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Executive Summary 

 

This Integrated Pathways report is the fourth of a series generated by the "Pathways Project", 

which explores credible pathways for the built environment in downtown Toronto (“the 

District”) to achieve net-zero operational emissions by 2050. 

 

Our first phase showed that 96% of building space heating and hot water in the District is 

achieved by burning natural gas (fossil-derived methane). Natural gas is also used in grid 

electricity generation and the various district energy systems. So, decarbonization requires 

replacing natural gas with emissions-free energy.  

 

In the second phase, we looked at the cost and viability of options for transitioning existing 

on-site combustion to emissions-free energy, including three electric options, a hybrid ASHP 

with renewable natural gas, and low-carbon hydrogen boilers/furnaces. We found that the 

costs of fuel-switching were material ($2 -$4 per square foot per year increase) at today’s 

prices, which will come down as the market for clean energy heating equipment develops. We 

suggested that most building owners would be able to bear these costs as long as their 

competitors face the same costs.  

 

Cost is not the only consideration. It must be possible to fuel switch in the timeframes required 

or the option cannot be part of a viable pathway to 2050. Of the three options, electricity is 

the most mature option and can be implemented immediately. However, the electricity grid 

will need to expand to ensure that the growing demand can be met reliably. The hybrid option 

(heat pump and RNG) was found to be a theoretically viable option, but there is not yet a 

supply chain for RNG to meet peak heating needs. The hydrogen option was found to be at a 

very early stage of maturity. Before it could be implemented, a number of issues relating to 

health and safety, production, transmission and distribution would have to be resolved.   

 

The most viable option in the near term is 100% electrification using heat pump technology, 

while a hybrid heat pump solution using renewable natural gas for peaking purposes could be 

viable when the RNG supply chain is built out.   

 

In phase 3 we looked at whether heating related retrofits (windows, thermal envelope, roof 

and HRV) would reduce the cost of fuel switching and contribute to the pathway to net zero. 

We chose a combination of measures consistent with the City of Toronto’s definition of a deep 

energy retrofit and that would have a significant impact on cost. We found that a 60% load 

reduction done entirely for energy efficiency purposes and not aligned with building renewal 

is typically cost negative from the building owner/operator’s perspective. When the upgrades 

are aligned with a building renewal, they are close to cost neutral depending on the building 

type. As these renovations only occur every 30 years or so, deep retrofits will not significantly 
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contribute to our 2030 goals and should be de-linked from the decision to fuel switch. In other 

words, fuel switching should proceed with or without energy efficiency. However, 

implementing energy retrofits when aligned with overall building renewal would assist in the 

cost of the transition and could make a material contribution to overall energy demand in 

2050. 

 

This Phase includes two parts: 

• An evaluation of three additional technologies that might contribute to the pathway, 

and  

• Discussion of system level policies and programs that are necessary to drive 

movement along the pathway 

 

We began by looking at three additional technologies -- solar, storage (electric and thermal) 

and district energy -- to determine if these technologies would reduce the cost of, or make 

decarbonization easier, from the building owner/operator’s perspective.   

  

We found that building mounted solar, even when coupled with battery electricity storage, will 

not meet today’s, let alone future, loads with current technology. Building owners will still need 

to rely on the decarbonized grid to meet electricity demand, especially in winter when heating 

demand is high and solar irradiance is lower. Thus building mounted solar PV is not a 

necessary element of a pathway to decarbonize heat. However, solar strategies which benefit 

building owners from a cost perspective should still be pursued, but not as a precondition to 

decarbonization.  

 

Deployment of thermal storage and BESS systems may reduce the required capacity of the 

grid by a maximum of 10%. Using thermal mass is much less expensive but has an impact of 

a 4% reduction while BESS system has a 6 % reduction. However, building owners are unlikely 

to invest in these solutions in the absence of an incentive from the electricity sector as these 

actions benefit the grid and not the building owner. 

 

District heating systems are already heavily used in the district, accounting for more than 10% 

of all heating. Today, 98% of all installed capacity is fossil fuel based. The largest district 

heating utility in the province selling energy to the public has no plan for reducing natural gas 

used to service existing customers before 2030. Given that the current systems are fossil fuel 

based and are unlikely to be clean until after 2030, switching from a building based solution 

to district energy will not decarbonize a building in the near term. However, If and when 

Toronto’s district heating systems are decarbonized, they will become a viable option for 

building owners who wish to decarbonize. There are substantial additional benefits to low 

carbon district heating that are not specifically climate related. The most important benefits 

identified by stakeholders were:  
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• The availability of qualified, dedicated staff to be responsible for the energy efficiency 

and performance of the district heating system. 

• The removal of equipment and associated maintenance from building owners. 

• The improvement in reliability of heating systems due to 3rd party provision of services. 

 

Toronto 2030 District’s analysis finds that the most urgent action required to achieve the 

2030 and 2050 carbon emissions targets is to focus on switching from fossil fuel to non-

emitting energy for heat at the building level. The only technology option which is available 

now to achieve the scale of reduction in the time frame required is electrification. As noted 

above, hybrid systems with RNG could become available once an RNG supply chain is in place. 

Similarly, district heating could also become an option once the systems are decarbonized. 

Solar, storage and energy efficiency, while they can offer various benefits, do not improve the 

cost or ease of decarbonization from the building owner ’s perspective. 

 

The conclusion: focus on fuel switching immediately.  

 

Fuel switching at the scale and pace needed will not happen without government policy and 

programs. Our key findings related to policy and programs emphasize the importance to: 

 

• Accelerate the electrification of building heating. Promote electrification of heating to 

reduce the number of buildings connected to the gas grid, reduce emissions in the 

short term, and signal to the market that electricity will play an increasing role in 

heating buildings in a net zero future. This will create greater competition in Ontario's 

heating market and push the gas industries to develop a credible plan to achieve net 

zero by 2050 if they wish to remain part of the building heating market.   

 

• Implement a net zero framework for crown corporations, regulatory bodies, and key 

ministries in Ontario. This must start with a Government of Ontario commitment to net 

zero by 2050. It would then extend to adjusting the missions, authority and operational 

plans of key government departments, Crown corporations, regulators, and related 

bodies to the goal of achieving net zero emissions by 2050. The bodies should 

develop integrated plans for the decarbonization of the building sector, the expansion 

and full decarbonization of the electricity grid, and policies around building-related use 

of low carbon gaseous fuels. 

 

• Enact a sunset clause for the installation of new natural gas-based heating systems. 

We need to ban the installation of fossil fuel heating systems in buildings, starting with 

new buildings and moving to replacement systems in existing buildings. Recognizing 

that the City of Toronto does not have the authority to unilaterally ban gas heating in 

new and existing buildings, this report outlines the strengths and weaknesses of 

potential policy approaches at the federal and provincial levels to achieve this.  
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• Provide financial support for the installation of heat pumps. Provide grants and loans 

to reduce the cost differential between heat pumps and gas boilers. This includes 

supporting manufacturers (upstream) of clean heating technologies to drive down 

costs and stimulate local economic development, and consumers (downstream) to 

reduce the high cost of heat pump installation to encourage adoption and market 

growth.  

 

• Use building codes and building performance regulations -- with progressive emission 

and energy performance targets -- to drive change by sending signals to building 

owners about fuel switching and the direction of future energy efficiency levels to be 

achieved in new buildings and major renovations.  

 

• Advocate for the phase-out of gas-fired boilers. Promote coalition-building of various 

actors (municipalities, NGOs, businesses, etc.) to pressure provincial and federal 

governments to regulate emissions from new and existing buildings, and to raise public 

awareness of the need to phase out natural gas combustion to achieve net zero 

emissions by 2050. 

 

• Support experimentation with clean gases without delaying the current electrification 

effort. Support the experimentation of hydrogen and RNG for building heating to 

accumulate evidence and set a clear date for deciding their future role in building 

heating in the net zero future. In the meantime, the government should support and 

promote the electrification of building heating with heat pumps, due to their high 

energy efficiency, to reduce current emissions.  
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1. Introduction 

1.1. The Pathways Project 

This Integrated Pathways report is the third of a series 

generated by the "Pathways Project", which explores 

credible pathways for the built environment in 

downtown Toronto (“the District”) to achieve net-zero 

operational emissions by 2050. The Pathways Project 

includes 6 distinct phases:  0) Current Status of the 

District 1) Building Energy Supply Decarbonization, 2) 

Energy Efficiency, 3) Integrated Pathways, 4) Pilot 

Project Identification, and 5) Lessons Learned. IESO 

funding supports Phases 1 to 5.  

 

The scope explicitly sets aside two issues: the GHG emissions of grid supplied electricity in 

Ontario; and the embodied carbon represented by building materials and the construction 

process. With respect to grid emissions, moving to a net zero emission society requires a full 

decarbonization of electricity supply. The low carbon intensity of Ontario’s grid electricity will 

rise over the coming decade as nuclear plants are decommissioned, but it will need to come 

down after that if net zero objectives are to be met. With respect to embodied carbon, as 

operating emissions decline, embodied carbon becomes a relatively more significant 

component of a building’s lifecycle GHG emissions. Addressing this will require decarbonizing 

the building materials industry (cement, steel, lumber, plastics, etc.) and the transport and 

construction sectors (trucks, excavation equipment, generators, etc.). Establishing the 

Pathways for both of these issues is beyond the scope of this project. We have assumed that 

in Ontario, all-electric buildings should be treated as operationally net zero buildings. 

 

1.2. Findings to Date 

Our first phase showed that 96% of building space heating and hot water in the District is 

achieved by burning natural gas (fossil derived methane). It is also used in grid electricity 

generation and the various district energy systems. So, decarbonisation requires replacing 

natural gas with emissions-free energy.  

 

In the second phase, we looked at the technical viability and cost of options for transitioning 

existing on-site combustion to electric energy, renewable gas (RNG), and hydrogen. Limits to 

biomass availability mean that RNG could not replace existing natural gas heating throughout 

the distinct and province. Hydrogen could in principle serve as a gaseous heating solution, but 

is unlikely to be available at scale until at least 2035. Electric options (particularly heat 

pumps) can be deployed immediately. A hybrid option with electric heat pumps and RNG 

would also be viable, but today RNG supplies are limited. So, building electrification remains 

PHASES 

0 District Status 

1 Energy Supply 

Decarbonization 

2 Energy Efficiency 

3 Integrated Pathways 

4 Pilot Projects 

5 Lessons Learned 
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the most practical immediate pathway. We found that in each case of fuel switching costs 

were material ($2 -$4 per square foot per year increase) at today’s prices, which will come 

down as the market for clean energy heating equipment develops. We suggested that most 

building owners would be able to bear these costs as long as their competitors face the same 

costs. Cost is not the only consideration. It must be possible to fuel switch in the timeframes 

required or the option cannot be part of a viable pathway to 2050. Of the three options, 

electricity is the most mature option and can be implemented immediately. However, the 

electricity grid will need to expand to ensure that the growing demand can be met reliably.  

 

In phase 3 we looked at whether end of life renewals which reduce load would be a more 

viable path. We found that a 60% load reduction performed cost neutral to cost negative 

depending on the building type and when it is conducted. Deep retrofits have the best 

business case when aligned with deep renovations, which occur several times over a 

building’s lifetimes. This work can be designed to achieve the other benefits of energy 

efficiency renovations such as increased comfort, increased value of the building asset and 

reducing the peak load on the grid, which increase the value of the investment to owners 

above the energy savings. There would be individual as well as broad benefit. As these end of 

life renewals occur every 30 years or so, they will not significantly contribute to our 2030 

goals, but could be of material benefit for the 2050 goals.  

 

1.3. Phase 4 – Integrated Pathways 

This Phase includes two parts: 

• An evaluation of three additional technologies that might contribute to the pathway 

(Decarbonization Technologies), and  

• Discussion of system level policies and programs that are necessary to drive 

movement along the pathway. 

 

The technical evaluations include: 

• Building mounted solar generation 

• Energy Storage 

• District Energy 

 

The policy and practice evaluation considers applications in other jurisdictions that could be 

considered here to enable and motivate action of the scale and schedule required to achieve 

the necessary carbon reductions in the District.  
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2. Decarbonization Technologies 

2.1. Building Mounted Solar 

In the past few years, increased R&D on photovoltaic electricity generation (PV) and 

deployment at scale has improved efficiencies, reduced capital costs and enhanced feasibility 

of integration on building surfaces to the point where PV is now widely considered a viable 

energy source to incorporate into buildings. Wide scale implementation of active solar 

technologies on neighbourhood surfaces has been studied for enhancing energy security and 

self-sufficiency (Ko et al., 2017). However, its feasibility needs to be evaluated against utility 

power in each location. This feasibility is affected by the magnitude and timing of generation 

relative to demand and particularly the availability of power during peak hours of 

consumption.  

 

One motivator for building mounted PV is often the desire to take individual action to ensure 

clean energy in the face of a dirty grid. However, given that we can only decarbonize the sector 

if the grid is clean, we evaluated the role that building-mounted PV could play to achieve net 

zero emission in the building sector with a decarbonized grid. We aim to answer the following 

question: do building mounted PV panels offer an advantage over centrally generated power?  

 

Advantages explored in this analysis include economic (reduced energy bill) and non-

economic (comfort, resilience) benefits for consumers (building owners) and benefits at the 

system (utilities) level to manage the grid (e.g., reduced load and peak demands), in which 

case the system operator would need to provide price signals or some other mechanism to 

get consumers to act. 

