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iHEAT EXCHANGE EXECUTIVE SUMMARY 

Any viable path to net zero for the buildings sector must ensure that 
Canadians have reliable access to affordable heating and cooling. And 
that means that the shift toward net zero requires not just changes in how 
individual buildings are heated and cooled, but also changes to energy 

systems more broadly and to the regulatory frameworks that govern them.

The economy-wide goal of net zero by 2050 is increasingly the frame for policy 
conversations in Canada and around the world. In Canada, energy utilities 
are only beginning to map out what the clean energy transition means for 
their systems and customers. Similarly, regulators and the governments that 
oversee them are only starting to contend with what the energy transition 
requires from them. 

So far, inertia is prevailing. And without significant shifts in policy to enable 
and accelerate the transition to net zero in the buildings sector and the energy 
systems that serve it, continued inertia will result in higher costs, missed 
climate targets, or both. 

This report seeks to facilitate progress by bringing clarity to these complex 
topics and by advising policy makers—particularly in provincial governments—
on ways to accelerate the shift toward net zero buildings while protecting 
affordability and reliability.

Our analysis draws on multiple sources of data and evidence. We commis-
sioned original modelling to identify pathways to net zero that minimize 
overall costs to the economy, and to surface important differences between 
provinces. We surveyed the literature to identify consistent patterns in what 
a cost-optimal pathway to net zero means for the buildings sector and for 
energy systems across the country. And we engaged with stakeholders and 
experts to solicit feedback on our assumptions and results, and adjusted 
inputs and sensitivity analyses in response. In parallel, we analyzed regulatory 
proceedings and inquiries throughout North America concerning gas utilities 
and the energy transition, and extracted data from utility filings to quantify 
growth in the gas network. 

EXECUTIVE  
SUMMARY
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Based on this analysis, several insights emerge. Overall, the model’s cost opti-
mization consistently shows that achieving net zero in Canada will require a sig-
nificant increase in the use of electricity for building heat, and a declining use of 
gas, starting right away. 

Despite some recent progress, Canada’s buildings 
sector and its electricity and gas systems are not 
yet on that cost-optimal net zero path. We find that 
this is unlikely to change under current policy and 
regulatory approaches, and that continued inertia 
poses risks to achieving Canada’s climate goals and 
ensuring affordability and reliability through the 
energy transition.

Continued inertia poses 
risks to achieving 
Canada’s climate goals 
and ensuring affordability 
and reliability through  
the energy transition.

Finding 1
On a cost-optimal pathway to net zero, electricity 
will power most space heating in Canada

The details vary from province to province, but the pattern is consistent across 
all regions and in all sensitivity scenarios: as Canada’s energy transition accel-
erates, electricity will power more and more space heating in Canada. Heat 
pumps with electric resistance backup are often the most cost-optimal long-
term pathway—even considering the significant electricity system build-out 
that they require. This finding is broadly consistent with other major Canadian 
and global studies that have investigated the same topic. 

Mitigating peak demand to keep electricity affordable and reliable will likely 
emerge as the central challenge facing electric utilities in this transition. Our 
modelling finds that in the buildings sector, retrofits of existing buildings, the 
rising energy efficiency of new buildings, and the switch from electric base-
boards to much more efficient heat pumps can all contribute to reducing the 
scale of the necessary electricity system build-out. Hybrid systems, which 
maintain existing gas connections as a backup to electric heat pumps, play a 
role in some contexts to mitigate peaks in winter electricity demand. And other 
options like heat and energy storage, thermal energy networks, and demand-
side management will also likely play an important role. 
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Finding 2
Even with low-carbon gases or hybrid heat, continued 
expansion of the gas network is inconsistent 
with cost-effectively reaching net zero 

Given the rapid shift away from gas consumption in buildings along a cost- 
optimal pathway to net zero, provinces that continue to expand their gas distri-
bution networks risk significantly raising the cost of meeting climate targets, 
putting targets in jeopardy, or both. Additional expansion of the gas system 
to new homes or neighbourhoods is risky for ratepayers because it can lock 
in higher-cost ways of delivering heat to homes and businesses, or result in 
stranded assets that gas consumers must still pay off.

Hybrid heat (the pairing of heat pumps with gas furnaces) does not justify con-
tinued expansion of gas networks. Hybrid heat can be a legitimate stepping stone 
to full electrification in some contexts, and a viable long-term pathway in others—
especially when furnaces are burning low-carbon gases. But because hybrid 
systems would only switch to gas in the coldest days or months, overall demand for 
gas would still fall dramatically, so expansion poses the same risks for ratepayers.

Likewise, low-carbon gases like hydrogen and biomethane will not serve as 
replacement fuels on a scale that can justify continued gas network expansion. 
Our modelling and numerous other studies find that these gases are either too 
scarce or too costly to heat more than a small fraction of Canada’s buildings, and 
are instead taken up by other sectors such as heavy industry. Even under lower- 
cost assumptions for these fuels, electrification of building heat still dominates. 

Finding 3
A business-as-usual approach to utility regulation 
is not in the interest of ratepayers

In the energy transition, gas utilities’ incentives do not necessarily align with what is 
most affordable for ratepayers over the long term. Because gas utilities realize returns 
primarily on the infrastructure they install, rather than the fuel they sell, and because 
they earn a predetermined rate of return on regulator-approved capital investments, 
these entities have a direct economic incentive to pursue continued growth of gas 
infrastructure and new customers—even if the long-term usage case is uncertain. 
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The job of an energy regulator is in part to protect 
ratepayers in an environment of utility monopolies, 
and the energy transition presents new challen-
ges to their ability to deliver on this mandate. Their 
mandates—which are typically to ensure utilities 
provide safe and reliable energy at just and reason-
able rates—were established before climate change 
was a societal concern, so it can be unclear how 
regulators should factor in climate goals and the 
changes underway in the energy transition. And 
while some provinces have set net zero goals into 
law, no province has sufficiently aligned its climate 
and energy policies with those goals. Because regu-
lators are not in a position to make assumptions 
about future policy, many regulators have been 

understandably cautious in the face of this ambiguity. With some exceptions, 
regulators continue to approve gas network expansion. 

Prudent, forward-looking utility regulation is more important than ever in the 
energy transition. The longer that regulators and the provincial policy makers 
who oversee them delay action to overturn the status quo, the greater the risk 
that Canadians will end up on the hook for an overbuilt and underused gas 
system, an overburdened electrical grid, or both. 

Finding 4
Provincial and territorial policy is the missing 
piece for achieving climate goals while 
protecting reliability and affordability 

If utility regulators are to continue delivering on their mandate of providing safe 
and reliable energy at just and reasonable rates, provincial governments must 
equip them to face the new challenges of the energy transition head-on. But no 
province has yet issued a long-term direction on what the clean energy transition 
means for the future of gas for building heat in their jurisdiction, nor mandated 
gas and electricity systems to transform to get on a cost-effective path to net zero. 

This lag in provincial policy leadership carries significant consequences. Gas 
networks are continuing to expand, with buildings standing out as one of only 
two sectors of the Canadian economy where emissions continue to rise under 

The longer that regulators 
and policy makers delay 
action to overturn the 
status quo, the greater 
the risk that Canadians 
will end up on the hook 
for an overbuilt and 
underused gas system, 
an overburdened 
electrical grid, or both. 

https://440megatonnes.ca/insight/emissions-oil-and-gas-buildings-undercut-canadas-climate-progress/
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current climate policies. And regulators are not adequately equipped to effect-
ively oversee the energy transition. These two policy problems interact to keep 
energy systems on the wrong track.

Absent policy leadership, provinces risk ending up with underdeveloped or 
unbalanced energy systems that are not ready for what’s coming, straining 
affordability and reliability.

Specific policy changes can put Canada on a net zero pathway that protects 
affordability and reliability. While a widespread shift in how Canadians heat their 
buildings will take place over decades, policymakers and regulators are making 
decisions today that will lay the groundwork out to 2050 and beyond. This report 
makes the following recommendations to help regulators and governments make 
decisions in the clean energy transition in a way that protects long-term energy 
affordability and system reliability for Canadians. 

Recommendation 1
Provincial governments should equip regulators, system 
operators, and utilities to make decisions consistent with net zero

Provincial governments should clarify their policy objectives and ensure that 
energy system planning is aligned with the clean energy transition. They should:

 — Legislate a target for net zero by 2050 as well as interim milestones, 
update mandates to include achievement of these climate targets, and 
equip regulators with the necessary financial and human resources. 

 — Commission and regularly update independent pathway assessments 
that unpack a jurisdiction’s options for reaching net zero economy-wide, 
and the pros and cons of each option. These high-level assessments 
should complement, and ideally integrate, more granular pathway assess-
ments undertaken by utilities and/or system operators. 

 — Produce energy roadmaps that present the government’s vision for how 
the jurisdiction’s technology and energy mix, and the infrastructure it will 
require, should evolve in line with net zero. In particular, roadmaps should 
specify the roles of the gas network and electricity grid through the transi-
tion and identify responsibilities for overall energy system coordination.
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Recommendation 2
Provincial governments should stop treating  
gas system expansion as the default option,  
and equip regulators to consider alternatives

Across Canada, government policy should no longer treat the connection of 
new buildings to gas networks as a matter of course. In most contexts, and par-
ticularly for new developments, electrification should be the default, unless there 
is a specific local alternative such as a thermal energy network. The following 
policy actions could help reset this default: 

 — Provinces could immediately direct regulators to consider the risks of 
stranded gas assets when reviewing gas utility submissions, and weigh 
those risks against alternatives to replacing and extending gas pipelines. 

 — Provinces could also direct regulators to reform obligation-to-serve 
requirements for gas utilities, so they do not necessitate continued gas 
network expansion.

 — Provinces could also mandate that new buildings be fully electric,  
except where a suitable net-zero alternative exists (such as a thermal 
energy network). 

Recommendation 3
Provincial governments should require gas utilities  
to provide maps of their networks to facilitate  
a managed transition that protects ratepayers 

Provincial governments, regulators, and gas utilities should start laying the 
groundwork for the gradual, managed contraction of gas networks. Mapping 
existing gas infrastructure is a foundational part of this proactive work. 
Canadian provinces can learn from other jurisdictions, including California, 
the Netherlands, and Germany, that have already pursued alternatives to new 
pipelines and begun selective, proactive gas network pruning based on detailed 
understanding of their gas grids.
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Recommendation 4
All orders of government should strengthen 
policies to support building electrification, 
peak management, and energy efficiency

Consumer-focused climate policy should be strengthened alongside reforms 
to utility regulation. The suite of consumer-focused policies that should be 
strengthened includes: regulatory certainty (building codes, appliance stan-
dards); direct financial support for energy retrofits, smart electrification, and 
peak management (grants, financing); implementation support (labour market 
development, training); and a broad-based, consistent, and rising price on 
greenhouse gas emissions.

Recommendation 5
All orders of government should centre equity in policy 
design and provide targeted support to the most affected

As governments and regulators act to limit the extent of the infrastructure 
liabilities facing ratepayers, provincial policy must still determine who bears the 
unrecovered costs of stranded or underused energy infrastructure, and how. 
Governments should also help address the barriers that can prevent renters 
and low-income households from electrifying and accessing energy retrofits. 
Governments and regulators presiding over energy system changes should 
expect that there will be equity impacts, and proactively design solutions to 
address them. 
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A ffordable, reliable heating and cooling for Canadian buildings is a neces-
sity, not an option, on the road to net zero. Delivering on that goal 
requires some big shifts from provincial governments, energy regulators, 
utilities, and Canadians. The stakes are high: a passive, reactive policy 

approach is a recipe for higher emissions, higher costs, or both.

The economy-wide goal of net zero by 2050 is increasingly the frame for policy 
conversations in Canada and around the world (see Box 1). For the buildings 
sector, reaching net zero means that Canadian policy must incentivize a gradual 
and steady shift toward clean heat. 

Today, fossil fuels—primarily gas and, to a lesser 
extent, heating oil—feed the furnaces and boilers 
that heat nearly half of this country’s homes 
(NRCan 2020) and an equivalent share of its com-
mercial and institutional buildings (NRCan 2023a; 
NRCan 2023b). Transitioning to clean sources of heat 
will mean widespread changes at the scale of indi-
vidual buildings and neighbourhoods: more efficient 
new buildings, energy retrofits on old buildings, and 
rising consumer uptake of efficient electric heat 
pumps, displacing the use of gas and oil. 

Alongside these building-by-building changes, the 
clean energy transition will require transformative 
change at the scale of provincial energy systems. 

Governments, utilities, and regulators are just starting to contend with the impact 
this transition will have on the vast network of gas pipelines buried beneath large 
parts of the country, as well as the impact on Canada’s electricity infrastructure. 

This report focuses on that system scale: the energy systems that Canadians 
rely on to keep their homes and businesses warm. We explore how those 
systems, and the regulatory frameworks that govern them, must adapt for 
Canada to reach net zero in a way that minimizes costs for ratepayers, govern-
ments, and the economy as a whole. 

Governments, utilities, 
and regulators are just 
starting to contend with 
the impact this transition 
will have on the vast 
network of gas pipelines 
buried beneath large parts 
of the country, as well as 
on Canada’s electricity 
infrastructure. 

INTRODUCTION

https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2020&rn=27&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=13&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=14&page=1
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Box  

1
The drive to reach net zero in order to 

limit the damage from accelerating 
climate change increasingly drives policy 
and markets across Canada and around 
the world. 

Canada has a legislated commitment 
to reach net zero by 2050 through 
the Canadian Net-Zero Emissions 
Accountability Act, which came into 
force in June 2021. Seven provinces and 
territories have Climate Accountability 
Acts that require the government to set 
emissions targets, establish a plan, and 
report on progress (Linden-Fraser 2024). 
Of these, Prince Edward Island (Net Zero 
Carbon Act), Nova Scotia (Environmental 
Goals and Climate Change Reduction 
Act), Yukon (Clean Energy Act), and 
British Columbia (Climate Change 
Accountability Act) have directly legis-
lated their 2050 climate targets.1  
Quebec, New Brunswick, and 
Manitoba have a publicly stated goal 
of a carbon-neutral economy by 
2050 (Government of Québec 2023a; 
Government of New Brunswick 2022; 
Government of Manitoba n.d.), and 
Alberta’s emission reduction and energy 
development plan notes the province’s 
aspiration of carbon neutrality by 2050 
(Government of Alberta 2023).

1. British Columbia has committed to updating its target, but the legislation currently is set at 
80 per cent emissions reduction below 2007 levels by 2050; the other provinces with legislated 
targets specify net zero by 2050. 

Globally, too, net zero commitments are 
increasingly the norm, setting the context 
of the global economy. Countries com-
mitted to reaching net zero by mid-cen-
tury generate 90 per cent of global GDP 
(IEA 2023a), including over 93 countries 
and the European Union. More than a 
third of the world’s largest publicly traded 
companies now have net zero targets, 
including two thirds of Canada’s largest 
businesses (Net Zero Tracker 2022). 
Industry associations from dairy farming 
to cement production have action plans 
to make their products carbon neutral, 
with interim milestones along the way 
(Dairy Farmers of Canada n.d.; Cement 
Association of Canada n.d.). The clean 
energy transition is a global transition, 
setting the conditions for success for 
Canada’s economy, with major competi-
tiveness risks and opportunity costs if 
Canada falls behind. (Samson et al. 2021). 

For Canada to meet both the threat of 
accelerating climate change and the 
opportunity of the global clean energy 
transition, net zero is non-negotiable. 
Policymakers now face important choices 
about the pathway Canada takes to net 
zero, to navigate the clean energy tran-
sition while protecting affordability and 
seizing economic opportunities. 

Aligning building heat 
with net zero

https://laws-lois.justice.gc.ca/eng/acts/c-19.3/fulltext.html
https://laws-lois.justice.gc.ca/eng/acts/c-19.3/fulltext.html
https://440megatonnes.ca/insight/are-the-provinces-and-territories-holding-themselves-accountable-for-climate-action/
https://www.princeedwardisland.ca/sites/default/files/legislation/n-03-01-net-zero_carbon_act.pdf
https://www.princeedwardisland.ca/sites/default/files/legislation/n-03-01-net-zero_carbon_act.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://laws.yukon.ca/cms/images/LEGISLATION/PRINCIPAL/2022/2022-0014/2022-0014_1.pdf
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/07042_01
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/07042_01
https://www.quebec.ca/en/government/policies-orientations/plan-green-economy/implementation/plans-numerical-targets
https://www2.gnb.ca/content/gnb/en/news/news_release.2022.09.0508.html
https://www.gov.mb.ca/climateandgreenplan/index.html
https://open.alberta.ca/dataset/7483e660-cd1a-4ded-a09d-82112c2fc6e7/resource/75eec73f-8ba9-40cc-b7f4-cdf335a1bd30/download/epa-emissions-reduction-and-energy-development-plan.pdf
https://www.iea.org/reports/world-energy-outlook-2023
https://zerotracker.net/insights/pr-net-zero-stocktake-2022
https://dairyfarmersofcanada.ca/en/farmer-resources/net-zero-2050
https://cement.ca/sustainability/our-roadmap-to-net-zero/
https://cement.ca/sustainability/our-roadmap-to-net-zero/
https://climatechoices.ca/wp-content/uploads/2021/10/CICC-Sink-or-Swim-English-Final-High-Res.pdf
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In most of the country, regulated utilities deliver the gas and electricity used 
to produce building heat and other critical energy services, such as hot water. 
These utilities are highly regulated in part because they provide essential 
services. Canada’s energy regulators and the provincial policymakers that set 
the rules for those regulators will be central actors in the clean energy transition 
for building heat. 

