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Series of webinars in cooperation with AIVC & venticool

1. Indicators to assess resilience of cooling in buildings [May 10, 15:00-16:15 CEST]

2. Future weather data and heatwaves [May 31, 16:00-17:15 CEST] 

3. Examples of resilient cooling solutions [September 13, 15:00-16:15 CEST] 

4. Case studies and policy recommendations [September 20, 16:00-17:15 CEST ]

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

Today‘s Programme

420/09/2022
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EBC Annex 80 Roadmap
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Annex 80 Objectives

“Support a transition to an environment 
where affordable low energy and low carbon cooling systems 
are the mainstream and preferred solutions 
for cooling and overheating issues in buildings.”

A Assess benefits, potentials and performance indicators.
Provide guidance on design, performance calculation and system 
integration.

B Research towards implementation of emerging technologies.
Extend boundaries of existing solutions. 

C Evaluate the real performance of resilient cooling solutions. 

D Develop recommendations for policy actions.
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Annex Subtasks

The Annex is structured in four subtasks:

A Fundamentals

B Solutions

C Field Studies

D Policy Actions

9

Annex 80 Deliverables
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D1 State-of-the-Art-Report

▪ Research community and associates

▪ Real Estate developers

▪ Urban planning experts

▪ Policy makers

OA, 

STA, STB, STC, STD

D2 Midterm Report
▪ Research community and associates

▪ IEA and EBC Programme

OA, 

STA, STB, STC, STD

D3 Technology Profiles

▪ Building component developers and manufacturers

▪ Architects and design agencies

▪ Engineering offices and consultants

STB

D4 Field Studies

▪ Building component developers and manufacturers

▪ Architects and design agencies

▪ Engineering offices and consultants

▪ Real Estate developers

STC

D5 Design and Operation Guidelines

▪ Architects and design agencies

▪ Engineering offices and consultants

▪ Real Estate developers

STA, STB, STC

D6
Recommendations for policy 

actions, legislation and standards

▪ Policy makers 

▪ Legal interest groups

▪ Experts involved in building energy performance 

standards and regulation

STD

D7 Project Summary Report

▪ Research community and associates

▪ IEA and EBC Programme

▪ Real Estate developers

▪ Policy makers

OA, 

STA, STB, STC, STD
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1. “Developing an understanding of resilient cooling: a socio-technical approach City and 

Environment Interactions” (Wendy Miller et al; published in Elsevier City and Environment 2021) 

https://doi.org/10.1016/j.cacint.2021.100065

2. “Resilient cooling of buildings to protect against heat waves and power outages: key concepts 

and definition” (Shady Attia et al; published in Energy and Buildings 2021) 

https://doi.org/10.1016/j.enbuild.2021.110869

3. “Resilient cooling strategies - a critical review and qualitative assessment” (Chen Zhang et al; 

published in Energy and Buildings 2021) https://doi.org/10.1016/j.enbuild.2021.111312

4. Report of Thermal Conditions Task Group “Framework to evaluate the resilience of different 

cooling technologies” (Shady Attia et al; published) 

http://dx.doi.org/10.13140/RG.2.2.33998.59208

Annex 80 Publications
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Key Findings from
Annex 80 Policy Actions

Ronnen Levinson (RMLevinson@LBL.gov)

Lawrence Berkeley National Laboratory

Berkeley, CA, USA

On behalf of the Annex 80 Subtask D working group

venticool webinar: Case studies and policy recommendations
September 20, 2022
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IEA Annex 80: Resilient Cooling of Buildings is a 20-nation project 
advancing passive and low-energy, low-carbon cooling strategies

                                                                               
               

participant interested party

Annex 80’s main 
objective is to support a 
rapid transition to an 
environment where 
resilient low energy and 
low carbon cooling 
systems are the 
mainstream and 
preferred solutions for 
cooling and overheating 
issues in buildings.
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Annex 80 Subtask D (“Policy Actions”) promotes cooling policies 
that boost resilience to heat waves and power outages