 

2.1.1. On-site Generation 

As the basis for calculating potential power generation on the rooftops and facades of 

buildings in the District we used two readily available technologies, representative of typical 

efficiencies for current PV systems. (see Figure 1).   
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(a)                         (b) 

 

 

For building rooftops, we considered monocrystalline panels, which are rack mounted. For 

facades, we considered lightweight thin film photovoltaic technologies, such as Copper Indium 

Gallium Deselenide (CIGS). We used 24.4% efficiency for monocrystalline and 19% for CIGS.  

 

To frame the evaluation, we considered how much power can we make, assuming that we 

could mount solar panels on all surfaces that get reasonable solar exposure.  We recognize 

that the attachment methods for some surfaces may not be economically or physically viable, 

but it is valuable to know if that problem is even worth solving. Consider this first section a 

thought experiment to benchmark the relative magnitudes of potential supply and demand. 

 

We carried out several simulations on typical neighbourhood blocks representing the Toronto 

2030 District neighbourhoods.  Details of the simulations can be found in Appendix B. 

 

To define the total electricity demand, we considered two scenarios: 

• entirely electric energy supply including heating, and  

• Electricity serving all uses except heating, which would be met by some form of 

green gas. 

 

If we electrified with cold climate heat pumps, the total annual Air Source Heat Pump (ASHP) 

consumption of the Toronto 2030 District would be approximately 5804 GWh; this is in 

addition to current load which is 4265 GWh and accounts for lighting, air conditioning, fans & 

pumps to distribute heating and cooling, process and plug loads.  

 

Our simulations found that the total potential solar generation in the District was about 

2080Gwh. The amount of available PV power is therefore about 30% of supply required for a 

totally electrified District using ASHP for heating.  Deep energy retrofits would be required to 

Figure 1: (a) Monocrystalline modules  and (b) thin film technologies such as CIGS 
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reduce energy use by 70% for building mounted solar to supply the entire electrical load. This 

is more than the 60% energy reduction we believe is theoretically viable.  

 
Figure 2: The fraction of ASHP consumption that can be met by solar power generation from all building 

typologies 

 

We then considered the scenario where green hydrogen meets all heating needs. The solar 

power generated from all the neighbourhood surfaces can only meet 44% of energy used 

unless deep energy retrofits are implemented.  

 

 
Figure 3:The fraction of energy consumption in the Non-heating scenario that can be met by solar power 

generation from all building typologies 

The result is that solar PV is an option for supplying some, but not all, electricity generation 

for the District. Assuming current solar technology, the state of the building envelope and 

energy performance of buildings in the District, it is apparent that the vision of an independent 

“Solar City” is not possible for Toronto.  

 

2.1.2. Impact on the Grid 

From the electrical utility point of view, electricity generated and consumed “behind-the-

meter” (employing on-site storage) has a similar effect to efficiency improvements, meaning 

a reduction in demand on the grid.  But unlike envelope improvements, which reduce the load 

independent of time of day, PV generation only reduces the load during daylight, and in 

proportion to the solar radiation at any given time. It is influenced by cloud cover, rain, and 

snow that may be cover the surface of the modules. Furthermore, on some days, there would 

be more diffuse solar radiation, which would decrease the solar power generated from 
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monocrystalline PV panels. In jurisdictions such as California, where there has been 

widespread deployment of building mounted solar, this load concentration has made it more 

difficult for electricity operators to manage the grid supply. 

 

A second scenario for implementing on-site PV is net-metering.  Net-metering allows a building 

to install more PV than is required to meet their peak daytime electricity use.  At peak output 

on sunny days, the building exports generated solar electricity to the grid, “running the 

electricity meter backwards”.  Overnight and when solar energy isn’t available, the building 

relies on the grid for electricity.  One challenge of net-metering is that PV system output is non-

dispatchable: the utility isn’t able to choose when the generation occurs, creating grid power 

system stability challenges.1  There is higher potential impact on grid stability.  Net-metering 

projects over 10KW can be subject to a Hydro One Connection Impact Assessment, and can 

only proceed if there is sufficient capacity in the existing distribution system to permit the 

requested energy export.  

 

In net-metering schemes, there is also the challenge of creating a ‘fair’ electricity pricing 

scheme which compensates both the building and utility for the cost of electricity when it is 

used, as compared to when it is generated.   Currently, net metering in Ontario is governed by 

O. Reg 541/05, which states that each month, billed electricity used is deducted from 

electricity generated and a credit or bill is applied to the client’s bill for the remainder. Bills 

can be reduced to zero on a monthly basis, and credits for excess generation can be carried 

over from month to month, but not from year to year. There is no benefit to owners for 

oversized systems. For most users (all but Class A customers) the electricity rate used for this 

calculation is a constant, independent of the hourly price of electricity (HOEP) that reflected 

the real value of the electricity to the utility. 

 

At the moment, due to both technical and regulatory considerations, the business case for 

“behind-the-meter” PV installations has a faster payback then net-metering installations, 

because there are fewer regulatory requirements (no export to grid) and less electrical 

equipment required. 

 

We also investigated the impact of PV on peak demand. Just as we size a building level heating 

system for the coldest day of the year, the capacity of the grid must equal the highest demand. 

Any reduction in the highest demand could be valuable to the grid as it would mean less 

capacity has to be provided. We examined whether the solar power generation could help 

meet peak energy demand and reduce the need for expensive system level investments.  

 
1 Ontario has a sophisticated grid operator with strong technical capabilities, and this has permitted deployment 

of 500MW of solar (~2% of summer peak) directly supplying our transmission system, as well as 2,166MW (~8% 

of summer peak) of embedded generation (PV on buildings or at grade) (IESO, 2022.)  As the percent of 

embedded solar on the grid increases, voltage and transient stability are impacted and these impacts must be 

carefully managed.  
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Peak for energy demand in the electrical scenario occurs in January, whereas the peak solar 

generation is in July.  The magnitude of solar power generated is never sufficient to meet peak 

energy demand. (see Figure 7).  The value of PV to the grid is an incremental reduction in peak 

demand. The extent to which it can rely on this in their demand forecasting and system sizing 

is a topic beyond the scope of this study.  

 

 

 
Figure 4: The month-wise average hourly solar power generated superimposed on the graph showing energy 

consumption for different scenarios (existing, ASHP, electric resistance) as studied previously 

2.1.3. Resilience benefits for the Building Owner 

Resilience is the ability to avoid harms and recover quickly from system wide disruptions.   In 

the context of energy supply, for a building this means how much access is maintained to 

critical services during an outage (including acceptable indoor temperatures, elevators, 

potable water, refrigeration for medication, etc.), whether the building is damaged (sump 

pump operation, freeze-protection system operation), and how long it takes to restore systems 

after a grid power outage.  When installed with inverters, charge controllers and batteries, PV 

systems provide buildings with access to some electricity even through a multi-day power 

outage.  A PV installation alone does not provide these resilience benefits, but the required 

additional systems can be retrofitted, especially if building electrical distribution anticipates 

which systems should be supplied with emergency power (as an example, receptacles serving 

suite refrigerators in a multi-unit residential building.) 

 

Larger or critical use buildings also require emergency back-up supply for critical systems, 

such as the refrigeration of medicines and running elevators. Providing batteries and PV  can 
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add an ongoing source of power for these buildings even through a multi-day power outage, 

supplementing emergency backup generators. 

 

2.1.4. Utility Scale Solar 

As a general rule, utility scale solar costs are lower than building mounted PV. This is primarily 

due to the difference in “soft costs” (see figures 4 and 5). The costs of the panels themselves 

are the same.  

 
Figure 5:The cost breakdowns for the residential, commercial and utility-scale solar systems (Vignesh 

Ramasamy et al., 2021) 

 
Figure 6: A comparison between the costs of PV-plus storage and standalone PV systems for residential, 

commercial, and utility-scale applications (Vignesh Ramasamy et al., 2021) 

 

While utility scale generation is more cost effective on average, there are still cases when it 

makes economic sense for a building owner to install solar PV.  Consider a case study for solar 

power generation from a large commercial building on a site located near Toronto (see Figure 

6). The building had roof mounted PV panels with a capacity of 1.1MW , which would generate 

approximately 524 kW (peak power production) and 792 MWh per year. This roof mounted 
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system contributed to an annualized rate of investment (ROI) of 11%, an annual saving of 

$99,000 and the system met 15% of the current annual energy use.  

 
Figure 7: Case study of roof mounted PV potential on a commercial building located on a site near Toronto 

 

The investment potential of PV depends upon the jurisdiction where the buildings are located. 

Rural areas where the houses are scattered and distribution infrastructure therefor the retail 

cost is more expensive, there may be more investment potential.  

 

In this case study, the installation costs are low (a ballasted roof not requiring remedial 

structural capacity), which allow the cost of generation to be below the retail cost of electricity 

for this area.  

 

2.1.5. Summary 

Ontario’s utility grid currently includes embedded PV resources generating up to 8% of peak 

summer grid demand.  Solar provides clean power, which the province needs, and in theory it 

could be PV and it could be located anywhere.  Should it be located on buildings? Sometimes. 

 

We looked at local independence, resilience, peak shifting and cost. PV in the District on 

buildings can provide returns on investment between 5%-11%, if there is protected access to 

sun and simple installation: very large flat roofs and single-family homes. For both the grid 

operator and building owners, behind-the-meter installations are simpler, lower cost, and 

provide higher paybacks than net-metering deployment, but both types of systems are viable 

for some sites.  

 

However, the generation potential of these installations, even if maximized, will only 

contribute a fraction of the total energy required in the District, and will have an even lower 

contribution to generation during winter electrical peaks caused by electrification of the 

district’s heating systems. 
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PVs alone aren’t sufficient to provide building energy resilience during power outages.  When 

combined with batteries, PV systems can provide buildings with some access to electricity 

even during long outages which are rare but have a high potential for serious damage.   

 

2.2. Behind the Meter Storage 

We carried out a preliminary assessment on the benefits of building level thermal storage and 

Battery Energy Storage Systems (BESS), which could be charged with either solar panels or 

grid power. Because they are agnostic to where the power comes from, its useful to look at 

storage independently. We looked at their value as emergency back-up for heating a house, 

as well as the peak shifting benefit for the grid.  

 

2.2.1. Back-up Heating 

As we know, even when heating with natural gas, we require electricity to power fans and 

pumps that move the heat around our buildings. It would be ideal if, when the power goes out 

in the dead of winter, we all switch to battery and keep going. We considered a single-family 

house.  In the coldest time of the year, a house heated with cold climate heat pumps would 

require about 120 kWh to operate critical systems such as heat, partial light and refrigeration, 

at a cost of about CAD $157,000.  This cost is clearly out of reach of most building owners 

which is why emergency power is typically calculated based on the need to run a few critical 

systems.  If we were to assign a monetary value to the resilience of maintaining acceptable 

indoor temperatures during a power outage, it is likely that building envelope upgrades 

(windows, doors, wall, and roofs) provide better value for investment.   

 

2.2.2. Peak Reduction Potential 

We evaluated the following strategies to reduce peak energy consumption in residential and 

office (Class A) buildings: 

1. Thermal mass strategy based on a ‘demand response’ approach 

2. Battery Energy Storage System (BESS) for load shifting 

Thermal mass storage refers to the capacity of a material to absorb sensible heat, store and 

release it passively. This principle can be applied to floors, walls & furniture of the building, 

increasing their temperature during non-peak hours to reduce heating demand in peak hours.  

This method is simple and inexpensive but constrained by the maximum comfortable 

temperature variation acceptable for occupant comfort. There is only a nominal cost of 

thermostat controls that the building owner will need to install.  

 

BESS involves more capital equipment and is at the beginning of its cost/development curve. 

They require sophisticated control systems, which reduce the risk of thermal runaways (state 

of overheating of batteries) that is a significant fire hazard.  
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Because of the cost advantage, we will first consider the impact of using thermal storage, then 

BESS.  

 

a) Residential buildings  

 

In a pilot study on 50 residential buildings in New Brunswick, Canada, peak electricity demand 

corresponding to morning hours could be reduced by ‘demand response’ approach during 

that time. This depends on shifting the heating load so that it does not overlap with the 

breakfast load. Heaters are turned on to increase the space temperature to 2 deg above the 

set point just before the peak hours of heating consumption i.e., 5:30am to 7:30am. The 

temperature was subsequently lowered 1˚C below the setpoint during the peak period. The 

extra heat supplied earlier had been stored in the houses’ thermal mass, which was later 

discharged into the indoor space during the peak period, thereby helping maintain thermal 

comfort conditions. The residents of these houses were unaffected by the changes brought 

about by the ‘demand response’ approach, as the indoor thermal comfort conditions were not 

significantly altered. The impact of this approach was that based on outdoor conditions, the 

peak power could be reduced at an average of 1.4kW and as high as 3-4kW in the residential 

buildings in this study (Pardasani et al., 2018).  

 

In this analysis, we applied a similar thermal strategy of load shifting on the 8895 residential 

buildings in the Toronto 2030 District, and this was carried out during the period 

corresponding to peak wintertime heating energy consumption. The New Brunswick study 

involved electric baseboard heaters, however for Toronto, the magnitude of power that could 

be reduced for the residential buildings in the ASHP scenario would be a function of the 

wintertime COP of the ASHP compared to baseboard heaters. 

