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Preface 

The International Energy Agency 

The International Energy Agency (IEA) was established in 1974 within the framework of the Organisation for Economic Co-

operation and Development (OECD) to implement an international energy programme. A basic aim of the IEA is to foster 

international co-operation among the 30 IEA participating countries and to increase energy security through energy research, 

development and demonstration in the fields of technologies for energy efficiency and renewable energy sources.  

The IEA Energy in Buildings and Communities Programme 

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

Technology Collaboration Programmes (TCPs). The mission of the IEA Energy in Buildings and Communities (IEA EBC) 

TCP is to support the acceleration of the transformation of the built environment towards more energy efficient and 

sustainable buildings and communities, by the development and dissemination of knowledge, technologies and processes 

and other solutions through international collaborative research and open innovation. (Until 2013, the IEA EBC Programme 

was known as the IEA Energy Conservation in Buildings and Community Systems Programme, ECBCS.) 

The high priority research themes in the EBC Strategic Plan 2019-2024 are based on research drivers, national programmes 

within the EBC participating countries, the Future Buildings Forum (FBF) Think Tank Workshop held in Singapore in October 

2017 and a Strategy Planning Workshop held at the EBC Executive Committee Meeting in November 2017. The research 

themes represent a collective input of the Executive Committee members and Operating Agents to exploit technological and 

other opportunities to save energy in the buildings sector, and to remove technical obstacles to market penetration of new 

energy technologies, systems and processes. Future EBC collaborative research and innovation work should have its focus 

on these themes. 

At the Strategy Planning Workshop in 2017, some 40 research themes were developed. From those 40 themes, 10 themes 

of special high priority have been extracted, taking into consideration a score that was given to each theme at the workshop. 

The 10 high priority themes can be separated in two types namely 'Objectives' and 'Means'. These two groups are 

distinguished for a better understanding of the different themes.  

 

Objectives - The strategic objectives of the EBC TCP are as follows: 

‒ reinforcing the technical and economic basis for refurbishment of existing buildings, including financing, engagement of 

stakeholders and promotion of co-benefits. 

‒ improvement of planning, construction, and management processes to reduce the performance gap between design 

stage assessments and real-world operation. 

‒ the creation of 'low tech', robust and affordable technologies. 

‒ the further development of energy efficient cooling in hot and humid, or dry climates, avoiding mechanical cooling if 

possible. 

‒ the creation of holistic solution sets for district level systems considering energy grids, overall performance, business 

models, engagement of stakeholders, and transport energy system implications. 

 

Means - The strategic objectives of the EBC TCP will be achieved by the means listed below: 

‒ the creation of tools for supporting design and construction through to operations and maintenance, including building 

energy standards and life cycle analysis (LCA). 

‒ benefitting from 'living labs' to provide experience of and overcome barriers to adoption of energy efficiency measures. 

‒ improving smart control of building services technical installations, including occupant and operator interfaces. 

‒ addressing data issues in buildings, including non-intrusive and secure data collection. 

‒ the development of building information modelling (BIM) as a game changer, from design and construction through to 

operations and maintenance. 

 

The themes in both groups can be the subject for new Annexes, but what distinguishes them is that the 'objectives' themes 

are final goals or solutions (or part of) for an energy efficient built environment, while the 'means' themes are instruments or 

enablers to reach such a goal. These themes are explained in more detail in the EBC Strategic Plan 2019-2024.  



The Executive Committee 

Overall control of the IEA EBC Programme is maintained by an Executive Committee, which not only monitors existing 

projects, but also identifies new strategic areas in which collaborative efforts may be beneficial. As the Programme is based 

on a contract with the IEA, the projects are legally established as Annexes to the IEA EBC Implementing Agreement. At the 

present time, the following projects have been initiated by the IEA EBC Executive Committee, with completed projects 

identified by (*) and joint projects with the IEA Solar Heating and Cooling Technology Collaboration Programme by (☼): 

 

Annex 1: Load Energy Determination of Buildings (*) 

Annex 2: Ekistics and Advanced Community Energy Systems (*) 

Annex 3: Energy Conservation in Residential Buildings (*) 

Annex 4: Glasgow Commercial Building Monitoring (*) 

Annex 5: Air Infiltration and Ventilation Centre  

Annex 6: Energy Systems and Design of Communities (*) 

Annex 7: Local Government Energy Planning (*) 

Annex 8: Inhabitants Behaviour with Regard to Ventilation (*) 

Annex 9: Minimum Ventilation Rates (*) 

Annex 10: Building HVAC System Simulation (*) 

Annex 11: Energy Auditing (*) 

Annex 12: Windows and Fenestration (*) 

Annex 13: Energy Management in Hospitals (*) 

Annex 14: Condensation and Energy (*) 

Annex 15: Energy Efficiency in Schools (*) 

Annex 16: BEMS 1- User Interfaces and System Integration (*) 

Annex 17: BEMS 2- Evaluation and Emulation Techniques (*) 

Annex 18: Demand Controlled Ventilation Systems (*) 

Annex 19: Low Slope Roof Systems (*) 

Annex 20: Air Flow Patterns within Buildings (*) 

Annex 21: Thermal Modelling (*) 

Annex 22: Energy Efficient Communities (*) 

Annex 23: Multi Zone Air Flow Modelling (COMIS) (*) 

Annex 24: Heat, Air and Moisture Transfer in Envelopes (*) 

Annex 25: Real time HVAC Simulation (*) 

Annex 26: Energy Efficient Ventilation of Large Enclosures (*) 

Annex 27: Evaluation and Demonstration of Domestic Ventilation Systems (*) 

Annex 28: Low Energy Cooling Systems (*) 

Annex 29: ☼ Daylight in Buildings (*)  

Annex 30: Bringing Simulation to Application (*) 

Annex 31: Energy-Related Environmental Impact of Buildings (*) 

Annex 32: Integral Building Envelope Performance Assessment (*) 

Annex 33: Advanced Local Energy Planning (*) 

Annex 34: Computer-Aided Evaluation of HVAC System Performance (*) 

Annex 35: Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*) 

Annex 36: Retrofitting of Educational Buildings (*) 

Annex 37: Low Exergy Systems for Heating and Cooling of Buildings (LowEx) (*) 

Annex 38: ☼ Solar Sustainable Housing (*)  

Annex 39: High Performance Insulation Systems (*) 

Annex 40: Building Commissioning to Improve Energy Performance (*) 

Annex 41: Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*) 

Annex 42: The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems (FC+COGEN-SIM) (*) 

Annex 43: ☼ Testing and Validation of Building Energy Simulation Tools (*) 

Annex 44: Integrating Environmentally Responsive Elements in Buildings (*) 

Annex 45: Energy Efficient Electric Lighting for Buildings (*) 

Annex 46: Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government Buildings (EnERGo) (*) 

Annex 47: Cost-Effective Commissioning for Existing and Low Energy Buildings (*) 

