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Series of webinars in cooperation with AIVC & venticool

Indicators to assess resilience of cooling in buildings [May 10, 15:00-16:15 CEST]
Future weather data and heatwaves [May 31, 16:00-17:15 CEST]

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

A

Case studies and policy recommendations [September 20, 15:00-16:15 CEST ]
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Today’s Programm

Programme (Brussels time)

15:00

15:05

15:25

Introduction to Annex 80, AIVC & venticool
Peter Holzer, OA EBC Annex 80, Institute of
Building Research & Innovation, AT

Definitions of resilient cooling of buildings &
overview of indicators to assess resilience
Peter Holzer, OA EBC Annex 80, Institute of
Building Research & Innovation, AT

Thermal resilient buildings: How to be
quantified? A novel benchmarking framework
and labelling metric

Mohamed Hamdy, Associate Professor, NTNU,
NO

15:40

15:55

16:15

Example of indicators and application to
vulnerable buildings
Abdelaziz Laouadi, NRC, CA

Questions and answers

End of the webinar

|[EA EBC Annex 80

EBC &)

Enargy in Buktings and
Cammunies Programme

Part 1: Introduction to Annex 80 and State of the Project

Part 2: Definitions of resilient cooling of buildings &
overview of indicators to assess resilience
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* Participants
36 institutions from 16 countries (Americas, Europe, Asia, Australia)
* Guests (not part of EBC yet)

Mexico, José Roberto Garcia Chavez, Metropolitan Autonomous University
Mexico City

India, Rajan Rawal, CEPT University, CARBSE

2. Working Phase (3 years)
June 2019 - June 2022

3. Reporting Phase (1 year)
June 2022 - June 2023
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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.

Annex Subtasks

The Annex is structured in four subtasks:

A Fundamentals
B Solutions

C Field Studies

D Policy Actions




Objectives:
— Definition of Resilient Cooling in terms of buildings
— Definition of Key Performance Indicators

— Composition of Resilient Cooling Design and Operation
Guidelines (deliverable)

“Affordable low energy and low carbon cooling solutions,
strengthening the ability of individuals and communities
to withstand and prevent the thermal - and other -
impacts of changes in global and local climates.”
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a. Reduce heat loads to people and indoor environments
b. Remove sensible heat from indoor environments
c. Enhance personal comfort apart from space cooling

d. Remove latent heat from indoor environments

12

12

A. Reduce heat load to indoor environments and people indoor
1. Advanced solar shading/advanced glazing technologies
2. Advanced cool materials
3. Green roofs, roof pond, green facades, ventilated roofs and ventilated facades
4. Thermal mass utilization including, PCM and off-peak ice storage
B. Remove sensible heat from indoor environments
1. Ventilative cooling
2. Adiabatic/evaporative cooling
3. Compression refrigeration
4. Absorption refrigeration, including desiccant cooling
5

Natural heat sinks, such as ground water, borehole heat exchangers, ground labyrinths,
earth tubes, sky radiative cooling,

6. High temperature cooling system: Radiant cooling, chill beam
C. Enhance personal comfort apart from space cooling

1. Comfort ventilation (elevated air movement)

2. Micro-cooling and personal comfort control
D. Remove latent heat from indoor environments

1. High performance dehumidification including desiccant humidification

13
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Objectives:

— Assessment of technologies in future weather scenarios

Extension of range of resilient cooling systems

Derivation of rules for successful implementation

Composition of Technology Profile Sheets (deliverable)

14
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Objectives:

— Analysis and evaluation of implemented Resilient Cooling
Technologies

— Identification of barriers and performance gap examination

— Composition of Field Studies Report (deliverable)

18




Subtask C — Field Studies

Buiding Type 2. Removing heat from indoor environments 3. Remo) personal comfos
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Subtask D — Policy Actions
Objectives:
— Support implementation and mainstreaming of Resilient
Cooling Technologies
— Develop recommendations for regulatory policies (labelling
programmes, building regulations, standards and compliance
requirements)
— Report on recommendations for legislation and standards
(deliverable)
20

20



Subtask D — Policy Actions

o November 2020 - April 2021 ’May 2022 — August 2022

Policy collection Recommendations

comparison Write-up

O May 2021 - April 22 O September 2022 -
June 2023

Policy review &

v

21
21
. Research community and associates
. Real Estate developers OA,
D1 State-of-the-Art-Report .
. Urban planning experts STA, STB, STC, STD
. Policy makers
. . Research community and associates OA,
D2 Midterm Report
L] IEA and EBC Programme STA, STB, STC, STD
. Building component developers and manufacturers
D3 Technology Profiles L] Architects and design agencies STB
. Engineering offices and consultants
- Building component developers and manufacturers
. Architects and design agencies
D4 Field Studies SR G sTC
- Engineering offices and consultants
. Real Estate developers
. Architects and design agencies
D5 Design and Operation Guidelines L] Engineering offices and consultants STA, STB, STC
. Real Estate developers
. Policy makers
DE Recommendations for policy - Legal interest groups 5D
actions, legislation and standards . Experts involved in building energy performance
standards and regulation
. Research community and associates
. L] IEA and EBC Programme OA,
D7 Project Summary Report
- Real Estate developers STA, STB, STC, STD
L] Policy makers
23
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Annex 80 Publications

“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

“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

“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

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

24
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https://doi.org/10.1016/j.enbuild.2021.111312
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Part 2: Definitions of Resilient Cooling of Buildings &
Overview of Indicators to assess Resilience

Wendy Miller et al, Developing an understanding of resilient cooling: a socio-technical appro3
City and Environment Interactions, City and Environment, 2021

Attia et al, Resilient cooling of buildings to protect against heat waves and power outages: Ke
concepts and definition, Energy Buildings, 2021

|ldentifying the Boundaries

We limited the definition to:

* building scale
* heat waves
* power outages

Source: Attia et al, Resilient cooling of buildings to protect against heat waves and power outages: Key concepts and definition,
Energy Buildings, 2021




Background

Why Resilience?