Energy utilities, however, are only beginning to map 
out what the clean energy transition means for 
their systems and customers. Some gas utilities are 
seeking to pivot to biomethane; others are starting to 
blend small amounts of hydrogen into their pipes.2 

In some cases, both electricity and gas utilities are 
working together. For example, as electric heat pumps 
become increasingly efficient and cost-effective, util-
ities are exploring opportunities to pair them with gas 
heating backup to form hybrid systems that capture 
the benefits of heat pumps while keeping gas avail-
able for the very coldest days and nights of the year. 

But what looks like a promising option for a utility’s bottom line may not always 
be in the best interest of ratepayers and the energy system overall, nor the 
most cost-effective path to net zero for the broader economy. Furthermore, 
policymakers, utilities, and regulators may not yet fully understand or agree on 
the best pathways from the perspective of total system costs. Ambiguity and 
uncertainty can delay action, risking higher costs to reverse course later, or 
more pollution and missed climate targets. 

This report seeks to advise policymakers—especially provincial and territorial 
governments—about how to facilitate the shift toward net zero buildings while 
protecting affordability, now and in the future. 

2. FortisBC (BC) has committed to 15 per cent biomethane blending in its networks by 2030, 
although it will achieve some of that percentage by purchasing credits from biomethane 
produced and used outside of British Columbia (Labbé 2023). ATCO (AB) is blending 5 per cent 
hydrogen in a small pilot project in Fort Saskatchewan (ATCO 2021). Enbridge (ON) is blending 
2 per cent hydrogen in Markham, and has several biomethane projects, including blending 
biomethane from solid waste facilities in Toronto and from agricultural residues in Stratford, 
as well as a partnership to develop a new biomethane facility in Niagara Falls (Enbridge 2022). 
Énergir (QC) is aiming for 10 per cent biomethane by 2030; it is currently regulated to blend 
1 per cent, a ratio scheduled to increase to 5 per cent in 2025. New gas customers in Quebec will 
be connected to 100 per cent biomethane (Sokic 2023).

What looks like a 
promising option for a 
utility’s bottom line may 
not always be in the best 
interest of ratepayers 
and the energy system 
overall, nor the most cost-
effective path to net zero 
for the broader economy.

https://www.biv.com/news/environment/fortisbcs-plan-keep-burning-gas-not-equitable-claims-bc-city-8272851
https://gas.atco.com/content/dam/web/projects/projects-overview/fort-sask-hydrogen-blending-info-sheet-december2021.pdf
https://www.enbridge.com/stories/2022/january/hydrogen-blending-project-enbridge-gas-cummins-operational-markham-ontario
https://sustainablebiz.ca/energir-commits-to-100-renewable-energy-for-new-grid-connections
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This report is structured as follows.

SECTION 1 brings clarity about least-cost pathways to 
net zero for buildings in Canada. It draws from new, original 
modelling analysis, literature review, and expert consultation. 
We identify some consistent patterns in what a cost-optimal 
pathway to net zero means for the buildings sector across the 
country, as well as important differences between provinces. 

SECTION 2 assesses the extent to which space heating in 
Canada is currently on track to meeting net zero in a cost- 
effective way. We find that greenhouse gas emissions from the 
sector are still growing, and that investment in costly gas utility 
infrastructure continues apace despite a diminishing role for 
gas networks under net zero. 

SECTION 3 assesses the sufficiency of existing provincial, 
territorial, and federal policies. Though more needs to be done, 
current climate policies—including carbon pricing, consumer 
incentives, and building codes—are influencing consumer 
choices. But to have an impact at the scale of electricity and 
gas utility systems, policy attention must also focus on the role 
utility regulators play in the clean energy transition. 

SECTION 4 explores additional policy options, many of which 
aren’t yet getting enough attention. Utility regulators have tools 
they can use now to align energy systems with net zero while 
protecting affordability for ratepayers. But stronger policy and 
clearer direction from provincial and territorial governments can 
enable utility regulators to do more to ensure prudent investments 
and to protect ratepayers over the long term. Without such clarity, 
continued investment in dead-end pathways risks compromising 
affordability for ratepayers, raising economy-wide costs, missing 
climate targets, or all of the above. 

SECTION 5 presents a set of recommendations for 
policymakers to start putting Canada’s buildings—and the 
gas and electricity networks that provide the energy to heat 
them—on track to cost-effectively meet the nation’s climate 
commitments.
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This report doesn’t provide a complete policy roadmap for aligning building 
heat with net zero. The current fuel mix for space heating varies widely across 
the country (see Figure A). The cost-optimal pathway to net zero will be differ-
ent in different places. Much of the policy work and transformative change in 
energy systems must be done province by province and even municipality by 
municipality, based on the specifics of each electricity and gas network. 

And that work must start now. While a widespread shift in how Canadians 
heat their buildings will take place over decades, policymakers and regula-
tors are making decisions today that will set the groundwork out to 2050 and 
beyond. Gas utility infrastructure, for example, is typically paid for by ratepayers 
over 40 to 50 years (or longer for some assets), so investment decisions have 
long-run consequences for consumer bills as well as potential liabilities if costly 
infrastructure goes unused or underused before it is paid off. 

Protecting energy affordability throughout the energy transition requires that 
governments, utilities, and regulators think ahead and plan accordingly. By 
making forward-looking decisions today, policy makers can enable a success-
ful and fair energy transition in which every home and business can access the 
clean, reliable heat they need. 
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Gas furnaces and boilers  currently provide space 
heating for more than half of Canada’s buildings, 
but provinces vary significantly 
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Figure  

A
Gas furnaces and boilers  currently provide space 
heating for more than half of Canada’s buildings,   
but provinces vary significantly 
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SECTION

Net zero and 
the future  
of building 
heat

To explore the implications of 
a net-zero-aligned buildings 

sector for Canada’s energy 
systems, we employed a 
techno-economic cost opti-
mization model: the North 
American TIMES Energy Model 
(NATEM). This modelling 
analysis doesn’t seek to 
prescribe a particular pathway 
to net zero, but instead iden-
tifies ways to reach net zero 
while minimizing costs to the 
whole system. 
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NATEM’s cost optimization is economy-wide and covers a broad 
scope of costs, including energy commodity prices; consumer capital 
and operating costs; supply-side costs like infrastructure, oper-
ation, and maintenance; costs of energy efficiency investments; 
capacity expansion costs; and costs of early retirements. Minimizing 
overall costs helps to protect long-term affordability for households 
and businesses. This techno-economic cost optimization model is 
well-equipped to provide insights about consistent patterns in the 
cost-optimization findings in different regions, and across sensitivity 
analyses, and to investigate differences between building types and 
between regions. 

The modelling analysis accounts for all energy demands in the 
buildings sector, including space heating and cooling, water 
heating, and cooking. We focus the analysis on space heating, 
rather than all energy usage in buildings, because space heating 
drives most of the energy demand in the buildings sector 
(58 per cent as of 2021), and because it underpins demand peaks—
important considerations for ensuring energy system reliability. 
Due to data limitations and the particular opportunities and con-
straints of energy systems in the territories, the regionally specific 
analysis is focused on Canada’s provinces. 

Peak demand is the period of time when electricity demand is at its highest. The height 
of the peak affects the size and cost of the electricity system. That’s because it deter-
mines the amount of generation, transmission, and distribution capacity that must be 
available to meet the demand at its highest point. Peak demand can also be lowered 
by load shifting (moving demand from peak hours to non-peak hours), peak shaving 
(reducing demand at peak times) and overall demand reduction through improved 
energy efficiency. Most Canadian jurisdictions are winter peaking, which means that 
electricity demand is highest on the coldest days of the year, when the need for heating 
is highest. Currently, only Ontario is summer peaking, where demand for air conditioning 
on hot, humid days determines the time of highest electricity usage. 

WHY FOCUS ON PEAK DEMAND?
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In NATEM, the buildings sector includes residential buildings (single 
detached, single attached, apartments, and mobile homes) as well 
as commercial buildings such as offices, shops, and restaurants. 
Institutional buildings such as hospitals, schools, and universities 
are bundled with commercial buildings in this analysis. Residential 
buildings are more numerous—there were about 29 times more 
residential buildings than commercial and institutional buildings 
in 2020—but because commercial and institutional buildings are 
larger, space heating demand in the residential sector is estimated 
to be only 1.3 times greater than commercial and institutional 
demand in 2020. 

The modelling results help to clarify implications for the buildings 
sector of a cost-optimal path to achieving net zero economy-wide, 
as well as the potential trade-offs of pursuing alternative routes. 
We also tested the robustness of the modelling results with sensi-
tivity analyses that were selected based on input from experts and 
industry stakeholders regarding key sources of uncertainty for future 
planning. (For additional detail on our modelling approach, including 
a list of sensitivity analyses, see Appendix 1.) 

In this section, we describe and discuss the lead insights that our 
analysis surfaced. The major takeaways—that a cost-optimal 
pathway to net zero for Canada means increasing electrification, 
decreasing gas demand, and the need for investments in elec-
tricity capacity and energy efficiency—align with the findings of 
similar recent Canadian and international studies. (For a summary, 
see Appendix 2). 
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1.1 Overarching insights for 
Canada’s energy systems
Overall, the model’s cost optimization consistently shows a significant increase 

in the use of electricity for building heat, and a declining use of gas. This 
pattern is robust across the sensitivity analyses we ran, and consistent with 
other, similar net zero studies. We unpack these findings in more detail below. 

Electrifying almost all building heat is the 
most cost-effective path to net zero 

In all provinces and across all sensitivities, a cost-optimal pathway to net zero 
for the economy results in electricity becoming the dominant energy supply 
for building heat. Nationally, electricity’s share of annual space heating energy 
demand rises from 21 per cent today to between 55 and 60 per cent by 2040 
and between 78 and 91 per cent by 2050. 

Electrification uptake varies by region, by sector, and by building type, but in 
almost all scenarios, getting to net zero means that electric technologies—led 
by heat pumps—heat most of Canada’s residential buildings by 2050. Electric 
end-use technologies play a major role in commercial buildings as well— 
including in hybrid systems where heat pumps provide the bulk of heating 
needs. (For a description of end-use technologies for building heat, see Table 1). 

In all regions, the model results show significant heat pump uptake in the 
residential buildings sector, including heat pumps deployed as part of a hybrid 
system (see Figure B). Heat pumps and electric resistance heating are the 
cost-optimal technologies for the system in the vast majority of homes by 2050. 
Widespread electrification of heat on a cost-optimal pathway occurs in part 
because heat pumps are so much more energy efficient than gas furnaces. 
When considering the broader economic impacts of the energy system, the 
alternative of using hydrogen or biomethane in buildings leaves less of those 
low-emission fuels available for other uses where they are highly needed,  
such as in heavy industry. 
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Table  

1
Space heating 
technologies

Contain liquid refrigerant that absorbs heat from outdoor air. The refrigerant then 
boils to become a low-temperature vapour, which is in turn compressed, causing 
it to further heat up. The heat from the gas is then transferred into the indoor air, 
and the cycle repeats itself. The reverse cycle occurs in the summer, cooling the 
indoor air (NRCan 2022). 

Can operate at temperatures as low as –30° C.

Circulate a liquid through underground or underwater piping, which absorbs 
heat. The liquid then passes through a heat exchanger, transferring its heat to the 
refrigerant in the heat pump. The heat pump can then transfer the heat to the 
indoor air. When cooling, the process works in reverse (Efficiency Manitoba 2021). 

Use electricity to move heat between locations. During the winter, a heat pump 
gathers heat from the outside air, ground, or a water source, and pumps it into 
a building, heating it. In the summer, the process works in reverse: heat pumps 
move heat from inside to outside, cooling a building. Heat pumps can work with 
ducts, similar to a forced-air furnace, or be ductless (mini-splits). Heat pumps are 
typically two to three times more efficient than electric-resistance heating. 

Use fans to pull air across electrically heated elements and then 
distribute it through a building via ductwork.

Pass electricity through a resistive conductor, which heats water. A circulating 
pump moves the heated water around the home through radiators or underfloor 
heating pipes, distributing heat.

HEAT PUMPS

ELECTRIC RESISTANCE HEATING SYSTEMS

Air-source heat pumps

Cold-climate air-source heat pumps

Ground-source heat pumps

Electric furnaces

Electric boilers

https://natural-resources.canada.ca/energy-efficiency/energy-star-canada/about/energy-star-announcements/publications/heating-and-cooling-heat-pump/6817
https://efficiencymb.ca/articles/ground-source-heat-pumps/


12HEAT EXCHANGE NET zEro ANd THE fuTurE of buildiNG HEAT

Table 

1

Burn gas, oil, or propane to generate heat, which passes through a heat exchan-
ger. Fans blow air across the heat exchangers, then circulate the heated air 
through the building via ductwork. 

Burn gas, oil, or propane to heat water. The equipment then distributes hot water 
or steam through pipes to radiators. 

All gas-fired furnaces and boilers can also burn biomethane without modification. 

CONVENTIONAL FURNACES AND BOILERS 

Combine the installation of an electric heat pump with a gas furnace. The heat 
pump provides heating and cooling most of the time, but the furnace is available 
at very low temperatures when heat pumps can lose efficiency and effectiveness. 

Furnaces

Boilers

Operate as individually controlled units around a building. They 
generate heat from an element, which then radiates into the room.

Electric baseboards

HYBRID HEATING SYSTEMS

Generate or recover, then distribute heat through a connected pipe network, 
instead of distributing gas. The heat can be generated directly with fossil fuels 
or with renewable sources such as bioenergy, solar thermal, geothermal, or air-
source, water-source, or ground-source heat pumps. Thermal energy networks 
can also be a component of cogeneration (combined heat and power) systems or 
systems that make use of waste heat, for example from wastewater or industrial 
operations. Some thermal energy networks can also provide space cooling by 
circulating chilled water. 

Use biomass fuels (for example, wood pellets) for heating. 

HYDROGEN FURNACES AND BOILERS
Similar to their conventional gas counterparts, but instead burn hydrogen. Boilers 
and furnaces that use 100 per cent hydrogen are not yet commercially available. 

THERMAL ENERGY NETWORKS

BIOMASS STOVES

(continued)
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Figure  

B
On a cost-optimal path to net zero, electricity 
 overwhelmingly powers space heating by 2050, 
even in provinces that rely heavily on gas today

On a cost-optimal path to net zero, electricity 
overwhelmingly powers space heating by 2050,
even in provinces that rely heavily on gas today

Hybrid (electric heat pump with gas backup)

Today, 34% of HOMES 
in Canada heat with electricity, 

mostly baseboards.

To meet net zero, nearly all home 
heating in 2050 is entirely or mostly 

powered by electricity, including 
heat pumps backed up by gas in a 

hybrid system.
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Hybrid (electric heat pump with gas backup)Heat pump Electric baseboards, furnaces, and boilers

National

British Columbia

Alberta

2020 2050

Nova Scotia

Newfoundland & Lab.

Quebec

Manitoba Saskatchewan

Prince Edward Island

New Brunswick

Ontario

Today, 13% of COMMERCIAL 
and INSTITUTIONAL SPACES 

in Canada heat with electricity.

To meet net zero, 88% of 
commercial and institutional 

heating in 2050 is entirely or mostly 
powered by electricity, including 

heat pumps backed up by gas 
in a hybrid system.
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On a cost-optimal path to net zero, electricity 
 overwhelmingly powers space heating by 2050, 
even in provinces that rely heavily on gas today
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Electric end-use technologies gain significant market share in residential space 
heating by 2050, even in provinces that mostly heat with gas now, such as 
Alberta, Saskatchewan, and Manitoba. Under the cost-optimal pathway, some 
of these regions deploy hybrid heating systems that pair electric heat pumps 
with a back-up gas furnace. Alberta sees the highest uptake of hybrid systems at 
35 per cent of market share in 2050, compared to an average of 14 per cent across 
Canada. We discuss hybrid systems in greater detail in Section 1.2. 

Provinces with little to no existing gas infrastructure, including Nova Scotia, 
New Brunswick, Prince Edward Island, and Newfoundland and Labrador, see 
all-electric end-use technologies (heat pumps and electric resistance heating) 
grow to make up nearly all of their residential market share by 2050.

The electrification of space heating in commercial and institutional buildings is 
more varied across provinces compared to the residential sector. Commercial 
and institutional buildings use a greater range of technologies, such as geother-
mal heat pumps, thermal energy networks, and hydrogen boilers, but only in 
some provinces. They also see a higher uptake of hybrid heating systems. 

