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THE GERMAN ENERGY POLICY IN CHANGE: RENEWABLES, FOSSIL 
FUELS, ENERGY EFFICIENCY AND THE INNOVATION PIPELINE

IEA EBC-Webinar 07.06.2022
Dr. Dirk Bessau, Project Management Juelich (Projekttraeger Juelich), division manager „energy and
climate“ 
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OUR SERVICES

OUR BUSINESS AREAS

ENERGY AND CLIMATE
SUSTAINABLE DEVELOPMENT 
AND INNOVATION

Sustainability and circular economy
Basic energy and hydrogen research
Bioeconomy
Marine, coastal, and polar research
Geosciences
Maritime technologies
Life sciences and health research
Materials research and chemistry
Start-up companies and 
technology transfer
Regional innovations

Energy efficiency and storage
Renewable energies
System integration 
and sector coupling 
Regulatory sandboxes 
for the energy transition 
Smart Energy Showcases
Electric mobility, hydrogen, 
and fuel cells 
Municipal climate protection 
Rural development
Systems analysis

RESEARCH AND 
SOCIETY NRW

Energy; environmental and 
climate protection
Health economy and life sciences 
Digitization
New media
Production and materials
Electric mobility, mobility, and logistics
Social innovations
Universities and culture
Funding start-ups and small and 
medium-sized enterprises
Regional development
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THE „MAGIC“ TRIANGLE
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security of
supply

Economics / 
economical

Environmental 
sustainability

Changes over time, e.g.:
- development of a centralised, hierarchical 

power system and system of gas supply
- national fossil resources: brown coal
- nuclear research and energy
- first prove of concepts in renewable energy
- energy market liberalisation („big bang“ 

liberalisation)
- renewable energy act, fast development of 

renewable energy –> system integration
- discussion on „bridge technologies“
- 100% RE goal in power, „climate neutrality“ 

2045
- security of supply / attack on Ukraine: 

renewable energy expansion
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THE LONG TERM AND MID TERM TOPICS

Year 2040 / 2045
to be on track for the 1,5 C – goal
80-95%-GHE reduction 
„climate neutral“
based on renewable energy across the 
sectors

Year 2030
63-65% GHE reduction
speed up RE growth for power production
focus on heat/cooling and mobility
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THE ENERGY INDUSTRY IN CHANGE 

Different ways for the 1,5C-path are in 
discussion 
For example: RE power based scenario, 
PtG/PtL scenario, green H2 scenario
basically, the change is about to speed 
up production capacities in wind and 
power 
and increase energy efficiency.
There will be solution contributions 
needed from green H2, e-mobility (cars) 
and PtL/PtG, especially from 2030 on.
The war in Ukraine changes the security 
of supply fundamentally.
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WHERE DO WE ARE? PRIMARY ENERGY CONSUMPTION 2021/2020
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WHERE DO WE ARE? ENERGY CONSUMPTION FOR HEATING/COOLING, 
POWER AND MOBILITY 2020
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heating 
and 

cooling

power

mobility
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THE INNOVATION PIPELINE AND THE PUPLIC R&D&I-SUPPORT
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Source: arcticsmartness
https://arcticsmartness.eu/wp-
content/uploads/Arctic_Smartness_I
nnovation_Readiness_Levels-1.png
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ONE STRATETIC ELEMENT IN PUPLIC
R&I-SUPPORT IN ENERGY:
ENERGY RESEARCH PROGRAMME

Strategic element of energy policy since 1977

2018: 
launch of current 7th program 
Common program of BMWi and BMBF
> 500 Mio € per year



7TH RESEARCH PROGRAM
„INNOVATIONS FOR THE ENERGY TRANSITION”

Primary goal of research funding: 
Support the transition to a climate neutral energy supply 
Increasing the usability of innovative energy technologies

Research on technologies and concepts that offer 
Significant increases in efficiency
Integration of renewable energies
Ensuring security of supply 
And a rapid transfer of research results to the application and into the market

Key ideas 
Technology-open approach 
Adoption of new trends: sector coupling or the digitisation of the energy sector 
Offer opportunities for innovative companies in the national market
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7TH RESEARCH PROGRAM

Four focus areas
Energy in the end use sector (buildings and communities, industry, mobility)
Energy supply and electricity generation (wind, PV, bioenergy, geothermal etc.)
System integration (power supply system, grids, energy storage and sector coupling)
Cross-system research topics (system analysis, “energy transition and society”).

