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Extreme Heat: Cool Buildings A Review of Alternatives to Traditional Air Conditioning

1 INTRODUCTION

1.1 PROJECTCONTEXT

CLIMATE CHANGE INVANCOUVER

Science has established théitet climate is changingnd Vancouver is not immurte its impacts The

YA @S NE A G ePacHid Climate@nipactsIConsbiium (ACHried out a sidy of regional

projections for Georgia Basin arparticipants in the ICLEI Adaptation Initiatitiee results of which are

adzYYEFENRAT SR Ay GKS /AaGe 2F I yO2@ydNEngouvet 0Fhé S / K y3S
study found that, in general, the projected chasgoy the 2050s were modest, while the projected

changes out to the 2080s describe a future climate that, compared to historical climate, is nearly

unrecognizable

In addition to projected changes ah increase in average annual precipitation with a decrease in

precipitation during the summer, rising seand an increase in extreme events including windstorms and
heavy rainfall, Vancouver is also expected to experience an increase in averagetemuggbture-

+1.7°C by the 2050s and +2.7°C by the 2080s. In the 2050s, the frequency of summer days reaching a high
of 24°C or greater is projected to more than double (compared to the baseline period o090}, and

the frequency of extreme heat eventhat historically happened once every 25 years is projected to more
than triple.By the 2050s, the expected summer daytime high temperatures suggest a summer climate
between that of presentday Seattle and San Diego.

Theserisingtemperatures areoften exacerbateddue to the Urban Heat Island (UHI) effeathich

describes the phenomenon of elevated temperatures in urban and suburban areas compared to their
outlying rural surroundingéEPA, 20085urface UHIs describe the &dt of the sun heating dry, exposed
urban surfaces like roofs and pavement to temperatugesaterthan the airtemperature; on a hot,

sunny summer day, the temperature differences can reach@C Shaded or moist surfaces, on the

other hand, that are me common in more rural areas, remain closer to the air temperature. Surface
UHIs usually happen during the day and at night, but are often strongest during the day with the sun is
shining. Atmospheric UHtiescribe the warmer air temperatures in urban asecompared to cooler

nearby rural surroundingsThey are usually weakest in the morning and during the day, and become more
pronounced after sunset because of the slow release of heat from urban infrastructure. Both the surface
and atmospheric UHI effeetre illustrated inFigurel.
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While the thought of longer, warmer summers may be appealing to some, there are serious implications
for infrastructure thathas beerdesigned for our historical climateleating, ventilation, and air
conditioning (HVAC) systems, general building design, andrntbrgy systems and infrastructure that

support them are established around the numberhefating and cooling degree days, which are a way to

relate the energy needed to heat or cool a buildietativeto the outside temperatureHeating degree

days in Vaoouver are projected to drop by 25% and 35% by the 2050s and 2080s, respectively, while
cooling degree days are expected to at least double by the 2050s and could increase by as much as a
factor of 10 by the 2080&City ofVancouver, 2012)These changes will reduce demand for heating in the

winter, butalsopresentmajor challengedor keeping our buildings cool in the summer.

EXTREMEHEAT PROJECTS
Theexpectedincrease itemperatures and mordérequent extreme heat esntshaveserious implications
not onlyfor the thermal comfort ofthe citizens ofVancouver, but, more importantly, their healénd
well-being It is of particular concern wulnerable populations such as the elderly, children, and the
homelessIn 2009 during the heat wave from July 26 to Augu&t2 'y SaGAYF GSR MHH
recordedin Vancouve(City of Vancouver, 2012)o explore options for reducing the health impacts of

extreme heat events in VancouveheCity of Vancouver is pursuing a number of Extreme Heat projects,

of which thisreview is a part of.

aSE

The Extreme Heat: Cool Buildings project is investigating alternatives to air conditioning for cooling multi
unit residential buildings and is composedaofiumber ofphasesThis report makes up thiérst phaseof
the project and looksat alternative cooling strategieas compared to the widespread use of traditional
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air conditionersto adapt to the risig temperaturesWhile traditional air conditionerare a commonly

used remedy, by removing heat from the home and dumping it outside the building, they are actually
exacerbating the UHI and making things worse for those without air conditioners. Additiorsaigirteof

its Greenest City 2020 Action Plame City of Vancouver has established a Green Buildings goal of leading

the world in green building design and constructittrhas set @arget of reducing energy use and

greenhouse gas emissions in existingdings by 20% from 2007 levéSity of Vancouver, 2012)learly,
widespread adoption of energy intensive air conditioners is not compatible with this golsequent

phases of this work will explore expanding on this research into potentigh@ground solutions.

.S&aARSa& adzlR NI AyYy3a =!I yO2 dzg ShsRrajecDnidie Spgclically addresses H nH N
goalst NB Y + | yOliratz@ange Adaptation Strategy

1.2 PROJECTMETHODOLOGY ANBEPORTSTRUCTURE

As mentioned abovehe focus of this research ist@rnative strategies to traditional air conditioning in
buildings to address the issue of overheating, witreanphasigowardsmulti-unit residential buildings,
and, in particular, retrditting existing buildings. s concentratedn the building infastructure side of

the issue, but it is important to note that there are a number of other issues to consider when trying to
address the problem of overheating, briefly explore®iction5.2. The research considered both retro
fitting buildings with new technology or systems, as well as using existing building technology in new
ways.In order to make the review as comprehensive as possible, a number of sourcesomsigered:

1. Online searclt The online search was conducted to identify a wide range of resources related to
overheating, multiunit residential buildings, new designs and retrofits, passive and low energy
cooling, alternatives to air conditioningnd dmate change adaptatiorit alsoincludeda review
of plans, policies and reports in other municipalitiesee ifthese other jurisdictiontave
recognized overheating as a growing concern due to climate chamgehow it is being
addressed.

2. Academiditerature ¢ Academic literature was consulted to see what technologies and strategies
are currently being reviewed or researched in the academic conity

3. Interviews with industry professionatsinterviews were conducted with number of
professionalsrbm the building industry to learn what is currently being used or explored in
industry andto ensure that these strategies had been covered in the research. These interviews
also provided an industry perspective on the challenges associated with addyessrheating
in multi-unit residential buildingdnformation gained in these interviews has been integrated
into the body of the report.

Theresults of theresearch hgae been organized intthe followingsections of the report:

Section2: Current State of Research and Practdéis sectioroutlines the main overall findings
in relation to addressing overheating in buildings, @gp®rted by the later sections, including a
summary of the status in other jurisdictions.

Section0:
AlternativeStrategiesand Evaluationg The strategieso address overheatingndthe specific

measuredor implementing @ch strategy that weréentified during research habeen
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summarized iratable, along with the main associated considerations and limitations. Where
available, information has been provided about cost and relative energy use, as weyl as a
particularlyrelevantadditional resources relating to thateasure

Sectiond: Case StudiesOnly onecase stdly of retro-fitting of multi-unit residential builéhgs to address
address overheating wadentified; thus, the criteria for case studies was expanded to include alternative
alternative strategies and measures in other building types, including new construction. These case
case studies demonstrate how these alternative strategied measures can be used to improve thermal
thermal comfort and health while reducing reliance on mechanical air conditioning. Three of the most
most relevant case studies are presented in detelilile additional case studies are identified with the

with the measures that weremployed and the case study resource if the reader would like to follow up.
follow up.A reference to each case study is listed in the

AlternativeStrategiesand Evaluationiable with each of the measures that are highlighted by the
case study.

Section$d-6: Recommendationand Conclusiosa¢ Based on the findings of the resrch,
recommendations about the approach and choice of alternative strategies are made. The report
then briefly explores somadditional considerations for thpotential implementation of the Cool
Buildings Pilot Projecaind wraps up with conclusions about the topic.
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2 CURRENTSTATE OFRESEARCH ANIPPRACTICE

Overheating in buildings is a concern facingnyregions particularly large cities where high

temperatures are excerbated by the UHI effect. In researching how other jurisdictions are addressing the
issue of overheatingand particularly in response to climate change impattsas found thathe

approach favored by those who have done thestwork in this areawvas aproactiveone,focused on
preventing overheatingn buildingsrather than a reactionary approach in looking at methods of cooling.

Canada and the United States are seemingly just beginning to address the issue of overheating due to
climate changeSehizadeh and Ge at Concordia University are using future weather data in a building
simulation to look at the impact of climate change on overheating in a typical Canadianfamgie

house that has been retrofitted to the PassiveHaus Standard and ttgqaesented their research at the
biennial conference of the International Building Performance Simulation Association (IBE&#da
(Sehizadeh & Ge, 201MNo other such research was fourid.2007 he Clean Air Partnerghlooked at

the impacts of rising temperatures on human health and electricity usage and suggested a number of
strategies to address these impacts, including reducing the impact of heat waves and the UHI effect,
reducing heatrelated illness and death, deicing thermal discomfort in building, and reducing demand for
cooling(Wieditz & Penney, 2007Among these strategiea number of general green building practices
and passive measuregere mentioned In 2011 he City of Tornto published a reportProtecting

Vulnerable People from Health Impacts of Extreme H€atonto Public Health, 2011that looked at a
YydzYo SNJ 2F AaadzsSa NBfFGSR (G2 2@3SNKSLH (A dikhoheadt dzZRAY 3 ¢ 2
conditioning statistics in Toronto, and mapping to identify vulnerable populations in the City; however,
measures to adapt buildings to reduce overheating wasgond the scope.

