 3 456 7 8 91011121 2 32 4 5 6 7 8 9 101112
B Competition
2009 123 456 7 8 91011121 2 3 4 5 6 7 8 9 101112
2011 123 456 7 8 9101112 1 2 3 4 5 6 7 8 9 101112
2013 123 456 7 8 91011121 2 3 4 5 6 7 8 9 101112
2015 123 456 7 8 91011121 2 3 4 5 6 7 8 9 101112
2017 123 456 7 8 91011121 2 3 45 6 7 8 9101112

SDE

9 H

2010 91011121 2 3 4 5 6 7 8 9101112 1 2 3 4 5 6

1o v

2012 123 456 78 101112 1 2 3 4 5 6 7 8 9 101112

v v

5 6 7 8 9101112 1 2 3 4 5 6 7

[t}

2014 9 101112 1 2 3

2019 123 45 67 8 91011121 2 3 45 6 7 8 9101112
SDME
2018 123 456 7 8 91011121 2 3 45 6 7 8 9 101112

Period before the competition event
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The event schedule, as can be observed in figure 20, has gradually expanded, which provides more
“assembly and disassembly” time, “competition” time and “public visits” time.

In SDE 2019 a 2-month extended exhibition was proposed, that made it possible for the wider public to
view the showcase houses and which also facilitated the monitoring of the technical performance of the

houses for a longer period than usual.

SDUS

2002 1 2 3 4 5 JolEs
2005 1 Z AN 5 6 7
2007 12 3 4 5 6 7
2009 0 Bl e e
2011 0 Bl S aN
2013 0 Bl sa
2015 0 T SO
2017 2 0 L S O 7
SDE

2010 1 2 3 4 5 6 7
2012 A 2 s G e
2014 1 2 3 4 5 6 7 8
2019 A2 N S O e
SDME

2018 0 1 2 3 4 5 6 7 8
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10
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10
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12

12

13

13

13

13

13

16

16

16

16

16

16

16

16

16

16

16

16

16

18 19 20 21

18 19 20 21

18 19 20 21

18 19 20 21

18 15 20 21

Events schedule.

22

22

22

22

22

22

22

22

23

23

23

23

26

26

26

26

26

26

29 BEasg

29 BEaa

29 30 31

du) SR

29 30 31

Vehicle arrivals

Recepcidn

Arrival, assembly and construction
Inspection

Opening, Tours and houses operation
Contest

Tours and Awards

Disassembly and cleanup

-Extemded exhibition

32

32

32

32

32

33 34 35 36

33 34 35 36

33 34

t:] 2 MONTHS Extended exhibition

——

33 34 35 36 37 38 39 40

The Solar Decathlon has always had 10 contests which have changed and have incorporated complexity

throughout the years.

The ten contests of the Decathlon are divided into major categories, which may also vary from one edition
to another. There are three different ways of assigning scores: Jury Scoring, task Completion Scoring and

“in situ” measurement Scoring.

Table 2 compiles the contest and subcontests of each competition, colors indicate its evolution from 2002

