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Executive Summary

This Roadmap provides strategic recommendations to maximize the affordability of the energy transition for
buildings toward netzero operating emissions by optimizing energy efficiency and maximizing resilience. More
specifically, it proposes:

a compellingand achievable vision for a resilient and decarbonized building stock in Canada from 2030
to 2050,

indicators of success and measurable outcomes of benefit to society and building owners,

illustrative case studies of buildings that align with the visiod #he indicators,

principles to inform public policy and key influencer organizations, and

a call to action for the engineering profession to lead the transformation and estallisimavation
ecosystem for the design and renewal of buildings.

The scpe of the guidance applies to the construction of new buildings and the renewal of existing buildings,
along with distributed energy infrastructure and demaside measures implemented by energy utilities. The
focus is on buildings and therefore alignstwitrovincial/territorial building and safety policy and demaside
management programs to influence the design and renewal of buildings and equipment within them.

In the introductory chapter, the scope of the Roadnmsgdefined, focused on buildings baktending well

beyond the historic responsibilities of building design engineers. The tangible outcomes identified include a
building stock that will be resilient through disasters and climate change, utilize new efficient ways of
heating/cooling angowerling infrastructure, achieve nekero emissions, minimize costs, maximize public
safety, optimize occupant health and comfort, incorporate circularity of materials use and integrate with
electrified transportation. The role of engineers is to bring techritsight into policy development processes,
collaboratively, from multiple fields of expertise, and engaging with experts from multipleengimeering fields
who may be trained to work from significantly different paradigms.

In the 2030 vision chapterktS L2 a A8 A0Af AGASa FT2NJ / | yI RI QarepfedantedNB | &
the present situation being contrasted against geographically similar regions at higher levels of decarbgnization
while noting large differences between different proges Clean electricity, biogenic carbon and carbdme

fuels were noted, along with energy efficienaystrict heating and coolingnd electrical generation at building

and community scale, as technological tools that engineers can apply to help Garesdbupts

decarbonization process in the short texmtil 2030

In thegoals andneasurable outcomeshapter,the current and potential future statesere presentedn a

number ofsub-categories such amdvanced buildings integrated with renewable enernd electrified

OGN YALRNIOFGA2Y S S@FfdzadoAfAGe 2F RSaAIy LiNBdsSddm | YR
real events, grid decarbonization, and clarification and rationalization of codes governing the built environment,
including transition to performancéased codesBuilding Codes and electrical codes need to work together to
enable technologies such as-eite generation and storage, backup poveerdintegration with electric vehicles

An urgent item is introduction of thermatorage (including thermal mass) in the building codes as it relates to
resilience parameters such as building time constants. The introduction of electric vehicles, with their energy
storage, energy flexibility services for smart grids and potentialiroemergency power generation in extreme
weather events need to be addressed in building and electrical codes.
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The case studies chaptsummarizegxamples of three novel and higierforming communityscale or building
projects inAlberta Ontarioand Quebec Drake Landing Solar CommuriityAlbertadelivers energy and
decarbonization performance similar betterti 2 G KIF & 2 F { 6 SRSy baed Rugel/ i sblar 06 dzA f
thermal seasonal storageachieving nearly 100% solar fraction for heatifigeWest 5sustainable communitin
London Ontaripwith energy efficient buildings and extensive use of photovoltaic solar panels and integrated
electric vehiclesgemonstrated that innovations imicrogridbusinessmodels and adaptations to code
limitations are necessary &fficientlyintegrate renewable energy into communities. The Varennes library in
Quebeg by exporting solar electricifyom a buildingintegrated photovoltaic systeno the grid,displaced more
primary energythrough photovoltaic geeration thanelectricity imported from the grid in an average year
thereby achieving net zero energy performance. Each of these case study projectccessed funding,
directly from federal sources and/or through federally funded academic collabosatvo federal agency
research program<xisting buildings case studies are under development for theRioatimap.

In the market uptake chapter, decarbonization certification programesoverviewed and recent progress
summarized ASHRAE has recentileased a major position paper on decarbonization, which is also reviewed
with key positions and recommendations highlighted.

In the principles chapter, a detailed description is given of five principles that can guide policy development to
achieve the ision of decarbonized Canada. These principles include integration of demand and supply side
resource planning; performance outcomes that foster competition and enable innovation; allocation of
jurisdictional and institutional responsibility; leveragingltding lifecycle investment triggers; and facilitation of
data-driven, outcomesbased policymaking.

The Canadian Academy of Engineering invites professional engineers across Canada to review these five
principles and identify connections with their own work. The work of decarbonizing Canada will require change
in every area oéngineering andavill promptexploration of connections between many areas of engineering

that had formerly been treated as disconnected. Whereas in the past, code compliance represented adequate
diligence as a design practice, engineers now need to understand the changing elithgi®jected future

climate dataand its impact on the construction sectaéts changing risk assessment and risk management
requirements, the pace at which resilient decarbonization needs to occur and how this rapid change
necessitates dynamic policy despment processes and anticipation of code evolution.

Theintegratedresource planning contemplated in Principle #1 will require engineers to bring a thorough

knowledge oboth demandside and supphkgide measurestd Y ONBS I & S 0 dzA f RehapladiyQ LIS NF 2 N
holistic public policyEngineers can review their own area of expertise and identify what Hooash and

detailed numbers they would need to know, to feed into a collaborative process of planning that considers not

only decarbonization but also pojigoals such as energy system reliability, safety, housing supply, public health
(indoor air quality), economic renewal, flexibility/adaptability and resilience.