Much work is being done acrob®rth America on mitigating thelHI effect, however, as is reflected in a
recent report by the American Council for an EneEdfjcient Economy (ACEEE) entitled Cool Policies for
Cool Cities: Best Practices for Mitigating Urban Heat Islands in North AmericarjH&tgét, Mackres, &
Shickman, 20146 cities in the United States and Canada, representing all of the major climate zones,
geographies, and city sizes, were surveyed, and all but two had at least one voluntary policy or program
for private constrution to reduce excess heat; three quarters of the cities surveyed have established at
least one mandatory private construction policy. 14 cities had strategies in place (either mandatory or
voluntary) involving the urban canopy, while eight cities usectagtye roofs and 14 used reflective

roofs. While UHI mitigation is an important strategy, it alone is not enough to address the problem of
overheating.

The most extensive workn thisissue was found to be done in thénited Kingdomwith future weather

data being established based on climate change projectsnamnch research being done insimulations

and modeling of typical building types to evaluate risk of overheating as well as possible adaptation
measures, based dhis T dz(i dzZNE ¢ S| K SriigorR Inviestigatioh iaté Gvarlieating in Homes
Literature Review2012) prepared for the UK Department for Communities and Local Government,
provides an extensive summarfhe Chartered Institution of Building Siees Engineers (CIBSE) is the
professional body in the UK that is the authority on building services engineering, and publishes Guidance
and Codes that are internationally recognized as authoritaf@8SE, 2014} hasalsorecognized the
implications of rising temperatures due to climate change on buildings and is workaugltess it by
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providing information and guidance to building designers and enginPeitdications by CIBSE on the
issue include:

1 TM36 Climate Change dithe Indoor Environment: Impacts and Adaptati@iBSE, 2005)

I TMA48 The Use of Climate Change Scenarios for Building Simulation: the CIBSE Future Weather
YearqCIBSE, 2009)

1 TM55 Design for Futurdi@ate: Case Studig€IBSE, 2014)

The UK Department of Trade and Industry (DTI) commissioned research into the likely effect of climate

change on thermal comfort and HVAC system performance, in which overheating risk, energy
O2yadzYLJiaAz2y yR OFNb2y SYAaairzya 2F aS@SNIf GeLlSa 27
response to rising summer temperatures simple passive design measures should be considered for all

buildings to reduce overheating. Overall it is conclutieat with appropriate design it is possible to

producelow-Sy SNH& az2fdziazya (GKIFG At LINPJARSBSECOGLIIFof S &
This is reflected in theeport, Your Home in a Changing Climate: Rétiof Existing Homes for Climate

Change Impact@rup, 2008) which, due to concerns about the energy and emissions associated with

widespread uptake of traditional air conditioning, focuses on passive measures.

The City of tndon has also adopted passive measures to prevent overheating as its primary appmnoach.

its 2011 strategic plan, The London Plan, @iy of Londonsetsout its framework for the development of

[ 2YR2y (2 Hnomd Ly (KS OKeé Qdan§aNBolicy RHORAvgTieRatingadd LI2ya S G 2
Cooling outlines a cooling hierarchy that development proposals are to follow, to reduce potential

overheating and reliance on air conditioning syste@gy of London, 2011)

1. Minimize nternal heat generation through energy efficient design

2. Redice the amount of heat entering a building in summer through orientation, shading, albedo,
fenestration, insulation and green roofs and walls

Manage the heat within the building through exposedeimtal thermal mass and high ceilings
Passive ventilation

Mechanical ventilation

Active cooling systems (ensuring they are the lowest carbon options)

o g M~ w

Though less relevant because of the greater differences in climate compared to Vancouver, it is worth
mentioning that elatively extensive research into the issue has also been completed in Australia. The
National Climate Change Adaptation Research Facility prepared A Framework for Adaptation of Australian
Households to Heat WavéSamanet al., 2013jhat summarizes research into developing a framework

to evaluate the potential impacts of heat waves, along with a technical, social, and economic approach to
adapt its residential buildings. Drivers of this research, in additionatepting vulnerable populations

from the mortality and illness associated with overheating, include rising energy costs and increasing peak
electricity demand due to increasing reliance on air conditioning. It was found that Australian households
can be adpted to the impact of heat waves through a combination of behaviour change, dwelling
modification, and improved air conditioner selectifMational Climate Change Adaptation Research

Facility, 2013)

Based on the extensive work that has been done in the UK and their success with passive adaptation
measures, the original focus @ttivecooling strategies to deal with overheating evolved to include the
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passive preventative strategies as w&lheRecommendationsection elaborates on the justification for
their inclusion.
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3 ALTERNATIVESTRATEGIESAND EVALUATION

All measures to address the issue of overheating in buildings that were identified during the review have
been compiled intdhe table on the following pagedt should be noted that passive strategies to prevent
overheating played a central role in the@paches of other jurisdictions, and thus have been included in
detail here. Considerations and concerns/limitations for each measure are noted, as well as the case study
numbers in Sectiod in which each measure is includetdditional case studies in which only one or two
measures were featured are cited inethable for reference as welore detailed information than what

has been presented in this table isaslable for some of the measures, as indicated under Additional
Resources; these resources should be consulted when consigenitigularmeasures for adaptation.

Where possible, information has been included on the approximate cost of the medsweve, as

these costs are coming from different sources and jurisdictitives; should be taken as relative indicators
only. Some measures are more or less suitable for,lavid-, or highrise buildingsas indicated in the

table, and some are more complexitestall than others. For the active strategied)ere possiblethe

table provides a relative comparison of operating energy use.

The measures in this table are primarily considered from a building-fi¢fpooject point of view. In the
context of addrssing overheating in newulds, many of the same strategiapply; however, there are
many additional design considerations that should be attended bere are a number of good resources
that address these design conceffos new constructiorin the coriext of overheating, including:

I Adapting to climate change: a checklist for developm@iiree Regions Climate Change Group,
2005) which also addresses design concerns resulting from the climate change impacts of
flooding andwater shortages

1 Adapting to climate change: a case study companion to the checklist for develoieat
Regions Climate Change Group, 2007)

f Reducing overheatingl RS & A 3 y(BneysSavihg stR2605)
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TABLEL ¢ ALTERNATIVBTRATEGIES AND EVAIUBN

Acan also minimize heat loss through the building
envelope at nightwhich can contribute to

Buildin p : 4.4.34.4.6
insulatigc])n Aminimizes heat gain during the day _overheating 434 11 8 N/A
o Asimilarly, increasing air tightness when insulating o
)Neafherlzatlon makes ventilation een more important
insulation 5 r —
_ Areduces amount of heat transferred from Aimpactlimited to upper floors, though these are £1-£1000
Roof, attic outside/attic through ceiling into living space often the ones at the greatest risk of overheating for a house N/A
and money that heat can escape P:
Abest on east and west sides where sun angles & Achallenges: time to grow; cost, if mature trees ar ) _
low (overhangs, awnings, retractable sun shade:  prought in AReducing Urban Heat Islands: ATy e
Shade trees that still allow winter sun access are bestsouth  Aneed to be planted far enough away to not caus gospendlu(fjn \;Jf Sttfatt_egmlJeg, EEaApt for low-rise N/A
_sides of building) o | problems with building foundations : Trees and Vegetatiq.S. ’ buildings
Adeciduous trees will lose leaves in winter, allowil Aonly works fo low buildings 2008)
sunlight through
; i i Amay limit ventilation through windows whil £1-£1000
Window shutters | Amost effective on south and west facimgndows may limit véntilation through windows while 4.4.2 for a house N/A
Minimize solar Amay also provide security closed (Arup, 208)
?hiihgﬁm Amost effective on south and west facing window: 41,442
Windows Awnings, brise Aprovides shade while allowing light and Asome designs will require maintenanaeehich can 4'4'3' 4.4.4 £1001+
soleil: other ) r;namtamlmgi wmdov(\j/ VﬁntlIatlonbzlamdk\;:evrv1 be challenging and expensive for méhd high jjié jjié for a house N/A
: Aif properly designed, they can block high summe  (ise puildi A A
shadin rise buildings Arup, 2008
((jMu_st balance L sun while allowing lowvinter sun to enter the 44.174.4.19 (Arup )
esire to building 4.4.20
minimize solar ; . . . . _ £1-£1001+
heat gain in Reflective Aexterior shading is more effective than interior | /Adepending on windovand blind design, blinds 444 for a house N/A
summer with window blinds shading may inhibit ability to open window for ventilation o (Arup, 2008)
need to TR — — :
AT TS Awill increase overheating if ventilation is
heat gain in ) ) ) } ~inadequate (reduced heat gain from outside alsc  4.1; 4.4.1; £101- £1001+
winter) Replace windows “double or triple glazing will help reduce heat gail  means reduced heat loss from inside when tryin  4.4.2 4.4.6; S ) FrEle N/A
Alow-e (low emissivity) glazing to coolthe room); thus, operable windows 4.4.16 (Arup, 2008)
particularly important for ventilation
Acan greatly reduce solar heat gain with external
Install secondary | ventilation of outer cavity (between original o £1001+
dou_ble glgz!ng window and secondary glazing) so long as the Aor|g|_nalwmdow must have space for secondary for 2 house N/A
behindexisting inner pane remains closed glazing (Arup, 2008)
glazing Amay be lower cost and more reversible than a '
replacement window
Minimize I_Energy efficient Aalso saves energy and money 4.4.2 E.nfargy Will reduce
internal heat  lighting, Amay be able to take advantage of existing grants o efficiency energy use by
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through evaporation of moisture