This finding of high rates of electrification is robust across sensitivity analyses. 
Under a sensitivity analysis that tests a lower range of efficiency improvements 
for heat pumps, the results show slightly lower overall electrification levels, but 
electricity still meets 78 per cent of annual space heating energy demand by 
2050. Even under sensitivity analyses that combine lower costs and greater 
availability of low-emission gases with higher costs for electric end-use technol-
ogies, a widespread shift to electric building heat still tends to be more cost-ef-
fective than significant use of low-emission gases in the buildings sector. 

Similarly, sensitivity analyses testing the possibility of higher biomethane feed-
stock availability and lower costs of biomethane production do not decrease 
the proportion of building heat provided by electricity. 

As for hydrogen, we find that even assuming lower supply and end-use tech-
nology costs and setting blending rates to 20 per cent does not materially 
impact the rate of electrification of building heat. Adjusting assumptions on 
the costs of end-use hydrogen technologies to 50 per cent lower than baseline 
assumptions only shows an effect in the commercial sector: a 12 per cent 
increase in the market share of hydrogen technologies, and a corresponding 
decline in the market share of hybrid systems. The market share of full-electric 
technologies is unaffected. Reducing the costs of production by 30 per cent 
from the baseline assumption also shows no impact on the share of hydrogen 
technology uptake. 
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This persistent finding of electrification as the cost-optimal pathway for build-
ings comes in part because, from a whole-economy perspective, it is more 
cost-effective for scarce low-emission gases to go toward decarbonizing other 
sectors. Sectors such as heavy industry and hydrogen production consistently 
consume the majority of biomethane in the model. 

This finding on the importance of electrification is 
broadly consistent with other major Canadian and 
global studies that have investigated the same topic 
(IEA 2021; Mahone et al. 2018; Williams et al. 2021; 
Langevin et al. 2023; European Climate Foundation 
and European Alliance to Save Energy (EU-ASE) 
2022; Guidehouse 2022). For example, in EPRI’s 
Canadian National Electrification Assessment’s net 

zero scenario, electric heating share increased in both residential and commer-
cial buildings to 76 per cent and 73 per cent respectively by 2050 (EPRI 2021). 
Similarly, the Trottier Energy Institute’s Canadian Energy Outlook reported 
that across their net zero scenarios, electricity would account for more than 
95 per cent of total consumption in the buildings sector by 2050 (Langlois-
Bertrand et al, 2021). 

In all provinces, gas use in buildings declines 
steeply as Canada decarbonizes 

On a cost-optimal path to net zero, total gas consumption in buildings falls in 
every province, including in the major gas-consuming provinces of Alberta, 
Ontario, Saskatchewan, British Columbia, and Manitoba (see Figure C). 

As overall gas consumption declines, the use of biomethane and hydrogen in 
the buildings sector increases, but only slightly. Because electrification is so 
much more cost-competitive and because there is competition for their use 
from other sectors, even by 2050, these fuels would replace only a small fraction 
of current gas demand (see Figure D). Across all sensitivity analyses, by 2050, 
the extent of hydrogen and biomethane demand in the buildings sector overall 
(including space heating, water heating, and cooking applications) only makes 
up between 5.1 and 12.7 per cent of 2020’s total gas demand. These modelling 
results illustrate the very limited role of any kind of gas in the buildings sector in 
2050 on a cost-optimal pathway to net zero. 

It is more cost-effective 
for scarce low-emission 
gases to go toward 
decarbonizing other 
sectors.

https://www.iea.org/reports/net-zero-by-2050
https://www.ethree.com/wp-content/uploads/2018/06/Deep_Decarbonization_in_a_High_Renewables_Future_CEC-500-2018-012.pdf
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020AV000284
https://doi.org/10.1016/j.oneear.2023.07.008
https://europeanclimate.org/wp-content/uploads/2022/03/ecf-building-emissions-problem-march2022.pdf
https://europeanclimate.org/wp-content/uploads/2022/03/ecf-building-emissions-problem-march2022.pdf
https://europeanclimate.org/wp-content/uploads/2022/03/ecf-building-emissions-problem-march2022.pdf
https://ehi.eu/wp-content/uploads/2022/10/Decarbonisation-pathways-for-the-EU-building-sector_full-study-1.pdf
https://www.epri.com/research/products/000000003002021160
https://iet.polymtl.ca/en/energy-outlook/#:~:text=The%20pathways%20explored%20suggest%20that,to%20capture%20them%20on%20site.
https://iet.polymtl.ca/en/energy-outlook/#:~:text=The%20pathways%20explored%20suggest%20that,to%20capture%20them%20on%20site.
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Figure  

C
On the path to net zero, buildings sector 
gas use declines in all provinces

2050 gas consumption compared to 
2020 gas consumption level (%)

Major gas 
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Figure  

D
On a cost-optimal pathway,  biomethane   
and  hydrogen  only replace a small fraction  
of today’s gas use in buildings 

Share of gas consumption in the buildings sector, 2020-2050

On a cost-optimal pathway,  biomethane  and  hydrogen 
only replace a small fraction of today’s gas use in buildings 
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The decline in gas use on a cost-optimal pathway to net zero is consistent 
across various sensitivities, including those that test lower cost and higher 
availability assumptions for low-emission gases. Under low-cost assumptions 
for hydrogen, more hydrogen furnaces and boilers are deployed in commercial 
buildings in Alberta, Saskatchewan, and Manitoba. However, total gas con-
sumption from the buildings sector in these provinces still drops by 70 per cent 
in Alberta, 73 per cent in Saskatchewan, and 80 per cent in Manitoba. Under a 
sensitivity analysis that tests higher assumptions for the availability of biometh-
ane feedstocks, the results show similar levels of biomethane use in buildings; 
the additional feedstocks are more cost-optimally used elsewhere. 

This finding of declining gas demand for space heating is consistent with other 
net zero studies. For example, the Canadian Energy Outlook report shows that 
gas use in the buildings sector falls in all net zero scenarios; gas consump-
tion is projected to decline and be only 4 to 8 per cent of 2016 demand by 
2050 (Langlois-Bertrand et al. 2021). Studies in other countries have reached 
similar conclusions; for example, Guidehouse’s Decarbonisation Pathways for 
the European Building Sector shows that, in a highly electrified pathway, gas 
is no longer used in buildings by 2050, and even in a pathway that deploys 
more hybrid systems and low-emission gases, gas demand still declines by 
70 per cent by 2050 (Guidehouse 2022).

Hydrogen and biomethane are two alternative gases that could be used for building 
heat. Hydrogen can be produced with fossil fuels or electricity, with lower greenhouse 
gas intensity if it is coupled with carbon capture technology or produced using renew-
able electricity (IEA 2023b). Hydrogen can be used in fuel cells, or burned to produce 
energy. It is not, however, a full substitute for methane gas—at any pressure, the volu-
metric energy density of hydrogen is about one third that of methane. To date, Canadian 
gas utilities have only tested low-percentage blends of hydrogen in existing gas 
infrastructure. 

Biomethane, also called renewable natural gas or RNG, is a form of biogas that is 
produced from anaerobic digestion or direct gasification of organic feedstocks such 
as wood and crop residues, manure, corn silage, or pulp mill sludge. Once it is refined, 
biomethane can be injected directly into existing gas distribution infrastructure and 
burned in any existing gas space heating equipment. 

HYDROGEN AND BIOMETHANE

https://iet.polymtl.ca/en/energy-outlook/#:~:text=The%20pathways%20explored%20suggest%20that,to%20capture%20them%20on%20site.
https://ehi.eu/wp-content/uploads/2022/10/Decarbonisation-pathways-for-the-EU-building-sector_full-study-1.pdf
https://www.iea.org/data-and-statistics/charts/comparison-of-the-emissions-intensity-of-different-hydrogen-production-routes-2021
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The levels of gas decline estimated by the NATEM model may even be an 
underestimate, due to limitations in how it captures the potential dynamics of 
gas-demand decline. The model can identify where it is most cost-effective to 
switch from gas to electricity to meet emissions targets, but it does not account 
for how falling gas demand could raise costs for remaining customers—leading 
to further customer defection. This can create a negative feedback loop, in 
which customer defection from the gas network increases costs for remaining 
customers as a shrinking customer base must pay for gas network mainten-
ance. Those higher costs for remaining customers drive additional defections, 
and so on.3 

While the model optimizes for system-wide costs (how much it costs overall),  
it does not optimize for potential distributional concerns (who pays those costs). 
Higher costs for remaining customers represents not only a potential acceler-
ant of gas demand decline. It also represents an important equity challenge for 
policymakers, which we discuss further in Section 3. 

3. A recent study from the Brattle Group identified this dynamic as a major energy transition 
risk for gas utilities in the United States. They find that by 2040, given existing policies, electri-
city could replace 60 per cent of the heating demand currently being served by the gas sector 
in New York, increasing gas bills for remaining customers by 71 per cent (Graves et al. 2021). In 
the United Kingdom, their regulator noted a similar concern about the potential for spiralling 
network charges, with residual asset value (currently C$45 billion) paid for by fewer and fewer 
customers over time (Ofgem 2023). In February 2024, the energy regulator in France announced 
that gas rates will increase by 5.5 to 10.4 per cent in July 2024 to cover fixed costs amid declin-
ing gas consumption (franceinfo 2024). 

http://www.brattle.com/wp-content/uploads/2022/01/The-Future-of-Gas-Utilities-Series__Part-1.pdf
https://www.ofgem.gov.uk/sites/default/files/2023-12/RIIO-3%20SSMC%20Finance%20Annex.pdf
https://www.francetvinfo.fr/economie/energie/hausse-des-tarifs-du-gaz-au-1er-juillet-c-est-essentiellement-lie-au-fait-que-la-consommation-baisse-explique-emmanuelle-wargon_6344641.html
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1.2 Implications for the 
electricity system
The widespread electrification of building heat—alongside electrification of 

other energy end uses on a pathway to net zero—has major implications for 
electricity system investments. 

A significant investment in electricity system 
capacity, reliability, and resilience will be 
required to reach net zero by mid-century

Increased electricity demand from all sectors necessitates significant additional 
electricity generation capacity. To meet net zero on the cost-optimal pathway, 
the model projects an electricity capacity build-out to a national average of 
2.6 to 2.9 times the amount in place today, across all of the sensitivity analyses 
(see Figure E). This expansion of electricity systems is broadly consistent with 
other net zero modelling studies. Our previous research found that installed 
electricity capacity must grow between 2.2 and 3.4 times by 2050, compared 
with 2020, in order to reach net zero (Lee et al. 2022).

This scale of electricity capacity expansion is the result of higher demand from 
electrifying activities across the whole economy, not just buildings, but also 
from the addition of more intermittent renewables to the generation mix. 
Peak electricity demand from the buildings sector rises. But as other sectors 
such as transportation and industry also electrify and new electrified technol-
ogies such as direct air capture emerge, the percentage of total peak demand 
due to usage in the buildings sector declines. In 2020, electricity use in build-
ings drove 69 per cent of peak demand nationally, whereas our modelling 
finds that in 2050, when most of the buildings sector is electrified, buildings 
would only be responsible for 48 per cent of winter peak electricity load. 

https://climateinstitute.ca/wp-content/uploads/2022/05/Bigger-Cleaner-Smarter-May-4-2022.pdf
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Figure  

E
Overall electricity capacity  needs to increase. 
Electrification in all sectors, not only buildings, 
drives growth in  peak demand
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Even though electricity demand increases, total energy demand decreases 
dramatically. On a cost-optimal pathway to net zero, from 2020 to 2050, the total 
square footage of buildings increases as the population and economy grows. 
But due to significant improvements in energy efficiency over time, total energy 
demand from the buildings sector declines on a cost-optimal path to net zero. 

Historically, total energy demand for space heating residential buildings in 
Canada has remained fairly flat, even as floorspace increases, as existing build-
ings are retrofitted and newer, more efficient buildings replace older buildings 
(NRCan n.d.). In our modelling results, efficiency improvements result in lower 
total energy demand from the buildings sector in 2050 compared to 2020 
(see Figure F). Fuel switching to heat pumps is responsible for much of those 
energy savings, as heat pumps are typically 1.4 to 3.7 times more efficient than 
gas furnaces at converting energy into useful heat (Ferguson and Sager 2022). 
Energy efficiency retrofits of existing buildings and the replacement of older 
buildings with more efficient new buildings drive further energy savings. 
Altogether, total space heating energy demand from the buildings sector falls  
by more than half between 2020 and 2050. 

In Quebec, New Brunswick, and Newfoundland and Labrador, which cur-
rently rely more on electric baseboards for heat, the switch from less efficient 
electric resistance heating to heat pumps results in sufficient energy savings 
to decrease overall electricity demand from building heat. For example, in 
Newfoundland and Labrador, which currently relies on electric baseboards for 
41 per cent of its residential and commercial heating, efficiency improvements 
are sufficient to cause electricity demand from space heating in buildings to 
fall 31 per cent between 2020 and 2050 as customers switch to heat pumps and 
benefit from better building envelopes. The energy savings more than offset 
other factors, such as population growth, which push up demand.

In provinces that currently rely more heavily on gas heat, the widespread 
uptake of heat pumps, alongside other ongoing electrification (for example, of 
personal transport), does significantly increase electricity demand, necessitat-
ing electricity system investments to meet winter peak demand in ways that 
maintain reliability. Moreover, increasing Canada’s reliance on electricity in a 
changing climate—with more frequent and more intense threats to electricity 
infrastructure from extreme weather—heightens the imperative to invest in 
system resilience.

https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2021&rn=2&page=0
https://emrlibrary.gov.yk.ca/ebooks/cold-climate-air-source-heat-pumps-2022.pdf
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Figure  

F
Total residential energy use for space heating (TJ)
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Investments to reliably meet peak winter electricity demand also yield benefits 
for summer peaks. The electricity system supports peak cooling demand in 
summer (when gas systems play a very small role), and cooling demand has 
increased over the past century. Some provinces, such as Ontario, are already 
summer-peaking systems, while some others may see the gap between winter 
and summer demand narrow or even have summer peaks surpass their winter 
peaks as the climate warms (CER 2021; Mertz 2021; Government of British 
Columbia 2015).

Managing demand peaks is crucial to any 
cost-optimal net zero pathway 

Energy efficiency measures can reduce energy demand in general, including at 
peak times. Energy retrofits and switching to more efficient technologies like 
heat pumps require significant effort and investment. But the extent of their 
deployment on a cost-optimal pathway speaks to how cost-effective energy 
efficiency is at minimizing total system costs. 

Lower levels of energy efficiency and fewer building retrofits would require 
more electricity generation capacity, resulting in higher overall costs. A sensitiv-
ity analysis in which we assume 80 per cent fewer energy retrofits and reduced 
efficiency of heat pumps results in higher winter and summer demand peaks. 
This, in turn, requires more installed electricity capacity: 5 per cent more in 2040 
and 3 per cent more in 2050. These higher peaks also translate into higher total 
electricity system costs—up 12 per cent in 2040 and up 9 per cent in 2050. 

In addition to broader energy efficiency measures, measures to specifically 
reduce electricity demand at peak times (known as peak shaving) and shift 
demand to non-peak times (load shifting) can mitigate costs associated with 
demand peaks. Many tools are available to do so, and utilities can and should 
deploy them as a portfolio, rather than in isolation (See Figure G). 

The range of potential peak management tools outlined in Table 2 is broader 
than the energy efficiency retrofits we model. Distributed storage tech-
nologies, for instance—including thermal storage and batteries at multiple 
scales, from the utility level down to neighbourhoods, electric vehicle fleets, 
and in buildings—are multiplying the options available to shift demand 
to non-peak hours while storing electricity to meet demand spikes. These 
options are relatively new, but experience with them is growing. For example, 
a Vermont utility is providing utility-owned batteries to customers to bolster 

https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2021/market-snapshot-how-the-2021-summer-heat-dome-affected-electricity-demand-in-western-canada.html
https://globalnews.ca/news/7988330/alberta-electricity-use-record-heat-wave/
https://www.env.gov.bc.ca/soe/indicators/climate-change/heating-cooling-days.html
https://www.env.gov.bc.ca/soe/indicators/climate-change/heating-cooling-days.html
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grid resilience and promote energy decentralization (DiGangi 2023). As part of 
a new pilot program, Nova Scotia Power is offering customers home battery 
systems, which can be used by homeowners in case of outages, and could be 
deployed by the utility to feed energy back to the grid in times of peak demand 
(Nova Scotia Power n.d.).

NATEM and similar models do not yet capture most of these newer measures 
and technologies. It is therefore difficult to characterize their potential contribu-
tions, although evidence from other studies suggests that they could be con-
siderable—both on limiting costs and improving system reliability (Nadel 2017; 
EIA 2019; Gattaciecca et al. 2020; Specian 2021; Bronski et al. 2015; Fitzgerald 
et al. 2015; Martin and Brehm 2023; Srivastav et al. 2024). For example, in 2015, 
the ACEEE looked at potential demand response savings from 28 utilities, 
finding that on average these energy savings could be 10 per cent or more of 
system peak (Nadel 2017). A study from the Rocky Mountain Institute found 
that residential demand flexibility measures could result in $13 billion per year 
of avoided grid costs in the United States, and reduce total peak demand by 
8 per cent (Bronski et al. 2015). 