Digitalisation is a major R&D topic in all of the focus areas
digital twins, digital planning, digital concepts for district heating and cooling networks, plant monitoring and 
asset management,…
However: Digitalisation processes are currently more advanced in the area of electricity than in the area of 
heat supply

Current development
Additional support for climate neutral heat supply
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NEW PILLAR 7TH RESEARCH PROGRAM: LIVING LABS

Focus on the transfer of technologies and innovations into daily life
Preparing the market for innovative solutions 

Concentration energy system relevant problems to push forward the energy 
transition 

City districts und multi-energy infrastructure, district heating, Hydrogen production and use, 
Digitalization 

Improved integration of additional funding formats for plant technology and 
infrastructure
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SUMMARY

A new orientation in the “magic” energy triangle with the war in the Ukraine: security 
of supply, environmental sustainability and economics support each other
As a consequence, for the path for the 2040/2045-goals (“thinking from the end”) we 
have to speed up the transformation into RE and energy efficiency
Besides RE from wind and solar, heating/cooling and mobility are on the top of the 
agenda
That means, „Wärmewende“ becomes more important
Especially in the long run, we need an even more filled innovation pipeline
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Picture credits front page:
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NET ZERO GHG EMISSION BUILDINGS
synopsis and assessment of current concepts and recommendations

Dr. Rolf Frischknecht, Operating agent Annex 72, Switzerland
Dr. Thomas Lützkendorf, Subtask leader (ST 1) Annex 72, Germany

IEA EBC Webinar “Innovation and Energy Policy for Buildings –
International Collaboration to Accelerate Change”
7 June 2022

IEA EBC Annex 72
Assessing Life Cycle Related Environmental Impacts Caused by Buildings
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Buildings construction and operations accounted for
36% of global final energy use and
39% of energy related carbon dioxide (CO2) emissions in 2017

GHG-EMISSIONS IN THE WORLD 
THE SHARE OF BUILDINGS
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MITIGATION POTENTIAL 
OF SECTORS AND AREAS OF ACTION

https://www.researchgate.net/profile/Bruno-Verbist/publication/265290059/figure/fig1/AS:648611159351301@1531652359845/IPCC-projections-of-CO2-mitigation-potential-in-2030-IPCC-2007-The-Intergovernmental.png

IPCC projections of CO2 mitigation potential in 2030 (IPCC, 2007) The Intergovernmental Panel on Climate Change (IPCC, 
2007) identifies the building and construction sector as the sector with the largest mitigation potential 

Compared to other sectors 
and fields of action, buildings
have a comparatively great 
potential for reducing 
greenhouse gas emissions. 
The scope of the reduction is 
influenced, among other 
things, by the level of 
abatement costs.
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BUILDING AS OBJECT OF ASSESSMENT 
AND LEVEL TO ACT

All activities in the construction and real estate 
industries can ultimately be traced back to 
measures related to
• New construction
• Reconstruction
• Refurbishment
of buildings. These measures can influence the 
other levels of action.

Relevant actors are
• Building permit authorities/legislators
• Building owners/investors
• Financers
• Design professional and consultants
• Construction material industry
• Construction companies

There are various levels of action in the 
construction and real estate industry, including

National, regional, institutional building stock
Regional development
Urban development
Neighbourhood/district
Individual buildings
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ASSESSING OPERATIONAL AND EMBODIED 
EMISSIONS – CURRENT TRENDS

There is a downward trend in 
operational emissions relating to an 
improved energy performance and 
increasing use of renewable energy.

The relative and absolute values of 
embodied impacts (here embodied 
GHG emissions) increase.

The consideration of the entire life 
cycle, the limitation of the 
upfront/initial emissions, as well as 
the development of overall goals and 
guidance values for operational and 
embodied GHG emissions are 
necessary.