Annex 48: Heat Pumping and Reversible Air Conditioning (*) 

Annex 49: Low Exergy Systems for High Performance Buildings and Communities (*) 

Annex 50: Prefabricated Systems for Low Energy Renovation of Residential Buildings (*) 



Annex 51: Energy Efficient Communities (*) 

Annex 52: ☼ Towards Net Zero Energy Solar Buildings (*)  

Annex 53: Total Energy Use in Buildings: Analysis and Evaluation Methods (*) 

Annex 54: Integration of Micro-Generation and Related Energy Technologies in Buildings (*) 

Annex 55: Reliability of Energy Efficient Building Retrofitting - Probability Assessment of Performance and Cost (*) 

Annex 56: Cost Effective Energy and CO2 Emissions Optimization in Building Renovation (*) 

Annex 57: Evaluation of Embodied Energy and CO2 Equivalent Emissions for Building Construction (*) 

Annex 58: Reliable Building Energy Performance Characterisation Based on Full Scale Dynamic Measurements (*) 

Annex 59: High Temperature Cooling and Low Temperature Heating in Buildings (*) 

Annex 60: New Generation Computational Tools for Building and Community Energy Systems (*) 

Annex 61: Business and Technical Concepts for Deep Energy Retrofit of Public Buildings (*) 

Annex 62: Ventilative Cooling (*) 

Annex 63: Implementation of Energy Strategies in Communities (*) 

Annex 64: LowEx Communities - Optimised Performance of Energy Supply Systems with Exergy Principles (*) 

Annex 65: Long term Performance of Super-Insulating Materials in Building Components and Systems (*) 

Annex 66: Definition and Simulation of Occupant Behaviour in Buildings (*) 

Annex 67: Energy Flexible Buildings (*) 

Annex 68: Indoor Air Quality Design and Control in Low Energy Residential Buildings (*) 

Annex 69: Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings 

Annex 70: Energy Epidemiology: Analysis of Real Building Energy Use at Scale 

Annex 71: Building Energy Performance Assessment Based on In-situ Measurements  

Annex 72: Assessing Life Cycle Related Environmental Impacts Caused by Buildings 

Annex 73: Towards Net Zero Energy Resilient Public Communities 

Annex 74: Competition and Living Lab Platform 

Annex 75: Cost-effective Building Renovation at District Level Combining Energy Efficiency and Renewables 

Annex 76: ☼ Deep Renovation of Historic Buildings Towards Lowest Possible Energy Demand and CO2 Emissions 

Annex 77: ☼ Integrated Solutions for Daylight and Electric Lighting  

Annex 78: Supplementing Ventilation with Gas-phase Air Cleaning, Implementation and Energy Implications 

Annex 79: Occupant-Centric Building Design and Operation 

Annex 80: Resilient Cooling 

Annex 81: Data-Driven Smart Buildings 

Annex 82: Energy Flexible Buildings Towards Resilient Low Carbon Energy Systems 

Annex 83: Positive Energy Districts 

Annex 84: Demand Management of Buildings in Thermal Networks 

Annex 85: Indirect Evaporative Cooling 

Annex 86: Energy Efficient Indoor Air Quality Management in Residential Buildings 

Annex 87: Energy and Indoor Environmental Quality Performance of Personalized Environmental Control Systems 

Annex 88: Evaluation and Demonstration of Actual Energy Efficiency of Heat Pump Systems in Buildings 

Annex 89: Ways to Implement Net-zero Whole Life Carbon Buildings 

Annex 90: EBC Annex 90 / SHC Task 70 Low Carbon, High Comfort Integrated Lighting 

Annex 91: Open BIM for Energy Efficient Buildings 

Annex 92: Smart Materials for Energy efficient Heating, Cooling and IAQ Control in Residential Buildings 

 

Working Group - Energy Efficiency in Educational Buildings (*) 

Working Group - Indicators of Energy Efficiency in Cold Climate Buildings (*) 

Working Group - Annex 36 Extension: The Energy Concept Adviser (*) 

Working Group - HVAC Energy Calculation Methodologies for Non-residential Buildings (*) 

Working Group - Cities and Communities 

Working Group - Building Energy Codes 

  



Summary 

This report summarizes the structure and the outcomes of Annex 80 – Resilient Cooling of Build-

ings, which was conducted as a five-year international research project within the IEA Technical 

Collaboration Programme EBC – Energy in Buildings and Communities.  

 

Annex 80 has been started against the background of a worldwide rapidly growing need for cooling. 

It aimed to develop, evaluate, and communicate solutions for resilient cooling and resilient over-

heating protection.  

 

Annex 80 covered the spectrum of the following four technology groups:  

 

(1) Reducing heat gains to the indoor environment and people environments 

(2) Removing sensible heat from the indoor environment 

(3) Increasing personal comfort apart from space cooling 

(4) Removing latent heat from indoor environment 

 

Annex 80 was joined by 33 research teams from 18 countries. It has been structured in four sub-

tasks and another five task groups.  

 

Its outcomes are published in seven official Annex Deliverables. These are:  

 

1. State of the Art Review (SOTAR) 

2. Midterm Report 

3. Technology Profiles Report 

4. Resilient Cooling Design Guidelines, published in collaboration with REHVA 

5. Resilient Cooling Field Studies Report 

6. Policy Recommendations 

7. Project Summary Report 

 

All reports can be found at: https://www.building-research.at/annex_80/.  

 

In addition, partial results of Annex 80 have been published in numerous scientific journals.  

A list of the most important journal articles is presented at: https://annex80.iea-ebc.org/publications. 
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1. Introduction 

The technical temperature control of buildings for cooling purposes is increasing rapidly world-wide. 

This is due to various factors, such as urbanization and densification, climate change and higher 

comfort requirements. Another decisive factor is the increasing economic growth in the hot and 

densely populated regions of the world. The trend towards ever-increasing use of room cooling 

seems inevitable, so it is imperative to steer this development towards sustainable solutions. 

 

In view of these circumstances, the aim of Annex 80 Resilient Cooling of Buildings was to develop, 

evaluate and communicate solutions for resilient cooling and resilient overheating protection.  

The term "resilient cooling" refers to energy efficient, low emission and financially affordable cooling 

concepts that increase resilience to thermal and other influences of climate change on a global and 

local level and also prevent them.  

 

Annex 80 contributed to overcoming this challenge. Annex 80 comprises a systematic evaluation of 

existing cooling technologies, their potentials, limitations, and qualities of resilience. Furthermore, 

cooling technologies were further developed and improved in terms of robustness, efficiency, CO2 

neutrality and affordability. The actual performance of cooling technologies was evaluated to iden-

tify performance gaps and develop solutions to systematically overcome them. Regulatory 

measures that can support the broad application of resilient cooling technologies were also identi-

fied and communicated. 