Increase in mean and variance

weather
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» longer and more intense heatwaves

» risk of power outages

Source: (IPCC). Climate Change 2001: The scientific basis. Contribution of Working Group |

Sendai Framework for Disaster Risk Reduction

 Vulnerability and

* Accountability for\

Capacity disaster risk creation
® Exposure (persons and  All sectors responsible
assets) for risk reduction
¢ Hazard characteristics, * Integrate risk reduction
including multi-hazard 1 2. Strengthen into mainstream laws,
« The environment : governance regulations, policies and
Unders_tand to manage practices
the risk .
L] the risk
4, Enhanc&l:lji Invest in
elnvest in forecasting, disaster risk
early warning systems preparedness reduction
and hazard-monitoring d Build ti f * Reduce exposure and
tailored to needs of users and bui practices ror vulnerability
*Consider climate change Back Better resilience * Prevent creation of new
scenarios and impact risks
BB i * Invest in structural and
remains safe, effective,
. non-structural measures
operational

Process for “temperature hazard” management based on Sendai Framework for

Disaster Risk Reduction

Source: United Nations. Sendai Framework for Disaster Risk Reduction 2015-2030. Geneva 2015




Definition of Resilient Cooling Characteristics
and Risk Factors

Resiliency

Characteristics Vulnerability Resistance Robustness Recoverability

(Rzzzi‘!?nt Overheating Overheating Overheating Overheating

ch ar'agte" stics Exposure Exposure Exposure Exposure
Risk Severity Adjustment Recovery

. o 1t Adaptabili
Risk Climate Change Porantal P
Factors Scenarios Building Design Building Design

Heat wave events
Power Outages

(glazed area,
thermal mass, ...)

Cooling Technology

Occupant/System
Interaction Potential
Building Adaptability
Potential (thermal safety
zZones,...)

Cooling Technology
Characteristics

Learning Ability of

Urban Heat Island Characteristics %’;:;ze::;lf;’:o'ﬁe' Building, Systems
Load Change Level of Energy Emergency Control and Occupants
(occupancy, solar or Autonomy Possibility
other thermal loads) Energy System Back-Up

Availability

Source: Attia et al, Resilient cooling of buildings to protect against heat waves and power outages: Key concepts and definition,
Energy Buildings, 2021

Definition of Resilient Cooling of Buildings

Climate proof Future climate
design (future and extreme future weather)
Climate normals Forseeable Unforseeable
(average weather) (extreme weather) disruplions
—_— Designed thermal conditions
@
Q
g Minimum thermal conditions
£
S
Resillent buiking (overheatinglpower cutage)
€ + Robust, none resibent bulding
2 e ST
Critical thermal conditions
Resilient
design
------------- Disrupive Evant Oisrupive Evani,  Diswupiive Evenis i
Resistance Robustness  Recovery Time
Resilience

1. designed thermal conditions
2. minimum thermal conditions
3. critical thermal conditions

1. weather files: exireme weather

2, weather files: average weather

3. weather files: future weather

4. weather files: worst future weather

1 Event 1. short extensive heatwave |
Event 2: short intensive heatwave |

1 Event 3: Iong extensive heatwave

1 Event 4: long intensive heatwave |
Event 5: power outage 1

b e e e e e o e e e e e e e e e e e e e e

© Annex 80 - Sub-Group A Alfa et al. (2020), the graph is parially inspired by Maazami ol a, (2019)




Important Parameters for Resilience Assessment

1. Thermal Conditions: designed, minimum, critical

2. Weather: average, extreme, future, extreme future

3. Disruptive Events: heat wave, power outage

1. Thermal Conditions

Table3.3 Acceptability classes in ASHRAE 55

ASHRAE Scope PPD (%) Fanger PMV Adaptive
55 class ATy (K)
90% To be used when a higher <10 | -0.5<PMV<+05 +2.5

* 1SO 17772 P1-2 standard of thermal

comfort is desired

(PPD, PMV and adaptive 80% To be used for typical <20 | —085<PMV<+085 | +3.5
applications and when

Model) other information is not
available

* Limitation of the thermal

Table3.4 Thermal comfort d g to EN 15251
comfort model BN Description Funger Adaptive
-> ASHRAE 55 caiegory ro v AT (0
->EN 15251 1 High level of expectation and is <6 | -02<PMV<+02 +2

recommended for spaces
occupied by very sensitive and
fragile people with special
requirements like handicapped,
sick, very young children and
elderly persons