determine which types most suitable

3: Green RooffU.S. EPA, 2008)

gains appliances and rebates to lower cost programs and lighting,
rebates should appliances; could
be investigated lead to higher
energy usdor
heatingin winter
Turn off i
equipment when | Aalso saves energy and money Abehaviouralg up to occupant to control Free N/A
not in use
Insulate possible
internal heat gain Could save
I I Aalso saves energy and money, particularly in energy overall by
hot water tanks, winter ' making other
pipes, space systems operate
heating more efficiently
equipment, etc.
::izger?tegll\(;irzaflg: n ' Aalters appearance of building, which may impact £1-£1000
external surfaces | Aincreases reflectance of buildings a_cceptabmty_ b_y residents, particularly for for a house N/A
e historical buildings (Arup, 2008)
of buildings
Ausually require maintenance and upkeep, which AMaintenance
| ) o increase the cost, particularly for taller buildings AThe Potential for Perennial Vines t may be cost
Green (vegetated) Aprovides shade for building walls el o Aalters appearance of building, which may impact Mitigate Summer Warming of an prohibitive for N/A
walls (EEEREHLTE e e acceptability by residents, particularly for Urban MicroclimateBlake, 2013) mid- and high
historical buildings rise buildings
Ausually requires maintenance and cleaning to
_maintain initial performance AA Practical Guide to Cool Roofs ar
Minimize solar Ain colder climates there is a winter heating Cool PavementGlobal Cool Cities
heat gain via penalty, in which more energg used to heat the Alliance R20 Regions of Climate US $0.00
warming of . | building because of the reduced heat gains from Action, 2012) 1.50/ft? price
external Akeeps roof temperatures lower and reduces hea o g through the roof; there are a number of ACool Roofs and Cool Pavements | premium over
surfaces gain to the building by increasing reflectance of | ¢4 4515 that lessen the severity of the heating Toolkit(Global Cool Cities Alliance  traditional
Cool roofs thg roof (more solar radlatlop is refl_egted when it penalty, such that the energy savings from 449 n.d.) technology N/A
St”Ake_S Ehe roof) and mcreaswe’gmssmtyv(a reduced cooling, or the increase in thermal AReducing Urban Heat Islands: (Hewitt,
YSladNb 2% K2Zg YdzOK 273 ;0 if there is no additional cooling, may be Compendium of Strategies, Chapt.  Mackres, &
reflected is still released from the roof) worth accepting the heating penaltzimmerman, 4: Cool Roof¢U.S. EP/2008) Shickman.
2004) AAdapting to Urban Heat: A Tool Ki 2014)
Acalculators can be used to estimate overall eneri for Local Governments, Cool Roof
savings, such as the DOE Cool Roof Calciaak Chapter(Hoverter, 2012)
Rdge National Laboratory, Unknown)
Areduce heat penetration through roof by Arequires professional review to ensure roof 4.4.94.4.1Q AReducing Urban Heat Islands:
Green roofs absorbing heat into their thermal mass, and structure is adequate to bear extra weight, and ti ™ 4 4 18 Compendium of Strategies, Chapt N/A
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AReport on the Environmeat
Benefits and Costs of Green Roof

Technology for the City of Toronto
(Banting, et al., 2005)
AGreen Roof§City of Toronto, 2014
AAdapting to Urban Heat: A Tool Ki
for Local Governments, Green
Roofs ChaptefHoverter, 2012)

Aimportant to be able to purge air when
temperatures are lower outside, as the thermal
mass will release the heat at night

AThermal Mass Explaing@ihe
Concrete Centre, 2012)

Aexposed, internal high thermal mass absorbs he ABUildng with concrete usually results in higher 442443 AThermal Mass for Housir{@he Agg:si:ﬁtcetion
Use of concrete, gains duringhe day, preventing a temperature embO(_jled C@emissions than alternative 44 1-2 4-4-13 Concrete Ceme, 2008) more tvpical
tile, stone inside rise materials; however, these are usually offset earl 4'4'14 4.4.18 ANight Flushing and Thermal Mass for mid)-/[;nd N/A
the building Ahollow floor slabs allow cooling of the thermal in the life of building by the saved operational 4‘ 4‘ 19 4‘ 4‘ 20 Maximizing Natural Ventilation for high-rise
mass through ventilation within the slab emissions. Research in the UK found the carbor, == = Energy Conservation Through bl?ildin s
payback period of a meditwweight typical two Architectural FeaturegGriffin, 9
bedroom home to be 11 years, compared to the 2010)
Thermal mass same home built using lightweight construction
Aonly relevant in ground floor rooms with solid
Replace carpets = _floor construction £1001+  ALimited to first
T T Athis strategy takes advantage of the thermal mas Aadoption may be limited by personal preferences 41 S ) e floor of any
floors or tiles of the ground Acould be uncomfortable in winterugs can be (Arup, 2008) building
used during colder periods
Phase change ; , ) ) Development of Phase Change
—. storg . Astores sensible heat as the tempera’_tqre mcrean Astill in development Thermal Storage Wallcoverings in A
lorag but also _stores/releases large quantities of laten Amay be feasible down the road Buildingg(Ip, Miller, Corner, & Dyball
wallcoverings heat during the phase change 2008)
Ausually behaviourat up to occupant to control;
knowledge barriers regarding indoor/outdoor
A i i temperatures can limit the effectiveness of this
Open windows Aautoma_tlc system can pe |_nstalled to open and p .
when outside close windows at certain times or certain leERUE - 4.1,4.4.2
e ——— temperatures Anoise, security concerns may limit willingnessto  4.4.3 4.4.5 e N/A
Natural Igw:retr?a%iisisde Awhen used in combination with thermal mass, ~_©OP€n windows, especially at night 4.4.114.4.12 e
Ventilation temperature VI GdzNF € OGSy GAatl GAaz2y L Aastemperatures rise and the UHI effect wems, 4.4.19
(including P throughout the next day opportunities for adequate night purging are
cooling through _reduced
night purging) Apossibility of air quality issues
Solar chimneys; Auses stack effect and pressure differentials to ASolar Chimney and Building
wind cowls; . A . . " L.l 447441 L i .
: encourage air movement Aessentially limited to new buildings, because it is @ Ventilation(Harris & Helwig, 2007)
turbines mounted | . ) verv dependent on building desian 44174418 | | o N/A
on roof Amay be possible to use elevator shaft to take y aep 9 g 4.4.20 AVentilation Shaft to Increase

(mechanically

advantage of stack effect to provide cowjiat

Effectiveness of Natural Ventilatio
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night; no documentation could be found on this,
but may be worth exploring further

(Nagory, 2012)

Side fins on the
outside ofthe
building

Aside fins can create a positive pressure on one <
and a negative pressure on the other side,
enhancing cross flow ventilation in situations
where windows are along the same side of a
building:

_I_ —

o

FGURE2 - CROSS VENTILATION NGISIDE FINSOURCE
(BOROUGH OFSLINGTON2012)

Arequires air flow along the side of the building,
which can limit its applicability

Amay also be ineffective in dense urban areas
where building may be btked from wind by
other buildings

Amay limit visibility out window

Reduce urban
heat island
effect

Various measures

Aby addressing the UHI effect, the external
temperatures can be reduced, not only lowering
the amount of heat that must be kepiutside of
buildings, but also making night time purging ant
natural ventilation a more viable option

Aresearch in the United Kingdom considered the
relative importance of the UHI effect compared t
building thermal quality, and found that while
location phys a part in potential to overheat, the
effects of built form and other dwelling
characteristics appeared to be more important
RSGSNXYAylylGa GKIFy GKS
[ 2 ¥ R2 y(Qikondmbul, et al., 2012}his may
also be true in Vancouver

ACool Policies for Cool Cities: Best
Practices for Mitigating Urban Hea
Islands in North American Cities
(Hewitt, Mackres, & Shickman,
2014)

AReducing Urban Heat Islands:
Compendium of Strategid$).S.
EPA, 2008)

AAdapting to Urban Heat: A Tool Ki
for Local Government@overter,
2012)

N/A

AcCeiling fans can allow a person to tolerate

Acould lead to dehydration issué8RCC CN, 20113
Anoise can be an issue, though newer fans can b