 

Annex 80 covers the spectrum of the following four technology groups:  

 

(1) Reducing heat gains to the indoor environment and people environments 

(2) Removing sensible heat from the indoor environment 

(3) Increasing personal comfort apart from space cooling 

(4) Removing latent heat from indoor environment 

 

Methodologically, the research activity was organized into four subtasks and a further five over-

arching task groups. The results of Annex 80 are documented in seven deliverables and in numer-

ous scientific publications and are freely available. 

 

Annex 80 has made significant contributions to the professionalization and application support of 

resilient cooling of buildings and has expanded the possibilities for its application in a wide range of 

climate zones and building types. However, the work on passive cooling strategies has also shown 

the limits of purely building-related measures: The outdoor conditions of buildings, the thermal inter-

actions of built structures and also the cross-sectoral energy and heat flows in urban settlement ar-

eas must definitely be included in the design of climate change-resilient and decarbonized living 

spaces.  

 

Against this background, a further annex is currently being prepared as part of the IEA EBC and 

Cities programs, with an extended focus on resilient and sustainable cooling of and in cities. 

 

  



2. Initial Situation 

The technical temperature control of buildings for cooling purposes is increasing rapidly world-wide. 

This is due to various factors, such as urbanization and densification, climate change and higher 

comfort requirements. Another decisive factor is the increasing economic growth in the hot and 

densely populated regions of the world. The trend towards the ever-increasing use of room cooling 

seems inevitable, so it is imperative to steer this development towards sustainable solutions. 

 

Foreseeable impacts of climate change include longer and more frequent extreme events such as 

heatwaves, power outages and the lack or inadequate design of cooling technologies and strate-

gies to cope with future climate conditions and reduce the risk of power outages. Such events also 

have an impact on the construction sector, creating new challenges for building cooling systems 

and putting them under unprecedented pressure. Today’s widely used cooling technologies, which 

are mainly dependent on fossil fuels (so called active systems with electricity/fuel requirements), will 

not be able to withstand extreme events in the long term. In contrast, there are technologies that 

reduce or eliminate fuel/energy requirements through so called passive systems, which reduce the 

cooling requirements of buildings or dissipate excess heat efficiently and with minimal energy input, 

preferably using renewable energy sources (active systems). 

 

In view of these circumstances, the aim of Annex 80, Resilient Cooling of Buildings, was to develop, 

evaluate and communicate solutions for resilient cooling and resilient overheating protection. The 

term "resilient cooling of buildings" refers to energy efficient, low emission and financially affordable 

cooling concepts that increase resilience to and prevent thermal and other climate change impacts 

at global and local level.  

 

There is already a wide range of cooling technologies and solutions. Nevertheless, far reaching initi-

atives are needed to steer the general development of room cooling towards sustainability and resil-

ience. Annex 80 contributed to overcoming this challenge.  

 

Not only the development, but also the broad application of resilient cooling is effectively supported 

by: 

 

‒ Systematic evaluation of existing cooling technologies, their potential, limitations, and qualities of 

resilience. 

‒ Development and improvement of cooling technologies in terms of robustness, efficiency, CO2 

neutrality and affordability. 

‒ Evaluate the real-world performance of cooling technologies to identify performance gaps and 

develop solutions to systematically overcome them. 

‒ Identification and communication of regulatory measures that can support the broad application 

of resilient cooling technologies.   

 

  



Several IEA Annexes have already dealt with aspects of energy efficient and low emission room 

cooling. These have focused on specific technologies. Annex 80 builds on the results of these pro-

jects and integrates them into its broader approach: 

 

Annex 28  Low Energy Cooling Systems  

Annex 35  Hybrid Ventilation  

Annex 37  Low Exergy Systems for Heating and Cooling  

Annex 48  Heat Pumping and Reversible Air Conditioning  

Annex 49  Low Exergy Systems for High Performance Buildings and Communities  

Annex 59  High Temperature Cooling and Low Temperature Heating in Buildings  

Annex 62  Ventilative Cooling  

Annex 67  Energy Flexible Buildings  

Annex 69  Strategy and Practice of Adaptive Thermal Comfort in Low Energy Buildings  

 

Annex 80 covers the evaluation, research and development of active and passive as well as hybrid 

cooling technologies and systems, categorized into the following four groups: 

 

- Reducing heat gains to the indoor environment and people environments 

- Removing sensible heat from the indoor environment 

- Increasing personal comfort apart from space cooling 

- Removing latent heat from indoor environment 

 

The main objective of Annex 80 was to support a rapid shift towards an environment in which en-

ergy efficient and low emission cooling systems are the most important and preferred solutions to 

cooling and overheating problems in buildings. The focus of this Annex was on residential and of-

fice buildings. 

 

At the beginning of the project, the state of the art was analyzed and published in report form,  

Annex 80 Deliverable 1: Resilient Cooling of Buildings - State of the Art Review. This deliverable 

contains an inventory of current cooling technologies for buildings. The primary objective was to 

provide a comprehensive and systematic description of the available cooling solutions, including an 

examination of their underlying physical principles, the advantages and limitations associated with 

each, their current technological state of development, their practical availability, and their applica-

bility in various settings. The assessments are based on extensive and systematic literature re-

search as well as on the scientific and practical expertise of the authors. In this way, the State of the 

Art Review (SOTAR) forms the basis for the work in the Annex 80 project. The document is the re-

sult of collaborative work by participants in IEA EBC Annex 80. 

 

The scope of the Annex is limited to measures within the building itself. The area of the urban mi-

croclimate is not included in the analysis. However, the variety of possible external climatic condi-

tions (temperature, humidity, air quality, noise) is taken into account. Annex 80 also sets itself apart 

from research into indoor comfort. However, indoor comfort is included as an important boundary 

condition. 

 

  



3. Project Structure 

3.1 Subtasks 

3.1.1 Subtask A – Fundamentals 

 

Subtask A defines resilience in relation to building cooling by assessing a broad range of disci-

plines, their disaster risk management strategies and resilience measures to heat waves and/or 

power outages.  

 

As part of Subtask A, suitable key performance indicators (KPIs) were developed to assess the re-

silience of cooling technologies and systems using a holistic approach. The KPIs were related to 

thermal comfort, heat load and CO2 emissions. 

 

Subtask A consists of several closely interlinked activities. A key aspect is the compilation of the 

current knowledge and evidence base as well as the intensive cooperation and exchange of infor-

mation between the participating institutions and countries. Subtask A is divided into the following 

research activities: 

 

Activity A.1. This activity involves the assessment of a wide range of sectors, their disaster risk 

management strategies and resilience measures in order to formulate a definition of resilience in 

relation to the cooling of buildings. 

 

Activity A.2. This activity focuses on the development of multi-criteria methods for evaluating tech-

nologies that lead to standardized and measurable KPIs in terms of thermal comfort, heat load and 

CO2 emissions. 

