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Executive Summary

Hforts by some cities to increase density and enhance-weimcle mobility(walking, cycling,
transit), in conjunction with energy efficiency improvements to building cottese contributed to
deaeased energy use ardductions in GHG emissioriBecentlysome citiehave madeambitious
claims that in just a fewlecades they can switch entirely to renevialenergy and almost eliminate
GHG emissiongn example is the 2050 target for 80% GHG reduction and 100% renauable
+ yO2dzOSND A SirStegp (RESNEhB repokk, ivé use Vancouver as a case study to test the
claims foreffectivecity-levelclimate and energy policy. We apply an eneeggpnomy model to assess
GKS tA1St& STFTFSOU 27 sintended RUDHSING, and@ioEeMNE afiditioral2 £ A OA
policiesto reach its targetsOur model includes evidendsased parametersofr estimatinghow
individuals and firmseact to policies intended to influendgeir buildingchoices as well as their
choice ofmobility modeand vehiclaype. The model has a spatial componéatassess the effect of
policies that affectirban form andransportaion infrastructure but it also simulates technology
energy choicebecause thdRC2050 targetrequiresa complde switch away frongasoine and diesel
in transportationand natural gas in buildingg/e find that unlessemior levels of governent
implement much higher emissiaharges omuch more stringentegulations on GH@&mitting
technologies and feis, Vancouver must phase policies thadecreasdhe use of natural gas in new
and existing buildings and the use of gasoline and diasadhicles. Given its jurisdictional authority as
a municipal government, this will be a challenge, less so with buildings, more so with vehicles, where
parking restrictiongor different types of vehiclemay be the best option. Our results, which have
consderable uncertainty, suggest a dominant use of electricity in buildings, with some use of
renewable natural gas. In transportation, our results suggest a mix of elaattibiofuel vehicles.
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1 Rationaé for this Report

Careful evaluation of proposed policies is important to enshey achieve teir
stated aimsThere has been a long history militical promises for climate action in Canada
and around the worldbut unfortunately manyof theimplementedpolicies have been
ineffective or misguided. It is difficult to evaluate the level of sincerity or expertise of the
politicians proposing these policidsoowever, it is possible testimatethe likely effectiveness
of their policychoices usingndependent scientifially basedanalytical methods This
evaluation is important both for public accountability and for developimge effective

policy.

Inrecent years, a growing number of municipal governments around thréovihave
claimed that they intend talramatically reduce greenhouse gas (GHG) emissions in cities. But
is this credible? Are the claims of city governments trechdvocates of urban cliate action
realistic, or simply more of the ineffectual hype tlaate sees all too often with the climate
challeng®&

To address this questioris study uses energgconomy analysis to examine climate
policy being developed in Vancouver, British Columibiig goals of this research are twofold:
first, to examinewhether+ | y O 2 dz@ S NI & iniGetivesyaresuffcient)® indeCtlecity
3 2 @ S NJy anitiolistaggets and, second, to suggest additiomainicipalpoliciesif
needed.

Vancouver has ambities climate targetsis Renewable City Strateg CS)launched
in 2015, aims tshift energy use in the city entirely to renewabkesd to dramatically lower
greenhouse gas emissio(tSity of Vancouver, 2015)heRCStrategy has two major targets:

91 Derive 100% of the energy used in Vancouver from renésvedurcesy 2050 and,
1 Reduce greenhouse gas emissions by at least 80% below 200 7b\e26E0

TheRCSocuses on reducing total energy ushile also increasing theseof
renewable energyCurrently just over 30% of the energy used in Vancoauares from
renewable sources, mainly hydpmwered electricityF N2 Y . @/ & (The rémaigingS NI I Yy R
70% is dominated by natural gas, which is used for space and water heating in buildings, and
gasoline and diesel, which are used for personal and frerghsportation

TheRCSloes not present specific policies théancouvemwill use to meet its targets,
butratherit2 dzi f Ay S&8 GLINAZ2NAGAS&E GKIFG gAff 3IdzA RS T dzi
that all new buildings be zero emissions by 2030,thatRCSloes not provide a detailed
policy to achieve this targeHowever, he Zero Emissions Building Plan was released in 2016
to suggespolicies needed to achieve this ggélity of Vancouver, 20).6
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This studyfollowsclosely the analysisthe Y a § SNDa GKSaia 2F 2y S
(Zuehlke, 2017)Ve focus here otuilding and transportatiomolicies related to the
Renewable City Strategy two different scales. First, we emphasthe individualbuilding
scale andanalysepolicies that can impact building shell efficiency, technology choice, and fuel
switching.Thenwe examine thenodescale andexamine the impacbn energy and emissions
of increasingmixeduse development in high density nodes and along major transit corridors.

2 Modelling Method

2.1 Energyeconomy Analysis

Energy-economy analysisnables oneo simulate the effect of policies designed to
lower greenhouse gas emissions and redineeuse of fossil fuels. Energgonomy analysis is
an important evaluative tool because it includes evidebesed assumptions about decision
making behaviouby the households and firms who make most decisions about enesigyg
technologies and buildgs. They make these decisidmssed on the cost, benefits,
convenience, and perceived riskezch option as well a®n their personal values and beliefs.
Such complexity necessitates a tool with an economic, technical, and social basis for
predicting howpeople will choose to acquire and use a variety of energy technologies in the
future and for evaluating how these choices may be impacted by government policy.