. . . £1-£1000
i ° i very quiet, and fans are usually quieter than air
Air circulation | Fans; ceiling fans ~ (€MPeratures approximately 2°C warmer without ):ﬂ{ i a(Arup. 2008 R 4.1 for a house
an impact on thermal comforfU.S. Department of _ conditioning(Arup, ) (Arup, 2008)
Energy, Unknown) Ait is important to turn off when not being used P,
because fans cool people, not rooms
Amustbe designed to balance heat deposit (for ;
Adza 84 LIALISA 2NJ aSI NI K ( cooling)and heat withdrawal (for warming) to Alrg(?rznf()rg:fr:he
to passively cool fresh air that is then supplied t¢ ~_ensure continuous operation over lifetime that must bg
Passive or active | the building interior _ - A:ﬁ‘(r;‘:' '?n\;ﬁ‘g‘ftogl‘]{f’ii f;‘; ";‘inpéetﬂ“e'usmé‘éveh't%hir‘]’é‘t’;'ld Earth Tube Ventilation Systergs provided (ie.
Ground source | air cooling (also A?ISO prowdes_ free prevarming of air in winter y. . P Applicability in the Canadian Climate for larger or
Ain summer, air can be cooled from 28°C to abou  the piping system 4.4.7

cooling

known as
Gt NEBSY ¢

17°C; in winter, air can be warmed from below

zero to about 5°@Borough of Islington, 2012)
Aheat pumps can increase the system efficiency

compared to simple heat exchangers

Abetter suited for new builds, when excavation
costs can be absorbed more readily into building
costs

Apipes need to be designed prevent bacterial
growth

(Canada Mortgage and Housing
Corporation, 2011)

taller
buildings), the
more piping
will be
necessary,
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Aair filters may be required depending on quality ¢
intake air

Abuilding must be designed to use the stack effec
or wind to draw the cooled air through the
building, which limits applicability for retrofits;
alternative is to use fans to move the air through
the building, but this uses energy

Aliquid (such as water) is circulated through a hee
exchanger to draw hedtom the warm air of a

Amust be designed to balance heat deposit (for

forcing a larger
footprint for
horizontal
piping or
deeper, more
expensive
boreholes for
vertical piping

e ! cooling) and heat withdrawal (for warming) to ASystem
building, and travels through the pipes to transfe o syre continuous operation over lifetime ConsUMes
e T _the heat to the ground - Aland in Vancouver is atgremium, which would energy to
Liquid cooling Acan also provide free prearming in winter likely make it difficult to find the space to install 4.4.13 circulate liquid
(mechanical) Aclosed loop systems recirculate the water (or the piping system through pipes
other liquid), while open loop systems make use Apetter suited for new builds, when excavation and heat
_cooling from neaby rivers, etc. o costs can be absorbed more readily into building exchanger
Aheat pumps can increase the system efficiency = gsts
compared to simple heat exchangers
i ) ] o . Abecause of coplex interactions between the two o ) .
Aby using a passive ventilation and cooling syster  systems, it could be very difficult to retrofit into a APrinciples of Hybrid Ventilation
_ when possible, anchechanical cooling when building; better suited for design of new building: _(Hybrid Veentilation Centre, 2002)
Mixed made necessary, a building can maintain desired Acontrol system is critical for this system to be Alntroduction to EC RESHYVERT
ven;c_llatlon/ temperatures in the hottest months but use less| g ccessful; it must be able to monitor internal an cluster"p(rjOJhecg (_)drdemzlalnd. f
cooling _energy than a strictly mechanical system external envionments, predict how much natural controlled hybrid ventilation for
Azoning designs can allow for the two systems 10| and mechanical ventilation is needed, and adjus residential building£Op't Veld,
work in different parts of a building the equipment accordingly 2008)
i ) } ) Aheat is dumped to outside, worsening the UHI ar
Auses the vapour compression refng_eratmn cycle making it harder for neighbours without A/C to
Traditional air produce co_ollng effect,_ by tran_sferrlng heat from ) cool off
_ _ conditioning (A/c)  thewarm air to the refrigerant in the evaporator, - Ajnstallation is relatively simple for roosir
Active cooling and releasing the heat from the refrigerant in the  cqnditioners: central A/C installation is more
condenser complex if ductwork is not already in place AEnergy Saver 101: Everything Yol
Need to Know About Home Cooli p
(U.S. Department of Energy, AUfstehs about ¥4
Unknown orthe energy
; < . . . A i f t maint ) of a central
Evaporatlve Aspray water into air to cool the air ; requwe-s mOl’e- rquen m-a.ln enance- . A/C(U S
COOling Auses On|y Water, not refrigerants A0n|y suitable in reg|0ns with low humldlty Depan':m'ent of
Energy,
Unknown)
n i Abest suited for situations where excess heat is
sorption ) _ . . ' '
cooling Auses heat to drive refrigeration cycle already present, such as in combined heat and 4.4.8

power situations
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Desicant cooling

Adesiccants are either natural or synthetic
substancesliquid or solidthat are capable of
absorbing or adsorbing water vapour

Aby providing dehumidification, allowisr
evaporative cooling in more humid climates

Anot yet widely common

ADesiccantAssisted Cooling:
Fundamentals and Applications
(Nobrega & Brum, 2014)

ADesiccant Cooling Air Conditioning
A Review(Daou,Wang, & Xia,
2006)

Chilled beams or
ceilings

Arequire a relatively modest cooling water
temperature (1417°C) that can be attained via
natural cold water storage or free cooling from
outside air, as well as through mechanical coolir

Avariousdesigns available, including radiant and
convective ceiling systems, and passive and act
beam systems

Asome systems can provide heating as well as
cooling

Avery challenging to retrofit into an existing
buildings saessentially limited to new
construction

AAn Introduction to Chilled Beams
and Ceiling¢Chilled Beam and
Ceiling Association, 2012)

Lower running
costs than
traditional

HVAC systems

(Chilled Beam
and Ceiling

Association,
2012)

Aprovides the same benefits of thermal mass,
discussed above
Acan provide free cooling throughout the day; car

Aimportant to be able to purge air when

AReview on Free Cooling of Buildin

Mechanical
ventilation

Compartmentaliz
ation with
individual unit
ventilation
systems

by isolating units from each other and from
corridors, shafts, elevators, and stairwells

Aventilation is provided to each individual unit
across exterior walls insteadf interior pressure
boundaries

Aallows individual unit control, as well as individuz
metering, which can encourage energy
conservation

Acan provide individual cooling through heat pum

Aalso addresses the issue of simultaneously ever
ventilating some areagf the building and under
ventilating other areas

Aretrofit situation involves extensive exterior wall
penetrations

AHVAC in Multifamily Buildings
(Lstiburek, 2006)

AMultifamily Ventilation Retrofit
StrategiegUeno, Lstiburek, &
Bergey, 2012)

Thermalenergy = Phase change . S HER IO e | temperatures are lower outside, ghase change _ o
storage ” materials(PgM) auzNb aO022t UKe Z2ZOSNYAZ materialswill need to release the heat in order to 448 Using Phase Change Materi¢Ra]
supply air over the PCM, to be released be effective the next day & Velraj, 2010)
throughout the day by passing warm supply air
over the PCM
Climespace in
i Paris claims
i ) ) o ) Avery challenging and expensive to retrofit, both il savings of 30
Acentrallzgd pr_oducﬂon and distribution @boling terms of connecting an existing building to the 50% compared tc
District cooling = Various _energy via chilled water _ district cooling network, and to establish the a standalone air
Acould also use lake or ocean water to provide distribution system fothe cooling throughout the conditioning
coeling| building installation
(Climespace GD
Suez, n.d.)
Astack effect driven interior airflows are controlled Areduces

Aapplicable to
mid- and high
rise buildings,
where the
stack effect is
greatest

wasted energy
that resulted
from over
ventilating
portions of the
building, but
unknown if
overall energy
use is reduced
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4 CASESTUDIES

As the issue of overheating in residential buildings is only recently beginning to be addressed, particularly
in North America, a limitedumber of case studies of muliinit residentiad buildings could be found. The

case studies have thus been supplemented with additional case studies that illustrate alternative cooling
strategies in other building typesnd jurisdictionsas well

4.1 ADAPTATION OFSOCIALHOUSINGAPARTMENTBUILDINGS

IN LONDON
Source: Your Social Housing in a Changing Cli{Battainable Homes, 2013)

The renovations to the Colne and Mersea apartment buildings in the London Borough of Barking and
Dagnham (LBBD) were the first largeale test of implementing climate change adaptation measures for
social housing. The project came about through an opportunity to add the adaptation measures to
renovations that were already scheduled, including someugfothe Decent Homes program, which was
established to ensure that all social housing in the UK meets a minimum standard of decency. These
towers, built in the late 1960s to early 1970s for social housing, are both 17 storeys and each contain 100
apartment, most of which are social housing properties. The project used the guidelines and
recommendations in the report Your Home in a Changing Climate (YAQ@,)2008}o determine the
adaptation measures that were appropriater fihese buildings.

It should be noted that overheating calculations and modelling for the two buildings were done using

Cymap during the selection of the overheating adaptation measures. Cymap, an industry standard

software package in the UK for buildirgngces design, uses steady state modelling and equations from

/L. {9 G2 lylrftelsS (KS STF¥SOGa 2F | o0dAfRAYIQa Syo@dSt 2L
temperature, given an external temperature.

The project team reviewed the recommendais in theYHC@eport when considering overheating

FRFLIWGFGAZ2Y YSF&adaNBaz a ¢Sttt a F ydzYoSNI 2F 20KSNE (F
are listed below along with major considerations relating to the project and impacting measure@elect

for a full list of considerations, théour Social Housing in a Changing Clirt@tistainable Homes, 2013)

report should be consulted.

