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EXECUTIVE SUMMARY
1. BACKGROUND
The Toronto 2030 District is a collaboration non-profit established to define and achieve the system
solutions required to meet the carbon reduction targets set out in the 2030 Challenge aligned with
achieving a net-zero carbon District by 2050. This requires building the appropriate energy systems
(including new generation, distribution, manufacturing and supply chains); converting 3.8 million natural
gas customers to low carbon options; and fully decarbonizing the energy system. It will involve
agreement on policy, regulatory systems, codes and standards.
Toronto is one of two Canadian Districts out of 23 across North America. It encompasses over 300
million square feet of office, commercial, residential, institutional, and industrial space in downtown
Toronto. Buildings within the District have a significant history of energy efficiency upgrades, largely in
Class A office buildings through the Race to Reduce program, and in the many institutional facilities.
This work creates a strong momentum for the other sectors in the District. However, independent
efficiency efforts are not the most effective route to achieving the collective outcome of a carbon neutral
District.
The District partners include a full cross-section of real estate stakeholders in order to move from
individual building reductions to the District scale integrated solutions required to truly address climate
change. The partners include building owners, operators and investors; service providers; and
community groups, including the Ontario Association of Architects, which co-founded the District start-up
with Sustainable Buildings Canada. The partners are involved in designing and performing the research
and community outreach required to achieve these solutions.
In 2019 the District built the Toronto 2030 Platform, which is an on-line interactive tool to record and
communicate the energy and water consumption on a map of the district. It currently provides block
level data but will include building specific data as part of our engagement program.
We have now undertaken the “Pathways Project” to identify credible pathways to net-zero by 2050 for
the district. This includes identifying the appropriate heating supply options and retrofit priorities, as well
as quantifying the costs and benefits from the building owner/manager perspective. This work also
looks at the public policies and financing approaches that will be needed to drive the transformation.
Insights from this work will inform changes in technologies, regulations, investment strategies, and
social behavior. Ultimately, this project will lead to practical implementation through pilots, experiments,
programs, and proposals for regulatory reform.
This project includes four distinct stages. The first background stage was completed September 2020
and produced the Background Working Paper that set out the parameters of the District relevant for
developing the Pathways, the drivers for change, and the potential barriers that must be overcome to
achieve the net-zero outcome. This paper represents the completion of the second stages which looks
at options for decarbonising energy for heating in the district. The third stage will look at energy
efficiency options and the final stage will bring seek to optimize between low carbon heating options
and retrofits.
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2. SCOPE
This second report is focused on how to decarbonise energy for heating. Three options for
decarbonizing building heating energy supply were analysed: renewable natural gas (RNG), hydrogen
and electrification. For each option, we have evaluated the technical and cost implications of replacing
100% of current building end-use natural gas consumption (essentially space and domestic water
heating) in the District by 2050 (or before). We adopted this approach to establish the extremes, and in
the final stage of the project we will look to optimise options. We decided to begin with heating supply
decarbonisation rather then energy efficiency analysis as it provides us realistic “avoided cost” numbers
to support the energy efficiency analysis. We applied the federal government’s anticipated carbon price
of $170 per tonne to natural gas for 2030, and considered the implications of a higher price going
forward ($340 per tonne).

2.1

Supply Capacity

We first considered each option for the likelihood that there would be sufficient supply to meet energy
needs in the District. The findings were that:
•

•

•

2.2

RNG will not be available in sufficient quantity to replace current natural gas demand in
buildings. Its use will likely be limited to specialized applications or providing “peaking” backup to the electrification scenario.
Low carbon hydrogen could be produced in sufficient volumes to meet the needs of
the District (and Ontario), including future growth. Blue hydrogen, produced from methane
with carbon capture and storage (CCS), is currently the most competitive alternative to
natural gas from a cost perspective. However, to be viable, hydrogen requires a large-scale
energy system transition with government, sector and customer coordination. An
incremental transition to hydrogen for buildings in the District is unlikely to be viable – either
it is made generally available or it is not available at all.
Electrification is the most technology-ready option to replace 100% of the natural gas
demand in the District. The current commodity price of electricity is high compared to natural
gas, and the current capital cost of heat pumps, especially in the commercial sector, is a
barrier to adoption. Scaling up heat pump applications and improving technologies will likely
improve the economics in a relatively short time frame. If complete electrification were
based on electric resistance heating peak capacity would have to be increased by 350%. If
based on a hybrid RNG/standard air source heat pump (ASHP) option, peak capacity would
have to be increased by over 100%.

Cost Considerations

For each supply option we have calculated the cost (in dollars/sf) faced by building owners for heating
their buildings
The analysis includes two cost elements:
i) Cost of conceptual mechanical and electrical building system retrofits/replacements for
central plants; and
ii) Fuel (gas, hydrogen and electricity) costs, which include production but not the transmission and
distribution costs.
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To obtain the capital costs we developed prototype buildings which included the mechanical systems
favoured by that building type. Using the energy data from our platform, we were able to estimate the
energy used by each building typology, and size the equipment based on total energy consumption and
peak for each typology. We used equipment suppliers or actual projects to obtain the capital costs of a
plant retrofit including equipment, installation, likely building modifications and soft costs.
The resulting costs, when divided by the gross floor of the typology, became the square foot cost for that
category of building.
The second part of the annual coat is the expected fuel costs. The range of fuel costs for each fuel
option are presented in Figure A below, with the high and low costs shown in dark and light bars. These
are derived from 2nd party publically available industry reports. For the analysis, base fuel costs per GJ
were:
• electricity: $0.16/KWh = $44.00/GJ
• natural gas: $3.00/GJ
• blue hydrogen: $18.00/GJ
• green hydrogen: $60.00/GJ
Figure A – Fuel Cost comparison of Options (Costs are current or estimates)

Source: IEA, 2019; Zen and the Art of Clean Energy Solutions, 2019; Layzell et
al., 2020; Pollution Probe, 2019; Hallbar Consulting, 2017; Government of Ontario, 2021

a) Hydrogen
Blue Hydrogen is the cheapest of the fuel switching options, on the basis that the cost of a
hydrogen boiler should be roughly equivalent to that of a methane boiler. The commodity cost,
while higher than natural gas, appears cheaper than electrical options. However, blue hydrogen
faces significant uncertainty around the process for and cost of dealing with emissions not
captured by Carbon Capture and Storage (CCS).
Pathways Project Update | Energy Supply Decarbonization
Toronto 2030 District

6

Green hydrogen (made though electrolysis) is significantly more expensive than blue hydrogen
given that its input fuel, electricity, is more expensive than natural gas. However, costs should
be lower over the next decade as the cost of the electrolyser process used to produce green
hydrogen decreases. More importantly, green hydrogen (perhaps produced by dedicated
electricity generation plants) will have to prove superior to direct electrification options (electric
resistance and heat pumps).
The overall cost of both hydrogen options is highly unpredictable when including the cost of
creating a suitable transportation grid and the availability of carbon storage in Ontario. Thus, the
development of a hydrogen-based energy system at the scale and speed required to reach netzero by 2050 would require significant acceleration of both infrastructure and technology
changes.
b) Electrification
For the electricity options, at today’s costs, ground source heat pumps on average have the
lowest cost per GJ, followed by electric resistance heating, with low temperature ASHPs as the
most expensive alternative. All electric options are more expensive than blue hydrogen, but
cheaper than green hydrogen.
c) Hybrid
The hybrid option (standard ASHPs with RNG backup) appears on average cheaper than any
electricity only option (but still potentially more expensive than blue hydrogen). However, the
availability and cost of RNG is uncertain. It will likely be significantly impacted by competing
demands for biomass feedstocks and the cost of its collection and distribution.
With fuel costs established, we calculated the annual cost per square foot for different building types for
the low carbon options as compared to the natural gas status quo (see Figure B below). There is
considerable variation across building types, so the average (shown with a horizontal line) can be
somewhat misleading. Thus, for single family homes (where low temperature heat pump technology is
mature), ground source heat pumps (GSHPs), low temperature ASHPs and the hybrid solution all come
out very close in costs, which are almost as low as blue hydrogen, and about half that of green
hydrogen. For other building types, the high capital costs currently associated with low temperature
ASHPs and GSHPs overwhelm the fuel savings from reduced electricity use, so that electric resistance
heating has lower total costs.
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Figure B – Total cost comparison for fuel switching and 8 building types (todays actual costs or estimated current
costs where markets do not yet exist)

2.3

Pace of Change

There are currently 2.9 million natural gas customers in Ontario. Even if we had policy consensus,
which we do not, the challenge to convert these building would be considerable. Furthermore, Blue
Hydrogen and RNG are not currently manufactured in significant quantities, and the industry makes
claims that it will not be ready until the mid-2030s. Electricity, on the other hand has sufficient capacity
for near-term expansion to heating. In order to meet the Climate targets, each fuel option would need to
convert significant number of buildings in tight timeframes, and at the same time build the additional
system capacity. We’ve mapped potential targets based on these considerations on the gantt chart in
Figure C below. In all cases, current government policy will not deliver the required action.

