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Executive Summary  

This Roadmap provides strategic recommendations to maximize the affordability of the energy transition for 

buildings toward net-zero operating emissions by optimizing energy efficiency and maximizing resilience. More 

specifically, it proposes: 

 a compelling and 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 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 establish an innovation 

ecosystem for the design and renewal of buildings.  

The scope of the guidance applies to the construction of new buildings and the renewal of existing buildings, 

along with distributed energy infrastructure and demand-side measures implemented by energy utilities. The 

focus is on buildings and therefore aligns with provincial/territorial building and safety policy and demand-side 

management programs to influence the design and renewal of buildings and equipment within them.  

In the introductory chapter, the scope of the Roadmap is defined, focused on buildings but extending 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 and powering infrastructure, achieve net zero 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 technical insight into policy development processes, 

collaboratively, from multiple fields of expertise, and engaging with experts from multiple non-engineering fields 

who may be trained to work from significantly different paradigms. 

In the 2030 vision chapter, tƘŜ ǇƻǎǎƛōƛƭƛǘƛŜǎ ŦƻǊ /ŀƴŀŘŀΩǎ ŦǳǘǳǊŜ ŀǎ ŀ ǊŜǎƛƭƛŜƴǘ ŘŜŎŀǊōƻƴƛȊŜŘ ƴŀǘƛƻƴ are presented, 

the present situation being contrasted against geographically similar regions at higher levels of decarbonization, 

while noting large differences between different provinces. Clean electricity, biogenic carbon and carbon-free 

fuels were noted, along with energy efficiency, district heating and cooling and electrical generation at building 

and community scale, as technological tools that engineers can apply to help Canada speed up its 

decarbonization process in the short term until 2030. 

In the goals and measurable outcomes chapter, the current and potential future states were presented in a 

number of sub-categories such as advanced buildings integrated with renewable energy and electrified 

ǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣ ŜǾŀƭǳŀōƛƭƛǘȅ ƻŦ ŘŜǎƛƎƴ ǇǊƻŎŜǎǎ ŀƴŘ ōǳƛƭŘƛƴƎ ǇŜǊŦƻǊƳŀƴŎŜΣ ōǳƛƭŘƛƴƎǎΩ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǎƛmulated and in 

real events, grid decarbonization, and clarification and rationalization of codes governing the built environment, 

including transition to performance-based codes. Building Codes and electrical codes need to work together to 

enable technologies such as on-site generation and storage, backup power and integration with electric vehicles. 

An urgent item is introduction of thermal 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 potential role in emergency power generation in extreme 

weather events need to be addressed in building and electrical codes. 
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The case studies chapter summarizes examples of three novel and high-performing community-scale or building 

projects in Alberta, Ontario and Quebec. Drake Landing Solar Community in Alberta delivers energy and 

decarbonization performance similar or better ǘƻ ǘƘŀǘ ƻŦ {ǿŜŘŜƴΩǎ ƻǾŜǊŀƭƭ ōǳƛƭŘƛƴƎ ǎǘƻŎƪ based largely on solar 

thermal seasonal storage, achieving nearly 100% solar fraction for heating. The West 5 sustainable community in 

London Ontario, with energy efficient buildings and extensive use of photovoltaic solar panels and integrated 

electric vehicles, demonstrated that innovations in microgrid business models and adaptations to code 

limitations are necessary to efficiently integrate renewable energy into communities. The Varennes library in 

Quebec, by exporting solar electricity from a building-integrated photovoltaic system to the grid, displaced more 

primary energy through photovoltaic generation than electricity imported from the grid in an average year, 

thereby achieving net zero energy performance. Each of these three case study projects accessed funding, 

directly from federal sources and/or through federally funded academic collaborations or federal agency 

research programs. Existing buildings case studies are under development for the final Roadmap. 

In the market uptake chapter, decarbonization certification programs are overviewed and recent progress is 

summarized.  ASHRAE has recently released 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 vision 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; leveraging building lifecycle investment triggers; and facilitation of 

data-driven, outcomes-based policy-making. 

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 of engineering and will prompt exploration 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 climate and projected future 

climate data and its impact on the construction sector, its changing risk assessment and risk management 

requirements, the pace at which resilient decarbonization needs to occur and how this rapid change 

necessitates dynamic policy development processes and anticipation of code evolution. 

The integrated resource planning contemplated in Principle #1 will require engineers to bring a thorough 

knowledge of both demand-side and supply-side measures to ƛƴŎǊŜŀǎŜ ōǳƛƭŘƛƴƎǎΩ ǇŜǊŦƻǊƳŀƴŎŜ, enabled by 

holistic public policy. Engineers can review their own area of expertise and identify what broad-brush and 

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

only decarbonization but also policy goals such as energy system reliability, safety, housing supply, public health 

(indoor air quality), economic renewal, flexibility/adaptability and resilience.  