Martin Röck, Marcella Ruschi Mendes Saade, Maria Balouktsi, Freja Nygaard Rasmussen, Harpa Birgisdottir, Rolf Frischknecht, 
Guillaume Habert, Thomas Lützkendorf, Alexander Passer,, 2019, 
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BUILDINGS IN THE CONTEXT OF 
SUSTAINABILITY ASSESSSMENT

FprEN 15643:2021 (E) 

There are design goals as well as 
assessment criteria on topics such 
as

Resource conservation
Greenhouse gas (GHG) 
emissions 
(contributing to climate change)

In the near future, a “budget” of 
GHG-emissions in the life cycle of a 
building will become part of a 
clients brief and/or legal 
requirement – expressed as part 
of environmental requirements. 
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BUILDINGS IN THE CONTEXT OF 
SUSTAINABILITY ASSESSSMENT

How can buildings and their life cycle be modeled ?
How can the life cycle assessment (LCA) method be applied in a practical manner?
How can the required data on construction products and processes be determined 
and made available in databases ?
How can LCA be integrated into the design, which tools are suitable ?
Which benchmarks and design targets result in relation to the limitation of primary 
energy consumption and greenhouse gas emissions in the life cycle of buildings ?
Which terms need to be defined and which system boundaries to be considered ? 

In connection with the content and goals of this contribution, the questions shown on this slide arise. In 
particular, the topic of the development and application of benchmarks should be dealt with.
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PROVIDING ANSWERS BASED ON JOINT 
RESEARCH ACTIVITIES AROUND THE WORLD

IEA EBC Annex 72 - Assessing Life Cycle Related Environmental Impacts Caused by Buildings
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IEA EBC ANNEX 72: Subtasks
Subtask 1: Context-specific methodology guidelines:

developing and extending the methodology guidelines 
Subtask 2: Building assessment workflows and tools:

description and development of national or regional building assessment tools, in particular 
embedding of life cycle assessment approach into BIM (Building Information Modelling)

Subtask 3: Case studies:

analyzing building case studies using the methodology agreed in Subtask 1
Subtask 4: Building sector LCA databases:

development and supply of life cycle assessment databases targeted to the building sector
Subtask 5: Dissemination:

communication and dissemination of the results
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EXPLAINING THE “PACKGAGE”
To support the design and decision-making process in 
the direction of resource efficient and climate friendly
buildings one needs:

a) Assessment methods (terms, definitions, 
system boundaries)

b) LCA-data for construction products and 
processes

c) Design & assessment tools
d) Bechmarks and target values

a) to d) form a system.

Tools Benchmarks

Methods Data
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METHODOLOGICAL BASICS

Tools Benchmarks

Methods
Data

Modelling a building & its life cycle and check of completeness

Rules for calculation, assessment and compensation

Dealing with 

uncertainty and range of input parameters

building integrated / site related generation of energy

imported and exported energy

decarbonisation of grid and production processes

RULES AND RECOMMENDATIONS FOR (further
development of) ASSESSMENT METHODS

EBC – Energy in Buildings and Communities Programme International Energy Agency (IEA)EBCEBEBEBBEBEBEBEBEBEBEBEBEBEBEBEBEBEBBEBEBEBEBEBEEEEEEEEE  – Energy in Buildings and Communities Programme International Energy Agency (IEA) 12

TERMS AND DEFINITIONS
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Carbon positive building

Climate neutral building

Carbon neutral building

Carbon free construction

(Net-)zero carbon building

(Net-)zero emission building

(Net-)zero GHG emission building

Paris building

Low carbon building

… others ?
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INTEGRATION INTO DESIGN AND DECISION 
MAKING PROCESS – THE STEPS 

Target setting in 
clients brief
Early design
Building permit
“As built”
Monitoring

Taking into account 
available information, 
data and related 
uncertainty = 
consequences for 
assessment

EBC – Energy in Buildings and Communities Programme International Energy Agency (IEA)EBCEBEBEBBEBEBEBEBEBEBEBEBEBEBEBEBEBEBBEBEBEBEBEBEEEEEEEEE  – Energy in Buildings and Communities Programme International Energy Agency (IEA) 14

MODELLING OF THE BUILDING 
AND ITS LIFE CYCLE
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LINKS TO OTHER ANNEXE’s (Examples only)
… can and will help us to 
simulate the energy demand 
and to assess operational 
GHG-emissions … 

In

mi
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CREATION, APPLICATION AND 
INTERPRETATION OF BENCHMARKS

Tools Benchmarks

Methods Data

System of performance levels

(net)zero as top down target based on planetary boundaries

Legally binding benchmarks & design targets / guiding values

Reference unit for benchmarks

Examples and case studies

RULES AND RECOMMENDATIONS FOR 
CREATION AND INTERPRETATION OF 
BENCHMARKS AND TARGET VALUES
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WHAT IS MEANT BY “ZERO”?