When analysing climate policy, it is essential to employ an analytical method that
considersgalicy interaction and does not simply add up the potential reductions achievable
through individuahctions andpolicies. Furthermore, it is important to understand how the
costs of reducing emissions vary across sectors and to make these cost diffengplegtie
the analysis. Thugnintegratedapproachshouldincludereduction costs, realorld
constraints on available policy options, and the interplay among proposed policies.

For our integrated analysis, we uS&MS, dybrid energyeconomy modelHybrid
models includecapital and operating costs specific technologigdut also incorporate
consumer preference® better represent human behaviouThe inclusion of specific
technology types in CIMS allows us to simulate policies that directly targieécific type of
energy using equipment, and allows for a realistic representation of ¢apital and operating
costs ofdifferent technologies may change over time. Incorporatiogsumer preferences
meansalsorepresenting intangible (nefinancial)costs such aperceptions ofiskand
inconveniencethat people consider when making decisiohastly, our approacexplicitly
accouns formarket heterogeneitypy acknowleding that different segments of théusiness
community and householdemsill regpond differently toindividualpolicies.

The CIMS model uses a variety of input dateluding the costs of fuelpopulation
growth, and economic growthrhesenputshave been estimatetbr B.C. and Canadia
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previous studies anddjusted throughcalibration with independentdatasources For this
study, weestimatedVancouverspecificA y LJdzia G2 NB Tt S @omaueka§e OA (& Qa F
trends at thenational and provincidkvels

2.2 Spatial Analysis

Spatid dimensions in the urban buinvironment carhave an impact on energy and
emissionsand many policies proposed by municipal governmémigacturban form and
land use Research into mixkuse, high density nodes neaapid transitlinessuggestshat
policy promotingthis form of development cameduce per-capita greenhouse gas emissions
some situationgMurphy, Boyd, & Jaccard, 2018)e developedite CIMS spatial extension to
simulatethis type of urbarfocusedclimate policyin our energyeconomy model

The spatial extension uses geographic information systems (GEprésent
proposed changes in langse andhe built-environment For example, itanrepresent how
increased mixedise development, or high density nodes around rapid transit can impact
transportationmode choices and total mobility, and therefore energpsemption and
emissionsThe CIMS spatial extension achieves filngtionality by linking changes in the
urban builtenvironment with the intangible costs in CIM®rexample, itis possible to
estimatechanges in the number of people walking or usiransit if a higkdensity mixeause
development is constructed around a SkyTraipid transitstation.

Thus, in this study &simulated policies of pedestridniendly, transit-oriented
RS@PSt2LISyd |tf2y3 I yO2 sudtSeNvdbamentialidvesiibré NI yaA G O2
people to be within walking distance of commercial areas, amenities, and transi{.where
warranted we simulated this type of development occurrimgconjunction withtransit
expansion, for examplayith the intendedextensionof the Millennium Line in a subway
under Broadway.

3 Scenario Development

A 2 4 oA -

Wecomparedt | y 02 dz8SNR& LINRP2SOGSR Sy snNBaQazaS | yR
Current PoliciegCurrentPdlwith policies developed from thRenewable City Strategy
priorities(VanRein2 KAt S A G A a ( KS RISlliciesashie@ 200%newadle K 9SS K
energy by 2050, there is no guarantee this will happenysalso developed a scenario in
whichwe exploreadditional policies to ensurthat Vancouvereachedts 100%target. We
label this theRenewable EnergylQORE scenario Furthermore, because policy contributions
from senior governments are uncertaiwg compared all three othesescenariosinder two
futures: (1)onein whichsenior governmentstayon their currentclimatepolicy path and (2)
one in which senior governmenisiplement stron@r climatepolides, which we refer to as
SenGo\Tablel).
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Tablel: Modelling scenarios used in this study

Senior Government Policies

Current Additional
Current Polic CurrentPol CurrentP¢BenGov)
Renewable City Strat VanRen VanRel{SenGov)
100% Renewak 100RE 100RESenGov)

Ourmodelingincludes similar, but not identicaéconomicsectors tothose
represented in previoumodellingby the City of Vancouver and othef3urresults show
lower emissions unde@urrentP2 £ A O& GKIFYy AYyR2 Yy DAcBrBd@ByDf aA T 6 S
Vancouver, 201%)ecause wenclude recent federal government climate polices (such as the
federalproposedminimum carbon price) iour Current Policy scenario. Furthermore, the
scope of thesectorswe assessloesnot include emissions in heavy industry, such as those on
the federallycontrolled Port of Metro Vancouver landshus our emissions trajectorieare
somewhatlower than those produced from any analysis that includes potitvities and
heavy industry.