Principle #2 further focuses attention on multiple performance outcomes that can be used for evaluating trade-

offs when considering conflicting priorities. Engineers can advance better solutions with more co-benefits when 

they use their knowledge of performance metrics in multiple aspects of building design to design for 

performance rather than following prescriptive requirements. Engineers can also choose to address the 

fragmented responsibility for buildings by being involved with management of buildings, rather than limiting 
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their scope to design and construction at the new build and major renovation 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 performance-based codes and 

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

find more suitable strategies. This innovation ecosystem 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 communicate difficulties 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 the future with 

governments working together to allocate responsibility to jurisdictions and institutions that have the greatest 

capacity and by avoiding fragmentation. Engineers working in building design, but also engineers working in all 

areas that are touched by the 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 transition and can keep their eyes on the prize of a smooth 

process toward a hoped-for future where codes will be harmonized between levels of government and across 

jurisdictions, and responsibility is allocated to the highest practical level of governance. 

Principle #4 supports an alignment of timing of building improvements across the existing triggers for 

investment in buildings during their life-cycle, thereby achieving economies of scale. Because of improved 

labour efficiencies, applying this principle could reduce 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 question of the 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 energy system. Data can be 

used to confirm code compliance, to prompt review of building efficiency or health and comfort, or to highlight 

proven market value of higher-performing buildings, including providing energy flexibility in their demand to 

smart grids and optimizing integration of buildings and electric vehicles. In turn, data can be used to inform 

future building and electrical codes. 

The figure below summarizes an example of how professional practice can evolve to support one of the goals 
and measurable outcomes 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 support the goal in the blue box on the right. The middle, white 
boxes represent opportunities for continuous improvement over time. 
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1. Introduction  

This Roadmap provides strategic recommendations to maximize the affordability of the energy transition for 

buildings toward net-zero operating emissions by optimizing energy efficiency and maximizing resilience. More 

specifically, it proposes: 

 a compelling and 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 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 establish an innovation 

ecosystem for the design and renewal of buildings.  

The scope of the guidance applies to the construction of new buildings and the renewal of existing buildings, 

along with distributed energy infrastructure and demand-side measures implemented by energy utilities. By 

extension, the scope is on operational carbon emissions from buildings. The authors also note the emerging area 

of embodied carbon in building materials and equipment which is outside of the scope but necessary for 

consideration. The focus is on buildings and therefore aligns with provincial/territorial building and safety policy 

and demand-side management programs to influence the design and renewal of buildings and equipment within 

them.  

The co-ŀǳǘƘƻǊǎΩ ǇŜǊǎǇŜŎǘƛǾŜǎ ƛƴŎƭǳŘŜ ǘƘƻǎŜ ƻŦ ǇǊŀŎǘƛŎƛƴƎ ŜƴƎƛƴŜŜrs in the buildings and energy utilities (demand-

side management) sectors, academic researchers, a government policy practitioner, and the Canadian Academy 

of Engineering (CAE), a non-profit professional association and the primary sponsor of this work. 

The CAE aims 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, including acute impacts from severe weather events and earthquakes, and recurring 

effects of climate change such as flooding, wildfires and extreme weather events. The challenge is to accelerate 

and optimize the complex, multi-stakeholder transition to net 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 to coordinate across multiple levels of government and to harmonize 

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

Potential outcomes of this Roadmap and the proposed transition for the buildings sector could include: 

 Enhance energy efficiency, load management and interaction with smart energy networks; 
 Achieve net-zero emissions from buildings in advance of 2050;  
 Minimize the cost to building owners, occupants, taxpayers and ratepayers;  
 Enable opportunities to mitigate transportation emissions; and, 
 Install on-site clean energy and/or storage to increase ōǳƛƭŘƛƴƎǎΩ resilience of energy supply. 

 

The intent is to inform related national strategy, policy, legislation/regulation and investment of government, 

building and energy codes and standards, guidelines 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 storage and electric vehicle (EV) 

charging/integration.  
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The intended audiences are primarily the following:  

 Governments;  
 Standards development and verification organizations;  
 Agencies delegated to implement legislation for buildings; and,  
 Professional regulators and associations. 

 

The guidance is intended for all Canadian jurisdictions, regardless of the economic factors, demographics, 

condition of buildings, construction activity and specific mandates of individual governments at all five levels ς 

federal, provincial, territorial, Indigenous, regional/municipal.  

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

 Address equity 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 interventions by governments; 
 Optimize roles for institutions and registered professionals that implement legislation; 
 Enhance opportunities for leadership and circular economy benefits that could accrue to resilient 

construction, real estate and building operations industries; and, 
 Maximize the value of engineering practice to support the vision and partner with governments and 

institutions. 