0 0 0
(net) zero operational?
(net) zero life cycle

Zero carbon?
Zero GWP100?

Zero GHG-emissions
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OPTIONS TO DEFINE AND ACHIEVE 
(NET) ZERO GHG-EMISSION BUILDINGS

Net Zero emission approaches Zero emission a.
Net balance Net balance Economic 

compensation
Technical 
Reduction

Absolute Zero

potentially
avoided emissions

allocation

Accounting for 
the potential 
benefits caused 
by exported 
energy produced 
on-site

Attributes the pro 
rata share of 
GHG emissions 
caused by on-site 
energy 
production to the 
exported energy

Purchase of CO2
certificates based 
on potentially 
avoided or 
reduced GHG 
emissions

Investment in 
technical-
reduction 
measures to 
compensate for 
life-cycle-based 
GHG emissions 
caused by the 
building

Use of 
construction 
materials/operati
onal energy with 
zero GHG 
emissions 
(including supply 
chain emissions)

Level of ambition- + Lützkendorf & Frischknecht (2020)

Lützkendorf, T. and Frischknecht, R., 2020. (Net-) zero-emission 
buildings: a typology of terms and definitions. Buildings and Cities, 1(1), 
pp.662–675. DOI: http://doi.org/10.5334/bc.66
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PERFORMANCE LEVEL & BOUNDARIES
Representation of benchmarks according to the specific values

Pe
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Limit value
(Benchmark)

Reference value
(Benchmark)

Target value
short term

Target value
long term

…. kg 
CO2e/m²*a

…. kg 
CO2e/m²*a

…. kg 
CO2e/m²*a

…. kg 
CO2e/m²*a

„nearly zero“

„(net) zero“

Possible types of application
Selected examples only

Building related operational
GHG-emissions

User related operational  
GHG-emissions

Upfront/initial embodied
GHG-emissions

GHG-emissions from
replacement, deconstruction

A      B     C   D    
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GRANULARITY OF BENCHMARKS 

User related
operational 

Building 
related
operational 

Building 
related
embodied

Job sharing between mandatory
target values and informal guiding
values to support the design process
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APLLICATION IN GERMANY 
Requirements for residential buildings (all kind)

+ embodied GHG-emissions (A1-A3, B4, C3-C4)*
+ operational GHG-emissions (B6.1, B6.3) 

= life cycle based GHG-emissions (RSP = 50 years)

Primary Energy,   GHG
non renewable Emissions
kWh/m²a              kg CO2-Äqu./m²a

Level I  (PLUS) 96 28
Level II (PREMIUM)      64 20

* Including HVAC-systems, and BIPV (partial allocation to the buildig) 
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Embodied environmental impacts gain importance and need 
(more) attention

Paris Agreement and its 1.5 C target calls for high ambition 
“net zero emission” buildings

Growing demand for life cycle based GHG-emission results in 
the context of EPBD, LEVEL(s), TAXONOMY, BWR/CPR

Guidelines, data, tools and expertise are ready for 
application in many countries: time for life cycle based policy 
measures like legal binding requirements to limit GHG-
emissions in the life cycle of buildings

SYNTHESIS
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Introduce legally binding maximum target values for GHG-
emissions of new constructions and of refurbishments by 
2025 latest with a roadmap to net zero by 2035.

THE Monte Verità DECLARATION
On a built environment within planetary boundaries

29 October, 2021, Monte Verità

EBC – Energy in Buildings and Communities Programme International Energy Agency (IEA)EBCEBEBEBBEBEBEBEBEBEBEBEBEBEBEBEBEBEBBEBEBEBEBEBEEEEEEEEE  – Energy in Buildings and Communities Programme International Energy Agency (IEA) 24

MORE INFORMATION IS AVAILABLE …

https://annex72.iea-ebc.org/
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Contact:
Dr. Rolf Frischknecht, 
Operating Agent, treeze Ltd.
http://annex72.iea-ebc.org/
LinkedIn; ResearchGate

THE TEAM BEHIND THE AUTHORS ….