3.1 Current PolicyCurrentP9l

This scenarighowsthe projected energy andmissions if Vancouveontinuesits
current policy path(i.e., without enacting newRC%olicieg. It does not represent the absence
of climate policy, but rather the absencemdlicy efforsadditionalto what Vancouveis
doing already. The building cedn this scenario is theurrentpolicy for all commercial and
residential buildingsprior to any changes contemplated in the RCS

For ransportation we includeonly the current policies to promote electric and zero
emissions vehicles. Similarly, trarservice levels and cycling routes are maintained with
population growth, but not substantially improved. Due to geographic constraints, Vancouver
cannot expand in physical size and therefore all grawtstructures and mobilityn all
scenarios, includg CurrentPqlis assumed toesult in increased density, with only modest
changes inand use patterns.

3.2 Renewable City StrategyanReh

This scenario includes many of the priorities in ti@&SRat have beerconverted into
policiesas ofJune 2016Fornewo dzA f RAY 34a> (KA a AyOf dzRSa =+ yO2 dzd¢
Plan which requires all new buildings to be zero emissions by .283Pever,for existing
buildingsVancouveias not specified how it will ensure thitesewill be retrofitted to zero
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emissionsand thereforethe policieswe includefor exising buildings in this scenario are the
same as those in th€urrentPokcenario

TheVanRerscenario includes plans ftnansportation network improvementsnixed
use pedestriaroriented developents along major transit routeand high density
developmentnodescentred around rapid transgtations.Road network changes, cycling
improvements and new transit infrastructure investments occur as described iRGiSse
+ |y O 2 dz@Bpaindion 204@larz | Y R ¢ Nlysadplai Over@live assume
investmentin infrastructure and buildingsccurs at rates similar to those observed in
Vancouver over the past two decadé&sr example, policy for land use change and greenways
can be seen ifrigurel, whichcomparesdesignated cycling and walking routesiancouver
in 2015with those projected fo2050under theVanRerscenario policiesAs one can see, in
2050 there are more lines indicating bike routes and muafrthe pink urban areas indicating
high walkabilityln casesvherefuture transportation projects are uncertaime simulated
projects that wefelt were representative of the tygand scale the Cityould proceedwith.
We simulated all transportation network and land use changes using the CIMS Spatial
Extension.

3.3 100% Renewable Ener(0ORE

This scenario includes all the policies in fenRerscenario, as well as additional
policieswe proposeto ensurethe fuel switchingnecessary tget close tahe goal of 100%
renewable energyThelOOREscenario does not include any additional energy efficiency
policiesbeyondthosealready in thevanRerscenario We have selecteddditional policies
that arepotentiallywA 0 KAy + | y O2 dza&BisN&xnecesdity Bedaibe Citii hag y
committed toits 100% renewable energy target withoagreement withseniorlevels of
governmentto intensify thestringency of their climate policies enactnew stringentclimate
policies2 NJ SELI YR | yO2dzdSNXQ& f S3l-rklevantpdlikiesNA G& (2 Sy
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For resiential buildings in this scenariaie assume thatossil fuelburninghot water
heaters and furnaces are not permitted under Vanco@awilding code after 2036r new
buildings as well a®r replacementequipmentin existing buildingsThus, # residential
heating installations must use electric powered heat pumps, solar hot water, eldutrimal
heat, or other zero emissions heating sources. Existing single family residential buildings are
required to use renewable natural gdRNG), whicls methane produced from biological
sourcesjn any new gadired furnaces installed after 203Thus, after 2030 iour 100RE
scenario there is policy moving both existing and new buildings to zero emissions heating
equipment

We further assume thatew o existing institutional, light industrial, and commercial
buildings cannot install new fossil fualrningheating, ventilation and air conditioningilYAQ
systems after 2030, although theancontinue to use natural gas for ng#VAC uses. For
example, ogeneration, cooking, and other processes may use natural gas; however,
businesses continuing taurn gas must demonstrate an increasing percentage of RNG
through to 2050at which timeall commercial gas usaustbe RNG

In transportation, ve focused oWancouver implemeimg polidesthat reducefossil
fuel use in vehicles. Specificallye assume that the City applies a polilgt slowly reduces
availableparking spaces fagasoline and diesel burninghicles ircity-owned parking lots, on
streets, aml in new multtunit buildings For100%gasolineanddiesel vehiclegestrictions on
available parking stalls begin in 2025 and by 2040 there atenyer anycity-controlled
parking spaces available. For hybrid vehicles, the parking space reductios beg035 and
by 2050 there are no citgontrolled spaces remaining. This reduction in spdoe&HG
polluting vehicleslowly increases the intangible cost of operating a gasoline or diesel vehicle
within Vancouver, while decreasing the intangible aafsbperating an electric or biofuel
vehicle.

