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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
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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)®!
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Categories of disruptive events

Meteorological | Hydrological Geophysical | Climatological Biological

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

* Pandemic
e Cold waves

* Landslides .

L
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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.
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Multi-phase resilience curve associated to an event
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First paper — cooling events
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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.
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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.
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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.
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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
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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 ., =
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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
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Example of the results N
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» 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)
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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

10
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ing test days,
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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
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Second paper — warm events

rl'opic: Resilience and Climate Change

The Impact of Building Retrofitting on Thermal Resilience against Power
Failure: A Case of Air-conditioned House

Shayan Mirzabeigi®: *, Shabnam Homaei?, Mohamad Razkenari!, and Mohamed Hamdy?
Department of Sustainable Resources Management, State University of New York College of
Environmental Science and Forestry, Syracuse, NY, USA

Department of Civil and Environmental Engineering, Norwegian University of Science and
Technology (NTNU), Trondheim, Norway

*Corresponding email: smirzabeigi(@esf edu

Keywords: Thermal resilient buildings, Building envelope retrafit, Building resilience labeling,
Power failure

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




The Impact of Building Retrofitting on Thermal Resilience
against Power Failure: A Case of Air-conditioned House

Acceptable level - Phase |
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Existing condition
— - = IECC + ASC
Passive house + EC

Habitable level - Phase |

Operative temperature [°C]
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b) Automated shading control influence
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v 34
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¢) 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
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Norwegian University of
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