Principle #2 further focuses attention onultiple performanceoutcomesthat can be used foevaluatingtrade-
offs whenconsideringconflicting priorities. Engineers can advance better solutions with mofgeofits when
they use their knowledge of performance metrics in multiple aspects of building design to design for
performance rather than filowing prescriptive requirements. Engineers can also choose to address the
fragmented responsibility for buildings by being involved with management of buildings, rather than limiting

Roadmap to Resilient Ultlaow EnergyBuildings with Deep Integration of Renewables3 | 90



their scope to design and construction at the new build and major ration stages. Involvement in the

operation of buildings will enable engineers to get access to building performance information that can inform
improvements in the design process. For example, some design strategies accepted under prescriptive codes will
become less effective as climate change continues; engineers who are guided by perfotraaadecodes and

aware of actual performance numbers can work with academe, equipment vendors and building operators to

find more suitable strategies. This innovatiecosystem approach will promote greater efficiency in climate
adaptation than with prescriptive codes, and regulatory authorities will have less difficulty harmonizing across
jurisdictional boundaries. To support competition, engineers can communicateuttiés to regulatory

authorities as performance shortfalls, rather than revealing specific strategies that may be proprietary to the
design firm involved.

Principle #3 focuses on an orderly transition to building codes and energy strategies of thewitlture
governments working together to allocate responsibility to jurisdictions and institutions that hawgr¢lagest
capacity andy avoidingfragmentation Engineers working in building design, but also engineers working in all
areas that are touched bie extended influence of the built environment, have a vested interest in this orderly
transition, working to serve clients over the coming years with a minimum of code confusion or unexpected
deficiencies. Engineers can offer their help in this traosiind can keep their eyes on the prize of a smooth
process toward a hopetbr future where codes will be harmonized between levels of government and across
jurisdictions, and responsibility is allocated to the highest practical levggbwérnance

Princple #4 supports an alignment of timing of building improvements adiesgxistingtriggers for

investment in buildings during their IHeycle, thereby achievingconomies of scale. Because of improved

labour efficiencies, applying this principle couédluce overall fees to building design engineers. However, it
would make updating buildings for decarbonization more financially feasible, and for this reason engineers are
asked to act on the principle.

Principle #5 takes up in greater detail the questidrthe collection, analysis, synthesis and use of building
performance data. Building design engineers are invited to take on the opportunities and burden of gathering
data that can support an improved orderly transition to a new building stock and esgsggm. Data can be

used to confirm code compliance, to prompt review of building efficiendyeaith andcomfort, or to highlight
proven market value of highgyerforming buildingsincluding providing energy flexibiliy their demando

smart grids ad optimizing integration of buildings and electric vehiclesurn, data can be used to inform

future building and electrical codes.

The fgurebelowsummarizes an example of how professional practice can evolve to support one of the goals
and measurableutcomes sought by this Roadmap. This can serve as a Roadmap for professional engineers,
along with the other professions supporting the buildings sector such as professional planners. The orange
boxes on the left depict individual actions that suppore toal in the blue box on the right. The middle, white
boxes represent opportunities for continuous improvement over time.
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Support resilient, ultralow energy design and operation

Learning loop

Urban planning: prioritize resilience, efficiency and
renewableenergy

Forecast: climate change and natural hazards >

Financial: integrated budget strategy (capital and O&M)>

Use measured performance data to inform design >

Codes: define ultimate goals and interim steps/tiers;
require modelling that incorporates forecast normal and
extreme conditions, informed by historic conditions

Education: Credentials for sutisciplines >

Electricity: smart grids for resilient and responsive
buildings, integrated deman@nd supplyside resource
planning for decarbonization

Community resilience planning: go beyond site scale to
model broader response to disruptions

Operation: Performance continuity strategy >

Share building
performance data

Share projections o
0dzA f RAYy 33
and interactions

f

{ KINB od
contribution to
community

resilience

Newbuildingsand
major retrofits
designed to
decarbonizeand be
resilientto climate
and seismic risks, b
using the full potential
of energy
conservation, energy
efficiency on-site
renewable
generation, purchase
eren' from zere
carbon fuels and
energy storage in
normal and disrupted
operationwiile
providing EV charging

capacity
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1. Introduction

This Roadmap providesrategicrecommendationgo maximize the affordability of the energy transition for
buildings toward netzero operating emissiornsy optimizingenergy efficiencyand maximizing resilienc#lore
specifically, it proposes

a compelling and achievable vision for a resilient and decarbonized building stock in Ganag@30
to 2050,

indicators of success and measurable outcomes of benefit to society and building owners,
illustrative case studies of buildings that aligntwihe vision and the indicators,

principles to inform public policy and key influencer organizations, and

a call to action for the engineering profession to lead the transformation and estallisimavation
ecosystenfor the design and renewal of buildings

The scope othe guidance applies to the construction of new buildings and the renewal of existing buildings,
along with distributed energy infrastructure and demaside measures implemented by energy utilitiBg.
extension, the scope is on operational carbon emissions from buildihgsauthors also note the emerging area
of embodied carbon in building materials and equipmeich is outside of the scope but necessary for
consideration The focus is on buildgsand therefore aligns with provincial/territorial building and safety policy
and demaneside management programs to influenttee design and renewal dfuildingsand equipment within
them.

Thecel dzi K2 NBEQ LISNRALISOGAGPSEA A ysihithdzBuidingakid®ehekgy tiffties (dRitha@di A OA Y
side managemengectors, academic researchers, a government policy practitioner, and the Canadian Academy
of Engineering (CAE nonprofit professional associatioandthe primary sponsor of thisvork.

TheCAERaims to inform a timely, standardized, reliable and affordable transition for the buildings sector for net
zero greenhouse gas emissions, while increasing resilience against the consequences of climate change and
other natural disasters, inetling acute impacts from severe weather events and earthquakesemuaring

effects of climate change such as floodingdfiresand extreme weather event§he challenge is to accelerate

and optimize the complex, mul§takeholder transition tmet zero carbon, resilient communities, while

maintaining public safety and reliability of energy supplies, along with emphasizing innovation, affordability, and
high quality of life Another challenge is tooordinateacross multiple levels of governmeand toharmonize

the work of dozens of institutions to support a common direction that maximizes the interests of Canadians.

