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Highly energy-efficient buildings are broadly cost-
competitive over their lifetimes, according to the 2024
Breakthrough Agenda Report, and yet they represent
the minority of buildings currently being designed, built,
and operated.

Although tremendous advancements have been made
with respect to envelopes and mechanical systems such
as heat pumps, real-world building performance is
significantly lower than expected based on the potential
offered by these technological efficiency improvements.
This is a consequence of building design and operation.
Designing a high-performance building is a complex
process in which designers need to consider the uses of
the building and, based on its location, define appropriate
characteristics of the envelope and coordinate
mechanical, electrical, and plumbing systems. These
include HVAC systems to supply and extract heat, lighting
systems, and increasingly, systems to support security
and smart technologies. Together, these components
must ensure that the occupants have a healthy,
comfortable, and secure space in which to live or work.

The complexity of the design process requires

time from the designers to evaluate options. However,

in general, they do not have the luxury of taking the

time to explore these higher performing options, given
that the design needs to be completed within a limited
budget.Consequently, designers tend to re-use designs
that although familiar are often suboptimal, with
high-performance building design undertaken only for
the most prestigious projects. In fact, although a few
buildings do reach high performance levels at equivalent
or lower costs, the vast majority of buildings built to date
are designed to meet the mandated minimum level of
performance of their individual jurisdiction’s energy code.
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Designing high performing buildings is a necessary
but not sufficient requirement for limiting the
carbon footprint of buildings. Effective operation is
also required for this to happen.

The design of high performing buildings and their
operation to maintain the health, comfort, and security
of occupants are subjects that are addressed in

many current and past projects within our IEA Technology
Collaboration Programme.

For example, IEA EBC Annex 93 ‘Energy Resilience

of the Buildings in Remote Cold Regions’ is exploring
the building as a system in remote arctic communities,
while IEA EBC Annex 90 ‘Low Carbon, High Comfort
Integrated Lighting’, which is jointly managed with

the IEA Solar Heating and Cooling TCP, explores how
the design of high comfort integrated lighting can be
achieved by utilizing enhanced fagade technologies.

Meanwhile, IEA EBC Annex 95 ‘Human-Centric

Buildings for a Changing Climate’, jointly run with the

IEA User-Centred Energy Systems TCP, carries out
research to fully address the needs of the occupants both
at the design stage and during operation of buildings,

an essential aspect that is sometimes overlooked.

EBC TCP projects also go beyond individual buildings

to consider how multiple buildings form parts of larger
systems such as cities (IEA EBC Annex 97 ‘Sustainable
Cooling in Cities’, run jointly with the IEA Decarbonising
Cities & Communities TCP), as well as electricity grids
(IEA EBC Annex 96 ‘Grid Integrated Control of Buildings’)
and thermal networks (IEA EBC Annex 84 ‘Demand
Management of Buildings in Thermal Networks’).

Our project with the broadest scope with respect to

time and industries covered is IEA EBC Annex 89 ‘Ways
to Implement Net-zero Whole Life Carbon Buildings.’
This covers the carbon footprint of buildings from the
extraction of the raw materials, through the construction
of the building, to either its demolition or refurbishment



and disposal of construction waste. An introductory
article on this work leads our 2024 Annual Report.
Although | have only mentioned some of our projects,
it is evident that the work carried out by the many
researchers working within the EBC family aligns with
the needs identified in the 2024 Breakthrough Agenda
Report and impacts the ways we design and operate
buildings.

| am pleased to invite you to read our latest Annual
Report to learn about all our work!

Meli Stylianou

EBC Executive Committee Chair and Member for Canada
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Whole Life Climate Change Mitigation
Support for Buildings

With the consequences of global warming already being
experienced and increasing in intensity, there is growing
interest in the topic of climate protection. Thus, there is an
urgent task to limit global warming by reduce greenhouse
gas emissions. To this end, the construction and building
industry is of particular importance, including all the
branches in the upstream and downstream processes
within the supply chain. This sector causes significant
greenhouse gas emissions, is directly affected by the
consequences of climate change, and at the same time
has a great potential to contribute to mitigation actions.
Crucially, up to 40% of greenhouse gas emissions can be
influenced directly and indirectly by the actors involved
in shaping the built environment. However, compared to
other sectors this was recognized comparatively late by
many public policy makers.

Annex 31:
Energy Related Environmental Impact of Buildings

Annex 57:
Evaluation of Embodied Energy and CO Equivalent
Emissions for Building Construction

Annex 72:
Assessing life cycle related environmental impacts
caused by buildings

Annex 89:
Ways to implement net-zero whole life carbon building

EBC project history on embodied and whole life impacts
Source: EBC Annex 89
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Today, the goal of reducing greenhouse gas emissions
from buildings is the focus of major international
initiatives such as Buildings Breakthrough, and the
International Energy Agency’s Technology Collaboration
Programmes (TCPs) of which the Energy in Buildings
and Communities (EBC) TCP forms a part. The general
ambition is that by 2030 buildings with minimised
greenhouse gas emissions throughout their life cycles
become commonplace.

Countries worldwide are called upon to integrate
mitigation pathways into their Nationally Determined
Contributions (NDCs) to be submitted to the United
Nations Framework Convention on Climate Change’s
Conference of the Parties, the latest of which is being
held in 2025 (‘COP 30’). The EBC TCP is closely involved
in creating the prerequisite technical and scientific

basis for establishing NDCs through the research and
development that takes places within its projects.

EMBODIED ENERGY

EMBODIED EMISSIONS

OVERALL EMISSIONS IN WHOLE LIFE CYCLE

IMPLEMENTATION
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Embedding the foundations

As early as 1996, EBC Annex 31 ‘Energy Related
Environmental Impact of Buildings’ opened up a new
and important thematic field, thus responding to the
growing
above pure energy issues. It introduced the terms ‘life

interest in environmental issues over and
cycle assessment’ (LCA) and ‘environmental impacts’
to the EBC TCP and described them in a dedicated
report. This project characterised the building as the
object of investigation and explained the decision-
making framework for planning and designing buildings.
Finally, it made a synopsis of relevant tools that may
act as interfaces between decision makers and the
Next, EBC
Annex 57 started in 2011 and dealt with the evaluation

building as the object of investigation.

of embodied energy and carbon dioxide (CO2) equivalent
emissions for building construction. The scope of this
project was limited to construction related impacts and
excluded the operational phase. It conducted a survey
of current research results regarding embodied energy
and embodied greenhouse gas emissions. Based on this
survey, guidelines were developed both for evaluating
embodied energy and CO2 emissions from building
construction and for designing and constructing buildings
with lower embodied energy and CO2 emissions.
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The follow-up project, EBC Annex 72 ‘Assessing Life
Cycle Related Environmental Impacts Caused by
Buildings’ (2016-2023) extended the scope to include the
whole life cycle (construction, operation, end-of-life), as
well as all environmental impacts, instead of only those
relating to energy. This project delivered methodology-
life cycle assessment of
buildings, with a focus on the assessment of biogenic

related guidance for the

CO2 withdrawals and emissions, the state of art for and
guidance on benchmarking environmental impacts of
buildings including net-zero greenhouse gas emission
buildings, a global synopsis on LCA databases for
buildings and construction, and guidance on design
tools and BIM (building information modelling). Like its
predecessors, EBC Annex 72 compiled and documented
case study buildings using a standardised reporting
template. The successor project, EBC Annex 89 ‘Ways to
Implement Net-zero Whole Life Carbon Buildings’, now
focuses on implementation, given the urgency of the built
environment to drastically reduce its greenhouse gas
emissions.



Current challenges

The current situation is complex. On the one hand, the
targets for reducing greenhouse gas emissions in the
construction and building sector have been taken up
by international initiatives such as the International
Energy Agency. By 2030, new buildings that cause
almost no greenhouse gas emissions in their life cycle
are to become a matter of course. On the other hand,
however, there are also new tasks, such as fulfilling the
preconditions to make this a reality.