        

Considering that the ASHP’s wintertime COP = 2.05 (TRCA, 2014), the maximum peak power 

reduction per house in Toronto was estimated to be 1.95 kW. This reduction is applied across 

peak hours of consumption, from 7:00am to 9:00am. 

 

Following the application of the thermal strategy and the reduction of the new peak of energy 

consumption, battery storage was considered to reduce the load further. The daily average 

energy demand of residential buildings, which comprise the heating energy and electricity 

consumption, was computed over the duration when the thermal strategy was applied. When 

the energy consumption at a particular hour during the same period exceeded the daily 

average, a demand-control mechanism would draw energy from the BESS. This further 

decreased the load at critical hours during the day, when demand is higher than the daily 

average (see Figure 19). The relationship between the power that is drawn from the utility 

grid, the power load, and the power to be discharged by the battery at a point in time for an 

individual building, as set out in the following equation (Chua et al., 2017): 



Pathways Project Update | Integrated Pathways to Decarbonization  18  

Toronto 2030 District 

 

  

  
Figure 8: The initial energy load and subsequent changes due to the implementation of the ‘demand 

response’ approach and the BESS on an extremely cold winter day 

 

In this case, each residential building would need to be integrated with a BESS of system size 

about 1.6 kW/4.8kWh, and Tesla Powerwall 2 could deliver this function (Tesla, 2019). 

Through this approach, we estimate about 10MWh of the District’s single family residential 

building energy demand can be reduced during the peak wintertime period. 

 

b) Class A office Buildings  

 

Single family residences are a small part of the District’s buildings so we also evaluated 

reduction in the peak power demand for a total of 211 Class A buildings, a completely different 

occupancy and building type. As a simplification to make the preliminary assessment viable, 

we used a Johnson Controls L2000 Distributed Energy Storage which has a maximum 

discharging power of 607kW, as the reference. We found that for an extreme winter day, the 

BESS would need to have a nominal capacity of 500kW to reduce load shift during the peak 

hours (see Figures 9). Overall, the implementation of the BESS reduced about 500 MWh of 

peak energy consumption during the wintertime.  



Pathways Project Update | Integrated Pathways to Decarbonization  19  

Toronto 2030 District 

 

 
Figure 9: The load shifting possible for a typical Class A building during an extremely cold winter day 

There are costs relating to the installation of BESS systems that will vary building by building.  

Since BESS’s are large and heavy, secure and adequately large spaces with suffiecnt 

structural capacity need to be identified, typically on the roof or in underground parking. The 

logistics to transporting the batteries into a viable space also need to be considered. 

 

2.2.3. Cost of Thermal and BESS Strategies 

For the different strategies studied in this report, Table 1 shows the assumed technology and 

related costs; the magnitude of load shifting at the peak and total costs for implementing the 

systems in residential and commercial buildings in the District.  

 

Table 1: The cost breakdowns as per the strategies studied 

Strategy 
Assumed 

technology 

Cost of 

equipment [$] 

Magnitude 

of reduction 

at peak 

[kWh] 

Cost per 

kWh 

[$/kWh] 

Total costs [$] 

Thermal 

strategy for 

residential 

buildings 

Programmable 

Thermostat1 
89 3000 264 791,655 

BESS for 

residential 

buildings 

Tesla Powerwall 

22 
18,000* 5000 32,022 160,110,000** 

BESS for 

commercial 

buildings 

Johnson 

Controls3 
2500 500,000 3860 1,930,000,000 

1https://store.google.com/ca/product/nest_learning_thermostat_3rd_gen?hl=en-GB 
2https://cleantechnica.com/2020/10/05/tesla-megapack-powerpack-powerwall-battery-storage-prices/ 
3https://atb.nrel.gov/electricity/2021/commercial_battery_storage 
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*This is the minimum cost of equipment, as indicated on https://kubyenergy.ca/blog/complete-guide-to-tesla-

powerwall-in-canada 

** Assuming each house in the Toronto 2030 District will get one Tesla Powerwall 2 for load shifting at the time 

of peak energy consumption. 

 

2.2.4. Summary 

Energy storage located in buildings has the potential to provide emergency back-up of critical 

services or peak shifting, but cannot do both reliably due to the unpredictable nature  

emergencies.  Building mounted solar has a benefit but only in rare circumstances when there 

are multi-day outages in good weather. 

 

Emergency back-up benefits the building owner.  Peak shifting mostly benefits the grid 

operator and would require policy to nudge owners in that direction. Simple building heating 

controls are very cost effective but offer the smallest benefits.  The current cost of batteries 

in the main impediment to deploying them for any benefit. 

 

2.3. District Heating 

The City of Toronto calls District Energy “a key component of TransformTO, Toronto’s climate 

action plan, to reduce emissions from buildings and help the City reach its net zero by 2040 

target… it reduces greenhouse gas emissions and improves energy resilience; enables the 

use of less carbon-intensive fuel sources, such as solar thermal, sewer heat, biogas, cold lake 

water, biomass and ground heat, and integrates them at an energy centre with virtually no 

impact on the connected buildings.” 

 

However, in Toronto, 98% of the existing district heating capacity relies on natural gas as the 

primary or sole source of heating, using combinations of natural gas boilers and natural-gas-

driven cogeneration plants.  And while there is discussion of low-carbon energy sources being 

added to these networks in the future, most new district systems that have been added in the 

District to date continue to incorporate technologies and business plans based on natural gas.  

 

District heating systems are complex.  Unlike solar panels, which can be deployed by single 

building owners behind the meter or utility scale feeding the existing grid, expanding the use 

of district systems in Toronto’s downtown core almost always involves multiple building 

owners, a central utility provider, and the City, as the owner of public rights of way through 

which larger district plants may need to encroach. 

 

This Pathways study attempts to better understand the decarbonization path for existing 

natural gas based systems and identify the best use of district systems for District carbon 

emission elimination by 2050. 
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2.3.1. Existing District Heating Systems in Toronto’s 2030 District 

The 2030 District is currently home to five district heating systems which we estimate have 

capacity to meet about 10% of the current District heating energy demand (see Figure 10).   

 

Figure 10: Installed Heating Capacity of Existing District Systems (MW) 

 
Of these, two systems form over 93% of the total capacity: 

• Enwave, a privately owned utility, operates a downtown district system with steam 

(73% of system capacity) and 150F-180F hot water (27% of system capacity).  Major 

customers include most of the hospitals downtown, Toronto Metropolitan University, 

and 19% of the District’s office buildings.  Based on our analysis, about 6-8% of all 

heating in the 2030 District is provided by Enwave. 

• The University of Toronto, which has about 20% of installed district heating in 

downtown Toronto, serves university owned buildings from a 600PPH (~150MW) plant 

on their St. George campus. 

 

Over 70% of the 187MW of DE capacity installed in the last 10 years in Toronto was natural 

gas fueled.  Currently only one system, representing about 2% of currently installed district 

heating capacity, is fully ow-carbon:  Noventa Energy’s 19MW sewer heat recovery plant, 

recently installed at Toronto Western Hospital.   The remaining low-carbon capacity (43MW) 

is energy recovery and storage capacity incorporated into the Enwave district heating water 

loops.  

 

Enwave 

Toronto, 534, 

72%
University of Toronto 

District Steam 

System & Hot water 

system, 152, 20%

Regent Park Community 

Energy System, 30, 4%

Toronto Western 

Hospital, 2023, 19, 3%

Mirvish Village, 6, 

1%

Total Disctrict Heating Capacity (MW)
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These investments based on the low current cost of natural gas are only marginally more 

efficient than stand-alone minimum code compliant systems.  They are creating stranded 

assets in advance of The City of Toronto’s 2040 Net Zero goals, which will require a substantial 

natural gas phasedown,  and, especially if designed with high water distribution temperatures, 

will be much harder and more expensive to retrofit than individual buildings.  We consider this 

to be an unacceptable choice for new energy assets being installed in our District.  

 

2.3.2. Client Drivers for Existing District Heating (DH) Systems  

Our team conducted interviews with DH 

stakeholders to understand their 

perception of the benefits of district 

systems.  

 

The key benefit of DH identified is 

outsourcing the service of building 

heating.  With a third party accountable for 

system up-time and very limited on-site 

heating equipment, there is a substantial 

reduction in the cost for personnel and 

need for institutional memory to 

successfully operate a building heating 

plant.  In particular, those in healthcare 

rely on district systems for not only space 

heating, but domestic water heating, humidification, and steam for healthcare sterilization 

systems.  They were clear that changing to on-site heat pumps would not be an option for their 

operations. Contracts in DH are also long-term, with some commitments as long as 20-30 

years: opting out of the district system could invoke substantial penalties.  As a result, these 

customers said they were relying on their district utility to decarbonize the heat that was sold 

to them.  

 

All stakeholders, including clients, also noted that district systems have the potential to 

leverage low-carbon heating sources which will not be available to them as single building 

owners.  Potential sources of heat in the Toronto 2030 District identified included: 

 

Developed Technologies: 

• sewer energy recovery 

• chilled water loop energy recovery, 

including deep lake water 

• geo-exchange 

• off-peak electric resistance (from 

electricity grid) 

Emerging Technologies: 

• deep well geothermal in the 

Portlands 

• High-temperature air-source 

heat pumps  

• Small Nuclear Reactors  

Key Benefits of DH Systems 

 

 

Download responsibility for carbon 
emission reductions to a dedicated 
supplier of heating and cooling

Access low-carbon heating and 
cooling sources which can’t be 
leveraged at a building scale

Operator can afford better 
supervision, optimizing the 
efficiency of each DH plant 
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2.3.3. District System Losses 

Overall, it was estimated by experts interviewed that when DH systems are operating with hot 

water, no matter the temperature, the seasonal losses due to distribution (both losses through 

pipes due to conduction and added pumping energy compared to an in-building system) would 

be between 2-5%.  However, since DH plants tend to operate with higher levels of supervision 

than on-site building systems and best-in-class controls and staging, the overall source energy 

use of hot water DH users is roughly equal to that of stand-alone building heating plants. 

 

Losses in steam systems were estimated to be much higher: between 5% to 15%. These 

losses are non-trivial.  Buildings in Toronto heated by district steam are, on average, using 

more natural gas to heat than they would be if they had standalone modern boilers. In our 

talks with U of T, we understand their long-term plans involve decommissioning their steam 

systems.  In our talks with Enwave representatives, we understand that they are actively 

offering existing customers the opportunity to upgrade to low-carbon “green” heating (to 

district hot water heating, or heat-pump based heating generation on-site, and off of steam), 

focussing these proposals in particular for customers with publicly disclosed carbon goals, as 

well as on customers executing building redevelopments and major retrofits. 

 

2.3.4. Decarbonizing Natural-Gas Fueled District Heating Systems  

In theory, once the distribution network is in place for a DH system powered by natural gas 

boilers or cogeneration systems, eventually the energy source will be transitioned to lower-

carbon fuels. Just like a retrofit at a single building heating plant, the following issues all need 

to be addressed to enable this transition: 

 

a) Availability of Space 

 

The following table shows the approximate amount of floor space / roof space typically 

required for a 12,000MBH (3.5MW) heating system using current technologies.   

 

Natural 

Gas Boiler 

Electric 

Boilers 
Air-Source 

Heat Pump 

Sewage 

Heat 

Recovery 

Device 

Deep Well 

Geothermal 

40 m² 40 m² 500 m² 225 m² 2500 m² 

 

Therefore, if a DH plant was only sized to accommodate natural gas boilers when it was initially 

built, retrofitting any alternative heat generating technologies outside of electric resistance 

boilers would require that the plant be expanded.  In the Toronto District, the value of real 

estate makes this a challenging issue. 
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b) Availability of Resources and Utilities 

 

The following table shows the types of resources required for each type of DH system. 

 

Table 2. Types of resources required for each type of DH system 

Natural Gas Boiler 
Electric 

Boilers 

Air-Source Heat 

Pump 

Sewage / Ambient 

Water Heat 

Recovery Device 

Deep Well 

Geothermal 

• High-capacity 

natural gas 

supply 

• Access to free 

air for makeup 

air and a single 

chimney/flue 

(1% of plant 

area) 

• High-

voltage, 

high 

capacity 

electricity  

 

• High-voltage, 

high capacity 

electricity  

• Access to 

fresh air 

(50% of plant 

area)  

• High-voltage, 

high-capacity 

electricity  

• Access to high-

volume City 

Sewer water or 

other large 

volume pipe 

capable of 

providing 

heating 

• Large central 

generating 

station 

suitable for a 

1+ year 

drilling period 

and industrial 

power 

generation.  

 

A natural gas boiler plant requires very different kinds of access to resources than the other 

generation types.  As a result, transitioning an existing DH plant to another generation type 

may require moving the plant, or, piping / wiring energy from a new plant in a more suitable 

location to the previous plant for distribution. Both would increase project costs. For smaller 

district energy systems that have both heating and cooling operating out of the same plant 

location, it may be possible to add heat absorption for air source heat pumps in the same 

location as the cooling towers.  Optimized equipment designed for this kind of retrofit of a 

summer-only system to a year-round heating/cooling plant is not currently common but may 

be developed in the coming decade. (The major challenge is freeze-protection of the working 

fluid: these systems currently contain water but would need to be retrofitted to equipment 

designed for use with refrigerant or antifreeze.) 