Measures cosidered for the project includeX( = implementedW = not implemented):

X Ingtall external shadingg The project team decided to use triptgazed windows (that is, three
panes of glass) with blinds incorporated into the third section of glazing on the-sndhwvest
facing sides of the building, and the same windows without titernal blinds on the northand
eastF OAy3 &ARS& 2F (KS O0dAtRAYID ¢CKAA 2LIWA2Yy +ff26
rays before they enter the unit. Awnings were considered but were not plausible because they
could only be maintained from thoutside, which would make maintenance costly, and extra
detailing of how they were to be fixed to the existing structure would have been necessary. The
triple glazing also improves the energy efficiency of the apartment building, which will save
energy diring the winter. The additional cost of replacing the double glazed windows with triple
paned was justified by the avoided costs of ensuring the external walls were structurally sound
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T szs

W

for attaching awnings or external shutters, the saved maintenance obststernal solutions,

and the energy savings from the improved efficiency.

Increase reflectivity on walls and roofs A light colour was selected for the external wall

cladding system that covered the existing dadtoured brick.

Improve roof insulationg The addition of solar PV panels and a communal satellite dish were
considerations in choosing a system to insulate the roof. The chosen option was an integrated
warm roof from Kemper System, an international manufacturer of waterproofing and roofing
membranes, consisting of insulated panels secured to the existing roof with dedicated resins and
covering the panels with a layer of resin membrane. This system could still be walked on, was
inert to UV degradation, and had a-§@ar guarantee.

Install cavityinsulation ¢ The project team chose an insulated rendering system (external
cladding) because it was lightweight and easier to install compared to a rainscreen system,
consisting of panels fixed to a heavy steel frame that may have necessitated reinéricehthe
existing structure. The chosen system was the Wetherby Building System, consisting of rigid
insulation panels fixed to panel beads that have been fixed to the outside wall. This system is
then covered by a spragn insulating, weatherproof rendga substance similar to stucco).
External cladding usually reduces air permeability into buildings so ventilation was of particular
concern (and was addressed as described below).

Install double glazing with low &oating¢ The chosen triple pane windowsd double low
emissivity glass.

Switch off unused appliances This measure can only be offered as advice to residents.

Open windows at night; This measure can only be offered as advice to residents.

Use ceiling or desk fansCeiling fans were not ches because it was believed that the other
overheating prevention measures would be adequate in maintaining comfortable temperatures,
and residents can purchase staatbne fans if they are needed.

Install secondary glazing This measure is unnecessartlas existing double glazed windows
were replaced with triple glazed windows.

Additional measures considered for the project include:

X

Install ventilation units¢ A fan driven extraction unit was installed in the bathroom of each
apartment, to extract steanfrom the bathroom as well as heat, which helps prevent

overheating.

Install mechanical extract fang The passive stack system originally considered by the project
team was unsuitable because with the new door entry system to the elevators and mostlgt close
doors, not enough new air would reach the units. Mechanical extract fans with a background
mode were selected which draw air through the trickle vents in the windows.

Plant treesg This measure was considered but eliminated because the asbestos letressiil

at the site, which used to be an asbestos factory, would be troublesome with the soil disturbance
required for planting. Climbing plants were considered but eliminated because of the necessary
ongoing maintenance. A raised bed was installed agktation planted, but overheating

reduction is expected to be minimal.

In addition to the overheating adaptation measures detailed above, water scarcity was addressed with
low flow kitchen and basin taps, small volume baths, new low flow showers and maters; flood risk
was addressed through flood barriers to ground floor apartments, flood resilient external wall finishes,
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non-return valves for soil pipes, and existing drainage refurbishment; aneadaptive measures

included new kitchens, new bathrats, a new centralised gas heating system to replace the existing
storage heaters, a new door entry system, a new elevator system, and a solar photovoltaic system. The
costs of these measures, as well as the overheating measures, are summarizdde

TABLE2 ¢ PROJECTOSTS FORENOVATION 0£E960s-70s SOCIALHOUSINGAPARTMENBUILDINGSCASESTUDY
(SusTAINABLEIOMES 2013)

Reported Cost (2013 £)

General items (including scaffolding, design work, and survey work) £2.71 million
Water stress measures £0.14 million
Overheating measures £1.90 million
Flood risk reduction £0.03 million
All other works £5.92million
Total £10.7 million

Splitting the cost of the renovations over the 200 units (assuming each to be the same) gives a per unit
total cost of £53,500 and a per unit overheating adaptation cost of £9,500. Of note, the external cladding
system wagonsidered an overheating adaptation measure with energy efficiency as an added benefit by
LBBD, even though the design engineers maintained that the energy efficiency benefits far outweighed
the overheating reduction benefits. (The YHCC report mainthiesame.) As such, the costs of the

external cladding system are captured under Overheating MeasAdgtional information on the

financial costs and benefits of the project, including a net present value analysis, can be found in The
Business Case: Inporating Adaptation Measures in Retrof{fSustainable Homes, 2014)

Lessons leard and recommendations relating to the overheating measures include (quoted directly):

1 Triple glazed windows with incorporated blinds are comrivonther European countries and can
be viably installed in the UK for retrofit projects. They should be considered for future projects.

1 Value engineering is possible when using triple glazed windows with integral blinds and should
be encouraged.

1 Mast clinber access is better than traditional scaffolding and should be considered for future
projects.

9 Jealousy issues can arise between residents who have extra equipment and those who do not.
These must be managed carefully.

1 Installing external cladding has tle&tra benefit of improving energy efficiency whilst at the
same time helping prevent overheating. However a conscious effort must be made to ensure
that ventilation devices are also installed.

1 Existing walls on tower blocks are often not straight and s&ime of framework is necessary
when installing external cladding. It is recommended that experienced contractors are used for
external cladding works.

1 Many of the recommendations MHC@re more applicable for social housing providers to
provide to resi@énts as advice, rather than as installed measures.

1 Some residents complained about lack of advice; others clearly stated that advice was given.
Perhaps the advice given and to whom could be more formally recorded, so that all parties are
sure that advice &s been effectively communicated.
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1 Consider installation of remote sensors when monitoring internal temperatures.

TheYour Social Housing in a Changing Clirt@tistainable Homes, 2011@port also details the resident
feedbackand social benefits of the overall project, as well as identifying keys to success, other lessons
learned, and recommendations for further renovation projects on social housing buildings. This would be
valuable informatiorat the design stage of future CloBuildings implementation

4.2 SMULATEDADAPTATION OFL930S HOUSE INUK
Source: Your Home in a Changing Climate: Retrofitting Existing Homes for Climate Change Impacts
(YHCQpArup, 2008)

London, the East and the South EasEanfjland are expected to experience the most dramatic impacts of
climate change of all the areas of the UK. Research by Arup for the Three Regions Climate Change Group
looked at the effects of flooding, water stress, and overheating in these areas, aridlp@staptation
measuredor each (Only the overheating adaptation measures are examined hériedked at the

building stock in these areas and chose three households that represent a large portion of the building
stock: a 1930s house, a 1960s flatdanblock of flats. The latter two case studies are detailed in a

separate Case Study Technical Report that longemvailableonline. Expected climate change impacts

for the UK (related to overheating) for the time period 267100 (2080s), from reseeh into future

climate scenarios coordinated by the UK Climate Impacts Programme (UKCIP), include:

9 hotter summers, with the mean temperature rising by 1 to 5°C
f GSEGNBYSteé g1 N RIFIea Ay &dzYYSNI 200dzNNAYy3I Y2NB FN
exceeding 30°C on one in ten days during the summer under the high emissions scenario

Although the UK and Vancouver have somewhat different climates and will see different impacts due to
climate change, there is still much to be learned from their experience.

Themodelled 1930s house is a threedroom semidetached home (more commonly known in Canada

as a duplex)with a paved front yard and regular back yard, and no basement. The house was assumed to
be occupied by a family of two adults and three children, Witle renovation done. It was modelled with
partial daytime occupation and full weekend and evening occupation. Construction consists of cavity walls
(consisting of a cavity between an outer layer of usually brick and an inner layer of brick or concrete
block), single glazing, and minimal insulatibhe adaptation measures chosen to address flooding, water
stress, and overheating are ones that could be applied to a range of homes but the report stressed that
without specific knowledge of the individuatgperty, adaptation measures are impossible to specify. This
case study report focuses only on the adaptation measures to address overheating, which can be seen in
Table3 below.

TABLE3 ¢ OVERHEATINGDAPTATION MEASURESR @SESTUDY1930sHOME (ARUR, 2008)

Measure ReportedCost (2008 £)

Measures which aid overheating only

1 External solar control: awnings on all south/west windows £1,700

1 Natural ventilation through windows No co§t el ST
windows

1 Enhance air movement: ceiling fans (DIY installation) £545
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9 Floorcoverings: replace carpets with wooden floor or tiles on ground

floor £2,100
9 Facade upgrade: paint walls to increase reflectivity £3,750
Total cost of measures for overheating only £8,095
Additional cost of winter insulation measures
1 Roof: improveoof insulation standard £2,200
9 Facade upgrade: cavity insulation where cavities are present £1,100
1 Fenestratipn upgrade: replace single glazing with double glazing, with £5 000

low-e coatings '
Grand Total £16,395

The study noted that although the total costs appear high, the first three items on the list had a
substantial effect and are relatively low cost. The remaining measures, at a higher cost, are well suited to
incorporate into planned renovations, upgradesd maintenance of the home. The single most effective
measure was found to be increasing ventilation rates, particularly when it is cooler at night.