The concept of a Roadmap was established in 2014 at the Pacific Northwest Economic Region (PNWER) Summit 

[1]. The concept was elaborated at subsequent PNWER Summits in 2017 [2], 2018 [3] and 2022 [4], along with a 

PNWER sponsorship of research that will 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 a 2019 Thought Leaders Forum [5] and Symposia in 2020 [6] and 2021 [7] organized 

ōȅ /ƻƴŎƻǊŘƛŀΩǎ /ŜƴǘǊŜ ŦƻǊ ½ŜǊƻ 9ƴŜǊƎȅ .ǳƛƭŘƛƴƎ {ǘǳŘƛŜǎ (over 500 participants in total), and the PNWER Panel 

Discussion in 2022. A wealth of evidence was documented in the peer-reviewed published proceedings of the 

2020 Symposium [8] (Appendix H).  

This Roadmap aims to align with and support /ŀƴŀŘŀΩǎ нлол 9Ƴƛǎǎƛƻƴ wŜŘǳŎǘƛƻƴǎ tƭŀƴ [9] and comprehensive 

Provincial policy documents such as ./Ωǎ /ƭŜŀƴ./ wƻŀŘƳŀǇ ǘƻ нлол [10] and Nova Scotia Environmental Goals 

and Climate Change Reduction Act [11]. 

The Roadmap incorporated feedback from an advisory group comprised of representatives from industry, 

governments, professional and standards development organizations and academia ς see Appendix A. It was 

also informed by input at the Pacific Northwest Economic Region Summit in Calgary in 2022 [12]. The draft 

Roadmap were shared with Canadian Academy of Engineering Fellows and Indigenous housing and energy 

sector leadership organizations for comment in mid-2023.  
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2. A 2030 Vision for Canada 

Chris Kennedy and Andreas Athienitis 

The development of low-carbon, climate-resilient 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 systems. Greenhouse gas emissions 

ǊŜƭŀǘŜŘ ǘƻ ŜƴŜǊƎȅ ǳǎŜŘ ƛƴ ōǳƛƭŘƛƴƎǎ ŀŎŎƻǳƴǘŜŘ ŦƻǊ утΦу aǘ ƻŦ /ŀƴŀŘŀΩǎ DID ŜƳƛǎǎƛƻƴǎ ƛƴ нлнл [13], increasing to 

about 130 Mt when eƳƛǎǎƛƻƴǎ ǊŜƭŀǘŜŘ ǘƻ ōǳƛƭŘƛƴƎǎΩ ǳǎŜ ƻŦ ƻŦŦ-site electricity generation are included [9]. There is 

a need to change the design of buildings, land use, transportation systems and industry with an emphasis on 

eliminating fossil fuels, increasing energy efficiency and bolstering resilience.1 For the design of new buildings, 

and retrofit of old, this means rigorously adding these attributes ς resilient, carbon-neutral and ultra low energy 

ς to existing building requirements, such as safety, thermal comfort, health and adequate indoor air-quality. 

¢ǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ /ŀƴŀŘŀΩǎ ŜƴŜǊƎȅ ǎǳǇǇƭȅ ǎȅǎǘŜƳ ǿƛƭƭ Ŝƴǘŀƛƭ ǘƘŜ ŜƭƛƳƛƴŀǘƛƻƴ ƻŦ DID ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ Ŧƻǎǎƛƭ ŦǳŜƭ 

combustion by increasing the use of clean electricity, biogenic carbon and carbon-free fuels (Figure 1). There are 

two distinct strategies for decarbonization.  Electricity generated from renewable or carbon-free sources will 

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

power requirements are low to medium intensity. The other strategy entails the use of biogenic carbon, such as 

biomass or biofuels, or other carbon-free fuels, such as hydrogen derived in a manner that is free of carbon. 

emissions.   

Figure 1: Conceptual transformation ƻŦ /ŀƴŀŘŀΩǎ annual end-use energy under deep decarbonization (BC = 
biogenic carbon; CFF = carbon-free 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 or carbon-ŦǊŜŜ ŦǳŜƭǎΦ !ƴƻǘƘŜǊ ŎǊƛǘƛŎŀƭ ŀǎǇŜŎǘ ƻŦ /ŀƴŀŘŀΩǎ 

energy transformation will be substantial improvements in energy efficiency, leading to a reduction in end-use 

energy per capita. Gains in energy efficiency will be required due to costs and possible constraints in increasing 

the supply of carbon-free electricity and carbon-free fuels, and limits to the availability of biogenic carbon.  

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

 
1 Resilience is defined as the capacity to withstand or recover quickly from a shock 
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electric vehicles 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 its end-use energy 

consumption from current levels of approximately 225 GJ/cap., by of the order 100 GJ/cap.  