The fuel use ofréight vehiclegsdifficult to regulate without senior government
support.We nonetheless assume th#te City requiesbusinesses operating within
Vancouver to demonstrate thexclusiveuse of renewably powered vehiclesqualify for a
business license after 2030. Available freight options include electric vehicles and hybrid
electric/biofuel powered light trucks, and renewable diesel powered heavy or light freight
trucks, and hydrogengwered heavy trucks/ancouver businesses cannot usgural gas
trucksin the cityafter 2030 in this scenario. Electric trucks using overhead wires are also an
option on major truck routes such as Clark Drive; however, these araclatled in the
technological options that we modeled
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3.4 Assumptions abouenior Governmer{enGov)

In thethree scenarios outlined aboveve assumethat provincial and/or federal
government poli,esremainstable For exampleweassumehe continuance oéxisting
federd emissions standards arldat the B.C. carbon tax is frozen at its current level of
$30/tonne until after 2020, whependingfederal minimum carbon pricing regulations require
it to increase to $40/tonne in 2021 and then $50/tonne in 2022. After 2@22carbon tax is
Fa&ddzYSR FNRTSY i bpnkiliz2yyS dzyRSNJ §KS &/ dzNNBy i

However, it is possible there will be strong new policy at the senior government level
and that this policy wilkomplementpolicy at the municipal kel. To assess this possibilitwe
rana version of all three scenarios in which senior governmignplement additional climate
L2t AOe (2 YSSG [/t yl RI Qdafor hatioNdh emisdioBsNIRGT &g i O2 Y YA (i
sustain thesairectionallyin the 2050 timé&ame. From the perspective of a municipal
government, such as that of Vancouver, it matters little if the key policies are implemented at
the provincial or federal level. That is why we use the generic s&mior government
(SenGov) for these nemunicipal policies.

We primarily simulat&SenGopolicyasa national or provinciatarbon taxthat rises
from $50/tonne in 202 to $200/tonne in 2030, where it remains constant until 208¢hile
senior government could implement a carbon price such asttiey, could instead choose to
achieve a similar result through various flexible regulationsey sectors of the economy
(Jaccard, Hein, & Vass, 2016ither way, the implications are the same for a municipal
government such as Vancouver.

3.5 Assumptions aboluRenewable Natural GERNG)

28 AAYdzZ FGS wbD & | ¥ dehewaddfliufeghgwedelfs + I y O2 dz@
future supplyis highlyuncertain.Currently, mosRNGcomes from landfills and industrial
composting facilitiesBut considerablé&NGcould be producedrom wood waste materials.
DAGSY . NAGAAK [/ 2fdzYoAl Q& f I N®Snanplal&Egppf A Yy Rdza ( NB
input material to produce RN@nd while it is currently quite costly to produce RNG from this
feedstock technological innovatiorouldchange this situation. Our base assumption
nonetheless is that large supplies of RNG will reoabailable to the Vancouver region at a
cost that is competitive with renewable electricity for building amsks

Thus, mn the 100REscenariothe cost ofRNGrises from 60% higher than natural gas in
2020 to about 100% higher by 2050, again making it difficult to compete with renewable
RSNA QPSR St SOGNROAGE @ ! & whslintt@dyod &lyrdeBey OSE wbDQa L.
applicationsfor cooking someindustrialprocesses, andpaceheating in buildings
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constructed prior to 2030. In th#anRerscenario, conventional natural gas could be used for
these purposes, so the use of RNi®ing more expensiveyas limitedin any case

Ourbasel & & dzY LJi A 2y a | lpaddipiice linit Ds@uiure @ndmindption to a
small amount compared tourrent natural gas consumption. This has major implications for
the economic viability of the gas delivery netwofls the number of users of the gas
distribution system invancouvedeclines more of thefixed costs of maintaining the system
will fall on each individual customer. Furthermore, engineering considerations, such as the
volume of gas required to keep the pipeline systemctioning properlycould becomen
issue A more cktailed analysis is needed to understand if or how the existing gas
infrastructure inVancouvercould be maintainedh a 100% renewables futur&or thisstudy,
we assumedhat the natural gas distribution systenould provide the needeBNG until at
least2050.This assumption may have to be revisited.

3.6 Assumptions aboudecentralized iergy

Very little of the energy used currently in Vancouver is generated lovdhile there
is some potential for increasing loddistributed)electricity generationgspecially with
rooftop photovoltaic (PVpanels our base assumptiondo not result in this source of
electricity flourishingo the extent that some people believe it coulthe main argument
against local generation is co&len with a major increas@ BC Hydro zereemission
generation over the nexthree decadesthe price of its electricity for Vancouv@residential,
commercial, institutional and light indussit customers (whether for buildings etectric
vehiclerecharging) is likely tcemain cheaper than most applications of rooftop ,Rgpecially
when comparing the substantial difference in value to customers of dependable
(dispatchable) B.C. Hydgenerated eletricity with the intermittent (non-dispatchable) PV
generatedelectricity. However, an argument in favour of more local generation is the
intangible valughat some individualaind firmsplace on beingeltgenerators of zero
emission electricityThus, in the interpretation of our results, it is important to consider that
some of tte electricityused in Vancouver over the coming decaaelkelyto be generated
locally at individual homes armbmmercial buildings and facilitieBven theséocationswill
rely on connection to the B.CyHrogridto address the intermittency in suppbf solar power
and to provideadditional supply duringmes of peak demand.