4

Our approach is to collect, review, and compare 
existing policies, then prepare recommendations 

Policy collection

November 2020 – April 2021

Policy review & comparison

May 2021 - April 22

Recommendations

May 2022 – August 2022

Write-up

September 2022 – June 2023
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There are too many building energy efficiency policies 
around the globe for our team to assess all of them

buildings AND energy efficiency
→ 1,696 policies

buildings AND energy efficiency AND 
(heating, cooling and climate control 
technologies OR space cooling OR building 
envelope technologies OR room portable 
ACs OR air conditioners) → 563 policies

6

24 Annex researchers from 12 institutions examined policies from 19 
regions to find opportunities, rather than review all policies worldwide

Regions
Algeria
Argentina
Austria
Belgium
Brazil
Chile
Colombia
Egypt
European Union
France
Germany
Italy
Jordan
Lebanon
Singapore
Switzerland
Tunisia
United Kingdom
United States
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We considered eight types of policies relevant
to resilient cooling

• Building energy efficiency standard

• Green building standard

• Model code (building energy efficiency 
or green building)

• Green building certification program

• Financial incentive program

• Law, statute, or regulation

• Extreme-heat plan

• Disclosure (label, certificate)

8

We collected policies for cooling strategies that (A) reduce heat gain, (B) 
remove sensible heat, (C) enhance personal comfort, or (D) remove latent 
heat; we also reviewed whole-building performance policies

A1: Advanced solar shading/advanced glazing

A2: Cool envelope materials

A3a: Evaporative envelope surfaces

A3b: Ventilated envelope surfaces

A4: Heat storage and release

B1: Ventilative cooling

B2: Adiabatic/evaporative cooling

B3: Compression refrigeration

B4: Absorption refrigeration

B5: Natural heat sinks

B6: Higher-temperature cooling systems

C1: Comfort ventilation

C2: Micro-cooling and personal comfort control

D1: High-performance dehumidification

7
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We reviewed 202 policy resources across 12 resilient cooling 
technologies to find strengths, weaknesses, and opportunities
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We populated a database detailing each policy
to facilitate comparison and analysis

Policy name

Category

Organization (example: government, industry group)

Scale (choose one: local, regional, national, international) 

Location (e.g., country, city)

Building type (commercial, residential, single family, multi-family, institutional, other)

Building application (new, existing)

Voluntary or mandatory

Performance or prescriptive

Exceptions (e.g., limited to roof replacements greater than half of the roof area)

Requirements (e.g., aged solar reflectance greater than 0.65)

Metrics (e.g., aged solar reflectance)

Metric methodologies (e.g., rated by Cool Roof Rating Council)

Climate (e.g., ASHRAE climate zones 1-4)

Enforcement mechanisms (e.g., adopted by the State and enforced by local building officials)

Implementation effectiveness (e.g., widespread/limited compliance with the code; any other notes to indicate success of adoption/compliance)

Abstract

Summary notes

Source

9
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We prepared a policy analysis report that 
summarizes existing policies and policy opportunities 

TYPES OF POLICIES 
RELEVANT TO 

RESILIENT 
COOLING

METHODS REVIEW OF 
POLICIES 

RELEVANT TO 
EACH RESILIENT 

COOLING 
STRATEGY

REVIEW OF 
WHOLE-BUILDING 

POLICIES

12

We have generated 70+ ideas for potential policy 
recommendations

Provide in-depth guidance to support 
the uptake of shading technologies, 
highlighting good practices that were 
found to provide effective 
management of solar loads.

Expand cool-roof policies and programs to include cool 
walls, accounting for roof-wall differences in materials 
and physics.

Expand cool-roof policies and programs to include cool 
walls, accounting for roof-wall differences in materials 
and physics.

Raise the extreme-climate adaptability of ventilated 
envelopes in the existing building standards, either by 
granting a bonus for every new technique adapted to 
the local climate, or by developing more general 
calculation procedures for building envelope that 
account for double-skin envelopes.