 

Activity A.3. This activity involves the identification and further development of methods to predict 

the performance of the full range of possible resilient cooling technologies to reduce cooling de-

mand and overheating risks. The findings on suitable methods from this research activity will be in-

tegrated into the Technology Profile Sheets produced in Activity B.1. 

 

Subtask A is also significantly involved in the Resilience Definition, Thermal Conditions and Key 

Performance Indicators task groups. The task groups are described in detail after the subtasks. 

 

3.1.2 Subtask B – Solutions 

 

Subtask B systematically assesses the benefits, limitations and performance indicators of resilient 

cooling solutions. Both barriers and favorable conditions for implementation are identified. This sub-

task provides guidelines for the integration of resilient cooling systems into existing and new calcu-

lation methods for determining energy requirements and predicting room comfort (Dynamic Simula-

tion Guideline, Resilient Cooling Guideline). 

 



Subtask B also deals with specific research work with regard to new developments and improve-

ments in resilient cooling and overheating protection. The possibilities of existing energy efficient 

and low emission cooling solutions were expanded and new solutions, combinations of technolo-

gies and applications were developed.  

 

Subtask B is organized within the framework of specific national research projects of the project 

partners (National Research Items (NRIs)). It applies methodological approaches such as numerical 

modelling and measurements on a laboratory and prototype scale. As the participating partners 

have specific climatic and other contextual interests of the respective countries, Subtask B covers 

research topics that are both internationally relevant and nationally specific. Subtask B coordinated 

more than 40 such national research projects. 

The results were published in scientific journals, for example in the special issue of Energy and 

Buildings entitled "Building Cooling for Sustainable Societies" and in the State of the Art Review 

(SOTAR) [1]. 

The subtask is divided into the following research activities: 

 

Activity B.1. This activity involves a systematic assessment of the potential benefits, limitations and 

performance indicators of resilient cooling solutions under a variety of application scenarios and 

constraints. Technology Profile Sheets for resilient cooling technologies were created to clearly 

summarize the operational characteristics and benefits of each technology. Recommendations for 

efficient implementation, commissioning and operation were formulated. In addition, obstacles to 

application and further research opportunities were identified. 

 

Activity B.2. This activity includes specific national research projects to develop new solutions and 

combinations of technologies and applications. In addition, this activity includes research projects to 

extend the scope of existing technologies and systems for resilient cooling (e.g. with regard to build-

ing type, climate zones or occupancy characteristics) 

3.1.3 Subtask C – Field Studies 

 

Subtask C demonstrates the potential and benefits of resilient cooling by analyzing and evaluating 

well-documented applications of energy efficient and low emission resilient cooling solutions. 

The field studies analyzed and observed specific technologies and solutions rather than specific 

buildings. The performance deficits of existing cooling applications and their actual performance in 

use were analyzed, with particular attention paid to socio-technical interaction and control strate-

gies. 

The results of Subtask C complement the Technology Profile Sheets developed in Subtask B. The 

subtask is divided into the following research activities: 

 

Activity C.1. This activity provides a methodological framework for conducting field studies and an-

alyzing the data sets collected. 

 

Activity C.2. This activity consists of assessing the performance and analyzing the performance 

shortcomings of resilient cooling solutions, design methods and tools, with particular attention to so-

cio-technological interaction and control strategies, using the criteria and methods defined in Activ-

ity C.1. 



Activity C.3. As part of this activity, experience has been gathered, and recommendations devel-

oped for the design and operation of resilient cooling solutions. Obstacles to application and opera-

tion were also identified. All findings were published in the Field Studies Report (Deliverable D4). 

 

Subtask C was also heavily involved in the task group on key performance indicators. Subtask C 

also facilitated the coordination of 13 case studies on the monitoring of resilient cooling systems. 

 

3.1.4 Subtask D – Policy Action 

 

Subtask D focused on strategic efforts to promote energy efficiency and resilient cooling at the reg-

ulatory level. This subtask analyzed product labelling, energy efficiency standards, building regula-

tions, standards, guidelines and recommendations in order to identify international best practice ex-

amples and potential obstacles. 

 

The aim was to develop recommendations for future regulatory measures to support the implemen-

tation and enforcement of resilient cooling systems at national, European and international level. In 

this context, Subtask D aimed to provide a link to international programmes such as KIGALI - Cool-

ing Efficiency Programme, Mission Innovation Challenge #7 and the IEA Technology Collaborating 

Programmes. 

The subtask was divided into the following research activities: 

 

Activity D.1. This activity analyzed and compared national and international product labelling, en-

ergy efficiency standards, sustainability aspects in building regulations and standards with regard to 

resilient cooling at international level (Policy Recommendation Sheets). 

 

Activity D.2. This activity involved collaboration with international programmes to support and in-

corporate resilient cooling systems. 

3.2 Task Groups 

3.2.1 Resilience Definition Task Group 

 

The Resilience Definition Task Group, which strongly supported Subtask A, was set up to create a 

definition of resilience in the context of the Annex, which also were used as the starting point for all 

considerations in the further course of the project. 

3.2.2 Thermal Conditions Task Group 

 

The Thermal Conditions Task Group had the following objectives: 

• Coordination with all task groups. 

• Definition of standardized thermal boundary conditions for the evaluation of different cooling 

technologies, based on the definition of resilience from Subtask A. 

• Definition of standardized comparative values. 

 

The results of this task group formed the basis for the other task groups and subtasks. 



3.2.3 Weather Data Task Group 

 

Future meteorological boundary conditions are crucial for a conclusive assessment of resilient cool-

ing technologies. This task group developed proposals for a coordinated methodology for creating 

prospective climate data sets, in particular for visualizing and predicting the effects of climate 

change and heatwaves.  

One aim was to create weather data sets for characteristic climate zones and representative cities. 

This includes: 

• A typical meteorological year (TMY) (in hourly resolution, for the periods 2001-2021, 

2041-2061 and 2081-2101).  

• Illustration of characteristic heat waves (in hourly resolution, for the periods 2001-2021, 

2041-2061 and 2081-2101).  

• Design conditions for cooling. 

 

A further aim was to describe the methodology, the sources, and the definition of minimum require-

ments for the quality of the individual weather data sets. 

ASHRAE Climate zones are used as a basis to select representative cities for each climate region. 

A total of 15 cities were analyzed. When selecting the representative cities, preference was given to 

cities with a high population density and high growth. The weather data was created based on 

CORDEX data (Coordinated Regional Climate Downscaling Experiment) using the EN ISO 15927-

4:2005 standard for the worst-case scenario RCP8.5 of the 5th IPCC assessment report from 

2014 [2]. Historical observation data (20 years of continuous hourly data), which is necessary to re-

duce long term distortions in connection with climate model data, was also used. CORDEX data 

were generated using different models, taking into account the relevant scientific literature on which 

model is most reliable for each climate zone. Heatwaves were modelled using the model developed 

by Ouzeau et al [3] in the CORDEX data. This methodology for generating the weather data sets 

made it possible to use the same data source and time periods for different cities and climate zones 

and to recognize future extreme events such as heatwaves. This was not possible with other 

weather data generators, such as METEONORM. 