Pathways Project Update | Energy Supply Decarbonization
Toronto 2030 District

8

Figure C – Implementation scenario to meet international targets

2.4

Other considerations

There are other considerations that should guide policy decisions: potential fuel cost change, supply
chain readiness, likelihood of cost reductions based on technical maturity. When adding the effort
required for system expansion, to the expected cost, we get a more nuanced view of the choice before
us. We have consolidated a review of the non-cost considerations in Table A below. The chart is colour
coded for beneficial effects: green for positive or moving in a positive direction, yellow for neutral or yet
uncertain, and red for negative.
Table A - Multi-factor analysis, scale of challenges

Cost/sf/yr
Potential for Fuel
Cost Change
Emissions

Blue
Hydrogen

Green
Hydrogen

Electric
Res.

Cold
Climate
ASHP

GSHP

Hybrid
ASHP/RNG

1.90

3.98

3.58

3.81

3.16

2.33

-

-

0

0

0

10%

0

0

-

-

-

Supply
Chain Maturity

Low

Low

High

Med

Med

Low

Required
System Expansion

High

High

High

Med

Med

Med

Potential for End
Use Cost Change
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2.5

Policy Considerations

The size of increase from the baseline case to the fuel switching options suggests that the transition will
be difficult without significant policy interventions that make natural gas more expensive and/or
unavailable, or otherwise mandate conversions.
Carbon pricing alone is unlikely to achieve the net-zero target (see Figure D). Tilting the energy system
towards hydrogen or electricity options for building heating would require a price on carbon greater than
$340 per tonne. Currently, there is no plan in Canada to go beyond $170 per tonne by 2030.
Figure D – Carbon pricing: Class "A" office retrofit scenarios

Cold climate ASHPs are today expensive in Ontario, but they support a zero carbon solution if connected
to zero carbon electricity and reduce the impact on the electricity system over the resistance heat
option. To accelerate cost reductions would require rapid investment in ASHP R&D, as well as incentive
programs to drive adoption to support market transformation.

3. NEXT STEPS
This report examined hydrogen and electricity individually, but these options may also complement each
other. Some economic sectors are hard to electrify (for example, heavy transport (trucks, freight trains)
and industries such as steel or cement), and the ability to convert hydrogen to electricity (and vice
versa) creates opportunities to integrate both technologies across economic sectors (electricity,
building, transportation).

Pathways Project Update | Energy Supply Decarbonization
Toronto 2030 District

10

The next phase of this project will investigate the
potential of energy efficiency improvements in the
District to assess just how much energy supply will be
needed by buildings as we transition to net-zero. Indeed,
changes in the level of energy demand could alter the
attractiveness of energy options, as well as the cost
implications for building owners and the broader
systems. The evolution of the future cost of each
option and opportunities for technological improvement
will also be critical for the cost analysis of the transition
to net-zero.

Policy Insights and
Recommendations

Additional policy action is required
to move the building sector
towards net-zero, including:
• Adopting net-zero goals in
mandates of all regulatory
bodies and utilities
• Feasibility assessment of
We expect to use the findings to suggest the best
electrification of the Ontario
combinations of energy supply technologies for the
economy
various building classes we consider, which is likely to
involve hybrid solutions using electricity and/or clean
• R&D on cold climate air source
gases, and energy efficiency improvements.
heat pumps
• Exploration of programs
In all cases, however, our preliminary cost analysis
for heat pumps and pilot of
indicates that a carbon price higher than $340 per tonne would be required to make fuel switching
hybrid heat pump and
alternatives to natural gas cost competitive.
RNG solutions
Our findings demonstrate that the scale of the effort required is huge though not unprecedented, as
similarly large system change was achieved when we converted to natural gas in the 1950s and 1960s
in a public/private partnership.
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PATHWAYS PROJECT UPDATE: BUILDING SUPPLY DECARBONIZATION
1. PATHWAYS PROJECT OVERVIEW
The District 2030 Pathways Project is a collaborative process to develop pathways for a netzero carbon building sector of downtown Toronto1 (the “District”) by 2050. The process engages a broad
cross-section of real estate stakeholders to design and evaluate compelling pathways that can achieve
multiple societal benefits, in addition to greenhouse gas (GHG) reductions. Insights from this
work will inform changes in technologies, regulations, investment strategies, and social behavior that
are required to achieve the net zero outcome. Ultimately, this project will lead to
practical implementation through pilots, experiments, programs, and proposals for regulatory reform.

The first project phase provided background on the existing
conditions of the District (see Figure 1). This Report presents the
second phase of the project, which has focused on options
for energy supply decarbonization to replace end use natural
gas combustion in District buildings. Phase 3 will be assessing
the potential for improving building energy efficiency and Phase
4 will define integrated pathways of different energy supply and
energy efficiency options to achieve a net-zero District.

Figure 1. Map of the District

Report Structure
This report is organized into five sections. The first presents the
approach used to understand the issue of energy supply
decarbonisation. The second provides a brief presentation of the
current consumption of natural gas in buildings in the District and
in Ontario. In the third section, we investigate three options for
decarbonization: renewable natural gas (RNG), hydrogen, and
electrification. Section four presents a customer cost analysis by
building types. Section five concludes by drawing some overall
insights from this analysis.

Source : Toronto 2030 Platform, 2020
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2. APPROACH TO UNDERSTANDING ENERGY SUPPLY DECARBONIZATION
We used two main research methods to approach these issues. First, we reviewed the academic
literature on building energy supply options. The sources included: scientific articles, governmental and
International Governmental Organization (IGO) reports, and documents prepared for business.
Second, we developed building typologies to define conceptual replacement equipment and
obtain representative current equipment pricing. The work was cross checked using published energy
intensity data for Ontario and reviewed by a group of building owners to confirm that it matched their
experience.
This stage of the Project involved two stakeholder working groups to examine the issue of replacing end
use natural gas combustion in the District’s building sector:1) an Electricity group and 2)
a Pipes/gas group. The Electricity group investigated the option of electrifying space heating, while
the Pipes/gas group investigated fuel-switching options to replace natural gas with a clean gas
that could be injected into the natural gas network.
The two groups worked under the assumption that these options studied could potentially replace 100%
of current building end use natural gas consumption in the District by 2050 (or before). Although
probably unrealistic, we believed this assumption is conceptually useful. It simplifies the analysis to get
a rough estimate of each option at the building and system level. This allows for a comparison
of the costs and challenges of each option by building type, as well as the overall cost for the
District. The approach provides a broad picture of the scale of the transformation required to
decarbonize the District building sector.