Establish national standards specific for evaporative 
cooling (EC), with different standards for different types 
of EC. Only four countries in the world have done so.

Credit indoor air movement in building energy 
standards. ASHRAE Standard 90.1 should include 
content about ceiling fans use in buildings.

Expand whole-building performance 
analysis beyond average mild conditions 
(e.g., typical meteorological years) and 
also account for extreme events, such as 
heat waves, power outages, and future 
climates.

Expand whole-building performance 
analysis beyond average mild conditions 
(e.g., typical meteorological years) and 
also account for extreme events, such as 
heat waves, power outages, and future 
climates.
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Regulations

Building codes

Information

Training programs

Awareness campaigns

Labeling programs

R&D

Emerging technology

Demonstrations

Standards

KPIs

Extreme heat weather 
files

Incentives

Competitions

Rebates

Tax credits

Each idea is tagged with its implementation 
mechanism(s)

14

We also note other characteristics, such as where it could be 
applied and how long it would take to implement

13
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This fall we will generate a 1-page summary of each 
policy recommendation that we wish to pursue
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The Annex will share its technology assessments and 
policy recommendations with interested organizations

Annex 80 products to support resilient cooling campaigns and policy efforts 
include

• Technology profiles

• Case studies

• Policy recommendations

16
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Thank you!
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IEA EBC Annex 80
Resilient Cooling for Buildings 
Case studies and policy recommendations

20 September 2022

Overview of Annex 80 Field Studies

Dahai Qi, Université de Sherbrooke, Canada
Gerhard Hofer, e7 energy innovation & engineering

1

Agenda

• Overview of planned case study projects

• Survey form on thermal comfort and building management

• Mock up for presentation of Case Study examples

• Structure of STC report

2
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Case Study examples

− Why? 

− Present good practise examples for resilient cooling

− Present design and simulation results

− Evaluation of realised buildings in operation phase

− Energy use

− Comfort parameter

– Evaluation of resilient cooling parameters

− Key performance indicator (KPI) for resilient cooling

3

Overview of Case Study projects

4

Countries with Case Study examples:

Austria | Belgium | Canada | China | England | Italy | Sweden | Turkey

3
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Overview of applied technologies

5

1. Reduce external heat gain Advanced solar shading

Cool materials
Advanced glazing technologies

Double skin Facades / Ventilated facades

2. Removing heat from indoor environments Ventilative cooling as regards night flush ventilation

Thermal mass utilization, including PCM and off-peak 

ice storages
Adiabatic cooling
High performance compression chillers, including split 

and multiple split and VRV units

High performance absorption chillers, including 

desiccant cooling
Natural heat sinks, such as ground water and soil, 

borehole heat exchangers and others

3. Removing humidity from indoor environments Desiccant dehumidification

4. Increasing personal comfort apart from space 

cooling

Ventilative cooling as regards comfort ventilation

Micro-cooling / Personal comfort control

Other ( )

Survey form for thermal comfort and building 
management

− Questionnaire for building manager

Operation of cooling technologies (control method, sensors for control, cooling period, 
operation time, indoor temperature/humidity can be controlled, etc)

− Questionnaire for building thermal comfort 

Location, orientation, windows, cloth wear, activity levels, thermal comfort survey (-3 ~3), 
control, etc.