- I Normal level of expectation and | <10 | —0.5<PMV<+05 | 43
H : should be used for new buildings
[ and renovations
1 m An acceptable, moderate level of | =15 | —0.7 <PMV =+0.7 |  +4
i expectation and may be used for
I existing buildings
H ™ Valucs outside the criteria for the | =15 | PMV<—0.7 and

o above categories. This category PMV = 0.7

~/ should only be accepted for a
limited part of the year




2. Future Weather

1. At least one city for climate zones

the ASHRAE ification

2. Cities with high population and growth
3. Cities in different continents with preference for cities of the Annex 80 participants

]

Europe
o meris . o I  ©#sHve

CLIMATE ZONE_ City Country Continent

0A Singapore Singapore Asia '

0B Abu Dhabi UAE Asia

1A (Guayaquil Ecuador South America
Rome Italy Europe
Sao Paulo Brazil South America
Cairo Egypt Africa
Buenos Aires South America

3B Teheran Iran Asia

3B Los Angeles California North America

4A Paris France Europe

aA London UK Europe

4aA Gent Belgium Europe

aA Brussels Belgium Europe

4B Xian China Asia

4c Vancouver Canada North America
Toronto Canada North America
Copenhaguen Denmark Europe
Vienna Austria

6A Montreal Canada

6A [Stockholm Sweden Europe

» Webinar 2 of this series

3. Heatwaves

Heatwaves in Vancouver
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IEQ / Thermal Comfort Metrics

* comfort, thermal safety, indoor overheating degree ...

Energy Metrics

* energy use, power demand, carbon emissions, ...

HVAC and Grid Metrics

e SEER, SCOP, recovery time...

Specific KPls, relevant to specific cooling technologies

11

11

Any definition of resilience must be based on the identification of a
specific shock or disruption.

Designer must specify and distinguish, the resistance and robustness
conditions against heat waves and power outage events.

Resilient cooling design is an urgent requirement for future proof
buildings.

Building operation systems and building management systems will play a
significant role in applying the adaptation strategies and risk mitigation
plans in collaboration with buildings users.

Resilience is a process, and its criteria should be addressed integrating
user experience during shocks is essential to increase the emergency
learnability and feed the preparedness loop.

12

12
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Thermal Resilient Buildings: NTNU

How to be Quantified?

A Novel Approach

Mohamed Hamdy Ph-D- Msc. Eng.

Associate Professor in Building Performance Simulation and Optimization

A strategic leader with the center Green2050 and a member in our innovation committee
Department of Civil and Environmental Engineering | Norwegian University of Science and Technology
NTNU Byggteknisk, 2-236 | Hpgskoleringen 7A | NO-7491 Trondheim | Norway

NTNU Profile, see| Scopus, see| Google scholar, see| LinkedIn, see
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B Building Design with no Disruptive Events B
NTNU N TN U

Norwegian University of

Science and Technology
N
In general, buildings are designed based on a group of fixed
assumptions and conditions in the design or renovation phases.
J
~
Building performance (including energy and comfort) can be
affected by a wide range of foreseen and unforeseen changes
during operation.
J

venticool EBC &)




Building Design with Disruptive Events

NTNU

Norwegian University of
Science and Technology

Aa Resiliency

! it Recently, attention is bein id to th t of
Low probability, Y, Fipalditoielconcepis
5 | WSS resilience, which involves “low probability high
® gh impact : —
al|l L impact scenarios”. )
El X
\ s
\Low prabability, High probability, - — o o .
\LQW impact Low impact Buildings as facilities with significant investment
= . costs should be able to react to these changes and
W iy o P — Reliability L maintain their performance and functionality. )
Probability
Mohamed Hamdy Ph-0- Msc. Ene. venticool EBC &

Extreme Event — Higher frequency
NTNU

The report of Intergovernmental Panel on Climate Change (IPCC) shows that the severity and frequency of extreme i, .cgiun University of
events, such as natural disasters, are expected to increase in the following years because of climate change. Science and Technology

A recent example is the record of low temperatures during the 2021 winter in Texas, US. The low temperatures
were followed first by snow and then by the blackouts, leaving millions of people without access to electricity during
the COVID-19 pandemic.

Texas Winter Storm Death Toll Goes Up To 210, Report: More than 456.5K Claims Filed in February 2021 Texas power crisis
Including 43 Deaths In Harris County Texas After Winter Starm -

T e p——

February 7., befors February 16, afer

Satelite images of Houston before and after the storm [' The dark patches
in the latter image depict areas left without eleciricity.

Date February 10-27, 202114
{2 weeks and 3 days)

Location Texas, United States

Type Statewide power outages, food/water shortages
Cause Multiple severe winter storms

Deaths 210 to 702 (estimate)'™

Property damage 520 4 billion (2021 USD)®!

venticool EBC &




Categories of disruptive events

Meteorological | Hydrological Geophysical | Climatological Biological

* Windstorms » Floods * Earthquake # Heat waves
* Snowstorms ..
...

* Pandemic
e Cold waves

* Landslides .

L

venticool E8C &)

NTNU

Norwegian University of

The building is defined to be resilient if it is able to prepare for, Science and Technology
absorb, adapt to and recover from the disruptive event.

Disturbance start End of disturbance
A Phase 1 Phase 11
i - i During the disrupiive {0 e evemt | Fficon Performance Cap.abjl'rty to succ.eed in fhe
Te | event f ; environment that is dominated by
uncertainty.