3. NATURAL GAS IN THE DISTRICT
3.1

Current Consumption of Natural Gas in Buildings, District and Ontario

Consumption of natural gas in the District is currently about 17.5 million gigajoules (GJ) annually
(Toronto 2030 Platform, 2020). Of this total, 85% is combusted directly in buildings, while the remaining
15% is used by district heating. Overall, about two-thirds of the District's total natural gas use is for
heating (City of Toronto, 2018). Other uses include hot water, steam, and industrial process heat
(Government of Ontario, 2013). Roughly three-quarters of the natural gas used by buildings
is consumed by three building types: hospitality and retail, multi-unit residential, and offices (see Table
1).
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Table 1. Natural gas consumption in the District's building sector
Building type

Natural Gas* Million
GJ/Year

Percentage of total
use of Natural gas

Office

Percentage
of Gross
Floor Area
(GFA)
28%

2.6

15%

Hospitality & Retail

18%

5.9

34%

Multi-Unit
Residential
Residential

34%

4.7

27%

9%

1.3

7%

Institutional

11%

1.5

9%

Industrial

0.1%

1.5

9%

* Represents natural gas combusted directly in buildings
Source: Toronto 2030 Platform, 2020

Demand for natural gas is expected to increase in the next decade due to residential and nonresidential development. As presented in Table 2, the City of Toronto (2018) expects natural
gas consumption to increase by 18% between 2016 and 2031.
Table 2. Estimated changes in the District gross floor area (GFA) development projects and
natural gas consumption
2017
Estimated increase
Change
2016-2031
Apartments 13.4 million GFA 8.5 million GFA
63%
Office
6.4 million GFA
1.9 million GFA
30%
Retail
4.3 million GFA
1.2 million GFA
28%
Natural Gas 550 million m3 100 million m3
18%
Source: City of Toronto, 2018

3.2

Natural gas in Ontario

Ontario’s end use natural gas demand in 2017 was 852 million GJ. Total consumption was divided
between sectors as follows: residential buildings (38%), industrial (34%) and commercial
(28%) (Canadian Energy Regulator [CER], 2021). Natural gas meets roughly two-thirds of
the province's residential space and water heating (Pollution Probe, 2019), and 50% of the commercial
sector's space and water heating needs.
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The Canadian Energy Regulator currently projects that Ontario's natural gas (primary energy
demand) will increase by around 30% between 2017 and 2050 (see Figure 2 below). The assumptions
underlying these estimates were unavailable, but this estimate is similar to the province’s expected
population growth projection (from 14.6 million in 2019 to 19.2 million in 2046 (Government of Ontario,
2020)). Clearly the Energy Regulator’s projection makes no allowance for a net-zero GHG emission
policy environment.

Figure 2. Projected natural gas demand in Ontario, 2017-2050

Source: Canadian Energy Regulator, 2021

3.3

Advantages of Natural Gas for Heating Buildings

Moving away from the combustion of natural gas in buildings is challenging because of the many
advantages of this energy source1. One advantage is economic: natural gas is a cost-effective option for
heating buildings. In Ontario, the commodity cost of natural gas is on average $3 per GJ (Canadian
Energy Regulator [CER], 2021). By comparison, the cost of electricity for resistance heating is $44 per
GJ.
A second advantage is the ability of the system to deliver energy on demand. Storing natural gas is
inexpensive and allows for flexible distribution, which facilitates the hourly management of the energy
demand and supply. According to Enbridge staff, their storage capacity can deliver up to 4 billion cubic
feet (Bcf) per day (or 45,000 MW) of natural gas – more than the entire capacity of the electric grid. This
element is central because in terms of energy supply, winter’s natural gas peak demand is about three
times higher than peak summer electric demand (Pollution Probe, 2019, p. 10). This suggests that,
without energy efficiency, significant new electrical transmission and distribution infrastructures would
be needed to provide for Ontario's energy demand for space heating if only electric resistance heating is
pursued (Pollution Probe, 2019).

1

Reference to Richard Carlson
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A third advantage is that the natural gas supply in Ontario (Enbridge) is a mature and established
industry. It supplies 99.8% of natural gas customers in Ontario (Hill, 2018) and is a major pipeline
operator in North America. Enbridge also benefits from governmental support. In 2018, the Ontario
government implemented the Access to Natural Gas Act (Bill 32), a regulatory measure that facilitates
the growth of natural gas supply across the province. Bill 32 includes measures such as allowing
Enbridge to increase charges on current ratepayers to fund infrastructure expansion.

3.4

District Energy System

The District has three operating district energy systems (Enwave, University of Toronto, and Regent Park)
that currently deliver 14.5% of building energy consumption. Enwave is presently developing a plan to
decarbonize its energy production, which currently relies mainly on natural gas. District energy systems,
like buildings, can decarbonise by electrifying, using clean gas or employing carbon capture and storage
(CCS). There could also be small opportunities with waste recovery. The expansion of the district heating
systems as a decarbonization strategy for District buildings will be explored in the final phase of the
project.

4. THREE DECARBONIZATION OPTIONS
This Part is organized into three sections: renewable natural gas (“RNG”), hydrogen and electrification.
Each section looks at the potential supply and production costs, as well as the benefits and challenges
for each of the options.

4.1

Renewable Natural Gas

4.1.1

What is Renewable Natural Gas?

Renewable natural gas (RNG) is gas produced from organic materials (i.e. agricultural, municipal,
wastes and forestry). Chemically, RNG is the same as conventional natural gas and it can be injected
into the natural gas network without change to the pipes or customers’ appliances.
There are two dominant technologies for producing RNG:
-

Anaerobic digestion: Produces biogas from organic material by using microbial digesters. The
biogas is then purified into RNG.
Biomass gasification: A syngas is produced through the reaction of a raw organic feedstock at
high temperatures. The syngas is then converted into RNG through catalytic methanation. The
gasification process is more efficient than anaerobic digestion in extracting energy from organic
materials.
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In Ontario, there are currently forty-two (42) operational anaerobic digestion facilities (Canadian Biogas
Association, 2019). There are currently no biomass gasification facilities in Ontario.
The two main types of feedstocks for RNG production are agricultural and municipal wastes. Agricultural
wastes include crops and livestock manure. Municipal waste includes biosolids, organic wastes, and
landfills. Wood waste represents a third potential feedstock to produce RNG, but the process has not yet
been realized at a commercial scale in North America (Boyd, 2020). In British Columbia, Fortis expects
to produce RNG from wood waste for injection into the natural gas network by 2022.

4.1.2

RNG’s cost

Cost estimates for various energy technologies are presented in Figure 3, with light and dark blue
representing a low and high estimates respectively. For anaerobic digestion, cost estimates range from
$6/GJ at the low end to $28/GJ at the high end. This cost disparity is driven by the feedstock, and the
scale and location of the project (Canadian Biogas Association, 2014). The cost estimates for
gasification range from $23/GJ to $29/GJ, as there is no distribution system for the feedstock (woody
biomass) and the conversion technology cost is higher than for anaerobic digestion (SysEne Consulting,
2016, p. 6).
At the low end, heating with RNG from anaerobic digestion is cost competitive. However, the gap
between low-and high-end estimates is quite large, $6 per GJ versus $28 per GJ. Biomass gasification is
currently more expensive than natural gas with a $170 per tonne carbon price, and RNG from anaerobic
digestion.
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Figure 3. Cost comparison of renewable natural gas with natural gas and competing lowcarbon options

Source: International Energy Agency (IEA), 2019; Zen and the Art of Clean Energy Solutions, 2019;
Layzell et al., 2020; Pollution Probe, 2019; Hallbar Consulting, 2017; Government of Ontario, 2021

4.1.3

RNG’s Potential in Ontario

In 2011, Enbridge gas produced a report of the RNG potential for Ontario. The report was prepared by
Salim Abboud & Brent Scorfield of Alberta Innovates Technology Futures. The authors established two
scenarios to estimate Ontario’s potential production of RNG: near-term and long-term. The near-term
represented the potential production immediately available from anaerobic digestion; the assumed time
frame was the 10-year period from 2011-2021. The long-term represented the potential production
from biomass gasification and it was assumed this would take 10 years to become viable; the assumed
time frame was post- 2021.
As presented in Figure 4, the near-term potential for RNG in Ontario is about 52 million GJ, that is, 6% of
current Ontario’s natural gas demand. The long-term potential could add 116 million GJ, which
represents about 13% of the province's natural gas demand. The increase from the near-term to longterm estimate is mainly a result of the higher efficiency of biomass gasification compared to anaerobic
digestion and the use of additional feedstocks such as forestry residues and biosolids.
Based on the Abboud & Scorfield report, RNG production from provincial feedstocks could displace
about 19% of Ontario's natural gas. However, this estimate could be overly optimistic for at least two
reasons. First, the potential for RNG increases in the long-term arise from the efficiency advantage of
Pathways Project Update | Energy Supply Decarbonization
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biomass gasification. This does not account for the uncertainty around the maturity and the cost of the
technology. Second, competing usage for biological wastes in the province could reduce RNG potential
or increase its production cost. The report makes some assumptions to account for competing uses, but
the changing context may make these assumptions inaccurate. Note that the report did not include the
potential to produce RNG using energy crops (willow and miscanthus).