6
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Case Study description - Structure

− Structure 

− 1. Introduction, Climate: general description, location, climate

− 2. Building: envelope and construction, energy system

− 3. Resilient cooling: Principles, structure, design simulation

− 4. KPI evalution: comfort, energy, others, overall

− 5. Performance Evaluation: energy, comfort,  operation

− 6. Discussion/Lessons learned: summary, optimization potential

− 7. References/Contact Person

7

Mock Up – Example (1)

8

Introduction & Climate General building description

7
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Mock Up – Example (2)

9

Energy System in General
Resilient Cooling Solution 

implemented

Mock Up – Example (3)

10

Design simulation if available

KPI still in development

Design simulation of resilient 
cooling solution

Performance evaluation: Energy, 
comfort, resilience

KPI evaluation of resilient cooling

9

10



Mock Up – Example (4)
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Performance evaluation: Energy, 
comfort, resilience

Performance evaluation: Energy, 
comfort, resilience

Mock Up – Example (5)

12

Reference, Contact dataDiscussion, lessons learned

11
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STC report: report structure

13

− Introduction

− Structure and definition of case study
examples

− Structure of building description

− Definition of technologies applied

− Definition of Key performance Indicators

− Methods for performance evaluation

− Lessons learned and references

− Case Study examples

– All Case Study examples

Thank you for your attention！

Subtask C

14

Dahai Qi, Université de 
Sherbrooke, Canada
dahai.qi@usherbrooke.ca

Gerhard Hofer, e7 energy 
innovation & engineering
gerhard.hofer@e-sieben.at

13
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Effin’Art
The Art of
Energy
Efficiency

Natural ventilation, some
case studies in India

1) Natural ventilation in low and affordable housing multi storey buildings
2) Design and testing of a very low energy ventilative cooling system for low

wind availability
3) Natural ventilation with and without external shading in a residential

tower
Indo Swiss project on Building Energy Efficiency (BEEP)

Pierre Jaboyedoff, Effinart, Lausanne, Switzerland
Greentech Team, Delhi, Dr. Sameer Maithel, Prashant Bhanware, Mohit Jain

1

Effin’Art
The Art of
Energy
Efficiency

1) Thermally comfortable and climate friendly
affordable housing in India: The Smart Ghar 3
project natural ventilation tests, in Rajkot, Gujarat

BBackground
• Generally, most of dwellings are not equipped with any active cooling system (80 90% in India

today.

Resilience issues
• The building design has been developed with the main assumption that there would not be any

active cooling at least for the next decade

Objectives
• Demonstrate passive natural ventilation efficacy to keep the temperature much below outdoor

peak by night cooling in a hot climate

Features
• Very low heat gains envelope

• Good opaque envelope with AAC blocks

• Low window to wall ratio

Monitoring system
• CO2 as tracer gas, cheap and simple solution, constant flow with a flowmeter controller,

measurement of the CO2 concentration day and night, calculation of the AIR change

• Night and day constant flow, Guarded zone for the data acquisition Avoid the CO2 by human

CO2 production



Effin’Art
The Art of
Energy
Efficiency

Monitoring methodology

Test set up & operation

Data logging Analysis (including calculation of ACH)

Determine data monitoring period
5th May to 31st May 2019

(period when the maximum temperature would be consistently
above 40°C)

Selection of test flat
Located on intermediate floor and should not have “first access” to

wind

Determine parameters to be measured

Ambient DBT, RH, wind speed & direction;
Indoor (Bedroom & Living room) DBT, RH, CO2 concentration (for

ACH calculation)

Effin’Art
The Art of
Energy
Efficiency

Selection of test flat

Test flat



Effin’Art
The Art of
Energy
Efficiency

Measurement planning

• Reverse flow due to the
geometry of the recess
(identified by CFD modelling
and confirmed with smoke
and velocity measurements)

• Analysis to locate the
sensors for the best
“averaged” values

• CFD modelling to find the
locations most representative
of the average

• Temperature
• CO2 sensors

Effin’Art
The Art of
Energy
Efficiency

Test of the CO2 decay with the bedroom
“sealed”

• Instead of use of tracer
gas

• Use of CO2 flow controlled
• Use of CO2 sensors
• Guarded zone for the data
acquisition to avoid the
human produced CO2

• In order to validate the
method

• Comparison between the
measured CO2
concentration and a
calibrated decay model

• ACH = 0.27 with the
“sealed” bedroom



Effin’Art
The Art of
Energy
Efficiency
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90% Acceptability 80% Acceptability