to nowadays:
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SDUS DUs DUs soUs SDE sDUs SDE sDUs iDC SDE SDUS  SDLATC  SDUS SDME SDE DA SDLATC
2002 2005 2007 2009 2010 2011 2012 2013 013 2014 2015 2015 2017 2018 2019 2019 2019
Dezign & st-effecti st-tfecti
Li:a::gi;ty drchitecture Architertire Architecture  Archtechure  Architecture  Architechre  Architecture  Archtecture  Archtecture Archibture d:'i;: " rchieture Archtectire  drchivectue  Archibecture d:'i;: e
200 200 200 120 100 120 100 100 120 100 - 100 100 100 100 -
200 100 100
Prezentation ST
&ST i Dwelling  Engineering  Engineering  Enqineering  Engineering  Engineering  Engineering  Engineering  Engineering  Engineering Engincering — Engineering and Engineering
PO 0 100 80 100 80 100 100 30 100 10 00 coutucien 100
00
I falizati  Market Market  Industrializati Urban design,  Warket Neiahbeurko
Home  Documentatio Market Market an and Appeal anand Appeal anand  bransportatio  Appeal Market Tarket odI:te ot Market Tarket
Business n Wiability Wiability Market 00 Market 00 Market nand 00 Patential Patential ol 9 " Appeal Patential
T mpact
100 100 0 100 Viabiity  Affordability  Viabily | Afferdabilty  Appeal  affordability | Affordability 100 100 10P0 100 100
&0 100 &0 100 &0 120 100
Graphlfs &, Commu Commu Commu Communlcaltlo Commu Communlcaltlo Commu Commu Communlcaltlo Commu  Communicatic  Commu Commu Communlcaltlo Commu  Communicatio
Commuicatioc . o nand Social " nand $ecial . nandecil " ) . . nand focil )
nications  nications  nications Avarenss nications Avareness tications  nications s nications  nzstrategics  nications  nications Aareness nications  né strategies
100 10 [ R Cm 100 I ] 100 &0 T m 100
100 il il il 100
Comfart Zone Comfort Zone Comfort Zone Comfort Zone Co"ff.m Comfart Zane Confflort Comfart Zone Comfort Zone Con!flort Comfort Zone sl Co"ff.o" Con!flort st
100 100 10 100 Conditions 100 Conditions 100 100 Conditions 10 Comfort  Conditions  Conditions comfart
_ 120 120 120 100 120 100 100
Refrigeration Applinces  Appliances  Applinces  Appliances  Appliances Appliances Appliances
Hauze | Houze el Hauze Hauze |
100 100 100 and 100 o 100 Applianees o 100 ERLRIEES o 7 Appliances
Hat Water Functioni Functioning 0 Functioning 100 Functioning  Functioning 0
Hot'water  Hotwater  Hot'ater  FuneHomlity = popsyper 120 Hat Water = Hat Water 120 100
o 100 100 100 a0 100 100 100
Electrical Electrical Electrical hergy Electrical Electrical nergy
Ei Er Ei Ei Ei Ei Ei
i i M g Metering  Energy ) Encrgy i Energy Energy R production,  Energy B Encrgy nerqy  production,
Eialance Ealance Eialance Bialance Bialance Bialince ) Management )
0 0 0 150 Bialance 0 Bialanes 0 100 Bialance 00 time-af-use 100 W Bialanee balinee time-af-uze
120 100 120 100 100 100 100
o o o Sustainable
(Gatt (it Gt
HHI BHI B Commuting Commuting Transpartatio
#raund Around Around 0 s
100 100 100 !
gl
Lighting Lighting Lighting Lighting
100 100 100 100
Home Entert, Home Entert, Home Entert.  Home Life Home Entert. Home Life HotrnetL!fe anf
CREErEaInment
100 100 100 100 100 100
100
fater fater Water
100 100 100
. . . . . . . Innaation . .
Innavation Innevation Innovation  Innovation Innavstion  Innovation  Innavation vl Innovation  Innevation
51 80 100 80 0 100 W :';0”5' 100 100
Circularity &
y y Bustainability y Sul'r::i:::::ity )
120 100 &0 100 0 100
Falar systems
and Hat water
il
Encrgy Enargy Encrgy Encrgy Encrgy Ensrgy
Efficicnay Efficiency Efficiency Efficiency  Efficiency Efficiency
100 a0 100 a0 100 100
Evolution matrix of the contests.
Contests

Constant from the begining (2002 or 2005)

Suscessfully incorporated into Europe with continuity in ME and LatinAmerica

Great variation

In last editions in Europe they are not

In USA, China and Africa

Recently incorporated

Converted to subcontests

Significant changes in contests and subcontets were made from the SD US 2009 to SDE 2010 (see figure
21). As mentioned, there are ten contests in the Solar Decathlon but it can be observed in the matrix how
the evaluation gains complexity over time by increasing the number of sub-contests and evaluation criteria,
from 31 in 2002 to 63 in 2019, promoting the design of houses that address a more comprehensive

problem.
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NUMBER OF SUBCONTESTS