 

c) Business Case   

 

The final, and in some ways most challenging, aspect of decarbonizing a DH system is 

establishing the business case. 

 

Once a DH system has been designed and constructed on natural gas, customer contracts 

are negotiated, often on 20+ year contracts, with fixed fees to cover the capital costs already 

expended on natural gas infrastructure by the District Utility, indexed to increase only for 

inflation, and, energy costs which are usually indexed to the price of gas.   
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For a district utility to replace their natural gas infrastructure, they must source capital from 

investors and, the combination of avoided costs of gas and carbon pollution must provide 

sufficient savings over the cost of electricity to pay for the investment. They must also, in many 

cases, pre-emptively upgrade or supplement infrastructure installed and financed with the 

intent of a 20+ year equipment life. In many cases, the only decarbonization strategy available 

will be a ‘rescue’ by piped hydrogen or, re-purchasing decarbonized thermal energy from 

another District Heating network.   

 

There are some examples of existing DH system partial decarbonization already executed or 

in process which may illustrate the kinds of solutions possible: 

• At the University of Toronto, a full decarbonization strategy is being executed which will 

fully replace the steam system, plants, and distribution with a system based on 

geothermal heat pumps. This replacement is not able to re-use most of the 

infrastructure in place today, and geothermal systems have been installed under large 

open landscape areas available to the university but not typical of what open area is 

available to most Toronto building owners. 

• In Vancouver, Creative Energy has invested in a new electrical line to permit them to 

use simple electric resistance boilers to run their steam system from clean, low-cost 

hydro-electrically generated electricity off peak, when hourly electricity prices are lower 

than natural gas prices. 

• St Paul, Minneapolis added 65MW (~22% of total steam system capacity) of biomass 

cogeneration, replacing a coal-fired plant. The size of the plant is limited by regional 

fuel availability: the plant now sets the baseline clean wood waste price within an 

approx. 4-hour travel distance around the city.  By setting their price higher than the 

cost for landfilling this material, they are able to procure the majority of biomass waste 

generated in the region.  The physical size of the original coal-fired systems was a good 

match for the replacement biomass plants.  Both require much more space than gas-

fired boiler plants.   

• Malmo, Sweden, has installed a 40MW ammonia heat pump plant (4 x 10MW each, 

or 8% of total system capacity) directly adjacent to their central sewage treatment 

plant.  Using the discharge water from the plant (14°C), these heat pumps generate 

district hot water at 70°C-80°C. 

• Dramen, Norway, was able to install the world’s largest CO2 heat pump in 2011, 

generating 90°C water from an adjacent fjord (seawater-source) to supply 15MW of 

heat to their hot water district system. 

• UBC has installed biomass boilers / CHP, burning clean wood waste to supplement 

their steam system’s gas boilers. A total of 32MW of heating capacity (70% of the 

system’s total demand) has been installed to date in 2 phases. 
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These case studies show that decarbonization strategies follow three typical paths: 

1. Biomass combustion is a worldwide leading replacement for fossil fuels in steam DH 

systems.  Deployment is limited by regional feedstock availability and physical space 

availability.  In some ways DE systems that have lagged behind in replacing coal-fired 

plants were able to “leap-frog” early adopters of natural gas, using the material 

storage, handling, and large plant spaces needed for coal to directly convert to 

biomass or waste-to-energy systems. 

2. In space-limited steam HD systems, installing electric resistance / electrode steam 

boilers is a retrofit that is space-compatible with gas boiler plants.  Operators then 

source low-cost, off-peak electricity for these boilers.  This strategy does not permit the 

efficiencies of heat pump technology but allows re-use of steam infrastructure.  It 

depends on sufficient access to low-cost off-peak electricity to finance the retrofit. 

3. Outside of the use of biomass and electric steam boilers, the only low-carbon steam 

system conversions we were able to find also had to replace distribution pipework to 

convert to hot water distribution, permitting use of heat pumps (geothermal or water 

source.) 

 

We found no case studies of steam-generating deep well geothermal, or of district ASHP 

systems (either steam or hot water).  

 

In the GTA, Enwave intends to invest heavily in new customers for a new, low carbon hot water 

network, sourced from heat pumps, and potentially deep well geothermal, but has no plan to 

reduce emissions from heating for existing customers before 2030.  The owners of the 

systems at Regent Park and Mirvish Village also have no public decarbonization plans or 

commitments. 

 

Overall, we find that there are significant challenges to upgrading natural gas fired 

cogeneration or boiler plant to decarbonized systems. 

 

As it is 2022, any natural gas systems installed today are being financed on the assumption 

they will be used until 2042. They will not be part of the solution to meeting the 2030 targets. 

We do not recommend permitting new natural gas DH systems to be constructed without a 

viable and fully financed path to full decarbonization by 2030. 

 

2.3.5. Energy Sharing, Load Diversity, and Ambient Loops 

A potential benefit of district heating systems is the possibility of sharing energy from buildings 

which require heating with buildings that require cooling such that less overall source energy 

(electricity) is required to service these buildings together.  Ambient loops are proposed as a 

technology that permits this kind of energy sharing. 
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Ambient-loop DE systems (also called “District Energy Sharing Systems”) have been 

successfully deployed at several university campuses, in Blanchfold, a redeveloped 

neighborhood in Edmonton, AB, and at Whistler’s Athletic Village in BC. 

 

As shown in Figures 11 and 12, though, ambient loops do have more equipment at the 

building level than a DH system alone, along with more electrical load overall, and more 

electrical load at the building level.  From an electrical grid perspective, hot water distribution 

may provide better load management opportunities, as the utility can work with DH providers 

for high quality demand response actions. District hot water also minimizes the at-building 

maintenance for building owners. 

 
Figure 11: District Heating using hot water distribution to buildings from a heat-pump based plant. 

 

Figure 12: District Heating using ambient loop distribution from other buildings with rejected heat 

Energy sharing opportunities in a neighbourhood with only one kind of building (for example, 

mostly single-family homes) are also limited, since most buildings will all be in the same mode 

(heating or cooling) at the same time.  

  

2.3.6. Connected buildings: size and use Considerations 

In general, district utility stakeholders commented that there is a minimum service size which 

justifies the level of effort required for a privately held, profit-oriented utility to connect a 
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building to DH.  Many of the market players in the GTA are only able to provide competitive 

prices when connecting buildings which are over 10,000m².   

 

There are examples across Scandinavia and even northern Canada of district systems that 

service whole communities, including single family homes, but many of these systems are 

publicly funded.   

 

2.3.7. Summary of DH Findings 

Overall, our investigation found that, rather than being a theoretical solution, district heating 

systems are already heavily used in the district, accounting for more than 10% of all heating.  

However, we also found that 98% of all capacity installed today, and over 70% of capacity 

installed in the last 10 years, is fossil fuel based.  These systems will be harder to retrofit than 

systems in buildings.   

 

Three key take-aways are: 

• It is important to realize that DH is not inherently climate-friendly and decarbonized 

District Heating should be fully distinguished from Natural Gas District Heating going 

forward in policy and industry discourse.  

• Viable decarbonization pathways need to be developed for the existing gas-fired 

District Heating systems supplying about 10% of the District.  

• A Lifecyle Carbon Impact Evaluation for District Heating Systems would assist 

municipalities permitting construction of DH systems to distinguish decarbonized from 

non-decarbonizable plants going forward. 

 

There are substantial benefits to low carbon district heating that are not specifically climate 

related.  The most important benefits identified by stakeholders were:  

• The availability of qualified, dedicated staff to be responsible for the energy efficiency 

and performance of the district heating system. 

• The removal of equipment and associated maintenance from building owners. 

• The improvement in reliability of heating systems due to 3rd party provision of services. 

 

We were unable to identify viable short-term decarbonization options for steam DH systems 

through our review, unless access to low-cost, low-carbon energy dense heating sources (off-

peak electricity or biomass) can be secured for these systems.  Over 70% (536MW) of the 

District’s DH systems are currently steam. 

 

U of T expects to complete its DH system transition off steam by 2050, while it is expected 

that Enwave’s system will remain active to service legacy customers for the foreseeable 
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future, although they are working to encourage customers to upgrade to their lower-carbon 

alternative heating water loop where possible, at the customer’s cost. 

 

Given the high carbon impact of existing DH systems, we recommend the City prioritize 

decarbonization of existing systems as a critical part of our DH strategy.  We found that: 

• The pipes for these systems are already in the ground, so the deployment cost and 

speed are potentially lower than connecting new buildings 

• The opportunity is enormous (an estimated 10% of the heating energy use for 

downtown Toronto, and more can be connected to the systems as they decarbonize, 

can be addressed through retrofit of just the Enwave network.) 

• However, the largest such utility in the province selling energy to the public has no plan 

for reducing natural gas used to service existing customers before 2030 

• More attention, action and resources may be required to achieve this goal. 

 

2.4. Conclusion 

The purpose of this analysis is to see if we could integrate other technologies or approaches 

that would bring down the cost of fuel switching for building owners, or for us all by grid 

benefits, or both. We chose to investigate photovoltaic panels, batteries and thermal storage, 

and district heating systems because these are solutions often seen as being beneficial.    

 

For the district, we found that solar can be beneficial, but only for a small portion of the District 

buildings which are in the right locations and have the right built form.  Batteries and thermal 

storage can bring down costs, but for the grid, not for building owners. This would be 

dependant on incentives of some sort to be offered, the cost is very high or the benefits very 

small. Finally, until district heat can decarbonize, system expansion is a liability for out efforts 

to decarbonize, not a benefit, and the path to decarbonization is not currently apparent. We 

should not be expanding the system until these problems are resolved. 

 

The conclusion: focus on fuel switching alone.  

3. Systemic Support Decarbonizing Buildings 

3.1. Policy Context 

As discussed above, fuel switching must be at the heart of any strategy to achieve net zero 

GHG emission buildings by 2050. Fossil fuel end-use combustion must be phased out to 

remove the principal source of building related GHG emissions.  

 

Existing policy frameworks are inadequate to drive the shift from natural gas combustion to 

clean energy heating. The current carbon pricing scheme (set to rise from $50/t in 2022 to 

$170/t in 2030) provides an incentive to reduce GHG emissions. But the analysis presented 
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in District 2030’s Phase 1 report, “Building Energy Supply Decarbonization”, found that 

carbon pricing at this level typically remains insufficient to make net-zero heating options 

cheaper than burning natural gas. In addition to the cost differential, there are other barriers 

to a rapid adoption of decarbonized building heating including:  

• the relatively long life of building heating equipment (15-20 years);  

• the absence of consumer familiarity with low carbon heating technologies (such as low 

temperature air source and geo-exchange heat pumps);  

• a lack of training and capacity in the HVAC industry;  

• immature technologies and market development of electric heat pumps for some 

classes of buildings and/or climate zones and of supporting technologies (for example, 

electricity and thermal storage); and  

• the unavailability today of low carbon gaseous options (RNG or hydrogen).  

 

All this means that market forces and the currently announced carbon price will not be 

sufficient to drive decarbonization of the building sector at the speed and scale needed to 

achieve 2030 or 2050 climate targets.  

 

While the federal government has adopted a net zero GHG emission target, it has not yet put 

in place a policy architecture that can move the building sector decisively towards 

decarbonization. A net zero model building code is currently under development. And the 

recently published 2030 Emission Reduction Plan (2022) signals the federal government’s 

intention to “develop regulatory standards, and an incentive framework to support the 

transition off fossil fuels for heating systems” (p. 36). But the timeframe for the delivery of 

this policy package and its contents remains uncertain. At the provincial level, Ontario has yet 

to formally endorse a net-zero goal for 2050. And its 2020 climate policy framework – A Made-

in-Ontario Environmental Plan – is virtually silent on decarbonizing the building sector. Not 

surprisingly, in this political context the plans and strategies of other Ontario energy system 

actors – such as the IESO, regulatory bodies and the electric and gas companies -- remain 

underdeveloped.  

 

The City of Toronto is attempting to play a policy leadership role with respect to building 

decarbonization by adopting ambitious emission reduction targets that include all new 

building to be ‘near zero emissions’ by 2030, a 50% reduction (from 2008 levels) from existing 

building emissions by 2030, and a fully net zero city by 2040. A comprehensive suite of 

initiatives to decarbonize existing building is presented in the ‘City of Toronto's Net Zero 

Existing Buildings Strategy’. And the city is exploring options to make mandatory a switch away 

from natural gas for heating in new buildings (either through the City of Toronto Act or by 

encouraging other levels of government to act) and to progressively phase out gas usage in 

existing buildings. Despite Council’s approval of the update to TransformTO and a direction to 

staff to explore options to limit the installation of new natural gas fired equipment, significant 
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political obstacles remain. In the end, acting alone is not feasible because it will take all levels 

of government acting together with industry to reduce overall costs to society. 

 

3.2. Pioneering jurisdictions in decarbonizing buildings 

Before exploring policy options for accelerating building decarbonization it is worth noting that 

many jurisdictions around the world are taking action to confront this issue.  

 

In the United States, the state of California has been at the forefront of phasing out natural 

gas combustion in new buildings. In 2019, Berkeley became the first city in the US to ban gas 

connections for new builds or major renovations, and more than 40 US municipalities have 

introduced regulations that prohibit or restrict new natural gas connections (for example, in 

particular classes of structure) through energy efficiency or emissions standards (Mufson, 

2021).  