Competition & Living Lab Platform – Annex 74

International Energy Agency

Building Competitions as an Incentive for 
Research, Education and Communication

Professor Dr Karsten Voss, University Wuppertal, Faculty of Architecture and Civil Engineering, Germany 

Professor Dr Sergio Vega Sánchez, Technical University Madrid, School of Architecture, Spain 

https://annex74.iea-ebc.org/

Competition & Living Lab Platform – Annex 74

Participating Countries 
(Belgium), China, Germany, The 
Netherlands, Spain, Switzerland, 
United States 
Observers
Hungary, Morocco, United Arab 
Emirates, Colombia

Annexx 74,, 1/20188 – 6/2021:: 
Competitionn && Livingg Labb Platform



Competition & Living Lab Platform – Annex 74

Solar Decathlon Europe 2010, Madrid

design – built - operate

Competition & Living Lab Platform – Annex 74



Competition & Living Lab Platform – Annex 74

Ten Contests Example SDE 21/22

monitored

Competition & Living Lab Platform – Annex 74

Scoring Example SDE 2014



Competition & Living Lab Platform – Annex 74

https://building-competition.org/

Sharing Results & Experiences
Building Competition & Living Labs Knowledge Platform 

Competition & Living Lab Platform – Annex 74

SDE 21/22 Start 10. June 2022

First edition stimulated by the work Annex 74: advanced monitoring, improved analysis & documentation 



Competition & Living Lab Platform – Annex 74

Building Competitions as an Incentive for 
Research, Education and Communication

Architecture Construction Energy Engineering HVAC Controls

Competition & Living Lab Platform – Annex 74

Modular and prefabricated construction –
Design, Testing and Inspiring the Market

The degree of prefabrication differs depending on the chosen construction principle. 
Source: proHolz Austria, Zuschnitt 50 - Journal about wood as a material and works in wood  (proHolz Austria, 2013) 

assembly of 
single parts

combination of 
single parts and 
elements

prefabricated
structural elements:
walls, ceilings

prefabricated
space modules

degree of prefabrication highlow

© Sigurd Steinprinz, Düsseldorf 
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Comparison of the 
different prefabrication 
levels of SDE houses in 
2010, ascending from low 
level (left) to high level 
(right). Source: Frauke 
Rottschy, University of 
Wuppertal

Competition & Living Lab Platform – Annex 74

Virginia Tec SDE 2010: 1 Module Home 10,2 x 3,2 x 3 m

Source: Virginia Polytechnic Institute and State University, Construction Drawings
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0%

10%

20%

30%

40%

50%

60%

SDE 10 SDE 12 SDE 14 SDE 19

Module Hybrid Elemente

Solar Decathlon Europe – Prefabrication Strategies 
Modular constructions do not dominate so far, mainly due to limitations in design.

Competition & Living Lab Platform – Annex 74

Energy Engineering for (all electric)
Net Zero Energy Buildings

delivered energy

exported energy

on-site 
renewables

Net ZEB balance

Weighting system
[kWh, CO2, etc.]

weighted supplyweighted  demand

building system boundary

energy grids

electricity
district heating/cooling

natural gas
biomass

other fuels
generation

load

https://www.sciencedirect.com/science/article/pii/S0378778821006204
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Average power consumption of all 
houses during the competition 
period. The climate of the location 
determines the power consumption 
of the HVAC equipment.

Energy Use 
Intensity

SDE 2014
France

SDME 2018
Dubai, VAE

Competition & Living Lab Platform – Annex 74

Solar System Sizing - Photovoltaics 

Correlation between the installed peak power of the PV systems and the conditioned net floor area of the houses in the 
European competitions. The relevant information is not available for all houses.

Setting ambitions upper limits for the PV peak power increases the need for energy efficiency to reach a positive 
energy balance. Limits in SDE 21/22: 3 kW peak power ( 30-40 W/m²) 2,5 kWh battery storage capacity
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Energy Balance and Self Consumption 
Electrical energy balance of all houses at SDE 2010/2014 based on monitored data during the 
competition period. Houses with data points above the diagonal are net energy plus homes.

SDE 2010 SDE 2014

Competition & Living Lab Platform – Annex 74

Solar System Integration no system data analysis up to now 

Hybrid Solar Systems (PVT) New Approaches Design Solutions
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Building Competitions and Research 
Conclusion and Outlook

Research based on competition monitoring data 
needs a more systematic data and information 
collection. The Annex introduces suitable platforms.
SDE 21/22 introduces and tests new contests and 
test sequences such as co-heating tests, PV 
system performance rating, grid interaction task, …
Systematic modelling and monitoring may allow 
research on the performance gap of buildings and 
systems. 