Potentialoutcomesof thisRoadmap and theroposedtransitionfor the buildings sectocould include

Enhance energy efficiency, load nagement and interaction with smart energy networks;
Achieve netzero emissions from buildings in advance of 2050;

Minimize the cost to building owners, occupants, taxpayers and ratepayers;

Enable opportunities to mitigate transportation emissipasad,

Installon-site clean energyand/or storageto increased dzA f RekiliérizéiaRenerggupply.

The intent is to inform related national strategy, policy, legislation/regulation and investment of government,
building and energy codes and standards, gunds for professional engineering oversight (often in concert
with other professions) of building design, construction, management and renewal, and energy and load
management in buildings, including distributed energy generation and storagelaatic véicle (E\)
chargindintegration.
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The intended audiences apgimarily the following

Governments;

Standards developmeraind verificationorganizations;
Agenciesielegated to implement legislation fawildings and,
Professional regulators arassociations

The guidance is intended fail Canadian jurisdictionsegardless othe economicfactors,demographics,
condition of buildings, construction activity and specific mandates of individual governmentsia kielsg
federal, provincial, territorial, Indigenous, regiofraunicipal.

From a social and economic standpoint, the guidance aims to:

Address equit considerations broadly (e.g., provide access to solutions across all buildings and alleviate
energy poverty risks via energy efficiency);

Mitigate risks for vulnerable buildings (e.g., failure due to natural hazards or economic obsolescence due
to substandard energy efficiency) and their users;

Avoid unintended consequences that compromise other values (e.g., energy supply reliability);

Advance reconciliation with Indigenous peoples;

Maximize regulatory efficiency and minimize unnecessary market inte@nby governments;
Optimizeroles for institutions and registered professiogtiiat implementlegislation;

Enhance opportunities for leadership and circular economy benefits that could accrue to resilient
construction, real estate and building operat®imdustries; and,

Maximize the value of engineering practice to support the visiod partner with governments and
institutions.

The concept of a Roadmap was established in 2014 sR#udic Northwest Economic Region (PNWER) Summit
[1]. The concept was elaborated at subsequent PNWER Sumrgidd #2], 2018[3] and 20224], along with a
PNWER sponsorship of research thit inform Phase 2 on embodied energy and emissions of buildings.

The Canadian Academy of Engineering became the primary sponsor of this work in 2019 that broadened it to a
national initiative,including 2019 Thought Leaders Forys] and Symposia ir2020[6] and2021[7] organized

08 /2yO02NRAI Q& [/ Sy iNB HabomsNid@pargsynSoraBird the BXMWERRayed { G dzR
Discussion in 2022 wealth ofevidence waslocumented in thegpeerreviewed publishegroceedings othe

2020 Symposiurf8] (Appendix H)

This Roadmap aims to align with and supgott y I R+ Q& Hnon 9 Y A[d]ank oghiprehéhsivdzO G A 2 V
Provincial policy documents such.as Q& / £ St y. / [AG an&®N6ValScoilaFEnvisonroental Goals
and Climate Change Reduction fct].

The Roadmamcorporated €edback froman advisory groupomprised ofepresentatives from industry,
governments, professional and standards development organizations and acagisggaAppendix A. It was
also informed by input at the Pacific Northwest Economic Region Sumdtlgaryn 2022[12]. The draft
Roadmap were shared with Canadian Academy of Engineering FahoWwsdigenou$iousing ancenergy
sectorleadershiporganizationdor comment in mig2023.
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2. A 2030 Vision for Canada

Chris Kenndy and Andreas Athienitis

The development of lovearbon, climateresilient built environments in Canada, can be envisioned by framing

the essential role of buildings and communities in the context of a broader energy transition. Climate change
adaptation and mitigation necessitate a transformation of Canadian energy syst@nmegenhouse gas emissions
NBflFGSR (2 SySNHe& dzaSR Ay odzZAf RAy3a | O@32)defréaSrg toF 2 NJ y
about 130 Mtwhen¥ A aa A2y a NBf I G S R -site 2lecigizigeneratigrtase ihcluigdSThexefis 2 T F

a need to change the design of buildinigsd usefransportation systems and industry with an emphasis on
eliminating fossil fuks, increasing energy efficiency and bolstering resiliérfear. the design of new buildings,

and retrofit of old, this means rigorously adding these attributessilient, carboaneutraland ultra low energy

¢ to existing building requirements, such as safety, thermal comfort, health and adequate indooadiy.

CNI YaF2NXYIFGA2Y 2F /Yyl RIFIQa SySNHe adzJJ e aeadasSy oAt
combustion by increasing the use of clean electricity, biogenic carbon and ehe®fuels (Figure 1). There are

two distinct strategies fodecarbonization. Electricity generated fraenewable orcarbonfree sources will

increasingly be used through the electrification of buildings, transportation and industry, especially where

power requirements are low to medium intensity. The other stgt entails the use of biogenic carbon, such as
biomass or biofuels, or other carbdree fuels, such as hydrogen derived in a manner that is free of carbon

~225 GJ/cap.
I =
Electricity Fossil Fuels BC&CFF

? GJfcap.

P
|

- FUTURE

Electricity BC&CFF

r

emissions.

Figure 1 Conceptuatransformation2 ¥ / | ghhudlen®udse energy under deep dabonization (BC =
biogenic carbon; CFF = carbivee fuels)in GJ per capita per year

To meet its climate goals Canada must greatly reduce annual per capita energy consumption while replacing
conventional fossil fuels with electricity, and biogenic abca-¥ NS S FdzSt ad ! y2GKSNJ ONR G A
energy transformation will be substantial improvements in energy efficiency, leading to a reductionirsend

energy per capita. Gains in energy efficiency will be required due to costs and poss#itaiotsin increasing

the supply of carbofiree electricity and carboifree fuels, and limits to the availability of biogenic carbon.