 

In addition to a recently announced ban on fossil fuel combustion in new buildings, with the 

timeframe of 2024 for low-rise buildings (less than 7 stories), and 2027 for high-rise buildings 

(more than 7 stories), New York City – a large, cold-climate city - is showing leadership for 

existing buildings. The 2019 Climate Mobilization Act (Local Law 97) requires large buildings 

(greater than 25,000 square feet) to reduce emissions by 40% by 2030 and 80% by 2050 

(compared to 2005 levels). It should be noted that this law includes a ‘renewable energy 

credit’ (REC) scheme that would allow building owners to meet some share of their obligations 

by purchasing RECs secured through investments in green energy. The stated objective was 

to encourage investment in decarbonizing New York’s relatively carbon intensive electricity 

grid, but until the proportion of building reductions that can be secured through such 

purchases is determined, the stringency of the impact on building end use gas combustion 

cannot be determined.   

 

The City of Boston has introduced a Building Energy Reporting and Disclosure Ordinance 

(BERDO) (2.0), which requires large buildings (over 20,000 square feet) to achieve zero 

carbon emissions by 2050. Although these buildings represent only 4% of the building stock, 

they account for approximately 60% of the city's building emissions (DeCosta-Klipa, 2021). 

Sweden is the European country that has made perhaps the greatest advances in building 

electrification. Emissions from the building stock have fallen 90% in less than three decades, 

from 9.3 MtCO2eq in 1990 to 0.89 MtCO2e in 2018 (Swedish Ministry of Infrastructure, 

2020). The expansion of district heating using biomass and waste has been central to this 

success, increasing from 19% to nearly 60% of total building heating. Another driver was 

electric heating (electric boilers and heat pumps), which accounted for roughly a quarter of 

total heating consumption in 2016. Key policy for decarbonizing the building sector includes 

carbon pricing, a clean and reliable electricity grid (dominated by nuclear and hydro), energy 

performance standards (e.g., an annual energy consumption cap) and restrictions of fossil 



Pathways Project Update | Integrated Pathways to Decarbonization  32  

Toronto 2030 District 

 

fuel combustion (e.g., a ban on the installation of oil and gas heating systems in new buildings 

in 2013).  

 

3.3. Key Principles - Policy framework to decarbonize buildings  

Decarbonizing the building sector will require the systematic replacement of natural gas 

combustion with net-zero alternatives across the country. For policymakers, this means 

crafting policy mixes that promote the adoption of net-zero options and that progressively 

phase out natural gas end use in buildings. Because of differences in energy systems and 

climatic conditions across the country, energy options and policy approaches are likely to vary 

from province to province and city to city.   

 

While the promotion of energy efficiency can provide benefits at both the building and system 

level, the core focus must be on achieving low carbon heating and hot water (fuel switching). 

Support for technological innovation and market development (for example for heat pumps, 

energy storage, clean gasses and envelope retrofit systems) will be important. An additional 

consideration relates to the supply chain/industrial policy dimensions: if we will be installing 

new low carbon heating systems and retrofitting millions of buildings, should we not maximise 

economic development opportunities in Canada (for manufacture, installation, etc.)?  

 

Key principles emphasised in the context of policy design include: timeliness, cost efficiency, 

credibility and flexibility, equity, administrative simplicity, and geographic and building 

specificities.  

 

a) Timeliness. The timeframe within which results are to be delivered is a critical issue 

for policy development. With the huge backlog of existing buildings requiring low-

carbon heating systems, and new buildings going up all the time, progress needs to 

begin immediately. The current national target is for net zero is to be achieved by 2050. 

Moreover, the government of Canada has an interim climate goal of 40%-45% GHG 

reduction by 2030, which means policy must induce building decarbonization in a 

manner that secures significant fuel switching and emission reductions over the next 

decade. Early emissions reduction matters because cumulative emissions count, so 

the longer reductions are delayed the more GHGs have accumulated. Buildings will be 

expected to pull their weight in advancing towards interim emissions reduction goal.  

 

Each year Ontario adds about 90,000 more housing units. The vast majority of these 

adopt natural gas heating systems, contributing to rising emissions and the backlog of 

building that will ultimately require a fuel switch. A ban on new natural gas connections 

from a specified year can stop this problem growing and drive the adoption of electric 

solutions (so increasing the installed units and pushing down costs).  
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A clear policy signal that natural gas combustion will be phased out in all existing 

buildings is required. 

 

b) Cost. Consideration must be given not just to costs borne by building owners and 

occupiers, but also to the energy supply and distribution system and to society 

generally. It is hard to speak confidently about energy costs a decade or more in the 

future, but experience with many novel technologies suggests that, increasing the 

scale and rate of roll out, will accelerate the cost reduction for net zero heating 

equipment and installation. To the extent that it is possible, synchronizing fuel 

switching with periodic renewal of building systems can reduce costs.  

 

c) Credibility & Flexibility. Policies to achieve net-zero by 2050 must be credible while at 

the same time being flexible on the ways to achieve this. This requires policy certainty 

about the direction of the transition (net zero emissions by 2050) to avoid dead-end 

solutions while at the same time leaving the door open for new technologies and 

innovations to achieve this goal (flexibility).  

 

Fully decarbonizing the building sector will require a mix of policy instruments that 

evolves over time to address different barriers to change. Judging by how this area is 

developing across multiple jurisdictions, carbon pricing, regulations, 

information/education measures, consumer and producer subsidies, public planning, 

and technology and market development measures will all have their part to play. 

Since the goal is the complete elimination of natural gas end use in buildings, legal 

prohibitions of some form (on the installation of gas-fired heating systems, the 

provision of gas for space and water heating purposes) will certainly be required, much 

like the prohibition on the use of coal for power generation, or the phase out for the 

sale of internal combustion engine vehicles that have been introduced in multiple 

jurisdictions.    

 

d) Equity. Transition to low-carbon buildings will have different impacts across the 

population: owners and renters, rural and urban consumers, historically disadvantaged 

groups, and so on that will occur during the transition to low carbon buildings. Policies 

should be designed to distribute burdens fairly and support vulnerable groups:  for 

example, higher subsidies for low-income families, special initiatives for indigenous 

housing or to prevent energy poverty and help vulnerable population with difficult 

access to private funding. Transitions to net-zero buildings will have impacts beyond 

energy use as well: for example, building owners might increase rent prices to finance 

fuel switching investments. Similarly, deep energy efficiency improvements may 

prompt landlords to raise rents and/or serve as an excuse to get rid of a tenant 

(“renoviction”). 
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Equity is also an issue with groups of similar circumstances: Owners who decarbonize 

their buildings cannot be disadvantaged compared to those who do not. We cannot 

delay implementing the net zero building options that are available to us today 

(principally electrification) on the promise that net zero gasses might be available at 

some point in the future. Either subsidies or taxes should be implemented to create a 

slight advantage to early movers. 

 

e) Administrative simplicity. This means that (other things being equal) a policy that is 

straightforward to implement is more likely to achieve its goals, and to be understood 

by stakeholders. Of course, a major challenge for policy design in the Canadian context 

is the division of authority across multiple levels of government (federal, 

provincial/territorial, municipal) – that makes coordinated action difficult. 

 

f) Geographic specificities. Differences in energy systems and climate conditions across 

the country mean that energy options and policy approaches are likely to vary from 

province to province and city to city. Some areas of a city, such as downtowns, may 

present particular challenges, such as space constraints and high population growth, 

that can affect the appropriateness of decarbonization strategies. Moving away from 

a one-size-fits-all solution and exploring local opportunities will be important in guiding 

climate actions. In downtown Toronto, fuel switching can be technically more 

challenging in some buildings due to space constraints for heating technologies like 

heat pumps. In this case, context-based solutions should be explored for 

decarbonization. That includes opportunities for district heating and energy sharing 

nodes among large buildings. 

 

g) Sector Specificity.  Policies to establish a net zero GHG emission building sector must 

address differences between new construction and the retrofit of existing structures 

and the differences between the residential (single family, rental and condo), 

commercial, industrial and institutional buildings sectors. Attention must be paid both 

to issues at the building level and at the energy system level (electricity and clean gas 

grids, aggregate demand, etc.). 

 

3.4. Current policy framework 

 

The review of current policy frameworks provides a starting point for exploring policy options 

to transform the building sector and achieve net zero by 2050 or earlier. Currently, many 

policies have been adopted by the three levels of government that relate to decarbonization 

of the building sector (see Appendix C). Here we focus on three important policy instruments: 

carbon tax, financial support, and regulations; most of these policies will be applicable to the 

District and on a larger scale. 
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a) A carbon tax imposes a charge on greenhouse gas emissions from the combustion of 

fossil fuels. In Canada, the carbon tax is $50/tCO2e as of 2022 and is expected to 

reach $170/tCO2e by 2030. In the building sector, this increase in carbon price will 

drive up the cost of using natural gas (and other fossil fuels) for space and water 

heating, discouraging its use and making low-carbon heating options more financially 

attractive to consumers. A steeper increase of the carbon tax, bringing the cost of 

natural gas heating in line with low-carbon heating options could further accelerate the 

fuel switching process. And further increases after 2030 could further improve the 

situation. 

 

b) Financial support for low-carbon heating options is intended to reduce their cost to 

consumers and encourage their adoption. Currently, the federal government provides 

financial support for low-carbon heating options at the manufacturer and consumer 

level. At the manufacturer level, the federal government provides a tax credit that cuts 

by half (from 15% to 7.5%) the corporate income tax rates of firms manufacturing zero-

emission technologies until 2028, including air-source heat pumps, solar photovoltaic 

panels, wind turbines, hydro and geothermal equipment, biogas, and hydrogen from 

water electrolysis. At the consumer level, financial supports include the Canada Green 

Home Grant that provides a $5,000 grant to homeowners for heat pump installation 

and energy efficiency improvements. On top of this program, homeowners can access 

in conjunction with the previous program a zero-interest rate loans for conducting 

energy efficiency retrofits (up to $40,000). A special low-interest rate loans program 

for commercial buildings is provided by the Canada Infrastructure Bank (see the 

Commercial Building Retrofit Initiative). 

 

c) Regulation like emission and energy performance standards can be used to determine 

an emission and energy limit that building must meet in a given year. The Toronto 

Green Standard (TGS) regulates both emission and energy consumption for new 

buildings. Currently, the City Council intends to increase Tier 1 (mandatory 

requirements) of the TGS in 2025 and 2028 to achieve their goal of new near-zero 

emission buildings by 2030.  

 

3.5. Policy Options  

Building on the above discussion (Principals and Current Framework), this section explores 

policy options for decarbonizing new and existing buildings. Drawing from our literature review, 

we explore some of the policy challenges in terms of design and level of government 

intervention in the Canadian context. General considerations to include in implementing such 

policies include: 
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It is important that the Paris targets and their timeframes be the driving force for the 

development of policy.  These targets require that we reduce emissions by 50% in 8 – 10 

years, which requires  

 

a) The need for a campaign to counter the climate denial campaign and develop 

public support. It is becoming more apparent that a concentrated effort is required 

to counter the significant funding from vested interests intended to destabilize 

governments that attempt to take serious action on climate change.  

b) Rapid deployment. The more time taken to develop the programs, the less time to 

implement. l8 years remain before the 2030 target. Coordinated action is required 

across multiple governments and agencies. For example, IESO system planning 

with the building code, subsidies, research dollars.  The details of their programs 

cannot be developed in isolation. 

c) Deep industry understanding. This is not to say that industry advice must be 

followed, but existing capacity, production skills and regulatory capacity must be 

utilized, and factors which make policy effective understood. 

 

3.5.1 Regulations Banning sale of natural gas furnaces/boilers  

 

Regulations banning the installation of fossil fuel heating systems in new and existing 

buildings will be critical to reducing emissions and accelerating the shift to low-carbon heating 

options. As with the internal combustion engine, the ban on natural gas furnaces and boilers 

should begin with the government announcing its intention to ban the sale of fossil fuel 

heating systems by a fixed date. This will signal to the market the coming shift away from 

natural gas combustion for heating, incentivizing private actors (consumers, producers) to 

adopt low-carbon heating alternatives. Then, the ban should be implemented on the 

announced date or even sooner depending on market and political feasibility.  

 

3.5.1.1. Regulations with respect to new buildings  

Addressing new buildings is essential as it stops making the problem worse by adding to the 

stock of buildings that will need to fuel switch in the future. Dealing with new buildings 

immediately slows the rise of cumulative emissions and contributes to the 2030 targets. In 

terms of policy design, the policy should prohibit the installation of fossil fuel heating systems 

in new buildings by a fixed date, with an earlier date for residential buildings than commercial 

buildings due to heat pump technical constraints for the latter. As for timeline, International 

Energy Agency (IEA) states in its Net Zero by 2050 report the that no new fossil fuel boilers 

should be sold globally by 2025 if the world is to reach net zero by 2050. The City of Toronto 

should follow this recommendation, banning fossil fuel heating equipment in new buildings 

by 2025. 



Pathways Project Update | Integrated Pathways to Decarbonization  37  

Toronto 2030 District 

 

 

Setting a target for the increase in grid capacity and match performance targets for new 

buildings to that capacity. Iinstalled equipment must match a projects provincial production 

target.  It could be (heat pumps + lessor envelopes vs resistance & greater envelopes, but not 

resistance and a lessor enveloper 

 

3.5.1.2. Regulations with respect existing buildings 

 

For existing buildings, the policy should prohibit the replacement of fossil fuel heating systems 

beyond a fixed date, unless local utility gas is by that point below a certain emission intensity 

and the utility has a regulator approved plan to achieve full decarbonization by a fixed date. 

