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EXECUTIVE SUMMARY

CONTEXT

The City of Vancouver (CoV) is nearing the end of its contract with a vendor to provide street furniture and
maintenance and the City staff are now exploring the opportunities that street furniture can provide to
improve urban liveability. The contract is nearing 20 years old, and in that time, the urban and global
landscape have seen significant changes.

In 2019 the City of Vancouver declared a climate emergency followed by Council approval of the Climate
Emergency Action plan Movember2022. This plan outlines actions to reduce carbon pollution by 50% by
2030, which is aligned with the United Nations Intergmmental Panel on Climate Change, a scientific
body that urges leaders and policymakers to seek ways to limit global warming @ Hy5030" This

report examines the potential for the street furniture contract to contribute to this endeavour and work
toward climate resilience and sustainability.

The furniture provided through the contract includes benches, bus shelters, wayfinding signs, digital
advertisingpanels, bike racks, litter cans, and Automatic Public Toilets (ARIsYyeport focuses primarily

on transitrelated street furniture as much of the research availainestreet furnitureaddresses this

particular assetThe transit shelter also showstpntial incontributingto climate resiliency and

sustainability. Additionally, transit shelters are featured in this report because they are complex structures
that require a multitude of very specific materials.

SUSTAINABILITY ARDIMATEEHANGE

Sustanable development considers how to support a growing population while reducing environmental
impact. The City of Vancouver is carefully considering the environmental implications of building new street
furniture infrastructure and looking to support andcfitate create more sustainable practices.

In this report, strategies and opportunities for climate resiliency and sustainability will be viewed as
2LIR NI dzy AGASE F2N) aYAGAIFGA2YE YR alFRFLIWOIGAZ2YED
departments within the City need to consider how to reduce carbon output (mitigation) while also

considering strategies to improve urban life in the present (adaptation).

Regardingstreet furniture, mitigation strategiemcludereducing dependencies on vehiclag increasing

access to sustainable transportation through public transit, and active transportation like walking or biking. It
alsoincludes strategies to employ greener construction practices such as recycling and aiming-faroet
builds2 Reducingeliance on cars also calls for a significant investment in the experience of bus riders and
those utilizing activéransportation

Adaptation is necessary because climate change is unavoidable and the damage to the environment thus far
cannot beundone,and it is therefore required in addition to mitigation to deal with present day impacts.

These responses can target specific soligjamuch as cooling centres, and broader schemes, like public

health and emergency management planning. In a street furniture landscape, this could include shade

1t yO2dz8SNE /1 Alié 2Fd &/ City of VahcBuvehtpS:NEnSoyvdrica/dredniahcBuyer/iaticouyetsimate
emergency.aspx.
267 tAYFGS 1 KEy3S 1| RIENASANASAZ 18 July PO22, bithsil/dlimateinasa. gbvbsblutiongiation-mitigation/.
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structures, misting stations, and shelter from rain. Additional approaches include solar [momaat,
technology and placemakirgjrategies

EQUITY

It is impossible to talk about climate change and climate resilience without looking at each through the lens
2F SljdzA (& @ Wekhadiv that she oStQuindrabt aré at the greatest risk frimate change,
IyR GKIFIG GKS& KIF@S R2yS GKS tSLad G2 OFdaAaS Adéo

Climate change in Vancouver will see the increased frequency and severity of climate related hazards,
particularly: extreme heat events, flooding, wildfires and wildfire smoke events, aoakecair pollution.

These events cause emergencies for people resulting in illness, and injury and, for some, death. Anxiety,
trauma, and other mental health issues will also be a significant result. In 2021, 619 people died in an
extreme heatevent,aptly  YSR (G KS aKSI (i Raenmdst dineraple pedpié @ hand S NID
related ilinesses and death are those with chronic health conditions, those living in poverty, and people who
are socially isolated.

Urban areas experience the Urban Heat Islddidl} effect wherein the built environment contributes to
unnaturally elevated temperatures. This is due to desloured, and impermeable surfaces such as roads
and roofs. Furthermore, a lack of tree cover and shade contributes to the UHI, most aniiehiafgecting
the elderly, the disabled, those living in poverty, and those without homes. Shade is disproportionately
distributed- both manufactured and natural shade.

EMBODIED CARBON

G9Y02RASR OINb2yé O2yaiRSNE ghbKrfrasiiugtird projed frowdkttey T2 2 G LI
resource extraction to the finished product. New buildings and infrastructure require the use of resources
that have historicallypeen verycarbon intensive

Even though street furniture production is relatively snialtomparison with construction industry output,
there is still a significant opportunity to mitigate climate change effects and contribute to embodied carbon
reduction through this contraciThe scale of materials used in urban furniture is still suhistband
sustainability need not only apply to the biggest industries for there to be an imfpptying sustainability
practices to a street furniture program is beneficiab@veralays.

Reducing upfront carbon is a crucial strategyinéal product stage is the largest contributor to embodied

carborf and can be done now by creating policies and incentives for both the CoV and its partners/ vendors

to follow sustainability practices. To maximize carbon reduction potential The Citg weep all existing

furniture in place. The next best option to reduce carbon would be to repurpose the materials. If the City was

to build their owninfrastructure theyO2 dzf R R2 &2 &adzZadGl Ayl oteé o0& o0dzZAf RAY3
means choosingonstruction processes and technologies that utilize lower carbon strategies.

341 RI LI UNiClirage ©hange Conference (COP26) at the SEEgow 20211 Nov. 2021, https://ukcop26.org/copaoals/adaptation.

45 Syrasxr WSy {id ahyS , St NI I ¥FiSNhdTgdeThe Ty 70u0@ 2022/ 2 NEY SN t dzZAaKS& F2NJ / Kl y 3¢
https://thetyee.ca/News/2022/06/07/0neY earAfter-HeatDome/.
S t20Ks { | Plades do{iriall Ap6 2049, hitps://placesjournal.org/articlélade-an-urban-designmandate/.

6 http://lwww.athenasmi.org/wp-content/uploads/2017/09/BC_MURB_carbon_benchmarking_final_report.pdf



INTRODUCTION

PROJECT PURPOSE AND SCOPE

This research project aims to inform specific City staff working in the Street Activities team of the potential
for street furniture toincrease urban livability in a changing climate, and to help reduce the carbon footprint
of street furniture. This will be done by exploring and comparing the carbon footprint of existing and novel
materials to be used. In addition, it will consider howest furniture itself could enhance urban climate
change resiliency.

Vancouver, like many global cities, is working to meet goals to slow climate change. The City of Vancouver
has also created ambitious green and sustainability strategies and pess.so, the City must work

diligently across all departments to create healthy processes and practices to serve us now and in-the long
term.

This report is intended to serve as an introduction to themes, trends, and opportunities to inform future
researt and work. The contributing research here entailed a literature review of academic works, news
reports, manufacturer information, and data from other cities. To this end, interviews were conducted with
city departments in North America and Australia. Tterviews were very valuable and afforded insight into
the highlevel planning practices and the best practices therein.

A City of Vancouver policy review was also conducted, with several strategies and plans referenced. There
are many more City policigsat can and will inform this work going forward.

BACKGROUND AND CONTEXT

Street furnishings provide important amenities for pedestrians by adding functionality and vitality to the

pedestrian realm. They announce that pedestrians are welcome and thstré®t is a comfortable place to

be. These amenities provide a functional service to the pedestrian and provide visual detail and interest.
- SF Better Streets

T4{ GNB S C dzNy SFBenEStraet@zVgI0 1 ghitps://www.sfbetterstreets.org/fingrojecttypes/streetscapeslements/street
furniture-overview/.



CONTRACT

The City of Vancouver, like many global cities, work&itmership with a third party to provide and maintain
a number of street furniture assets within the street furniture program. The City currently has a contract with
Outfront JC Decaux which expires in December 2023.

The furniture provided through the otract is described further below, and includes benches, bus shelters,
wayfinding signs, digital ad panels, bike racks, litter cans, and Automatic Public Toilets (APTSs). There is a
points-based system to allow for upgrading or trading pieces. This isluséaifiote, because as technology
LINEINBaadsSa FyR LIS2L) SaQ ySSRa OKIy3aSz a2 R2Sa GKS
telephones that many cities utilized previously as part of their street furnivfierings butare not as

common presently.

I LINRP2SOG GSIY A& OdNNByidfe SEFYAYAYyTI (KS 2LIiA2ya
This examination spans multiple departments and includes multiple phasesewenalyears to investigate
the best direction for a new street foiture program.

STREET FURNITURE / CURB ZONE

TIHIIIIisiiisinss i svioss.

STREET
FURNITURE/CUI
ZONE

The street furniture zone
is defined as the section
of the sidewalk between
| the curb and the through
zone in which street
furniture and amenities,
such as lighting, benches,
newspaper kiosks, utility
poles, tree pits, and
bicycle parking are
provided. The street
furniture zone may also
consist of green
infrastructure elements,
such as rain gardens or
flow-through planters.

Q)
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Figurel: StreetFurniture, Curb Zosre

This investigation is specific to the street rigtitway/ utility strip and does not factor in furniture and
amenities beyond this zone, such as those found kpar plazas. The street righf-way is often
congested with heaviraffic andits furniture and amenities support urban life where people sit, gather,

8ly1s {20ALt ® &! NDb INgtioralinssBehtion & Gitit WrahsportBtiorAO¥i§iaBov. 201 https://nacto.org/publication/urban
street-designguide/.



catch the bus, walk, shop, dispose of trash and recycling, access information, park their cagstheik u
bikes, and more.

This zone is also required for electricity, trees, fire hydrants, plumbing, lighting, stormwater management,
and utility poles that exist below, above and share the surface spdidbese activities need to happen in a
carefullyconsidered balance to support holistically designed street life.

The dimensions and needs of any particular street will determine how street furniture can be successfully
incorporated into the urban landscape. Muttbnfiguration seating installations Miikely prove most

Fft SEAG6ESS yR GKSNBT2NB G(GSylofSs F2N £ y0O2dz@SNRa Lk
must be considered. Figuillustrates two examples offhere furnituremight be placed in relation to the

sidewalk (walkwg zone).

| BUFFER STREET TREE/
| ZONE ! FURNITURE ZONE
!