Such challenges arise in the current efforts to integrate
the calculation, assessment and targeted influence
of greenhouse gas emissions into the design and
investment processes. Some problems in this respect
are the increasing number of terms and definitions, along
with ambiguities in the description and application of
system boundaries. For example, in the case of the widely
used term ‘whole life carbon’, it is not sufficiently clear
that this is the calculation of greenhouse gas emissions
taking into account both embodied and operational parts;
in Europe, this is also called ‘life cycle global warming
potential’. Formally, the object under consideration is a
complete building throughout its whole life cycle, but the
object of assessment is a building model used alongside
a life cycle model based on a reference study period,
subdivided into stages and information modules.

Even more confusing is the multitude of goals and
requirement levels from ‘climate-neutral’ to nearly-,
near- or net-zero emissions, which makes it difficult to
define performance classes. EBC Annex 72 had already
set itself the goal of supporting the harmonization
of corresponding approaches. A key finding was that
indicators, system boundaries, databases, methods,
objectives and level of requirements must form a
coherent unit. Net-zero greenhouse gas emission
buildings during the life cycle is becoming a universal
benchmark, achievable by specific solutions.

Actions and actors

The ‘Monte Verita Declaration’, which was initiated by
EBC Annex 72, presents a detailed plan involving a wide
range of participants to mitigate the environmental
impact of buildings. It emphasizes the importance of
reducing operational energy demand by using renewable
energy sources and incorporating sustainability
principles into buildings-related practices. Key measures

include favouring refurbishment over new construction,
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applying circularity principles by using locally sourced
and recycled materials, and designing buildings for easy
disassembly and reuse. The selection of construction
materials and technologies should prioritize low
greenhouse gas emissions and minimal environmental
impacts.

Cross-cutting strategies are also vital, advocating for
building less (‘sufficiency’) and modernizing existing
instead of

structures constructing new ones.

Environmental life cycle assessment (LCA) is
recommended throughout all project stages to evaluate
design options and measure environmental impacts
comprehensively. Successful implementation demands

the active involvement of various stakeholders.

Specific tasks as required to mitigate the environmental

impact of buildings including the following:

— Governments and administrations should set
enforceable emission targets, standardize
LCA practices, and support research through
legal and regulatory frameworks.

— Investors and financial institutions need to require
environmental impact assessments, invest in
sustainable projects, and incorporate LCA into their
decision-making processes.

— Research institutions should focus on advancing
sustainable construction technologies and integrate
LCA education into relevant academic programmes.

— Designers, architects, and engineers are tasked
with incorporating sufficiency, refurbishment,
circularity principles, and low-energy solutions into
their projects using advanced digital tools.

— Operators of environmental product declaration
(EPD) programmes and certification schemes must
align with international standards, ensure LCA
accuracy, and set stringent environmental targets.

— Manufacturers of construction materials and
technologies should aim for net-zero emissions,
publicize their LCAs, and improve manufacturing
processes to enhance circularity and reduce
emissions.

— Construction companies should minimize emissions
and resource use during building and deconstruction
phases, select low-impact materials, and reduce
waste.

— Real estate agents ought to promote transparency
regarding a building’s environmental performance to
buyers and tenants.
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— Occupiers and tenants are encouraged to reassess
their space needs, make informed decisions based on
environmental impact data, and use spaces efficiently.

Developing EBC Governance

Achieving net-zero whole life carbon in buildings demands
a comprehensive and coordinated implementation
strategy. Firstly, regulatory frameworks must evolve
to encompass the entire building life cycle, moving
beyond initial operational energy to include embodied
greenhouse gas emissions, material replacements, and
end-of-life considerations. This requires standardized
methodologies for whole life carbon assessment,
aligning with existing frameworks and the freely available
outcomes of the international research conducted within
EBC Annexes 72 and 89. Secondly, access to high-quality,
consistent data is crucial. This includes robust EPDs and
comprehensive national generic databases covering a
wide range of materials and processes, ideally in digital
formats. However, generic data should be conservatively
stated, so incentivizing the use of product-specific EPDs
and allowing them to gain greater recognition. Thirdly,
policy needs to set clear, progressively ambitious
targets for whole life carbon reduction, signalling the
long-term direction to the industry. Harmonization of
these targets and assessment methods across regions
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such as the Nordic countries and the European Union
fosters fair competition and accelerates innovation.
Finally, significant investment in stakeholder education,
capacity building, and the development of user-friendly
assessment tools is essential to ensure industry
readiness and effective implementation. Addressing the
technical challenges and ensuring buy-in from all actors
across the value chain is key to realizing net-zero whole
life carbon ambitions.

The current international research project EBC
Annex 89 and its outcomes is supporting all actors to
take proactive, scientifically informed steps to mitigate
climate change. They must not delay action while waiting
for regulations to compel them; instead, they should take
the initiative now to stay ahead of climate change and to
contribute to a sustainable future.

Further information

www.iea-ebc.org

Alexander Passer (Operating Agent),

and Thomas Lutzkendorf, Rolf Frischknecht,
Greg Foliente, Marcella Saade, Carlos Caballero,
Maria Balouktsi, and Freja Rasmussen (all
Subtask Leaders) of EBC Annex 89



SUSTAINABLE COOLING IN CITIES
(EBC ANNEX 97)

GRID INTEGRATED CONTROL OF BUILDINGS
(EBC ANNEX 96)

HUMAN-CENTRIC BUILDINGS FOR A CHANGING CLIMATE
(EBC ANNEX 95)

VALIDATION AND VERIFICATION OF IN-SITU BUILDING
ENERGY PERFORMANCE MEASUREMENT TECHNIQUES

(EBC ANNEX 94)

ENERGY RESILIENCE OF THE BUILDINGS IN REMOTE COLD REGIONS
(EBC ANNEX 93)




New Research Projects

EBC ANNEX 97 - IEA CITIES TCP

The effects of climate change are becoming increasingly
severe in urban areas, where extreme weather events,
such as prolonged heat waves, are intensified by the
urban heat island effect. With over 55% of the global
population living in cities, addressing these climatic
challenges has become critical.

EBC Annex 97 is a thematic continuation of EBC Annex
80 ‘Resilient Cooling of Buildings’. One of the key insights
from EBC Annex 80 revealed that sustainable and resilient
cooling of buildings in urban areas is intrinsically tied to
heat mitigation and the introduction of cooling solutions
that do not compromise the outdoor liveability by heat and
noise release. This new project is tackling this challenge.
It is being carried out as a fully joint project together
with the IEA Technology Collaboration Programme on
Decarbonisation of Cities and Communities (Cities TCP).
It is addressing three key aspects as follows:

A temporary installation at the Vienna Climate Biennale 2024,
as an impetus for the realization of climate-effective green and
blue infrastructure, in particular urban rivers.

Source: IBR&I, Vienna, 2024
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— First, it seeks to improve outdoor climate conditions
in cities to create comfortable and healthy living
environments. This involves interventions across
different spatial scales, from city-wide urban planning
to neighbourhood-level initiatives and building-
specific strategies. Urban morphology optimization
through design, landscaping, and the integration
of green and blue infrastructure can enhance airflow,
reduce outdoor temperatures, and provide shading.
Additionally, the use of cool materials in outdoor
spaces offers both immediate benefits for outdoor
comfort and indirect improvements to indoor
environments.

— Second, the project focuses on strategic solutions
for sustainable cooling of buildings. Efforts prioritize
reducing cooling demand and meeting this demand
with energy-efficient, climate-friendly, socially
equitable, and affordable approaches. Alternatives
to conventional air conditioning, such as district
cooling, seawater cooling, and radiative cooling,
are explored to minimize energy waste and mitigate
heat and noise pollution. Balanced systems that
optimize seasonal environmental heat sinks can
further enhance energy efficiency and reduce
environmental impacts.