• Acceptability calculated using the IMAC (Indian Adaptive Thermal Comfort Model https://cept.ac.in/news/carbse cept thermal comfort research
included in national building code 2016 )

Effin’Art
The Art of
Energy
Efficiency

Conclusions for case 1)

• In affordable housings, it is possible to have an acceptable comfort
level in residential non AC at the same cost as business as usual with
properly designed building envelope and natural ventilation openings

• Typically on hot days
• Peak outside > 40 °C
• Inside temperature < 33 °C

• This monitoring exercise shows measured quantification of the impact of building
envelope on internal temperatures

• This resulted in a significant increase in comfortable hours duration and potential
reduction in the need for air conditioning



Effin’Art
The Art of
Energy
Efficiency

22) Rajkot Smart Ghar III: assisted low energy
ventilative cooling design and test

Background
• If the air movement between buildings is insufficient to generate 12 15 ACH,
then very low energy ventilative cooling is a possible solution

Objectives
• Development of a balanced very low energy ventilative cooling system

Design options and development
• CFD comparison of different soluitions no flow rate controller, constant resistance
for balancing

• Mockup model testing
• Testing in real scale
• Balanced low negative pressure
• High performance fans

Effin’Art
The Art of
Energy
Efficiency

Concept design, CFD development, lab scale
mock up testing

• Flow rate of 430 m3/h per exhaust
• Differential pressure of 30 Pa



Effin’Art
The Art of
Energy
Efficiency

View of the balancing exhaust element
• The exhaust balancing elements (keeping the ~
same flow in all flats) are designed so that
nothing can enter downward physical
opening, air blown downwards

Picture of the shaft with
the calibrated exhausts

CFD model of the shaft with
the calibrated exhausts

Effin’Art
The Art of
Energy
Efficiency

Low energy assisted ventilation for night cooling:
testing of the aeraulic performances in the low
cost Rajkot Smart Ghar III project

• Low energy assisted night cross ventilation system
• Objectives: efficient night cooling

• Test and confirm the design values of the overall system performance on
one shaft (14 flats)

Vertical shaft (top)

Location
of the
exhaust
fans

Vertical shaft on site (top)
With extended duct for
accuracy of air flow
measurment

Exhaust fans
inside the
metallic top



Effin’Art
The Art of
Energy
Efficiency

Results
• Measured values against design

• Actual flow rate slightly > design values
• The aeraulic concept is validated (optimal fan ~1.1
W/m2 (floor area) at full flow)

Total air flow
15’500 m3/hr

1036 m3/hr
per flat
12 15 ACH

Effin’Art
The Art of
Energy
Efficiency

Conclusions for case 2

Global results
negative pressure 30Pa
flow rate 14000m3/hr
flow rate 3.89m3/sec
height 2.8m
total volume 1097.6m3
ACH 12.8h 1
Aeraulic power 117Watt
Fan efficiency 27%
Electric power 432Watt
Carpet area per flat 28m2/flat
number of flats 14
total carpet area 392m2
specific power 1.10W/m2

Low energy ventilative cooling

• If the air movement between buildings is insufficient to
generate 12 15 ACH, then very low energy ventilative
cooling is a possible solution

• Testing in real scale has demonstrated the aeraulic
performance

• Balanced low negative pressure (30 Pa)

• High performance fans (efficiency of 27%)

• Specific power to ensure 12 15 ACH in 14 flats ~ 1.1
W/m2

• Potential to increase the comfort by adding evaporative
cooling on the windows

• Short test has shown that the balancing was hardly affected by a low
differential pressure wet pad
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33) Gurugram tower natural ventilation with and
without external shading

Gurugram tower natural ventilation with and without external
shading
Background

• External movable shading used very rarely in India in new buildings
Objectives

• Quantify the impact of External shading and single sided natural
ventilation on a typical modern building

• Development of the comparison methodology
• Selection of two adjacent flats with exactly the same solar exposure
• Checking the initial conditions (same temperature in non shaded
mode)