This approach allows consumers to avoiding have to change their equipment before its end 

of life, minimizing the cost of fuel switching. 

 

3.5.1.3. Regulatory Authority (new and existing buildings) 

i) Municipal 

The City of Toronto faces important authority constraints to ban natural gas combustion in 

buildings. This is because the City of Toronto “does not have the authority to deny permits 

based on choice of fuel source” (Logan, 2022). For existing buildings, the ability of the City of 

Toronto to unilaterally regulate greenhouse gas emissions from existing buildings is uncertain. 

There is a need “to clarify its [City of Toronto] precise authority regarding the regulation of 

existing building emissions, and to work with the Province where additional clarity or powers 

are required” (City of Toronto, 2021, p. 81). Simply put, the City of Toronto Act (2006) allows 

City Council to pass bylaws to ensure the environmental well-being of the city, including 

regulating emissions of existing buildings, but the Ontario government could amend or revoke 

this legislation if it wished to block the policy. In this context, a ban on the installation of fossil 

fuel heating systems for both new and existing buildings would need to come from either the 

provincial or federal government.  

 

This issue is not unique to the City of Toronto: for example, the Help Cities Lead initiative is a 

group of local governments in British Columbia advocating to the provincial government for 

legislative changes that would allow them to regulate emissions from existing buildings (Help 

Cities Lead, 2022). A similar strategy could be employed in Ontario through the creation of a 

coalition of municipalities and other actors urging the provincial government to regulate 

emissions from existing buildings and to allow municipalities to regulate emissions from 

existing buildings.  

 

ii) Federal government 
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The Federal government has two main regulatorily tools to restrict the sale or use gas 

equipment for space heating: (i) Canada’s Energy Efficiency Act, and (ii) Canadian 

Environmental Protection Act (CEPA).  

 

Under Canada's Energy Efficiency Act, the federal government can develop and enforce 

energy efficiency standards for equipment like heating and air-conditioning that are imported 

into Canada or traded between Canadian provinces. In this context, the Federal government 

could introduce amendments to the Energy Efficiency Regulations (2016) requiring all heating 

systems to meet a minimum energy performance standard (MEPS) level that could only be 

achieved by heat pumps, de facto banning the importation of fossil fuel boilers and furnaces. 

For example, requiring all heating technologies imported into Canada to be more than 100% 

energy efficient. In practice, this would mean that only heat pumps could be imported into the 

country as space heating technologies. 

 

Under the Canadian Environmental Protection Act (CEPA), the federal government can 

regulate and price greenhouse gas (GES) emissions to promote sustainable development. 

This applies to equipment, engine, and vehicles for sale in Canada. The federal government 

could use CEPA to regulate emissions of equipment: for example, via the introduction of a 

stringent CO2e emission standard on heating systems for new buildings that would make 

natural gas combustion inadmissible.  

 

In terms of policy challenges, the intervention by the Federal government to ban or make 

impossible the installation of natural gas heating systems in Canada is likely to face political 

opposition from provincial governments. Like the carbon tax, some Canadian provinces 

(including Ontario, Québec, Alberta, Saskatchewan) are likely to oppose federal intervention 

in what they perceive to be their area of jurisdiction.  

 

Another challenge to federal intervention to ban natural gas combustion for space and water 

heating is that it imposes a nation-wide solution, making it impossible to design policy 

according to regional and local specificities of the building performance across Canada. 

 

There are also specific challenges with a ban on new gas heating systems via a federal energy 

efficiency regulation. First, natural gas could continue to be used in new buildings via gas heat 

pumps. Second, the legislation would also exclude gas boilers with clean gasses (e.g., 

renewable natural gas, hydrogen, synthetic natural gas) since it cannot technically achieve 

energy efficiency greater than 100%. Third, the Energy Efficiency Act only regulates equipment 

imported into Canada or traded between Canadian provinces, excluding heating technologies 

produced and used in only one province. More fundamentally, setting efficiency at the 

equipment level is not effective as buildings are complex.  We do not want the building system 

designed to accommodate equipment, but rather have performance standards for the whole 
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building, which of necessity will drive better equipment and materials, but in an organic way, 

optimising costs. 

 

iii) Provincial government 

Canadian provinces have the power to ban natural gas combustion in new and existing 

buildings. In 2021, the government of Québec added an amendment to the Environmental 

Quality Act to ban oil heating in new construction projects, and the installation or replacement 

of oil furnace in existing buildings as of 2023. Like the government of Quebec, the Ontario 

government could use the Environmental Protection Act to ban fossil fuel heating equipment 

in new buildings and replacement of existing heating systems.  

 

In terms of policy challenges, there is currently no political interest the Ford government to 

ban the installation of fossil fuel heating systems in new and existing buildings. Moreover, 

neither the Ontario Liberal Party nor the Ontario New Democratic Party included talk of a ban 

on the installation of fossil fuel heating systems in new or existing buildings in their 2022 

election campaigns. Another policy challenge is the opposition from private industries such as 

construction and gas actors, arguing that a banning natural gas combustion for space and 

water heating will add a financial charge to consumers and increases energy poverty.  

 

3.5.2. Subsidies for low-carbon heating options 

Subsidies for low-carbon heating options will be important to close the cost gap with natural 

gas heating and accelerate the reduction of capital costs through economies of scale and 

learning by doing. Our finding (supported by others, e.g. Collins, 2022), is that heat pumps are 

a key technology for decarbonizing the building sector, so financial support for low-carbon 

heating options should give them special attention. Subsidies should not be provided for 

efficient gas burning furnaces/boilers, as it does not support decarbonization. This equipment 

will become a stranded asset if we are to meet our targets. Drawing on the approach adopted 

by the UK, governments could promote the deployment of heat pumps as known and available 

technologies, while conducting experiments on hydrogen for space and water heating to 

gather evidence and the take a decision at some point in the future (the UK has flagged 2026) 

on its long-term role in a decarbonized building heating future. 

 

In terms of subsidy options, we explore two main types of financial support in the following 

section: (i) upstream (manufacturer) and (ii) downstream (consumer). 

 

a) Upstream policy supports 

An upstream financial program can take the form of a tax credit for manufacturers or installers 

of low-carbon heating technologies. Its main objective is to reduce the cost of producing low-

carbon technologies and to reduce the price of the product in the market. It can also stimulate 
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the development of a regional supply chains, which can stimulate economic growth and job 

creation.  

 

This policy has many advantages. First, subsidy to the producers is less visible to the 

consumer (as a subsidy) but more obvious in the lower initial selling price. Second, this 

approach is inexpensive and easy to administer since it generally targets a small number of 

businesses. Third, an ACEEE report compared a tax credit for heat pump manufacturers to a 

tax credit for consumers and found that for every dollar invested, the former reduced carbon 

emissions more than twice as much as the latter through 2050 (Ungar et al., 2021). 

 

Challenges 

• Effectiveness. The ability of a tax credit to reduce the cost of manufacturing low-

carbon heating systems depends on achieving large-scale production. This is 

difficult to achieve in a country like Canada, where the market is small. Moreover, 

many countries have already taken the lead in manufacturing heat pumps, such as 

China, the USA, and many European countries (Department for Business, Energy & 

Industrial Strategy, 2020), making Canada's ability to catch up and compete with 

these countries uncertain.  

 

• Cost. Manufacturing heat pumps domestically can be more expensive than 

importation. Exploring opportunities in the heat pump supply chains and in other 

low-carbon heating technologies (electrolysis, fuel cells) that fit the comparative 

advantage of Canada and Ontario will be important to balance the goal of 

developing domestic industries with the goal of cost effective decarbonization.  

 

 

 

b) Downstream financial scheme 

Financial support for consumers purchasing low-carbon heating technologies should start with 

heat pumps alone as the only decarbonized technology on the market. The program should 

focus on existing buildings. But before the ban on natural gas heating systems in new 

buildings, it should be open to new buildings also. 

 

The qualifying criteria should be fuel switching alone, without any for specific types of 

equipment in order to allow installer to optimise the installation for the particular building. The 

selection of higher efficiencies, where available, are driven organically by the desire for lower 

operating costs.  
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While the main goal of the program is to reduce emissions, efficient electrification should also 

be considered because of its benefits to the electric system (e.g., reduced baseload and peak 

demands) additional funding might be offered to support emerging technology such as cold-

climate air source heat pumps or  and GSHP through additional financial support and 

accepting applicants seeking to switch from electric resistance to electric heat pumps.  

 

Challenges 

• Effectiveness.  One challenge is that the cost of fuel switching will depend 

somewhat on the quality of the building’s envelope. $5000 going further with a 

more efficient envelope.  However, increased capital costs are not proportional to 

the heat loss, so the program will be generally effective.  Operating costs are 

proportional to heat loss, and building owners are able to make energy efficiency 

changes at the same time to lower operating costs. 

• Equity.  Subsidies to homeowners, generally more wealthy, are more visible than 

subsidies to rental building owners. This may lead to social justice concerns since 

low-income households as well as tenants benefit less from this type of financial 

measures.  

• Administrative cost. This measure is generally more expensive to administer than 

a tax credit to manufacturers because it requires monitoring a large number of 

consumers. 

 

c) Level of government 

 

All three levels of government could in principle provide financial support for low-carbon 

heating technologies. 

 

3.5.3. Building Performance Standard for Existing Buildings 

a) Key Considerations 

As the focus of this paper is on GHG reduction, we support a BPS that is focused on emission 

rather than energy consumption. 

 

A key element for designing BPS is a good understanding of the performance of the current 

building stock. Because the Ontario Energy and Water Reporting and Benchmarking (EWRB) 

requires large buildings (>100,000 sq. ft. in 2019; and >50,000 sq. ft. in 2023) to report their 

annual energy and water consumption, a BPS in the province should focus on large buildings.  

 

Another important policy design consideration is to engage with building owners to build 

support for the policy and identify opportunities and challenges to guide policymaking. This 
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includes policy parameters that minimize the risk of financial distress and add complementary 

measures (technical expertise, subsidies, low-interest rate loans) that help building owners 

reduce emissions.  

 

b) Triggers 

 

In terms of when the performance requirement must be achieved (‘triggers’), there are 

typically three main trigger approaches: timeline, time of permit, and time of sale (City of 

Toronto, 2021a).  

 

The first (timeline) approach requires buildings to meet the performance requirement at a 

given point in time. Jurisdictions using this approach include Vancouver, Tokyo, Washington, 

D.C, and New York. This has the advantage of being simple to communicate and having more 

predictability on when emissions reductions will take place. A main drawback of this approach 

is that it may require replacing equipment before it reaches its end of life, increasing the cost 

of electrification or energy efficiency retrofits for business owners. To ensure equity, the policy 

should provide an exemption for some buildings that cannot meet the standard due to 

financial difficulties. In Washington DC, for example, the effective date of the standard can be 

delayed under certain conditions (e.g., for building owners in financial difficulty) and for certain 

buildings (e.g., affordable housing).  

 

The third (time of sale) approach requires buildings to meet the performance requirement at 

point of sale. Jurisdictions using this approach include the United Kingdom and France. This 

has the advantage of requiring the upgrade when a building owner has the capital available. 

On the downside, some buildings are not sold regularly and there is a risk that building owners 

who are in a hurry to sell will make poorly done retrofits.  

 

General policy design considerations: 

• Effectiveness. An emissions performance standard should exclude emissions from 

electricity, as building owners are not responsible for the emissions intensity of the 

Ontario grid. Moreover, electrification of space heating reduces the lock-in of fossil fuel 

equipment (e.g., gas boilers) at the building level. Without this exemption, uncertainty 

about the carbon intensity of electricity could undermine building owners' confidence 

in the benefits of electricity to meet the emissions performance standard. 

  

d) Level of government 

As with a ban on natural gas combustion, the capacity of the City of Toronto to unilaterally 

implement a BPS is uncertain. The federal government, meanwhile, could use CEPA to 

regulate emissions from existing buildings. But this is far from ideal, as it would require a 
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single policy for all of Canada's housing stock, without accounting for important provincial and 

regional specificities. Ideally, the City of Toronto should coordinate with the Ontario 

government to implement a performance-based BPS for the city's building stock. 

 

3.5.4. Ancillary policies 

3.5.4.1. Industrial Policy 

a) Overview 

Clean heating technologies such as heat pumps will play a key role in replacing natural gas 

combustion in buildings. Manufacturing these clean substitutes offers the opportunity to align 

the goal of reducing emissions with economic goals such as creating new industries and well-

paying jobs. Consider the example of heat pumps. According to one study, the global heat 

pump market is expected to double from USD 67.7 billion in 2021 to USD 136.8 billion by 

2030 (Grand View Research, Inc, 2022). For policymakers, this opportunity to develop an 

industrial policy for capturing some of the economic benefits (creation of new industries and 

well-paying jobs) of developing heat pumps to displace gas boilers.  