— Third, the project highlights the critical link
between outdoor climate mitigation and sustainable
cooling solutions. A conducive outdoor environment
is essential for the success of sustainable cooling
technologies, as extreme heat conditions can
undermine their effectiveness. Additionally,
unmanaged excess heat from air conditioners can
exacerbate outdoor heat stress, particularly
during heat waves, reducing overall quality of life
in urban areas.



Objectives

The project aims to increase and spread international
knowledge about mitigation and
sustainable cooling in cities. Emphasis is being placed

effective  heat

on the interaction between heat mitigation in outdoor
spaces and cooling of buildings. The aim of the project is
to develop and support the application of measures that
serve the health, safety and wellbeing of people and that
push energy efficiency and support the way to carbon
neutrality. To achieve this goal, the following four specific
objectives have been identified:

— Fundamentals: The first specific objective is to
establish a knowledge base on environmental
quality criteria in indoor and outdoor spaces, as well
as key performance indicators for urban cooling.

This considers indoor and outdoor air quality

and comfort, health, productivity, safety, energy
efficiency, environmental impact, and cultural, social,
and economic aspects. It also involves extracting

and processing knowledge about human-centric
indicators such as heat vulnerability indices.

— Methods: The second specific objective is to
develop protocols for simulations and experimental
methods to assess heat mitigation and cooling
technologies. This includes evaluating simulation
tools and the identification and development of
experimental evaluation methods for urban heat and
countermeasures.

— Solutions: The third specific objective is to identify
and assess solutions to improve heat mitigation in
urban outdoor areas and cooling in buildings, focusing
on the interrelation of both measures. This involves
measures such as urban design, airflow, shading,
evaporation, cool materials, district cooling, and
usage of natural heat sinks. The focus is on resilient,
robust, and affordable technologies, considering
technical-energetic and socio-economic aspects.

— Policy: The fourth specific objective is to transfer
scientific research and results to real-world
applications, identify best practices for policymaking,
and strengthen existing networks to amplify global
adoption of sustainable cooling practices and to
maximise the project impact.
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Progress

The project was accepted in November 2024. It is
currently going through its one-year preparation phase
and is engaging with potential participants.

Meetings
No project meeting were held in 2024.

Project duration
2025 2029

Co-Operating Agents
Peter Holzer, Philipp Stern,
Institute of Building Research & Innovation, Austria

Participating countries (provisional)

Australia, Austria, Belgium, Brazil, Canada, Denmark,
France, Germany, Italy, Japan, the Netherlands, Norway,
Ireland, Spain, Sweden, Switzerland, T rkiye, UK, USA

Further information
www.iea-ebc.org




New Research Projects

Grid Integrated Control of Buildings

EBC ANNEX 96

In addition to improving energy efficiency (reducing
overall energy consumption), the International Energy
Agency (IEA) has identified the need for demand-side
action to improve ‘system-wide efficiency’. This includes
the emerging need for load shifting, which means
managing the time of energy use. This is required to
improve the security of energy systems, as part of the
transition to variable renewable energy supplies. It also
enables buildings to reduce emissions by using energy
when grid carbon intensity is lower.

Load shifting in buildings can be achieved with various
thermal and electrical energy storage assets that
routinely occur in buildings (for instance hot water, HVAC,
electrical batteries, and electric vehicles). These assets
are known as ‘flexible' loads and are capable of being
dispatched using modern digital technologies.

In their ‘Net Zero Emissions by 2050 Scenario’, the IEA
is calling for a tenfold increase in demand response
availability from buildings between 2020 and 2030.
Consistent with IEA recommendations, this new project
aims to combine the learnings of EBC Annex 81 'Data-
Driven Smart Buildings' and EBC Annex 82 ‘'Energy

Flexible Buildings Towards Resilient Low Carbon
Energy Systems', to unlock the availability of flexible
loads in buildings. This is expected to be achieved by
focusing on (i) the digitalisation framework necessary for
automating asset dispatch and resource quantification,
and (ii) by improving the technology readiness level (TRL)/
commercial readiness level (CRL) of flexible heating and
cooling products and services.

Key research questions that this project is addressing

include:

— What heating and cooling flexibility products
and services are the most widely useable,
predictable and cost-effective (with a target cost of
<$200/kVA)?

— How can energy flexibility be digitally characterised
and communicated in operational settings to
continuously inform markets of forecast availability
of the flexibility resource? How can this be automated
and certified?

— How can flexibility resources be managed
(in aggregate) to both improve the certainty that
outcomes will be delivered, and avoid rebound
effects when flexible resources return to service?

Grid Integrated Control of Buildings

A. Minimum Information B. Flexible Demand Aggregation C. Flexible Demand D. Case Studies and
Requirements Product Packages Implementation Models

AL B1L:
Reference scenarios and KPIs Stochastic forecasting and M&V

for market participation methods

A2: B2:

Device communication Building emulators and 'Al Gym'’
standards test environment

A3: B3:

Asset orchestration common
exercises

Ontology development and
su ciency methods

A4
Platform Design and user pilots

Structure of EBC Annex 96 ‘Grid Integrated Control of Buildings’
Source: EBC Annex 96

EBC ANNUAL REPORT 2024

CL D1:
Flexibility technologies review Case studies and dissemination
and evaluation

C2: D2:
Flexibility product guides and Owner and occupant experience
implementation tools

C3: D3:

Product performance Industry roadmap
assessment

C4:

Time-of-use carbon assessment
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— What measurement and verification (M&V)
methodologies and algorithms can account for
uncertainty, to fairly and cost-effectively determine
delivered flexibility after a demand response event?

— Can semantic web technologies enhance ‘machine-
readability’ in a way that can automate flexibility
services in buildings and/or energy trading processes,
and support innovative business models?

— How can data-driven approaches be used to (i)
reduce the various technical and commercial barriers
to sourcing flexibility services from buildings, and
(ii) package flexibility resources in a way that is
attractive in various energy markets and regulatory
environments?

Objectives
The vision of this project is to provide building owners
and energy market participants with a framework of
concepts, procedures, tools and evidence that can
enable trustworthy, automated, cost-effective trading of
flexibility resources from buildings at scale. To achieve
this, the project objectives are to:

— advance the TRL/CRL of flexible load technologies
available in buildings,

— develop the digital framework(s) for exposing flexible
load resources to energy markets/schemes,

— demonstrate the potential for automating flexibility
aggregation and orchestration processes through
modern digitalisation technologies,

— assess the potential to use flexible loads to reduce
emissions in building, by better matching demand with
grid time-of-use emissions, and

— drive adoption of project results through case studies,
business model innovation and results dissemination.

Deliverables

The planned deliverables from this project include:

— energy market reference scenarios describing how
flexibility can participate in relevant jurisdictions,
along with relevant digital platform requirements,

— aguide to M&YV for flexible demand financial
settlement,

— areport describing modelling analysis of the impact
of coordinated management of fleets of flexible
buildings,

— astate-of-the-art report, and assessment of
technologies for delivering flexible demand from
heating and cooling services,
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— areport on the potential for flexibility to reduce time-
of-use based greenhouse gas emissions,

— arepository of case studies of flexibility in real world
applications, accessible through a web portal and

— anindustry roadmap report explaining intervention
opportunities to grow the flexible demand industry.

Progress

Initial discussions about the new project were held
in various forums linked to EBC Annex 81 and EBC
Annex 82. Based on these discussions, an initial project
proposal was prepared, and approval was subsequently
given to enter preparation phase at the June 2024 EBC
Executive Committee meeting.

The first preparation meeting was held in October 2024.
This meeting included a structured consultation process
to identify the key industry challenges in some detail,
solutions, research opportunities, available capability
and processes for collaboration.

Significant effort has focused on recruitment of
participants to the project collaboration. The project sub-
task leadership and activity-level leadership has been
largely recruited and is now working to prepare additional
detailed work plans. A distribution list has been created
with over 150 interested researchers representing over
70 organisations across 26 countries.