FIGURE 2.2.1| Pedestrian Zones

Figure 2 Furniture Zon€és

SAFETY AND LOGISTICAL CONSIDERATIONS

There are considerations that might influence one design choice over another, as the physical space that

holds street furniture is often limited and sightlines might takecedence over a design element that could

address climate adaptation: extended rain cover, or any rain cover/ shade structure at all. Specifications for

Fff AGNBSO FdzNYAGAINBE | yR | YSy A (iBn@n@eri®IDgsigroManu@i2 y FA NY S ¥

Theabovementionedmanual provides spedifitions forthe coordinationof furniture with fire hydrants;

lighting allowances; mandated setbacks from the sidewalk and street; parking considerations; and other

spatial factors. Another influenamight alsobe specifications from the vendor. For examgransit shelters

OKIF G NBIj4AXB OIS ORWDNBG1S¢ F2dzyRIGA2y RSYFYR I RAFTFS
bolted to asphalt.

°l I YAfd2ys /AdGe 2Fd &/ A iy ofHamiltorthipa:Awing. amiltoh.gafSiteikfaul/files/medit/iRdwseE 20194
29/city-street-furniture-guidelinesaug-2015.pdf.


https://vancouver.ca/streets-transportation/street-design-construction-resources.aspx
https://vancouver.ca/streets-transportation/street-design-construction-resources.aspx

BUS SHELTER PLACEMENT AND CLEARANCE GUIDELINES

An example of specifications can be seen here, in the Citylof/ O 2 dz& S N &

JdzA RSt AY Sa

T2N

placement. This document describes options for narrow spaces, minimum clearances, and safety guidelines.

These examples show that although a transit shelter, bench, or bike rack would be beneficial in a particular

area for rest or shade, there are existing polidiegardingsafety and access of emergency infrastructure

such as fire hydrants, that might preclude their install.
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Figure3: Bus Shelter Guidelines, City of Vancdfiver

l. Placement of bus shelters @he street rightof-way

a) The shelter shall be no farther than 9.0 meters from the bus I.D. pole for passenger convenience.
b) The closest portion of the shelter should maintain a minimum lateral clearance of 0.6 meters from
the curb face to avoidontact with a bus (to account for the maximum rear sweep of a bus).

¢) In narrow areas where adequate space is not available to site a bus shelter, it may be prudent to

put the shelter immediately downstream. Passengers waiting in the shelter must beoahiésarly

see approaching buses.

Wcityz ¥ £ yO2dz@SNI t 2f A 08 Y
https://vancouver.ca/peopleprograms/shelters.aspx

/
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https://vancouver.ca/people-programs/shelters.aspx

[I. Minimum clearances

a) A minimum sidewalk width of 1.8m is required or 2.4m in commercial zones.

b) Minimum 3.0m clearance away from fire hydrants.

¢) Minimum 2.0m away from other street furniture such as bike sack

d) Minimum 1.8m away from street trees or above ground appurtenances that may impede access to
the shelter. (Ad panel to not be obstructed)

e) Minimum 1.5m distance away from utility access pothts.

Wrde 2F 1 yO02d@WSNI t2tA08Y / 2+ .dz&da {KSt (S5SNI DdzA RSt Ay Sity Bf VanedRveri SR C S 6 NHizh |
https://vancouver.ca/peopleprograms/shelters.aspx.
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CURRENT ASSETS

Vancouvercurrently includes the following assets within the street furniture program:

BUS SHELTERS

Upstream side panel
" must be transparent

Transparent side panels
markd at outer edges
Contrasting horizontal
stripe at least 100mm
wide 1.2-1.5m above
ground on glass panels
wide 1.2-1.5m aboce
ground on glass panels

CITY OF

VANCOUVER

Figures 45, Bus Shelter Guidelines, City of Vancoliver

Figures 6, 7: Bus Shelters in Vancotiver

INVENTORY:

Installed by contractor: 856helters
Installed/owned by the CoV: 32 shelters
Other: 1 shelter

MATERIALS

Metal, wood, glass, concrete, electrical wiring

2Cityof ¥ y O2dz8SNJ t 2f A Q&Y [/ 2%
https://vancouver.ca/peopleprograms/shelters.aspx.
B Note: Images by Amy Liebenberg

. dza
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LITTERANS

Figures 8, 9, 10, 11: Litter cans in Vancotiver

INVENTORY:

Installed by contractor: 1213
Installed/ owned by the CoV: 1695
Other: 98

MATERIALS:

Various metals
{2YS INB RSaA3IYySRk 2N
Vancouver.

LI} NIYSNBKALI 6AGK I

o]
w»
p
&
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>
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Yrigures. f I 01 SGix al NKS 6 ddzi + § K OB dDSECIng TORNPLINDDIB,S . Ay & 0
https://spacing.ca/toronto/2007/08/15/vancouverbussheltersand-garbagebins/.
Figures 9, 1011, Amy Liebenberg
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BENCHES

Figures 12, 13, 14, 15: Benche¥ancouver

INVENTORY:

Installed by contractor: 694
Installed/ owned by the CoV/ BIA: 949
Other: 46

MATERIALS:

Various metal, wood, concrete or a combination
Some located in transit shelters, some located fs¢@nding on the street. Some are designeddered in
LI NOYSNBKALI gAGK | . L!E YR GKSNB AayQd 2yS aAy3Idz |

15 Figures 12, 13, 14: Amy Liebenberg
Figure 15: Image by City of Vancouver
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AUTOMATED PUBLIC TOILETS

Figure 16: Large APT
Figure 17: Small ART

Inventory:
10 x APTssmall and large models, some accessibddf.cleaning, connected to electrical and plumbing

systems
Comfort stations x 2

MATERIALS:

Various metal, wood, concrete, plastic, plumbing, electrical

16 City of Vancouver

14



WAYFINDING MAP STANDS

Figure 18: Large Map Stand
Figure 19: Narrow Map Stahd

INVENTORY:

Narrow Map Stand or Large Poster
Contract x BIA x 220

MATERIALS:

Metal and Plexiglas

17 City of Vancouver
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BIKE RACKS

16



Fgures20- 27: Bike Racks: City of Vancou®&r

INVENTORY:

Contractor owned and installed x 132
City owned and installed x 2243
Anotherx 12

MATERIALS:

Powder coated or galvanized steel

MANY OTHER ITEMS MAY BE CONSIDERED STREET FURNITURE TEUARRERE NEILUDED IN THE
/L¢,Q{ /hbe¢w!/¢d ¢19, Lb/[!59 ¢19 Ch[[h2LbDY

- Nontransit shelters - Bike storage lockers
- Planters - Water fountains

- Parklets - Bollards

- Gateways - Community kiosks

- Light pole mountedanners - Interpretive signs

- Placemaking items

8 Figures 20 25, Amy Liebenberg
Figures 26, 27: City of Vancouver

17



SUSTAINABILITY AND CLIMATE CHANGE

Sustainable development is a muticeted approach taelivering a built environment wherein economic,
social, and environmental concerns are considered. The City of Vancouver is carefully considering the
environmental implications of building new street furniture and looking to support and facilitate more
sustainable practices through strategies such as policy reform and incentivesy or renewed contract
may lead to the building of new streéirniture, and this might entail an overhaul of some or all assets,
which would require a significamumberof materials, such as concrete, steahd aluminum

{dzAGFAYlI06fS RS@OSt2LIYSyid A& | ONHzOALIE O2YLRYySyd 27

and can be manifested by building new infrastructure and buildings in a manner that mitigates
envirormental impact by reducing carbon pollutidBoth transportation and the construction industry are
two of the biggest contributors to carbon emissions, making each a priority when contemplating
infrastructural change.

In 2019, the City of Vancouver decldra climate emergency followed by Council approval of the Climate
Emergency Action plan Movember2021. This plan outlines actions to reduce carbon pollution by 50% by
2030, which is aligned with the United Nations Intergovernmental Panel on Climatge; lzascientific body
that urges leaders and policymakers to seek ways to limit global warming i€ h% 2030'°

According to the ClimatEmergency OG A2y LX I y> |t Y2 ad polutoncdngs framh y O2 dz@ S |

GSKAOES SYraaArzya | ypluto@diisiim edingiuidigsahdite@fdre OF Nb 2 y

considering sustainable transportation and building practices are crucial to the success of the Action Plan.

A big goal for the City is s®e fewer people driving cats reduce carbon emissions produced by vehicles.
Street furniture plays a large role in supporting and elevating both bus ridership and active transpgrtation
the assets involved include transit shelters, bike racks, and esneach of which form an integral part of

the experience. Thigport will explore some of the ways in which these assets contribute to the overall
userSELISNASYOSZ yR K2¢g G(KSaS O2yGNRodziaAzya AYLI O
transport.

The creation of new street furniture will utilize innovative materials that are now frequently employed in the
constructionof constructingbuildings, extending successful development strategies from large to small scale.
Sustainability and climatenange, therefore, are inextricably linked and will be explored together throughout
this report.

Vit yO02dz8SNE / Ale 2F0 &/ City of VancduvanipS: MEhSoyivOrica/gredrinhcauye/vantokivgrdemate
emergency.aspx.
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MITIGATION AND ADAPTATION

In this report, strategies and opportunities for climate resiliency and sustainability will be viewed as

2L NI dzy AGASE F2NI aYAGAILFGA2YE YR aFRFELIWIGAZYE D [ f
departments within the City need to consider how to reduce carbon output (mitigation) while also

considering strategies to improve urban life in the presaiaptation).

MITIGATION STRATEGIES

Mitigation aims to reduce and stabilize greenhouse gases in the atmosphere that traff Beaqdly
speaking, mitigation strategies are tryitggslow down the rate at which the environment is impacted by
changing the \ay we behave. Some such strategigsembracing renewable energy and retrofitting
buildings to operate more efficiently.

In regard tostreet furniture, mitigation strategies would involve reducing dependencies on vehicles by
increasing access to sustaimalransportation through public transit, and active transportation like walking

or biking. Mitigation strategies would also include the employment of greener construction practices such as
recycling, building lighter, and aiming for regro builds.

ADAPATION STRATEGIES

Adaptation refers to strategies that respond to the climate change effects already happening. These

responses can target specific solutions, such as cooling centres, as well as broader schemes, like public health
and emergency managemeplanning. Adaptation is necessary because climate change is unavoidable and

the damage to the environment thus far cannot be undone. Adaptation is therefore required in addition to
mitigation to deal with present day impacts.

The Vancouver Climate Adaptat Strategy explains that / 2 y i A y dz2 dza -riaightiNd/isiegsantid Yy R NB
for adaptation planning given the underpinning of uncertainty and extended timelines prevalent with many
Of AYFGS RNAGENE YR AYLI OGa¢ o

Adaptation is therefore an approach thaiust be nimble and flexible to allow for the unexpected weather
events that climate change brings. It can be challenging to prediadberrenceof a flooding event or a
heatwave, despite their suspected increase in frequency in the coming years. Aolaptvides an
opportunity for the City to examine how street furniture, an essential thread in public infrastructure, can be
woven into community resilience. Infrastructure that is built to create safety, comfort, and promote a
healthy urban environmenwill contribute to the resilience required to navigate challenges, now and into
the future.