Design Challenge | Energy

Calculation methods

Calculation tools applied
time step

Tool 1 dropdown
Tool 2 dropdown
Tool 3 dropdown
Tool 4 dropdown

Wheather data sets applied
Data set Link (URL / file name)

 file name .epw file

Wuppertal

Usable energy demand

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup

Space heating kWh/M kWh/a
kWh/mcfa

2M kWh/mcfa
2a

Space cooling kWh/M kWh/a
kWh/mcfa

2M kWh/mcfa
2a

DHW kWh/M kWh/a
kWh/mcfa

2M kWh/mcfa
2a

Building final energy balance

Final energy demand Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup

▼ Source 1 Electricity

heating kWh/M kWh/a
kWh/mcfa

2M 10,0 10,6 12,0 12,0 14,0 14,5 10,0 10,6 12,0 12,0 14,0 14,5 10,0 10,6 12,0 12,0 14,0 14,5 10,0 10,6 12,0 12,0 14,0 14,5 kWh/mcfa
2a

cooling kWh/M kWh/a
kWh/mcfa

2M 2,0 2,0 2,5 2,5 2,0 2,0 2,5 2,5 2,0 2,0 2,5 2,5 2,0 2,0 2,5 2,5 2,0 2,0 2,5 2,5 2,0 2,0 2,5 2,5 kWh/mcfa
2a

DHW kWh/M kWh/a
kWh/mcfa

2M 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 kWh/mcfa
2a

ventilation kWh/M kWh/a
fan consumption kWh/mcfa

2M 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 kWh/mcfa
2a

other auxiliary kWh/M kWh/a
pumps, controls… kWh/mcfa

2M 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 kWh/mcfa
2a

usage related kWh/M 100 100 130 50 100 120 130 50 30 30 50 50 50 50 130 50 100 120 130 50 100 120 130 50 kWh/a
kWh/mcfa

2M 5,0 4,5 5,0 5,5 5,0 4,5 5,0 5,5 5,0 4,5 5,0 5,5 5,0 4,5 5,0 5,5 5,0 4,5 5,0 5,5 5,0 4,5 5,0 5,5 kWh/mcfa
2a

total kWh/M 100 100 130 50 100 120 130 50 30 30 50 50 50 50 130 50 100 120 130 50 100 120 130 50 kWh/a
kWh/mcfa

2M 2,0 2,0 2,6 1,0 2,0 2,4 2,6 1,0 0,6 0,6 1,0 1,0 1,0 1,0 2,6 1,0 2,0 2,4 2,6 1,0 2,0 2,4 2,6 1,0 kWh/mcfa
2a

cumulative 2,0 4,0 6,6 7,6 9,6 12,0 14,6 15,6 16,2 16,8 17,8 18,8 19,8 20,8 23,4 24,4 26,4 28,8 31,4 32,4 34,4 36,8 39,4 40,4

Graphical evaluation

▲

Calculation tool Tool website

incl. lighting, household, 
offce equipment…

[Home location]

https://energyplus.net/weather-location/europe_wmo_region_6/DEU//DEU_Dusseldorf.104000_IWECDüsseldorf

0,0

10,0

20,0

30,0

40,0

50,0

Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup Home Wup

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

kW
h/

m
²ausage related

other auxiliary
ventilation
DHW
cooling
heating0

10

20

30

40

50

05.7. 06.7. 07.7. 08.7. 09.7. 10.7. 11.7. 12.7. 13.7.

temperature in °C

outdoor temperature indoor temperature

Competition & Living Lab Platform – Annex 74Monitored annual electric energy balance of the team Wuppertal house of Solar Decathlon Europe 2010. The house was fully 
occupied by a two-person household in 2012/13. The annual generation on site balances the consumption. Based on net 
electricity metering the degree of self-consumption of solar power was 20%, the degree of self-sufficiency was 21%,

Research following a Competition Participation
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Living Labs – Educational Platforms 

Competition & Living Lab Platform – Annex 74

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

After Competition & Living Lab Scenarios Report
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thermal comfort 
air tightness
modular and prefabricated construction
sustainable and recyclable construction

heat pumps
solar thermal systems 
photovoltaic
hybrid solar systems 
batteries
energy flexibility
user friendliness

Building Research Knowledge Pool - Topical Papers 
Competitions can make better use of 
up-to-date knowledge generated and 
documented in IEA Annexes and Tasks 
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