I Acceplable level
g
E]
E TRI'
: \ / Habinble v Awarengss learning
£ Ton Agility
E
£ Uninhabitable level

T daptation

» Time

ty b Ttz

Multi-phase resilience curve associated to an event

Mohamed Hamdy Ph-D- Msc. En. venticool EBC &




First paper — cooling events
NTNU

an University of
Science and Technology

Building and Environment 201 (2021) 108!

Contents lists available at ScienceDirect

Building and Environment

Quantify the thermal resilience of the
building based on the deviation from
target

journal homepage: www.elsevier.com/locate/uildeny

Thermal resilient buildings: How to be quantified? A novel benchmarking =
framework and labelling metric
Shabnam Homaei *, Mohamed Hamdy

Norwezion Usiversey of Science and Technology (NTNU), Deparmens of Gl and Environmental Engineeing, Trondhcim, Norway . .
» Developing a multi-phase test

ARTICLE INFO ABSTRACT framework for building thermal

Keywords: The resilient building design has become necessary within the increasing frequency and intensity of extreme resilience quantification y

Thermal 'D'“ﬂj!_h“iu"lﬁs_ disruptive events ussuudlu.l with climate change. Since thermal uum T i~ one of the main l.l!|uill!IIK!l|ls

:“-:J:":imb:mc of cccupants cvalusting building resiliense from & therml perspeciive during and afler disruptive eveas is

eslence st ramessork events. Duildiog designers are still secking metrics that can capiure thermal sesilicnce in both phases (Le. » Quantifying the overall thermal

Baery ssorage during and after the disrupli t5). This paper introduces a novel benchmarking framework and a multi-

phase metric for thermal resilience quantification. The metric evahsates thermal resilience conceming building resilience for multi-zone bUI'dlngS,
characteristics (ie. building envelope and systems) and oceupaney. It penalises for thermal performance
deviations from the targets based on the phase, the hazard level , and the exposure time of the event.

The introduced methodology is validated by quantifying the thermal resilient performance of six building
designs against a four-day puwer failure as a disruptive event. The six designs represent minimum and passive >
building requirements with and without batteries or photovoltaics as resilience enhancement stralegics. For

the considered case study, upgrading the building from the minimum to the passive design has 2 huge impact

(71%) on resilience improvement against power Eailure in winter. The application of the battery and PVs

can improve the thermal resilience of the two designs in the range of 19%-27% and 44%-60%, respectively.

Findings can provide a useful referenee for building designers to benehmark the building's thermal resilience

and constitute resilience enhancement measures.

Labeling the building thermal resilience.

venticool EBC &

Disturbance start End of disturbance
.“ Phase | Phase 11
M u Iti p hase . Initial state During the dlarwptive 0!y pr iy disrpeive svent Final state
il ; Acceptable level
resilience curve NTNU
£ Tar \ / Science and Technology
iz Habitable level
_;E. Uninhabitable level
T
) to t el >
ee Time (day)
Initial state Tsp
" C_)Pera_tion based on the set point temperature before the the set target (the setpoint temperature), which is needed
disruption. for the desired performance of the building
Phase | T
= Between the initiation and the end of the disruptive event RT
. X . the performance robustness threshold. Any performance
(decrease in the indoor operative temperature) less than Ty will not be robust.
Phase Il 1 <
H i 1 HT
' bSt.Tdr.tS after t:e etndﬂ?f the dlsru??ve eventlandlllaslts.tl..jr}tll the the habitability threshold for the occupant. Passing this
uilding reac es_ 0 e same pe orl:nance evelin initia threshold shows that the building has been failed in
state. (Increase in the indoor operative temperature) providing the minimum required comfort condition for
Final state \_building’s occupant. Y,
= Starts after the full recovery of the building (Operation based T A
. min
on the set point temperature). the minimum performance level caused by the disruptive
L event.

Mohamed Hamdy Ph-D- Msc. Eng.




Resilience test framework

» In developing the test framework, Three factors should be considered: J I l q U
Norwegian University of
Science and Technology
= Type of the event = Fixed duration event
= The occurrence time = Same time duration for phase Il | = The range of different performance levels ‘
» The phase of the event
Disturbance start End of disturbance End of test period > The hazard level of the event
“. ________________________ S Fhosel @ Fhasell 4 » The exposure time to the event
H Initial state i Dueding '::‘:‘l’"""‘“ After the disruptive event || Final state
T ; ]
= 5 Associated penalties for different segments inside the resilience test framework.
v Acceptable level Segment Penalties
bl S: Su Phase Hazard Exposure time
E penalty (W,) penalty (W,,) penalty (W, )
‘g_ Trr S = sl 0.6 [8} 2
g AR 5 ' Habitable level 2 o6 ol 8
; T ‘!1 0.6 0.2 10
2z Tur s 06 0.2 o
g S5 : 55 06 20
& Uninhabitable level 36 0.6 -
T 5; . _ i : 20
59 0.2 -
510 0.2 10
s ol 8
1o 1 (S Ll 512 o1 2

Tize (day) The assigned values for each penalty are based on

the logical assumptions that have been made by
authors.