D/ tAYFGES 1 KE y3S | RINASANASAZ 38 July ZaR2, kitpst/dliddteihds@ gowsblutions/adaptatidigation/.
2 Climate Change Adaption Strategyancouver https://vancouver.ca/files/cov/clima-changeadaptationstrategy.pdf.
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RESILIENCE AND EQUITY

The City of Vancouver defines resilienceta¥X G KS OF LI OAG& 2F AYRAGARdZ faz O2
businesses and systemvithin a city to survive, adapt qu thrive, no matter what kinds of chronic stresses
YR I 0dziS aK20®a (GKS& SELISNASYyOS®¢

A resilient community is also equitable and inclusive. It provides access to vital infrastructure and services,
enabling people to uport one another. Working collectively to manage risks, shocks, and stresses will
better equip the urban populous to adapt and recover from emergencies and difficulties.

Climate change in Vancouver will see the increased frequency and severity of cktatdd hazards,

particularly: extreme heat events, flooding, wildfires and wildfire smoke events, and ozone air pollution.
These events cause emergencies resulting in illness, injury and, for some, death. Anxiety, trauma, and other
mental health issues i also be a significant resut.

Understanding our future weather events will enable us to be more proactive in planning for them, especially
when it comes to the impact on public space and our options for its use. Climate cidniggpact if and

how people are able to interact with infrastructure in the public realm through extreme weather events,
especiallytransiNBf I § SR dzaS | a SEGNBYS 6SFHGKSNI t AYAGa LIS2LX .
utilizing both mitigation and adaptation stragees to guide our management of public spaces and

infrastructural assets like street furniture, cities like Vancouver will be able to see the impact of immediate

and longterm resilience in action.

The infographic below indicates the ways in which Vanepwill change in the next 60 yeathis

information is a crucial consideration when redesigning the public realm to adapt to extreme weather
events. Some of the adaptation strategies listed shaded areas, green roofs, and supports for vulnerable
peopleduring heat waves. These can be easily implemented in the urban environment and, in particular, in
street furniture design.

22 Climate Change Adaption Strategyancouver https://vancouver.calfiles/cov/climatehangeadaptationstrategy.pdf.

BIsrtiaKks 1t yO2dz8SNI / 21 aidlt t & &/ACES SmfyMapEsr) 28 AuR@28, F YR / fAYFGS / KIFy3aSoé
https://storymaps.arcgis.com/stories/7bf7141bb6fd41fh9b61a02cfbc6lecd.
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Vancouver and Climate Change

The climate determines almost everything about how we design, High-Carbon
build, and live in our cities, As the climate changes, the safety and . . .
prosperity of our cities is put at risk. Climate change is a CIlmate Change PrOjeCtlonS*

challenge that requires us to work together, locally, nationally, 1976-2005 2051-2080

and globally. With technical know-how, political will, targeted )
investments, and collective commitment, we can mitigate the Change Mean Low Mean High

severity of climate change and build resilience to its impacts. 3
Typical
A hottest 293°C 305°C 337°C 36.9 °C
Climate Change and Health summer day
High temperatures in urban centres can be hazardous, especially -
for the elderly, the chronically ill, and those without air Typical
conditioning. High and prolonged heat can also impact air 8 coldest -83°C 76 °C -21°C 26°C
quality, facilitate the spread of harmful diseases, inhibit outdoor winter day
activities, and cause stress and anxiety. We can adapt with
measures such as shaded areas, green roofs, and supports for Number of
those who need help during heat waves, +25 °Cdays 18 43 72 100
per year
Climate Change and Oceans
Sea level rise threatens to overtake low-lying areas, increase Numober of 5 - 35
coastal erosion, worsen storm surges, and pollute freshwater +30°C L !
days per year

resources. Ocean acidification caused by rising carbon dioxide |
levels threatens marine life. Reducing greenhouse gas emissions

—

can help Fo mitigate these impacts, but adapting to change will 6 Anm{af ) 1567 mm | 1294 mm  1695mm 2118 mm
be essential for coastal communities. precipitation ‘

Climate Change and Economics s

Climate change will affect all sectors of the economy, but diGual 10.6 °C 12.8°C 142°C 155 °C
especially resource industries such as fishing and forestry. temperature

Research makes clear that there are enormous benefits to early

investment in adaptation. Acting now will reduce economic risk Number of

and save on the rapidly increasing long-term damages and costs & below-zero 30 0 5 15
associated with climate change. days per year
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EQUITY

It isimpossible to talk about climate change and climate resilience without looking at each through the lens
2T SljdzA (@ ® Wekhadiy that the ooSt@Uindeab® aré at the greatest risk from climate change,
and that they have done the least to cause4®

LY HAHMI cMmMdp LIS2LXS RASR Ay |y SEGNBYS RPhetmosS ISy iz
vulnerable people to heatelated illnesses and death are those with chronic health conditions, those living

in poverty, and people who are datly isolated. This heat event was the deadliest weather event in British

/| 2t dzYo Al Qd KA&AG2NBEX YR GKNBS GAYSa GKS |yzdzyid 27F |
combined despite the entire region battling extreme temperatut€d/hat we can learn from this is that

emergency planning for climate change needs to happen on all levels. This report will further explore where
equity plays a role in this effort as it relates to public infrastructure in the street-aiatay and beyond

The opportunityfor street furniture in helping to combat the effects of heat and heglated incidents will

be described in subsequent sections.

In 2020, Vancouver Coastal Health (VCH) created heat maps to show vulnerability and sensitivity across the

I AGe 2F 1 yO2dz@SNXP ¢KS O02f 2dzNJ ANF RASYyd NBLINBASY(AY:
greater focus on protecting people in geographical areas that are most susceptible (the darkest colours

indicate the highest temperatures.) This t@dso shows layers of geographisahsitivity where age and

pre-existing health conditions play a factor in how susceptible someone is to a cliglated iliness, injury,

or death.

Figure 29: Heat Vulnerability in Vancouver

2541 R LJG UNiClirBage ©Eange Conference (COP26) at the SBEgow 20211 Nov. 2021, https://ukcop26.org/copafpals/adaptation/.

®55yaaz WSy {i(o &h§las S+ ANE ¥ § SINIhaiTdeEhe Tyde27Nung 2022y 3 S 0 £

https://thetyee.ca/News/2022/06/07/0neY earAfter-HeatDome/.

T58yAaas WSy {i(® aLY&ARS WdzySUa 5 JheRyedThelTek, 04 Mag 2020 | yR { dNBAGAY3I G(KS y$
https://thetyee.ca/News/2022/03/14/InsideJuneDeadlyHeatDome/.

Byt yO2dz8SNI / 21 adMapViesdr t GKY | SFHG al Lbé
https://vch.maps.arcgis.aon/apps/webappviewer/index.html?id=e720500da7b24fcd984ed48ac1d63bfa.
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Figure 30: Smokeulherability in Vancouver

Figure 31: Flooding vulnerability in Vancouver

Urban areas experience the Urban Heat Island (UHI) effect wherein the built environment contributes to
unnaturally elevated temperatures. This is duadtrk-coloured, impermeable surfaces such as roads and
roofs. Furthermore, a lack of tree cover and shade contributes to the UHI, most often affecting the?glderly
the disabled, those living in poverty, and those without homes.

In a memo to Counéflregarding heat preparedness in Vancouver, shand longterm actions for 2022
were identified and those that are most relevant to street furniture are:

1. Developing and implementing neighbourhebased solutions in priority areas to improve heasporse
infrastructure including indoor and outdoor cooling spaces (both civic anecivic) and access to water.
Spatial information, including but not limited to, temperature, heat vulnerability and demographics is being

¥ GAdl alKY22RX DNIOSy .221YeSN® al 2¢ (2 {JHeBBeTheMy®e, 209@yi2023, az2ad | G wial
https://thetyee.ca/Analysis/2022/07/20/Howl o-SavePeopleMost-At-RiskHeatWaves/

30 Council Meme Planning for Extreme Heat and Air Quality VVancouver https://vancouver.ca/files/cov/202D3-10-councitmemo-planningfor-
extremeheat.pdf.
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https://thetyee.ca/Analysis/2022/07/20/How-To-Save-People-Most-At-Risk-Heat-Waves/

used to identify priority areas.

7. Working with partners such as tiealth authority and Environment and Climate Change Canada (ECCC)
to ensure effective public communication of heat alerts and warnings.

10. Planting street trees in areas known to be heat islands, such as East Hastimp€§lunate Levy funding
approved by Council in the 2022 budget.

Proposed cooling spaces are an opportunity to employ street furniture such as misting and shade structures,
as described below. Trees, in particular, are a natural sipaodeucing elementhat have the potential to

alleviate the detriment of urban heat islands. Regarding effective public communications, emergency visual
messaging can be incorporated through wayfinding or through digital ad panels.

The memo also includes an appendix thaslesnumber of existing actions and further considerations that
are pertinent to street furniture:

Shade and Seating: (Engineering) Parklets created for shaded seating with many colleaated
spaces near social services as reflected in the DowntowncPEiihice Strategy (Plades People)
and the Urban Forest Strategy.

Water: (Arts, Culture an@ommunity Services and Engineering) collaborating to identify locations for
water assets through an equity framework. Water access created through temporakyndyi

fountains and handwashing stations.

Washrooms: (ACCBarks and Engineering) expanded temporary washrooms and water stations in

the Downtown Eastsidand portable toilets in various locations.
(Homelessness Services and Social Policy) Washrooer Praigram

Urban Heat Island

- =i < I =
i a=g %
n Y S
] A == Y
- 1 a=
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f1z

@) creenesT
=a CITY

CAIdNB nnY ! NBFy 1SHdG LatryR ak®2giy3d =zl yO2dz@SNDa

Ly srtdKksE 1 yO2dz8SNI / 21 aidlt t & 4/ACES SmfyMapEsr) 23 Aug.2022,F YR / fAYFGS / KIFy3aSoé
https://storymaps.arcgis.com/stories/7bf7141bb6fd41fb9b61a02cfbc6lecd.
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RELEVANT POLICIES, STRATEGIES: VANCOUVER

The City of Vancouver has issued a number of studies to explore the issues that climate change imposes on
the land andhe people of the City, and this section will look at some of the current policies, plans, and
strategies that relate to street furniture and public amenities as they exist in both mitigation and adaptation.

d 1

ACTION PCAN SUMMARY,

2020-2025

Climate Emergency Action Plan

‘ |‘1§ 1
"~ CLIMATE CHANGE “

ADAPTATION STRATEGY.
s PR e

Servor pY creenest
vancouver | @PERY

WARER 1.
WETTER -
WINTERS

MAOR
IMPACTS:

Vancouver is vulnerable to a wide variety of shocks and hazards, but our emergency f
can handle the vast majority of these situations by themselves. We must incorporate ri
reduction and resilience into the future design as the frequency of incigents and as
the growth of our city exposes more people to potential harm.