Some energy savings will automatically be achieved through electrification, due to the higher efficiency of

I Resilience is defined as the capacity to withstand or recover quickly from a shock
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electric velicles and heat pumps, for example. Other improvements to energy efficiency will also be achieved
through better building design and building retrofits. Canada can expect to reduce Hssenehergy
consumption from current levels of approximately 225 @g/cby of the order 100 GJ/cap.

{GNF 0S3IASa F2NI /Yyl RIFQa SySNHe& aedadSYy (GNIyaFT2N¥YIFGAz
comparison of Canadian energy use to Norway and Sweden. These two Scandinavian nations have climates
similar to manyCanadian provinces but are on average more advanced in addressing climate change than most

of Canada. Sweden employs relatively equal proportions of energy from electricity (44 GJ/cap.), fossil fuels (43
GJ/cap.), and biofuels/waste & heat (46 GJ/cap)]enits total per capita endise energy (132 GJ/cap.) is 58% of
/'Yl RIQa O6CAIdZNE HOP 2KSNBlIA {sSRSYy Klha | y2ilofeée K
electricity use (78 GJ/cap.), while also having a lower per capita energy use (162 )GldaaCanada. There is

potential for Canada to follow both the electrification and biogenic / carbree fuels approaches in its energy

system transformation.

Differences between the electrification strategy and the biofuel strategy are particulaplgrant in the

buildings sector. In both Norway and Sweden, only about 5% of energy use in buildings comes from fossil fuels
(Figure 3). Canada currently uses about eleven times more fossil fuels per capita than Norway in lqualdéhgs
seventeen times me than Sweden, although there are significant differences among Canadian provinces. In
Norway, about 80% of the building energy supply comes from electricity, largely generated by hydropower.
Electricity is also the largest source of energy for Sweaidldings (25 GJ/cap.), but biofuetglidwaste and

heat supply over 40% of energy requiremeriften through districtheating systems Canada can draw upon

the success of these Scandinavian countries in decarbonizing its buildings, while alsodarialgidferent

pathways suited to the different regions suitable to the large size and diversity of Cabadd.use and

transport are also major factors in the different pathways.

Canada

Norway

Sweden

0 50 100 150 200 250
End-use Energy (Gl/capita)

Electricity Fossil Fuels Biofuels, Waste & Heat

Figure 2 Comparison of per capitatal end-use energy by source for Canada, Norway and Sweden in 2019.
(Energy data fronlEA[14]; population from theWorld BanK{15]).

The GHG emissions comparison for several countries, includingeB\aad Norway is given in Figure 4a, while
the comparison between provinces is given in Figure=ior area per capita is another important parameter
that needs to be considered as it relates to density of the urban form and land use.
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Canada

Norway

Sweden

0 10 20 30 40 50 60 70 80
End-use Energy (Gl/capita)

Electricity =~ m Fossil Fuels  m Biofuels, Waste & Heat
Figure3: Comparison of per capita building energy use by source for Canada, Norway and Sweden in 2019.

(Energy data frontEA[14]; population from the World Ban.5]). Includes energy use by residential,
commercial and institutional buildings.
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Figureda: TotalproductiontbasedGHGemissions per capita by country in 20[1%].
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Figure 4: Total productionbasedGHGemissions per capita by Province and TerritorCanadan 2020[17].
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GHG emissions vary significantly depending on the province's economic activities, in particular the oil and gas
sectors and the type of energy used. Figure 4b shows how Alberta and Saskatchewan produce almost six times
more GHG emissions per capita thaneQec and Ontario due to the large oil and gas industries and the
widespread use of fossil fuels for power generation and heating. The average carbon intensity of electricity in
Canada is just over 100 t CO2e/GWh. Through access to hydropower, nucleay odveznewables, many of

the provinces have lowarbon electricityg including the three most populated provinces. Only in Alberta,
Saskatchewan, Nova Scotia and New Brunswick are electricity grids highly dependent on fossil fuels, making
decarbonizatiorthrough electrification more challenging. There are plans for phasing oupovetred

electricity in Alberta, Nova Scotia and New Brunswick, but decarbonizing buildings through electrification in
provinces wilhecessitatesubstantial use of buildingr communityscale renewablenergygenerationfor
resiliencerequirements.

900
800 INDIA

AR CHINA

~
o
o
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o
o

SK

o
o

USA

t C02e/GWh

w b U1
o
(]

NB
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ON BC NL ac NORWAY
PE! ICELAND

MB
0% 10% 20% 30% 40% 50% 60%

Electricity in End-use Energy

Carbon Intensity of Electricity

[y
o
o O

Figure5: Progress of Canadian provinces towards caffien electrification Enduse energy is for all sectors.
(adapted from Ref18]).

Thesolutions needed to achieve decarbonization depend on the energy profile of the load being decarbonized,
the characteristics of the current energy supply system, and the local renewable energy resource availability. For
instance, provinces with a hydidominant power supply can greatly benefit from implementing energy

efficiency to free up large amounts of lexarbon electricity that can be used to decarbonize elsewhere. This
reduces the need for new lowarbon energy supply infrastructure, which often @éasra higher cost and

material consumption (embodied emissions) than implementing energy efficiency measures. For example,
distributed solar energy generation on buildings is ideal for providing the electricity needed for powering heat
pumps or electric Vaicles that will be increasingly at home with more teleworking. It is quite feasible for homes
and small institutional buildings such as the Varenneszeed energy Library adllectric building (see case

studies section) to power several EVs, thus hgjlacarbonize the transportation section in addition to the
building sector.