Mohamed Hamdy Ph-D- Msc. Eng. venticool EBC &

Calculation of WUMTP: weighted unmet thermal performance

The application of two phases, three hazard ““W‘ Ead of disturbance lr period NTN U

- Phase | Phase 11 Norwegian University of
levels and two exposure time sections N e DR e i Pt Selence and Technology
results in 12 segments in the resilience test ™~ s
framework, g . Accepable evel

= Three penalty types are needed to be ;r 8 L
considered for each segment: phase £ . \"- N Habiable fevel
penalty, hazard penalty, and exposure time ; " E .

& Uninhabitable level
penalty. T =
WUMTP = %2, S; Wp; Wy Wy,
0 1 1 gt

> S;: Area of segmenti during occupancy hours

> Wp,; : Phase penalty e

»> Wy, : Hazard penalty -

» Wg,; : Exposure time penalty v

o 280 :
Z_,WUMTP, 251 T T praz—Theomsaz) gl § T LT
WUMTPAgyerau = “oky——~ 10D = 228 Lot S8 L :
z=1AZ Z=14j=1 Lz ‘g 250
£ 240 /’
.y 2 230 +——1 ¥ _
> z:  Building zone counter W, : phase penalty ® o L S
> Z: Total number of zones o v
» A, :Area of each zone 10 t

8 9 10N 1213 W5 1617 B9 20 N 223242526 27282930

Running mean outdoor temperature 6., °C




Resilience labelling B

NTNU

Norwegian University of
Science and Technology

» In order to rate a building in a specific resilience class, the same approach as energy
labelling is used.

1 21
| Select the reference building | | Selet the building type of interest
Table 2 Bl l
Resilience classes for buildings labelling. | ‘Select the location |
<36 RCI I
<24 RCI <36 Class A [2 -
<15 RCI <24 Class B [ st esonce s famework |
<0.9 RCI <15 Class C l
<0.6 RCI <09 [51
RCI <06 Selmlhdﬁ::’l:lme levels in the
I
[l + ) [
|um.,_.:-|:mnm for the reference building I | UMTP e calculation for the building |
RCI = WUMTPonerall,ref I & l I
[]
WUMTP onerall | Resilience class index ealeulation |
o |
| Resilience class evaluation |
Fig. 4. Steps to implement res ., =
Mohamed Hamdy Ph-D- Msc. Eng. venticool EBC &)
Example of the results B
cose st NTNU
Establishing the test framework for case study building: four-day test framework S oy of

» Four days power failure.

> During the four days with the highest heating Simulation duration
demand(starting on 14 January).

> The duration of power failure was specified e :’aly Four days power Four days in
based on iterative simulations. e failursjin phase | phase Il

» Based on the literature 18 -C and 15 -C have
been selected as the robustness and habitability
thresholds for the living room.

» It has been assumed that easy exposure section
will last one, two, and three hours in the
uninhabitable, hibitable, and acceptable levels.

Three performance thresholds for different zones of the case study building.

Performance level Zones
Living room Bedroom Bathroom
Tep (°C) 215 18 23
Tgp (°C) 18 145 19.5
Tgp (°C) 15 115 16.5

Mohamed Hamdy Ph-D- Msc. Eng.




Example of the results N

2
&1

=]
=1

o

=

» In the standard design, the implementation of the cost-
effective battery postpones the power failure for 15 h

Operative tempersature (°C )
=

H
=

(increase in the minimum temperature from 11 -C to 12 10 o s .
°C ) Time (day)
. . . . . Accepiable level Habitable level Uninhabitable level
» The application of the cost-effective battery did not shift —— Standard -- -Smr‘:a)rdmmery
the resilience curve of the standard design out of the
uninhabitable level. 21
-

» For the passive design, the application of the cost-
effective battery leads to a 13-hour delay in the power
failure, which increased the minimum experienced
temperature from 15-C to 15.7-C.

3

=

Operative tempersature (°C )
=

=]

10

0113 01/14 01/18 01722 01723
Time (day)
Mohamed Hamdy Ph.D. MSc. Eng‘ s:;ai‘p’lcablc]cvel o _ﬁ;:‘::i;f;:‘ly Uninhabitable level
Example of the results
» In this case, the generated electricity by the PV systems
was assumed to be directly used for heating during the fom
power failure and it will not be used any more after the 5

power connection.

» Only the electricity generation in the dark grey area was
used by the building in the simulation.

» Both standard and passive designs faced peak
temperatures on 15 January.

» The application of the PV system for the standard design
increased the minimum experienced temperature from 11-C
to 12.5-C, without moving the resilience curve from
uninhabitable level.

» For the passive design, the minimum experienced
temperature increased from 15-C to 16.5°C.

C

Operative lempersatire (°C )

calive lempersatire (°C )

Opes
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Example of the results

Table 7
» The upgrade of the standard design to the passive Calculated WUMTP,,,,, for the six designs of the case study building.
design decreased the W UMTPoverall by 80 degree— Num Design WUMTP (Degree Improvement (Degree
hours. hours) hours)
» If the building is less resilient, the improvements 1 Standard 113 -
will be more signiﬁcant. 2 Standard+Battery a1 22 (compared to standard)
> Adding the battery to the standard design does not i ls:a"fja““w g’g 50 (compared to standard)
. I . assive -
changing the resilience class of the standard design 5 Passive-+Battery 24 9 (compared to passive)
. 6 Passive+PV 13 20 (compared o passive)
» With the application of the PV systems, the
resilience class of the standard design will be ,
Passive+PV

upgraded from class C to class B.
» Passive standards by itself is in resilience class A, Pssie Batiey
and the application of the battery and PV systems
moved the passive design to classA™.
» The maximum resilience class improvement
occurred when the design changed from standard to Standard*Battery
passive equipped with PV panels.