District heating is alsan option that some advocates believe will increase significantly
in importance over the coming decades. Such systems improve energy efficiency, lgspgecia
heat is metered for each customer andhg central heaihg facility cogenerateteat and
electricity. However, district energy systems require major capital investmantithese
substantial costs are even higher where existing buildings anaksinircture must be
disrupted and retrofitted Furthermore sincelow-costnatural gas cannot be the source fuel
for district energyc when the goal is 100% renewablesuch systems must use electricity or
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RNGor solid biomasss the energy source.i¥&n aur presumed limits on bie@nergysupples

in Vancouverdistrict energy must therefore compete with decentralized, electridityen
heating sources with their lower capital cost, including resistance heating and heat pumps
efficient buildings It isfor these reasons thaevenwith changes to urbaform that create
more densitywe do not assume substantial increase in district heating in any of our three
scenarios.We dqg howeverenvision a gradual expansion of district energy at key highitens
nodes over the next decadesut®his technology in 2050 still represents a relatively small
percentage of the energy systems servimgst buildings in Vancouver.

4 Modelling Results

4.1 Emissions Trajectories

Figure 1 shows our results foregnhouse gas ensgons in Vancouvdp 2050
Emissionsise in the Current PolicC(rrentPdl scenaridpurple) when there is no additional
climate policy from senior governmewith the addition of that senior government effort
(SenGoy emissions fall, but not nearlyneugh to meet the goal of an 80% greenhouse gas
reduction by 2050The Renewable City StratedfafiRe policiegreen)yield a slight
decrease in total energy use, fossil fuel use, and greenhouse gas emiBsibagen with the
addition of senior govemment policies, the Citgtill does not meet its GHG reduction target.
Only in ourlOOREscenariablue)do emissions dropo almostY S S (i (i KaBgets This & Q a
drop is driven by a movetnearly 100% renewable enerdg.this case, given our
assumptions about forceful municipal policies, the assumed senior government policies do not
change the outcome.

TheVanRerscenario policies decrease emissions to near zero in new buildings, but
older buildings continue to producgibstantial emissionsn contrast, loth transportation
and building emissions fall to almost zero in t@REscenario.The few emaining emissions
in this scenariocome mainly from solid waste
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Figure2: Greenhouse gas emisss in the Current Polic€(rrentPdl, Renewable City Strate@yanRei,
and 100% Renewable Enef@@0REscenariodoth with additional senior government policy (SenGov) and
without.

4.2 Residential Building Efficiency

+| yO2dz@SNDa S NBlanhdudes &fficntyaimprodeinénts o yha
building code and, by 2030, a requirement for new buildings to be zero emisSioee. both
the VanRerand 100REscenarios include the Zero Emissions Building, ptey are associated
with a substantialncrease irzero emissions buildings. Figure 3 shows the market shares of
residential housing stock among different categories of building shell efficiency as policies
change this over timgllustratingthe shiftto more efficient building shells
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Market Shares of Residential Housing Stock

a) CurrentPol Scenario
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b) VanRen and 100RE Scenarios
120000

100000
BODDD
GO000

40000

Floorspace [1000m2)

20000

0
2015 2020 2025 2030 2035 2040 2045 2050

Figue 3: Market shares of residential stock undeiCGjrrentPolnd b)VanRerand 100REscenarios. Zero
emissions homes have the most efficient building shell and must also not use fossil fuels for heating.

4.3 Residential Building Energge by Type

Figure4 shows the evolution of energy use in residential buildimggur three
municipal government scenarios (without additional senior governmentatémolicy)
Natural gas dominates as the most common type of energy used for residential buildings
2015 and is responsible for almost all building greenhouse gas emissiodgrCurrentPqlit
continues todominate, with energy use ad greenhouse gasmissions risings population
and building floor space increase more rapidly thiae rate at whichbuilding energy
efficiencyimproves In the VanRerand 100REscenarios, building code changes make
buildings more energy efficient, bumportantly, thereare specificpolicies preventing new
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buildings from using fossil fuels for heatimigVanRerthese policies only apply to new
buildings whereas in theOOREscenario they even apply to existing buildirgshe time of
replacement oftheir space or water heating equipment.

Under theVanRerscenarigpolicies, natural gas use decreasedy slightly. This is
because a relatively large proportigaver half)of the existing, norzero-emissionsuilding
stock stillexistsin 2050. Electrcity use in buildings increasdsut because of improved
building shell efficiency, this is quite modelst.this scenarioyhile there are no renewable
requirements for existing buildingbuildingsconstructedafter 2030useneither conventional
naturalgasnor RNGor space or water heatingelectricitypecomes the dominant energy
source

Under the 100REscenariothe use of conventional gas falls to zero by the year 2050.
Overall energy consumption by residential buildings is much less in this scdnario more
efficient building constructiomelative tobuildings in theCurrentPokcenario Of the energy
still consumed in these buildingsost is electricity RNGalso provides @ortion ofthe
energy, especially between 2030 and 2040. After 2R alls slightlyas the more efficient
buildings built after 2030 use less enefgy heatingand are more likely to use electricity for
that purpose while many olderess efficient buildings are replaced or retrté.