Carbon Capture: Vancouver captures carbon using its urban forest, which installed 15!
trees from 20162020, and by rebuilding natural shorelines.

How we Move: A majority of thpopulation should be able to get what they need within i
short walk or roll by 2030. Twihirds of all trips in Vancouver will include walking, biking,
or using the bus.

Affordable, safe, and dependable sustainable modes of transportation will be readily
available by the year 2030.

How we Build: By the year 2030:

- Zeroemissions structures will be available.

- More people will be educated and employed in learbon building and remodelling
projects

- 2007 levels of carbon pollution frobiildings for new buildings and construction project
to have 40% fewer embodied emissions than in 2018.

How we Construct and Renovate: A rise in the use of carbducing technologies such as
heat pumps, which may be reversed to cool a building in tmerser.

Highest and Lowest Temperature Spikes By 2050, we can expect hot days t€élsids
hotter and more common, while the intensity of rainfall events will increase lkgg33
percent. Maintaining and regenerating natural systems, reducing the efééctémate
change, protecting biodiversity, and developing an economy that benefits all people ar
crucial to our resilience in the face of future shocks.

Heatrelated iliness is likely to become more commes heat waves become more
common and last longer in Vancouvhligher summer temperatures may make some of
the existing building stock uncomfortable due to the lack of air conditioning; temperatu
will be amplified in urban areas due to the urban histdind effect; poor air quality days
due to groundlevel ozone2 and smoke.

Warm, wet winters can leatb flooding, resulting in damage to public and private buildin
andinfrastructure,an increase in the number of sewage backups

Rising sea levels can ledmore flooding along the coast and the Fraser River as a rest
of heavy rains, high tides, and storm surge in the winter. There will be effects on
infrastructure, housing, parks,dils, and habitat.

Vision:To ensure that Vancouver remains a livable and resilient city, maintaining its va
character and charm in the face of climate change.

Goalsimprove the resilience of constructed systems, ecological systems, and human
systems to climate change; Inparate a climate change adaptation lens into municipal
planning, strategies, and policies; increase city staff members' awareness, knowledge.
abilities, and resources to increase their ability for transformational change; increase
opportunities for collaboation and coordination by creating networks and partnerships.

Climate Robust Infrastructure: The infrastructure of today will have to adapt to a wide
range of conditions over its lifetime. In light of the ambiguity around the effects of clime
change,tiis prudent to create resilient infrastructure that can adapt to different future
states. It has been demonstrated by the Pacific Climate Impacts Consortium (PCIC) th
planning with future forecasts in mind outperforms using historical data in predifiinge
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Climate Change Adaptation
Strategy

Embodied Carbon Strategy

GREENEST CITY

2020 ACTION PLAN

n 2040

1 on October 31, 2012

Transportation Plan 2040

circumstances, even when uncertainty is present. With redundancy, variety, and asset
management thatonsidersemerging threats like climate change, the city is moving tow
holistic integrated infrastructure planning.

Visiond ¢ KA&a A& zlyO2dz@SNRa &GNy GS3e G2 O
construction by 2030. As part of this strategy, the City of Vancouver will use its policy ¢
regulation, public procurement, networks and influence to create a mmstaisable way of
building in the city.

Thecity can make significant changes to constructioactices building materials, and the
effects of these factors before, during, and after a structure's lifespan through coordine
action. Construction and iteaterials have an opportunity to drastically cut carbon
pollution while simultaneously improving health, equity, and waste consequences. Usi
norms and bespractices we may learn about the origins of materials and goods, their
composition, and the effes of production on ecosystems, communities, and workers.

Embodied Carbon Matters: Globally, construction accounts for 11% of annual carbon
emissions, with concrete production accounting for 8%. 63 If the concrete industry wer
country, it would behe third-largest emitter. These emissions are expected to grow in tl
coming decades as the global building stock doubles.

The city features what is likely North America's most environmentally friendly building
code. Vaoouver is rising to the challenge of green transportation by developing dense,
walkable communities that facilitate commuting, shopping, and leisure. Instead of putti
money into new highways, the city is now investing on pedestrian, bicycle, and public
transportation infrastructure.

The ecological footprint of the people of Vancouver is three times higher than the plan
can safely support. We consume significantly more than our fair share of Earth's resou
due to the choices we make every day in heeget around the city, what we buy and ea
and how we dispose of our trash.

Target: Reduce 2007 community greenhouse gas emissions by 33%.

A person's standard of living can be greatly improved by improving their access to pub
transportation optionsn a city. The way we get around affects not just the air we breatt
but also the quantity of land we need, our physical health and-betig, and the price of
gas.

d.& unnnz 6S Sy @A & AeHiglentltranépbriaton sfstein khat buppris
a thriving economy while increasing affordability; healthy citizens who are mobile in a ¢
accessible, and vibrant city; and a city that enhances its natural environment to ensure
healthy future forits i AT Sy & | yR GKS LI I ySiog

¢KS OAraleQa NBtS Ay GNIYy&aLRNIFGAZ2Y AyOf
sidewalks, and other citpwned publidnfrastructure.

New 2040 Target

total # of trips in

2008 2020 2040
40% o a

£ all trips
on foot, bike. or
sit

m Motor Vehicle m Transit m Walk m Bike

26



URBAN FOREST STRATEGY

2018 UPDATE

Urban Forest Strategy 2018 Updai

SUSTAINABILITY

The tree cover in Vancouver has decreased fronghly 18% to 6% in the last century. Th
existing urban forest will be safeguarded through this strategy's four pillars: planning,
regulation, education, and enforcement.

Due to uneven urban forest coverage, this plan prioritises tree planting in akeahé
Downtown Eastside anidlarpole. Planting trees is an efficient strategy for enhancing the
standard of green space in congested urban neighbourhoods and so enhancing the he
of the local population by decreasing summertime temperatures anpgdiution levels.
The Downtown Eastside, Marpole, False Creek Flats, and othenééghareas with little
urban forest cover should have more street trees planted.

More and more people are beginning to understand the importance of urban forests to
health and sustainability. They contribute to Vancouver's "green infrastructure," which
helps to prevent water from flowing into storm drains, remove pollutants from the air, c
the city during heat waves, provide habitat for birds and other speciesshade roadways
and buildings. These ecological services are crucial to city life, just like the water, sewi
and road networks. As the consequences of climate change become more severe, the
of the urban forest will grow in significance.

Vancouver'sirban forest helps achieve the Healthy City Strategy's tpreaged goal of
improved human health, environmental sustainability, and social equity.

EMBODIEQARBON

New buildings and infrastructure require the use of resources that have historically beecavieon
intensiveb a9 YO 2RASR OIFINb2yé O2yaARSNBR GKS G2GFrf OFNb2Y

from resource extraction to finished produch the following section it is important to note that much of the
information that exists regarding embodied carbon and sustainability refers to the construction industry and

not necessarily the building of street furniture, although the materials usedtin &re likely sourced from
GSYR2NRA & dz

AAYAE LN gSYyR2NA® ¢KS SEIFOG &2 dzNDS
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The studies cited in this report focus on the construction industry, as it is a significant contributor of C02
emissions, amounting t40% of global C02 emissions. Of that 40%, one third is attributable to embodied

carbon® Although municipal bodies have made strides in creating efficiencies, such as using better
insulation in buildings, sustainable design strategies, or LED lightsefagyeconservation, there has not

been an equivalent focus on embodied carbon until now.

The World Green Building Council has created an extensive report for C40 cities, the results of which
encourage the advancement of research towards a proactive appramembodied carbon and the goal of
net zero new builds, infrastructure, and renovations. Their studies also show what is necessary for new
buildings, infrastructure, and renovations to utilize 40% less embodied carbon by 2030 with a significant

focus onupfront carbon®?

211z 'yiK2ye® d9Y062RASR /I Nb 2 yGanadiSndArctitecy Bov.REMNI (A 2 v &

https://lwww.canadianarchitect.com/embodiedarbonkey-considerationsfor-key-materials/.

33 Bringing Embodied Carbon Upfrerworld Green Building Council

https://www.worldgbc.org/sites/default/files/WorldGBC_Bringing_Embodied_Carbon_Upfront.pdf.
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27



As seen in Figure 41, upfront carbon consists of the extraction of, raw materials, manufacturing,
transportation and construction. In addition to upfront carbon, both operational carbon (the carbon emitted
from the operation of the builasset,e.g.,maintenance and usend end of life carbon (the emissions

created in the demolition and recycling or disposal of the lag#et) contribute to embodied carbon.

Carban emissing o emigshons
End of Iife savings incurred due to reuse
carbon w
The carban emitted during or using waste as a
demplition ar decanstructian for anather

ard processing of matarials process
far reuse, recycling or final

Upfront
carbon

The amissions

Energy use

Use stage
embodied
carbon

with matarials and processes
required for the upkeap of the
bauilt asset

Operational
carbon

Figure 41Project lifecycle showing both the scope ofdleénition and need for whole life consideration

I YFE22NJ GF{1SFgle FTNRBY (GKS 22NI R DNBSYy .dzAf RAy3 [/ 2dz
carbon while working to create strategies to improve processes in the operational stage as well as the
deaonstruction/demolition, transport from site, waste processing and disposal phfasexisting built

assets. In this way, we can aim to achieve net zero embodied and net zero operational carbon. With current
builds already in operation, we have the abitityreduce upfront carbon immediately by understanding

materiality in construction and procurement while we work to improve the functionality of existing buildings.

It should be noted that the initial product stage is the largest contributor to embodigaboa
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As it applies to street furniture, if new assets are built from scratch, the most sustainable impact will arise
from sourcing sustainable materials and ensuring the design considers the deconstruction awfdifndf
the assets once they are nanger in use.

din one study, about 80% of embodied carbon from a new building is from the product stage, emitted before
materials and products leave the factory. This means it is critical to reduce the amount of new material used,

to use the lowestmpactY I G SNRA | £ a X ! LIWINBEAYIF GSfte wmm: 02YSa FTNRY
LINEOSaasSa tA1S SEOF@LFGA2YS YSIyAy3a ySINIeée odr: 2F S

En 803% benchmark contribution

E range of contribution

'g 75% across the sample set

©

Qo

o _

E—?} g 50%

8-

I o

o

c 259,

5 5

= 9.6%

(E; 0% |

- PRODUCT (A1 to A3) CONSTRUCTION USE (B2, B4) END OF LIFE (C1to
PROCESS (A4 & A5) C4)

Figure 6: Embodied carbon breakdown by lifecycle stage.%
35

Figure 42: Embodied carbon breakdown by lifecycle stage

Inorderto meethe IPCE Yy R / AtG& 2F +I yO2dz@SNI 9Y62RASR /I Nb2y {i
work toward sustainability across all sectors. Even though street furniture production is relatively small in
comparison with construction industry output, there idisdi significant opportunity to contribute to

embodied carbon reduction through this prograiithe scale of materials used in urban furniture is still

substantial and sustainability need not only apply to the biggest industries for there to be an impact.