The project is supported and promoted by the Mission
Innovation ‘Affordable Heating and Cooling’ Innovation
Community.

Meetings

The following meetings were held in 2024:

— International workshop on Grid Integrated Control
of Buildings, held in Prague, Czech Republic, in May
2024, and

— First preparation-phase expert meeting, held in
Copenhagen, Denmark in October 2024.

Project duration
2024 2029

Co-Operating Agents
Stephen White, CSIRO, Australia
Rongling Li, Technical University of Denmark, Denmark

Participating countries (provisional)

Australia, Austria, Belgium, Canada, P.R. China,
Czech Republic, Denmark, France, Germany, Ireland,
Italy, the Netherlands, Norway, Singapore, Spain,
Sweden, Switzerland, T rkiye, UK, USA

Further information
www.iea-ebc.org
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New Research Projects

EBC ANNEX 95

People play an integral role in building performance and
adaptation to climate change across both spatial and
temporal scales. Considering the breadth of stakeholders
in the built environment, they affect the market and
design for new buildings, building construction, and
the operation and management of buildings through
their life cycle. In residential buildings, the owners or
tenants are also the operators and make decisions about
renovations and retrofits. In non-residential buildings,
operators are usually distinct from the occupants and
hold significant power over operating conditions and
the resulting environmental performance. In a rapidly
changing climate, these diverse stakeholders hold the
key to achieving optimal levels of performance as defined
by the following dimensions:
— resilience and adaptability to a changing climate,
extreme events, and energy transitions,
— equitable allocation of building space and access to
comfortable and healthy spaces, and
— mitigation of climate change.
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To understand the role that occupants and building

stakeholders must play in the energy transition while

adapting to our changing climate, this new project has
been established jointly as EBC Annex 95 with the IEA

Technology Collaboration Programme on User-Centred

Energy Systems (Users TCP). It is exploring the following

questions to research the evolving role of humans in the

energy transition to address climate change:

— How do people interact with their buildings (and why)
under ‘normal’ conditions?

— How do these behaviours change under extreme
conditions driven by climate change, and how
do humans react under unprecedented conditions?

— Do these behaviours help or hinder their ability to
survive and thrive?

— How will extreme events specifically impact
building function (and indoor environmental quality
and health)?

— What is the boundary or expectation, and/or the
design and policy implications that might result from
these conditions and behaviours (for example, at
what point must comfort expectations shift due to a
changing climate and the energy transition)?

— How do occupant expectations of buildings need
to shift given the capabilities we have now? How do
expectations need to shift for designers, building
operators, communities, and so on?

— How do we design and redesign buildings to
accommodate this ‘new normal’?

— How do we design better buildings for people,
especially under changing conditions and climate,
while also promoting health and well-being?

EBC Annex 95 is organized in four interdependent

and interacting subtasks under two management committees.
The subtasks are illustrated as interconnected, recognizing
the importance of integrated and interdisciplinary research
Source: EBC Annex 95
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The in-person participants

of the 1st Expert Meeting, held in
Sevilla, Spain. in November 2024
Source: EBC Annex 95

Objectives
Determine the role that occupants and other building
stakeholders must play to facilitate the energy transition
while adapting to our changing climate. We also aim to
develop, demonstrate, and deploy approaches to improve
occupants’ comfort, well-being, and health in buildings,
using principles of sufficiency and equity. The specific
objectives are listed below:
— Achieve a broader understanding of how the
energy transition will impact various areas, people,
and building types
— Create new definitions and frameworks on topics
such as resilience and sufficiency that are specific to
people
— Develop occupant-centric design strategies for
new and existing buildings to adapt to climate change
and the energy transition
— Create new controls technologies and operating
strategies to simultaneously optimize occupant
comfort and sustainability implications
— Develop new tools to support occupant-centric
building policy, design, and operation
— Create guidance for integrating occupant
considerations into codes and standards
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Deliverables
The project is currently in its preparation phase, during
which the specific deliverables will be determined.

Progress

In 2024, a planning workshop was held in Boston, USA,
with around 30 international participants. The project
officially kicked off with the first expert meeting in
November in Sevilla, Spain, co-located with the Comfort
at the Extremes (CATE) 2024 conference. During this
first meeting participants worked on developing specific
activities for the project.

Meetings

The following meetings were held in 2024:

— Planning workshop, held in Boston, USA, April 2024,
and

— 1st Expert Meeting, held in Sevilla, Spain in November
2024.

Project duration
2024 2029

Co-Operating Agents

Liam O Brien, Carleton University, Canada
Marianne Touchie, University of Toronto, Canada
Julia Day, Washington State University, USA

Zoltan Nagy, The University of Texas at Austin, USA

Participating countries

Australia, Austria, Belgium, Brazil, Canada, P.R. China,
Denmark, France, Germany, Italy, the Netherlands, Norway,
Singapore, Sweden, Switzerland, T rkiye, UK, USA

Further information
www.iea-ebc.org
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New Research Projects

EBC ANNEX 94

In recent years, there has been a rapid growth in the
availability of cost-effective technologies that measure
the energy performance of buildings in-situ. This growth
has been driven by concerns over the performance
gap between the real energy performance of buildings
and that predicted by models, including those used for
regulatory purposes. Innovation has been accelerated
by the availability of smart meter data, weather data,
and low-cost sensors that can measure the indoor
environment. In fact, the building fabric thermal heat
transfer coefficient (HTC) performance of more homes
has likely been measured more often in the last few years
than in all previous years combined.

This new capability to measure millions of buildings

in-situ has the potential to transform the energy

performance of building stocks globally, for example by

enabling the following:

— Quality assurance of new buildings and the retrofit
of existing buildings to eradicate the performance gap

— Correct sizing of heating and cooling systems to
improve their energy efficiency and reduce costs

— Quantification of building energy flexibility for demand
response to support the electrification of heat

— Reliable Energy Performance Certificates that drive
the sale and rental value of buildings

— Accurate energy demand predictions from improved
models that help to engage households and de-risk
heat-as-a-service solutions

This new project aims to increase confidence in the use
of in-situ building energy performance measurement
techniques, bringing together an international network
of experts and facilities. Their activities are providing
datasets and research insights to accelerate the
development of methods to measure the thermal
performance of buildings, propose a methodology by
which these methods are deemed to be valid, build
consensus on the best approaches for calculating
uncertainty, and diagnose the causes of performance
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issues. The project is generating a database of real
measured buildings and calibrated energy models,
using which new and improved methods of thermal
performance measurement can be developed.

Through this research, the project aims to accelerate the
development and deployment of in-situ measurement
methods to help to characterise and close the
performance gap between the expected and actual energy
use of dwellings. A key focus of the work is to bridge the
gap between method development and end use to better
understand the needs of potential applications and the
differing requirements of different users. Translating
building thermal performance measurements to
actionable insights is also being investigated through
the study of investigative techniques to disaggregate any

underlying problems with thermal performance.

The project is spanning research at a range of technology
readiness levels by both addressing the validation
and verification of existing in-situ building energy
performance measurement techniques and aiming to
extend the applicability of methods to new climates and
building typographies. The typographies to be studied
include flats and high-performing homes, for which
current methods have not been tested or refined. A
key challenge of the work is to extend the seasons and
climates in which the thermal performance of buildings
may be accurately measured, requiring the collection
of a large dataset from across the globe of dwellings
in differing climates. This enables the development of
measurement techniques for cooling dominated climates;
currently research is concentrated primarily on heating
dominated climates.
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Forty-four participants attended
the 1st Working Meeting of EBC
Annex 94 in Leuven, Belgium,

at which 14 participants presented
some of their earlier related work.
Source: University of Salford, UK

Objectives

The project aims to advance the adoption of in-situ

building energy performance measurement techniques

through the following objectives:

— Develop new knowledge and understanding of the
breadth of real-world applications for in-situ building
energy performance measurement techniques and
the technical requirements of those applications
across different sectors.