Demand-side measures, including deep retrofits and newer types of demand-
side management and response, reduce costs for the entire system, not just 
the customers who implement them. Some regulators and utilities include 
energy efficiency investments as a resource for meeting energy needs, and 
evaluate the relative cost-effectiveness of those investments compared to 
supply-side alternatives. Such demand-management tools can play a key role 
in meeting energy needs while minimizing the costs associated with achieving 
economy-wide electrification.

https://www.utilitydive.com/news/green-mountain-power-vermont-storage-grid-hardening/696180/
https://www.nspower.ca/cleanandgreen/innovation/smart-grid-nova-scotia/battery-pilot
https://www.aceee.org/blog/2017/02/demand-response-programs-can-reduce
https://www.eia.gov/todayinenergy/detail.php?id=38872
https://innovation.luskin.ucla.edu/wp-content/uploads/2021/01/Identifying-Effective-Demand-Response-Program-Designs-for-Residential-Customers.pdf
https://www.aceee.org/research-report/u2101
https://rmi.org/insight/the-economics-of-demand-flexibility/
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
https://rmi.org/clean-energy-101-virtual-power-plants/#:~:text=At%20its%20core%2C%20a%20VPP,managed%20to%20meet%20grid%20needs.
https://www.aceee.org/sites/default/files/pdfs/b2402.pdf
https://www.aceee.org/blog/2017/02/demand-response-programs-can-reduce
https://rmi.org/wp-content/uploads/2017/05/RMI_Document_Repository_Public-Reprts_RMI-TheEconomicsofDemandFlexibilityFullReport.pdf
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Figure  

G
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1.3 Implications for 
the gas system
The flipside of growing electricity demand and growing investments in the 

electricity system in the clean energy transition is falling gas demand.  
Gas demand from buildings declines on a cost-optimal pathway even with 
the availability of options such as biomethane, hydrogen, and hybrid heating 
systems. We consider implications for those decarbonization strategies below,  
as well as what declining gas demand means for the gas network. 

Building heat is not a cost-effective 
use of low-emission gases

Biomethane and hydrogen are relatively scarce and expensive, and supplies 
are projected to remain limited.4 Yet some sectors, such as heavy industry, will 
struggle to decarbonize without using them. In contrast, electricity is a simple 
and cost-effective option for building heating―meaning that it is more cost- 
effective for the economy as a whole to reserve their use for sectors where they 
provide the best value. 

When cost-optimizing for the entire economy, the modelling results show 
biomethane and hydrogen are primarily used in other sectors, not for building 
heat. By 2050, Canada’s buildings sector is using only 6 per cent of available 
hydrogen and 6 per cent of available biomethane. The rest is taken up in the 
industry, transportation, and energy production sectors (see Figure H). 

4. Hydrogen production cost assumptions in the NATEM model are derived from a range of 
studies, including IEA’s The Future of Hydrogen report, Element Energy Hydrogen Supply 
Chain Evidence Base, Data and Assumptions, and various NREL datasets. Biomethane pro-
duction cost assumptions were derived from IEA’s Outlook for biogas and biomethane report, 
other literature, and consultations with stakeholder groups in this space. 
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Figure  

H
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Feedstock constraints are an important limiting factor for biomethane pro-
duction. Recent studies estimate that, given current feedstock availability and 
existing production technologies, Canada could feasibly produce between 
90 and 218 petajoules of biomethane per year (Abboud et al. 2010; Kelleher 
Environmental 2013; Stephen et al. 2020). This is equivalent to only 2 to 
5 per cent of Canada’s total 2021 gas demand (CER 2023). 

Early-stage technologies that produce synthetic gas from solid biomass 
could enable Canada to access forestry industry residues as feedstock; doing 
so would increase biomethane production potential by 150 petajoules, or 
4 per cent of gas demand as of 2020. If active forest management techniques 
such as thinning are applied on Crown timberlands, this estimate could 
increase by several hundred petajoules (Stephen et al. 2020). 

Even if the higher ranges of biomethane availability forecasts are realized, 
supplies available to the buildings sector will likely still be limited due to com-
peting uses, such as heavy industry (see Figure F). Indeed, in the sensitivity 
analyses, tripling available biomethane feedstocks and reducing the cost of 
biomethane production by 30 per cent does not lead to an increased uptake of 
biomethane in the buildings sector. Instead, other sectors that are more diffi-
cult or more expensive to electrify use more biomethane. 

The modelling results also suggest that biomethane feedstocks may be more 
efficiently used as direct fuel sources rather than converted into biomethane. 
When available biomethane feedstocks are tripled in the model, some of the 
additional feedstock is used to meet end-use energy demands directly; in par-
ticular, the buildings sector shows more than a fivefold increase in wood and 
wood-pellet fuel use in this scenario.

Global supply constraints make it unlikely that international trade will significantly 
increase Canada’s domestic biomethane supply. The International Energy Agency 
estimates that if all current sustainable feedstocks for biomethane were used, 
they could serve just 20 per cent of current global gas demand (IEA 2020).

The use of hydrogen for building heat is constrained by cost and competition 
with other sectors. 

In our modelling results, the vast majority of hydrogen is more cost-optimally 
used in sectors other than the buildings sector, such as heavy industry. On 
a cost-optimal pathway, we only see hydrogen boilers deployed in commer-
cial buildings in Alberta, Manitoba, and Saskatchewan, at market shares of 
15 per cent, 6 per cent, and 22 per cent, respectively. When we assume a halving 

https://biogasassociation.ca/images/uploads/documents/2010/Potential_Production_of_Methane_from_Canadian_Wastes-ARC_FINAL_Report-Sept_23_2010.doc
https://biogasassociation.ca/images/uploads/documents/2014/biogas_study/Canadian_Biogas_Study_Summary.pdf
https://biogasassociation.ca/images/uploads/documents/2014/biogas_study/Canadian_Biogas_Study_Summary.pdf
https://www.enbridge.com/~/media/Enb/Documents/Media%20Center/RNGCanadian-Feedstock-Potential-2020%20(1).pdf?la=en
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2023/market-snapshot-two-decades-growth-renewable-natural-gas-canada.html
https://www.enbridge.com/~/media/Enb/Documents/Media%20Center/RNG-Canadian-Feedstock-Potential-2020%20(1).pdf
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth
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of the costs of hydrogen-compatible end-use technologies in a sensitivity 
analysis, we find a notable increase in their deployment in Alberta, Manitoba, and 
Saskatchewan, to 53 per cent, 42 per cent, and 57 per cent of the commercial 
market share, respectively. However, even with low-cost assumptions, hydrogen 
end-use technologies are not deployed in residential buildings anywhere.

Generally in the modelling results, we see some uptake in the use of biomethane 
and hydrogen in the buildings sector along a cost-optimal pathway to net zero, 
but nowhere near enough to replace the sector’s current gas consumption. 

Hybrid systems play a role in some contexts, 
but use very little gas by 2050

Hybrid space heating systems that pair heat pumps with gas furnaces—pre-
dominantly replacing stand-alone furnaces in existing buildings—grow in market 
share along a cost-optimal pathway to net zero, particularly in some contexts. 

Targeted use of hybrid heat can help some regions deal with winter peak elec-
trical demand, particularly when deployed in older, less efficient buildings that 
tend to have higher heating needs. 

In provinces such as Alberta and Saskatchewan that have cold climates, well- 
established gas distribution networks, and high levels of gas consumption for 
heating, hybrid systems reach a residential market share of 35 per cent and 
28 per cent, respectively, in 2050, under a cost-optimal pathway, compared to 
14 per cent nationwide. 

Pulling back to the national scale and shifting to the commercial sector, the 
modelling results indicate much higher deployment of hybrid systems in com-
mercial buildings compared to residential—such hybrid heating systems rise to 
capture 37 per cent of the national share of the commercial buildings market by 
2040, and 50 per cent by 2050. This is in part because commercial and institu-
tional buildings are generally larger and more complex, which translates into 
greater heating loads. Switching them from gas equipment to electric heat 
pumps often requires more significant upgrades, raising project costs. 

From a system perspective, hybrid heating systems in commercial buildings 
can offer more peak-shaving value, with larger loads and operations that often 
coincide with daytime peak hours, which increases the value of gas availabil-
ity to mitigate peak demand. However, the importance of hybrid systems for 
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managing peak demand may be overestimated, as NATEM and other models 
don’t fully capture alternative strategies to mitigate the cost of peak demand, 
such as distributed energy resources and interprovincial trade. 

By 2050, in our modelling results, hybrid heating systems burning low-emission 
gases are nearly the only context in which Canada’s buildings are consuming 
gas—they make up the entirety of gas demand in the existing distribution 
system. Under a cost-optimal net zero pathway, all exclusively fossil-gas space 
heating is phased out by 2050. 

So while hybrid heating systems maintain a role for 
gas networks, those networks are delivering very 
low volumes of fuel. The quantity of gas used for 
space heating in residential buildings still drops by 
96 per cent, from an average of 4.7 GJ per month 
in 2020 to an average of 0.2 GJ per month in 2050. 
In commercial buildings, consumption drops 
88 per cent, from an average of 122 GJ per month in 
2020 to 15 GJ per month in 2050.

In Alberta, which sees the highest uptake of hybrid systems in 2050 (35 per cent 
of residential market share by 2050), residential gas consumption nonetheless 
plunges by 83 per cent over the same period (see Figure I). Even where build-
ings retain a gas furnace, heat pumps are covering most of the heating load. 

As for commercial buildings, while hybrid systems rise to make up 50 per cent 
of national market share by 2050, gas consumption from commercial buildings 
still declines, falling by 91 per cent nationally by 2050. 

All of this points to a future of profound upheaval for Canada’s gas systems—
even in regions where hybrid heat may play a significant role. Some buildings 
may still use gas for space heating in a net zero future, but only during the 
coldest days or weeks of the year. Gas utilities will find it complex and challen-
ging to recover ongoing network maintenance costs from a customer base that 
is smaller and uses less gas. 

Other approaches to peak 
shaving and load shifting 
could lower electricity 
capacity needs with less 
risk of locking in costly 
gas infrastructure.
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Figure  

I
Even in Alberta, the province with the highest 
projected share of hybrid fuel systems by 2050, 
gas consumption is projected to fall
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Hybrid systems may appear optimal in some regions or contexts, but given 
the high costs of maintaining gas systems just to service peak demand, other 
approaches to peak shaving and load shifting could lower electricity capacity 
needs, with less risk of locking in costly gas infrastructure. As we discuss above, 
our modelling has limited representation of some of the newer peak shaving 
and load shifting options, so its findings for the cost-optimal levels of hybrid 
heating may be overestimated. In areas where hybrid systems could play a 
larger role, more granular modelling of regional pathways would help to better 
understand its costs and benefits compared to non-gas alternatives. 

A larger role for hydrogen and biomethane comes with the 
risk of higher costs and reliance on less certain technologies

A cost-optimal pathway to net zero includes a modest role for some hydrogen 
and biomethane in building heat. A much larger role for low-emission gases 
in buildings is likely more expensive overall but could broaden the possibil-
ity of keeping existing gas infrastructure (furnaces in homes and pipelines in 
the ground) in use for longer. However, pushing for a bigger role for hydrogen 
and biomethane risks raising overall costs, and depends more on less-certain 
decarbonization technologies, while doing little to mitigate the need to invest in 
electricity capacity expansion. 

To date, Canada’s biomethane supply is fairly limited and expensive. In 
British Columbia, for example, ratepayers can elect to pay a premium of 
$7 per gigajoule for biomethane—about 30 per cent more than the price of 
fossil gas as of January 2024—to offset the emissions from their gas consump-
tion. This price is below the actual additional cost to the gas utility, accord-
ing to records provided to the regulator (BCUC 2024). Energir in Quebec also 
charges customers more for biomethane: as of October 2023, biomethane cost 
$19 per gigajoule compared to less than $3 per gigajoule for fossil gas. 

Increased production capacity and importation are possible, at least in the 
near term. But given the feedstock constraints and competing uses we discuss 
above, a reliance on significant levels of biomethane for building heat could 
prove costly or difficult to deliver, which risks locking in higher costs to ratepay-
ers, higher emissions, or both.

Blending hydrogen into existing gas supply systems risks under-delivering on 
greenhouse gas emissions reductions, unless utilities achieve much higher 
blending rates. Blends of five to 20 per cent by volume may require utilities 

https://docs.bcuc.com/documents/NewsRelease/2024/2024-03-20-NEWS-RELEASE-BCUC-Decision-FortisBC-Revised-RNG-Program.pdf
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to only slightly modify their existing networks. A 2022 National Research Council 
study concluded that, in general, up to 5 per cent blending can be tolerated 
anywhere, and up to 20 per cent in distribution or regional transmission pipe-
lines with no critical downstream appliances (Yoo et al. 2022). However, such 
blending rates mean that the end product is still predominantly methane gas, 
not hydrogen, driving only marginal greenhouse gas savings. Moreover, when 
hydrogen displaces methane in a gas network, it also reduces overall energy 
content (hydrogen has only about one third the volumetric energy density of 
methane gas), such that a 20 per cent hydrogen blend only reduces green-
house gas emissions by 6 to 7 per cent. Blending at low levels is therefore not a 
viable long-term pathway. 

Higher-ratio blends or pure hydrogen would 
likely require more substantial modifications and 
new pipes, and homeowners would also need to 
upgrade or switch to hydrogen-compatible appli-
ances (Baldwin et al, 2022; Topolski et al. 2022). Pure 
hydrogen boilers for homes are not yet commercially 
available. Pilots of pure hydrogen for heating have 
started in some places, but the idea is in the early 
stages. Two pilot projects in England for 100 per cent 
hydrogen heating, for example, were recently can-

celled due to community opposition to the trials and inadequate local hydrogen 
supply. A similar pilot in Scotland is still in the planning phases (Ambrose 2023). 

Committing to a pathway that involves the future use of pure hydrogen for 
heating would mean relying on end-use technologies that have not yet been 
deployed at commercial scale, and building new gas distribution networks or 
retrofitting existing ones. The extent to which existing pipes can tolerate pure 
hydrogen without embrittlement and excessive leakage is uncertain. And 
regardless of equipment costs, the costs of hydrogen itself—especially given 
that other sectors will be competing for it—may be enough to make hydrogen 
heating an uncompetitive pathway relative to alternatives.

A strategy for building decarbonization that relies on yet-unproven technologies 
risks failure if the technologies’ potential is not realized. Provinces would then 
need to pivot to other options despite sunk costs and additional costs of delay, 
or risk missing climate targets. 

Implementation uncertainty exists, of course, for all decarbonization strategies. 
For example, the extent to which energy retrofits can be completed, or the 
number of heat pumps that can be installed, depends on the corresponding 

A strategy for building 
decarbonization that 
relies on yet-unproven 
technologies risks failure 
if the technologies’ 
potential is not realized.

https://nrc-publications.canada.ca/eng/view/ft/?id=9a28a584-eb17-4d01-badc-fc5c570c3a72
https://energyinnovation.org/publication/assessing-the-viability-of-hydrogen-proposals-considerations-for-state-utility-regulators-and-policymakers/
https://www.nrel.gov/docs/fy23osti/81704.pdf
https://www.theguardian.com/environment/2023/dec/14/hydrogen-village-plan-in-redcar-abandoned-after-local-oppositiion
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investment and effort. But low-emission gases are at an earlier stage of their 
development, and their potential is less clear. 

In any case, a larger role for low-emission gases in the buildings sector doesn’t 
avoid the need to extensively build out electricity system capacity. Our mod-
elling finds that using more of Canada’s scarce supply of low-emission gases 
in the buildings sector requires greater electrification in other sectors, such 
as heavy transportation and industry, to meet emission targets. The required 
scale of the electricity system build-out ends up being similar. 

Continued growth of the gas network is inconsistent 
with cost-effectively reaching net zero 

Given the rapid shift away from gas consumption in buildings along a cost- 
optimal pathway to net zero (see Figure H), provinces that continue to expand 
their gas distribution networks could jeopardize Canada’s climate goals or raise 
the cost of meeting them. 

This conclusion is consistent with numerous other studies, including the 
following:

 — In its report Net Zero by 2050: A Roadmap for the Global Energy Sector, 
the International Energy Agency concludes that, while gas pipelines will 
still have a role to play, additional investment in new gas pipelines is not 
indicated given the projected decline in fossil fuel demand (IEA 2021).

 — In a 2022 analysis, the International Institute for Sustainable Development 
(IISD) found that declining fossil fuel demand may lead to stranded assets 
if utilities are unable to recover infrastructure expansion costs— leaving 
ratepayers or governments on the hook (Cameron et al. 2022).