Applying sustainability practices to a street furniture program is beneficial in a number of ways

- It reduces reliance ounsustainable processes and practices
- It will have a positive environmental impact n@and, in the future,
- ltapproachesi KS / AG&@ Q& adzadl Ayl idnetidte) and visble maained y | YS| y )
- It creates a precedent for other cities follow
- It also creates a precedent for other largentracts toreference when seeking successful examples
of programsfocussed orsustainability outcomes
- It can serve as a pilot program to experiment with sustainable materials and practices
- It encourages suppliers to source more sustainable manufactaretprocesses

34 Www.athenasmi.orghttp://www.athenasmi.org/wpcontent/uploads/2017/09/BC_MURB_carbon_benchmarking_final_report.pdf.

35 http://www.athenasmi.org/wp-content/uploads/2017/09/BC_MURB_carbon_benchmarking_final_report.pdf
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Carbon reduction potential

Build nothing

Explore alternatives

100%

Build less

Maximise use of existing assets

Build clever
Optimise material usage and design
with low carbon materials

CARBON REDUCTION POTENTIAL

Build efficiently
Use low carbon construction
technologies and eliminate waste

a2
[=]
~ o
e
o o
& o
Q\Ib \@"\

0
R

PROJECT DEVELOPMENT STAGES

Figure 4: Opportunities to reduce embodied carbon from stage of design process.
Source: HM Treasury: Infrastructure Carbon Review, 2013
36

Figure 43: Opportunities to reduce embodied carbon from stage of design process

LT 6S 6SNB (2 FLWIXe GKS OFNb2y NBRAZOGAZ2ZY LRIGSYGAl €
upcoming street furniture contract, the highestrbon reduction potential would be met by keeping all

existing furniture in place. The next best option to reduce carbon would be to repurpose the materials. If the

City was to build their own infrastructuie K S& 02 dz2f R R2 42 aAdAEIAYROGEFTHROD E
This means choosing construction processes and technologies that utilize lower carbon strategies.

/ dZNNBy it ez (KS fednsirécedby thév@rslar.df the CliNdhad$es thiNSntain this model of
furniture procurementthe best solution might be to require vendors to commit to an embodied carbon
reductionprogram. Asx part of this Citywendor agreement, an additional requirement would be to
demonstrate life cycle assessment planning.

36 Bringing Embodied Carbon Upfrerworld Green Buildg Council
https://www.worldgbc.org/sites/default/files/WorldGBC_Bringing_Embodied_Carbon_Upfront.pdf
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The Carbon Leadership Forum hasated toolkits for designers/ architeéfsand also for policymaket&to

further explore opportunities involving embodied carbon during the creation of new buildings and

AYFNI &iNUzOG dzNB = A y O £ dibese yods will bedwery h@lpfisr ICKy StaffidicoidsideSas A S & @
they move further along with building infrastructure.

MATERIALITY

¢CKS /I Nb2y [SFRSNAKALI C2NHzyQa NBaSINOK akKz2ga GKI G
construction, as well as building maintenance and rextion, represent a significantly larger source of

embodied carbon than other stagé8Their solutionsapplicable to street furnitureincludereusing existing
buildings and structures; designing lightweight, efficient structures; selecting catibong materials such

as bicbased materials like wood; using salvaged materials; and designing for disassembly to enable recycling
and/or repair. Another solution is selecting the most appropriate matebgisptimizing the concrete mix to

select a more sustaable option; sourcingesponsibly harvestediood; and identifying embodied carbon as

a priority

It is worth noting that durability of materials is extremely important in the public realm, and that in selecting
materials, the cost and impact of repiag materials must be weighed against buildingtfar duration of
0KS aiGNUzOG dzNBEQa dzaSo

LIFE CYCLE ASSESSMENT

Life Cycle Assessment, or LCA is a tool that can calculate embodied carbon by quantifying environmental
AYLI OGa I ONR A& | entidelHeBydkoO iiiis 2tdd) thatimeiixdsicdddB €rdssions in addition
to material, water, and energy use and allows us the opportunity to compare materials and processes using
consistent metricg? LCA is commonly referenced in the tools guibles listed below.

CEMENT, METALS, GLASS, AND WOOD

Cement, metals, glass, and wood are the main materials that make up street furniture in Vancouver. Two
YFEGSNALFta SELINB&aa Syaaarzya RSSYSR aKIFNR dwire ol GS¢
very high temperatures tproduce,and their manufacture directly releases carbon dioxide. These materials

are used in very high quantities in construction and cement manufacture is responsible for approximately 7%

of global carbon emissions and stegbB%. Building and construction makes up 50% of these percentages. By

7Y yRNB 6 DK AV S0 49 Yeo!2LRA SR/ | ND 2 yCarbch 2eadership Far@onlig! 203K A (1 SO a o
https://carbonleadershipforum.org/architectsolkit/.

B yRNBSOKAYSE® 6/ [ C 9Yo EittoSlRadershiNBouge Aug 20220hitps:tcarBohléadefskimforum.org/ckirbon
policy-toolkit/.

¥ yRNB s OKDUBSRIPYOF 2y L YLX Eariylibadefship Fodme Aud. 2, Kttgsé//carbonleadershipforum.org/guidanee
on-implementingbuy-clean/.

0 yRNB 6 PKA ¥YSEMD 2y | WE R 620 (CarBoyi Lepdenstiip FSHA Bl 2022, hitps://carbonleadershipforum.org/tootgit
strategies/.

Ay yRNB 6 OKNYSCE 49 Yo0!2LRA SR/ | ND 2 yCarbch 2eadership FaT@omMug! 023K A G SO & o ¢
https://carbonleadershipforum.org/architectsolkit/.

42 Bringing Embodied @aon Upfront- World Green Building Council
https://www.worldgbc.org/sites/default/files/WorldGBC_Bringing_Embodied_Carbon_Upfront.pdf.
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2050, concrete consumption is projected to increase by 23% and steel b{? 30&se materials, therefore,
need to be more sustainably sourced for the creation of street furniturdterraative options should be
used.

Aluminum and glass also require high temperatures in their manufacture, with much of this energy supplied
by fossil fuel$* Some materialswood, bamboo, cork, and hempbsorb carbon from the atmosphere at
specific points in their lifecycle. Although deforestation is still a prevalent problem, sustainably harvested
timber works to sequester carbon and offsets upfront carbtn

The Architecture 2030 Carbon Smart Materials Palette is a tool that can be used to identify key attributes

GKFG O2yGNROdziS G2 | LI NLGAOdzZ F NI YIFGSNRFEf Qa SYO0O2RASH
and guidelines for reductions of thimpact, including information on lowarbon material alternatives.

CARBON IMPACTS OF CONCRETE

CHEMICA)
REACTION
co,
FOS5IL
5 Aer FUEL
1,400-2,000° C co.
INGREDIENTS: .
IMESTONE
Co.
o o,
ar
1. MINING RAW 2. CEMENT MANUFACTURING 3. MIXING 4.TRANSIT 5. USE 6. END OF
MATERIAL CONCRETE LIFE
END OF LIFE
Concrete can be ground up at the end of its useful
life to make aggregate for new concrete.
AIR CEMENT WATER AGGREGATE

COMPONENTS OF CONCRETE

©2019 2030 Inc.fArchitecture 2030. All Rights Reserved 47

Figure 44: Carbon Impacts of Concrete

Regarding concrete, the Materials Palette offers solutions such as: decreasing the amount of concrete used,
employing different mixes, using altetive kiln solutions, considering the mixing method, specifying
stronger aggregates, aratijustingin the design guideline®

43 Bringing Embodied Carbon Upfrerworld Green Building Council
https://www.worldgbc.org/sites/default/files/World5BC_Bringing_Embodied_Carbon_Upfront.pdf.

a4 Bringing Embodied Carbon Upfrerworld Green Building Council
https://lwww.worldgbc.org/sites/default/files/WorldGBC_Bringing_Embodied_Carbon_Upfront.pdf.

45 Bringing Embodied Carbon Upfrerworld Green Building Council
https://lwww.worldgbc.org/sites/default/files/WorldGBC_Bringing_Embodied_Carbon_Upfront.pdf.

By 0Ga2ya F2NJ wSRdAzOAY I 9 Y 6Cafich Siitart MatexaisPyletthttfis:/maedaitpaltie yrg/S NI A LA &
44| 2 y O NBbHrESmart Materials Paletthttps://materialspalette.org/concretel.
By | 2 y O NBLHESMart Materials Palettattps:/materialspalette.org/concrete/.
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CARBON IMPACTS OF WOOD PRODUCTS

Wood_revised-01

Many mills kiln-dry lumber using
the wood residues from the
milling process, This is
considered biogenic carbon.
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Figure 45: Carbon Impacts of Wood Products

The Materials Palette recommends that wobe sourced from climatsmartforests, reclaimedvood be
used, locally harvested and manufactured products be specified, all products be airathdediesign
prioritize longevity*°

494 2 2 2 Gaén Smart Materials Paletthttps://materialspalette.org/wood/.



m CARBON IMPACTS OF STEEL

BASIC OXYGEN FURNACE (BOF)
BOF INGREDIENTS: ELECTRIC ARC FURNACE (EAF)
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TYPICALLY 25% RECYCLED CONTENT TYPICALLY 97% RECYCLED CONTENT

71% OF GLOBAL STEEL PRODUCTION 29% OF GLOBAL STEEL PRODUCTION

©2018 2030 Inc./Architecture 2030. All Rights Reserved

Figure 46: Carbon Impacts of Steel

The Materials Paletteecommends that steel be sourced from electric arc furnaces, with recycled steel noted
as a preference. Another recommendation is to utilize higher grade steel and lighter members than rolled

shapes?

The Building Transparency tool is an extensive abdsbtool that can visually sort supptyrain specific
material data to plan and compare buildings and reduce embodied carbon emigsions.

This is another tool that the City will be able to utilize in addition to the Architecture 2030 Carbon Smart
Materials Palette to further investigate materials as plans develop for either building infrastructure or

working with vendors to source the most sustainable choices.