The Resilience Imperative

Generation and storage of renewable and zeswbon energy at the building and community scales will be
important in all provinces, due to the imperatit@ make our communities more resilient under climate change,
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with an increasing number of extreme weather events. One of the challenges in phasing out fossil fuels, under
decarbonization, is that a reduction in tliéversityof energy sources or carriensakes communities more
vulnerable to extreme events, such as forest fires or ice storms (Figara@poding,wind stormsand wind

driven rain This challenge may become particularly critical if provinces pursue strong electrification strategies
only usng gridscale electricity supply. A community with one hundred percent of itsueselenergy coming

from provincial electricity grids is highly vulnerable to shocks.

Figure6: Experiences from forest firg49] to ice-storms[20] have shown how vulnerable electricity grids can be

to extreme weather events. Building and community scale electricity generation and storage will be essential for
making comrmunities resilient to the shocks of extreme climate events.

The need for backup generation capacity remains a fundamental requirement for decarbonized energy supply
systems. There are three strategies that Canadian communities can employ to remaintresitiénate change
shocks and other emergencies such as earthquakes while phasing out the use of fossil fuels:

Buildingscale electricity generation & storage, EV integration and grid suppBst.combining building

integrated photovoltaics and batteryatage with advanced energy efficiency, buildings can be designed to
generate and store much of their electricity needs. In experiencing major disruptions to provincial power grids,
buildings can be designed to maintain basic essential systems usingdlagisygstems and energy storage

systems such as batteries (or connected EVSs). Energy storage is also important in optimizing energy flows with
building needs and smart grids, thus facilitating penetration and integration of intermittent renewable energy
resources (wind, solar). Increasingly, buildings will be active prosumers in the power system that can play the
role of local energy storage and production, adjusting their behavior to contribute positively to the operation of
the grid, and hence contributgisimultaneously to the resilience of the smart grid affordably and efficiently.

The EVs may function as backup power sources in the future.

Communityscale electricity generation & storagén higherdensity communities or regions with poor solar

access, buildings can be connected to commusdsle smart gridR21]. Buildings with larger rooftops, such as
schools and warehouses can be used as a source of community electricity generation and storage. Other local
scalepower sources such as wind, tidal, and biomass can also still be harnessed when provincial power grids are
impacted.

Biogenicmethane & carbonfree fuels.Other sources of carbefree energy, other than electricity, can be
designed and utilized in waysahprovide resilience tacuteshocksand chronic stresseg€xamples include the
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use of wood stoveandbiogenic methaneas a backup to heat pumps, and district energy systems powered by
biogenicmethaneand/or providing hydrogen storage.

The new lowcarba energy supply will include a mix of buildimgegrated renewable energy generation and

storage, and communitievel centralized generation and storage. The power can be supplied by either
intermittent renewable energy resources, such as solar, pluag®or stored dispatchable energy resources

such as biomass and waste. Electricity storage is crucial and must be able to provide electricity during periods of
low generation, such as a few days/weeks of low wind and solar energy availability, or dugrgeanies. The

supply of backup power can either be from stored energy resources (e.g. biomass, hydrogen, thermal storage) or
usingrenewablenatural gas/biogasbjomethane/biogashndhydrogenfrom the pipeline network. Such a

pipeline can bdransformed into a nezero carbon backup energy source if the fossil natural gas is replaced

with synthetic or biologically derived renewable methane, including hydrogen enrichqmentided that the

pipeline has sufficient durability.

For biogenic methamthe emissions at the point of combustion in a building need to be fully offset by
measurablejncremental,and verified reductions in greenhouse gases at the source of the biogenic materials.
CKA& NI}IAAaSa GKS ljdzSadAz2y g Scoide ®gmission redudtionBerdBe o¢ SYA a
environmental attributef biogenicnethaneare sold to buildinggwners, managers and tenantgho have no

physical control of those Scope 3 emissidasldings owners cancontrol Scope 1 emissiongihile the energy

utility providing purchased energy controls Scope 2 emisqitig.

Seasonal solar thermal energy storage such as at the Drake Landing Solar Corfseer@igse Studies section)
provides the opportunity to store solar energy when it is abundant in the summer for use in the winter (seasonal
energy storage) and a strong basis of thermal resilience.

Among the three options to increase the energy resilience of buildings, thereoigpartunity for a
combination that right sizesapacity of equipment with the cost and resilience of fuels. For example, battery
storageoperating criticaklectrical loads and system control with backup fuels providjpeice heating

The transport sectois among thdargest contributosto GHGemissionsn Canaddl3]. Within the great

challenge of mobility decarbonization, opportunities arise. The energy stored in battery and hydrogen fuel cells
vehicles, in addition to engy stored at future refuel stations, provides the opportunity to store large amounts

of renewable power that can serve as backup power to support the grid in case of emergencies, bhotdilso

the prospect ofassisingthe grid in times of need such as pmis of peak power demands and/or to store

excess power generation. Since the new4cavbon energy supply will require backup energgrly-stage

planning to integrate the new mobility infrastructure could lead to higher energy and resource use efficiencies
and/or lower overall costs. Ideally, the various solutions needed at different stages should be implemented in a
gradual, phased manner and apjpriately weighed in the decisiemaking process based on key performance
indices such as life cycle cost, emissions analysis, and supply chain criticality.

The other dimensions of resilienoé buildingsagainst climate change and other natural disastectude the
ability of the building envelope to withstand extreme weather eveants floodingfrom structural moisture
control and durability standpoirg, the capability of the ventilation system tmaintainindoor environmental
qualityto prevententry of, filter and removecontaminants such a@®erest fire smoke, groundevel ozone (i.e.,
smog) toxins, moldvirusesand others the maintenance of healthy indoor living environments, partidylar
regarding overheatingandfinally the strengthof the buidingto withstand forecast seismic eves)prevent
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collapse and preserve ldgafety. In some casdmlildingresilience includes aebling postdisaster operations
going beyond lifesafety and health

This Roadmagoes not address theesilience aspectsoveredin the previous paragraph, aridcuses only on
the resilience of energy suppliésr buildings, also a necessary componentiisfaster response and recovery.