 — In a 2021 presentation, global research and consulting firm The Brattle 
Group asserted that accelerating electrification will increasingly disrupt 
conventional gas utility business models, and that companies will face 
increasing risks to recovering the capital investments they need to 
expand their networks (Graves et al. 2021).

http://www.g7.utoronto.ca/environment/2021-NetZeroby2050-ARoadmapfortheGlobalEnergySector.pdf
https://www.iisd.org/system/files/2022-10/bottom-line-decarbonizing-oil-gas.pdf
http://www.brattle.com/wp-content/uploads/2022/01/The-Future-of-Gas-Utilities-Series__Part-1.pdf
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 — A recent study in the journal Nature Energy concludes that a continued 
expansion of gas infrastructure that has a decades-long service life will 
hinder the transition to renewables, while resulting in “carbon lock-in” 
(Kemfert et al. 2022). 

 — After three years of evidence and consultation, Massachusetts’ future of gas 
regulatory proceeding came to a close in 2023. The regulator’s final decision 
includes direction to “minimize investments in the gas pipeline system 
that may be stranded costs in the future as decarbonization measures 
are implemented,” beginning by considering non-pipeline alternatives 
(Massachusetts DPU 2023; Energy and Environmental Economics Inc. 
and ScottMadden Inc. 2022).

The potential economic viability of hybrid heat in some regions of Canada does 
not justify the costs of expanding the gas system in those areas. Adoption of 
hybrid heat can be particularly valuable in existing buildings as a stepping stone 
to electrification, particularly because older buildings tend to be less efficient 
and their larger energy needs contribute more to peak heating demand. But 
this is not necessarily true for new buildings, and extending gas networks to 
them carries risks with less potential benefit to the system as a whole. 

At the consumer level as well, in many contexts in 
Canada and the United States, all-electric new build-
ings are already a more cost-effective option (Miller et 
al. 2023, Billimoria et al 2018; McDiarmid 2022a).  

As we discuss in the next section, further growth 
of the gas network presents serious risks, both for 
gas ratepayers and Canada’s climate goals. Cost-
effectively meeting net zero means that new gas 
infrastructure could be unused or underused before 

it is fully depreciated—typically over 40 to 50 years—resulting in a stranded 
asset that someone will be left to pay for. That someone could be a steadily 
contracting base of ratepayers, but it could also include utility shareholders, 
governments, or a combination of the above. 

The potential economic 
viability of hybrid heat in 
some regions of Canada 
does not justify the costs 
of expanding the gas 
system in those areas. 

https://www.econstor.eu/bitstream/10419/269196/1/Kemfert_2022_Expansion_Natural_Gas_AV.pdf
https://www.clf.org/wp-content/uploads/2023/12/DPU-20-80-B-Order-12.6.2313.pdf
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://climateinstitute.ca/reports/heat-pumps-canada/
https://climateinstitute.ca/reports/heat-pumps-canada/
https://rmi.org/insight/the-economics-of-electrifying-buildings/
https://rmi.org/insight/the-economics-of-electrifying-buildings/
https://www.cleanairalliance.org/wp-content/uploads/2022/08/Heat-Pump-Report-gas-heated-2022-8.5x11-aug-02-v_01.pdf#page=11
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The current 
trajectory of 
building heat 
compared to a 
cost-optimal 
net zero 
pathway

SECTION

A cost-optimal path to net zero 
consistently includes extensive 

electrification, contracting gas 
demand, limited long-term use of 
hybrid systems, and significant 
investments in electricity capacity 
and energy efficiency. Each of those 
elements has important implica-
tions for Canada’s policymakers, 
regulators, and utilities. This is par-
ticularly the case because, despite 
some recent progress, Canada’s 
buildings sector and its electricity 
and gas systems are not yet on that 
cost-optimal net zero path. 

In this section, we unpack the impli-
cations of this misalignment for the 
buildings sector, for energy utilities 
and regulators, and for Canada’s 
clean energy transition. 
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2.1 The status of building 
heat in the clean 
energy transition 
Getting closer to the cost-optimal pathway to net zero described in Section 1 

would require a major shift in direction from where the buildings sector and 
gas and electricity systems have been trending over the past 10 to 15 years. 

Canada’s emissions from building heat continue to rise
Greenhouse gas emissions from Canada’s buildings sector grew 8.8 per cent 
between 2005 and 2022, and existing climate policy has proven insufficient to 
reverse the sector’s rising emissions. Nearly every other sector is successfully 
reducing emissions, yet rising emissions from only two sectors—buildings and 
upstream oil and gas—undercut the other sectors’ progress to date (Stiebert 
and Sawyer 2023).

Previous research from the Canadian Climate 
Institute has found that the buildings sector’s 
emission trajectory is not on track to meet Canada’s 
2030 target—let alone the 2050 net zero target 
(Sawyer et al. 2023). That’s even after accounting for 
all existing policies that could lower emissions from 
buildings, such as carbon pricing and government 
programs supporting energy retrofits and clean 

technologies. To meet the 2030 goal, buildings-sector emissions would need 
to decline to between 26 to 31 megatonnes of carbon dioxide equivalent below 
2005 levels. Our analysis found that existing legislated policies would barely 
yield half (13 megatonnes) of the required reductions. 

If Canada cannot rein in emissions from buildings, it risks either missing its 
climate targets or requiring a disproportionate effort from other sectors, raising 
the energy transition’s overall costs.

Greenhouse gas 
emissions from Canada’s 
buildings sector grew 
8.8 per cent between 
2005 and 2022.

https://440megatonnes.ca/insight/emissions-oil-and-gas-buildings-undercut-canadas-climate-progress/
https://440megatonnes.ca/insight/emissions-oil-and-gas-buildings-undercut-canadas-climate-progress/
https://climateinstitute.ca/wp-content/uploads/2023/12/ERP-assessment-2023-EN-FINAL.pdf
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Although there are signs of progress, the push to build 
bigger electricity systems remains nascent and uneven

The electricity sector is Canada’s emissions-reduction poster child. The sector’s 
greenhouse gas emissions have plunged 56 per cent since 2005, driven in large 
part by efforts to phase out coal power. Provinces such as Ontario, Alberta, 
Saskatchewan, Nova Scotia, and New Brunswick still have further to go, and 
each is facing unique challenges, but the collective progress and momentum 
on clean electricity is undeniable. 

That said, when it comes to expanding systems to meet the steep load growth 
associated with broad electrification, policy in many regions is still in its infancy. 
In some, it is absent. While as recently as 2021, almost no Canadian utilities had 
plans for significant expansion, a string of announcements this past year sig-
nalled more ambitious plans for growth:

 — The Province of Ontario released Powering Ontario’s Growth, a guidance 
document that directs the Independent Electricity System Operator 
to procure numerous types of new supply to meet growing industrial 
demand for clean power and demand from household electrification 
(Government of Ontario 2023). 

 — Hydro-Quebec committed to an historic spending and capital invest-
ment plan of between $155 and $185 billion, similarly aimed to prepare 
its system for the demand that is coming, and to enable the province to 
continue to be an exporter of power (Hydro Québec 2023). 

 — In 2024, BC Hydro announced a $36-billion capital expenditure plan 
(BC Hydro 2024) in its own infrastructure and issued the first new call for 
power from independent producers in 15 years as part of a series of calls, 
each anticipated to drive $2.3 to $3.6 billion of private investment in gen-
eration capacity (Government of British Columbia 2024). The Government 
of British Columbia is also examining how it can prepare its power system 
for accelerated electrification via initiatives such as its climate-aligned 
energy action framework and BC Hydro Task Force. 

Some provinces are including planning scenarios that consider high rates of 
electrification (British Columbia, Nova Scotia, Ontario, Alberta). Some are explor-
ing significant expansion of offshore renewables (Nova Scotia, Newfoundland 
and Labrador). Some are introducing or considering electricity planning and 

https://www.ontario.ca/files/2023-07/energy-powering-ontarios-growth-report-en-2023-07-07.pdf
https://www.hydroquebec.com/data/a-propos/pdf/action-plan-2035.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/capital-plan/capital-plan-2024.pdf
https://news.gov.bc.ca/releases/2024EMLI0018-000470
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governance reforms (Ontario, Nova Scotia), or intending to produce net zero 
energy roadmaps that can inform and guide electricity system expansions 
(Manitoba, New Brunswick).

This progress is encouraging. But if Canada is to prepare its electricity systems 
for growing demand, governments, utilities, and regulators must expand the 
scope of this work and accelerate its implementation. 

Meeting climate goals in a cost-effective way 
requires that gas networks stop growing, yet gas 
utilities continue to lay pipe and add customers

The clean energy transition challenges Canada to take a sober and system-
atic approach to the switch from gas to electricity in building heating, while 
ensuring reliable and affordable heating for consumers. As we discuss above, 
taking the lowest-cost path to achieve Canada’s 2050 climate target means it 
will be necessary to stop expanding gas distribution networks. 

And yet, across the country, gas utilities are continu-
ing to expand (see Figure J).

Regulatory filings that disclose gas utility assets 
offer a window into the scale of ongoing investment 
in Canada’s gas distribution systems. A gas utility 
recoups the costs of its regulator-approved assets plus 
a defined rate of return on these assets from custom-
ers. The recouping of costs is spread over the financial 
lifetime of the assets. For pipelines, for example, this is 
typically 40 to 50 years. After this time, infrastructure 
may still be used as long as it is safe to do so, but it has 
been fully paid off by ratepayers.

The rate base for Canadian gas customers, meaning the assets still to be paid off, 
reached approximately $29.5 billion in 2022. A growing rate base is one indicator 
of the extent of ongoing investment in gas utility networks. It includes undepreci-
ated property, plant, and equipment assets, as well as some financial assets. 

The clean energy 
transition challenges 
Canada to take a sober 
and systematic approach 
to the switch from gas 
to electricity in building 
heating.
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Over the last decade of available data, the total reported rate base of Canadian 
gas utilities grew by about $8.5 billion (inflation-adjusted)—a 40 per cent 
increase5. Most of that increase occurred in provinces with large established 
gas networks, such as Ontario, British Columbia, Alberta, and Saskatchewan 
(see Figure J). 

Some of those new assets are pipeline extensions. For example, FortisBC, 
SaskEnergy, and CentraGas (Manitoba) have collectively added more than 
10,000 kilometres of pipeline to their networks since 2013.

Gas utilities are also steadily growing their customer base. Gas compan-
ies across Canada added about 778,000 new customer accounts to their 
networks between 2013 and 2022, representing 12 per cent growth over that 
ten-year period.6 

Between 2013 and 2022, FortisBC, British Columbia’s largest gas utility, grew 
by an average of over 13,000 customer accounts each year. And Ontario’s 
gas providers together added an average of 43,600 additional customer 
accounts per year between 2013 and 2022.

5. We arrived at our calculations regarding the size and growth over time of rate base assets by 
consulting regulatory filings with eight regulators and the financial statements of 11 utilities for 
the years 2013–2020. Information on rate base assets was available for all jurisdictions and years 
except for 2021–2022 in Manitoba, and 2013–2015 and 2020 in Nova Scotia. For those years, we 
calculated the average annual growth rate and linearly extrapolated for the missing data points. 
6. We calculated the growth in customer numbers by consulting the regulatory filings with 
eight regulators and the sustainability reports and websites of 11 utilities for the years 2013–2022. 
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Figure  

J
Gas networks are growing, increasing costs 
that must be paid for and maintained by 
the customer base

Ontario British 
Columbia

Alberta Saskatchewan Manitoba Quebec

Ontario British 
Columbia

Alberta Saskatchewan Manitoba Quebec

Gas networks are growing, increasing costs that must be 
paid for and maintained by the customer base
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The utility rate base ($) is the net asset base from 
which the utility provides customers with their 

services.  The regulator approves assets for 
inclusion in the rate base and  their costs are 

then recovered  from customers over time.
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2.2 The stakes of 
being off-track
This trend of continued expansion of gas systems while underinvesting in 

electricity systems presents risks for both ratepayer affordability and system 
reliability. If electricity systems do not grow fast enough, and gas networks 
continue to grow despite uncertainty about their long-term use, Canadian rate-
payers face the risk of higher rates, reliability concerns, or both. 

Continued gas network growth is creating risk by 
adding liabilities that must ultimately be paid for

Even as the clean energy transition continues apace, gas utilities are still laying 
pipelines and growing their distribution networks, despite the looming risk 
of a declining customer base as more consumers switch to electric heating 
technologies. 

Because companies amortize their infrastructure 
investments over decades, infrastructure decisions 
taken today will affect affordability for consumers 
now and for decades to come. The broad base of gas 
customers typically subsidizes new connections to 
existing gas networks, assuming existing customers 
will benefit from sharing the fixed costs of the gas 
network across a larger base. But this only benefits 
all gas customers so long as the gas customer base 
keeps growing and new customers continue to use 
gas for decades after connecting. 

For many new connections, the cost is covered by gas 
ratepayers if the anticipated revenue from the new 

customer over a given time period (typically, 40 years) is equal to or greater than 
the cost of connecting them to the gas network and serving them over that time.  
The cost accounting typically assumes the new customer will stay connected to 

Gas utilities are still 
laying pipelines and 
growing their distribution 
networks, despite 
the looming risk of a 
declining customer base 
as more consumers 
switch to electric heating 
technologies. 
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the system for the full time period. When gas utilities extend their networks into 
rural regions, however, projected new customer revenue—even when assumed 
to last over 40 years—will only cover a small part of costs. Direct government 
support for network expansion has enabled rural expansion in some provinces 
(for example, Ontario, Alberta, Saskatchewan), where otherwise connections 
would be uneconomic. 

Under these arrangements, there is little incentive for a developer to choose 
electrification, even where the electric option would be cheaper for the 
eventual building occupants, since the cost of gas connection is free to the 
developer and the energy bills are paid by the occupants. But this choice 
exacerbates risks for gas customers. Should these new customers use less gas 
than anticipated (for example, by installing a hybrid system down the road) or 
leave the network before the end of the 40 years’ anticipated revenue from 
their bills, the remaining customer base could be left covering the remaining 
cost of connecting them to the network through higher rates. 

As our analysis in Section 1 shows, falling gas demand 
is part of a cost-optimal net zero pathway across 
all sensitivity analyses. A declining number of gas 
customers will strain a given gas utility’s ability to 
recover the costs of its historical and ongoing infra-
structure investment. This risk of stranded assets is 
most acute for new investments in infrastructure, 
such as pipeline replacements and expansions. 

Newer infrastructure has less accumulated depreciation. Its higher remaining 
asset values relative to older infrastructure represent higher liabilities for current 
and future customers to bear, should the assets become stranded due to disuse 
or underuse before the end of their expected lifetime. 

Ongoing network expansion presents significant risk to all provinces with gas 
systems. However, the extent and age of infrastructure, like the prevalence 
of gas heating, is highly variable by region. Provinces with newer or recently 
replaced or expanded systems face higher risks to customer bills as more 
infrastructure has yet to be paid off. And those provinces with a small user 
base face an elevated risk that these liabilities will land heavily on remaining 
customers if and when assets end up stranded. Risks can therefore be espe-
cially pronounced for provinces with smaller and newer gas networks, such as 
New Brunswick and Nova Scotia.

Ongoing network 
expansion presents 
significant risk to all 
provinces with gas 
systems. 
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Underinvesting in electricity systems  
compromises Canada’s climate targets,  
energy reliability, and economic opportunities

Canadian electricity systems that do not prepare for their customers’ evolving 
energy needs—including improving their resilience to intensifying climate- 
related impacts—could be prone to service disruptions and additional costs to 
ratepayers while pushing Canada’s climate targets out of reach. 

Faster-than-expected electrification has already driven some Canadian electri-
city utilities—for example, BC Hydro and Newfoundland and Labrador Hydro—
to update their forecasts and undertake new planning ahead of schedule 
(Butler 2024). Demand for and competition over new electricity supply has 
never been stronger, and provincial governments are already having to make 
choices about who gets access. In 2023, Quebec moved to a selective process 
for industrial connection requests above five megawatts (Government of 
Québec 2023b; The Canadian Press 2023) while British Columbia recently 
suspended connection requests from cryptocurrency miners (Government of 
British Columbia 2022). 

If demand outpaces system growth, then these 
tensions will only grow. They could also lead to lost 
economic opportunities. Less clean electricity avail-
able for new industrial demand could drive invest-
ment abroad, as industries increasingly make access 
to reliable and affordable clean power a condition of 
their investment in Canada (Beugin and Gullo 2022). 

Prompt, clear, and decisive policy, coupled with 
strong future-proofing of grid investments, can 
unlock opportunities, reduce overall costs, and 

smooth the energy transition—avoiding a more abrupt shift further down the 
road (Bataille et al. 2015). Absent these proactive moves, Canadian electricity 
systems’ ability to continue to support Canada’s clean energy transition while 
continuing to deliver reliable, affordable service will be strained. 