504 { i &&rboSmart Materials Palefthttps:/materialspalette.org/steel/.

51 Building Transparen¢9 June 2022, https://wwibuildingtransparency.org/.
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Find & Compare Materials

Initially, the Find and Compare Materials feature allows a user to search within nine materials categories:
Concrete, Steel, Wood, Glass, Aluminum, Insulation, Gypsum, Carpet and Ceiling Tiles. Within each material
category, a user can search by material specific performance characteristics, location, and custom items such
as manufacturer name, product description, etc. The tool will return all material EPDs that meet the user's
search criteria. The list can then be filtered and sorted by such criteria as manufacturer name, plant name,
product description, kgCO2e.

Search for 5000 psi ready mix concretes in a region
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Figure 47 and Figure 48: Buildifigansparencyool
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GLASS

Glass is used in transit shelteéesimprove sightlines, allow passengers to observe oncoming buses, and to
protect people from inclement weather while letting in natural light. Glass is an excellent material in this
regard, althouglglass production requires very higgmperatures and is therefore very carbamtensive.

583  Embodied energy/carbon of glass

Table 5.1 shows a comparison between the embodied energy and carbon values of glass and the two
mostly-used construction materials, concrete and steel.

Table 5.1 - Embodied energy and carbon values of glass, concrete, and steel (Hammond and Jones,

2006)
. Embodied Energy  Embodied Carbon
Material Mi/kg Mi/kg
Float Glass 15 0.232
Toughened glass 235 0.346
Reinforced concrete 1.39 0.057
Steel (Bar and Rod) 246 0.466

52

Figure 49: Table showing the embodied energy and carbon of glass in comparison to concrete and steel

The 2016 studySustainability of Glass Donstruction® notes that glass has a very high embodied energy
unityperY a4 Ay O2YLI NRaAz2y (2 O2yONBGSe® 'a aSSy Ay CAdc
than that of glass mostly due to the large volumes of concrete used in the construction indusrgtudy

also points out that recycling glass sheets, often used in construction as windows, is rarely done because the
energy to melt down and reproduce glass is similar to its initial creadtioaddition to this challenge, there

are complex considet@mns when recycling glass due to the coating with which sheet glass is usually treated,
rendering it impossible to recycle. Thus, there are few energy and carbon saving opportunities for recycling

sheet glass, unlike metals, glass bottles, plastic, apgmpa

Although glass sheets are not recyclable, a significant opportunity for waste glass to be reused is to be added
as an aggregate in concrete or asphalt mixtures.

52Sustainability of Glass in ConstructidResearchgate
https://lwww.researchgate.net/publication/307584942_Sustainability _of glass_in_construction.

53 Sustainability of Glass in ConstructidResearchgate
https://www.researchgate.net/publication/307584942_Sustainability_of glass_in_construction.
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Fig. 5.7 Use of glass aggregate in concrete Fig. 5.8 Surface of a road constructed using
glassphalt

Figure 50: Use gécycled glass in concrete and asphalt

GLASS VWLEXIGLASS

Plexiglass looks similar to glass, although its composition and wear are distinct. Whereas glass is a natural
material, Plexiglass is a type of acrylic glass made from ptedyimers.It is often used instead of glass as a
shatterresistant gtion that is lighter and cheaper. The choice between the two materials is a matter of
preference and desired results, as well as budgetary libei@ésss is used in transit shelters in Vancouver as
opposed to Plexiglass. One of the main issues withhaatgrial in the public realm is vandalism and glass is
particularly susceptible to this as it is relatively easy to damage compared to the steel structure of a transit
shelter.

Numerous news stories have outlined the struggles cities have had with theataént of transit shelters,
costing municipalities like Kelowna thousands of dollars in dantdge<algary, Lexan and Plexiglass were
tested as alternatives before the City returned to glass. The project reveale®ligwdglass discolours easily
and @n be burned or etched without much effoftln Calgary, where vandalism spiked during the
pandemic, pilot projects to deter defacement are unden®a@ther cities prefer glass for various reasons. In
Edmonton, the clarity and ability to clean glass dvkexiglas is valuedeven though the City is replacing

MaAO0KIStas YIiKed apd YSI-BoY Y| Bt MéwkBobal NeNgi 8 Mah #0220 8 + | Y RI f &
https://globalnews.ca/news/8666996/kelowrbus-sheltersvandalism/

Bg. dza { KStGSNI 2l yRIFIEA {NA1S RdA2NAyYy3I t | yEEWewOBJ/Radiodanadh, 26 Jan. 2023/ NB LI A NE R A\
https://www.cbc.ca/news/canada/calgary/calgatyansit-bussheltervandalism1.6318308

%2 KAGSET welyd a/Aale ¢Sada { NPy TN, @nvNEwRe June 20bths:/BafyanScNhewsded/cifestsS £ G SNI £ | y |
strongermaterialsto-deter-bus-sheltervandals1.1886459

57Keeping Edmonts Bus Shelters In Top Shape Is a Big Job for Repair i@tesu8edmontonjournal.com/news/locahews/keepingedmontons
bussheltersin-top-shapeis-a-big-job-for-repair-crews.
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https://globalnews.ca/news/8666996/kelowna-bus-shelters-vandalism/
https://www.cbc.ca/news/canada/calgary/calgary-transit-bus-shelter-vandalism-1.6318308
https://calgary.ctvnews.ca/city-tests-stronger-materials-to-deter-bus-shelter-vandals-1.1886459
https://calgary.ctvnews.ca/city-tests-stronger-materials-to-deter-bus-shelter-vandals-1.1886459

I3t aa SOSNER GKNBS RIeao hiddlel Qa RSOAaA2Yy (2 aidio]
and scratching® Similar reasons exist in Halifax, in addition to glass breaking sadely than Plexiglass.
Plexiglass is known to be easy to scratch, and has the propensity to become opaque when abraded, making it

less effective than glass in providing visibfftfzurther research could explore treatments or coatings to
prevent discolouration in Plexiglass and fragility in glass.

Bg . dza {KStGSNI £F yRIf A&Y / @BCheWCHORAdIO/CAnada, 5May2pl?, p / ./ bSpsa v

https://lwww.cbc.ca/news/canada/ottawa/busheltervandalismcoststhe-city-225k1.1226006.

Vg1 FTEATIE ¢NIyard {GFyRa o0SKEAYR D CECheSERERAGIEMBada, 1B W& 01Z, 1 Y RFf A &Y { LIN
https://lwww.cbc.ca/news/canada/novacotia/halifaxtransit-bus-sheltersglasspanelssmashedvandalism1.4022358.

0¢ . dza { RSShifpS/NiEnvhEps.org/article/busshelters.
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STREET FURNITURE APPROACHES

This section of the report features approactaaxl trendsin street furniture and amenitieapproachess
they relate to climate resilience, sustainability, and equity. The approaches are representative of both
mitigation and adaptation strategies. Many of these strategies overlap, as the solutions are intemmdted
holistic.

These approaches are presentaeslexamples and case studiesllustrate what ideas are being considered,
built, ideated, and prototyped for a variety of purposes and conditions. Furthermore, an examinatian of
external and climate imfiences that inspir¢ghesedesign interventions will be provided.

This report focuses primarily on transélated street furniture as much of the research available addresses
this particular asseds an effective option for how street furnituraight cantribute to climate resiliency and
sustainability. Additionally, transit shelters are featured in this report because they are complex structures
that require a multitude of very specific materials. Here, embodied carbon considerations will have the
largeg impact. This report also focuses on hemllated strategies as this is tlieadliest climateelated issue
that Vancouver is facing, and one where street furniture can make a significant impact.

CLIMATE RESPONSE AND ADAPTATITRANMSIT SHELTERS

InaH n v & O dkfdekating EffSdtsiof Bus Stop Shelters and Tree Shade on Public Transport
WARSNBKALES GKS AYLIOG 2F 020K KSId yR &aKIRS 2y I
on Austin, Texa%.

The author found although thatdership decreased with high temperatures in several cities, bus stops with
shelters had more ridership during these warm days, in addition to days with cold temperatures and heavy
precipitation, than the stops without shelter. The study also indicated shalters are more likely to be
installed in areas with higher household incomes. Tree canopy, which the study points out as an effective
heat management strategy near bus stops, is inequitably distributed.

The study showed that warm temperatures corteldito a significant decrease in transit use, while the
difference between warm and hot temperatures was a very insignificant decrease. When examining this
discrepancythe author found that for populations who are dependent on transit as their only trartapon
option, having trees or shelters will not influence ridership volume. It is those who have access to vehicles
that can be swayed by a more enjoyable transit experiedce. NJ-d¢pridént individuals have no choice

but to use bus stops, regardlesfswhether shelters or nearby trees are present to provide respite from

I ROSNAS KSIFdG O2yRAGAZ2YAEDE

If this is the case, then ridership numbers cannot be the sole indicator of whether or not a stop needs
shelter. What this study shows is that people whe @ansitreliant are going to use transit stops in all
weather. To apply an equity lernsgity can determine where there is a distinct ladflcover, anddletermine
how to create an equitable distribution of shade and cover to protect all riders.

6lcp;, LanzaKDuy R -2 BNt Ay 3 9FFSOGE 2F .dza { (2L { KSt (I&didmtionaldurnal 68 S { KI RS 2
Environmental Research and Public Hedlts. National Library of Medicine, https://pubmed.ncbi.nim.nih.gov/33435530/.
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Regarding Pacific Northwest climates, the author emphasizes that extreme heat is now becoming more
prevalent,and infrastructure needs to adapt. Even in milder years, these regions should prepare for extreme
weather events to help save lives. Trees anddhedters are both solutions to issues caused by extreme

heat, though each has pros and cdhs.

One solution that is being explored in cities across the globe to increase climate resiliency and equity is the
increase of ridership across all demographiicorder to pursue thisesolution,the City needs to determine

how to make ridership more enticing. Improving and increasing amenities may be the most effective way to
accomplish thesoughtafter increase in ridership. The City plays a vital role in impgpthe waiting

experience for transit users, promoting intermodal connectivity, and facilitating improved transit reliability
through transit priority measures.

Transportation 204% , commits the City of Vancouver to the following:

Gt NB @A R Sondottablé walting Rread at all bus stops where sufficient sidewalk and boulevard
space exists. In locations where sidewalk space is too limited for a full shelter, pursue opportunities
G2 t20F0S FTYSYAGASE 2y LINAGFGS LINRBLISNI & o¢

The C40 Climateeadership Groprecommends that in streets, transit routes, and corridors, cities
implement the following:

Cool pavements (with higher solar reflectance) on bus routes and waiting areas to lower surface
temperature.

Greening of transit routes: e.g.,ags on tramlines to lower surface temperature, or street trees to
create shade.