Roadmap to Resilient Ultlaow EnergyBuildings with Deep Integration of Renewabledl6| 90



3. Goals and Measurabf@utcomes

Rosamund Hyde

A key Canadian climatshangerelated goal is to reduce buildirglated emissions to net zero by 2050. Many
interacting approaches involving energy efficiency, renewable energy and system integration will be required to
achieve the ultimate goals of ragiht, ultralow energy, nezero emissions buildings. Designers working on new
buildings and major retrofits will need to develop skills in modelling at site and city scales to understand how
each building during changing future conditions will interaghwvtihe systems around it and how the whole
community will perform in normal operating conditions and in disruptive events, for example, air pollution,
wildfires, earthquakes, hurricanes, flooding, heat waves, power outages, water shortages and pandemics,
SSLI NI GSte 2NIAY O2Yo0AylFL(iA2yd 5SAAITYSNEQ AYONBFaSR (
supported by new strategies for code development and enforcement at all levels and across jurisdictions, as well
Fa dziAf AGASAQ Y 2ed§itt Aligiment ®ill need ® Selrhpkiliedl etwken the skills of

community planning and buildindesign professionalsub-disciplinesncluding electricatlesign,and their roles

and responsibilities in the process of designiogmmissioningand operaing buildings.

The main transitions foreseen in meeting thesilient, ultralow energy het-zeroemissiongyoak for buildings

are summarizedh Tablel. These are presented in terms pfeliminaryLJS NF 2 NXY' I y OS ba S NR Oaé
determined by and reptiated by thousands of professional practitioners across Canada. They represent a means
of determining whether the building sector is moving in the right direction toward the vision presented in the
earlier chapter. The Metrics are scieAoased, not polittal, and should be widely accepted across Canada for
different building types and across the building sector stakeholders. As such, they are suitable for measurement
by building sector professional$he authors assert in chapter 5 that the collection atfadon these areas of
performance is a high priority for the shdgrm, possibly as a requirement bliilding andor electrical codes in
CanadaNot only will the Canadian building sector be able to verify its transition toward the vision, but the
metricscould also inform future government policy.

Building Codes and electrical codes need to work together to enable technologies suchigsgemeration and
storage, backup power, integration with electric vehiclés urgent item is introduction of therah storage
(including thermal mass) in the building codes as it relates to resilience parameters such as building time
constants. The introduction of electric vehicles, with their energy storage, energy flexibility services for smart
grids and potentialale in emergency power generation in emergencies need to be addressed in building and
electrical codes.

Tablel: Main transitions foreseen in meeting the resilient, uicav energy, netzero emissions goals for
buildings.

Transition To Metric

Net-Zero Emissions

Toward high
performance
efficientbuildings
with integrated
energy storage,

New buildings and major
retrofits designed to
decarbonize byisingthe full
potential ofenergy
conservationgnergy

Fraction of new buildings
and major retrofits usinghe
full potential of energy
efficiency, energy storage,
renewable energy and
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renewable energy
use and electric
vehicle charging

efficiency,on-site renewable
generation, purchased
energy from zerecarbon

providingadequateEV
charging capacity

environment
decarbonization
strategieq25]

capacity fuels andenergy storage in
normal operation while
providing EV charging
capacity[22][23]
Site and regional renewablel Average annual fraction of
energyis prioritized in urban | operating energy for
planningand early stage buildings in Canada under
design with respect to normal conditions supplied
building orientation, by site or regional renewabl
selection of envelope energy
strategies windows,
landscapingndon-site
renewables [24]
Smart buildings and Fraction of smart buildings
microgrids help stabilize and that are connected
decarbonize the gridnd interactivelyto smartgrids
reduce the need for new
central power plant$23]
Toward Utilities commit to specific | Fraction of grid energy
coordinated grid grid decarbonization pafs) | RSt A GSNBR (i 2
and built informed by projections of | consumers through utilities

changes id dzA £ Bridy 3
loadand interaction9]

with confirmed
decarbonization
commitment

IncreaseEnergyrelated Resilience

Toward buildings
designed for
predictable
resilience at site
and community
scale

Buildings designed to
provide safety and comfort
conditions during disruption
[26]

Fraction of new buildings
designed to be resilient
(initially to generate their
power and heat for a certain

period)

Building response to
disruptions designed using
modelling[27]

Fraction of new buildings
with predictable respose to
disruption

Community response
(including building response
to normal and disrupted
operationsis reliably
modelled using calibrated
integrated urban platfom
[28][131]

CN} QiAz2y 27F |/
population living in
communities with rekble
verified urban modelling

ChangeDesignProcess

Toward building
design and

Established subdisciplines

that are adequately trained,

Fraction of advertised
positions forcredentialled

2 Building codenly mandate efficiencygtandards not fuel choice, and electric codes focus on safety objectives only
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evaluation process
that supports
accountability and
continuous
improvement in
changing
environment

staffed,and certified
(building energy modelling,
energy manager,
airtightness, envelope,
comfort, climate risk
assessment

subdiscifinesfilled within
one month

Building performance
modeled (including changing
climate conditionsjo
optimizewhole-building
performanceas part ofthe
design procesf9]

Fraction of new buildings
designed using modelling
and simulation softwaras a
design too] accounting for
future climatic conditions

Building performance
tracked, made publi{30]
and used to calibratthe as
built modeland to verify and
optimize performance
leveraging Building
Information Modelling
capability where possible
[31]

Fraction of 3yearold
buildings withBIM-based
calibrated model

Technical ontinuity is
ensured betweerthe design,
construction,
commissioningand
operation phasesy
reducing professional silos
and improving warranty
approaches

Fraction of new buildings
with atechnicalcontinuity
strategy in place.