The difference in the amount @bnventionalnatural gas between th¥anRerand the
100REscenarios is substantial. This illustrates thattove away from fossil fuel use in
residential buildings there needs to be strong policy to phase out the installation of natural
gas usingpace andvater heating equipment in existing buildings. While thigse ouis a
priority of the Renewable City Stratedlie policies that exist to date tms on new buildings,
leaving substantial fossil fuel ubg and greenhouse gas emissions from existingdmugjs.
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Figured: Residential building consumptiai electricity, natural gas, and renewable natural gas (RNG)
each scenariassuming no increase from tighteniegnior governmentlimate policy
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4.4 Residential BuildinigeatingTechnologies

TheCurrentPokcenario does not outline heating technologies that must be used while
the VanRerscenario policiesnsure thatafter 2030 alhewly constructed buildings are heated
with electric baseboard heaters, electric hgatmps, rooftop solar, or other zeremissions
heating equipmentThe 100REscenario extends this requirement to existing buildings when
space or water heating equipmerst being replacedr when a building is being renovated
The differences ipolicy among these three scenasigields a different mix of space (and
water) heating technologyrigure5 compares the space heating equipment in these three
scenarios in 2050.

Conventional baseboard electric hdgtrey)in standardpre-2030buildings(those
without high efficiency building shellsmains relatively constant amortge three £enarios
whereas the use of standard combustion furnafg®en)is lower in theVanRerscenario and
near zero in thelOOREscenario. In thedlOOREScenariq the remainingstandard combustion
furnaces in existing buildings arersumingRNG Theblue columnin the figurerepresents all
new buildings constructed after 2030 aadyexisting buildings that have be@onnected to
azeroemissions districenergy systemretrofitted to a passive house standamt fitted with
azeroemissions heatingechnology such as an electric he@ump.

Market Share of Space Heating Technology in 2050

0%
B0%
0%
0%
S0%
4056
30%
2059
1 0%

0% - =

CurrentFol Vanren 100RE

Conventional Baseboard Electric m Combustion furnaces m New,/Heatpump/Passive/Solar

Figure5: Market share of Batingtechnologiesinder current policyGurrentPg|, the Renewable City
Strategy policy\(anReh and 100% Renewable Ener@i@qRE policy in 2050
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4.5 Commercialinstitutional and Light Industrid@uilding Energy Use

GCommercial, institutional, and light industrial (warehouse and office space) energy
consumption in 2015 was evenly split between electricity and natural gas. This sector does not
include heavyndustriesor port activities whichcan have substantial electric loadsd
combustion demandrom industrial equipmentUnderCurrentPqglenergy use catinues to
grow to 2050with increasing floospace However, mproved building shell efficiency offsets
the growth in heating demand that would otherwise leapected whileelectridty demand
doesgrow somewhat,with increasing lighting and plug loads

Under VanRenbuildings are better insulated and require less energy for space
heating. Furthermore, new buildingse required tousezero emissiongnergystarting in
2030 When modelling policies for this s@o, we assumed new buildings could d&&Gor
non-HVAC uses, such as cookimgight industrial processes

Figure6 shows energy consumption by emdein the 100REScenario Better
insulated buildings and higher codts electricity and gasauseoverall energy use
decreasewith greater efficiency gaindhis is especially the case with energy use for HVAC.

25000

20000

15000

Energy Use (TI)

10000

5000

o]
2015 2020 2025 2030 2035 2040 2045 2050

W Heating, ventilation, air conditioning = Lighting

| rJ'II:'_-l"al'l ces and p ug—l:na-: B Water ﬁeet:r‘g
Figure6: 100REENergy consumption nduse for commercial, institutional, and light industrial buildings

Figure7 shows the evolution of natural gaRNGand electricity consumption in the
three scenariosln the CurrentPokcenario, the use of electricity and natural gas both increase
from 2015 to 2050, although the increase in elegty use is more substantial. In thanRen
scenario, natural gas use decreases, but a large portion of commercial, institutional, and small
industrial energy still comes from natural gassmall amount of RNG is used in commercial
buildings built after 2030 for neheating uses, such as in gas stoves, or industrial processes.

In the 100REscenario there is no natural gas use by 20&th electricity accounting
for most energy. After 203@omeRNG is used, albait amuch bwer quantitythan the
consumption ofconventionalnatural gas in 2015.

Pagg 16



Current Policy (CurrentPol)

25000

20000

15000

10000

Energy Use (T}

5000

2015 2020 2025 2030 2035 2040 2045 2050

W Electricity WRNG ™ Natural Gas

Renewable City Strategy (VanRen)
25000

20000

[y
w
]
(=]

:

Energy Use (TJ)

5000

2015 2020 2025 2030 2035 2040 2045 2050

M Electricity WRNG ™ Natural Gas

100% Renewable Energy (100RE)
25000

20000
15000

10000

Energy Use (T)

5000

0
2010 2015 2020 2025 2030 2035 2040 2045 2050

M Electricity WRNG ™ Natural Gas

Figure7: Commercialinstitutional, and light industriaduildingconsumptiorof electricity, natural gas, and
renewable natural gas (RN®&)r each scenario
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4.6 Mixeduse, High Density Building Patterns

VanRerand 100REpoliciesthat fostermixed-use, pedestrian friendly developnts in
high density nodes and along major transit corridors decrease the intangiblefoesiking
andusingtransit. This type of development occuirs conjunction withimproved transit
service(presented inSectiond.7). Figure8 showsthe VanRerscenariain whichwalking and
cycling increase from a 7% shdby kilometes travelled}o a 13% share, while transit
increases from a®% sharan 2015to a 41% sharen 2050 Whilethis type of developmentof
the built environmenthelpsaccommodatdravel demandrom a growing populatiomvithout
increasing the use of privateshicles, it does nag¢liminatefossil fuel use in transportation
Thisis why additional policiesuch aghose simulated in thd 0OOREscenarioare requiredfor
personal and freight trangptation.