{ǘǊŀǘŜƎƛŜǎ ŦƻǊ /ŀƴŀŘŀΩǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ Ŏŀƴ ōŜ ǎŜŜƴ ŦǊƻƳ ŀ 

comparison of Canadian energy use to Norway and Sweden. These two Scandinavian nations have climates 

similar to many Canadian 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), while its total per capita end-use energy (132 GJ/cap.) is 58% of 

/ŀƴŀŘŀΩǎ όCƛƎǳǊŜ нύΦ ²ƘŜǊŜŀǎ {ǿŜŘŜƴ Ƙŀǎ ŀ ƴƻǘŀōƭȅ ƘƛƎƘ ǳǎŜ ƻŦ ōƛƻŦǳŜƭǎΣ bƻǊǿŀȅ Ƙŀǎ ŀ ƎǊŜŀǘŜǊ ŜƳǇƘŀǎƛǎ ƻƴ 

electricity use (78 GJ/cap.), while also having a lower per capita energy use (162 GJ/cap.) than Canada. There is 

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

system transformation.  

Differences between the electrification strategy and the biofuel strategy are particularly apparent 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 buildings ς and 

seventeen times more 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 Swedish buildings (25 GJ/cap.), but biofuels, solid waste and 

heat supply over 40% of energy requirements, often through district-heating systems.  Canada can draw upon 

the success of these Scandinavian countries in decarbonizing its buildings, while also having several different 

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

transport are also major factors in the different pathways. 

 

Figure 2: Comparison of per capita total end-use energy by source for Canada, Norway and Sweden in 2019. 

(Energy data from IEA [14]; population from the World Bank [15]). 

The GHG emissions comparison for several countries, including Sweden and Norway is given in Figure 4a, while 

the comparison between provinces is given in Figure 4b. Floor 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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Figure 3:  Comparison of per capita building energy use by source for Canada, Norway and Sweden in 2019. 

(Energy data from IEA [14]; population from the World Bank [15]). Includes energy use by residential, 

commercial and institutional buildings.  

 

Figure 4a: Total production-based GHG emissions per capita by country in 2018 [16]. 

 

Figure 4b: Total production-based GHG emissions per capita by Province and Territory in Canada in 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 than Quebec 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, nuclear power, and renewables, many of 

the provinces have low-carbon electricity ς including the three most populated provinces. Only in Alberta, 

Saskatchewan, Nova Scotia and New Brunswick are electricity grids highly dependent on fossil fuels, making 

decarbonization through electrification more challenging. There are plans for phasing out coal-powered 

electricity in Alberta, Nova Scotia and New Brunswick, but decarbonizing buildings through electrification in all 

provinces will necessitate substantial use of building or community-scale renewable energy generation for 

resilience requirements. 

 

Figure 5: Progress of Canadian provinces towards carbon-free electrification. End-use energy is for all sectors.  

(adapted from Ref. [18]). 

The solutions 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 hydro-dominant power supply can greatly benefit from implementing energy 

efficiency to free up large amounts of low-carbon electricity that can be used to decarbonize elsewhere. This 

reduces the need for new low-carbon energy supply infrastructure, which often carries a 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 vehicles that will be increasingly at home with more teleworking. It is quite feasible for homes 

and small institutional buildings such as the Varennes net-zero energy Library all-electric building (see case 

studies section) to power several EVs, thus helping decarbonize the transportation section in addition to the 

building sector. 

The Resilience Imperative 

Generation and storage of renewable and zero-carbon energy at the building and community scales will be 

important in all provinces, due to the imperative to 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 the diversity of energy sources or carriers makes communities more 

vulnerable to extreme events, such as forest fires or ice storms (Figure 6) and flooding, wind storms and wind-

driven rain. This challenge may become particularly critical if provinces pursue strong electrification strategies 

only using grid-scale electricity supply. A community with one hundred percent of its end-use energy coming 

from provincial electricity grids is highly vulnerable to shocks.  

  

Figure 6: Experiences from forest fires [19] 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 communities 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 remain resilient to climate change 

shocks and other emergencies such as earthquakes while phasing out the use of fossil fuels:  

Building-scale electricity generation & storage, EV integration and grid support. By combining building-

integrated photovoltaics and battery storage 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 using their solar systems and energy storage 

systems such as batteries (or connected EVs). 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 contributing simultaneously to the resilience of the smart grid affordably and efficiently.  

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

Community-scale electricity generation & storage. In higher-density communities or regions with poor solar 

access, buildings can be connected to community-scale smart grids [21].   Buildings with larger rooftops, such as 

schools and warehouses can be used as a source of community electricity generation and storage. Other local-

scale power sources such as wind, tidal, and biomass can also still be harnessed when provincial power grids are 

impacted. 

Biogenic methane & carbon-free fuels. Other sources of carbon-free energy, other than electricity, can be 

designed and utilized in ways that provide resilience to acute shocks and chronic stresses. Examples include the 
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use of wood stoves and biogenic methane as a backup to heat pumps, and district energy systems powered by 

biogenic methane and/or providing hydrogen storage. 