Pasgve

Designs

standard+PV

Standard

Mohamed Hamdy Ph.D. MSc. Eng. VE’(F“C@DJ EB(;‘@\
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The Impact of Building Retrofitting on Thermal Resilience
against Power Failure: A Case of Air-conditioned House

Acceptable level - Phase |

Acceptable level - Phase |

Existing condition
— - = IECC + ASC
Passive house + EC

Habitable level - Phase |

Operative temperature [°C]

Habitable level - Phase Il

b) Automated shading control influence

== |ECC update
T ¥ — - = Passive house + ASC
Y - ===-IECC + PCM
v 34
2 32 1 Unhabitable level - Phase |
& 3 T A |
H] i itable level - Phase Il
a 30 |
E : —_ use update
g 28 4 -
@ | weeee JECC 4 EC
> 26 /
= ! - ==~ Passive house + PCM
5 24 :
o
o 22

31-dul

1-Aug
g

g
Alg

03-Aug

04-Aug
5.
6

¢) Electrochromic glazing influence d) Phase change material influence
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The Impact of Building Retrofitting on Thermal Resilience
against Power Failure: A Case of Air-conditioned House

Design WUMTPoyeranl [Degree hours.m?] Improvement [Degree hours.m™]
IECC update 6.19 0.67 compared to existing
IECC + ASC 5.95 0.24 compared to IECC

IECC + EC 3.38 2.81 compared to IECC

IECC + PCM 293 3.26  compared to IECC

Passive house update ~ 5.09 1.77 compared to existing
Passive house + ASC ~ 5.03 0.06 compared to Passive house
Passive house + EC 3.12 1.98 compared to Passive house
Passive house + PCM  2.57 2.52  compared to Passive house

Passive house + PCM |, 2.1

Passive house + EC
Passive house + ASC 1.23
Passive house update 122
IECC + PCM

IECC + EC

IECC + ASC 1.04

IECC update 1.00

Existing condition | 0.50

Design

NTNU

Norwegian University of
Science and Technology

1.99

211
183
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Introduction

O Overheating is a hazard to public health/wellbeing

O Caused high toll on population (mortality) in

various places in the world:
O Global deaths: 489,000/year (2000-2020)
O Recent 2021 Heat Home in BC/Canada: 815 deaths

O Overheating found in all types of buildings:
A Free-running (non air-conditioned) buildings
O Mixed mode buildings (combination of naturally ventilated and air-
conditioned spaces)

O Power outages or HVAC failures during heat wave periods (disruptive
events)

//uo .

Overview of metrics related to overheating

Definition of overheating event: a thermal event that results in
thermal discomfort and heat stress to building occupants

Thermal comfort metrics

= Set comfort threshold
values for different types of
buildings and occupants

= Sleep comfort

o000 ¢




Overheating evaluation

Time domain

HW period; summer; year

Fixed space Occupant
Day-to-day effects not carried-over Day-to-day effects carried-over
Comfort perspective Health perspective
= Unmet hours Health outcomes:
= Degree hours dehydration, Tcore,
= Thermal autonomy Heart rate, etc.

Set limit criteria

Metrics for heat stress

U There are over 100 metrics
U Most popular indices - Table

N -

Standard Effective Temperature (SET): ASHRAE 55 indoor; outdoor
Universal Thermal Climate Index (UTCI) outdoor
Physiologically Equivalent Temperature (PET) outdoor
Predicted Heat Strain (PHS) : ISO 7933 indoor; outdoor

Wet-Bulb Globe Temperature (WBGT) : ISO 7243; NIOSH indoor; outdoor

Perceived Temperature (PT): German weather services  outdoor
Humidex (H) : Canadian weather services outdoor (indoor)
Heat Index (HI) : NOAA weather services (USA) outdoor (indoor)




SET scale & heat-related health effects

Heat-related health effects

Heat stress scale (for healthy young adults) "

Core temperature (°C) | Health condition

o
SET =37° c
o > 44 Brain death certain
=
. ©
SET =35 £ 41-44 Heat stroke
Sweating
‘g Heat exhaustion
SET = 30° =
S
2

SET = 26°
Normal

SET =22°

"Pisacane et al. Use of Thermoregulatory Models to Enhance Space Shuttle and Space
Station Operations and Review of Human Thermoregulatory Control. NASA 1-17; 2007. 200

Physiological models of a human body

O Developed two-node models for:
= Average young adults
= Average older adults (> 65 years)

T,

op

Dpgy: Convective and radiative

C,..: Convective heat loss
v | heat loss

from respiration

Egk: Evaporative heat loss
* from sweating (Epgy) and
diffusion (Epy)