9

i F L o | [e]

Travel by Maode (billion km/year)

[

1

0
2015 2020 2025 2030 2035 2040 2045 2050

® 5ingle occupancy vehicles ® High occupancy vehicles m Transit ®mWalking and cycling

Figure8: Transportation modshare changes from 2015 to 2050 for the Renewable City Strategy scenario

The maps ifrigure9 show he impactof thisdevelopment patterron the intangible
cost of valking In 2015, the intangible cost of walking is lowthe downtown area of
Vancouver and along a few major corridors, but high in notis¢r areas of the city. By 2050,
new mixed use development lowsthe intangible costs of walking many additionahreas
of the city. Overall this helps decrease the greenhouse gas emissions from transportation.
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Figure9: Waking intangible costs in 2015 and 20i60the VanRerand 100REscenariosHigher costs mean
fewer people are willingp use walking as a mode of transportatio/Nalk destinations include commercial
and employment areas, and institutional areas such as libraries and community centres.
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4.7 Transitand CyclingNetwork Improvements

TheVanRerand 100REscenarios include policidsr new transit servicand bike
routes. The transitservice expansion improvéise overall transit network quality, lowering
the intangible cost of using transit and increasing transit mode sHaeansit néwork quality
improvesin all areas of the cityeverdowntown, which already hafe highest transit service
quality in the cityexperiences substantial increase in transit quality, due to its position as a
regional transit hub. Other substantial aiges in transit quality occuong central Broagay
after the Millennium Line extensial Arbutus Streetn the mid 2020s anthen down
ArbutusStreetandalong41st Avenue with rapid transit installations occurring after 2040

The changes itransit network quality havea direct impact orthe intangibde cost of
transit. In 2015, tansit intangible costa/ere lowest near the SkyTrain and highest ie th
southwest corner of the cityUnderVanRerand 100REpolicy, by 2050transit intangible costs
decrease across the city, especially along the BroadwaydG the Arbutus Corridor (west
side of map), and 41Avenue (along the southern portion of the mag)d remain low around
rapid transit stationsThe changes in intangible costs can be sedfignrelOwhere red areas
represent high intangible costs, yellow areas represent lower costs, and blue areas represent
very low costs.

TheVanRerand 100RHransportation network improvements, alongitiv policies for
concentrating mixedise developmenélong transitroutes, increasdransit mode share
considerably ove€urrentPalUnderCurrentPqltransit mode share is anticipated to fall from
about 3%in 2015to just over 20% by 2050. Conversémthe VanRerand 100REscenari,
transit mode share is predicted to lmver 406 by 2050.

Similaly, the cycling network changes reduce the real or perceived risk of cycling,
which lowers the intangible costs this mode of mobilityFigurell). The areas of the lowest
intangible cost for cycling continue to be in the north of the city; however, policy does help
reduce the intangible cost of cycling in the southeraas of the city considerably. Overall,
along with urban form improvements, the mode shaof walking and cycling more than
double between 2015 and 2050 in tManRerand 100REScenarios.
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FigurelO: Transit intangible costs in théanRerand 100REscenarios in 2015 and 2050
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Figurell: Cycling intangible costs in tManRerand 100REscenarios in 2015 and 2050
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4.8 TransportatiorFuel Switching

The emissions from transportaticcan be especially difficult f?dfancouveto
influence without help from senidevels ofgovernment. Transportation policies that are
withinthech G @ Qa 2 dzNRA & RA Ol A 2ayfon BffasirGeilre Bx@absiaand 2oging i NI y & LJ2
that increaseslensitynear transitstations and along transit corridgre/hichcan result in
mode shiftingas noted abovehut does not change the fuels used in private vehicles. In the
VanRerscenario, thignfrastructureinvestmentand change in urbarmorm resultin
considerable shifts in transportation mode shaway from private vehiclegspecially in later
years of the pbcy. This mode shifting resulits decreased emissions; however, substantial
emissiongemainin the transportation sectofrom gasoline ad dieselvehicles

CIMS captures this dynamic by incorporating the intangible bessgiine individuals
attach togasoline and diesefehicles and therefore predicts their presence into the future, in
spite ofsubsidies for the acquisition @ero emissios vehiclesand the expandingnstallation
of electric vehicle recharging statiarfsurthermore, because CIMS simulates competition
among transportation modes, vehicle types, and vehiotdors, it alsoshows that many of
those who switch tavalking and cglingwill be swtching from alreadefficientvehicles