 

3.2.4 KPI Task Group (Working Group on Performance Indicators) 

 

Within the Key Performance Indicators Task Group, a structured basic catalogue of key perfor-

mance indicators (KPIs) relevant to resilient cooling technologies was created. The KPIs were de-

scribed within the Annex, including definition, unit, source, information value and areas of applica-

tion. They include metrics for indoor air quality, energy consumption, heating, ventilation, cooling, 

and the power grid. Special focus was placed on the identification of resilience associated KPIs. 

The KPIs were subsequently applied in the individual deliverables of the Annex. 

 

3.2.5 Simulation Task Group (Thermal Simulations Working Group) 

 

The Simulation Task Group was set up to evaluate the cooling technologies and create technology 

profiles. The input for the simulations came from the Weather Data Task Group, the KPI Task 

Group and the Thermal Conditions Task Group. The framework conditions were set out in a simula-

tion guideline (Dynamic Simulation Guideline). 



4. Official Annex Deliverables 

The results of Annex 80 are available in the form of seven publications (deliverables). They form an 

integral part of this final report and are available online.  

 

Further information can be found at:  

https://www.building-research.at/annex_80/  

 

1. State of the Art Review (SOTAR) 

2. Midterm Report 

3. Technology Profiles Report 

4. Resilient Cooling Design Guidelines, published in collaboration with REHVA 

5. Resilient Cooling Field Studies Report 

6. Policy Recommendations 

7. Project Summary Report 

 

In addition, partial results of Annex 80 have been published in numerous scientific journals.  

A list of the most important journal articles is compiled at: 

https://annex80.iea-ebc.org/publications  

4.1 Deliverable 1: State of the Art Review (SOTAR) 

Deliverable 1: State of the Art Review [1] is the result of collaborative work by the Annex partici-

pants and summarizes the current status of cooling technologies that can be classified as resilient 

in four chapters. 

 

The main objective was to systematically describe the available cooling technologies, their physical 

principles, their advantages and limitations, their technological progress and their practical availabil-

ity and applicability. The assessment of the State of the Art Review is based on an extensive and 

systematic literature research as well as on the scientific and practical experience of the authors. 

 

The first chapter contains relevant technologies and strategies that contribute to the reduction of ex-

ternally induced heat gains to the indoor environment and people environments. These technolo-

gies and strategies include Window and Glazing Technologies, Shading Technologies, Cool Enve-

lope Materials, Evaporative Surfaces, Ventilated Façades, Heat Storage and Heat Release. 

 

In the second chapter, cooling strategies and technologies responsible for the removal of sensible 

heat from indoor spaces were evaluated: Ventilation Cooling, Evaporative Cooling, Compression 

Cooling, Desiccant Cooling Systems, Ground Source Cooling, Night Sky Radiative Cooling and Ra-

diant Cooling. 

 

The third chapter analyzed different types of cooling strategies and technologies that can be used 

to improve personal comfort apart from space cooling. This group includes ceiling and wall fans. In 

addition, small desktop-scale fans or stand fans, fans integrated into furniture, devices that combine 

https://www.building-research.at/annex_80/
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fans with misting/evaporative cooling, cooled chairs with convective/conductive cooled heat absorb-

ing surfaces, cooled desktop surfaces, workstation micro-air-conditioning units and radiantly cooled 

panels. 

 

The fourth chapter analyzed technologies and strategies for removing latent heat from indoor envi-

ronments. Dehumidification with desiccants, dehumidification through cooling, dehumidification 

through ventilation and thermoelectric dehumidification were analyzed. 

 

The study on the state of the art confirmed the initial hypothesis of the Annex. There is a large num-

ber of cooling technologies for different building types and climate zones, but their resilience has 

not yet been adequately described.  

 

The State of the Art Review formed the basis for the further work of Annex 80. Extracts from this de-

liverable are shown and described below. The full report can be found on the Annex 80 publication 

list (https://annex80.iea-ebc.org/publications) and was published under DOI 10.52776/COXK4763.  

 



 

Figure 1: SOTAR extract 1 - Physical principle of evaporative surfaces in buildings. 

 

The physical principles behind how the technology works are explained at the beginning of each 

technology chapter. The example shows various options for evaporative surfaces on a building and 

their heat flow behavior. The text also refers to important influencing factors. 

 



 

Figure 2: SOTAR extract 2 - Performance indicators of evaporative surfaces on buildings. 

 

This figure shows the beginning of the chapter on the performance of evaporative surfaces on build-

ings. This chapter focuses on how the performance of the technology is achieved and how it is cal-

culated. Relevant performance indicators are also explained. 



 

Figure 3: SOTAR extract 3 - Design parameters of ground cooling. 

 

This figure shows the beginning of the subchapter on design parameters for ground cooling. This 

subchapter deals with the classification of the corresponding technologies. 

4.2 Deliverable 2: Midterm Report 

The Midterm Report [4] is the second official Annex 80 Deliverable.  

 

It should be emphasized that this report does not primarily present substantive progress or newly 

acquired findings, but rather is designed as a management report. Its main function is to report in 

detail on the progress of the project to date, particularly with regard to its organizational and admin-

istrative aspects.  

 

The Midterm Report therefore fulfils an instrumental role as a tool for monitoring and documenting 

project management, while its content dimension takes a subordinate position. 

 



The publication can be found on the official Annex 80 publication list (https://annex80.iea-

ebc.org/publications), at https://www.building-research.at/annex_80/ and was published under 

DOI: 10.52776/MLGU9719.  

4.3 Deliverable 3: Technology Profiles Report 

Deliverable 3, the Technology Profiles Report [5] presents a collection of 16 technologies that are 

suitable as part of solutions for resilient cooling of buildings. It is intended as a source of information 

for all those who need to make decisions on the design and development of buildings and their 

technical systems, both for refurbishment and construction.  

The 16 technologies are grouped into one of the following four categories for categorizing resilient 

cooling technologies:  

 

• Reducing heat gains to the indoor environment and people environments 

• Removing sensible heat from the indoor environment  

• Increasing personal comfort apart from space cooling 

• Removing latent heat from indoor environment 

Each technology is described briefly and concisely and always includes the following chapters: 

 

In the "Description" chapter, the reader will find information on the physical principles, function, and 

characteristic applications of the respective cooling technology. Relevant subtypes are listed. This 

chapter is somewhat an abstract of the full Technology Profile. The next figure shows an excerpt 

from one of these chapters for the technology Cool Envelope Materials. 