Figure 4. Potential of RNG in Ontario compared with the province consumption of natural gas

Source: Salim Abboud & Brent Scorfield Alberta Innovates Technology Futures, 2011; Canadian Energy
Regulator, 2020a; City of Toronto, 2018

4.1.4

RNG Conclusions

From this analysis, we draw three main conclusions on the potential role of RNG in Ontario. First, RNG
provides a limited energy supply to replace current natural gas demand in buildings; RNG can displace
at best about 20% of the current end use demand of natural gas in Ontario. With demand expected to
grow by 30% over the next 30 years, this percentage grows even smaller. Further research is needed to
determine the cost of biomass gasification, as well as the availability of feedstock in Ontario.
Second, RNG produced through biomass gasification is not currently cost-competitive.
Third, a limited supply of RNG could still play a role in the transition to a net-zero District including:
• Peak heating to back up electric heat pumps
• Industrial applications that require methane
• District heating
• Green hydrogen production
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•
•

Negative emissions when combined with CCS
Meeting short-term regulatory requirements (e.g. Clean Fuel Standard)

4.2

Hydrogen

4.2.1

What is Hydrogen?

Hydrogen is an energy carrier (like electricity). There are two main technologies to produce hydrogen:
steam methane reforming (SMR) and electrolysis. SMR produces hydrogen by reforming natural gas with
steam, while electrolysis uses electricity to produce hydrogen from water. The literature generally
distinguishes three types of hydrogen:
1. Grey hydrogen is produced from fossil fuels with SMR and emits carbon dioxide.
2. Blue hydrogen is produced from fossil fuels through SMR with carbon capture and storage (CCS),
which can reduce up to 90% of the carbon dioxide emissions.
3. Green hydrogen is produced either from the electrolysis of water using carbon-free electricity or
renewable natural gas through SMR.
The energy in hydrogen can be released by combustion or by feeding a fuel cell to produce electricity. It
can also be used as a feedstock for industry. Currently, most of the world's hydrogen production is ‘grey’
and is mainly used in industrial processes (IEA, 2019). Global production of low-carbon hydrogen remains
marginal, with only about 1% being ‘blue’ and about 0.4% being ‘green’ (IEA, 2019).

4.2.2

Hydrogen in Ontario

Ontario produces grey hydrogen at the Sarnia petrochemical complex and thus has some experience in
hydrogen production. However, this is not low carbon, and the hydrogen is used as a feedstock for
industrial processes, not as an energy carrier. In the energy sector, low carbon hydrogen development in
the province is currently at its early stage. Enbridge has developed a facility in Markham to make green
hydrogen from renewable electricity surplus. This hydrogen will be injected into Enbridge’s grid to
displace 2% of the current natural gas supply. At a recent Ontario Energy Network meeting, David
Layzell, professor of biology at the university of Calgary suggested that Sarnia, Ontario was well suited to
be the first Blue Hydrogen hub in Ontario.

4.2.3

Hydrogen Benefits

Hydrogen offers promising benefits in moving towards net-zero in the District and in Ontario
more generally. One benefit is the potential to provide large scale low-carbon energy supply at a
competitive cost. Hydrogen has the potential to replace current and future natural gas demand
in Ontario buildings, as well as providing clean fuel for sectors hard to electrify such as longdistance trucking (Gas for Climate, 2019). Ontario would not be alone in pursuing this track.
Hydrogen is gaining international momentum (IEA, 2019; Hydrogen Council, 2020) and Canada
is well positioned to seize the opportunity given its competitive advantage in producing cheap
blue hydrogen (Asia Pacific Energy Research Centre, 2018). The Alberta (Government of
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Alberta, 2020) and Federal government (NRCan, 2020) have both released hydrogen
strategies, and Ontario is in the process of developing a hydrogen strategy.
A second benefit of hydrogen is its potential to provide long-term, large-scale energy storage.
This facilitates balancing energy demand and supply, and provides a convenient way to
store renewable energy to firm up intermittent electricity resources like solar and wind power.
As will be discussed below, the adoption of hydrogen will require a large-scale system
transformation. However, this transformation can leverage the existing natural gas
infrastructure. In particular, existing polyethylene distribution pipes are hydrogen ready. In the
District, approximately two thirds of the pipes are currently hydrogen compatible. Natural gas
appliances can easily be retrofitted for hydrogen (Dodds & Demoullin, 2013). In addition, the
replacement of existing pipes with hydrogen capable pipes is cheaper than starting from
scratch to build an entirely new pipe system (Navigant, 2019). Existing institutional structures
(e.g. the supply chain, billing networks, and regulatory structures), can likely also be
repurposed.
4.2.4

Cost of Hydrogen

As presented in Figure 5, blue hydrogen is cost-competitive compared to other low-carbon options. This
reflects the cheap commodity cost of natural gas and assumes large-scale production (100-400 tonne
per day). In Ontario, the actual cost will depend in part on the scale of production and the availability of
carbon dioxide storage. It should be noted that there would also be an additional cost for offsetting the
10% emissions (residual emissions) that result from the production of blue hydrogen (assuming such
offsets where available through negative emission approaches).
Green hydrogen is currently expensive. Even with a $170 per tonne carbon tax, the low-end estimate for
green hydrogen is more than four times the cost of natural gas. This high cost reflects the commodity
cost of electricity in Ontario ($44/GJ), which is the dominant cost factor of producing green hydrogen
(Zen and the Art of Clean Energy Solutions, 2019).

Pathways Project Update | Energy Supply Decarbonization
Toronto 2030 District

21

Figure 5. Cost comparison of blue hydrogen with natural gas and competing low-carbon
options

Source: IEA, 2019; Zen and the Art of Clean Energy Solutions, 2019; Layzell et al., 2020; Pollution
Probe, 2019; Hallbar Consulting, 2017; Government of Ontario, 2021

4.2.5

Future Cost of Hydrogen

The cost of hydrogen is expected to decline in the coming decades, as presented in Figure 6. For blue
hydrogen, the production cost is projected to range between $7 and $14 per GJ by 2030, according to
studies in Alberta and British Columbia (NRCan, 2020). For green hydrogen, IRENA (2020) predicts a
decline in cost over the next decades, primarily driven by cheap solar and wind electricity and improved
electrolyser costs. In Ontario, the cost of green hydrogen could reach $20 per GJ by 2050, if not sooner,
assuming a wind electricity cost of 6.5 MWh, an 80% improvement in electrolyser cost and a capacity
factor of 50%. This could allow hydrogen processing to start with blue hydrogen and move to green
hydrogen.
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Figure 6. Projections of the evolution of the levelized cost of hydrogen