 

Today the market for heat pumps is dominated by a relatively small number of Asian, US and 

European firms. Their well-established market position means that Canada is unlikely 

successfully to break into the volume manufacture of basic components such as 

compressors, fans, etc. On the other hand, there may be important value-added niches when 

Canadian firms can compete in terms of adapting systems to the countries different climactic 

conditions, integrating control systems and electric and thermal storage, mass deployment of 

ground source heat pump systems, and so on. Certainly, there are important economic 

opportunities on the installation side and for the emergence of energy service companies.  

 

 

b) Canadian Heat Pump Design and Manufacturing 

 

Although most components are manufactured overseas, Canada has a domestic industry 

manufacturing heat pumps for residential and commercial buildings. And the country could 

expand its production capacity relatively quickly by converting its HVAC manufacturing 

industry to heat pump production. 

 

Canadian companies also design products for use in Canada, working with foreign 

manufacturers to produce these heat pumps for the Canadian market. Key policy issues which 

could help support this market include: 

• Support scale-up of production - investment to scale already existing Canadian heat 

pump solutions could improve availability of heat pumps. At the moment, many 
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Canadian companies offer innovative products in only one size, or with limited 

production runs.  There are opportunities to support Canadian manufacturing and 

design.  These manufacturers are also uniquely suited to prioritizing cold-climate 

performance. 

• CO2 specific heat pump development - Canadian manufacturers, particularly in 

Quebec, are experienced in deploying CO2 (R744) refrigeration, with purpose-built 

refrigeration systems for skating rinks, grocery stores, and industrial refrigerators 

deployed across Canada.  R744 permits generation of higher temperatures then other 

refrigerants and has particular potential as a heat pump solution for existing high-

temperature buildings, and as an exportable product to address domestic hot water 

loads. 

 

c) International Heat Pump Market 

 

Availability of a wider variety of products to address building retrofits will be critical to 

achieving our climate targets. There are two clear pain points requiring regulatory or policy 

action to make more already existing products available in the Canadian market: 

1. ULC electrical safety certifications impose high cost for entry and lengthened timeline 

for entry into the Canadian market.  A program that streamlines certification timelines 

and lowers or defers certification costs specifically targeted at heat pump products 

could improve access to high performance products. 

2. CSA adoption of ASHRAE’s A2L refrigerant updates.  R32, a low-flammability, low global 

warming potential refrigerant has been adopted as the de facto leading replacement 

for R410 (Puron), but all new equipment designed with large charges this refrigerant 

cannot be used in Canada until this regulatory change is complete. 

 

3.5.4.2. Net zero framework of government departments and agencies 

Currently, government agencies and businesses are working within institutional frameworks 

that were not designed with the goal of reducing emissions, let alone achieving net zero in 

less than three decades. This must change. We need to transform existing institutions and 

policy frameworks to successfully transform the building sector and achieve net zero 

emissions by 2050 or sooner.   

  

An important step is to align the mandate and role of public agencies and regulators with the 

goal of achieving net zero by 2050. This will require them to consider how their current actions 

are (or are not) supporting emission reductions and what additional actions are needed to 

achieve the end goal or to help the province move in that direction.   
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A further step is to establish mechanisms for coordination and cooperation among public 

agencies to ensure that their emission reduction strategies are consistent with each other. 

This can also facilitate the possibility of synergies between economic sectors: for example, 

battery storage for vehicles can support the installation of rooftop solar photovoltaic panels 

to generate clean electricity and replace natural gas consumption.   

 

Provincial level: 

 

Ontario Energy Board (OEB)  

- Current conservation programs (e.g., demand side management) should be reformed as 

they currently promote natural gas consumption by reducing customers' gas bills.  

- Reforming the price structure of electricity and natural gas to lower the price of the former 

and increase the price of the latter. 

 

Independent Electricity System Operator (IESO) 

- Develop a plan in partnership with the government and other government bodies to ensure 

that the generation capacity and transport infrastructures (transmission and distribution 

lines) can support the electrification of the economy   

- Develop a plan to achieve net zero electricity by 2050 or sooner 

 

3.5.4.3. Incentives for Energy Efficiency 

We assume that the IESO will continue to implement cost-effective energy efficiency programs 

to meet province-wide resource adequacy needs. As heating begins to decarbonize, there may 

be system benefit in offering incentives to buildings owners to electrify efficiently, i.e install 

ground or air source heat pumps and thermal storage, as well as incentives to decrease 

heating load through better windows, thermal envelope, air sealing, controls etc. 

4. Insight to Potential Pilots and their champions 

In the process of doing the analysis for this phase, we created the following concepts as ideas 

for discussion with our Advisory Committee. In each case we will be looking for the confluence 

of technical, policy, finance and functional opportunities and advantages.  We will be exploring 

partnership opportunities with multiple groups of stakeholders to realize these pilots. 
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Figure 13. Potential Pilot Themes 

4.1. Paths to Fuel Switching 

We would be focusing on Fuel Switching Pilots given that our research has shown that this is 

an imperative path to decarbonization. The intended outcome is to include a robust reporting 

component, for each pilot, to allow others to learn from them. Getting owners comfortable 

with electrification for new and existing buildings is critical to achieving the decarbonized 

district. 

 

a) In a sample of large buildings that have a plan to replace their boiler plant, identify 

owners willing to pilot the replacement of one boiler in the plant with a heat pump 

and advanced controls, to provide valuable data on the performance outcomes. 

 

b) Identify buildings that have impending plans to replace air-cooled chillers as 

candidates for pilots to develop the processes required to replace chillers with air 

source heat pumps.  

 

c) For street related retail districts, work with one of the downtown BIAs to develop a 

process to analyze their area’s carbon reduction challenges and identify 

improvement programs to implement. 

 

d) For Single Family Homes, collaborate with a neighbourhood association to pilot a 

process to build a community approach to understanding the impediments to fuel 

switching (including procurement, financing etc.) and creating a solution path.  
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e) For District Energy, convene a working group of existing and planned customers to look 

at the cost of decarbonization and the potential impacts of decarbonization policy on 

this form of heat distribution.  

 

f) Electrical Loads Data Collection - Electrification will require more knowledge about the 

actual service loads required for heat pumps and EVs. There is a path in the electrical 

Code to run a building for 2 years and then set the current load (and headroom) based 

on actual numbers. By engaging funders and owners in this data collection pilot, we 

expect to be able to help make the Code better support electrification. 

 

g) Fuel Switching for Deep Energy Retrofits - Where an owner has committed to a 

significant renovation, including a full scale retrofit of the energy system, for market 

positioning or end-of-life upgrade, create a pilot process to evaluate the barriers and 

solutions to decarbonize the project. We plan to market this concept to our network.   

4.2. Energy Storage to Reduce System Size 

Explore funding opportunities to evaluate thermal storage/demand response options as part 

of building design or renewal projects.  

4.3. Controls to Optimize Efficiency of Electric Buildings 

Identify buildings that have already fuel switched and work with controls suppliers to create a 

collaborative pilot project to explore how optimized controls solutions can improve efficiency. 

5. Conclusions  

As discussed above, in order to accelerate the fuel switch necessary to eliminate building GHG 

emissions, it is necessary to:  

 

• Accelerate the electrification of building heating. Promote electrification of heating to 

reduce the number of buildings connected to the gas grid, reduce emissions in the 

short term, and signal to the market that electricity will play an increasing role in 

heating buildings in a net zero future. This will create greater competition in Ontario's 

heating market and push the gas industries to develop a credible plan to achieve net 

zero by 2050 if they wish to remain part of the building heating market.   

 

• Implement a zero GHG emission framework for crown corporations, regulatory bodies, 

and key ministries in Ontario. This must start with a Government of Ontario 

commitment to net zero by 2050. It would then extend to adjusting the missions, 

authority and operational plans of key government departments, Crown corporations, 

regulators, and related bodies to the goal of achieving net zero emissions by 2050. 

The bodies should develop integrated plans for the decarbonization of the building 

sector, the expansion and full decarbonization of the electricity grid, and policies 

around building-related use of low carbon gaseous fuels. 
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• Enact a sunset clause for the installation new natural gas-based heating systems. We 

need to ban the installation of fossil fuel heating systems in buildings, starting with 

new buildings and moving to replacement systems in existing buildings. Recognizing 

that the City of Toronto does not have the authority to unilaterally ban gas heating in 

new and existing buildings, this report outlines the strengths and weakness of potential 

policy approaches at the federal and provincial levels to achieve this.  

 

• Provide financial support for the installation of heat pumps. Provide grants and loans 

to reduce the cost differential between heat pumps and gas boilers. This includes 

supporting manufacturers (upstream) of clean heating technologies to drive down 

costs and stimulate local economic development, and consumers (downstream) to 

reduce the high cost of heat pump installation to encourage adoption and market 

growth. 

   

• Use building codes and building performance regulations -- with progressive emission 

and energy performance targets -- to drive change by sending signals to building 

owners about fuel switching and the direction of future energy efficiency levels to be 

achieved in new buildings and major renovations.  

 

• Advocate for the phase-out of gas-fired boilers. Promote coalition-building of various 

actors (municipalities, NGOs, businesses, etc.) to pressure provincial and federal 

governments to regulate emissions from new and existing buildings, and to raise public 

awareness of the need to phase out natural gas combustion to achieve net zero 

emissions by 2050.   

 

• Support experimentation with clean gases without delaying the current electrification 

effort. Support the experimentation of hydrogen and RNG for building heating to 

accumulate evidence and set a clear date for deciding their future role in building 

heating in the net zero future. In the meantime, the government should support and 

promote the electrification of building heating with heat pumps, due to their high 

energy efficiency, to reduce current emissions. 
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Appendix A – District Boundaries 

 

The Toronto 2030 District is bounded by Don Valley Parkway on the east and Bathurst Street 

on the west, Lake Ontario at its south side and Dupont Street on the north (see Figure 10). 

Solar is best studied in neighbourhood as the density and proximity of buildings influences 

the extent of the magnitude of solar power generation from the building surfaces. The District 

consists of nine neighbourhoods, namely Cabbagetown, Regent Park, North St. James Town, 

Church-Yonge, Bay Street, Waterfront, Kensington-Chinatown, University and Annex.  These 

neighbourhoods contain a mix of different building typologies, and bear varying 

neighbourhood morphological attributes.  

 

 
Figure 14: The Toronto 2030 District superimposed in red against City of Toronto’s map of Toronto 

neighbourhoods (City of Toronto, 2022) 
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Appendix B – Solar Simulations 

To answer the question, we carried out several simulations on typical neighbourhood blocks 

representing the Toronto 2030 District neighbourhoods.  

 

To simulate low-rise residential buildings, we chose a neighbourhood block in Cabbagetown, 

which has a mix of single detached, semi-detached, row, and duplex houses. We adopted a 

similar approach for the high-rise, mid-rise, retail (commercial), mall, and institutional 

buildings, which were selected from different District neighbourhoods. The block selected are 

shown in Figure 11, and their building mixes are tabulated in Table 2 below. Table 3 also 

shows the number of different types of buildings and their distribution in the District 

neighbourhoods.  

 

   
a b c 

  
d e 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Different neighbourhood blocks characterized by the predominant building typology 

present, (a) high-rise, (b) mid-rise buildings, (c) retail, (d) mall and (e) institutional (Source: Google 

Maps) 
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Table 3: The number of buildings divided in terms of neighbourhoods and building typologies 

 
 

Aproximating Useable Surface 

 

In the solar analysis for each building typology, we accounted for external factors that could 

reduce the estimate for solar potential from the building surfaces. These included 

overshadowing due to neighbourhood density, proximity to trees, rooftop ancillary structures, 

and glazing/windows on the facades (see Table 2). We applied reduction factors in 

calculations for solar power generation from the building surfaces. Depending upon the 

building typology assessed, the magnitude of the reduction factor for the solar power 

generation potential of rooftops could be as high as 50%, as in the case of high-rise multi-unit 

residential buildings (pre-2004 and post-2004), office and hotel buildings. The rooftops of 

these buildings typically have large HVAC units stationed on them, which makes the area 

available for photovoltaics very limited. However, the reduction factor for the rooftops of 

Single-Family Homes (SFH) is 20%, whereby there exists a larger opportunity for integration of 

photovoltaics on these surfaces. It is nevertheless important to recognize that not all houses 

are favourably endowed with a high solar potential on rooftops, owing to their position, 

orientation, shape, roof inclination and potential overshadowing due to the prevailing 

neighbourhood features.  

 

For building facades, we used a reduction factor of 40%, assuming that the equivalent area 

of surface would be covered by transparent glazing. This magnitude of the façade reduction 

factor is applied across the facades of all building typologies, recognizing that office will have 

an actual available surface area of 60% and while houses have less windows, they have more 

shading. For closely packed houses, for example, some walls may always be in shadows. The 

magnitude of the solar power generated from building surfaces is also dictated by climatic 

and seasonal variables; Toronto receives the highest solar radiation intensity and solar 

exposure duration in July.  
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Table 4: Reduction factors for the different typologies 

Building archetype Rooftop reduction 

factor 

Façade reduction 

factor 

Single Family Homes 20% 40% 

High-rise 

Office 50% 40% 

Retail & Hospitality 50% 40% 

Pre-2004 MURB 50% 40% 

Post-2004 MURB 50% 40% 

Mid-rise Building 20% 40% 

Commercial – retail  20% 40% 

Commercial - mall 10% 40% 

Institutional 10% 40% 

 

 

Neighbourhood solar potential 

 

The results of the solar radiation intensity of different neighbourhood blocks are shown in 

Figures 12 to 18. The extent of solar radiation variation shows how certain building typologies 

could be more favourable to the implementation of photovoltaics on the surfaces.  