 

 

Figure 4: Technology Profiles Report extract 1 - Chapter Description. 
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In the "Key Technical Properties" chapter technical properties of the specific technology are pre-

sented and briefly explained. Readers find System Design Indicators and properties of the technol-

ogy which are relevant when designing/purchasing the system. Where appropriate, a differentiation 

between Internal and External System Design Indicators is made. The earlier relevant to the tech-

nology itself, the latter relevant to the bordering conditions of the technology. The next figure shows 

an excerpt from one of these chapters for Natural Cooling. 

 

 

Figure 5: Technology Profiles Report extract 2 - Chapter Important technical features. 

 

The chapter "Performance and Application" deals with aspects of performance and the correct ap-

plication of the respective technology. It contains information on how the technology contributes to 

the overall performance of the building. Where available, exemplary simulation results are also pre-

sented to illustrate the benefits of the technology during heatwaves. In addition, recommendations 

for efficient application and possible limitations of the technology in different climate zones are 

given. Finally, this chapter contains information on the compatibility and incompatibility with other 

technologies as well as on the availability, the current state of development and the expected future 

development of the technology.  

 

The next figure shows an excerpt from one of these chapters for Ventilative Cooling. 



 

Figure 6: Technology Profiles Report extract 3 - Chapter Performance and Application. 

 

Finally, a “Further Reading” chapter at the end offers a pathway to a deep-dive both in other An-

nex 80 publications and external literature. 

 

The Technology Profiles Report can be found on the Annex 80 publication list (https://annex80.iea-

ebc.org/publications) and at https://www.building-research.at/annex_80/. It was published under 

DOI: 10.52776/HFTR4661. 

4.4 Deliverable 4: Field Studies Report 

This report [6] presents 13 field studies on applications of resilient cooling that were carried out in 7 

different countries. Each field study includes a description of the cooling system, simulation, and 
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performance. Numerous cooling solutions in different buildings and climate zones are summarized 

and compared in this report.  

The field studies are presented in the form of brochures in a standardized format. Each brochure 

contains general information such as building characteristics, component dimensions, design crite-

ria, simulations in the design phase, control strategies and other information. The brochures consist 

of three sections: 

 

• A summary describing the project and the cooling technology. This section also contains 

details of the chosen control strategy and the design process. 

• Performance evaluation using key performance indicators and other metrics. 

• Discussion and conclusions from the design, construction and operation phases of the pro-

ject. 

 

Extracts from this deliverable are shown below. 

 



 

Figure 7: Field Studies Report extract 1 - Chapter Introduction and Climate. 

 



 

Figure 8: Field Studies Report extract 2 - Resilient cooling chapter. 



 

Figure 9: Field Studies Report extract 3 - Key Performance Indicators. 

 

The publication can be found on the official Annex 80 publication list (https://annex80.iea-

ebc.org/publications) and at https://www.building-research.at/annex_80/. It was published under 

DOI: 10.52776/JIIT7246. 
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4.5 Deliverable 5: Resilient Cooling Design Guidelines 

Deliverable 5: Resilient Cooling Design Guideline [7] is aimed at planners and users. It describes 

the design process, the principles for checking building resilience to heat waves and power outages 

and the available software tools.  

 

The last two chapters of [7] show an exemplary application of the Resilient Cooling Design Guide-

lines using two implemented case studies. 

 

 

Figure 10: Conceptual diagram of a resilient design process (Source: IBR&I). 

 

This deliverable is published in co-operation with the Federation of European Heating, Ventilation 

and Air Conditioning Associations (REHVA) and distributed internationally as part of the REHVA 

Guidebooks. 

A link to the publication can be found on the official Annex 80 publication list (https://annex80.iea-

ebc.org/publications) and at https://www.building-research.at/annex_80/. 

4.6 Deliverable 6: Policy Recommendations 

Subtask D developed in Deliverable 6: Policy Recommendations [8] methods for recording and 

evaluating existing regulatory measures, analyzed them in detail and identified gaps and opportuni-

ties for improvement. It then developed 37 regulatory recommendations to promote resilient cooling 

in buildings.  

 

The recommendations promote passive or energy efficient cooling technologies for buildings. They 

do not address the resilience of the power grid, ways to supplement the grid power supply or other 

ways to respond to extreme heat. Each recommendation serves as a starting point for the 
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development of a comprehensive solution. That is, it represents the beginning rather than the end 

of the process of creating and implementing a policy. A qualitative assessment of the implementa-

tion costs was also carried out. Each of the 37 recommendations contains the following information:  

• Policy number: A serial number (1-37) identifying the policy. 

• Category: Either the cooling technology addressed by the policy recommendation, or “whole 

building” if the recommendation applies to design, construction, or operation of the entire build-

ing. 

• Author(s): The working group member(s) who wrote the policy recommendation. 

• Summary: A summary of the policy recommendation. 

• Policy mechanism(s): The mechanism(s)—regulation, information, incentives, R&D, or stand-

ards—through which the policy recommendation could be applied. 

• Technology target: Whether the policy recommendation targets a specific technology, or is ag-

nostic (technology independent). 

• Disruption(s) mitigated: The type of disruption - heatwave and/or power outage - against which 

the recommendation would increase resilience. 

• What: What the policy recommendation is to accomplish. 

• Why: Why the policy recommendation should be developed and applied. 

• How: How the policy recommendation is to be developed and applied. 

• Who: Who will create, implement, and/or execute the policy recommendation. 

• Where: Where the policy recommendation could apply. 

• Implementation timeline: Whether the time to implement the policy recommendation would be 

short (typically less than 1 year), medium (1 to 5 years), or long (greater than 5 years).   

• Cost: Costs to create, implement, and/or execute the policy recommendation. 

• Potential significant undesirable side effects of executing the policy: What could go wrong. 

• Policy model to follow: An existing policy that could inform the creation, implementation, and 

execution of the policy recommendation. 

A complete recommendation from this deliverable is shown below. 



 

 

Figure 11: Policy Recommendations Excerpt from Recommendation 19. 

 

The publication is on the official Annex 80 publication list (https://annex80.iea-ebc.org/publications) 

and at https://www.building-research.at/annex_80/.It was published under DOI 10.20357/B7288C. 

4.7 Deliverable 7: Project Summary Report 

This is the publication in hands [9]. It is the seventh and final official Annex 80 Deliverable.  

 

This report is characterized by the consolidation and content summary of all previously published 

deliverables, publications and papers. A central function of this report is to provide a comprehensive 

overview of the entire range of work carried out within the framework of Annex 80.  

https://annex80.iea-ebc.org/publications
https://www.building-research.at/annex_80/.It


A precise reference structure to the individual relevant documents is used to enable efficient navi-

gation and targeted accessibility for the reader. The Project Summary Report thus acts as the key-

stone of the research process and helps to present the overall results of the Annex 80 project in a 

coherent and easily accessible form. 