The Chartered Institute of Building Services Engineers (CIBSE) Guide A (2006) classifies overheating in
dwellings as an exceedance of 28°C for one percent of occupied hours in living areas, and an exceedance
of 26°C for one per cent of occupied hours in bedrodinglso defines an upper limit on comfort

temperatures of 25°C in living areas and 23°C in sheepieasFigure3 and Figure4 illustrate the

significant drop in overheatm(the red bars in each of the figures) from the unadapted to the unadapted
house, for July of both 1989 and projected 2050. With the adaptation measures outlined above, in the
2050s, the overheating temperature was exceeded for just over 2% of occupies inahe living room,

and for just over 1% of occupied hours in the bedrodimere is also a significant drop in the number of

hours that the comfort temperature is exceeded (the orange bars in each of the figures).

House Living Room

© E25°C<T<28°C
WT>28°C

% occupied hours

0 - . . I
Control Adapted 2050s Control 2050s Adapted

FGURE3 ¢ TEMPERATURES IN THEING ROOM OF THENADAPTED AND ADARTEOUSE FORILY1989AND2050.
FrRoM (ARUPR, 2008).
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House Bedroom

100 4

B H23°C<T<26°C
) W7 >2°C

% occupied hours

N

Control Adapted 2050s Contral 20505 Adapted

FGURHE - TEMPERATURES IN THEDRROOM OF THE UNADAD AND ADAPTED HAUBORIULY1989AND2050. FROM
(ArRUPR, 2008).

The cooling degree hours for the month of July were also determined for the unadapted and the adapted
homes, as shown iRigure5 and Figure6, as the number of degrees by which the comfort temperature is
exceeded for each hour the house is occupiBuese figues also showtte amount of energyeeded to

run an air conditioner to achieve cooling to the thermal comfort temperature in the unadapted homes. It
is clear that a significant savingseinergy can be had through the installation of these +emergy

intensive adaptatiormeasures.

Living Room

1400

1200 20

600 60

Air Conditioning kWh

00

Control Adapted Air Con 20605 Control 20505 Adapted 20505 Air Con

FGURES ¢ COOLING DEGREE HOURSTHE LIVING ROOMDR THE MONTH QLY. THE RIGHT HAND AXES$CBV THE TOTAL
POWER CONSUMPTION A AIR CONDITIONINS STEMIN KWH) USED TO CONTROL OMERTING IN THE UNAPRED
HOME FROM (ARUPR, 2008).
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Bedroom

Air Conditioning kWh

Cantrol Adapted Air Can 2050s Control -~ 2050s Adapted  2050s Air Con

FIGURES - COOLING DEGREE HOURSTHE BEDROOM FORETMONTH OBULY. THE RIGHT HAND AXESCSN THE TOTAL
POWER CONSUMPTION A AIR CONDITIONIN® STEMIN KWH) USED TO CONTROL ®HEATING IN THE UNABTED
HOME FRoM (ARUR 2008).

4.3 ROOMACCLIMATISATION WITHPLANTS BIOHOF
ACHLEITNER EFERDING AUSTRIA

SourcesAdaptation Inspiration Book, 22 Implemented Cases of Local Climate Change Adaptation
to Inspire European Citize€IRCL-E, 2013) Coolregion WP 3- D19 (ESV, Upper Austria) Best
practice example No. @ntelligent Energy Europe, unknown)

The Biohof Achleitner in Eferding, Austria is a 2 storey, ~B§milding containing office space, a
restaurant area, a supermarket, and food storage and processing &eabng is primarily accomplished
passively through transpiration from the plants that are located throughout the buildisgeen ifrigure

7. The plants use heat from the surrounding environmengtaporate water through their leaves,
providingcoolingto the building.When this passive cooling is insufficient, it is supplemented by an in
floor cooling system using a ground water heat pump. Monitoring and testing of conditions in the Biohof
have shevn that the plants contribute 2:36.2 winf of cooling, which translates to a 2°C reduction in
temperature duing the summerThe plants also help to control the humidity levels in the building; when
5-10% of the total indoor space is allocated to plathgy are capable of increasing the humidity inside
10-15%.At the Biohof, humidity during the winter usually does not fall below 35% and in the summer
usually does not rise above 60%.

In order to allow adequate sun light for the plants, the roof and wet sf the foyer have double glazed
windows, while the rest of the windows in the building are triple glazed, passive building quality.
Aluminum or textile sun protectors (depending on the orientation) shadow the rooms if the solar
radiation is greater tha 150 Winf. The plants that are located more than four metres from the building
facade require additional sources of light, provided by supplemental UV lights installed in the building,
two thirds of which can be switched off again after a short while.

Thet 842 0A1 GSR O02aGa 2F Ayadll {40/ Enpldy&esS at Bibhbfichlgitnes SNB S & G A
are responsible for maintenance tasks like water and trimming, which take approximately four hours per
week.
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Additional information on the project, inatling concepts, methods, data, project planning and results,
and monitoring by the Danube University Krems, is available in the report Neubau Biohof Achleitner,

D36 dzRS ldzd 12t13 {GNBK 9 [SKYSI (Rieisatk(HolkeV, B (A &A SNHzy I Y ¢

Rodleitner, 2008)however, only the Abstract is presented in English within the report, so translation
would be necessary.

FIGURE7 ¢ PLANTSUSED FOR AIR CONMNING IN THEBIOHOFACHLEITNERPHOTG: ©EBPGMBH
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4.4 ADDITIONALCASESTUDIES

The following case studies present good examples of some of the alternative strategies and measures
outlined in

AlternativeStrategiesand EvaluationDue to time constraints, a detailed summary of these case studies
could not be completed; however, the main strategies or measures employed in each of the case studies

is identified here, along withhie case study source if the reader would like more information.

TABLE4 - ADDITIONAICASESTUDIES VARIOUSSOURCES

Eggg;%gn’ Highlighted Strategies or Measures Source
4.4.1¢ One Wall ggre]t:/;/all Areplacement of failed insulated glazing = One Wall Centre
Centre VanCOl,,IVEI’ units (RDH, 2013)
4.4.2¢ Church Church View, | Aessentially all passive measures
View Doncaster, UK|  considered and modelled
Athermal mass TMS5 Design for
Extra Care Aventilation (singlesided compared to Future Climate
4.4.3¢ Facility crossventilation) Case Studies
ExtraCaredExeter | [ ="\ Ashading (CIBSE, 2014)
' Aintelligent window control
Ainsulation
Southeast ; ) ) o :
4.4.4¢ Passive False @ek Ao_perable blinds on exterior of buildings | Passive Features a
features at Olympic Afixed and movable shades Millennium Water
Millennium Water | Village, Abalconies extended to improve shading | (The Challenge
Vancouver below Series, 2009)
Metallurgy Afully automated natural ventilation Case Study: Night
4.4.5¢ Nightpurge = and Materials system, based on room temperature ang Purge Natural
natural ventilation | Building, coz SEnsors and data from a nearby Ventilation System
system for Birmingham = Weatherstation for Birmingham
Birmingham University, Amanual override optlops o University(SE
University Birmingham, Asystem respo_nd_s to wind d_lrect|on, for Controls,
UK effective ventilation, and wind speed, for Unknown)
safety
Aexternal building envelope upgrades anc Inn_oyatlw.a
. . . . .| Buildings: Benny
insulation, with removal and reinstallatio Farm
Benny Farm, of existing brick cladding
4.4.6¢ BennyFarm Qo ; : Redevelopment,
redevelopment Montreal, Arigid roof |nsulat|on_ . Montreal (Canada
Quebec Aheat recovery ventilation system
i . Mortgage and
Are_placement of Wlnd(_)v_vs and _entry doo Housing
with more energy efficient options Corporation, 2006)
Final Report
Station Point ) Egml;sﬂ:i:?es
4.4.7¢ Station Greens, Aearth ducts Initiative (The
Pointe Greens Edmonton, Asolar stack :
Alberta Communitas G_roup
Ltd., 2012) Station
Pointe Greeng
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Highlighted Strategies or Measures

Source

Location

The Journey to Net
Zero Affordable
Housing(Hancock
& Scott, 2013)