E,.: Evaporative heat loss .
from respiration

Wyt Mechanical work — # T [ Ta

Clothing

* DOI:10.1016/j.enbuild.2021.111235 & DOI:10.1007/s12273-022-0890-3 L L




Model validation
Cold: 17°C & RH 45% Hot/humid: 36.5°C & RH 60%
Young
40 375
as “~_n__n . % & « & & ®
> . . - - L] - - L L] . .
36 365
Mo Fosaini A N B
2| o g ° =355
13 ——2 o o 3 S
:JU 7—7_,_9_9_3_07_0 : - ry ry @
28 345
26 ® Measurement: Tcr Proposed model: Ter . Ter ° :Tek
24 © Measurement: Tsk - Proposed madel: Tsk 335 Gagge et al. (1986): Tcr Proposed model: Tcr
22 (b) - - Gagge et al. (1986): Tsk — Proposed model: Tsk
20 35
0 10 20 30 40 50 60 0 30 60 90 120
Time (min) Time (min)
39 8
Older I N )
L . —& & ® o ® & o o
37 '—¢—9——0——0—0——0—_¢_._‘__‘__‘_1_ 37
35 @ Scenario 7-Meas.: Tor —Scenario 7-Sim.: Ter 36 Simulation: Ter
Tas O Scenario 7:Msas.:Tsk  —Scanarlo 7-Sim.: Tsk g © Measurement:Tsk  —Simulation: Tsk
= 35 R —— —
31 & $ b
° o 34
» A B ®)
27 33
0 10 20 30 40 50 60 ° 30 60 20 120
Time {min) Time (min)

Heat stress for older people under typical
indoor conditions

Older people with 30% lower metabolic heat than young adults

Less sensitivity to heat due to delayed Avoid fan ventilation for older
sweating & vasodilation - Health risk people = Health risk

8 37 * Model
3 —Equal Rating
378 @ Tsuzuki & Ohfuko (2002)
35
™ Inoue et al. (1992)
_ne 3 A DeGroot et al. (1992)
o
< =) © Schellen et al. (2010)
e O (2010)
I} P
= s
O 372 * Model o
< ) T 31
5 —Equal Rating =
¥ A Inoue et al. (1992) " o2
© DeGroot et al. (1992) 2
368
m Smolander et al. (1990)
see ® Tsuzuki & Ohfuko (2002) B
4 Schellen et al. (2010) 27
364 2%
364 366 368 37 32 w4 e 38 38 382 % 27 s 29 0 3 3 3 . 3 3 3 3
Ter - Young (°C) Tsk - Young (°C)
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Thermal comfort metrics

U Global indices
* Predicted Mean Vote (PMV) for air-conditioned
buildings
= Adaptive thermal comfort for free-running or
naturally ventilated buildings

= Adaptive thermal comfort for mixed mode (MM)
buildings

U Limitations
= Comfort for older people
= Comfort for sleeping environments

/ e00

11

New PMYV index

U Metabolic-based PMV index (MPMV)

Covers comfort for young and older people
Comfort for sleeping environments

* MPMV & PMVF
—Linear (MPMV) —Corr. (PMVF)
y=0.99x y=1.326x-0.13

R*=0.97

MPMV: better prediction of discomfort
PMV: over-prediction of discomfort

PMV
(n FN & ~ - o [ N w B w

-5 -4 -3 -2 -1 0 1 2 3 4 5

Measured TSV o000

12



Thermal comfort for older people versus young

Older people having: - same metabolic heat (MF=1); and
- 20% (MF=0.8) lower than young

o MPMV: MF=1

3 ® MPMV: MF = 0.8
® Tsuzuki & Ohfuko (2002)
2 Schellen et al. (2010)

.'\

y=1.1776x - 0.622

Xiong et al. (2019)
& Soebarto et al. [2019)
-Regression

MPMV - Older

MPMV - Young o0 =

13

Thermal comfort requirement for sleep

Metabolic rate of older people is 20% lower than young adults

15

¢ Model - Young + Model - Older

. # Measured - Young © Measured - Older

05 --- - -

Comfort zone Young: T =26 °C @ RH 50%

H Older: T=28°C @ RH 50%

25 26 27 28 29 30 31 32 33 34 35
SET - Young - Wake (°C)
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Proposed metric for overheating

U Adopted the occupant-based approach:
= Account for all occupied spaces during day/night times
= Evaluation over heat wave time frame
= Limit criteria based on heat-related health outcomes

O Attributes of overheating events: |

Duration (days): D = Number of days with: Y5 a2 (SET; — SETy)* - At > 4°Ch

wake

N_days

wake sleep
Severity(°C - h): S = Z {Z (SET, — SET,)"* - At + Z (SETy — SETq)*-
k

7 slee wake
i=1 w

Intensity (°C):1=S/ (D * 24)

= Three main types of events: Long, Intense, Severe, or combination of them

= Each event may result in different health effect

)