Integrated budget strategy
to ensure energy
conservation measures are
covered inthe capital budget

Fraction of new buildings
with integrated budget
strategyin place

EvolveBuilding Energy @lesand Electrical Codes

Towards building
and electricatode
strategies that
support near and
long-term goals

The dfinition adoptedfor
net-zeroenergyand netzero
energy readyuilding[32]

Level of acceptance of
definition by construction
and utility community

Futureoriented building
codes thatare performance
based and reference
absolute targetge.g.,net-
zero carbon)[33]

Fraction of newor renewed
floorspacefor whichthe
jurisdiction has signalled
intention to adopt the
ultimate goa) along with
stepping stones to reach the
goal via tiers

Occupancy approval based

on performancebased

Fraction of newand
renewedbuildings receiving
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building codes, proving
compliance by reliably
modellingperformance
underanticipated changing
conditions

performancebased code
approvalwith verification of
performance during a
commissioning perioiL32]

Allocate responsibility to
governmentsand
regulationsin a manner that
supportsoptimizedenergy
performance of buildingsn
both the demandand
supplysides[25]

Code policysreviewed and
updated throughout levels o
government and jurisdiction:
and a policy Roadmap is
established for each
provincial and territorial
jurisdiction
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4. Cas&udiesfrom Buildings and Communities

Andreas Athienitis and James Bambara

The three selecte€anadiarcase studies overviewed in this section have been well documented and contain
major innovations in project development, design and operation, to achieve close{en@energy or exceed

it at a building or community level. In addition, energy use and renewable energy production data are available.
The three projects are the following:

1. Drake Landing Solar Community (Alberta)
2. West 5 Netzero Community and Smart Grid Project (Londontario)
3. Varennes Library (Varennes, Quebec)

They demonstrate some of the technological possibilities in Canada towards decarbonization through
combinations of very high energy efficiency measures, seasonal solar energy storage and-imiéddnaged
renewable energy systems, at the time that these projects were built. They contain important lessons learned
on the evolution of lowcarbon buildings and communities in Canada and are useful for establishing different
pathways towards carboeneutral communitis. Although the emphasis of the projects was on operational
energy targets (nezero energypased on orsite renewable energy systeinshe carborneutral operation

would also be expected to @multaneoushachieved with the nekzero energy target.

Cag Study #X; Drake Landing Solar Community

Development:An international team led by Natural Resources Canada (NRCan) has designed the Drake Landing
Solar Community (DLSC) in the Town of Okotoks, Alberta. To see the DLSC through to fruition, NRCan
(CanmetRIERGY, the Program of Energy Research and Development and the ecoENERGY Technology Initiative)
established partnerships with innovative, environmentally conscious companies that had longstanding, credible
reputations within their industries. Ground was len at the DLSC in the spring of 2005, with the system

starting operation in the summer of 2007. The DLSC was the first community in North America to use seasonal
storage of solar energy, which overcomes the major obstacle to the use of solar energgderhgating in cold
climatesci KS O2f R GSYLISNI (dzZNBa FyR fS&da adzyf A3Kd RdzZNAy3
several awards such as the energy Globe World Award (2011), the International Energy Agency Solar Heating
and Cooling Progm Solar Award (2013he Canadian Solar Industries Association Solar Thermal Project of the
Year (2006), the Federation of Canadian Municipalities Sustainable Communities Award for Energy/Renewable
Energy (2006), and the International Award for Livaldm@unities Gold Award in the Environmentally

Sustainable section (2005).

In Canada, approximately 86% of GHG emissions in the residential sector are generated from space and water
heating due to the widespread use of fossil fU8]. The DLSC project was created to demonstrate the

technical feasibility of achievingpnventional fuel energy savings of more than 90% by using solar energy
collected during the summer to provide residential space heating during the following wirfsEasonal

storage) The solar community is comprised5¥ singledetached homesvhose space and water heating are
mostly supplied by solar energy. Six different house models were available to buyers, with an average above
grade floor area of 145tmTheK 2 dza Sa ¢ SNB 0 dzA R2D00peHormascs standardd, ywithR | Q &
upgraded building envelopes, including higher insulation;¢oargonfilled double panel windows, energy
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recovery ventilation, and improved air tightness and construction details. Tehstandard was estimated to
reduce space heating load by 30% when compared to baseline houses at the time of construction.

As shown in Figurg, each house has two solar thermal collectors to heat domestic hot water and the adjoining
garages are equipped with a total ®0 flat plate unglazed solar thermal collectors to harness solar energy for
space heating with seasonal thermal storagk simflified schematic of the main components of the solar
seasonal storage heating system is given in Fi§uBrring the warmer months, the heated water is distributed
from the solar collectors to the shotérm storage tank and then to the seasonal energyage system,
comprised ofl44 boreholes that stretch 37 m below the ground and cover an area 35 m in diamé&the
heated water travels through the borehole piping, heat is transferred to and stored in the surrounding earth,
whose temperaturegeaches 8°C by the end of each summeanhen winter arrives and the homes require
space heating, the heated water stored in the earth passes to the sbort storage tank in the energy centre
and is then circulated to the homes through the district heating loop2&W photovoltaic (PV) array is

installed on the roof of the energy centre to offdae energy used for pumps. The hot water and space heating
systems are backedp with highefficiency gadired water heaters.

During the design phase, a detailed TRIMS¥odelas developed to simulate the system operation and
optimize some of the main design parameters, such as solar collector areatetmorstorage size and number
and depth of boreholes. Because solar energy is collected in summer and stored fan;, tiatsize of the solar
collector area is significantly reduced compared to solar installations that are designed to satisfieshort
energy needs during winter. The ability to easily access detailed system operating data and compare actual
operation ajainst predicted is extremely valuabite the successful commissioning and the efficient operation
of energy systems such as that used at Drake Landing.