The new low-carbon energy supply will include a mix of building-integrated renewable energy generation and 

storage, and community-level centralized generation and storage. The power can be supplied by either 

intermittent renewable energy resources, such as solar, plus storage 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 during emergencies. The 

supply of backup power can either be from stored energy resources (e.g. biomass, hydrogen, thermal storage) or 

using renewable natural gas/biogas (biomethane/biogas) and hydrogen from the pipeline network. Such a 

pipeline can be transformed into a net-zero carbon backup energy source if the fossil natural gas is replaced 

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

pipeline has sufficient durability. 

For biogenic methane the emissions at the point of combustion in a building need to be fully offset by 

measurable, incremental, and verified reductions in greenhouse gases at the source of the biogenic materials. 

¢Ƙƛǎ ǊŀƛǎŜǎ ǘƘŜ ǉǳŜǎǘƛƻƴ ƻŦ ǘǊŀŎƪƛƴƎ άǎŎƻǇŜ оέ ŜƳƛǎǎƛƻƴǎ ŀƴŘ Ǌetiring Scope 3 emission reductions after the 

environmental attributes of biogenic methane are sold to building owners, managers and tenants who have no 

physical control of those Scope 3 emissions. Buildings owners can control Scope 1 emissions, while the energy 

utility providing purchased energy controls Scope 2 emissions [121]. 

Seasonal solar thermal energy storage such as at the Drake Landing Solar Community (see Case 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, there is an opportunity for a 

combination that right sizes capacity of equipment with the cost and resilience of fuels. For example, battery 

storage operating critical electrical loads and system control with backup fuels providing space heating. 

The transport sector is among the largest contributors to GHG emissions in Canada [13]. Within the great 

challenge of mobility decarbonization, opportunities arise. The energy stored in battery and hydrogen fuel cells 

vehicles, in addition to energy 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, but also hold 

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

excess power generation. Since the new low-carbon energy supply will require backup energy, early-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 appropriately weighed in the decision-making process based on key performance 

indices such as life cycle cost, emissions analysis, and supply chain criticality. 

The other dimensions of resilience of buildings against climate change and other natural disasters include the 

ability of the building envelope to withstand extreme weather events and flooding from structural, moisture 

control and durability standpoints, the capability of the ventilation system to maintain indoor environmental 

quality to prevent entry of, filter and remove  contaminants such as forest fire smoke, ground-level ozone (i.e., 

smog), toxins, mold, viruses and others, the maintenance of healthy indoor living environments, particularly 

regarding overheating, and finally the strength of the building to withstand forecast seismic events, prevent 
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collapse and preserve life-safety. In some cases building resilience includes enabling post-disaster operations, 

going beyond life-safety and health.  

This Roadmap does not address the resilience aspects covered in the previous paragraph, and focuses only on 

the resilience of energy supplies for buildings, also a necessary component of disaster response and recovery.  
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3. Goals and Measurable Outcomes  

Rosamund Hyde 

A key Canadian climate-change-related goal is to reduce building-related 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 resilient, ultra-low energy, net-zero 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 interact with the 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, 

sŜǇŀǊŀǘŜƭȅ ƻǊ ƛƴ ŎƻƳōƛƴŀǘƛƻƴΦ 5ŜǎƛƎƴŜǊǎΩ ƛƴŎǊŜŀǎŜŘ ŎŀǇŀŎƛǘȅ ŦƻǊ ǎƛƳǳƭŀǘƛƻƴ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎǳǇǇƻǊǘ ŀƴŘ ōŜ 

supported by new strategies for code development and enforcement at all levels and across jurisdictions, as well 

ŀǎ ǳǘƛƭƛǘƛŜǎΩ ƳƻǾŜƳŜƴǘ ǘƻ ŀ ŘŜŎŀǊōƻƴƛȊed grid. Alignment will need to be improved between the skills of 

community planning and building design professionals, sub-disciplines including electrical design, and their roles 

and responsibilities in the process of designing, commissioning, and operating buildings. 

The main transitions foreseen in meeting the resilient, ultra-low energy, net-zero emissions goals for buildings 

are summarized in Table 1. These are presented in terms of preliminary ǇŜǊŦƻǊƳŀƴŎŜ ϦaŜǘǊƛŎǎέ ǘƘŀǘ Ŏŀƴ ōŜ 

determined by and replicated 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 science-based, not political, 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 professionals. The authors assert in chapter 5 that the collection of data on these areas of 

performance is a high priority for the short term, possibly as a requirement of building and/or electrical codes in 

Canada. Not only will the Canadian building sector be able to verify its transition toward the vision, but the 

metrics could also inform future government policy. 