— Extend fabric thermal performance estimation
methods to new building typologies and climates,
improving accuracy, repeatability, and robustness.

— Co-create a new framework for the verification
and validation of in-situ building energy performance
measurement techniques. This will reconcile the
current disparate approaches and provide the playbook
for methods required for estimating uncertainty and
evaluating accuracy and repeatability in the field.

— Develop building performance diagnostics to diagnose
the reasons for HTC performance gaps. These are
intended to disaggregate HTC estimates to identify
the cause of observed underperformance and avoid
expensive forensic studies.

— Collect and curate data sets to support the project
work and create a legacy resource. These include new
and existing simulated data, data from field trials in
occupied homes and data from test houses.

Deliverables

The project has a range of deliverables planned as listed

below:

— Applications and their requirements: report listing
stakeholders, applications and requirements of
in-situ building energy performance measurement
techniques.
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— Extend thermal performance methods:State of the
art review and catalogue of methods; Development
and evaluation of methods for new building typologies
and for cooling dominated climates.

— Verification and validation: Play book of methods for
estimating the uncertainty of different methods;

Blind trial of methods to evaluate their accuracy.

— Performance diagnostics: State of the art review and
catalogue of methods; Development and evaluation of
new diagnostic methods.

— Data collection and curation: catalogue of data sets
for the development and validation of methods,
including new data collected during the project.

Progress
The project preparation phase was approved at the EBC
Executive Committee meeting held in June 2024.

Meetings
The 1st Working Meeting was held at KU Leuven, Belgium,
in November 2024.

Project duration
2024 2028

Co-Operating Agents

Prof David Allinson, Loughborough University, UK
Prof Cliff Elwell, University College London, UK
Prof Richard Fitton, University of Salford, UK

Participating countries
Belgium, Denmark, France, Germany, Ireland,
the Netherlands, Spain, Sweden, UK, USA

Further information
www.iea-ebc.org
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New Research Projects

EBC ANNEX 93

Energy resilience of buildings is a topic that has been
generally overlooked in building codes and regulations,
and often in building design in general. However, energy
resilience is especially relevant in cold, very cold and
sub-arctic remote locations where loss of energy supply
can be difficult to restore within a short timescale. Such
cold regions cover almost one fifth of the Earth’s total
land area (excluding Antarctica and Greenland). The
main communities in these regions include dwellings
for indigenous and local people, military installations,
customs and border protection stations, construction
sites, mining camps, scientific research centres,
government and community services, and so on. Except
for Antarctica, the cold climate zones are mostly situated
in the northern hemisphere due to the distribution of
landmass. The logistics of construction, maintenance,
and repair in such remote locations are unique and
challenging.

For people to survive in the cold, buildings must be warm
and comfortable in normal operations and habitable
during crises caused by blackouts and energy shortages.
Due to the current climate warming trends, energy
crises, and critical political situations, these buildings
are at risk of blackouts and energy shortages. Therefore,
the study and enhancement of the resilience of buildings,
heating, ventilating, and air-conditioning (HVAC), and
energy supply systems in cold climates is especially
important. The resilience of thermal energy systems in
extreme climates is also important. While metrics and
requirements for availability, reliability, and quality of
power systems have been established, similar metrics
and requirements for thermal energy systems are not
well understood despite the clear need for such metricsin
the Earth’s cold regions. Several research projects have
previously been conducted to address the resilience of
buildings in warm, hot, and humid climatic conditions due
to the higher population, and local economic challenges
for example. However, in cold climate conditions, the
resilience issue has not been extensively addressed.
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In these conditions, building resilience is essential to
ensure habitability and survivability for the occupants;
such infrastructure must be planned for, and designed,
constructed, operated, and maintained to withstand
disruptive events.

This new project has been approved within the EBC TCP,
because good energy resilience needs to be ensured
alongside low energy use. The development of methods
to increase the overall energy resilience of buildings and
building communities is critical for many stakeholders.
Therefore, this project is intended to support a broad
audience including public policy and decision makers,
researchers, planners, architects, and engineers. To
enhance the long-term impact of its results and findings,
all results and guidelines will be published through
channels tailored to each target audience.

Objectives

The objectives of the project are as follows:

— lIdentify major threats specific to cold regions
that hinder the normal operation of buildings and
energy systems; develop definitions, frameworks,
and key performance indicators for energy-
resilient buildings, communities, and energy supply
systems; establish requirements for habitability,
survivability, indoor air quality, and buildings
sustainability levels in cold regions for ‘black sky’
operations.

— Document and assess existing practices through
case studies across cold regions with different local
conditions.

— Develop guidelines for energy-resilient and efficient
buildings and energy systems for different cold
regions, with these addressing technical, social, and
economic aspects.

— Disseminate best practices for planning and
construction of energy-resilient buildings and
communities in cold regions through technical papers,
conference presentations, and training.
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Buildings in a typical remote cold region, Iceland
Source: Rakesh Ramesh

Deliverables

The deliverables from the project are expected to be as

follows:

A Guidebook that provides:

a map of the threats, challenges, and energy security
risks to building clusters in cold regions

the basic definition and framework for the energy
resilience concept

physiological/psychological research on the gaps in
our understanding of human resilience

a building cluster map, and energy efficiency and
resilience regulations for energy-efficient and
resilient buildings

guidelines on updating building codes for cold regions
the identification of new methodologies to be adopted
in building design for resilience in cold regions

a description of electricity and heat production, and
cooling

a description of common obstacles, such as
availability of building-related products, costs, supply
chain challenges, and skilled labor

recommendations for new solutions in energy system
design

a description and discussion of case studies

A project summary report covering outcomes,
guidelines, and best practices

Scientific publications, conferences, webinars,
workshops and summer schools, newsletters, website
and social media dissemination
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Progress

Three preparatory meetings were held during 2024
to fully develop the project approach. The project was
approved at the EBC Executive Committee meeting held
in June 2024.

Meetings
The following preparatory meetings before the project
working phase were held in 2024:
— the first meeting in Chicago, lllinois, USA,
in January 2024,
— the second meeting in Stockholm, Sweden, and
Helsinki, Finland, in April 2024, and
— the third meeting in Akureyri, Iceland,
in October 2024.

Project duration
2025 2028

Co-Operating Agents

Dr Hassam ur Rehman, VTT Technical Research
Centre of Finland, Finland

Dr Alexander Zhivov, US Army Engineer Research and
Development Center, USA

Participating countries (provisional)
Finland, Canada, P.R. China, Denmark, Japan, Norway,
Sweden, UK, USA

Further information
www.iea-ebc.org
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SMART MATERIALS FOR ENERGY-EFFICIENT HEATING, COOLING
AND IAQ CONTROL IN RESIDENTIAL BUILDINGS

(EBC ANNEX 92)

OPEN BIM FOR ENERGY EFFICIENT BUILDINGS
(EBC ANNEX 91)

LOW CARBON, HIGH COMFORT INTEGRATED LIGHTING
(EBC ANNEX 90)

WAYS TO IMPLEMENT NET-ZERO WHOLE LIFE CARBON BUILDINGS
(EBC ANNEX 89)

EVALUATION AND DEMONSTRATION OF ACTUAL ENERGY EFFICIENCY
OF HEAT PUMP SYSTEMS IN BUILDINGS

(EBC ANNEX 88)

ENERGY AND INDOOR ENVIRONMENTAL QUALITY PERFORMANCE
OF PERSONALISED ENVIRONMENTAL CONTROL SYSTEMS

(EBC ANNEX 87)

ENERGY EFFICIENT INDOOR AIR QUALITY MANAGEMENT
IN RESIDENTIAL BUILDINGS

(EBC ANNEX 86)

INDIRECT EVAPORATIVE COOLING
(EBC ANNEX 85)

DEMAND MANAGEMENT OF BUILDINGS
IN THERMAL NETWORKS

(EBC ANNEX 84)