Prompt, clear, and decisive 
policy, coupled with strong 
future-proofing of grid 
investments, can unlock 
opportunities, reduce 
overall costs, and smooth 
the energy transition.

https://www.cbc.ca/news/canada/newfoundland-labrador/report-hydro-demand-electricity-until-2034-1.7163682
https://www.economie.gouv.qc.ca/en/outside-quebec/procedure-obtain-authorization-connect-project-power-5-mw-or-more
https://www.economie.gouv.qc.ca/en/outside-quebec/procedure-obtain-authorization-connect-project-power-5-mw-or-more
https://montreal.ctvnews.ca/energy-minister-may-accept-less-than-half-of-projects-over-hydro-concerns-1.6253564
https://news.gov.bc.ca/releases/2022EMLI0067-001928
https://news.gov.bc.ca/releases/2022EMLI0067-001928
https://climateinstitute.ca/clean-electricity-is-a-must-have-for-business/
https://advancedbiofuels.ca/wp-content/uploads/Deep-Decarbonization-Pathways-Project.pdf
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An incremental approach to the transition 
risks elevating costs, introducing reliability 
issues, and locking in dead-end pathways

Some actions that are being implemented or piloted today—such as more 
energy-efficient gas furnaces and blending modest percentages of biomethane 
or hydrogen—may reduce emissions somewhat in the short-to-medium term. 
But not every action that reduces greenhouse gas emissions in the near term is 
necessarily compatible with the long-term goal of reaching net zero in a cost- 
effective way. 

Strategies that only reduce emissions incrementally 
can be a dead-end pathway (Net-Zero Advisory Body 
2020). If the choice of pathway does not drive the 
necessary transformations of the electric and gas 
systems nor sufficiently increase adoption of needed 
end-use technologies, it can deepen the commit-
ment to a system that does not meet the need for 
deep emissions reductions and is incompatible with 
Canada’s clean energy transition. 

Continued inertia and a lack of bold action carries significant risk. Either Canada 
fails to deliver on its international commitment to reduce greenhouse gas emis-
sions, or Canadians effectively pay twice: once for incremental and insufficient 
solutions, and again to eventually correct course and build out the necessary 
infrastructure.

Not every action that 
reduces greenhouse gas 
emissions in the near term 
is necessarily compatible 
with the long-term goal.

https://www.nzab2050.ca/publication-report/net-zero-pathways-10-values-and-principles
https://www.nzab2050.ca/publication-report/net-zero-pathways-10-values-and-principles
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Limitations  
of existing 
policy and 
institutions

This section explores why 
the trends we discuss 

in Section 2 are unlikely to 
change under current policy 
and regulatory approaches, 
and elaborates the risks that 
continued inertia poses to 
Canada’s climate goals and 
the success of its energy 
transition.

SECTION
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The bulk of the policy discussion in this report is focused on provin-
cial governments. Reaching net zero for building heat in the territor-
ies has particular opportunities and challenges that are not covered 
here in detail.7 

7. The implications of the clean energy transition on Indigenous communities, particularly 
in remote settings, is also not addressed in detail in this report. Forthcoming work from the 
Institute, in partnership with Indigenous Clean Energy, will address some elements of this issue. 
Healthy Energy Homes will explore ways to improve housing stock in Indigenous communities 
in order to address poor Indigenous health outcomes, reduce emissions, and support reconcili-
ation (Canadian Climate Institute n.d.). 

3.1 Limitations of current 
climate policy
Climate policy is making a difference in the buildings sector. Without it, green-

house gas emissions from building heat would be even higher, and fewer 
Canadians would have access to the cost savings and other benefits of energy 
retrofits and cleaner technologies. But to date, climate policy has not been suf-
ficient to get the buildings sector on track to meet Canada’s climate goals. 

Existing climate policies are insufficient to address 
rising emissions from the buildings sector 

A suite of federal, provincial, and territorial policies encourage Canadians to 
heat their homes and businesses more efficiently and switch from fossil fuels 
to electricity. But gaps remain, and implementation is fragmented and slow. 
Economy-wide climate targets, plans, and policies are in place in some places 
and not others, and often lack consistency and specificity.

https://climateinstitute.ca/indigenous-research/
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In the context of a cost-effective pathway to net zero, existing policies fall short 
in four main ways: 

1. Limited adoption and implementation of climate targets. While the 
federal government has legislated its commitment to net zero by 2050 
(see Box 1), only a handful of provinces have followed suit (Linden-Fraser 
2024). Notable examples include Prince Edward Island, Nova Scotia, and 
British Columbia; however, British Columbia’s legislation currently only 
requires the province to reduce greenhouse gas emissions 80 per cent by 
2050 (Government of Prince Edward Island 2024; Environmental Goals and 
Climate Change Reduction Act, Nova Scotia 2021, c.20., Climate Change 
Accountability Act, Statutes of British Columbia 2007, c.42). Where provin-
cial and territorial targets exist, they aren’t necessarily connected to clear 
plans, and provincial and territorial climate plans often lack detail on the 
necessary changes in energy use.

2. Policy inconsistency. Demand-side policies focused on building electrifi-
cation are a patchwork, and rebates for energy retrofits and heat pumps 
vary significantly by province and by municipality. Policies that support 
energy efficiency and electrification in buildings, such as net zero building 
codes, building performance standards, and supports for heat pumps, 
are common in provinces with strong climate commitments (for example, 
British Columbia’s Zero Carbon Step Code, and strong heat pump incen-
tive program uptake in the Maritimes) (Glave and Wark 2019, Turner 2023). 
But overall, policy implementation is a mixed bag across much of Canada, 
with gaps in access. 

3. Policy uncertainty. Existing programs, such as rebates for energy retro-
fits, are often funded for short terms. The stop-start pattern of incentive 
programs makes it difficult to maintain momentum in consumer demand 
and to maintain the ability of heating, ventilation, air conditioning, and 
retrofit industries to respond (Miller et al. 2023). Broader policies such as 
carbon pricing, which would drive increased electrification, rarely look 
further than a decade down the road, whereas purchases of energy-using 
equipment and the planning of gas and electricity systems routinely carry 
implications well beyond that time horizon.

4. Limited attention to gas system infrastructure. Little to no policy focuses 
directly on limiting the build-out of gas supply infrastructure to avoid 
stranded assets and protect future ratepayers. Some municipalities (for 
example, the municipalities of Greater Montreal and the City of Prévost) 
have started to prohibit gas hookups to new builds, but progress is slow and 

https://440megatonnes.ca/insight/are-the-provinces-and-territories-holding-themselves-accountable-for-climate-action/
https://440megatonnes.ca/insight/are-the-provinces-and-territories-holding-themselves-accountable-for-climate-action/
https://www.princeedwardisland.ca/en/information/environment-energy-and-climate-action/path-to-net-zero
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/07042_01#part1
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/07042_01#part1
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/reports/bcenergystepcode_lessons_learned_final.pdf
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/#:~:text=The%20rise%20of%20the%20Maritimes%20anomaly%20in%20heat%20pump%20adoption,of%20all%20New%20Brunswick%20residences.
https://climateinstitute.ca/reports/heat-pumps-canada/
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can be contested by gas utilities (Communauté métropolitaine de Montréal 
2024; Le Devoir 2023). In some cases, policy is even pushing in the opposite 
direction, encouraging more and continued gas use. For example, some 
governments continue to subsidize gas network expansion. Since 1973, the 
Government of Alberta has funded the Rural Gas Grant program, which 
offsets the cost of providing new rural agricultural and domestic gas service 
(Federation of Alberta Gas Co-ops Ltd. 2022). In 2021, the Government 
of Ontario announced a $234 million expenditure on expanding the gas 
distribution system, connecting 43 communities to the gas network at a 
cost of $26,700 per connected household (Government of Ontario 2019; 
Government of Ontario 2021). 

Climate policies alone are likely not enough to 
drive change in regulated energy systems

In less regulated markets, government climate targets and policies would send 
a strong market signal, influencing investment decisions and shifting busi-
nesses and households onto a lower-carbon path. But the business of providing 
gas and electricity is tightly enabled and constrained by utility regulation. 

Energy utilities provide essential services. Recognizing that they are natural 
monopolies, regulatory oversight is in place to ensure their services are deliv-
ered reliably and at a fair cost. This means that the regulators that oversee 
energy utilities, and the rules that enable and constrain those regulators, play 
an important role in either amplifying or constraining the market signals from 
climate policies.

Even with stronger demand-side climate policies, action focused only on 
end-use consumers is unlikely to transform the electricity and gas systems 
to the extent needed to align the provision of building heat with net zero. 
Demand-side policies and falling clean-technology costs may acceler-
ate building electrification, but on the supply side, traditional regulatory 
approaches risk the continuing growth of gas networks and the insufficient 
growth of electricity grids. 

https://cmm.qc.ca/communiques/emissions-de-ges-la-cmm-passe-a-lacte-pour-favoriser-la-decarbonation-des-batiments-du-grand-montreal/
https://cmm.qc.ca/communiques/emissions-de-ges-la-cmm-passe-a-lacte-pour-favoriser-la-decarbonation-des-batiments-du-grand-montreal/
https://www.ledevoir.com/societe/justice/801965/energir-conteste-reglement-prevost-decarbonation-batiments?utm_source=ground.news&utm_medium=referral
https://www.gldcgas.com/wp-content/uploads/2022/06/2022-Directors-Handbook.pdf
https://www.ontario.ca/page/natural-gas-expansion-program
https://ero.ontario.ca/notice/019-3191
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3.2 Limitations of current 
utility regulation 
Utility regulation will play an important role in determining the pace and cost 

of the clean energy transition for building heat. But provincial and territor-
ial governments haven’t fully prepared their utility regulators for that task. The 
extent of change required to switch building heat from fossil fuels to clean 
energy, combined with the fact that regulator mandates and practices predate 
the age of climate action, mean that the laws, regulations, and policies that 
determine energy utility oversight can be ill-suited to the needs of the energy 
transition, and even act as a barrier to it.

While the energy transition will play out over 
decades, the decisions that regulators are making 
today will have long-lived significance. Consider 
that the average Canadian household will purchase 
a new vehicle every eight years. That same family’s 
furnace or heat pump could last for 20 to 30 years. 
The lifetime of a gas pipeline is even longer: a new or 
replaced pipe is paid off over 40 or 50 years and can 
often keep functioning past that time. The long life 
of energy equipment and infrastructure means that 
decisions made today, particularly in gas systems, 
have long-lasting repercussions. 

Slow and steady growth in demand for gas and 
electricity has been a foundational expectation of 
energy utilities for decades, but that assumption 
does not hold for the clean energy transition 

Canada’s ability to meet its climate goals rests not only on climate policy that 
is focused on energy consumers, but also on provincial regulatory policy that 
is focused on the utilities that supply those consumers. Both energy utilities 

The long life of energy 
equipment and 
infrastructure means 
that decisions made 
today have long-lasting 
repercussions. 
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and the regulators that oversee them wield significant influence over the 
kinds of energy supplied and the way Canadians pay for it. (See Box 2: Energy 
utility regulation in Canada.) 

In Canada, gas and electricity utilities are governed by business models and 
decision-making processes that have for decades operated under conditions of 
assumed slow, steady, and predictable demand growth. Decarbonizing building 
heat upends this foundational assumption. It challenges an approach to utility 
regulation and gas network investment cost recovery that assumes that gas 
demand will continue to increase indefinitely. And it presents significant chal-
lenges related to the need to rapidly build out the electricity system to meet 
rising demand. 

Regulators are not adequately equipped to guide 
utilities through the clean energy transition 

Since the 1960s, utility regulators have relied on the Bonbright Principles—
named after economist James C. Bonbright—to guide their high-level decision 
making. The principles focus on cost-based pricing, avoiding a socially undesir-
able expansion of the rate base, ensuring infrastructure will be used and useful, 
providing a fair return for utilities (with stability and predictability of business), 
ensuring just and reasonable rates for consumers, and avoiding undue dis-
crimination between different classes and types of consumers (Bonbright 1960). 

These long-standing tenets remain relevant today, even as regulators may 
need to reinterpret some elements to guide decision making in the context 
of Canada’s energy transition (Utilis Consulting 2023). For example, regulators 
have long considered what is fair—not only to current customers, but also 
to future ratepayers. Re-interpretation of this principle for the clean energy 
transition requires regulators to consider fairness over timescales of multiple 
decades, recognizing the potential impacts of today’s decision on evolving risk 
for future ratepayers. 

However, while the Bonbright Principles can be consistent with the needs 
of the energy transition, their application in this context starts to raise diffi-
cult questions that require policy guidance from governments.  For example, 
regulators determine whether proposed asset investments are prudent or 
unwise, and approve calculations, such as depreciation schedules, based on 
the expected used and useful lifetime of those assets. But the energy transi-
tion raises fundamental questions about these assumed lifetimes.   

https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/
https://issuu.com/canadianelectricityassociation/docs/ec_sel_frame_-_2023_21_


54HEAT EXCHANGE LimiTATioNs of EXisTiNG poLiCy ANd iNsTiTuTioNs

Box  

2

In much of the country, gas and electri-
city—and, in some provinces, energy 

efficiency services—are provided by 
regulated utilities. Though the provinces 
differ in their approach to utility regula-
tion, regulator mandates and responsibil-
ities tend to include some common 
elements.

Regulators are responsible for ensuring 
energy utilities provide safe and reliable 
energy at a just and reasonable cost to 
the ratepayer. Because utilities holding 
regional monopolies generally operate 
electric and gas grids, regulators act as 
a proxy for the competitive market. (One 
notable exception to this is Alberta, which 
has a competitive electricity-generation 
market. Ontario also has some elements 
of a competitive market for generation). 
Regulators’ focus is primarily economic, 
ensuring both a fair rate of return for 
utilities and reasonable rates and reliable 
service for the customers they serve.  

In the regulated aspects of their business 
(for example, the delivery of electricity 
and/or gas to customers), utilities earn 
a predetermined return on investments 
that the regulator agrees are prudent. 
Under this structure, regulators play a 
crucial role in determining what invest-
ments utilities are approved to make in 
the energy system. 

8. Saskatchewan is an exception. The province has two Crown corporations—SaskPower for 
electricity and SaskEnergy for gas. An appointed Rate Review Panel makes rate change recom-
mendations for both utilities to the provincial Cabinet, which issues final decisions. The system 
does not have the same hearings and processes as other Canadian regulators.

Regulators are mostly independent 
agencies, but cannot exceed their legis-
lated mandate.8 A provincial or territorial 
government establishes a regulator’s 
authority through legislation, as well as 
orders and directives; these can be, and 
have been, amended over time. A regu-
lator can exercise discretion, but only 
within its prescribed mandate. If a utility 
perceives that the regulator has over-
stepped or failed to fulfill its mandate,  
it has the right to appeal. 

Regulators deliver on their mandate 
through a quasi-judicial process that 
considers and balances the parties’ com-
peting needs. Proceedings are typically 
case-by-case and utility-by-utility, but can 
also involve more general lines of inquiry.

Energy utility 
regulation in Canada
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Shortening them pulls costs forward in time, increasing costs today but 
limiting the risk that a smaller pool of future ratepayers are left paying high 
costs for infrastructure they no longer use. In the absence of clear direction 
from government on these questions, regulators have to date proceeded 
with caution.

In at least three key respects, the limitations of existing regulatory frameworks 
and the lack of guidance from governments constrain both energy utilities and 
regulators from enacting plans and making decisions consistent with a cost- 
optimal net zero pathway:

1. Policy uncertainty: While regulatory best practices prioritize consideration 
of future ratepayers, a lack of clear policy direction is contributing to inertia. 
Provincial and territorial economy-wide climate plans and targets often 
lack the clarity that regulators need to guide decision making. And even 
where climate targets exist, uncertainty with respect to their implications 
for future demand for electricity and gas infrastructure (for example, when 
gas utilities propose use of biomethane or hydrogen in the pipelines) can 
leave regulators without a sufficient evidence base to make decisions con-
sistent with climate targets. A core component of this policy uncertainty is 
the inherent uncertainty of the energy transition itself. Even with a net zero 
mandate, regulators may not have sufficient basis to change their approach 
without guidance from the provincial government on available pathways 
and energy system priorities. 

2. Limited mandate: Regulators tend to have mandates that focus primarily 
on safety, reliability, and economic efficiency. Climate objectives, which did 
not exist when these mandates were set, are typically interpreted as being 
out of scope, unless a government clearly specifies them in policy, legis-
lation, or other guidance. This scenario leads regulators to exercise caution 
when evaluating future infrastructure needs that involve a significant 
departure from the status quo in service of climate goals. Yet, in the energy 
transition, innovation and a departure from status quo approaches are likely 
necessary to protect long-term energy affordability for ratepayers.