Building Codes and electrical codes need to work together to enable technologies such as on-site generation and 

storage, backup power, integration with electric vehicles.  An urgent item is introduction of thermal 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 potential role in emergency power generation in emergencies need to be addressed in building and 

electrical codes. 

Table 1: Main transitions foreseen in meeting the resilient, ultra-low energy, net-zero emissions goals for 

buildings. 

Transition From  To Metric 

Net-Zero Emissions 

Toward high-
performance, 
efficient buildings 
with integrated 
energy storage, 

Buildings designed 
to use only grid 
electricity and on-

New buildings and major 
retrofits designed to 
decarbonize by using the full 
potential of energy 
conservation, energy 

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

site consumption 
of fossil fuels2 

efficiency, on-site renewable 
generation, purchased 
energy from zero-carbon 
fuels and energy storage in 
normal operation while 
providing EV charging 
capacity [22] [23]  

providing adequate EV 
charging capacity 

Site and regional 
renewable energy 
recognized to a 
limited extent 

Site and regional renewable 
energy is prioritized in urban 
planning and early stage 
design with respect to 
building orientation, 
selection of envelope 
strategies, windows, 
landscaping and on-site 
renewables  [24] 

Average annual fraction of 
operating energy for 
buildings in Canada under 
normal conditions supplied 
by site or regional renewable 
energy 

Smart buildings 
and microgrids not 
optimally 
connected with the 
grid 

Smart buildings and 
microgrids help stabilize and 
decarbonize the grid and 
reduce the need for new 
central power plants [23] 

Fraction of smart buildings 
that are connected 
interactively to smart grids 

Toward 
coordinated grid 
and built 
environment 
decarbonization 
strategies [25] 

Grid 
decarbonization 
path uncertain 

Utilities commit to specific 
grid decarbonization path(s) 
informed by projections of 
changes in ōǳƛƭŘƛƴƎǎΩ grid 
load and interaction [9] 

Fraction of grid energy 
ŘŜƭƛǾŜǊŜŘ ǘƻ /ŀƴŀŘŀΩǎ 
consumers through utilities 
with confirmed 
decarbonization 
commitment 

Increase Energy-related Resilience 

Toward buildings 
designed for 
predictable 
resilience at site 
and community 
scale 

Buildings designed 
for normal 
operation 

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 
unpredictable 

Building response to 
disruptions designed using 
modelling [27] 

Fraction of new buildings 
with predictable response to 
disruption 

Limited urban 
modelling, limited 
data integrated 
from building 
modeling 

Community response 
(including building response) 
to normal and disrupted 
operations is reliably 
modelled using calibrated 
integrated urban platform 
[28][131] 

CǊŀŎǘƛƻƴ ƻŦ /ŀƴŀŘŀΩǎ ǳǊōŀƴ 
population living in 
communities with reliable 
verified urban modelling 

Change Design Process 

Toward building 
design and 

Training and 
trained supervision 

Established subdisciplines 
that are adequately trained, 

Fraction of advertised 
positions for credentialled 

 
2 Building codes only mandate efficiency standards, 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 

for subdisciplines 
in low supply 

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

subdisciplines filled within 
one month    

Buildings designed 
without modelling 
or with only 
compliance 
modelling 

Building performance 
modeled (including changing 
climate conditions) to 
optimize whole-building 
performance as part of the 
design process [29] 

Fraction of new buildings 
designed using modelling 
and simulation software as a 
design tool, accounting for 
future climatic conditions 

Building 
performance not 
tracked 

Building performance 
tracked, made public [30] 
and used to calibrate the as-
built model and to verify and 
optimize performance, 
leveraging Building 
Information Modelling 
capability where possible 
[31] 

Fraction of 3-year-old 
buildings with BIM-based 
calibrated model 

Fragmented 
responsibility for 
ōǳƛƭŘƛƴƎΩǎ 
performance over 
the service life 

 Technical continuity is 
ensured between the design, 
construction, 
commissioning, and 
operation phases by 
reducing professional silos 
and improving warranty 
approaches. 

Fraction of new buildings 
with a technical continuity 
strategy in place. 

Fragmented 
budgeting between 
capital costs and 
operating costs 

Integrated budget strategy 
to ensure energy 
conservation measures are 
covered in the capital budget 

Fraction of new buildings 
with integrated budget 
strategy in place 

Evolve Building Energy Codes and Electrical Codes 

Towards building 
and electrical code 
strategies that 
support near and 
long-term goals 

Multiple definitions 
of net-zero energy 
complicate code 
development and 
adoption 

The definition adopted for 
net-zero energy and net-zero 
energy ready building [32] 

Level of acceptance of 
definition by construction 
and utility community 

Codes based on 
past performance 
of a reference 
building under past 
conditions 

Future-oriented building 
codes that are performance 
based and reference 
absolute targets (e.g., net-
zero carbon)  [33] 