Greening and shading of walking and cycling main access routes.

And specifically implementing the following at transit stations:
Shading & greening of transit stations (egreen walls, cool roofs).
Misting systems on waiting areas (however, being conscious about energy and water demands and
0KS FoAfAGE F2NI NARSNR (2 Y20S gl& FTNBY (UKS YA
Drinking water fountains.

®2Baruchma aA OKSt t S® a1l 26 /AGASE /Fy | St THe SebteTiSigte Seatle Viries GompahyRZB Wiy, FNRY 9 E
2021, https://www.seattletimes.com/seattkmews/transportation/howcancitieshelp-protect-transit-ridersfrom-extremeheat/.

341 yO2dzBSNE / AlGe 27T o Téatshrtaficn REIN[ITIy biAVangouydittps:lvantofiverfatsireets
transportation/transportationr2040.aspx.

64 Reducing Climate Change Impacts on Mass TrdnBiec. 2021, https://www.c40knowledgehualog/s/article/Reducineclimate-changeimpacts
on-masstransit?language=en_US.

40



SHADE

Downtown
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shady

Shade is a very effective way to reduce heat. Shade, whetheufacturedor natural, can significantly
reduce the temperature in comparison with surroundirrgas. Access to shade, globally and especially in the
built urban environment, is often an equity issue.

In some instances, removing shade is an example of hostile design. An example of this was in Pershing

Square in Los Angeles, where, in 1951, treeSweNB Y2 SR (2 LINBGSyi aRSGOAlI yia
accessing the area. Los Angeles struggles with shade on an exceptional scale, where the tree canopy cover is
about 10 percent, compared to 53 percent in the nearby Bel Air neighbourffood.

Lack of acceds shade might not always be the result of overt action like the example above; however, the
evidence of heatelated issues among marginalized and racialized demographics is undeniable. Even though
shade has historically been treated as such, it has riesen a luxury, but rather a necessity. Considering
extreme heat events, it is now a crucial part of our civic infrastructure.

85/ KSdzyas / KNR &G 2LKSNID @ Fhe VySeTzdyday203uné 2021 fniips: Litheep. dalNewis 202 1806/29/V anco@ledy
Inequality/.

66t 2 OKX { I Pades do{irial ApS 2049, https://placesjournal.org/article/shade-urban-designmandate!.
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SHADE: MANUFACTURED

2 KAES GNBS Oly2LASa INB +y SEOSttSyid o1& (2 ONBIGS

trees themselves and often sufficient healthy soil to support them is lacking. Electrical and water lines can
sometimes prevent trees from being planted as well. Trees need time to grow and thrive, making them good
solutions for the longerm rather than foimmediate climate adaptation. Street furniture that provides

shade, whether a transit shelter or a purpeseilt shade structure, can work to reduce heat until trees are
mature enough to provide shelter. In areas where trees are not feasible, such sesicg a particularly

good option.

The following section provides examplesydnufacturedshade structures. A challenge for many cities is
whether to create a single unified design across the urbanscape or to creatpsitéic interventions. A
single design creates visual unity and can be more-effsttive when creating large orders, altingh they
are less adaptable to a smaller site that might not be able to accommodate the desigsp&ittc
interventions can embody the identity of a neighbourhood and adapt more easily to a very spesfiout
can bemore challenging to design andaitain.

An example of the latter is a pilptoject in Los Angeles, as seen in Figure 53, that was created by a resident
with the help of a technical school. It is designed to provide shade with the goal of sheltering many people at
a transit island®’ This intervention will remain in place until the city can formalize a permanent solution and
demonstrates that there are some scenarios where adaptive measures can be implemented to meet urgent
needs. This approach is not always possible or ideal, adrséa®m bus shelter guidelines in a previous

section where safety and logistics are the primary concern. Tactical interventions are therefore not always
appropriate in the interest of public safety and lengthy engineering processes required for appreaahof
design.

Figure 53: Tacticahtervention created by a citizen and technical school for a transit island

67t 2 0K= { I Pades do{iriall ApS 2049, https://placesjournal.org/article/shade-urban-designmandate!.
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A quicker intervention, as shown in Figl is something as simple as an umbrella as seen in another
example from Los Angeles.2 Sy St@rRthirikiglg of shade as a kind of infrastructure and from every

Fy3atSe 2SS LXFyd GNBSa (2 LINPOARS aKlIRSo® 2SS &2dzZ R R

Los Angeles is a patrticularly hot city with very little shade and so taictiealentions such as these happen
when there is a dire need.

=) s | )

Figure 54: A tactical intervention showing an umbrella installed on a bench at a bus stop

A solution that exists somewhere in the middle has been implemented in the City of Tempe, Afizeya.

have a goal to shade every bus stop, whether by tree cover ormrade shelter® Their approach is a

singular design that is modular and includes solar power. This seems to be a good balance between the two
extremes- a singular design that might haork in certain spaces, and an umbrella.

%8 Flores, Jessiga 4! Ua ! yASSNI (2 { O2 QUbKALAGUbddAA HMOEti2018, K | YO NBE f | & 0
https://la.curbed.com/2019/10/24/20927608/umbrellaBus-stepslos-angelesshade.

89/ Ale 27 Teabslr SHEIEr DésigrdbFrojebttps://www.tempe.gov/government/engineeringnd-transportation/transportation/buslight-
rail-paratransitstreetcar/transitshelters.
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SHADE: TREES

Trees are an excellent source of shade. They also contribute to-statar management, filter the air,

provide shelter for biodiversity, buffer winds, and contribute to making pebplgpier through biophilid°
Conversely, they are expensive to grow and maintain and can be challenging to plant after a streetscape has
been designed with subterranegiumbing, electricaservices, and poured concrete.

Neat Streets Miami recognized tldenger of heatwaves for trangisers andglanted trees at 10 stops as a
pilot project’* They also included public art in the process and held a haiku cditest.

The trees have also

missed their bus look how they wave
their many sad arms

T ArielFrancisco

Trees are an ideal solution if they are feasible, although they require ldagarplanning, special
maintenance, and attention to unique pests and diseases. Ultimately, they demand careful
consideration before being installed in the contextaofy urban environment.

TREES IN VANCOUVER

Although trees are not considered street furniture, they are an important element to consider in the

planning of manufactured shade as a measure to combat clire#ted impacts by street furniturérees

are dten planted in the street rightf-way and contribute to heat mitigation strategies by creating a cool,
shaded environment. A pleasant streetscape makes street furniture, such as transit shelters, bike racks, and
benches, much more enticing to utilize. geen in (Gures 55 and 56 the tree canopy cools urban and
residential areas significanthnd areas with tree density are much cooler than those without.

+ yO02dz@SNRa ! NDlFy C2NB&ad {GNF dS3& LINBdIdedSubarS El Y LI S:
heat island, filter the air from vehicles on the road, and mitigate rainfall interception. These actions should

be considered alongside street furniture strategies to maximize effects of climate adaptation and create a
collaborative approah with street activities.

Strategy: Plant trees to support green infrastructure and reduce climate change impacts.

Action 16. Increase tree planting to create cool streets and parks where vulnerable populations are
at risk from urban heat.

Action 17. Iéntify tree species, varieties, cultivars, or geographic seed sources that are suited for

+ yO2dz@SNRAa FdzidzNBE Ot AYFGS®

g1 26 . A2LKAEAO 58443y TeraMajdl Aug 9022, HitmzMinh Zerrambi. canivblSgitidphiliesgn-makinghumans
happier/.

L Guidelines for the Placement Growing Green Bus Stops of Trees at [@tp$://www.miamidade.gov/parks/library/growingreenbusstops.pdf.

ttps://www.miamidade.gov/parks/library/growinggreenbusstops.pdf
72Growing Gren Bus StopsMiami-Dade Countyhttps://www.miamidade.gov/neatstreets/library/growingreenbusstopsbusstopshaikus.pdf.
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Action 18. Plant trees to strategically improve air quality, especially as buffers between residential
areas and truck routes or arterigireets.

Action 19. Increase canopy cover in conjunction with green infrastructure initiatives to improve
rainfall interception and infiltration.

One way to consider a holistic approach to shade by both trees and manufactured shade, is to consider a
shadeaudit. The Region of Waterloo conducted a shade audit to map natural and manufactured shade
within the City”® A helpful approach to ensuring equitable shade in Vancouver would be to conduct a shade
audit and determine where shade can be provided, eitnetrees or manufactured shade structures,

through street furniture.

STREET TREE DENSITY BY BLOCK street tree density in below-average blocks with low
canopy cover.

Street Trees per 100 m

Well below average (< 2 per 100 m)
RELATIVE SURFACE TEMPERATURE ON A SUMMER DAY
Below average (2-4 per 100 m)

Average (4-8 per 100 m)
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Figure 55: Street tree density by block in Vancouver
Figure 56: Reflective surface temperature on a summer day in Vantuver

TECHNOLOGIES

In additionthe higher level concepts tfeat and shade, both natural and manufactured, there are many
approaches to adaptation through technological interventions in street furnifinese approaches vary in
effectiveness and maintain their own challenges. Themmisne perfect solution for street furniture to

address climate change impacts, and these opportunities offer an interesting approach that cities are taking
to combat the worst impacts in their particular locations.

BawS3IAA2Yy 2F 2| (1 Rudios & Witedoiss:/MwizRelidndiwaterloo.ca/en/healtrand-
wellness/resources/DocumdésiShadeAudit_GuideTool.pdf.

74City of Vancouver Urban Forest Stratelgyps://vancouver.ca/files/cov/UrbaitorestStrategyDraft. pdf.
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MISTING
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Figure57: A transit shiger with misting capability in Phoenix, AZ

In Climates that are extremely hot, misters are an option for transit shelters, ideally in addition to shade. The
cooling properties of evaporating water are very effective. It is unclear as to whether traess who do

not want to be misted have shade to stand or sit beneath. This intervention is perhaps best suited where
multiple shade options exisilisting capabilities require connection to a water soucgagither plumbing or a
water reservoir and pump. Idities that experience drought, this would be a challenge.

This Phoenix shelter (Figus&) provided misting, ventilation, and shade, also included outreach to inform
citizens about cooling centres as part of their HeatReady progfam.

®garaldSR . da { KSt SN L yGityidf RhoeBiiitps/Amighdeitinavmsivsrookpublitrankiuse?.
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Figuress8 and59: Misting at a transit shelter in Chongging, China

In Chonggqing, Chinégigures 58 and 59isters that are designed to spray chilled vapour are installed in bus
shelters to cool off bus riders. The system is currently in apghiase at four busy downtown bus stops and
there are plans to expand the coverage to a total of 30 stops in the city center, operational in daylight hours

In Victoria, British Columbia, misters are installed onto fire hydrdRtgure 60yvhich create coling spots
without having to install additional plumbing or transport water in a téhk.