 

The publication can be found on the official Annex 80 publication list (https://annex80.iea-

ebc.org/publications) and at https://www.building-research.at/annex_80/. It was published under 

DOI:10.52776/KKGB4933. 
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5. Scientific Publications 

In addition to the official Annex Deliverables, numerous scientific publications were developed as 

part of the Annex. All publications can be found on the website: https://annex80.iea-ebc.org/publica-

tions.  

A selection is presented below. 

5.1 Resilient Cooling Definition 

The definition of the term "Resilient Cooling" was summarized in the paper "Resilient Cooling of 

Buildings to Protect Against Heat Waves and Power Outages: Key Concepts and Definition" [10] 

which was published in Energy and Buildings and in the synthesis of the paper "Conceptualising a 

Resilient Cooling System: A Socio-Technical Approach" [11] which was published in City and Envi-

ronment Interactions. 

 

The first paper analyses most of the existing definitions of resilience and the various approaches to 

possible resilient buildings. A total of 90 documents were analyzed. It concludes by proposing a def-

inition and a set of criteria - vulnerability, resilience, robustness and recoverability - that can help to 

develop performance-related indicators and functions of passive and active cooling solutions in 

buildings. These should be particularly geared towards heatwaves and power outages. 

 

 

Figure 12: Components of the resilience definition from Attia et al. [10]. 

 

The second paper presents a conceptual model of a resilient cooling system centered on people, 

the socio-cultural-technical contexts shaped by people and the risks posed by overheating. An 
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integrative literature review was conducted to provide a critical and comprehensive assessment of 

published research and grey literature, with the aim of making the model clearer and more detailed.  

This paper provides a more detailed description of the functional characteristics of a resilient cooling 

technology and the key elements of the four subsystems - people, buildings, cooling technologies 

and energy infrastructure. Six key messages are derived from this analysis, which provide a point of 

reference for future work in policy and practice and are incorporated into the definition of resilience 

in the Annex. 

5.2 Weather Data Files 

The results of the Weather Data Task Group were submitted to the research journal Nature - Data 

Descriptor under the title "Typical and Extreme Weather Datasets for Studying the Resilience of 

Buildings to Climate Change and Heatwaves". The paper was accepted and published by the jour-

nal Scientific Data. The created weather datasets are available for download on the official An-

nex 80 website at: https://annex80.iea-ebc.org/weather-data.  

5.3 Dynamic Simulation Guidelines 

The title of the simulation guideline created is "IEA EBC Annex 80 - Dynamic simulation guideline 

for the performance testing of resilient cooling strategies" by Zhang et al. (2021). In 2023, an up-

dated simulation guideline was published under the title "IEA EBC Annex 80 - Dynamic simulation 

guideline for the performance testing of resilient cooling strategies: Version 2" by Zhang et al. [12]. 

5.4 Thermal Conditions Report 

The results of the Thermal Conditions Task Group are summarized in "Framework to Evaluate the 

Resilience of Different Cooling Technologies" by Attia et al. [13]. 

5.5 KPI Report 

The KPI report includes a list and glossary of Key Performance Indicators (KPIs) that are relevant to 

Annex 80. It contains detailed definitions and units of measurement of various indicators focusing on 

topics such as energy, CO2 emissions, thermal comfort and heat stress. The KPIs are divided into 

categories such as "Thermal Comfort KPIs" and "Heat Stress KPIs", with specific indicators such as 

"Hours of Exceedance" and "Thermal Autonomy". 

The KPI report is available on https://www.building-research.at/annex_80/ and the official Annex 80 

publication list (https://annex80.iea-ebc.org/publications). It was published under 

DOI: 10.52776/RHET5776. 
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5.6 More 

"Resilient Cooling Strategies - A Critical Review and Qualitative Assessment" by Zhang et al. [14] 

was published in the journal Energy and Buildings, Special issue: Building Cooling. In this paper, 

the state of the art of various cooling technologies was critically analyzed with a particular focus on 

their performance during heat waves and power outages. A definition of the term "Resilient Cooling" 

was proposed and four criteria for resilience were described - absorption capacity, adaptability, re-

generation capacity and regeneration speed - which were used to qualitatively assess the resilience 

of the individual strategies. 

 

"Resilient Cooling in Buildings - A Review of Definitions and Evaluation Methodologies" by Attia et 

al. [15] focuses on the review of most existing definitions of resilient cooling and the different ap-

proaches for possible resilience evaluation methodologies. 

  



6. Conclusions 

The conclusions of the IEA-EBC Annex 80 project on resilient cooling of buildings can be divided 

into four main areas, each of which highlights findings and developments in the world of building 

technology: 

6.1 Lessons Learnt 

▪ Research under extreme conditions: One of the most significant achievements of the project 

was the first-ever investigation of building cooling under extreme events as part of an IEA co-

operation. This approach was characterized by its strong basic research character and led to 

new developments in building technology., particularly with regard to the adaptability and resili-

ence of cooling systems under extreme climatic conditions. 

▪ New conceptualization of resilience: A major step forward was the development of a new 

definition of "resilience" in the context of building technology. As there were no existing defini-

tions specifically for this area, the project team orientated itself on concepts from other special-

ist areas, such as "disaster management". This new development made it possible to look at 

resilience in building cooling from a broader and more in-depth perspective. 

▪ Technology assessment and development: Fundamental work had to be carried out to test 

the cooling technologies. This included the identification of disruptive events that could affect 

building cooling, such as power outages and heat waves. In addition, a discussion was held on 

thermal comfort conditions during extreme events, based on research into heat stress. At this 

point, particular reference was made to the work of the National Research Council Canada. The 

need to define framework conditions for a technology assessment using dynamic computer sim-

ulations was also recognized. 

▪ Development of methods for future weather data sets: One challenge was the lack of 

weather datasets for long term, future conditions. The team therefore developed a method for 

creating such datasets to ensure that the planning and development of cooling systems also 

takes into account future climate scenarios and the expected increase in extreme weather 

events. 

▪ Key performance indicators for resilience: Specific Key Performance Indicators (KPIs) for 

resilience have been developed to objectively assess the performance and adaptability of cool-

ing systems. These indicators make it possible to systematically compare different cooling tech-

nologies and assess their efficiency in terms of resilience. 

▪ Analyzing use cases (field studies): Carrying out field studies was another important aspect 

of the project. These analyses provided important insights into the operational optimization of 

cooling systems and made it possible to draw well-founded conclusions about the effectiveness 

of building simulations and user behavior. Such practical findings are crucial for linking theory 

with reality and ensuring that the cooling strategies developed are both technically feasible and 

user-friendly. 



6.2 Utilization of the Results 

▪ State of the Art Review and Weather Data Publication: The publications in the field of scien-

tific research were important, in particular the State of the Art Review and the publication on 

weather data in the Nature Data Descriptor. These papers attracted a lot of attention in the sci-

entific community and beyond, which emphasizes the relevance and influence of the project's 

research results. 