Fraction of new or renewed 
floorspace for which the 
jurisdiction has signalled 
intention to adopt the 
ultimate goal, along with 
stepping stones to reach that 
goal via tiers 

Airtightness is the 
only code 

Occupancy approval based 
on performance-based 

Fraction of new and 
renewed buildings receiving 
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requirement that 
can be proven in 
advance of an 
occupancy permit 

building codes, proving 
compliance by reliably 
modelling performance 
under anticipated changing 
conditions 

performance-based code 
approval with verification of 
performance during a 
commissioning period [132] 

Codes and 
standards lodged 
with levels of 
government and 
particular 
regulations for 
reasons of history 
and inertia 

Allocate responsibility to 
governments and 
regulations in a manner that 
supports optimized energy 
performance of buildings on 
both the demand- and 
supply-sides [25] 

Code policy is reviewed and 
updated throughout levels of 
government and jurisdictions 
and a policy Roadmap is 
established for each 
provincial and territorial 
jurisdiction 
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4. Case Studies from Buildings and Communities 

Andreas Athienitis and James Bambara 

The three selected Canadian case studies overviewed in this section have been well documented and contain 

major innovations in project development, design and operation, to achieve close to net-zero 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 Net-zero Community and Smart Grid Project (London, Ontario) 

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 building-integrated 

renewable energy systems, at the time that these projects were built. They contain important lessons learned 

on the evolution of low-carbon buildings and communities in Canada and are useful for establishing different 

pathways towards carbon-neutral communities. Although the emphasis of the projects was on operational 

energy targets (net-zero energy based on on-site renewable energy systems), the carbon-neutral operation 

would also be expected to be simultaneously achieved with the net-zero energy target.   

Case Study #1 ς 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 

(CanmetENERGY, 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 broken 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 energy for space heating in cold 

climates ς ǘƘŜ ŎƻƭŘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀƴŘ ƭŜǎǎ ǎǳƴƭƛƎƘǘ ŘǳǊƛƴƎ ǘƘŜ ǿƛƴǘŜǊΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ ƛƴƴƻǾŀǘƛƻƴ ǿŀǎ ǊŜŎƻƎƴƛȊŜŘ ōȅ 

several awards such as the energy Globe World Award (2011), the International Energy Agency Solar Heating 

and Cooling Program Solar Award (2013), the 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 Livable Communities 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 fuels [34]. The DLSC project was created to demonstrate the 

technical feasibility of achieving conventional fuel energy savings of more than 90% by using solar energy 

collected during the summer to provide residential space heating during the following winter (seasonal 

storage). The solar community is comprised of 52 single-detached homes whose 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 145 m2. The ƘƻǳǎŜǎ ǿŜǊŜ ōǳƛƭǘ ǘƻ ƳŜŜǘ /ŀƴŀŘŀΩǎ R-2000 performance standard, with 

upgraded building envelopes, including higher insulation, low-e argon-filled double panel windows, energy 
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recovery ventilation, and improved air tightness and construction details. The higher standard was estimated to 

reduce space heating load by 30% when compared to baseline houses at the time of construction. 

As shown in Figure 5, each house has two solar thermal collectors to heat domestic hot water and the adjoining 

garages are equipped with a total of 800 flat plate unglazed solar thermal collectors to harness solar energy for 

space heating with seasonal thermal storage. A simplified schematic of the main components of the solar 

seasonal storage heating system is given in Figure 6. During the warmer months, the heated water is distributed 

from the solar collectors to the short-term storage tank and then to the seasonal energy storage system, 

comprised of 144 boreholes that stretch 37 m below the ground and cover an area 35 m in diameter. As the 

heated water travels through the borehole piping, heat is transferred to and stored in the surrounding earth, 

whose temperature reaches 80°C by the end of each summer. When winter arrives and the homes require 

space heating, the heated water stored in the earth passes to the short-term storage tank in the energy centre 

and is then circulated to the homes through the district heating loop. A 22-kW photovoltaic (PV) array is 

installed on the roof of the energy centre to offset the energy used for pumps. The hot water and space heating 

systems are backed-up with high-efficiency gas-fired water heaters.  

During the design phase, a detailed TRNSYS model was developed to simulate the system operation and 

optimize some of the main design parameters, such as solar collector area, short-term storage size and number 

and depth of boreholes. Because solar energy is collected in summer and stored for winter, the size of the solar 

collector area is significantly reduced compared to solar installations that are designed to satisfy short-term 

energy needs during winter. The ability to easily access detailed system operating data and compare actual 

operation against predicted is extremely valuable for 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 2007 and the 

performance over 10 years can be found in Ref. [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 ƻǾŜǊ ур҈ ƻŦ ǘƘŜ ƘƻǳǎŜǎΩ ǎǇŀŎŜ ƘŜŀǘ. The combination of solar hot water and efficient 

fixtures and appliances saved 40-60% of the gas used for hot water. The use of solar energy displaces a 

significant amount of natural gas for heating which reduces GHG emissions by approximately 5 tonnes per 

house [36]. 