BUILDING ENERGY CODES
(EBC WORKING GROUP)

POSITIVE ENERGY DISTRICTS
(EBC ANNEX 83)

ENERGY FLEXIBLE BUILDINGS
TOWARDS RESILIENT LOW CARBON ENERGY SYSTEMS

(EBC ANNEX 82)

DATA-DRIVEN SMART BUILDINGS
(EBC ANNEX 81)

OCCUPANT-CENTRIC BUILDING DESIGN AND OPERATION
(EBC ANNEX 79)

SUPPLEMENTING VENTILATION WITH GAS-PHASE AIR CLEANING,
IMPLEMENTATION AND ENERGY IMPLICATIONS
(EBC ANNEX 78)

AIR INFILTRATION ANDVENTILATION CENTRE -AIVC
(EBC ANNEX 5)




Ongoing Research Projects

EBC ANNEX 92

The rapid increase in the use of heating, ventilation, and
air-conditioning (HVAC) systems in buildings worldwide
has become a major driver of global energy demand.
Heating alone accounts for approximately 45% of
buildings-related emissions, with more than 55% of its
final energy consumption still reliant on fossil fuels.
Meanwhile, cooling primarily relies on the compression
of volatile fluorinated gases. The core technology of
such mechanical cooling has seen little change since its
invention over a century ago. However, these traditional
systems are neither energy-efficient nor environmentally
friendly. Combined, space and process heating and cooling
constitute the largest contributors to global energy use
and greenhouse gas emissions. Transforming heating
and cooling technologies through the use of innovative
functional materials and advanced physical-chemical
processes offers a significant opportunity to reduce HVAC
energy demand, enhance indoor air quality (IAQ), and
mitigate negative environmental and climate impacts.

This project is developing energy-efficient heating,
cooling and air purification strategies by using novel smart
materials, especially advanced sorbents, such as metal-
organic frameworks (MOFs) and their related composites,
through cross-disciplinary international collaboration.
It is gathering the existing scientific knowledge and data
on novel sorbent materials for cooling/dehumidification,
pollutant removal, heating and energy storage. It is
studying current and innovative use of these materials
in air-conditioning, air purification, and thermal storage
systems. It is also identifying and bridging the knowledge
gaps by establishing links between different disciplines.
In the project, experts from building science, materials
chemistry, mechanical engineering, material sciences,
and environmental health are working together with other
stakeholders to accelerate the development of better and
more energy-efficient heating, cooling, and IAQ control
systems by using advanced materials.

The kick-off event of EBC Annex 92, held in Syracuse, USA, in May 2024.

Source: Menghao Qin
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Objectives

The main aim of the project is to develop energy-efficient
heating, cooling and air purification strategies by using
novel smart materials, especially advanced sorbents
(MOFs and hydrogels) and their related composites,
through a cross-disciplinary international collaboration.

The specific project objectives are to:

— establish a cross-disciplinary international
collaboration platform to develop breakthrough
cooling/heating technologies by using smart
materials;

— review, analyze, and evaluate novel sorbent materials
suitable for energy-efficient heating, cooling, and
air purification, with selection criteria to be set up for
different applications;

— develop further and improve the performance of the
selected materials for specific applications in different
climates;

— develop suitable shaping methods of the best sorbents
to adapt to the criteria of the different applications;

— identify or further develop innovative cooling systems
using new materials, which avoid conventional vapour
compression refrigeration;

— develop innovative air purification systems using
new sorbent materials. Both the active system and
passive approaches are being studied;

— develop innovative heating and heat storage systems
using new sorbent materials;

— carry out laboratory tests to measure the
performance of the new solid cooling, heating, and
air purification systems — numerical modelling
and optimization is also being conducted,;

— develop guidelines regarding design and control
strategies for novel cooling, heating and air
purification systems using novel sorbent materials;

— identify or further develop models and tools that
will be needed to assist designers and managers of
buildings in using the guidelines;

— identify and investigate relevant case studies where
the above-mentioned performance characteristics
can be examined and optimized.
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Deliverables

The project is creating the following four deliverables:

— Project summary report targeting researchers and
professionals, HVAC and materials manufacturers,
building designers and consultants, policy, regulatory
and standards bodies.

— An overview report on methods and tools for selecting
smart materials for energy-efficient heating, cooling,
IAQ control, and thermal energy storage strategies.

— A collection of case studies and demonstrations of
energy-efficient heating, cooling air cleaning, and
thermal energy storage using smart materials.

— A collection of scientific publications in high-level
journals.

Progress

The experts from the project have developed a new
kind of adsorbent based on MOFs for the selective and
efficient capture of formaldehyde in indoor environments.
These new MOF sorbents exhibit an exceptionally high
adsorption capacity, even in high humidity, and can be
easily regenerated in a very energy-efficient manner, i.e.
water soaking at room temperature. The study confirms
that the newly developed MOF (Al-3.5-PDA) is among
the best sorbents for energy-efficient control of indoor
air pollutants. The results were published in Nature
Communications in November 2024 (article number: 9456).

Meetings
The kick-off event of EBC Annex 92 was held at Syracuse
University, USA, in May 2024.

Project duration
2024 2028

Operating Agent
Menghao Qin, Technical University of Denmark (DTU),
Denmark

Participating countries
Belgium, Canada, P.R. China, Denmark, France, Germany,
Republic of Korea, Portugal, Spain, Sweden, UK, USA

Further information
www.iea-ebc.org
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Ongoing Research Projects

EBC ANNEX 91

Building information modelling (BIM) represents a
transformative approach in digital construction planning,
offering substantial enhancements in managing building
energy efficiency. This methodology integrates inputs
from various stakeholders such as architects, engineers,
planners, modellers, constructors, and facility managers
into a unified BIM model. The model serves as a central
repository during the planning stage, encompassing
details such as geometric data, thermal characteristics
of building components (walls, slabs, exterior structures,
and so on), and energy systems (space heating, cooling,
automation). BIM exists in two variants:

— 'closed BIM', limited to specific software tools,
offering minimal external cooperation;

— 'open BIM’, aligning with the globally recognized IFC
Schema (Industry Foundation Classes, I1SO 16739-1),
facilitating data exchange across diverse software
platforms. Additionally, open BIM adheres to smart
building standards like BCF (BIM-Collaboration
Format), IDS (Information Delivery Specification), and
IDM (Information Delivery Manual), promoting broader
interoperability.

This project tackles the technological and procedural
challenges inherent in successful open BIM initiatives.
The focus areas include:

— establishing a BIM library, i.e. a set of common data
definitions for BIM, to enhance seamless data transfer
across different software;

— research aimed at refining planning procedures and
developing collaborative guidelines;

— practical application of BIM methods in building
planning and management, with a particular
emphasis on thermal simulation.
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Objectives

The primary objective of the project is to advance
the integration of energy efficiency within Open
BIM processes by fostering collaboration among
stakeholders, enhancing interoperability, and addressing
existing
standardized formats like IFC and innovative workflows,
the project aims to enable seamless collaboration and

technological  barriers. By leveraging

improve energy-efficient building design and operations
across diverse scales and stakeholders. The project
objectives are as follows:
— integrating energy efficiency into open BIM by
making energy efficiency assessment and optimization
become an integral feature of open BIM,;
— developing interoperable Open BIM processes:
enable seamless stakeholder collaboration and data
models while promoting seamless cooperation
among all project stakeholders;
— advancing the interoperability and harmonization of
open BIM processes and data models both on national
and international level.

Deliverables

The following project deliverables are planned:

— identification of the common BIM library scope;

— analysis of use cases and information requirements;

— developing ontologies for establishing the
relationships between key concepts;

— testing and validating the BIM library;

— definition of BIM use cases for building energy
performance;

— development of modelling process and guidelines;

— identification and application of pipelines and
toolchains;

— case studies of use cases;

— evaluation of the common library, ontologies, and
processes;

— identification of potentials and required future
developments.
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BIM Property definitions for energy efficient HVAC operation
Source: Austrian Institute of Technology GmbH

Progress

The project working phase started in January 2024.