3. Fragmented decision making: Regulatory proceedings typically consider 
individual cases regarding specific utilities. A broader assessment of sys-
tem-level dynamics would require regulators to consider a future where 
electric and gas energy systems follow opposite trajectories, with demand 
for the former growing and the latter declining. The lack of an integrated 
perspective constraints regulators’ capacity to manage an energy transi-
tion with deep implications for both systems. And existing practices can 
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also exacerbate this fragmented decision making. For example, the legal 
requirement to connect gas customers upon request—often included as 
part of the obligation to serve—presumes and perpetuates the ongoing 
expansion of the gas network. Requirements are often linked to distance 
from existing infrastructure, but can snowball as each connection or recon-
nection expands the area of obligation.9

Current regulatory processes can leave 
promising solutions unconsidered

Under current frameworks, energy utilities generally bring solutions to their 
regulators for review, and propose initiatives and investments that focus on 
their operations. This approach can fail to surface alternative services delivered 
by the competitive market, and more distributed, customer-oriented solutions 
such as household energy storage and thermal energy networks.

Managing peak demand mitigates costs for the whole system, but under 
current regulatory systems, clean-energy approaches to peak shaving  
and load shifting risk falling through the cracks. Some of these solutions— 
particularly those that depend on access to distributed energy resources such 
as demand-response programs and virtual power plants—may be provided 
by non-utility actors, such as aggregators.10 These parties may have limited 
avenues to propose their solutions, or their solutions may rely on innovations 
and support from utilities that are not currently incentivized to provide them. 

If regulators are only ruling on utility-proposed solutions, the outcomes may 
not always be cost-optimal. For example, under current incentives low-emission 
gases and hybrid heat solutions are sure to be more attractive to gas utilities than 
full electrification and alternative approaches to peak management—but may 
not always be in the best interests of ratepayers or the energy system writ large.

9. An example of an obligation to serve in British Columbia: “On being requested by the owner 
or occupier of the premises to do so, a public utility must supply its service to premises that are 
located within 200 metres of its supply line or any lesser distance that the commission prescribes 
suitable for that purpose” (Utilities Commission Act, British Columbia 1996, c.473 , Part 28). 
10. Aggregators bundle together resources from many smaller distributed energy resources 
(such as residential solar panels or batteries) to act as a virtual power plant, and then sell either 
the electricity or a service (such as energy storage, or ability to deliver during peak time) to a 
utility (IRENA 2019, Brehm et al. 2023).

https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96473_01#section28
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Aggregators_2019.PDF
https://rmi.org/wp-content/uploads/dlm_uploads/2023/01/virtual_power_plants_real_benefits.pdf
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3.3 Why status quo inertia 
puts the energy 
transition at risk 
The limitations of climate policy and utility regulation discussed above 

interact to sustain a status quo trajectory for building heat that does not 
align with a cost-optimal path to net zero. It points instead to rising green-
house gas emissions, growing gas networks, and electricity systems that 
aren’t growing fast enough. 

Gas utility business models are predicated 
on network expansion

Gas utilities’ existing business models and current regulatory structures mean 
that their incentives can be at odds with maintaining future bill affordability for 
consumers in the context of the energy transition. Because gas utilities realize 
returns based on the infrastructure they install rather than the fuel they sell, 
they have a direct economic incentive to pursue continued growth of gas infra-
structure and new customers—even if the long-term usage case is uncertain. 

In the regulated segments of their business, gas utilities are largely insulated 
from most market signals—including the prospect of declining gas demand.  
A gas utility will pass some of its costs—including the cost of the gas itself, and 
carbon price costs—straight through to its customers. The gas utility’s profits 
do not depend directly on gas sales volumes. As long as a gas utility’s distribu-
tion networks remain in place, customers remain connected to them, and the 
gas utility can still recover its fixed costs through rates, a decline in sold gas 
volume—for example, from some customers converting  to hybrid heat—is not 
an immediate threat to the underlying business model. 
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A gas utility earns its profits via a predetermined rate of return on its infra-
structure investments as approved by the regulator. To secure approval, util-
ities must convince the regulator that new infrastructure will be necessary and 
useful. But once infrastructure is approved, utilities can be reasonably assured 
they will earn a return on it even if that usage case does not bear out.

The regulator can serve as a check against the accrual of excessive liabilities 
in the form of infrastructure that does not prove sufficiently used and useful 
over its lifetime. But regulators are not only required to protect customers from 
rate increases; they must also protect utilities’ ability to maintain an adequate 
business and support the level of investment that is required for continued 
provision of energy services. They must also provide the opportunity for gas util-
ities to earn a reasonable rate of return, and can only stop or delay adding new 
investment to customer bills if such investment is shown to be imprudent―for 
example, if it will be underused or is more expensive than an alternative. As we 
discuss above, regulators are often constrained in their ability to make these 
kinds of assessments in the context of the energy transition.

In a less regulated sector, market signals would 
reduce the incentive that companies would have 
to pursue a strategy of continued network expan-
sion in the face of potential demand declines. But 
gas utilities are partially insulated from these kinds 
of signals. They therefore have a strong incentive to 
advocate for pathways that require ongoing system 
maintenance or expansion—such as hybrid heating 
or a shift towards low-emission gases.

Fewer new customers and a declining customer base 
in the future is the primary concern for gas utilities 
under their current business model, but falling gas 

demand in terms of total volume does create some challenges under existing 
gas rate design. Historically, fixed costs have been partly included in variable 
consumer charges for reasons of consumer preference and to avoid a regressive 
pricing model that disproportionately affects lower-income consumers. With 
declining gas usage, however, gas utilities will eventually need to seek approval 
to modify their rate structures or seek public subsidies to recover the costs of 
increasingly underutilized assets. 

In a less regulated sector, 
market signals would 
reduce the incentive that 
companies would have 
to pursue a strategy 
of continued network 
expansion in the face of 
potential demand declines.
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Gas utilities will likely continue to focus on 
expanding their networks because regulatory 
models limit their ability to diversify

Legislation typically limits the activities of regulated gas utilities to building  
and operating gas infrastructure and certain associated demand-side manage-
ment initiatives. This restricts their ability to diversify in the face of declining  
gas demand.11

Gas utility companies can conduct other business under separate competitive 
arms. But the stable, regulated rates of return are reserved only for the regu-
lated parts of the utility’s business to ensure continued capital investment in 
the utility’s core mandate of reliable service delivery.12 

Regulators in different jurisdictions have variously interpreted gas utility 
attempts to establish new lines of business. For example:

 — In the past, citing competition, regulators such as the British Columbia 
Utilities Commission excluded alternate energy services, such as thermal 
energy networks, from the gas utility’s regulated business (BCUC 2012: 
page 60). The regulatory framework guidelines for thermal energy networks, 
are however currently under review in British Columbia (BCUC n.d.). 

 — In some regions, gas utilities can generate revenue by delivering demand-side 
management and energy efficiency programs through performance-based 
incentives. However, in other regions (Nova Scotia, New Brunswick, Manitoba), 
distinct entities or utilities deliver those programs.

 — In British Columbia, the province’s gas utility includes various biomethane 
investments in the regulated part of its business, enabling a return for the 
utility on their investment (Fortis 2023). But Ontario’s regulator already 
considers biomethane a competitive space—thus excluding it from gas 
utilities’ regulated business (OEB 2009). 

11. Some gas utilities in the United States have started to explore diversification options to 
better position themselves in the clean energy transition. For example, Philadelphia Gas Works, 
a municipally owned gas utility, commissioned a study on their potential to diversify (Energy + 
Environmental Economics et al. 2021); Eversource in Massachusetts is piloting networked geo-
thermal systems; and Vermont Gas has started to lease electric heat pumps and hot water 
heaters to customers as part of their business.
12. Regulators also ensure the unregulated business does not receive any undue advantage 
from the regulated business; operations, financing and resourcing must be kept separate. 

https://docs.bcuc.com/documents/decisions/2012/doc_33023_g-201-12_fei-aes-inquiry-report_web.pdf
https://docs.bcuc.com/documents/decisions/2012/doc_33023_g-201-12_fei-aes-inquiry-report_web.pdf
https://www.bcuc.com/OurWork/ViewProceeding?applicationid=1210
https://www.cdn.fortisbc.com/libraries/docs/default-source/about-us-documents/fortisbc-(gas)-mda-q4-2023-d2-pa-sedar.pdf?sfvrsn=49c2fa5b_1
https://www.oeb.ca/oeb/_Documents/Decisions/dec_EGDI_preliminary_motion_20091222.pdf
https://www.phila.gov/media/20211207134817/PGW-Business-Diversification-Study-2021-12.pdf
https://www.phila.gov/media/20211207134817/PGW-Business-Diversification-Study-2021-12.pdf
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 — In Ontario, Enbridge tried to increase their role in electrification by 
including heat pumps in their rate base, but was denied by the regula-
tor (OEB 2021). Traditionally, gas utilities must focus on savings to their 
own customer base. The system is not designed to consider broader cost 
savings from fuel-switching for the consumer (who is now no longer a gas 
customer), for the overall energy system, or for other parts of the economy. 

Each jurisdiction is exploring and interpreting how these potential new regu-
lated activities interact with current lines of business, and what they mean 
for protecting ratepayer interests. While there is likely a case to be made for a 
departure from the status quo, policymakers and regulators will need to care-
fully consider what changes are in the public interest and which add cost and 
unnecessarily crowd out private sector efforts.

Electric utilities lack incentives to support electrification 
and expand systems to meet growing demand

While the regulatory framework for the electricity system is more closely 
aligned with achieving net zero than it is for gas, there is still room to improve, 
for example by increasing flexibility for electric utilities to make innovative pro-
posals for investments and rate design, and by enabling electric utility planning 
to be more responsive to evolving conditions (Utilis Consulting 2023). 

Policymakers and regulators have not yet fully directed, empowered, or incen-
tivized electric utilities to prepare for the increasing demand for power that 
electrification will drive. 

An electric utility interested in enabling electrification must justify any asso-
ciated expenditure to its regulator based on the benefit the investment 
will provide to its own customers and electricity system. Investment in new 
capacity can put upward pressure on electricity rates, and detailed pro-
ject-by-project oversight for new electricity capacity is in place to protect rate-
payers from imprudent investments. But because current regulatory struc-
tures limit electric utilities’ ability to include progress toward climate goals and 
savings for gas consumers as benefits of proposed investments, these utilities 
can only play a limited role in directly supporting or enabling electrification.

As electricity utilities enter a new era in which they are widely understood to 
be lead actors in the energy transition, the growth imperative to handle wide-
spread electrification can clash with an investment approach that has grown 

https://www.rds.oeb.ca/CMWebDrawer/Record/720232/File/document
https://issuu.com/canadianelectricityassociation/docs/ec_sel_frame_-_2023_21_
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to prioritize caution to pass regulatory approval. Historically, some Canadian 
electric utilities have faced public scrutiny for building or planning to build 
capacity in anticipation of load that did not materialize. For example, in 2013, 
Manitoba Hydro’s Conawapa hydro project was cancelled after a panel review 
concluded that their long-term projections were too uncertain (McClearn 2022). 

Finally, the energy transition stands to shift the dynamic between gas and 
electricity utilities, which are both governed by the same energy regulator. 
After years of operating in parallel in contexts where they provide mostly 
distinct services, in certain regions and in some respects, they are now com-
peting for market share. The best example of this may be the rivalry brewing 
between heat pumps and gas furnaces, and the implications each has for gas 
versus electric utilities. Challengingly, the energy transition also opens up other 
areas that may require more explicit collaboration, such as load forecasting or 
planning for hybrid systems. 

Under declining gas demand, regulators’ ability to 
protect ratepayers will face unprecedented challenges

The energy transition presents new challenges to regulators’ longstanding 
mandates to make sure utilities provide Canadians with safe and reliable energy 
at just and reasonable rates. 

A first challenge comes from falling gas demand, resulting in fewer customers 
on the gas system and increased rates for those who remain.

Under current policies and market conditions, consumer uptake of heat pumps 
is on the rise (Turner 2023; Kanduth 2023). And in many housing types and 
regions across Canada, heat pumps already save consumers money over their 
lifetimes compared to gas or oil furnaces and air conditioning (Miller et al. 2023; 
McDiarmid 2022b). Where efficient electric technologies, driven by climate 
policies and market forces, outcompete gas on a cost basis, households and busi-
nesses will increasingly switch to electric options. And, where they can, they may 
increasingly defect from the gas network altogether to avoid paying connection 
fees. If gas consumption continues to contract, the smaller number of customers 
that still rely on gas will shoulder the fixed costs of maintaining the network. And 
if the exodus from gas heat accelerates, absent policy intervention, the customers 
with the fewest financial resources or wherewithal to switch will find themselves 
stuck on the system and bearing escalating gas rates. 

https://www.theglobeandmail.com/business/article-canada-electricity-expansion/
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/
https://440megatonnes.ca/insight/how-hot-are-heat-pumps-really/
https://climateinstitute.ca/wp-content/uploads/2023/09/Heat-Pumps-Pay-Off-Unlocking-lower-cost-heating-and-cooling-in-Canada-Canadian-Climate-Institute.pdf
https://www.cleanairalliance.org/wp-content/uploads/2022/11/GSHP-final-report.pdf
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A scenario of falling gas demand and customer numbers also creates finan-
cial and competitiveness risks for gas-consuming businesses. For technical 
or financial reasons, some industrial customers, such as steel, cement, and 
chemical plants, may not be able to electrify as readily or as quickly as others. 
As residential and commercial demand declines, remaining industrial custom-
ers may need to pay more of the fixed costs to maintain the gas network. 

Left unchecked, customer defection could significantly accelerate a rise in gas 
rates, and financial markets may contribute to it. Some lenders are starting to 
consider the potential risks associated with a long-term reduction in gas use. In 
reviewing the capital structure of Enbridge Gas, for example, a recent Ontario 
Energy Utility Board-commissioned assessment flagged that the utility’s invest-
ors and credit rating agencies are “widely recognizing the potential long term 
reduction in natural gas use” (LEI 2023). That perception of increased risk could 
translate to higher debt costs for gas utilities, resulting in rate increases and the 
potential for further customer defection.

The second challenge relates to stranded assets. Where assets are no longer 
used, any number of actors could be left with their stranded costs, including:

 — Future customers, if regulators and governments allow gas utilities to leave 
stranded costs in the rate base—even though they are no longer used.

 — Current customers, if regulators accelerate depreciation of these assets.
 — Shareholders, if regulators remove these costs from the rate base.
 — Canadians, if governments compensate shareholders for the early retire-

ment of otherwise useful assets, either as a proactive measure or a conse-
quence of litigation. 

However the costs are distributed across these groups, the prospect of 
stranded assets raises complex issues of incentives and fairness. To protect 
system reliability for remaining gas customers while shielding them from costly 
rate increases, regulators may need new approaches. 

As we discuss in Box 3, even options such as hybrid heat systems that could 
maintain a significant customer base in the gas system raise difficult questions 
for regulators.

https://www.rds.oeb.ca/CMWebDrawer/Record/785972/File/document
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Box  

3

Hybrid systems could play a role in 
the clean energy transition in some 

contexts, particularly as a stepping stone 
to electrification. But implementation is 
not straightforward.

A regulator or government would likely 
need to introduce a subsidy of some kind 
to sustain interest in hybrid systems at 
scale, since customers would need an 
ongoing incentive to stay connected 
to the gas network even while they 
are using very low volumes of fuel. (An 
alternative approach would be to use 
delivered bottled fuel for gas backup.)

Rate design to support hybrid system 
uptake is a balancing act. It typically 
must incorporate subsidies to recover 
gas network costs in a context where gas 
customers are using minimal gas, while 
still discouraging customers from using it 
as their primary heating fuel. Gas service 
bills include both fixed costs (for example, 
recovering the cost of building and main-
taining gas pipelines) and variable costs 
(for example, the cost of the gas sold).  
In most regions, a bill’s variable charges 
partially cover fixed costs. Risk of 
consumer disconnection from the gas 
network grows as fixed costs increase 
(which is to be expected under a wide-
spread shift to hybrid heat), as customers 
will likely prove reluctant to pay high fixed 
costs for minimal service, particularly 
during the warm-weather seasons when 
their heating system is off (RMI 2022).

Several Canadian utilities are testing 
strategies to incentivize and accom-
modate consumer adoption of hybrid 
heating. Hybrid heat initiatives to 
date include a collaboration between 
Hydro Québec and Énergir (Séguin and 
Bigouret 2023), and a pilot by Fortis BC in 
a region where they supply both electri-
city and gas (FortisBC 2024). In Quebec, 
Hydro Quebec led the way by agreeing 
to pay Energir $2.4 billion to convert 
customers to hybrid systems, in com-
pensation for lost gas-ratepayer revenue. 
They sought regulator approval to reclaim 
costs from electricity ratepayers on 
the basis that keeping gas systems for 
back up during cold periods can reduce 
pressure on Hydro Quebec’s grid.

For hybrid systems to play a larger role, regulators 
and utilities face a difficult balancing act

https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/14923028
https://climateinstitute.ca/publications/hybrid-heat-in-quebec/
https://climateinstitute.ca/publications/hybrid-heat-in-quebec/
https://www.fortisbc.com/about-us/projects-planning/future-of-energy-efficiency/residential-hybrid-heating-early-adopter-program
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Box  

3
In the pilot programs designed to date, electricity 

rates essentially cross-subsidize gas rates to help 
cover peak service demand. 