Source: NRCan, 2020; BloombergNEF, 2020; IRENA, 2020

4.2.6

Hydrogen Challenges

The hydrogen option faces significant challenges. One challenge is that hydrogen requires large-scale
production to be economically viable (Layzell et al., 2020, NRCan, 2020), requiring a large-scale energy
system transition. This transition involves considerable investment and policy change. That includes
building new production facilities, new transmission and distribution infrastructure (pipes and
compressors), retrofit or replacement of end use appliances, the development of new supply chains and
new regulatory processes (i.e. standards, codes and safety equipment). As noted above, some parts of
the natural gas network can be used for hydrogen, while other parts have a low tolerance to hydrogen
concentration, as presented in Figure 7, and therefore require retrofitting or replacement. Hydrogen
development requires a system-wide transformation of the natural gas network. For Ontario as a whole,
such a transition could be built out regionally, starting from areas closest to hydrogen production
facilities or distribution points.
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Figure 7. Tolerance of elements of the natural gas network to hydrogen blend shares by
volume

Source: IEA, 2019
Social acceptability is also critical to the development of hydrogen. Uncertainty remains regarding the
safety and user acceptance of hydrogen (Dodds & Demoullin, 2013). To date, hydrogen has been used
primarily in industrial applications and there is a lack of experience in commercial and residential use of
hydrogen (Institution of Chemical Engineers [IChemE] (2019). Issues identified in the literature include
flammable concentrations in air, odorless leakage, and embrittlement of some metals (Dodds &
Demoullin, 2013). Therefore, more effort would be required to demonstrate it can safely operate in
residential and commercial buildings. Pilot projects will be key to test and address these issues.
Overall, the transition from natural gas to hydrogen would require regional coordination among
government, regulators, energy sector, supply chains and users. Such transitions are not new: Ontario
transitioned in the 1950s from manufactured gas to natural gas. But the task is considerable, as there
is currently no hydrogen supply chain for heat in the province to supply 3.8 million natural gas
customers.
4.2.7

Blue Hydrogen Challenges

Blue hydrogen faces environmental challenges as it relies on natural gas as a feedstock. The extraction
and transport of natural gas to Ontario generates fugitive emissions. In addition, CCS reduces emissions
up to 90%, allowing 10% of the carbon emissions to escape. This means that reaching net-zero involves
offsetting the remaining emissions through negative emissions projects, including land-use, planting
trees, direct air carbon capture, and RNG with CCS. However, the cost and efficacy of these options
remain uncertain (Canadian Institute for Climate Choices, 2021). Ontario-wide, negative emission
projects could have to offset up to 5 Mt of CO2 per year – assuming the replacement of 80% of the
province natural gas demand. Given this, there is some uncertainty about its ultimate potential to
deliver net-zero GHG emissions for the District.
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Another challenge for blue hydrogen is the reliance on CCS. Currently in Ontario, there is no large-scale
facility that captures and sequesters CO2. The government will have to develop a regulatory framework
to regulate business practices. The carbon storage potential in Ontario is also limited. In a 2007 report,
the Ontario Ministry of Natural Resources (2007) estimated the province’s deep geological formations
for permanent storage at 730 Mt of CO2 (Ontario Ministry of Natural Resources, 2007). Assuming the
replacement of 80% of Ontario’s natural gas demand, as presented in Table 4, the province would have
about 17 years of storage capacity. This preliminary estimate suggests that the storage capacity of
Ontario could be limited for long-term, bulk blue hydrogen production. Further assessment of the
province potential is required as well as the exploration of other options – CO2 storage in nearby
Canadian provinces or in the U.S. The possibility of importing blue hydrogen from Alberta should also be
studied.

Table 3. Estimated demand for hydrogen, CCS and negative emission technologies in Ontario

Ontario
District

Natural Gas
Demand
(GJ/year)

Assumed
Market
Shared to H2

Hydrogen
Market Share
(M GJ/year)

852
17.5

80%
80%

681.6
14

CCS Capacity
Needed if
Blue H2
(Mt CO2/year)
42.6
0.8

CO2 Offset to
reach Net-Zero
(Mt CO2/year)
4.8
0.2

Assuming 20% of the natural gas demand will be met by electricity or renewable natural gas
Assuming a conversion factor of 1 GJ H2 = 1 GJ of natural gas
Assuming 1 GJ H2 = 7.04 kg H2 with a carbon intensity of 9.88 t CO2 e/t H2. So hydrogen market share
X 7.04 X 9.88 Co2/t H2 X 90% captured
4.2.8

Green Hydrogen Challenges

The green hydrogen option is likely to require the construction of dedicated electricity generation to
produce hydrogen at scale for heating. Electricity in Ontario is currently expensive ($44/GJ) and, since it
is the dominant production cost of green hydrogen (Zen and the Art of Clean Energy Solutions, 2019),
this could undermine the business case for large-scale production. Moreover, green hydrogen generates
substantial energy losses, with an overall end-to-end efficiency of 46% (Cebon, 2020). For example, 100
kWh of electricity would yield 46 kWh of heat in a building. Given this low energy efficiency, further
analysis is required to determine whether it is better to heat directly with green electricity or to use
electricity to make hydrogen for heating end uses.
4.2.9

Hydrogen Conclusions

Hydrogen has the potential to replace the current space and water heating demand provided by natural
gas. The shift to hydrogen could begin with blue hydrogen, as this option is currently cheaper than green
hydrogen and, with a carbon tax between $170-$340 per tonne, roughly on par with natural gas. Yet
this observation could change in the coming decade, with analysts projecting a steep decrease in the
cost of green hydrogen by 2030 (IRENA, 2020; BloombergNEF, 2020). Although the applicability of
these projections for Canada requires further evaluation (NRCan, 2020), green hydrogen’s potential
should continue to be monitored even considering its current high cost.
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Despite its potential, hydrogen faces many challenges associated with emerging technologies
(investment coordination, social acceptability, regulations). Overcoming these barriers and developing
hydrogen at the scale and at the pace needed to achieve net-zero by 2050 would require serious effort
and cooperation by the private and public sectors. Section 4.2.5. provides an overview of the scale of
the effort required to decarbonize Ontario’s building sector with blue hydrogen, consistent with
international climate targets.

4.3

Electrification

The third option reviewed was the electrification of space heating across the District. This option
assumes that the electricity used for heating is low carbon, including nuclear, renewable, or gas with
carbon capture and storage, facilities. At the Toronto District level, we estimated the annual impact of
electrifying the heating for all buildings via three heating technologies: electric boilers/furnaces, cold
climate air-source heat pumps (ASHP), and ground source heat pumps (GSHP). As shown in Figure 8,
the use of electric boilers/furnaces District-wide would represent the largest increase in electricity at
132% annually. ASHP and GSHP would increase electricity consumption by 47% and 41% respectively.

Figure 8. Yearly impact of 100% electrification of natural gas on electricity usages in Toronto
District by heating and occupancy type

In addition to the rise in the overall demand, we evaluated the seasonal impacts of electricity
consumption for each heating technology. As shown in Figure 9, analysis for the District suggests that
without energy efficiency improvements peak demand may increase 1.4 (standard heat pumps) to 3.45
times (electric resistance).
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Overall, data from Figure 9 shows that the impacts on energy consumption and peak demands will
depend on the technology being used and severity of cold weather events. This will be key to assess the
required investments in upgrading the transmission and distribution system to meet load and peak
demands.

Figure 9. District hourly consumption with electric heating added to existing electrical load by
heating technology

4.3.1

Cost of electrification

Figure 10 presents the cost comparisons, with the dark blue bar representing electric resistance and
light blue bar heat pump technologies. The cost of electric resistance reflects the commodity cost
($44/GJ) of electricity via electric resistance in Ontario which is significantly higher than natural gas
($3/GJ), natural gas with a carbon tax of $170, blue hydrogen ($18/GJ) and RNG ($28/GJ). The cost of
electric output via heat pump technologies ($14/GJ) is cost competitive2.
Thus, the magnitude of the cost increase for customers will depend on the technology used for
electrification. Electrification of heating will increase demand for electricity, especially if electrification is
not accompanied by building energy retrofits. In some building types this increase could be significant
residential (257%), retail & hospitality (220%), and multi-unit residential (137%). The use of electric
resistance boilers and furnaces could result in a 12-fold increase in cost. However, ASHP and GSHP are
more cost-effective options with a cost per GJ that is competitive with natural gas at a carbon price of
$170-200 per tonne. Investments in energy efficiency could dramatically reduce the overall cost impact.
2

It assumes a coefficient of performance of 3.1 from the cost of electric resistance.
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Figure 10. Cost comparison of electrification with natural gas and competing low-carbon
options

Source: IEA, 2019; Zen and the Art of Clean Energy Solutions, 2019; Layzell et al., 2020; Pollution
Probe, 2019; Hallbar Consulting, 2017; Government of Ontario, 2021

4.3.2

Electrification Benefits

Electricity is a proven technology with an existing grid and supply chains that could be upgraded to
deliver in the relatively short-term. This is a valuable advantage, as the development of competing
energy resources such as hydrogen requires a more substantial energy system transformation. The
appliances for electric heating technologies are currently available and customers could adopt them in a
timely manner. For policymakers, the technology-readiness of electricity also means it could contribute
to the City of Toronto’s target of a 65% carbon emission reduction from 1990 levels by 2030.