The difference between th€anRerscenario and thd 00REScenario showthe effect
of policieshindering ordirectly preventing the use of fossil fuel powered vehicles within
VancouverThese policies began restricting the use of-ciiytrolled parking spaces 2030
such that by2050 all citycontrolled spaces (ostreet and in cityowned lots)are onlyfor
zeroemissions vehiclegigurel?illustrates the shift in vehicle fuel use which occurs under
the 100REscenario plicy, where vehicles move to nearly 100% renewable fudis
consumption is split evenly between electric vehicles (blue)@ofiiel vehicles (green)
Conversely, ithe CurrentPolnd VanRerscenarioghe fuels used by vehicles in 20&fE still
dominated by diesel and gasolirteven with increasing road congestion, theerall demand
for freight transportation growslightly lecause othe increasing consumption of goods from
a growing population.
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Figurel2: Fuels used in personal and freight transportation inlifB@REscenario
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5 Conclusions
5.1 Summary of Findings afblicy Recommendations

+ |y O2 dz@vwénly.pbaulafibn is predicted toontributeto risingGHGemissionsn
the absence of policies such as those being implemented and proposed through the
Renewable City Strategiy fact even with the polices implemented to dathereis a long
way to go:our results showhe VanRerscenarigpolicies as thus far developedye
insufficient to meet the targets of the Renewable City Stratdfyreover, everif senior
governments simultaneously implement policies sufficiently strong®®i / I Y I Rl Q&
commitmentfor 203Q and continue their impetus in the decades after thdgncouver istill
unlikely to meetits 2050targetswith its currently proposed and enacted policies

In our 100% Renewable Energy scenario, we showever,a path ¢ albeitone that is
politically challengig ¢ whichenablesvVancouveto achieve the targett the Renewable City
Strategy.The main difference between th¢éanRerand 100REpoliciesisthe additional fuel
switching policies for both existing buildis and vehiclesnd as suchthis finding suggests
that policies specifically targeting fuel switching will be esserifighe City implements strong
fuel switching policies for existing buildin@d private vehicledike those already
implemented for new buildingstarting in 2030n the Zero Emissions Building plan, it is
possible to achieve emissions reducti@m a shift to renewable energy.

Many of the policies necessary to achieve 100% renewable energy are likely to
controversial However, with careful consideration it is possible to design these new policies in
a way that still provides flexibilitipr households and firmd-or example, instead of
prescribing and enfaing a specific actigrsuch agorcingall goartmentbuildings to connect
to a district energy system oequiring allsingle family homes tmstalla heatpump, the City
could focus on increasingly stringent regulatidhat phase out fossil fuel using technologies
without prescribing thespecifictype of technologyand fuelthat must replace them

Theremay belesspolitically challengingathways to 100% renewablésan the
policies we have outlined her@his is especially the ca$aenior levels of governmean be
convinced to apply coungrwide pricing and/or regulatory policies. In the absence of that,
Vancouver musbuild support foimplementingthe policies we haveuggestedoon or
acquire greatejurisdictional powesto enable it toexplore other policy optionsor it will fail
to meet its Renewable City Strategy targets.
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5.2 Uncertainties and Opportunities for Future Research

Like all energyeconomy models, CIMS has a large number of parameters which have
been estimated through other studies, expert opinion, and calibration tdwneald data.
Many of these parameters were initially estimated for national level analysis and have been
adjusted to an analysis of Vancouver based on calibration tespigific data. Future research
could further refine the Vancouvepecific estimatia of parameters, with a special focus on
areas where Vancouver may differ substantially from other parts of British Columbia and
Canada, such as in building design and vehicle preferences.

Furthermore there is uncertainty surrounding energy prices augbply. As discussed
substantial uncertainties exist around the potential supgiyg priceof RNG which can
significantlyimpactour estimates For exampleif the priceof electricity is higher than we
assume and the price of fostikls islower, stranger policies will be needeé&uture research
could explorethe sensitivity of our result® different assumptions about the price paths of
fossil fuels and renewables

In this study, wesstimatedseveral transportation parameters, suchths intangibke
costs of different transportation modes, by making the model spatially exptioitvever,
there is considerable uncertainty about these parameter values, so this is also an area that
would benefit from further research and sensitivity analysis. Notahbre is an opportunity
to better understand how urban form and transportation infrastru@uwan impact intangible
costs and thus how policies in these domaingact greenhouse gas emissfon

Lastly, decisions on the use of decentralized energy systameh as rooftofV, will
largely be made by individuals based orittown preferences and values. While we expect
somegrowth in decentralized energy in the coming decadles,extentis notgreat in our
scenarios, partly because of lesost options forenewable electricity generated in neurban
areas of B.C., partly because of the relatively low solar incidence of Vancouver, and partly
because of the trend toward higher density urban foly. 2050pnly about10 ¢ 15% of
Vancouver households will be single family homesBased on cost and thienited amount
of roof space, w predictthat electricity generated within Vancouvevill play a relatively
small rolein the total energy mixeven in a low emission renewable energy future.
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