The project website was created as the primary portal

for information sharing and collaboration among

participants, and this has been populated with updates

and research results. The project research topics are

grouped in four categories:

— Data and ontologies

— Processes in design and operation

— Processes in operation and control

— Tools and algorithms — design + operations and
control

Within these categories, research groups have formed to
identify common collaboration goals. This process took
place in the first half of 2024.

The libraries for BIM data (e.g. IFC Properties) have
been identified in multiple research activities, and it
was decided to take a broader look outside of Open BIM
towards other ontologies, including historic buildings,
smart homes and circular construction. The goal of
establishing common data exchange formats and
common data models is now underway.
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The project partner, buildingSMART, has set up a Use Case
Management Platform, which is capable of maintaining
data models and especially IFC Property definitions,
which can then be shared globally. This platform is used
by various projects, since it provides machine readable
interfaces (APIs) for using the definitions in projects.

Meetings

The following meetings were held in 2024:

— The Open BIM Kick-Off in Vienna, Austria, in January
2024,

— The Plenary Meeting in Cardiff, UK, in August 2024.

Project duration
2024 2026

Operating Agent
Gerhard Zucker, AIT Austrian Institute of Technology, Austria

Participating countries
Australia, Austria, Brazil, Canada, Denmark, Germany, Ireland,
Italy, Sweden, UK

Further information
www.iea-ebc.org
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Ongoing Research Projects

EBC ANNEX 90 - SHC TASK 70

The carbon footprint of lighting has a significant impact
on global warming, and accounts for about 5% of global
greenhouse gas (GHG) emissions. Also, in the transition
to mainly electricity-based energy systems, lighting
is of comparable magnitude at about 15% of electrical
energy use to other existing or new end uses, for example
electric vehicles and heat pumps. With rising electricity
prices and increasingly directly-taxed GHG emissions,
lighting also contributes to significantly higher energy
costs. Thus, to make current high comfort lighting
installations more efficient, the consumption of electric
lighting systems must be cut further, and the benefits
of daylight better exploited. Moreover, embodied energy
must be considered for electric lighting and for fagade
technologies for daylighting. Thus, widening the rating
perspective of lighting solutions to a more holistic view of
their impacts on GHG emissions is urgently required. This
needs to encompass the whole life cycle (the ‘lighting
value chain’), and also characteristics of regional energy
markets, interactions with other building trades, and so
on. This goes far beyond purely LED lamp driven efficiency
gains, and can provide large additional benefits.

Objectives
This international research project is a collaborative
research activity with the IEA Solar Heating and Cooling
(SHC) Programme: The aim of EBC Annex 90/SHC Task
70 is to identify and support implementing the potentials
of lighting (electric lighting, and daylighting and passive
solar through facades) for decarbonization with a
global perspective, while aligning the new integrative
understanding of human light needs with digitized
lighting on a building level and a building-related urban
scale. The specific project objectives are as follows:
— Support broadening the view on lighting solutions for
decarbonization as a whole: bridge the gap between
a component view from a manufacturer’s focus and
design-oriented system approaches; support the
transition from energy focused views to a life cycle
analysis perspective; identify key impact factors and
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develop the most effective strategies and roadmaps
while including regional specifics.

— Contextualize broadening the view on lighting
solutions with the fast-developing digitization of
buildings/lighting installations on the technology,
design, and operational side; address selected
unresolved problems with the digital chain, such as
better design processes.

— Align broadening the view on lighting solutions
with the still developing understanding of occupant
and operator needs, and especially build upon the
findings from earlier projects, for example ‘SHC Task
61: Solutions for Daylighting and Electric Lighting’.

— Integrate competencies: bring together the
different players involved (electric lighting, facade,
industry, controls) to create low carbon solutions
through workshops and specific activities; create
impact by transferring the project outcomes
into standardization, regulations, and building
certification.

Deliverables

The following documents are planned to be published,

supported by information dissemination activities:

— reports on ‘Low Carbon Lighting: Scenarios,
Strategies and Roadmaps’, ‘Visual and Non-Visual
User Requirements’, ‘Digitalized Lighting Solutions
for low carbon build environments’, ‘Low carbon
daylighting and lighting solutions: practical
applications’,

— awhite paper on current state-of-the-art of lighting
simulation software tools for visual and non-visual
performance evaluation,

— asimple software tool to rate low carbon
scenarios,

— standardization: initiation of new work items by
appropriate standardization bodies on bidirectional
scattering distribution function (BSDF) daylight
system characterization, and

— industry workshops and seminars for practitioners.
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An example of complex fenestration systems (left, exterior venetian blinds, image © HELLA Sonnen- und Wetterschutztechnik GmbH)
and false colour representation of BSDF in Klems discretization (right).
Source: EBC Annex 90/SHC Task 70

Progress

Link into building design processes via standardization:
The revision of ‘ISO/CIE 10916 Calculation of the impact
of daylight utilization’ has concluded, and was published
in October 2024. This standard introduces a simple,
hourly energy calculation and rating method for lighting,
applying IEA TCP research outcomes. Additionally, the
project experts have launched a standardization effort on
BSDF Generation for complex fenestration systems. With
shading and daylighting devices becoming crucial for
managing overheating while ensuring occupant comfort,
their representation is often unspecified. BSDFs provide
an efficient solution, but current standardized methods
for these complex systems are lacking, hindering
objective evaluation of energy performance. The ISO/CIE
AWI 25176 project aims to specify procedures for BSDF
characterization of complex fenestration systems and
generate tabular BSDF data sets for use in ISO 10916 and
simulation tools, building strongly upon SHC/EBC TCP
work as well.

Better (day)lighting with lower environmental impact
— first case studies: Daylighting and lighting systems
in buildings are being evaluated for quality and
environmental impact. These assessments often reveal
the need to balance quality with sustainability. In Turin,
Italy, four offices were analyzed for supporting circadian
rhythms through daylighting and electric lighting. While
good daylighting design met circadian needs near
windows, full circadian performance with electric lighting
doubled energy use, raising environmental concerns. In
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Eslov, Sweden, a sports hall renovation examined three
daylighting retrofits: sidelight windows, skylights, and
tubular daylight devices. Skylights performed best, but
were more expensive, while tubular devices were more
cost-effective due to lower maintenance. Over 30 years,
all retrofits proved more sustainable than the current
setup, with better lighting quality and financial payback
within 24 to 28 years. These studies highlight the potential
of thoughtful daylighting design to enhance quality and
sustainability. More case studies will follow.

Meetings

The following meetings were held in 2024:

— 3rd Task Meeting was held in Berkeley, USA,
in April 2024, and

— 4th Task Meeting was held in Lyngby, Denmark,
in October 2024.

Project duration
2023 2026

Operating Agent
Dr. Jan de Boer, Fraunhofer Institute for Building Physics,
Germany

Participating countries

Australia, Austria, Belgium, Brazil, P.R. China, Denmark,
Australia, Austria, Belgium, P.R. China, Denmark, Germany,
Italy, Japan, the Netherlands, Norway, Spain, Sweden,

T rkiye, USA

Observers: Greece, Brazil, Poland, South Africa

Further information
www.iea-ebc.org
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EBC ANNEX 89

This project focuses on the pathways and actions
needed by various stakeholders and decision-makers to
implement whole life cycle based net-zero greenhouse
gas (GHG) emissions from buildings in policy and practice.
This means explicitly considering both embodied and
operational GHG emissions across all stages of the
built asset life cycle, referred to as ‘whole life carbon’
(WLC) for brevity. The ultimate ambition is to achieve
the overarching goal of the United Nations Climate
Change Conference (COP21), held in Paris, France, in
December 2015 (‘the Paris Agreement’). This goal is to
limit global warming to well below 2°C, and preferably to
1.5°C , above pre-industrial levels by aiming to achieve
climate neutrality (‘net zero’, NetZ) at latest by 2050. The
policies, initiatives and actions that share, support and
contribute to this goal are referred to here as ‘Paris-
goal compatible’. There is a critical and urgent need to
effectively implement science-based targets, assessment
methods, and solutions into policy and practice to enable
a broad range of stakeholders and key decision-makers
across the world to promote and support the delivery of
NetZ-WLC buildings at speed and at scale.