KL Y IRFEY® axAOG2NAI h LISYSAr LBMNI &l Ad2NBragtauvedfsldydER2gds, 26 Jaly 022, A 3 K
https://vancouverisland.ctvnews.ca/victorapens14-mistingstationsamid-hightemperaturewarnings1.6001725.
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Figure ®: A mistig station incorporateinto a fire hydrant in Viétdrié, BC

Hre hydrants can be adapted to supply water for water stations such as this exérguiee 61)n
Edmonton, AlbertaFire hydrants offer an excellent opportunity to create water access because they already
existinthe streetrighof-6 I @ 'y R FNB O2yySOGSR (G2 (GKS OAdGeQa LI dzv

=2 . e TS

Figure @: A fire hydrant that connects todiiking water station in Edmonton, AB )

Ta¢9 EGNBYS 2 8t (Bt Wedther Fegpansed Eity of Edmonton
https://www.edmonton.ca/programs_servicésmergency_preparedness/extrerageather.
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GREEN AND COOL ROOFS:

An effective way to lower urban temperatures is to remove dark, impermeable surfaces wherever possible.
An excellent opportunity exists on unutilized roof tops. There are two popular strategiesn and cool

roofs.

A green roof is either a permanent rooftop planting system or some sort of vegetative cover. In addition to
reducing the urban heat island effect, these roofs can support biodiversity, absorb pollutants and C02, and
increase stormweer retention.

Cool roofs are made of highly reflective materials and are very effective at cooling the interior of a building.
According to the authors @conomic comparison of white, green, and black flat roofs in the United States,
Energy and Buildirggcool roofs are three times more effective at cooling than green roofs and are often
more cost effective than green roofs. Cool roofs, however, do require more maintenance than green roofs
because frequent power washing must be employed to maintain ¢t&r seflectivity properties®

Green roofs in Rotterdam experiment with normalizing the idea through small scale projects and getting
temporary buy in before the idea becomes the noftiwhat the Rotterdam example exemplifies, is that
cities can look t@reening their street furniture shelter roofs to help the idea become more widely accepted
in larger building rooftops. This is an example of a mitigation as well as an adaptive strategy because it
provides the climactic benefits immediately and createnifarity of the process for future projects at a
larger scale. The maintenance needs of green roofs in Vancouver would be helpful to explore further,
although with extensive rainy seasons, this strategy could work well.

4 | ‘
Figures @, 63: Green roof installed on a transit shelter in Utrecht, The Nederlands

BLLINBdZAE S ! dzZiK2NBEWdzZE AL yS SG Ffd a902y2YAO / 2YLI MEATBMANR T 2 KAGSS DNBSysS
https://heatisland.lbl.gov/publications/economicomparisorwhite-greenand.

"What the City of Rotterdam Can Teach Us about the Power of Green Rgadd/nextcity.org/urbanistnews/whatthe-city-of-rotterdam-can
teachrus-aboutthe-power-of-greenroofs.

80 Sempergreenhttps://www.sempergreen.com/en/aboutis/news/greenbusstopsensue-a-future-proof-city.
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Figure64: Green roof installed on a transit shelter in Derby, UK.

Derby, UK is utilizing their bus shelter roofs to create spaces for native plantings that will attract bees and

other pollinators. The impetus is to create beautiful structures that also absorb rainwater and showcase
ANBSY &az2fdziAzyad 5SNbe Aad K2YS G2 GKS !'vyQa fIFNBSAQ
green roofs, solar panels power leamergy smartighting !

These examples are opportunities to consider for underutilised real estedasit shelter roofs. Considering
that Vancouver has a very rainy climate, green roofs might be an easier mitigation solution than solar power.

SOLAR

Power in trang shelters is needed to generate lighting, as well as supply energy to electrical ad panels and
digital bus schedules. Access to the power grid is a factor in determining where a transit shelter is placed. A
huge benefit of solar powered street furniture that it does not require electrical wiring connected to the

city grid. This means that furniture may be installed in places where electrical connection is a challenge. With
batteries and technology improving every year, even dark and rainy climatdsendfit from solar power.

Solar power is also very expensive upfront, and additional costs stem from battery banks and charge
controllers.®2 They also require regular maintenance and could become a large expense to maintain if
subjected to consistent valalism.

8ls SNpe / AGe [ 2dzy OAMINR SyRdnBOA fdzal A dkaSSRBeSHieRdyB S BHelierd Cdinthg t6 Selbprizy @ity Council
https://lwww.derby.gov.uk/news/2022/march/bedriendly-bus-sheltersfor-derby/.

22t I NJ tBEHRINPoWer Smarthttps://www.bchydro.com/powersmart/residential/buildingnd-renovating/switchto-solarenergy.html.
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Some cities are employing solar power in their transit shelters. Edmonton, for example, has had solar
powered transit stops since 20%£2.

The Telford sheltéfdepicted in Figur&5 will be powered by both wind and solar. The shelter will begoiid

and produce enough electricity to power both its lights and advertising panels. This pilot project aims to not
only produce cleaner energy, but also to do so to reduce the bus farespri@n effort to encourage bus
ridership. With solar being an expensive upfront cost and susceptible to vandalism, it would be worth
exploring the methods employed by cities like Edmonton.

Figure65: A wind and solapowered transit shelter in Telfdy UK

SMART TECH

Smart tech is becoming more abundant in the public realm. The promise of smart tech in public spaces is that
reaHime data capture could assist with planning or maintenance efforts such as a sensor that indicates when
a garbage can fsll, or to count how much an item of furniture is used, whether it is damaged, or to adjust
lighting. Smart tech can even be integrated into street furniture to provide services such as WIFI, emergency
buttons, wayfinding, or charging stations. In theea$ a transit shelter, smart tech expands the idea of a

transit shelter as merely a place to wait for the bus, and it becomes a-osdtfunction. As space becomes

more of a commaodity with population growth and increased urbanization, there are waytsigdype of

approach to benefit those in the public realm.

BoRY2yl2y =z / AGeé& 2 Thange fordlihalittps dzhandeforSlitnadieSchiEtoyssolabusshelters.

844 ''YUa CANEBG 2AYyR FYyR {2f N tE?EBRNBREEN SHEL BERDS 2081SHitps 1/ aygdMaltadScam/kigtt-windS t T2 NR d ¢
and-solarpoweredbusshelterarrivesin-telford/.

51



Figure ®: The awarewinning e5|gn for the new City of Miami transit shelter

The City of Miami proposed to adopt a new bus shelter design and the chosen {Egigne 66 winner of

the reddot design award® will include solar power, redgime bus arrival information, passenger security
systems, and tempered glass frame with awning for protection against the elements. The City aims to install
300 shelters that would be different sizes deparg on available space. As of 2020, their original

solicitations received no bidders and industry leaders cited cost and lack of flexibility as the main
deterrents®®

There are also adverse effects where data collection and commodification can becasiwénand so cities
incorporating smart tech are advised to find a safe balance between providing cities with useful information
FYR LINPGOGSOUGXYy3I dzaASNEQ RIGH @

5203 WSRO Gt AYAYTFFNRY Il . dzad REdOSG Dési§rNGvarcE Riniidfadink Bus Sheliérs forA e CiyofiMiaki Beaht OK ® ¢
Aug. 2022, https://www.reddot.org/project/pininfarinabussheltersfor-the-city-of-miamibeach40374/.

g/ flaae aAl YA . SIFOK 5Sai3dy MumiTalsy15Sép 020, DSG b2 hLISNI G2NJ . ARa D¢
https://lwww.miamitodaynews.com/2020/09/15/classsniamibeachdesignerbus stopsget-no-operator-bids/.

Wdza G AY S | dzYLIKNE { SYA2NJ [ SOGdzNBENI Ay S5AIAGETE [/ dzf G dzN&sezndBdvertisingd & { Y I NI { i

¢ 2 2 ThK €onversatiorl Aug. 2022, https://theconversatiasom/smartstreet-furniture-in-australiaa-public-serviceor-surveillanceand
advertisingtool-157424.
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Figure67: Solar power on the CAPS shelter in Sydney, Australia

The Climate Adapted PeopBhelters (CAPS) project was a design competition that intended to create a
OGN yaAad akKStaGaSNI F20dzaairy3a 2y OtAYFGS FRFELGFGAZ2Y Rdz
stakeholders, and eight potential site options were identified for the pilogpam.

The winning team, MM Creative chose to place their shelter design at a bus stop in the city of Penrith, New

South Wales. The shelter site is located across the road from Nepean Hospital and is often used by elderly

YR RA &l o C@itutedid ustthStdhe direct sunlight and lack of shade led people to wait inside

GKS YSRAOIt OSY(GNB O0SKAYR (KS 0dza aKStGSNE 6KAOK KI
Al AR® G¢KAA 2Fi0SYy NB&adz GSR AY rétkdeto Makd thelbysIvhelt K S 6 dza ¢
arrivesb®®

The shelter also featured ventilation through a beautiful design, employing passive design techniques as well
as solar power to support the LED lighting. The insulated and expanded roof had significant dféerots,
demonstrating that the CAPS shelter was up to 4°C cooler than the older style bus shelter. Similarly, the older
style shelter had higher roof temperatures for most of the day, with peak temperatures of up to 15°C higher
than the CAPS shelter.

This design also incorporated smart sensor technology to capture climatét@aaart sensors are a part of
street furniture in several Australian cities to better assess what design adjustments are needed in service of
the public. This includes feedbaagarding temperatures, shade, moisture, lighting, and ventilation. Here,

the concept relies on sensors indicating when a shelter is too dark, thereafter adjusting lighting in real time.
If consistent data shows high temperatures, then the design of thdeskructure can be reconfigured to

better cast a shadow. If a green roof is installed, a moisture sensor could activate a watering system.

The CAPS project received feedback that users experienced heightened enjoyment of the visual aesthetics
and appreated the increased sun protection with the shade provided by an extended roof. Seniors
appreciated the mobility considerations with additional handles on the s&ats.

8t SYNARGK . dzad { K SMSRGIhtbs://8srod.éom.dukn@dish-résbuiicdsivsromewsstories/penrithbusshelterbeatsthe-heat.

89 ClimateAdapted People Shelters: Field Assessment
https://www.uts.edu.au/sites/default/files/article/downloads/CAP S%20final%20report%20220218.pdf.

% Climate Adapted People Shelters: Field Assessment
https://lwww.uts.edu.au/sites/default/files/article/downloadsC AP S%20final%20report%20220218.pdf.
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