Qatar
4.4.8¢ Soccer Showcase Asolar powered absorption chiller Soccer Special
Special soccer Aphase change thermal storage (Pearson, 2011)
Stadium, '
Qatar
Various Resources, Live
4.4.9¢ EceRoof Toronto. Agreen roofs Green Toronto
Case Studies ] Acool roofs (City of Toronto,
Ontario
2013)
Innovative
Buildings:
Waterfall Building
4.4.10¢ Waterfall Wgte_rfall < Green Roof Case
. Building, Agreen roof system
Building green roof Study(Canada
Vancouver
Mortgage and
Housing
Corporation, 2002)
4.4.11c Citycentre Amixed modle ven_':ila_tion (air conditi(]zning
office building Bhristien anq r_latura venti atlon)n_ one part o)
maximising Place, London. building;full natural ventilationin

potential for
natural ventilation

UK

another
AVl 42y NE GFAYAE
Adouble skin facade

G2

4.4.12¢ Sitelayout
reduces solar gain
and improves

natural ventilation

Wessex Water
Operations
Centre, Bath,
UK

Anatural ventilation

Apassive cooling

Aexposed structure provides thermal mas
Asolar shading

Aroom layout within building

4.4.13¢ Thermal
mass used in office
building to improve
thermal comfort

Portcullis
House,
London UK

Aexposed concrete slab provides thermal
mass

Aground water as cooling source

Aroom layout within building

4.4.14¢
Mechanically
assisted passive
cooling

Elizabeth Fry
Building,
Norwich, UK

Athermalmass

Ahollow core slab provides ventilation
ducting and, thus, preating and pre
cooling

Ano mechanical cooling

4.4.15¢ Shadinga
commercial

Chiswick Park,

Aexternal aluminum louvres
Aretractable external fabric blinds,

building envelope London, UK _activated bylight sensors

Aawning shading on certain facades
4.4.16¢ Office Red Kite Anatural ventilation
building with solar | House, Amain facade curved to improve

protection and
rainwater

Oxfordshire,
UK

ventilation

Asolar control glass

Adapting to
climate change: a
case study
companion to the
checklist for
development
(Three Regions
Climate Change
Group, 2007)
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Building,
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Highlighted Strategies or Measures

collection Aexternal shading
Aroof mounted turbines draw air into top
floor of building
4.4.17¢ Facadeof ;
office t?uild?ng BRE Asolar chimneys on south facade,
iy Enyw_onmental connected to inside of building at each
o Building, floor, increag natural ventilation
ventilation and Watford. UK ; i
solar shading ) Amotorised translucentouvers
4.4.18¢ Residential Beddington Alarge areas of exposed thermal mass

development with
air-tight envelope
and passive solar

Zero Energy
Development,

Apassive ventilation system, through winc
cowls on roof that combine inlet and
outlet ducts, and turn with wind direction

: London, UK .
heating Agreen roofs
4.4.19¢ Passive gﬁg:’”a‘Cemre )
cooling techniques Phasgeyl Athermal mass
for small office : ' Aexternal shqdlqg
building Milton Anatural ventilation

Keynes, UK
Anaturally ventilated floor slabs

4.4.20¢ External Aexpogelld ther_mal mass in floor SL?bS N
shading and Arup Campus Aspecially designed vents above floor sla

advanced passive
cooling maintain
comfortable
conditions

Office
Building,
Solihul] UK

open and close toentilate and cool floor
slabs

Awind driven stack ventilation pods on
roofs of pavilions and operable windows
to increase natural ventilation

Asolar shading
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5 RECOMMENDATIONS

5.1 GENERALAPPROACHKAND SPECIFICSTRATEGIES AND
MEASURES

Based on the literaturand case studiethat have been found the recommendedverallapproach for
Vancouveis to follow the cooling hierarchy outlined by the City of London, and focus on the prevention
of overheating as its primary approacthe cooling hierarch§City of London, 20113:

Minimize internal heat generation through energy efficient design

Reduce the amount of heat entering a building in summer through orientation, shading, albedo,
fenestration, insulation and green roofs and walls

Manage the heat within the building through exposed internal thermal mass and high ceilings
Passive ventilation

Mechanical ventilation

Active cooling systems (ensuring they are the lowest carbon options)

.

o g s~ w

Thoughavailablemeasures are somewhat limited when considetting retro-fit of existing buildingstock

(as compared tohe design options available farnew development) has been foundhat there are

affordable measures that can address overheating without turningdtive cooling systemas stated

earlier, research in the UK into ways to address overheating in existing dwellings has shown that passive

measures exighat can prevent overheatingi t | 8 8A @S YSI &dzNB&a Oly 3INBF Gt e NBRd
needs. Forhe Sa Ay [2YyR2yI (KSe& KI @S 0SSy akKz2gy (2 62NJ] oSt
a0Kz22fax AG Aa tA1Ste GKSe gAftft ySSR (2 0SS adzl) SYSy
(Hacker, Belcher, & Connell, 2005)

While there are differences between the climate in the UK and in Vancouver, they are relatively similar,
and passive measures are expected to be adequate in Vancouver altinelligh a precise comparison

of future cooling degree days (CD&2nnot bemade between the two cities from available datarough
comparison can be madeigure8 shows a comparison of CDD over the last three years, determined from
a base émperature of 22°QNhile cooling degree days in Vancouver are expected to at least double by
the 2050s and could increase by as much as a factor of 10 by the @Ui80ef Vancouver, 2012his is

still less than the projeed CDD for London in the 2050s and 2080s, which are sholigure9. (22°C is

the base temperature used fdtigure9, and hence was chosen for the present day comparison.)
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Another reason for passive adaptation measures to be the primary approach is the growing issue of

LI 3aAQPS adzNDAGIoAfAGEYT @gKAOK RS aONJpartaénditionsif 6 dzA f RAy 3 Qa
services such as power, heating fuel, or waté$ art @uaildingGreen, Inc., 2008)/hen considering

measures to adapt a building to protect a population from overheating, particularly vulnerable

populations as is the case with the Extreme Heat projects, passive surtyvsinduld bea serious design
ONARGSNAZ2Yy® | SIG ¢l @Sa 2F0Sy Lilzi | &aGNIAYy 2y Fy | NBI Q:
air conditioners, which can lead to power outages. Loss of electricity during a heat wave leading to failure
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of an activecooling system, in a building known to house populations particularly vulnerable to
overheating, would likely be fatal. Additioreinergency measures would need to be in place to deal with
such a situation, putting additional strain on resources alreadtched to deal with other impacts of the
power outagePassive measures to prevent overheatarg inherently stronger in terms of passive
survivability, which should be seriously considered when looking at building +f#sdo protect

vulnerable poputions.

In terms of recommendations about specific measures, unfortunatethis point generalizations cannot

be made about anparticularmeasuresthat will work best forcertainbuildings, even for a given building
height or construction typeGiverM y 02 dz&SNDa KAIK dzaS 2F It LT Ay3a Ay
windows are likely to be effectivéroperly designed awnings, deciduous shade trees, and external,
operable blinds and shutters allow a building to maximize solar heat gain duringritexr which is
desirablegiven the dominant heating load of the Vancouver climathile minimizing solar heat gain

through windows in summelOf particular note are the triple glazed windows with internal blinds that

were used in Case Studyl; these prevent solar heat gain from entering the unit, but do not have the
maintenance concerns of shutters or awningsple glazed windows not only keep the heat out in

summer, but also keep the heat in during winter; however, an importargtcategy to remember when
increasing the air tightness and energy efficiency of a building is ventilation. Operable windowslshould
used wherever possible, and should be designed to maximize natural ventilation, while vertical fins should
be considered to improve ventilation in units with windows on only one side of the building. It should be
noted thatspecific building and siteharacteristics, gch as building orientation, agepnstruction,and
condition,will influence what measures are appropriaes such, it is recommended that the cooling
hierarchy be followed for each buildingpnder consideration.

Additionally, it is recomnmended thatbuilding simulations anthermal modeling of the possible measures
be completed teevaluate the effectiveness of each, so that the chosen suite of measures adequately
addresses the issue of overheating withoutstiag money on excess measurbewever, this will also
require the establishment of future weather data for Vancouver based on climate change modelling.
(Porritt et al. discuss aumber of alternatives to using future weather dgq013)) This is cosistent with
the recommendation of th&'our Social Housing in a Changing Climegptert, that the risks of

overheating be assessed, and solutions modehgden major works are planng&ustainable Homes,
2013)

In the case thbpassive measures are found to be inadequate to adapt to future rising temperatures,
there are still options within the active cooling suite of measures that can help to minimize energy use
and associated emissions.damesituations air conditioningnaybe considered necessary for individual
suites, such as in apartments or care facilities where occupants may have limited mobility or other

0 dzA

reasons forinabild@ (2 &SS1 NBFTdzZS Ay 022f | NBFaz 2NJ AN O2yRA

NE2Yeét F2MBaA RSy Ga (2 dzaSz Fa ¢ a R2yS (TorgntoPAbNE vy (i 2
Health, 2011)In a study for The New York City Housing Authority (NYCHA), it was found that the NYCHA
could recoup the costs of pacing existing air conditioner units with new energy efficiency units, well

GAGKAY (KS dzyAdQa f ATS(RedSrret d. RaoSMadditismidiiie highera |y S

efficiencies, by choosing units with damd management features, such as thermostats and timers, the
daily usage could be loweredhile the potential for savings by replacing existing units may be limited in
Vancouver, given the current low adoption rates, this demonstrates the potential and importance of
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ensuring that efficient modelwith appropriate featureare chosen when air calitioning is the only
option.