4.3.3

Electrification Challenges

Moving forward with the electrification option will require expanding the power grid. Although the scale
of the required expansion remains uncertain, building new electricity infrastructure (production and
distribution) has proven to be difficult in Ontario. Careful consideration should be paid to the type of
energy expansion as well as the location for the new production facilities.
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At the system level, achieving net-zero by 2050 through electrification will require grid expansion
planning. To date, the IESO’s Annual Planning Outlook (2020) anticipates a relatively constant installed
capacity of the Ontario grid for the coming two decades and does not include deep decarbonisation
scenarios. While careful assessment of energy efficiency potential will be critical to determining the
generation capacity needed to power the transition, our preliminary analysis suggests that progress on
the electrification option requires shifting from the current plan towards a more expansionary strategy.
To this end, coordination among policymakers and energy stakeholders will be key in determining the
content of the future energy mix (nuclear, solar, wind, etc.), as well as the required electricity
infrastructure.
Building electrification requires a significant change in building heat systems, with higher upfront capital
costs. The development of heat pump technologies also faces obstacles. For instance, GSHP requires
space for drilling wells as well as ground suitability (US Department of Energy, 2021), and can be
difficult to install in dense urban areas. ASHPs are more feasible in urban areas. However, this
technology faces challenges in generating heat at very cold temperatures (-25°C) (Natural Resources
Canada, 2021). Therefore, it is necessary to include a back-up source that uses either clean gas or
electric resistance to generate heat during very cold days. Note that if you take electricity as a back-up,
it will increase the system peak demand requirement.

4.3.4

Electrification Conclusions

Electrification is a viable option to replace 100% of the space and water heating service currently
provided by natural gas in the District and in Ontario. While the current commodity price of electricity is
high compared to natural gas, heat pumps technologies provide cost-effective electrical options to
displace natural gas. However, the capital costs of heat pumps, especially in the commercial sector,
may be a barrier to adoption. As noted below, there may be opportunities for research and development
and incentive programs to bring down the capital cost of heat pumps. In practice, the electrification
option requires further assessment on the social acceptability and financial costs of expanding the
current grid. But it is the most technology-ready option to displace natural gas combustion in the
District’ building sector.
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5. CUSTOMER COST ANALYSIS BY BUILDING TYPES
In the first sections of this paper, we examined overall options for decarbonising the District. The
purpose of this section is to look in more detail at the cost implications of each of the options for a
building owner/operator. We start with our methodology and assumptions, and then move on to the
results of the analysis, and insights.

5.1

Methodology and Assumptions

Our aim is to provide an estimate of the annual cost per square foot for the low carbon options
compared to the natural gas status quo. The analysis includes two cost elements: i) Cost of conceptual
mechanical and electrical building system retrofits/replacements for central plants, and ii) fuel costs,
which include production but not the transmission and distribution costs (fuel refers to
gas, hydrogen, and electricity). The capital cost includes the replacement of the boiler/furnace and air
conditioning equipment (mechanical) and the electrical service upgrades (electrical). Note that only
the replacement of the main heating and cooling equipment were considered. Potential load reductions
and distribution efficiency will be considered in the energy efficiency phase of the project.

For the fuel costs, we assumed the values set out below. Distribution and transmission costs
were excluded as we did not have accurate cost estimates.

Table 4. Fuel cost assumptions
Fuel Type
Natural Gas
Electricity
Blue Hydrogen
Green Hydrogen
Heat Pump

$/GJ
3
44
19
53
14

Source
CER (2021)
IESO (2021)
Based on IEA (2019)
Based on IEA (2019)
IESO (2021)3

For the capital costs, we used the six typical building occupancies from our previous utility study. We
developed 13 typologies within the occupancy framework, as presented in Figure 11. These typologies
vary in floorplate area, height, age, ventilation, and hot water use. We allocated all the area and energy
use from the utility data to one of these typologies using data from various sources and typical energy
use intensity (EUI) data for Ontario, crosschecking against the sector totals from our utility database
(Ontario Association of Architects, 2014). We used estimates of typical building energy use, not actual
use, and attributed all natural gas use to one of the typologies. This may underestimate the
heterogeneity of building’s consumption of natural gas. Nevertheless, we know that the unique building

3

Based on the cost of electrical resistance and using a coefficient of performance of 2.8 for ASHP and 3.1 for GSHP.
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types are not wildly different in their uses of natural gas. The order of magnitude of total costs for the
district will be correct.

Using the typologies, we were able to develop mechanical and electrical upgrades at a
conceptual level for each of the fuel switching scenarios identified above, those being blue
hydrogen, green hydrogen, electric resistance, cold climate air-source heat pumps (ASHP),
ground source heat pumps (GSHP), and a hybrid scenario (Renewable Natural Gas and
‘standard’ ASHP).
We obtained today’s cost of equipment from a local supplier. (Hydrogen equipment was
inferred from available natural gas boilers). A percentage cost was added to each equipment
costing to account for design fees (13%), taxes (13%), project management fees (15%), and
additional contingencies (10%). In all cases we recorded the location of equipment in a typical
building and assumed that the new equipment could occupy the same space.
Once we had an equipment cost for each typology and with each scenario, we divided by the
area of the typology to convert back to a per-square-foot cost which a building owner could
apply to their similar building.
There are four categories which we have largely excluded from the following discussion:
• Industrial: Only one major occupancy (Redpath Sugar) with primarily nonspace heating use of natural gas
• Electrically Heated Buildings: We know these exist in the District across different
occupancies, and could use efficiency upgrades (reducing electricity demand).
But, as these buildings are already accounted for in the electric utility data and not in
the gas utility data, we identified the likely gross floor area of these buildings
and eliminated it from our area totals.
• Institutional: There is great variety in actual occupancies and energy-use
breakdowns (e.g. hospital vs. assembly). We calculated the PSF costs but would like
more data before we release the results.
• Restaurants: Most natural gas use is not for space heating/hot-water, and so
makes for a misleading comparison to other typologies. We included this data when
appropriate.
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Figure 11. Building typologies

Embedded in the analysis are some decisions that we want to make explicit:
• We are using current costs as much as possible;
• The cost of natural gas replacement is identified as our baseline scenario;
• The amortization period is assumed is assumed to be 20-years;
• Distribution of energy within the building will be explored in the energy efficiency
phase;
• The Air source heat pumps (ASHP) scenario assumed cold-climate
heat pumps because they are efficient at all temperatures in Toronto’s climate; and
• Hybrid Scenario assumed standard ASHPs.