® 5
15
» Two threshold values of SET are needed for :
= Daytime exposure : SET,
= Nighttime exposure (sleep): SET,
» They are building and occupant depended
Suggested threshold values of SET "
SET4(°C) SET.(°C)
Building Type [~ = Young adults Older adults Young / Older
+ young occupant with adaptation | O | ity adaptation | Without adults
Residential ; '7"::;‘ g?;’;’g’fgg‘ep) 30(31.2) 27 (28.2) 28.2(29.4) 26.8 (29) 30132
Office 1.1 met & 0.57 dlo (wake) 30(312) 27 (28.2) 28.2(29.4) 26.8 (29) NIA
High school 1.2 met & 0.57 clo (wake) 30 (31.2) 27 (28.2) NA N/A NA
Primary school  |1.2 met & 0.57 clo (wake) 27 (282) 25(26.2) NIA NA N/A
Senior home ;.?i‘:«‘ g? gfé;’;a(';zep) NA N/A 28.2(29.4) N/A 32
1 met & 0.5 clo (wake)
LTcH Dy Gk e NIA NIA NIA 268 (28) 32
Hospital 1 met & 1,57 clo (wake)
(Patient room) (0.7 met & 1.64 clo (sleep) NA 27(@82) NA 268(28) 30732
000

“*Values of SET between () are for people acclimatized to heat
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Overheating Limit Criteria

» Health outcomes
= Body dehydration (3% for young and 2% for older)

= Rehydration rate (water loss replacement): 80%
(assumed)

= Maximum core temperature 37.6°C
» Criteria for:

= Exposure duration Limit

= Severity Limit

* Intensity Limit

These depend on types of buildings and occupant vulnerability to heat

o0

17

Application to buildings

Residential buildings

Primary school

[
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Duration {days]

Limit Criteria for overheating: Residential:
Independent living style
_ Young people _

200 s

« Ottawa » Toronta = Montreal —Comralation
¥ = 0.00008:2 + 0.24263x + 0.A5745; R =0.99

© Ottawa  Toronto s Montreal — Cormalation
¥ 200880601 - 1765.01914w+ 3261832 0.3; A= 0.83

© Ottawa s Toronta » Montreal —Comelation .,
¥-0020255 4 17.80208 52402, R=087 &

80% of rehydration rate

Intansity (°C)

Duration (days)

o o s w15 w3 owo® 0 708 51 w38 2z 5728 23
Body Water Lom %) | Body Water Loss (%] Maximum Bady Care Temgerature ('C)
00 s
- . T . — .
© Omawa  Toronto s Montrasl —Carrelation + Otama = Toramta = Montres) —Comilten.* o Ottawa Gos Manireal Bwl"h!luu A
¥=0.00172% +0.39714x + 0.26067; B =037 O V02245304 1L2207x-18230; R'=09 e ooy oo [ !
s 1 {
(347 <1008
Pty
. Had
.
T Lol
R
H
£
2
1
0% of rehydration rate
o
5w s o 0 708 51 a8 2 5728 23

Body Watar Loss [%)

Body Water Loss (%) Maximum Care Temperature -Young {"C)
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Limit Criteria for overheating: Long Term Care
Supported living style

® P - ¥= 0.0053¢ + 18.856% - 101.82 o
¥ = 0.0053x¢ » 18.86x - 101.82 - onawa B L
« Toronto ]
80% of rehydration rate 00
0 * Montreal
wo  ® Calgary
ﬁ E
i H « Vancouver
R =
H E w0 —Ccorelation
B
a
10
200
* Calgary
s
* Vancouver 10
—carelation
° o
o 10 0 0 50 & n o s 1 15 = =
Body Water Loss %) [ . Body Water Loss (%)

¥ = 126547 934.56x + 17263.4

Intensity ['C)

* Calgary
= Vancouver

~—Correlation

000 =

73

374
Core
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Application: Long Term Care: New built

O Evaluation of ventilation measures

1. Nighttime mechanical ventilation in common spaces
(lounges & halls; 5x min outdoor flow rate)

2. Nighttime ventilation using bedroom exhaust fans

3. Natural ventilation by opening windows if Tin > 28°C & Tout

000 2
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Application: Long Term Care: New Built

Heat Wave
45
July3-13,2010: Room #523 - Overheating continues

Temperature ( °C)

—Ref. - VNC —VNR - VO — Tout
15 | | |
0 24 48 72 96 120 144 168 192 216 240 264
Time (hr.)

000 2=
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Application: Long Term Care

Note: Newly built LTC will need mechanical cooling

8000
W SeverityMax SeverityMin
7000
6000
0 I

Reference Nighttime Vent. Com  Nighttime vent.  Natural Vent. Rooms
Rooms

Severity (°C*h)
2 & & &
8 8 g8 8

5
3

o0
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Conclusion

» Overheating evaluation will need:

=  Comfort metrics to accommodate types of building occupants
(children, young, older adults)

= Heat stress metrics to limit any heat- related health injury

» Proposed overheating metric limits heat-related health
problems in terms of:
= Exposure duration Limit
=  Severity Limit
= Intensity Limit

> Application to LTC shows:
= Nighttime mechanical ventilation of the common spaces or opening
windows of patient rooms are effective to reduce overheating risk.
=  New built LTC will need mechanical cooling

=  New built LTC without AC should be purged (opening windows)
immediately after heat waves
o0
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Guideline:
https:/Inrc-
publications.canada.ca/eng/view/object/?id=9¢c60dc19-ca18-
4f4c-871f-2633f002b95¢c

MC-CANIC CONSTRUCTION

Climate Resilience Buildings:

Guideline for management of
overheating risk in residential
buildings

Buthprs Laousdi A Bariko M., Gaur A, Lacasse M.A.
Report No.: CRBCPI-Y4-10

Report Date: April 1, 2021
Contract No.: A1-012020-05

Agresment Dst=: November 29, 2015
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