International Energy Agency

Building Competitions as an Incentive for 
Research, Education and Communication

Professor Dr Karsten Voss, University Wuppertal, Faculty of Architecture and Civil Engineering, Germany 

Professor Dr Sergio Vega Sánchez, Technical University Madrid, School of Architecture, Spain 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

UPM Magic Box, US SD2005                               UPM Casa Solar, US SD 2007 UPM Casa Black&White , US SD 2009

Solar Decathlon Europe 2010 - Madrid Solar Decathlon Europe 2012 - Madrid Solar Decathlon Europe 2014 - Versailles

1

2
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

OBJECTIVE

The goal of this report B is to gather all the info, analyse SD

Competitions & events as a whole, assess its impacts and

performance, identify successful key drivers, and take advantage

of this knowledge to learn how to improve them, influencing the

direction and content of next editions, as well as new

competition formats.

CONTENT:

Methodology

Solar Decathlon and linked Events

Impacts in Education, communication and people awareness

Surveys and key performance indicators

Key drivers for sucessful SD competitions

3
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

OBJECTIVES OF THE SOLAR DECATHLON EUROPE

1. TO GENERATE knowledge on the industrialization and sustainability of houses, bringing out suitable scientific benefits
as well as the fruitful dissemination of knowledge, and technology transfer to professionals and industry

2. TO TAKE ADVENTAGE OF SOCIAL INTEREST AND HIGH MEDIA IMPACT TO MAKE students, professionals, and the
general public aware of environmental and sustainability issues, especially in the responsible use of energy and natural
resources, promoting the use of the renewable energies, improving energy efficiency, …

5
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

7
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

34 collaborating countries

60 Universities participating

600 researchers and PhD Students

3.500 Volunteers

25.000 children and teenagers

7.000 university students

25.000 professionals from 12 EU member countries

Scientific output (books, papers, PhDs, patents)

680.000 people participating

Estimated over 700 Million reached

9
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

11
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

13
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

15
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

Competition & Living Lab Platform – Annex 74

Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

17
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Innovation and Energy Policy for Buildings: International Collaboration to Accelerate Change 

19



Occupant-centric Building Design and Operation 
in a Post-pandemic World (EBC Annex 79)

Liam O’Brien, Ph.D., P.Eng.

Professor

Civil and Environmental Engineering

Carleton University, Ottawa, Canada

Wednesday, June 8, 2022

2

Slide Title

• ContentTransportation Home

Office

Information and 
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Telework energy implications
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Does teleworking save energy?

Transportation savings

Home office

M
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vacant office

Office savings

Added ICTNet savings

24 studies have looked at one or more domains; none have captured all. 
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6

Office occupancy vs. commute time for US cities

Source: WSJ
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Midtown (Manhattan) office occupancy

Source: WSJ

8

Office buildings

• Minor positive energy benefit

• Highly dependent on 
adaptability:

• Hotelling/hot-desking

• Demand-controlled 
ventilation (DCV)

• Occupancy-based setpoint 
and lighting control

• Sleep mode on electronics
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Office buildings

Why Empty Office Buildings 
Still Consume Lots of Power 
During a Global Pandemic

10

Office buildings

Occupancy0 Full

Ideal
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Kim and Srebric, 2017
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Occupancy and lighting controls

11

12

4 cubicles/lighting control zone

Occupancy Lighting
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25 cubicles/lighting control zone

Occupancy Lighting

Office hotelling potential/probabilistic occupancy
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Office hotelling potential/probabilistic occupancy

16

Home

• Net negative effect 

• Previous estimates range from 0.1 
to 20 kWh/teleworked day

• Highly dependent on operations

• Zoned heating/cooling/lighting

• Optimally-scheduled setpoints with 
vacancy setback

• Laundry, baking, etc. shift peak 
loads

• Bigger home to accommodate office? 

• 4% larger (Nilles, 1990)
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Ottawa residential electricity use

• Average daily home electricity 
use up from 19.7 kWh to 22.1 
kWh (12.1% increase)

• Peak loads are up 15 to 20% 
over pre-COVID

Time (h)
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21 March 2020 demand

21 March 2019 demand

Ontarians are starting their days 

later. Morning peak is now 

around 1 p.m., rather than 8 a.m.