 

a) High-rise buildings in the Downtown neighbourhood 

        
 

 

 

 

The Downtown neighbourhood block consists of buildings that are either offices or multi-unit 

residential buildings. As observed from Figure 4, the highest annual solar radiation intensity 

corresponding to 1400 kWh/m2, occurs at the rhombus shaped building at the centre, which 

is also the tallest building in the block. However, all the other high-rise buildings create 

shadows on the rooftops, resulting in the lowest radiation intensity on roof surfaces, an 

average of 140 kWh/m2. The same magnitude of façade solar radiation intensity is at lower 

floors; however, this intensity increases with rising building height. This magnitude of exposure 

Figure 16:The solar potential of the rooftop and facades of high-rise buildings n the Downtown 

neighbourhood 
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is also dependent on the orientation of the surface, so the south-facing surfaces receive the 

highest solar radiation intensity. 

 

b) Mid-rise buildings in the Annex neighbourhood 

The rooftops of mid-rise buildings in the Annex neighbourhood generally receive a high 

magnitude of solar radiation intensity, a lower intensity of overshadowing (see Figure 5). 

Similarly, the solar radiation intensity is higher on south facing surfaces, and this magnitude 

is also governed by the proximity of the surface to other buildings. In comparison to the 

Downtown neighbourhood, the façade surfaces receive a higher magnitude of solar radiation 

intensity, which is on average 980 kWh/m2. 

 
Figure 17: The solar potential of the rooftops of mid-rise buildings in the Annex neighbourhood 

 
Figure 18: The solar potential of the facades of mid-rise buildings in the Annex neighbourhood 
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c) Commercial (retail) buildings in the Kensington-Chinatown neighbourhood 

The retail rooftops are recipient of a high solar radiation intensity, and this is because retail 

buildings are typically low rise and lower instances of overshadowing exist (see Figure 7). 

 

 
 

 

 

d) Commercial (mall) buildings in the Kensington-Chinatown neighbourhood 

The mall rooftops, like the retail rooftops, are typically low to mid-rise and have a continuous 

surface, where there is less overshadowing because the roofs are so large that the majority 

of the roof surface is protected from taller adjacent buildings (see Figure 8). The radiation 

intensity on the mall rooftop is an average of about 1400 kWh/m2.     

   

  
 

 

 

 

d) Institutional buildings (Ryerson University) 

Like the retail and mall typologies, there is a high solar potential on institutional rooftops, 

which averages about of 1400kWh/m2 (see Figure 9). Institutional buildings are relatively 

further apart from one another, and this reduces the instance of overshadowing. 

Figure 19: The solar potential of the rooftops and south facades of retail buildings in the Kensington-Chinatown 

neighbourhood 

Figure 20: The solar potential of the rooftops and facades of the mall in Annex 



Pathways Project Update | Integrated Pathways to Decarbonization  59  

Toronto 2030 District 

 

 
Figure 21: The solar potential of the rooftops of institutional buildings in the Downtown neighbourhood 

 

e) Single Family Homes 

 

The solar potential of Single Family Homes greatly varies between individual houses. Rooftops 

receive the highest solar radiation intensity, however this can be influenced by proximity to 

houses, house orientation and roof inclination. Therefore the annual solar radiation intensity 

may be as high as 1400kWh/m2, but may be as low as 140 kWh/m2 on other roof surfaces. 

A definite value for solar radiation intensity is subject to the prevailing neighbourhood 

morphology (see Figure 10). The solar potential of facades is significantly lower and these 

surfaces should not be considered for the integration of active solar technologies. 

 
Figure 22: The solar potential of the rooftops residential buildings in the Cabbagetown neighbourhood 

 

Load Assumptions  

 

Our earlier work looked at different scenarios for replacing natural gas. In scenarios which 

replace gas with hydrogen or renewable natural gas, the electrical demand essentially 

remains the same and there is no need for increasing generation beyond that already planned 

by the utility.  
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In scenarios where the District will be electrified using cold climate air source heat pumps, 

the peak is doubled and shifted to winter.  It is under this scenario that increased demand is 

required. 

 

Results 

 

Figure 19 and Table 4 shows a breakdown of roof and façade-wise solar power generation 

from the different building typologies we studied. The highest solar power generation potential 

exists on retail, institutional and mall rooftops. This is because the buildings are at consistent 

height, and there is less overshadowing on the roofs from the vicinity.  

 
Figure 23: The solar power generation potential of roofs and facades pertaining to different building typologies 

in the Toronto 2030 District 

 

Table 5: The total solar power generation plausible from the Toronto 2030 District 
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Appendix C – Existing Climate Policies 

 

Table 6:Existing Climate Policies for the building sector across three levels of government 

Jurisdiction Policy instrument Description 

Municipal Low-interest loans for 

energy efficiency retrofits 

City’s programs include High-Rise Retrofit Improvement (Hi-

RIS), Home Energy Loan Program (HELP) 

Energy and emission 

standard (for new 

buildings) 

Toronto Green Standard (TGS) will increase mandatory 

minimum GHG emission and energy consumption standard 

(tier 1) to reach near-zero emission building by 2030 

Provincial Energy consumption 

reporting 

Energy and Water Reporting and Benchmarking (EWRB) 

initiative requires large buildings (over 100,000 square feet) 

to report their energy and water use annually and will apply 

to buildings over 50,000 square feet by July 2023 

Electricity conservation 

program 

 

Energy Affordability Program (EAP) provides free energy-

saving upgrades tailored to the need of low-income 

electricity customers and technical support for energy 

efficiency retrofits 

Federal Carbon tax $50/tCO2e as of 2022 and will reach $170/tCO2e by 2030  

Grants 

 

Canada Greener Homes Grant provides financial support up 

to $5,000 per household for Canadian homeowners for 

renovations to improve energy efficiency, adopt green 

technologies or improve building resilience 

Interest-free loans 

(residential buildings) 

Canada Greener Home Loans provides zero-interest rate 

loans for energy efficiency retrofits (up to $40,000). The 

program is offered in conjunction with Canada Greener 

Homes Grant.  

Low-interest rate loans (for 

commercial buildings) 

Led by the Canada Infrastructure Bank (CIB), the 

Commercial Building Retrofit Initiative provides attractive 

financing for large-scale, deep retrofits of privately owned 

commercial buildings (minimum investment threshold of 

$25 million with a minimum 30% reduction in CO2e 

emissions). Payback period can go up to 30 years 

Grants Green and Inclusive Community Buildings program will 

provide $1.5 billion over 5 years to build cleaner, energy-

efficient community buildings and upgrade existing 

buildings, focusing on areas where populations have greater 

needs 

Research, Development 

and Demonstration (RD&D) 

funding 

Energy Efficient Buildings Program provides up to $182 

million for deep energy efficiency projects in new and 

existing buildings.  
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Tax credit for 

manufacturers of low-

carbon technologies 

Reduces by half (from 15% to 7.5%) the corporate income 

tax rates for firms that manufacture zero-emission 

technologies until 2028. This includes ASHP, solar, wind, 

water and geothermal equipment, biogas, and hydrogen 

from electrolysis of water. 

Net-zero energy ready 

model building code 

Provides a model (not binding) that can be adopted by 

provinces seeking to improve the energy efficiency of new 

buildings 
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Appendix D – Building Performance Standards in selected jurisdictions 

 
Table 7:Building Performance Standards in selected jurisdictions 

Jurisdictions Type of BPS Objectives Triggers Metrics 

France Energy 

performance 

standard 

Reducing energy 

consumption, and 

energy poverty 

Point of sale, 

change in 

tenancy 

Based on Energy 

Performance 

Certificate (EPC) and 

includes EUI and 

minimum decent living 

requirements 

United 

Kingdom 

Energy 

performance 

standard 

Cut energy use in 

private rental and 

owner-occupied 

housing 

Point of sale, 

major 

renovation 

Health measures and 

minimum energy 

standards based on 

the EPC 

New York Emission 

performance 

standard 

Cut emissions from 

commercial and 

multi-family 

buildings (>50,000 

sq ft) by setting a 

cap based on a rate 

of emissions per 

square foot 

multiplied by the 

area of the building.  

Timeline 

starting with 

the worst 

performing 

buildings 

GHGI for 10 building 

categories 

Washington, 

D.C 

Emission and 

energy 

performance 

standard 

Cut emissions and 

energy use from 

commercial and 

multi-family 

buildings (>50,000 

sq ft) 

Timeline based 

on building 

sizes 

Energy Star score or 

reduce energy use by 

20% 

Vancouver Emission and 

energy 

performance 

standard 

Cut fossil fuel 

consumption in 

building operation, 

including space 

and water heating 

Timeline every 

five years 

based on 

building types 

GHGI and TEDI 

Tokyo Emissions 

performance 

standard 

Reduce emissions 

of largest energy 

consumers from 

industrial and 

commercial 

buildings 

Timeline every 

five years 

CO2 emissions 

reduction from 

baseline  

Source: Nadel & Hinge (2020); Lockhart (2021) 
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Appendix E – Details of District 2030 District Heating (DH) Systems 

System Name Owner / 

Operator 

Valuation 

System Description and Year Built Heating Energy Source & Storage, if 

applicable 
Public Decarbonization Position Public Decarbonization 

Commitment (timelines and 

goals) 

University of 

Toronto 

District Steam 

System & Hot 

water system 

University 

of Toronto 

1920 – steam plant – 600,000PPH (175MW) 

Chilled water 20,000 tons cooling 

CHP – 6MW 

? – hot water 

2022 – Geoexchange 

Natural gas (steam) 

Geoexchange (hot water) 

• Will eliminate use of steam as a 

primary source of heat for buildings. 

• Maximize energy conservation 

• Upgrade energy generation 

• Increase renewables. 

• 37% reduction in 

greenhouse gas 

emissions from 1990 

levels by 2030   

• Climate positive by 

2050  

Mirvish Village Creative 

Energy 

2023 – hot water, chilled water, electricity 

Heating – 6MW 

CHP – 800KW 

Natural gas (hot water) 

Natural gas (CHP) 

Grid electricity (chilled water) 

Aiming to bring low-carbon district energy to 

cities across North America, Creative Energy 

is currently developing 15 new district energy 

projects with a range of innovative 

technologies including ocean-exchange, geo-

exchange, biomass, cogeneration/CHP, and 

microgrids 

None 

(No ESG report provided) 

Enwave 

Toronto 

Enwave Walton Street Steam Plant’s boilers commissioned in 

~1970; Pearl Street Steam Plant (or Pearl Street Energy 

Centre)’s boilers commissioned in 1963-1965 – steam 

see below diagram 

2021– hot water (500,000 MBH, see below diagram @ 

150-180°F) 

1997 – chilled water service to Toronto customers 

began with the commissioning of Simcoe Street cooling 

lant (now Simcoe Street energy centre) 

2004 – Deep Lake Water Cooling (chilled water from 

chillers and renewable lake water) (see below diagram).  

The diagram indicates 49,000Ton DLWC.  This includes 

42,000 Ton from the original 3 intakes (with 18 HX’s) + 

additional 7000Tons from additional 3 HX’s that will 

eventually be incorporated into the 26,000Tons 

additional capacity realized by the 4th intake project. 

Current 

- Natural gas Boilers  

- Flue stack condensing loop heat 

recovery (natural gas) 

- Blowdown heat recovery 

- Flooded condensate steam heat 

exchangers where condensate is 

returned back to the plant and 

admitted downstream of the 

deaerator (reducing plant steam) 

- Natural Gas CHP (4MW) in terms of 

“heating source”, it produces low 

pressure steam for in-plant use 

purposes.  Otherwise, main 

purpose is to produce electricity. 

Future 

General declaration of focus to energy 

efficiency, transition to cleaner fuels, 

exploration of renewable energy  

Updated 2019 

Employees communicate that a net zero by 

2050 goal exists. 

Major Initiatives 

• Exploring deep well geothermal plant 

to be installed in the Portlands 

• Energy recovery from chilled water 

loop 

• Thermal storage (2M gallon “The 

Well”) 

• Exploring deep well geothermal plant 

to be installed in the Portlands 

None 

(Latest ESG report, updated 

2019) 
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System Name Owner / 

Operator 

Valuation 

System Description and Year Built Heating Energy Source & Storage, if 

applicable 
Public Decarbonization Position Public Decarbonization 

Commitment (timelines and 

goals) 

2014 – Combined heat and power natural gas power 

plant (4MW thermal) 

2022– Thermal Storage (2M gallons water) 

• Energy recovery from chilled water 

loop via heat pumps (or heat 

recovery chillers) 

• Thermal storage (2M gallon “The 

Well”) 

• Deep Geo under consideration 

Regent Park 

Community 

Energy System 

Toronto 

Community 

Housing 

Corporation 

2009 – Phase 1  

Heating –11MW 

Cooling – 2,350 tons 

Total build-out: 

Heating – 30MW 

Cooling – 4,500 tons 

Current 

- Natural gas Boilers  

- Chillers 

- Natural Gas CHP 

No position. None 

(No ESG report located) 

Toronto 

Western 

Hospital, 2023 

Noventa 

Energy 

Partners 

$38M 

2022 

Heating – 19MW 

Sewage Energy Exchange System is decarbonized System is decarbonized 

 