• Actual testing
• Results obtained

Effin’Art
The Art of
Energy
Efficiency

The building and its location in Gurugram
(satellite city of Delhi)

• Two flats at 10th
and 11th floor, test
room with west
orientation
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The test room
A bedroom (normally the
first room to have AC)

Effin’Art
The Art of
Energy
Efficiency

Checking the comparison procedure
checking if the same temperature in the two

bedrooms with the same window system is obtained

• The temperature
in both the bed
rooms without
any shading

• Conditions good
for the
comparison



Effin’Art
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Testing in summer without AC, with natural
ventilation (opening during the night)

• In red
• Usual internal curtains

• In blue
• With external movable
shading (SHGC ~ 18%
with glazing)

Effin’Art
The Art of
Energy
Efficiency

Conclusions for case 3

• Natural ventilation is very efficient in tandem with external movable
shading

• The peak temperature is reduced by 3 3.5 °C when using external
movable shading very signification reduction of the duration of
discomfort (e.g. hours per years)

• This test confirms the relevance of external movable shading systems
in the hot Indian Climates
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Summer comfort in Belgian dwellings without 
active cooling:
case studies

Margot De Pauw
Thomas More, Energy Knowledge Center

1

| 20/09/2022 | CORNET SCoolS

.

2

KCE: Energy Knowledge Center

• Energy systems in buildings
• Energy systems in greenhouse horticulture

kce.thomasmore.be
www.cornet-scools.com
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free cooling (geothermal source)

evaporative cooling

Case1 (Geel)

Case2 (Mol)

| 20/09/2022 | CORNET SCoolS4

Cases were measured during summer 2019 and 2020

Heat waves: 
23/06-30/06/2019  mean Tmax 28,4°C
22/07-26/07/2019  mean Tmax 33,8°C
05/08-16/08/2020  mean Tmax 31,3°C
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| 20/09/2022 | CORNET SCoolS

Case1 (2015, Geel)

2015
orientation facade: SW
glass to floor ratio: 14%
No screens

6

boreholes 2*100 m floor cooling  (all floors)
cooling coil in supply air (2020)
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Temperature measurements living room (2019 and 2020)
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Temperature measurements sleeping room (2019 and 2020)
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Temperature measurements (2019)

20

22

24

26

28

30

32

10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,00

Ti

Te,ref

Ti, liv room Ti, slp room

20

22

24

26

28

30

32

10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,00

Ti

Te,ref

Alpha building =>
Adaptive temperature limits
A.C. van der Linden et al

Class A
Class B
Class C

summer hot summer period

running mean outdoor temp

| 20/09/2022 | CORNET SCoolS

Temperature and relative humidity
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Case2 (2016, Mol)

2016
orientation facade: W
glass to floor ratio: 12%
External, automatic solar
shading S & W

12

borehole 1* 120 m ventilation system D 
with adiabatic cooling

floor cooling 
(all floors)

| 20/09/2022 | CORNET SCoolS

Case2 (2016, Mol)
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Temperature measurements living room (2019)
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Temperature measurements sleeping room (2019)
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Temperature measurements (2019)

16

20

22

24

26

28

30

32

10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,00

Ti

Te,ref

Ti, liv room Ti, slp room

20

22

24

26

28

30

32

10,00 12,00 14,00 16,00 18,00 20,00 22,00 24,00 26,00 28,00 30,00

Ti

Te,ref

Class A
Class B
Class C Alpha building =>

Adaptive temperature limits
A.C. van der Linden et al

| 20/09/2022 | CORNET SCoolS

Case2 (2016, Mol)
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Comfort under future weather scenario’s?
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Ref:
Abantika Sengupta et al. 
Impact of future climate on the performance of ground source cooling system.

2020   versus future mid-term scenario (2050)?
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Floor cooling & risk of condensation:
dew point control
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Control
evaporative cooling combined with summer bypass
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