Evening hours and overnight, 

electricity use reverts back 

to a more typical pattern

The core hours of 11 a.m - 7 p.m. show 

roughly 14% more electricity use 

than usual

 Fig. 2 Impacts of COVID-19 on Ontario's Electricity 

demand in residential homes, reported by IESO
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Energy usage in the home (survey of 300 Canadians)
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Energy usage in the home (survey of 300 Canadians)

19
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Floor area normalization: Canadian housing stock

~35% drop in energy intensity

19
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Canadian housing stock: Floor area

~27% increase in floor area per  person

22

Floor area normalization

~18% drop in energy intensity

21
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Midtown (Manhattan) office occupancy

Source: National 
Association of Home 
Builders (US)

25

Attitudes towards teleworking

• 67% of participants wanted to work from home more than 
before based on this teleworking experience

25
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Energy usage in the home

27

• To improve the functionality of their home working environment…

• 52.9% of participants had to start using more electronic devices/appliances

• 32.3% of participants had to buy new electronic devices/appliances

• Teleworkers need equipment, which is associated with energy use

28

Energy usage in the home

28
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Energy usage in the home

29
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Energy attitudes & behaviours
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During COVID-19, how often have you...

…cooked/baked between 9 a.m. and 5 p.m. on weekdays?

...done laundry between 9 a.m. and 5 p.m. on weekdays?
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Energy attitudes & behaviours

31

32

Attitudes towards teleworking

• 67% of participants wanted to work from home more than 
before based on this teleworking experience

32
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Follow-up survey results

• “Does your current residence have air-conditioning?”

• 77% of the respondents have central A/C

• 9% do not have any A/C
• One person said they had both central A/C and a portable/window A/C unit

• Only one person said they have multiple window/portable A/C units (1 in the room they work in, 1 in 
their bedroom)

• “How often are you using air-conditioning compared to last summer?” Of the 51 
respondents who had A/C: 

• 47% of respondents say they are using their A/C more during the day

• 43% of respondents say they are using their A/C the same amount as last summer

34

Energy usage in the home
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Attitudes towards teleworking

• 67% of participants wanted to work from home more than 
before based on this teleworking experience

35

36

Transportation

• Probably the biggest energy/emissions-saving 
opportunity

• BUT, 3 of 21 studies reported an increase in 
transportation use from telework

• Major rebound effects:
• Poorer trip-chaining
• Family now has car to use
• Bigger/more cars
• Suburban sprawl
• Less traffic → more driving by others

• Unclear what comes first:
• Teleworkers move farther
• Suburbanites start teleworking more

35
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Transportation energy vs. density 

Population density (people per hectare)
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Newman and Kenworthy (1989)
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Information and Communications Technology (ICT)

• Negative effect, but enabler of 
teleworking

• Global data transmission uses 
1.1-1.4% of total electricity use 
– expected to double in a 
decade

• Major uncertainty about 
energy-intensity and data 
actually used for work

• 0.1-1.0 kWh ≈ 1 GB (e.g., 0.5-1 
hours of Zoom meetings)
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The verdict on whether telework saves energy overall

40
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Changing occupant expectations 

IEA EBC Annex 79

Occupant-centric 

building design and operation

2018-2023

Profs. Andreas Wagner (Germany) and Liam O’Brien (Canada)
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Organization in four subtasks

ST1: Multi-aspect 

environmental exposure, 

building interfaces, and 

human behaviour

ST2: Data-driven 

occupant modeling 

strategies and digital 

tools

ST3: Applying occupant 

behavior models in a  

performance-based 

design process

ST4: Development and 

demonstration of 

occupant-centric building 

operating strategies

Countries involved

1 Australia

2 Austria

3 Belgium

4 Brazil

5 Canada

6 China

7 Denmark

8 France

9 Germany

10 Italy

11 Netherlands

12 Norway

13 Singapore

14 Sweden

15 Turkey

16 UK

17 USA

18 Switzerland

19 UAE

20 Hungary

21 Poland

Non-member countries/observer status
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Comfort at home and in offices

• Office workers have come to expect a high degree of 
personalized control over their environment

• We need to provide high IAQ without major energy 
penalties

• Homes are prone to discomfort with telework and other 
new uses

• Use of air-conditioning likely to increase at home

47

Impact of noise in multi-unit residential buildings

Andargie, Touchie, 
O’Brien (2021)
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Data-centric approaches to research and design

49

Occupant-centric controls (OCC)
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Occupant-centric design

51

Liam.OBrien@carleton.ca
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