= USA 2002 m USA 2005 m USA 2007 mUSA 2009 mUSA 2011
mUSA 2013 mUSA 2015 mUSA 2017 mE 2010 mE 2012
mE 2014 mE 2019 = CHINA 2013 = ME 2018 mAFRICA 2019

59 63 60
52 48
47 44
36 2 39
31 31 29
II | I 27 I
— QD) S ) (e GDE b SDC SDME SDA

Figure 21: Number of subcontests

The main changes in the rules are analysed considering the competition results. The European
organization considered some mayor changes in the rules and regulations to favor the attainment of the
objective of promoting innovation.

The categories which were clearly defined in the objectives of the SDE 2010 competition were:
architecture; engineering and construction; solar systems; electrical energy balance; comfort conditions;
appliances and their functionality; communication and social awareness; industrialisation and market
viability; innovation; and sustainability, the last four being new and very different from the categories
included in the American version of the competition (see table 3). The contests for the SDE 2012
competition were Architecture, Engineering and Construction; Energy Efficiency; Electrical Energy Balance;
Comfort Conditions; House Functionality; Communication and Social Awareness; Industrialisation and
Market Feasibility; Innovation; and Sustainability. Among many other changes, it is worth mentioning the
introduction of the positive assessment of the affordability concept in the section on market viability and the
multifamily houses in the industrialisation contest. In SDE 2014, in Versailles, the Organization goal was to
contribute to the knowledge and dissemination of industrialised, solar and sustainable housing. It is
intended to provide habitats that meet the triple challenge: energy, environment and society that we all
are facing.

Contests US SOLAR DECATHLON Contests SOLAR DECATHLON EUROPE

Architecture

Architecture
Engineering & Construction

Engineering

Energy Efficiency

[
(=]

B EE

Net Metering Energy

Electrical Energy Balance

Communication & Social Awareness

Saocial Economic

Industrialization & Market Viability

Communications
Strategic

i[5
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Table 3: The evolution of Solar Decathlon Contests from SD US 2009 to SDE 2010.



In SDE 2019 in Szentendre, Hungary, similar objectives were pursued (see table 4): “to contribute to the
knowledge and dissemination of industrialised, solar and sustainable housing.” A subtle nuance: “it
is intended for habitats that meet the triple challenge that our societies are all facing energy, environment
and equitable living.” '

. o Communication and |  Comfort House Electrical Energy ) o
Architecture Engineering . . L Innovation | Sustainability
Social Awareness | Conditions | Functioning Balance

2010 . - Industrialization and Market - o o p— - p— Solar systems and
Viability 80 Hot water 80

2012 - - Industrialization and Market . 120 120 100 20 100 Energy Efficiency

Viability 80 100

2014 o - Urban design, transportation - — — — - - Energy Efficiency.
and affordability 120 80

2019 100 Engineering and | Neighbourhood Integration & o0 o0 00 0 nnovation and| | Energy Efficiency

construction 100 Impact 100 viability 100 100

The evolution of Solar Decathlon Contests from SDE 2010 to SDE 2019.

Since 2010, the Solar Decathlon Europe has undergone a continuous self-improvement, changes in the
SDE contest since then can be observed in Table 2. “Urban design and transportation” became a
contest for the first time in SDE 2014, and the “Neighbourhood integration and impact” contest in SDE
2019.

The main features that differentiate SDE from the previous American editions, and the main strategies
followed, were:

There was a readjustment of the Competition Rules to promote innovation, energy efficiency, sustainability,
industrialisation, social awareness and communication. This resulted in changes in the Competition
Contests, renewing around 50% of the Competition scoring with respect to the American original. The
1,000 points of the Competition were distributed in the SD US in ten Contests with 100 points each. In the
SDE they were distributed according to the importance attr