▪ Expectations for future publications: With the imminent publication of further results and de-

liverables from the project, this trend is expected to continue and possibly even intensify. Statis-

tics from the online portal Research Gate also show that the previous work will be used as a ba-

sis for future publications and will further increase the attention already achieved. 

▪ Cooperation with research institutes: Cooperation with international research institutes 

played a key role. These collaborations were not only important for the exchange of knowledge 

and experience, but also led to joint project applications at European level. Such collaborations 

broaden the field of research and enable a more comprehensive approach to solving global 

challenges. 

▪ Development of follow-up projects: The project team took a leading role in the design and 

development of follow-up projects. These projects, including the TCP (Technology Collabora-

tion Programme) Energy in Buildings and Communities (EBC) and the TCP Cities, demonstrate 

the ambition to further advance research in the field of resilient cooling and to test and validate 

the applicability and transferability of the results in different contexts. 

▪ Invitations and participation: The quality and relevance of the Annex 80 project's research 

results were reflected in invitations to various scientific conferences and events. These plat-

forms offered the project team the opportunity to present their findings to a wider audience, re-

ceive valuable feedback and establish new collaborations. 

▪ Further scientific contributions: Participation in these events and the general response to the 

publications resulted in further opportunities for scientific contributions. These contributions 

strengthen the influence of the project in the scientific community and contribute to the further 

dissemination of the research results. 

6.3 Legal Hurdles 

▪ International standards and legislation: A core component was the analysis of international 

standards, directives and legislation relating to resilient cooling technologies. This comprehen-

sive research aimed to develop a deep understanding of the legal framework to facilitate the in-

troduction of the technologies. 

▪ Identification of room for maneuver: It was important to identify legal barriers and opportuni-

ties. The analysis helped to identify challenges that could hinder the implementation of new 

technologies, as well as opportunities arising from existing or potential legal frameworks. 

▪ Policy recommendations: Specific policy recommendations were developed based on this 

analysis. These are intended to help to adapt the legal framework in such a way that they pro-

mote the use and dissemination of resilient cooling technologies. 



6.4 Exploitation and Dissemination Activities 

▪ Cooperation with specialist organizations: Cooperation with organizations such as AIVC, 

INIVE and Venticool was crucial in order to disseminate the knowledge gained across the in-

dustry and obtain feedback from building cooling professionals. 

▪ Dialogue with practitioners: Through regular meetings with experts in the field of building 

cooling, practical perspectives and challenges were discussed and incorporated into the legal 

recommendations. 

▪ Educational initiatives and information dissemination: Webinars and newsletter articles 

were used to provide information on legal aspects and disseminate policy recommendations in 

order to create a broader understanding and awareness of the topic. 

▪ Active participation in conferences: Presentations and discussions at conferences raised 

awareness of the legal challenges and provided a forum for dialogue with experts. 

▪ International dissemination of recommendations: The dissemination of policy recommenda-

tions through international channels supported the global reach and application of the research 

findings. 

6.5 Summarized Conclusion 

Overall, these conclusions illustrate the scope and depth of the progress made as part of the IEA-

EBC Annex 80 project. The insights gained have implications for the project team and beyond. 

They are not only important for scientists and engineers, but also relevant for policy makers, legisla-

tors and end users. The project team plans to build on these findings by integrating the results into 

ongoing and future projects to further develop and disseminate resilient cooling technologies. The 

aim is to deploy these technologies in a variety of applications and contexts, from urban to rural ar-

eas, taking into account different climatic conditions. 

The project's findings and developments are of particular interest to architects, civil engineers, ur-

ban planners, energy consultants and political decision makers. These stakeholders can use the 

data and recommendations obtained to design and realize more resilient and energy efficient build-

ings. In addition, the results provide valuable insights for the development of guidelines and stand-

ards in the field of building cooling. 

Legal hurdles, particularly in the context of implementing new technologies and standards, were 

identified and analyzed in the project. These challenges include the integration of new technologies 

into existing legal and regulatory frameworks. The project team has formulated recommendations 

aimed at overcoming these hurdles and paving the way for the implementation of efficient and envi-

ronmentally friendly cooling technologies. 

The project's exploitation and dissemination activities were extensive and targeted. Through collab-

oration with organizations such as AIVC, INIVE and Venticool, as well as active participation in con-

ferences and webinars (An overview of related webinars can be found in [16]), the project was able 

to reach a wide audience. The results were disseminated through various channels, including spe-

cialized publications, newsletters and presentations. These activities have raised awareness of the 

importance of resilient cooling technologies and created the basis for their further dissemination and 

application. 

The potential for market and dissemination success of the project is considerable. The technologies 

and strategies developed have the potential to fundamentally change the way buildings are cooled 

and offer solutions that are both environmentally friendly and economically efficient. Given the 



increasing awareness of climate change and energy efficiency, it is expected that the demand for 

such technologies will continue to grow in the coming years. 

To summarize, the IEA-EBC Annex 80 project has not only made important scientific and technical 

progress, but has also made a significant contribution to the development of strategies and 

measures needed to address the challenges of climate change and promote sustainable building 

technologies. The results of the project provide a solid foundation for future research and develop-

ment in this area and have the potential to develop a lasting impact on the practice of building cool-

ing worldwide. 

  



7. Outlook and Recommendations 

The work on passive cooling strategies in particular has also shown the limits of purely building-re-

lated measures: The outdoor conditions of buildings, the thermal interactions of built structures and 

also the cross-sectoral energy and heat flows in urban settlement areas must definitely be included 

in the design of climate change resilient and decarbonized living spaces. Against this background, a 

further annex is currently being prepared as part of the IEA Energy in Buildings and Communi-

ties (EBC) and Cities programmes, with an extended focus on resilient and sustainable cooling of 

cities and in cities. This concept provides for the following research questions to be addressed: 

 

Identification, impact analysis and optimization of heat and climate change adaptation measures in 

urban outdoor spaces.  

 

• Water and plants in cities (blue and green infrastructures). 

• Cooling by reflection of short-wave solar radiation and by emission of long-wave terrestrial 

thermal radiation. 

Further development of hybrid building-related cooling strategies, especially for existing buildings. 

 

• Efficient hybrid cooling strategies in relation to limited parts of the residential units and in 

relation to limited operating times of the technical cooling.  

• Coupling measures for cooling buildings with measures for climate-effective outdoor space 

design.  

Research and strategic optimization of heat dissipation from cities. 

 

• Creation of meaningful and robust thermodynamic models of cities. 

• Use of these models to identify and optimize technologies for heat removal from cities on a 

climate-relevant scale, for example through heat harvesting with seasonal storage or 

through cooling networks with heat transfer to environmental heat sinks outside the city or 

with waste heat utilization in industrial processes.  

The EBC Executive Committee has passed a resolution instructing the current Austrian programme 

management of Annex 80 to prepare a subsequent annex entitled "Resilient and Sustainable Cool-

ing in Cities". This work is already underway at the time of this report.  
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