Objectives

The project objectives are to:

— develop guidelines and recommendations on
establishing WLC targets (including remaining total
allowable GHG emissions, ‘carbon budgets’) for the
buildings and real estate sector at various scales and
perspectives and identifying critical GHG reduction
pathways and actions;

— establish Paris-goal compatible assessment
frameworks and evaluate the suitability and
applications of different assessment methods to
achieve NetZ-WLC buildings at various scales;

— map and assess the relevance and effectiveness
of a range of tools, aids, and instruments available
to different stakeholders in their decision-making
contexts and objectives;

— understand the conditions that are conducive for
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in-practice uptake and more effective implementation
of context-based solutions and actions by key
stakeholders;

— ensure efficient and effective engagement and
knowledge exchange with diverse stakeholder groups
and disseminating project outputs that maximize
opportunities to ‘get it to the ground’ from local to
global scales.

Deliverables

The planned deliverables for the project include:

— areporton guidelines and recommendations on
establishing GHG reduction paths and actions towards
NetZ-WLC buildings based on relevant contexts of
countries and jurisdictions,

— areport on guidelines for selection and application
of assessment methods to estimate and determine
Paris-goal compatible NetZ-WLC status of buildings,

— areport on enabling tools and instruments to increase
NetZ-WLC building implementation at national
and regional (for example European Union) level, and

— areport on enabling and disabling factors for
implementation of NetZ-WLC initiatives, and lessons
learnt for transferring to different contexts.

Progress

Over the past year, the project has significantly
advanced its collaborative research programme by
engaging a diverse network of international experts and
stakeholders. The project progressed through structured
bi-weekly coordination meetings that emphasized
reporting progress, addressing challenges, and planning
future activities. Continuous interaction across project

subtasks ensured enhanced synergy within the project.

The project focused on developing comprehensive

guidelines and frameworks to facilitate the
implementation of NetZ-WLC strategies. This effort
included extensive literature reviews and policy analyses

to align with global net-zero targets and GHG reduction
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EBC Annex 89 in-person 3rd
Expert Meeting, held in Melbourne,
Australia, in November 2024.
Source: DBI24

strategies. Rich discussions during expert meetings
and workshops helped refine methodologies and share
best practices for lifecycle assessments, aiming to
standardize approaches across different regulatory
environments.

The project also dedicated significant efforts to
identifying and refining tools that enable the practical
implementation of NetZ-WLC strategies. This included
categorizing existing tools and developing new ones,
supported by surveys and discussions to ensure their
effectiveness and broader application.

In addition to technical advancements, the project
emphasized dissemination and stakeholder engagement.
It hosted international conferences and workshops,
including significant events in Berlin, Germany, and
Melbourne, Australia, to discuss ongoing challenges and
to adjust its strategies. These forums, such as WSBE 24
and DBI24, were instrumental in facilitating knowledge
exchange among policymakers, industry leaders,
and researchers, shaping the project’s direction and
enhancing its policy relevance.

Furthermore, the project strengthened its digital
presence to reach a broader audience and maintain
engagement with global stakeholders through a public
website and a LinkedIn group. A highlight of the year was
co-hosting a COP29 event in Baku, Azerbaijan, during
which the project leaders launched a global call to action
to commit the built environment sector to NetZ-WLC. This
initiative underscored the critical role of the buildings
sector in meeting the Paris Agreement’s climate targets,
attracting support from over 106 researchers and 25

stakeholders.
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Overall, the project activities have significantly
contributed to the global dialogue and action towards
achieving a sustainable and resilient built environment.
The ongoing research and collaborative efforts were
expected to pave the way for innovative strategies that

others can adopt towards sustainability.

Meetings

The following meetings were held in 2024:

— 2nd Expert Meeting in Berlin, Germany in June 2024,
and

— 3rd Expert Meeting in Melbourne, Australia in
November 2024.

Project duration
2023 2027

Operating Agent
Alexander Passer, Graz University of Technology, Austria

Participating countries

Australia, Austria, Belgium, Brazil, Canada, P.R China,

Czech Republic, Denmark, Finland, France, Germany, Ireland,
Italy, Japan, the Netherlands, New Zealand, Norway,
Portugal, Singapore, Spain, Sweden, Switzerland, T rkiye,
UK, USA

Observers: Egypt, Greece, Hungary, Slovenia

Further information
www.iea-ebc.org
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Heat pump technology has been recognized as one
of the most promising technologies to reduce energy
use for space heating/cooling and domestic hot water
and efficiently utilising renewable energies. However,
inappropriate design and the installation of heat pumps
(for instance, capacity determined without following a
sizing procedure, inappropriate operating temperatures,
and so on) might negatively affect the energy use of this
technology and the system payback period might become
longer than its lifetime.

So, transparent technological information on heat
pumps should be exchanged between HVAC designers/
building owners and heat pump manufacturers. However,
different viewpoints and technical approaches have
resulted in inconsistencies that represent an unresolved
gap in product and building performance analyses that
has limited the potential of the heat pump technology
as an integrated part of efficient buildings. It can be
said the problem may not be purely technological, but a
sort of blind spot in existing standards and regulations.
Heat pump performance depends highly on several
parameters that define operating conditions. However,
it is difficult to identify and foresee their influences with
simple tests and calculation methods. For example,
energy efficiency of heat pumps under low partial load
conditions (i.e., heat pumps operated inevitably much
below their maximum capacity) is not appropriately
represented by existing testing standards and calculation
methods for building energy codes. In response, this
project has been established and comprises the following
five subtasks:

— State-of-the-art for testing methods, monitoring
methods and database, energy calculation methods
and design guidelines

— Testing methods for heat pump products

— Monitoring methods and database

— Calculation methods of energy use by heat pump
systems

— Design guidelines for HVAC system designers
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Objectives

The overall objective of this project is to establish the
scientific basis for more accurate estimation of the
energy efficiency of heat pump systems for heating and
cooling of buildings and for more reliable and transparent
design strategies for building applications of heat pump
systems.

Deliverables

The project deliverables are planned to be as follows:

— state-of-the-art report on the evaluation and
demonstration of actual energy efficiency of heat
pump systems in buildings,

— recommendations of load-based test methods for heat
pump systems,

— recommendations of protocols to monitor actual
characteristics and behaviour of heat pump systems,

— database of monitoring results on heat pump systems
and on other heat generators in buildings,

— design guidelines of heat pump systems in buildings
based on the evaluation of energy use and efficiency,
and

— recommendations for policy and decision makers.

Progress

In 2024, the ‘state of the art’ report was published on the

project website. This report contains four chapters on:

— testing methods (load-based test methods and current
test methods). A representative result to clearly
characterize the load-base test methods considered
within the project when compared with current testing
methods is shown in the figure opposite.

— monitoring methods and database on actual behaviour
of heat pump systems

— energy calculation methods

— design guidelines for HVAC designers.
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A two-day webinar on the outcomes from ‘State of the
Art’ project task was held in October and November 2024.
The webinar was delivered in collaboration with the IEA
Heat Pumping Technologies Technology Collaboration

Programme (HPT TCP).

Meetings

The following meetings were held during 2024:

— The 4th Series of Meetings in May and June 2024, and

— The 5th Series of Meetings in August and October

2024.

Project duration
2022 2027

Operating Agent
Takao Sawachi, Building Research Institute, Japan

Participating countries

Australia, Brazil, Canada, P. R. China, Germany, Italy,

Japan, the Netherlands
Observers: Philippines

Further information
www.iea-ebc.org
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