5.2

Cost and Policy Analysis

5.2.1

Cost comparison of each fuel switching option by occupancy and the total for the District

The results of our analysis are set out in Figure 12 and provide the average cost to building owners for
each fuel switching option. The costs include mechanical capital costs, electrical capital costs and fuel
costs.
Blue Hydrogen (blue bars) is the cheapest of the fuel switching options. It potentially has low mechanical
costs: based on research we assume that the cost of a hydrogen boiler is roughly equivalent to that of a
methane boiler. The commodity cost, while higher than natural gas, is cheaper than electrical options.
However, this cost does not include transmission and distribution, which will be more expensive than
natural gas due to the need to upgrade existing infrastructure to accommodate a 100% hydrogen
system.
Green hydrogen is significantly more expensive than blue hydrogen given that its input fuel, electricity,
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is more expensive than natural gas. However, electrolyser costs are expected to come down over the
next decade. In addition, if Ontario were to make a commitment to green hydrogen, there may be ways
to bring down the average cost of the electricity, as it could rely on cheaper cost baseload, and/or plants
dedicated to hydrogen production, and/or exploitation of intermittent supply.
Turning to the electricity options, at today’s costs, on average ground source heat pumps have the
lowest cost per square foot, followed by electric resistance heating, with low temperature air source
heat pumps as the most expensive alternative. All electric options are more expensive than blue
hydrogen, but cheaper than green hydrogen. The hybrid (standard air source heat pumps with RNG
backup) appears on average cheaper than any electricity only option (but still potentially more expensive
than blue hydrogen).
Yet the average (across building types and marked with a dotted line in Figure 12) can be somewhat
misleading. There is considerable variation across building types. Thus, for single family homes (where
low temperature heat pump technology is mature), ground source heat pumps, low temperature air
source heat pumps and the hybrid solution all come out very close in costs, which are almost as low as
blue hydrogen, and about half that of green hydrogen. For other building types, the high capital costs
associated with low temperature air source heat pumps (but also ground source heat pumps)
overwhelm the fuel savings from reduced electricity use, so that electric resistance heating has lower
total costs.

Figure 12: Total cost comparison for fuel switching and 8 building types (todays actual costs or
estimated current costs where markets do not yet exist)
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The Hybrid system (regular heat pump with a RNG boiler used on 5% of heating degree days) (red bars)
is the second most cost-effective option after blue hydrogen, and is significantly cheaper than the cold
climate heat pump. RNG is a relatively expensive fuel, but as it is only used 5% of the time, this does
not impact its overall cost competitive position. RNG also has the advantage that it can use the existing
gas infrastructure in Toronto without change.

Figure 13. Total cost comparison for fuel-switching by occupancy and six fuel switching
alternatives
(todays actual costs or estimated current costs where markets do not yet exist)

Figure 13, which presents the same data by building typology, suggests different insights. The lowest
increase for decarbonized heat provision is in single family residential uses. For this building type, all
fuel switching options except electric resistance and green hydrogen are roughly equal in costs.
The other building types reflect their existing energy use intensities but provide a calibrated estimate of
the cost increase of switching to each fuel. We have included the restaurant analysis on this chart to
emphasise that this is a unique use given its high ventilation air replacement requirements and high
process heat load, which deserves its own study.
Cost to the end user is an important factor, but it is not the only one that will determine the shape of
Districts decarbonisation pathways. Other factors include cost uncertainty, emissions, potential for end
use cost improvement over time, supply chain maturity, and necessary energy system expansion. For
all fuel switching options, local public support and coalition building will be important for a system-wide
transformation. These considerations beyond cost will have a tangible impact on decisions made by
building owners.
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5.2.2

Electricity System Peak Impacts

As illustrated in Figure 9, a move to electric resistance heating across the District would
significantly change the demand curve, requiring greatly enhanced generation capacity. We can also see
that a move to heat pump technology would result in demand curves that could more easily be
accommodated.
Yet at the building level capital costs make heat pumps less attractive than electric resistance heating.
So there is a choice between spending at the system level and spending at the building level. To put this
another way, resistance heating is today the most inexpensive electric option for building owners, but if
everyone made this choice a significant expansion of generation would be required to meet increased
electricity demand. And this poses collective challenges related to acceptability and cost. From a system
perspective, subsidies to defray building owner’s capital costs and encourage conversion to heat pumps
(ground source or low temperature air source), might be cheaper (and more politically acceptable) than
expanding electric generation capacity. Public investment in research and development could help
improve the performance and drive down the capital costs of low temperature heat pumps, as could
investment in training, and coordinated installation programs. More study of these issues
in the Ontario context is certainly warranted.
The hydrogen options would have no effect on electrical peak loads, and heating peaks can be
accommodated through storage without peaking plants.
5.2.3

The maturity of heating technologies

While heat pumps are relatively expensive today, the technology is not mature except in the Single
Family Home sector where they are cost competitive with electric furnaces. Not coincidentally, this is the
building class where there is currently the most demand for heat pumps. When developing our cost
calculations for low temperature heat pumps for other building types, there were no ‘off the shelf’
solutions, and the design of ‘bespoke systems’ lies behind the very high capital costs for these options.
Still, standard Air-Source heat pumps have made great strides in efficiency over the last 5 years, and
this is expected pass through to ground source heat pumps, and to heat pumps for larger buildings in
the future. As designs for other building types become available in coming years capital costs can be
expected to fall. Research by NRCan and others suggests that with economies of scale and experience
the cost of cold climate heat pumps will drop. One recent estimate, was that the price could drop by
30%, which will make this option more competitive.
5.2.4

Impact of Carbon Pricing

Given the scale of the challenge, public policy will be key to steer a large-scale transformation of the
energy system. Carbon pricing will play a role in this transition by creating an incentive for stakeholders
and business owners to reduce their carbon intensity. However, it is unlikely that carbon pricing alone
will drive the transformation at the scale and speed needed. With a carbon tax of $170 per tonne, and
current commodity prices for gas and electricity, natural gas continues to be the most cost-effective
option for building heating. Assuming a cost of $18 per GJ for blue hydrogen, a carbon tax of $340 per
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tonne is required to make the option cheaper than natural gas (see Figure 14). All the other fuel
switching options continue to be more expensive than natural gas. So far, no carbon tax increase has
been announced for Canada beyond the price of $170 per tonne for 2030.

Figure 14. Carbon pricing: Class ‘A’ office retrofit scenarios

5.2.5

Pace of Conversion

As buildings account for 55% of Toronto’s total emissions in 2018 (City of Toronto, 2018), the building
sector must play a key role in the transition sooner rather than later.
Currently, there is a gap between the pace of the decarbonization of buildings and the scale of the
transformation needed to meet climate targets. To get a sense of the challenge ahead, we conducted a
thought experiment where we considered how Enbridge’s 3.8 million customers could be converted to
alternative fuels respecting the UN targets of 50% reduction target by 2032, and 100% reduction by
2050. There are 4 tasks to be completed: 1) develop policy, regulation, and standards, 2) make the
required system and distribution changes, 3) convert customers and (4) fully decarbonize the system if
residual emissions remain.
We considered the three main scenarios: hydrogen conversion, complete electrification, and a hybrid of
electricity and RNG. Each scenario has different challenges, and technical restrictions which we
illustrated in a bar chart, below.
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Figure 15. Implementation scenario to meet international targets

In all cases, the size of the challenge of reaching the 50% reduction target by 2032 is monumental. And
these estimates are conservative, as they do not include the province’s population growth from 2020 to
2050.
An electrical transition in the District relatively quickly. Assuming the policy and regulatory framework
was in place within four years, a conversion rate of an average of 224,000 customers per year would be
needed to achieve the 2032 target. The second phase (2032-2050) would require an average
conversion rate of 92,000 customers per year. In principle this seems doable. The electricity system
currently exists, is mature, and has sufficient capacity to begin the electrification of buildings in the
coming years, even with an increased demand scenario.
Hydrogen, on the other hand, has a shorter runway to 2032 targets because the manufacture and
delivery system must be built out before conversion can start. Assuming policy implementation by 2025
and a system development in four years, achieving the 2032 target would require an average
conversion rate of 543,000 customers per year – more than five times the electricity conversion
rate. Unlike electricity, it requires large scale coordinated change, because the conversion must be
made neighbourhood by neighbourhood. In addition, hydrogen equipment like boilers have currently no
supply chain, manufacturers, standards or code or regulatory infrastructure. They require further
research and development regarding safety and monitoring devices.
Finally, the hybrid option provides some advantages. We assumed that the first 50% reduction could be
achieved by installing ASPH beside existing natural gas furnaces/boilers. These would continue to use
natural gas while RNG production is simultaneously built out. Because the solution still includes 10% of
the original natural gas demand, we would need to compensate by converting 56% of existing
customers. This would represent an average conversion rate of 302,000 customers per year between
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2025 and 2032. But running 2 fuels systems will be more expensive, particularly if there is competition
for biomass.
While achieving net zero by 2050 represents a challenge, the 2032 interim 50% reduction target poses
particularly difficulty. Easing this restriction (taking a longer time to reach a 50% reduction) would allow
a lower rate of system and customer conversion over the first decade. A higher rate of conversions
thereafter (corresponding more closely to a typical ‘S’ shaped technology uptake curve) could then
ensure cumulative emissions did not surpass those allowed in the original scenario.
Of course, progress on the energy efficiency side (e.g. building envelopes) could further reduce natural
gas usage over the transition period and contribute to meeting emissions reductions targets. Still, the
thought experiment illustrated in Figure 15 shows the importance for government and regulatory bodies
to immediately initiate efforts to confront the policy and strategic planning issues required to orient this
transition.