Besidesndividual unit air conditioners, most active cooling systems are very difficult to reimadi a
building if allowances have not been made for future implementation during the initial building design.
This highlighg the importance ofollowing the cooling hierarchy arekploring all passive measures to
prevent overheatindefore turning to active coolingis with the passive measurasfortunately there is
no clear winner that is best suited for certain buildinggre are a large number of factors that must be
consideredWhatever method is chosen, it will be important to tryfcevent excessive coolirtgat
happens simply because residents now have access to cooéipignd what is needed. Individual control
andmetering will help to encourage conservation.

5.2 ADDITIONALRESEARCHNEEDS ANDCONSIDERATIONS FOR
IMPLEMENTATION

In the course of the research, a number of additional consideratioegond the technical alternatives to
air conditioning that were reviewedyere identified forconsideration impotential implementationof the
alternatives in future phases of the Cool Buildings project.

Establish future weather data for VancouverBy establishinduture weather data for Vancouver based
on climate change proj¢ions, the overheating risk @xisting buildings and the effectiveness of various
adaptation measures can be evaluated. Equally important, however, is the use of the future weather data
in the design of new buildings. Concern has been expressed in thbdlKnewer lightweight, aitight
buildings with single sideapartmentunits being prone to overheatinddengel & Swainson, 2012)nd
similar concern has been expressed that climate change mitigation policies are leadmgqability to
adapt to the rising temperatures of climate chan@&octer, 2011)By establishing future weather data to
be used in future building design, Vancouver can ensure that its new buildings will be prepared to deal
with the rising temperatures and increasing frequency of extreme heat events, without the hassle and
expense of retrofitting the buildings down the road, as is nhow being done for existing buildirgses
where passive measures to prevent overheating adequate in the shorter term but active cooling is
known to be necessary in the long term, design decisions can be made now to better enable
implementation of active cooling down the road, minimizing future construction and cAstsientioned
earlier, RPrritt et al. discuss a number of alternatives to using future weather @dtan that is not a

viable option(2013)

WSOASE I yO2dz@SNRA 0dzAf RAY 3 & [laddeyaliateSoseiheadinig fisg K NB LINS & Sy
As part of future implementationfii A & &dzZ33Sad0SR GKIG 1 yO2dz@SNRa SEA&GA
establish a number of representative typical muitiit residential buildings, as was done during studies in

the UK. These buildings can then be sotgd to future weather data for Vancouver to establish the risk

of overheating, and to evaluate the possible measures. Knowing what building types are more subject to

overheating will assist the City of Vancouver in targeting buildings for retrofits, lhasveelping allow for

more specific recommendations for these typical buildings that can be used down the road. A study in

London found that building characteristics were more important than UHI in determining risk of
overheating(Oikonomou, et al., 2012yvhile this cannot be generalized to the Vancouver context, it

highlights the importance of considering building characteristics in an attempt to address overheating.

Occupancy profiles should also be considered in the stioaks, as the variation in internal heat gains
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from occupancy can affect risk of overheatihgstly,as mentioned abovegsearch in the UK has
highlighted concerns about aiiight, lightweight construction that has become the norm being prone to
overheaing (AECOM, 2012jt may be worth investigating this concern in the Vancouver context through
one of the chosen representative buildings.

Consider overheating adaptation at the same time ather adaptation strategies; In many of the

reports from the UK on adaptation to climate change to prevent overheating, adaptation to address the
climate change impacts of flooding and water stress (shortages) were also considered. Flooding and water
supply shortages were identified aswadite change impacts in Vancouver in the Climate Change

Adaptation StrategyCity of Vancouver, 2012and progress has already been made in adaptation to

reduce the risk and impacts of floodig@ity ofVancouver, 2014)Where possible, adaptation for a

building should consider multipldimate changémpacts.

ScheduleCool Buildingsenovationsto coincidewith other planned renovations; This approach can
greatly increase the cosffectiveness of the adaptation options by sharing certain costs with the other
work. It was used in Case Stutljl, Adaptatian of Social Housing Apartment Buildings in Londuamere

the adaptation work was completed at the same time as renovatiegsired to upgrade the buildings

meet minimum standards for social housing. Other possible triggers for work in the Vancouver context
that adaptation works could be scheduled with include energy efficiency retrofits and seismic upgrades,
or retrofits through the BC Sustainable Energy®2 OA I G A 2 y Qa (BE SusRiFableiEnérgy LINE 3 NI Y
Association, 2014)n choosing a building for the pilot program, it is worth investigating if any of the
possible choices have major renovations scheduled in the near. teraddition to cost savings, this
approach can also increase acceptance by residents who must endure the noise and interruptions
associated with construction, as was the case in the Social Housing case study.

Partner with RDHor similar consultant to preide adaptation information with depreciation reports
(Interviewee suggestiony It was suggested by an interviewee that the City of Vancouver could team up
with RDH to establish a system whereby the consultant includes adaptation measures for future
consterationwithin the depreciation reports (reserve studies) that they prepare for stratas. As of
December 2013, depreciation reports are mandatory for all strata corporations (with a few small
exceptionsand must be updated every three yedReal Estate Board of Greater Vancouver, 20i14)

was suggested that if the adaptation measures information system could be integrated into this
requirement soon, it might be viewed as a natural evolution of the amendment instead of a new
headache for stratas.

Plan for collection of empirical datadeally pre and post-retrofit ¢ Much research has been done in
terms of modelling and simulation, but these often make assumptions like perfect control, certain
behavioural adaptations, etc. Emnigial datawill allow evaluation of pilot project and of the
modelling/simulation used to select the adaptation measures. For guidance, Mirzaei et al. collected
measurements to monitor indoor thermal conditions in 55 buildings from areas in Montreal most
vulnerable to the UHI effeq2012) This data can also be used to develop tools to predict indoor thermal
conditionsunder the UHI effec{Mirzaei, et al., 2012Ashtiani, Mirzaei, & Haghighat, 2014)

Review the Your Social Housing in a Chandighate(Sustainable Homes, 201@)port in detail ¢ In
addition tolessons on the technical side of things, the case study also details feedback from residents on
the project and the social benefits of the overall project, as well as identifying keys to success, other
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lessons learnt, and recommendations for further rentima projects on social housing buildings.

Depending on the building chosen and the details of the chosen pilot project, this information could be
very useful in helping the project run more smoothly and in gaining greater acceptance of the renovations
by the residents.

Consider other, nortechnical approacheg While this report has focused on adaptation in the built

environment for preventing overheating, there are a number of other angles that can support
+yO2dz@SNNa STT2NIaod trenfe heansvenyts suth iRssiiig aduisdnesadd F2 NJ SE
warnings, information on and free transit to cool public locations, ways to keep healthy, and emergency
contact information, can be critical in reducing heat related mortality and illnessgiétry of sef

identified vulnerable individuals that are contacted regulatiyphone during extreme heat waves to

ensure their health and safetas is done in Par{pairie de Paris, 2007¢an also reduce illness and
Y2NIFfAGe@d ¢ K2dzaK A (pant behaviouticarbhBve X largeSntpackos tia&Ssticceassno dz
the implemented strategy or technology. This behavioural component can sometimes be removed from

the equation by automation or controls, but ultimately occupant knowledge must be there. There can

alobel a20AFt aLISOG G2 GKS azfdziizys | & la GdKS Ol as
gl

[7]
2010(Toronto Public Health, 2011) Ay KA OK 2yS NR2Y Ay G(KS odzAf RAY3
was airconditioned and used by all tenants.
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6 CONCLUSIOBR

Increasing overheating of buildings due to the rising temperatures and increased frequency of extreme
heat events due to climate change is a serious problem faced by many, particularly with regards to
populations that ag already vulnerable to the health dangers of overheating such as the elderly or those
with chronic health problems. While traditional air conditing is an effective solution for cooling, there

are serious implications for the rise in energy demand assbaiated emissions that would result from
widespread adoption of air conditioning. In addition to reviewing alternative strategies for addressing
overheating, this research found that a common approach to this issue was to follow agcoigiiarchy,

simiarto thatoutlined il 2y R2y Q& TN} YSg2N] F2N) 6KS RS@St2LIVSy i

(City of London, 2011)

Minimize internal heat generation through energy efficient design

Reduce the amount of heat entering ailding in summer through orientation, shading, albedo,
fenestration, insulation and green roofs and walls

Manage the heat within the building through exposed internal thermal mass and high ceilings
Passive ventilation

Mechanical ventilation

Active coolingystems (ensuring they are the lowest carbon options)

2 o

This cooling hierarchy reflects the recommended approach for the City of Vancowaddrigssing its

concerns about overheating in buildings. Research in the UK found that passive measures to prevent
overheating are often adequat@Hacker, Belcher, & Connell, 20Q06)BSE, 2010and as Vancouver has

lower cooling demands than the UK, it is expected that passive measures will also be able to prevent
overheating in Vancouver. As has been done in most research, thermal modelling and building simulation
is recommended for evaluatirthe effectiveness of possible adaptation measures. In addition to this,

there are a number of additiongloints to considegoing into future stages dfmplementation including
non-technical approache® addressingverheating,such asregistry of setidentified vulnerable

individuals, andmproving occupant knowledgédaptation of the built environment, as was explored in
detail in this report, coupled with these strategies, will allow Vancouver to achieve its simultaneous goals
of protecting vulneable populations from overheating, as well as minimizing energy use and emissions
from buildings.
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