Monitored operation: DLSC operation has been closely monitored since its commissioning in 2002 and th
performance ovefl0 yearscan be found iRef.[35]. The boreholes require time to charge with solar heat,

resulting in an initial performance below what can be expected when the system has achieved steady operating
conditions After approximately 3 years, the average borehole temperature reached 80°C by the end of each
summer and supplied @S NJ y p°2 2 F  ( K S. Thie 2aimbittioR of solai-ha Satek éhd dfficient

fixtures and appliances saved-80% of the gas usedrfbot water. The use of solar energy displaces a

significant amount of natural gas for heating whieldluces GHG emissions by approximately 5 tonnes per
house[36].

Lessons learnedfhe optimal size of a seasonal energy stoddgeDrake Landing in a region like Alberta
depends on the price of natural gas, so a larger system could be moreftedive. Subsequent feasibility

studies show that larger systems of similar design can deliver solar energy at about half of thengpated to
Drake Landing due to economies of scale. Including the DLSC builder, land developer and municipality in the
project planning process from the beginning helped build confidence in the project regarding the market
acceptance of the unfamiliar tbaologies being applied. In additioarly design stage simplified modelling

tools are needed.

Overall, the system has successfdémonstrated the reliable operation of a high solar fraction solar district
heating system with seasonal thermal storagearvery cold climateln addition to overcoming some of the
longstanding obstacles in the use of solar energy at high latitude locations, seasonal energy storage systems
increase resilience as home heating could be provided uninterrupted in the case cdem&s. Equipping the
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houses with additional PV plus battery storage would ensure the seasonal storage system could operate for
prolonged periods while being disconnected from the grid.

Figure5: View of houses and adjoined garages equipped vatftop solar thermal collectors for hot water and
space heating, respectively.

Detached garages with

Two-store
solar collectors on the roofs y

single-family homes

\-
= ==

District heating loop

(below grade) connects
to homes in community

Solar
collector loop

v

Energy Centre
with short-
term thermal
storage tanks
Borehole seasonal
{long-term) thermal
storage

Figure6: Schematic diagram of the solar seasonal storage heating system at Drake Landing Solar Community.
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Case Study #2West 5 Netzero Community and Smart Grid Project

Development:West 5 started in 2013 as an ambitious dream of s2e to develop-aatetenergy community

and microgrid. Major goals were to build a mixgse community powered by solar electricity, with electric
vehicles for transportation and a microgiidncept based on a novel business concept. The ereffgpyent
buildings would be heated and cooled with-aturce heat pumps. The team attracted Sifton Properties Limited
whichinitiated the development in London Ontario. The team hired 90 studentsaamkled with 11

Universities on a feasibility study to show that it is eef$ective to build communities with a lighter footprint.

An initial concept for the communifg shown in Figuré. The nearly 20% completed development is shown in
Figures8 and9.

The plan is for the entire communityg consume up t@bout 10 megawatts of power which will be produced in

GKS O2YYdzyAiGeé GKNRdAZAK &2t NI YSIya | O0O2NRAy3 G2 {ATF
solar power will be generated from P)nels on the roofs of all of its buildings, including a parking garage, and
a2fFNJ FNNFea AYyO2N1LRNIGSR Ayd2 Yilye 2F (GKS o0dzif RAy 3
neighborhoodwill have41,800m?of commercial space, a central park, and 2,000 households consisting of
townhomes, condominiums, apartments and retirement residences according to Sifton Properties Limited.
LYAdGALrtftes {AFl2yQa 202S0O0GABS glaiae OMBIrAGSaal ISYRN
include netzero when Sifton partnered with s2e Technologies, which focuses on sustainable community
development.

Figure7: Initial simulation concept for the West 5 Community, in London Ontario

The West Five Microgrid pext began as a feasibility study with the Green Municipal Fund of the Federation of
Canadian Municipalities. This project, number 15,053, considered the viability of implementing a microgrid
within the West Five net zero community that would integrateda@nected PV generation into the

development. The study proceeded in parallel with the buildout of th@di@ West Five community in London,
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Ontario, and was focused on means for integration of PV production behaitheter that would couple with

DC loas such as EV charging and street lighting, as well as DC loads within the buildings. With the support of a
research team at Western University in London, dynamic modeling with PSCAD was undertaken to understand
the implications of a behinthe-meter DCdop within the West Five community.

Figure8: The partly completed West 5 development will be the first-neto mixeduse community in Ontario.

Hybrid DC/AC microgridBased on a preliminary positive outcome from the feasibility study, the next sasp w

to apply to the NRCAN Smart Grid Fund to develop and implement a hybrid DC/AC microgrid within the West
Five community. There are several benefits of having a DC grid with an increased number of DC loads in a
community. The main barrier is the economigish the cost of new technologies and associated safety controls
being more expensive before widespread adoption. This microgrid development is now funded by GISG 3014,
Smart Grid Demonstration and Deployment Program. The lead for this project is th&€al.ondon Hydro.
Although the technical feasibility of establishing aseiplied DC loop behind the meter of multiple buildings in
West Five was considered viable, the regulatory aspects of this approach had not been considered in the GMF
study. Futher development of the preliminary design with London Hydro began to recognize the limitations
from a regulatory standpoint, including restrictions regarding transferring energy behind meters and under or
above public roads. These restrictions led tmasensus that the behinthe-meter design was not acceptable
from a regulatory standpoint.

The design was then reconfigured to a feedennected storage configuration, which will be the energy
management topology. This configuration will tie a 1.5 MWW/ battery at 27.6 kV to the Talbot feeder

that supplies the community. There is also a second Wonderland feeder in a redundant loop to the community,
that is unable to support the significant amount of distributed energy resource generation that isetbie

the Talbot feeder. These constraints will require the microgrid controller to manage the b#téndeter net
metered PV production in the event of a grid outage or a transfer of the community to the backup feeder.
Ultimately, the microgrid will ban opportunity for London Hydro to explore and test the use of energy storage
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