5.2.6

Summary of Multi-factor Policy Analysis

We have consolidated a review of the non-cost considerations explored above, in Table 5 below. This is
not meant as a calibrated analysis as much of the research reviewed is preliminary and only suggests
potential future changes. The table should be taken as a snapshot that allows a wholistic view of the
considerations discussed. The chart is colour coded for beneficial effects: green for positive or moving in
a positive direction, yellow for neutral or yet uncertain, and red for negative.

Table 5. Multi-factor analysis, scale of challenges

Cost/sf/yr
Potential for Fuel
Cost Change
Emissions
Potential for End
Use Cost Change
Supply
Chain Maturity

Blue

Green

Hydrogen

Hydrogen

Electric
Res.

1.90

3.98

3.58

-

Cold
Climate

GSHP

ASHP

Hybrid
ASHP/RNG

3.81

3.16

2.33

-

-

0

0

0

10%

0

0

-

-

-

Low

Low

High

Med

Med

Low

High

High

High

Med

Med

Med

Required
System Expansion
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The fuel costs used in this report are based on studies and research from other jurisdictions and are
likely to change over time. For blue hydrogen, production in Ontario faces constraints of CO2 storage
capacities. Yet there may be opportunities to import cheap blue hydrogen from other jurisdictions such
as Alberta; this option depends in part on the cost of transporting hydrogen from West Canada to
Ontario.
For green hydrogen, the cost of electrolysers is expected to drop by roughly 80% (IRENA, 2020), but this
could be insufficient to make the option competitive. The cost of electricity is the main cost driver of
green hydrogen, and a drop in the price of this commodity in Ontario is uncertain. On one hand, the
anticipated cost decrease of solar and wind could reduce the future cost of electricity. On the other
hand, if the system size must double or triple to meet increased demand to decarbonize the economy
cost may rise. The cost of RNG is also uncertain and is likely to increase as more supply is needed.
Emissions are also a factor. For the green hydrogen and electric scenarios, we assumed a carbon-free
electricity system. Blue hydrogen, in contrast, is not zero emissions. It has residual emissions of about
10% that must be addressed through negative emissions. As discussed above, the electric and gas
boilers are mature technologies with little capital cost change expected. The cost of heat pumps, on the
other hand, are expected to decrease over time with greater demand.
The biggest factor that differentiates these options is the maturity of the fuel supply. Blue and green
hydrogen are not today available in Ontario. Developing this industry and transforming the natural gas
grid would require a new policy framework and significant coordination between policymakers,
stakeholders, and businesses.

5.3

Conclusion

This customer cost analysis provides some insights for policymakers. First, the size of the financial gap
between the baseline case and the fuel switching options suggest that the transition will be difficult
without significant policy interventions that make natural gas more expensive and/or unavailable, or
mandate conversions. Carbon pricing alone is unlikely to get us where we need to go. Tilting the energy
system towards hydrogen or electricity options for building heating would require a price on carbon of
roughly $600 per tonne. Currently, there is no plan in Canada to go beyond $170 per tonne by 2030.
In terms of potential energy carriers, hydrogen holds a challenging path towards net zero. While blue
hydrogen is the cheapest option, it faces significant uncertainty around its overall cost (when including
the cost of transporting the energy and dealing with emissions not captured by CCS) and the availability
of carbon storage in Ontario. It also requires a system transition that has not yet begun. Thus, the
development of a hydrogen-based energy system at the scale and speed required to reach net zero by
2050 is uncertain.
Green hydrogen also faces significant pitfalls. Currently, it is the most expensive option for
decarbonization. While efficiency and cost are expected to improve over the coming decades, it is
unclear what this would look like in Ontario. More importantly, green hydrogen (perhaps produced by
dedicated electricity generation plants) will have to prove superior to direct electrification options
(electric resistance and heat pumps).

Pathways Project Update | Energy Supply Decarbonization
Toronto 2030 District

39

The cost of the hybrid option (RNG and ASHP) appears attractive and would relieve demand pressure on
the electricity system. However, the availability and cost of RNG is uncertain. It will likely depend on
competing demands for biomass feedstocks and the cost of its collection and distribution.
Cold climate ASHP are today expensive for the building, but they are zero carbon and reduce the impact
on the electricity system. The option could also become more competitive in the coming years, as the
costs are expected to drop over time.
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6. GENERAL INSIGHTS
This report looked at 100% solutions to replace existing natural gas combustion in the building sector in
the District and in Ontario. It shows that two energy carriers could achieve this goal: electricity and
hydrogen. Both have strengths and weaknesses. Electricity is an established option that could be
implemented in the near-term, but hydrogen is gaining international momentum and could off a cheaper
route for large-scale decarbonization.
This report examined hydrogen and electricity individually, but these options may also complement each
other. Some economic sectors are hard to electrify (for example, heavy transport (trucks, train) and
industries such as steel or cement), and the ability to convert hydrogen to electricity (and vice versa)
creates opportunities to integrate both technologies across economic sectors (electricity, building,
transportation). This means that achieving economy wide net-zero is likely to involve hybrid solutions
using electricity, clean gases, and energy efficiency.
Research on the potential of energy efficiency in the District and Ontario-wide will be key to assessing
the energy supply needed to transition to net-zero. Indeed, changes in the overall energy demand could
alter the attractiveness of energy options, as well as the cost implications for building owners and the
broader systems. The evolution of the future cost of each option and opportunities for technological
improvement will also be critical for the cost analysis of the transition to net-zero.
Our analysis does not yet enable us to suggest the best combinations of energy supply technologies for
the various building classes we consider. In all cases, however, our preliminary cost analysis indicates
that a carbon price higher than $340 per tonne would be required to make fuel switching alternatives to
natural gas cost competitive.
To meet the internationally accepted deadlines of 2032, and 2050, we must come to agreement and
develop policy, regulatory systems, codes and standards; build the energy systems including new
generation, distribution, manufacture and supply chains; and convert 3.8 million natural gas customers,
and fully decarbonize the energy system. Our actions in the first 9 years must be directed at achieving
the 2050 outcomes if we are to avoid wasted effort. Our findings demonstrate that the scale of the
effort required is huge though not unprecedented, as similarly large system change was achieved when
we converted to natural gas in the 1950s and 1960s in a public/private partnership
The first steps would be a strong collective commitment to moving energy supply networks to support
net zero on timeframes consistent with international climate commitments, and the inclusion of
planning to meet net zero goals into the mandates of all regulatory bodies and utilities. Development of
a framework over the next two to three years would allow an orderly implementation over subsequent
years. Of course, that does not mean that building owner and operators can do nothing in the interim.
On the contrary, there is plenty of space for innovation and experimentation to identify which options
work best here. Nevertheless, governments, regulators and utilities must now step up to offer credible
plans for system transformation to achieve decarbonization goals.
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