Lessons learned: The optimal size of a seasonal energy storage like Drake Landing in a region like Alberta 

depends on the price of natural gas, so a larger system could be more cost-effective. Subsequent feasibility 

studies show that larger systems of similar design can deliver solar energy at about half of the cost compared 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 technologies being applied. In addition, early design stage simplified modelling 

tools are needed. 

Overall, the system has successfully demonstrated the reliable operation of a high solar fraction solar district 

heating system with seasonal thermal storage in a very cold climate. In 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 of emergencies. 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. 

 

Figure 5: View of houses and adjoined garages equipped with rooftop solar thermal collectors for hot water and 
space heating, respectively. 

 

Figure 6: Schematic diagram of the solar seasonal storage heating system at Drake Landing Solar Community. 
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Case Study #2 ς West 5 Net-zero Community and Smart Grid Project 

Development: West 5 started in 2013 as an ambitious dream of s2e to develop a net-zero energy community 

and microgrid.  Major goals were to build a mixed-use community powered by solar electricity, with electric 

vehicles for transportation and a microgrid concept based on a novel business concept. The energy-efficient 

buildings would be heated and cooled with air-source heat pumps. The team attracted Sifton Properties Limited 

which initiated the development in London Ontario.  The team hired 90 students and worked with 11 

Universities on a feasibility study to show that it is cost-effective to build communities with a lighter footprint. 

An initial concept for the community is shown in Figure 7.  The nearly 20% completed development is shown in 

Figures 8 and 9. 

The plan is for the entire community to consume up to about 10 megawatts of power which will be produced in 

ǘƘŜ ŎƻƳƳǳƴƛǘȅ ǘƘǊƻǳƎƘ ǎƻƭŀǊ ƳŜŀƴǎ ŀŎŎƻǊŘƛƴƎ ǘƻ {ƛŦǘƻƴ tǊƻǇŜǊǘƛŜǎ [ƛƳƛǘŜŘΣ ƻƴŜ ƻŦ ²Ŝǎǘ рΩǎ ŘŜǾŜƭƻǇŜǊǎΦ ¢Ƙŀǘ 

solar power will be generated from PV panels on the roofs of all of its buildings, including a parking garage, and 

ǎƻƭŀǊ ŀǊǊŀȅǎ ƛƴŎƻǊǇƻǊŀǘŜŘ ƛƴǘƻ Ƴŀƴȅ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ŦŀŎŀŘŜǎΦ ²ƘŜƴ ōǳƛƭǘ ƻǳǘ ƛƴ мл ǘƻ мр ȅŜŀǊǎΣ ǘƘŜ 

neighborhood will have 41,800 m2 of commercial space, a central park, and 2,000 households consisting of 

townhomes, condominiums, apartments and retirement residences according to Sifton Properties Limited. 

LƴƛǘƛŀƭƭȅΣ {ƛŦǘƻƴΩǎ ƻōƧŜŎǘƛǾŜ ǿŀǎ ǘƻ ŎǊŜŀǘŜ άŀ ǎƳŀǊǘΣ ƘŜŀƭǘƘȅ ŀƴŘ ǿŀƭƪŀōƭŜ ŎƻƳƳǳƴƛǘȅέ ōǳǘ ƛǘǎ ŀƎŜƴŘŀ ŜȄǇŀƴŘŜŘ ǘƻ 

include net-zero when Sifton partnered with s2e Technologies, which focuses on sustainable community 

development. 

 

Figure 7: Initial simulation concept for the West 5 Community, in London Ontario. 

The West Five Microgrid project 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 integrate DC-connected PV generation into the 

development.  The study proceeded in parallel with the buildout of the 70-acre West Five community in London, 
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Ontario, and was focused on means for integration of PV production behind-the-meter that would couple with 

DC loads 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 behind-the-meter DC loop within the West Five community.   

 

Figure 8: The partly completed West 5 development will be the first net-zero mixed-use community in Ontario. 

Hybrid DC/AC microgrid: Based on a preliminary positive outcome from the feasibility study, the next step was 

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 economics with 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 the local LDC, London Hydro.  

Although the technical feasibility of establishing a PV-supplied 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.  Further 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 to a consensus that the behind-the-meter design was not acceptable 

from a regulatory standpoint.  

The design was then reconfigured to a feeder-connected storage configuration, which will be the energy 

management topology. This configuration will tie a 1.5 MW/1.5 MWh 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 is now tied to 

the Talbot feeder. These constraints will require the microgrid controller to manage the behind-the-meter 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 be an opportunity for London Hydro to explore and test the use of energy storage 




































































































