However, several issues arise:

This use of cross-subsidization is 
a new approach, which comes 
with uncertainty over whether 
the regulator will allow costs that 
are outside of typical electricity 
distribution service expenses to 
be reclaimed from electricity cus-
tomers (Baril 2023). 

On average, cross-subsidies may 
benefit higher-income house-
holds more than lower-income 
households. The type of heating 
system used in Canadian homes 
correlates with income, and with 
ownership status. On average, 
higher-income, home-owning 
Canadian households are more 
likely to heat with gas, and low-
er-income and renting house-
holds are more likely to heat with 
electricity. Only 28 per cent of 
Canadians in the lowest income 
quintile heat their homes with 
gas, compared to 56 per cent 
of homeowners in the highest 
bracket. This split is also similar 
between renters (27 per cent gas) 
and homeowners (52 per cent 
gas) (Statistics Canada 2023).

It is not guaranteed that such 
arrangements are cost-opti-
mal from an integrated energy 
system perspective. Regulators 
could, and should, require the 
value of investments in hybrid 
heat to be demonstrated 
compared to other peak manage-
ment alternatives, and regula-
tors in different jurisdictions, or 
considering different situations, 
could make different decisions. 

Allocating more costs to elec-
tricity rates can disincentiv-
ize business and household 
electrification. 

REGULATORY UNCERTAINTY

EQUITY IMPACTS

COST OPTIMIZATION

DISTORTED INCENTIVES

(continued)

https://www.lapresse.ca/affaires/2023-03-28/entente-de-bienergie-avec-energir/hydro-quebec-veut-faire-annuler-la-decision-de-la-regie-de-l-energie.php
https://www150.statcan.gc.ca/n1/daily-quotidien/231030/dq231030b-eng.htm
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3.4 Continuing with 
business-as-usual utility 
regulation in the energy 
transition is risky 

Current approaches to utility regulation are not well-equipped for the needs of 
the energy transition. Continuing with the status quo despite its limitations 

risks raising long-term costs for ratepayers and jeopardizes a cost-effective 
clean energy transition in Canada. 

On the electricity side, delayed action on needed 
investments raises risk for Canadian households and 
businesses. Should increasing consumer demand for 
electric technologies outpace changes to the elec-
tricity system, it could strain reliability, significantly 
exacerbate costs, or both. These risks exist for both 
generation capacity build-out as well as the neces-
sary investments to manage peaks and improve 

reliability, including infrastructure upgrades, energy and heat storage, energy 
efficiency, and demand management. 

On the gas side, status quo utility regulation and the inertia in gas system 
expansion that it drives also carries significant risk. Ultimately, someone must 
pay for the costs of maintaining gas networks and stranded assets within them. 
Without policy intervention, ongoing investment in an increasingly underutil-
ized gas system will yield higher costs for remaining gas consumers. 

And this new context where gas and electricity utilities potentially find them-
selves in competition and/or collaboration may challenge regulators’ ability to 
protect the public interest.

Ultimately, someone 
must pay for the costs of 
maintaining gas networks 
and stranded assets 
within them. 



66HEAT EXCHANGE LimiTATioNs of EXisTiNG poLiCy ANd iNsTiTuTioNs

Letting competition play out between gas and electricity utilities will not neces-
sarily yield favourable outcomes for ratepayers under status quo approaches. 
For example, a transition in which gas network defection occurs organically 
rather than being steered through novel rate designs and conscientious system 
planning could lead to electricity demand peaks that the system is poorly 
prepared for, to gas networks with wide distribution that only serve sporadic 
customers at high costs, or both.

On the other hand, explicit cooperation between gas and electric utilities might 
not necessarily prove optimal for ratepayers. For example, companies may 
negotiate cross-subsidies that allow them to maintain their current business 
models and infrastructure, but that may ultimately result in higher overall costs 
to ratepayers when compared with a future of growing electricity networks 
and shrinking gas networks. Utilities may also work to protect their regulated 
markets and limit opportunities for new actors, such as energy service compan-
ies, which risks raising costs for consumers.

If utility regulators are to continue delivering on their mandate of providing 
safe and reliable energy at just and reasonable rates, provincial governments 
must equip them to face the new challenges of the energy transition head-on. 
Regulators have a great deal of power to shape the future of Canada’s energy 
system, including addressing the question of who will pay for it. If provincial 
governments do not enable regulators to exercise their influence in the service 
of meeting Canada’s climate goals, they risk costlier pathways, worsening 
affordability, and failure to achieve our climate commitments.
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Opportunities 
for policy to 
drive change

Despite the significant 
barriers laid out in the last 

section, regulators and gov-
ernments have tools at their 
disposal to align Canada’s gas 
and electricity systems with a 
cost-effective pathway to net 
zero. This section outlines ways 
that regulatory action and 
government policy, particularly 
from provincial and territorial 
governments, can counteract 
the prevailing inertia. 

SECTION
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4.1 Existing options and 
recent developments
Regulators and policymakers in Canada have policy tools they could use today 

to start planning more proactively for a clean energy transition for building 
heat. In just the past year, we note examples of regulators and policymakers in 
Canada starting to change the status quo using their existing tools, and even 
more examples of regulators and policymakers in the United States contending 
with the same issues. 

Regulators have tools under existing authority 
to navigate the energy transition 

Though the specifics vary by jurisdiction, broadly speaking, provinces and ter-
ritories have endowed regulators with powers and responsibilities to oversee 
energy system planning that will be valuable through the clean energy transi-
tion. With current mandates, energy utility regulators may be able to:

 — Initiate consultations, inquiries, or even general proceedings on the future 
of the gas network in their province. No Canadian regulator has done so 
yet, but in the United States, at least 10 regulators have opened such pro-
ceedings since 2020 (Bagdanov 2022). Massachusetts’ regulator was the 
first to issue a decision in 2023 (See Box 3). 

 — When evaluating rate filings and decision processes for utilities’ capital 
plans, request more detailed risk assessments on the potential for, and 
implications of, a declining gas customer base, a significant drop in 
demand per customer, and increasing electricity demand.

 — Increase information sharing and insights on the implications of the 
energy transition, emerging technologies, and changing consumer 
behaviours for regulators’ core responsibilities to ensure fairness and 
protect ratepayers, for example through the Canadian association of 
energy and utility regulators (CAMPUT). 

https://buildingdecarb.org/decarbnation-issue-2
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 — Consider new business and remuneration models and rate designs that 
reflect the needs of the evolving energy system and the implications 
of overlap in the energy services supplied by gas and electric utilities 
(Seguin & Bigouret 2023). 

Under declining gas demand, regulators can also limit future liabilities from the 
gas network and better align its scale with the future customer base. Where 
prudent, regulators can act to prevent or constrain new gas infrastructure con-
struction by:

 — Denying approvals for new gas pipelines, and capacity expansions for 
existing lines, based on the expected fall in gas demand over the infra-
structure’s lifespan. For example, in December 2023, the British Columbia 
Utilities Commission (BCUC) denied a gas utility’s request to invest in 
gas capacity expansion in the Okanagan on the basis that increasing gas 
demand could not be assured. The BCUC directed the utility to respond 
by July 2024, and show consideration of alternatives (BCUC 2023). The 
Ontario Energy Board had previously signalled concern around the risk of 
stranded assets when it denied a replacement pipeline in Ottawa in 2022 
(Beer 2023). 

 — Extending the useful life of the existing network as far as safe and prac-
tical, to restrain growth in the remaining value of assets that still need to 
be paid for. For example, in a December 2023 decision, the Ontario Energy 
Board directed the gas utility to emphasize monitoring, repairing, and, in 
general, extending the life of its system, and ensure that it only pursues 
the most critical replacement projects (OEB 2023).

 — Requiring cost-benefit comparison of new gas pipelines against packages 
of non-pipeline alternatives, such as targeted fuel switching and energy 
efficiency, thermal energy networks, and temporary supply-side 
measures such as bottled gas. For example, the Colorado Public Utilities 
Commission requires utilities with a customer base greater than 500,000 
households to analyze at least five non-pipeline alternatives (Sullivan and 
Murphy 2024; Nelson et al. 2023). 

https://canadianclimat.wpenginepowered.com/publications/hybrid-heat-in-quebec/
https://www.ordersdecisions.bcuc.com/bcuc/decisions/en/item/522057/index.do
https://climateinstitute.ca/publications/st-laurent-north-denied/
https://www.rds.oeb.ca/CMWebDrawer/Record/827754/File/document
https://www.edf.org/sites/default/files/2024-02/Non-Pipeline-Alternatives-Report_EDF_Feb2024.pdf?_gl=1*180nsgr*_ga*MTg4NTIxODUyNy4xNzEwMzYzMzYw*_ga_2B3856Y9QW*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_ga_Q5CTTQBJD8*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_gcl_au*MjAyMjAwMTIwNC4xNzEwMzYzMzYx
https://www.edf.org/sites/default/files/2024-02/Non-Pipeline-Alternatives-Report_EDF_Feb2024.pdf?_gl=1*180nsgr*_ga*MTg4NTIxODUyNy4xNzEwMzYzMzYw*_ga_2B3856Y9QW*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_ga_Q5CTTQBJD8*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_gcl_au*MjAyMjAwMTIwNC4xNzEwMzYzMzYx
https://eta-publications.lbl.gov/sites/default/files/non-pipeline_alternatives_to_natural_gas_utility_infrastructure_2_final.pdf
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Box  

4

In 2023, Massachusetts’ Public Utilities 
Commission became the first American 

regulator to issue a ruling on their Future 
of Gas Proceeding (Massachusetts 
Department of Public Utilities 2023).  
After a three-year-long process, the gas 
regulator ruled that gas utilities must: 

file climate compliance plans with per-
formance metrics every five years; 

study the feasibility of targeted electrifi-
cation in the state; and

demonstrate consideration of non-gas 
alternatives when proposing to replace 
or expand gas infrastructure

The regulator also ruled that gas utilities 
cannot use ratepayer money to promote 
gas use.

The regulator ruled out a significant role 
for biomethane due to cost and avail-
ability concerns. It also ruled out the use 
of hydrogen as a primary fuel source for 
home heating due to uncertainty and 
competition for use with other sectors. 
The regulator was not convinced that a 
broad hybrid heating strategy, funded by 
ratepayers, was viable, but hybrid heat 
was not explicitly disallowed. 

Similar proceedings are currently 
underway in Oregon, Washington, 
Nevada, Colorado, Minnesota, Rhode 
Island, New York, and California 
(Advanced Energy United 2023; 
Eversource n.d.; Gridworks 2021;  
California Public Utilities Commission 
2022; California Public Utilities 
Commission 2023; Mihaly 2023;  
NYSERDA 2022; Colorado Public Utilities 
Commission 2022; Colorado General 
Assembly 2021; Vermont Public Utility 
Commission 2023; Cosgrove 2022).

The future of gas in 
Massachusetts

https://www.mass.gov/news/department-of-public-utilities-issues-order-20-80
https://www.mass.gov/news/department-of-public-utilities-issues-order-20-80
https://advancedenergyunited.org/hubfs/2023%20Reports/Gas%20Line%20Extension%20Allowances%201.23.pdf
https://www.eversource.com/content/residential/about/transmission-distribution/projects/massachusetts-projects/geothermal-pilot-project
https://gridworks.org/wp-content/uploads/2021/01/CA_Gas_Resource_Infrastructure_Plan_Report_FINAL.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/natural-gas/long-term-gas-planning-oir/framework-staff-proposal.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/natural-gas/long-term-gas-planning-oir/framework-staff-proposal.pdf
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M520/K496/520496934.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M520/K496/520496934.PDF
https://www.clf.org/blog/vermont-affordable-heat-act-what-comes-next/#:~:text=The%20law%20will%20require%20companies,heat%20credits%20it%20must%20earn.
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Programs/Carbon-Neutral-Buildings/Roadmap-executive-summary.pdf
https://puc.colorado.gov/cleanheatplans
https://puc.colorado.gov/cleanheatplans
https://leg.colorado.gov/bills/sb21-264
https://leg.colorado.gov/bills/sb21-264
https://puc.vermont.gov/clean-heat-standard
https://puc.vermont.gov/clean-heat-standard
https://neep.org/blog/policy-tracker-can-clean-heat-standard-transition-fossil-fuel-industry
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When approving new gas infrastructure, regulators can reduce risk and 
improve incentives by adopting accounting practices that assume lower usage 
and shorter potential lifetimes, and clarify who will pay the bill for the proposed 
project. For example, regulators could: 

 — Require builders and developers to pay for new gas connections that would 
serve their projects, rather than subsidizing the work from future ratepay-
ers on anticipated 40-year revenues. For example, in December 2023, the 
Ontario Energy Board effectively reversed the long-standing norm that all 
gas ratepayers must bear the upfront cost of new gas connections. The 
regulator noted that anticipating 40 or more years of income from these 
new customers may no longer be a reasonable assumption under a clean 
energy transition and given increasingly affordable alternatives to gas 
(OEB 2023). The Board’s decision follows similar actions in other jurisdic-
tions, including California and Colorado.

 — Shorten time horizons for necessary new infrastructure. When a utility 
must replace a pipeline for safety or reliability reasons, the regulator can 
require the company to adjust its anticipated useful lifetime. This limits 
the risk that future ratepayers will be left paying for infrastructure they no 
longer use.

 — Consider introducing accelerated asset depreciation schedules and other 
accounting practices that more accurately reflect and apportion infra-
structure costs and risks (Bilich 2019). For example, New York State’s regu-
lator now requires gas utilities to submit depreciation studies assessing 
the impact of accelerated depreciation schedules on both ratepayers and 
costs (Bagdanov 2022). 

Many of these tools are within regulators’ existing 
powers, and could be exercised starting today. Still, 
without clear government direction and support, 
regulators would likely be hesitant to change 
long-standing practices, out of concern that a court 
may overturn their decision based on a utility’s appeal. 

Without clear government 
direction and support, 
regulators would likely be 
hesitant to change long-
standing practices.

https://www.rds.oeb.ca/CMWebDrawer/Record/827754/File/document
https://www.edf.org/sites/default/files/documents/Managing_the_Transition_new.pdf
https://buildingdecarb.org/decarbnation-issue-2#New%20York


72HEAT EXCHANGE OppOrTuNiTiEs fOr pOliCy TO drivE CHANGE

Some energy regulators and policymakers are taking steps to 
consider the clean energy transition in their decision making 

Though the work is nascent and uneven, regulators across the country are 
starting to ask electric utilities to explain how they will decarbonize their 
systems, and have begun approving updated plans based on rising projected 
electricity demand. In early 2024, for example, the regulator in British Columbia 
accepted an updated 2021 IRP from BC Hydro that highlighted the need to 
obtain additional clean power to meet its customers’ future electricity needs 
cost-effectively (BCUC 2024).

Utility regulators, most recently in British Columbia and Ontario, are also 
starting to ask gas utilities to more seriously consider the clean energy transi-
tion, directing them to better manage risk and ensure that proposed new infra-
structure will be used and useful in the future (Harland 2024). 

Regulators are also starting to scrutinize gas utility proposals for clean-fuel 
blending for their economic viability and to call for greater clarity on the role 
of the gas network in the future and how to protect customers along the way 
(BCUC 2024). 

But while these new initiatives could reduce greenhouse gas emissions and 
mitigate customer rate impacts, regulators are having to decide on their 
deployment without a clear picture of where they fit in each province’s long-
term net zero pathway, and how they will ensure long-term energy affordability 
for all Canadians.

https://docs.bcuc.com/documents/other/2024/doc_76260_g-58-24-bch-2021irp-decision.pdf
https://docs.bcuc.com/documents/other/2024/doc_76260_g-58-24-bch-2021irp-decision.pdf
https://docs.bcuc.com/documents/other/2024/doc_76260_g-58-24-bch-2021irp-decision.pdf
https://climateinstitute.ca/energy-boards-transition-gas/
https://docs.bcuc.com/documents/NewsRelease/2024/2024-03-20-NEWS-RELEASE-BCUC-Decision-FortisBC-Revised-RNG-Program.pdf
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4.2 The importance of 
provincial leadership 
Without provincial initiative, the path to Canada’s climate targets is likely to be 

slow, costly, and ineffective (Linden-Fraser 2023). 

Strong climate policy—from legislated targets, to broad-based economy-wide 
measures, to utility- and consumer-scale policies—will be critical to Canada’s 
success. Not only does policy help influence consumer and business deci-
sion-making, it also sends a clear signal to regulators, utilities, and other 
energy-system actors, informing their planning. The federal government can 
certainly help, but provinces can significantly strengthen the policy environ-
ment by adopting each others’ successful policies and tailoring approaches to 
their specific challenges and opportunities.

But even with strengthened climate policy, unless provinces also address the 
regulatory framework for energy utilities, regulators may lack the clarity and 
resources they need to contend with the energy transition on their own. 

Many voices are calling for provincial policy clarity
Even as some Canadian regulators express concern 
about the looming risks of the clean energy transi-
tion and the importance of coordinating responses, 
they are also calling for provincial leadership.

In a March 2024 decision on BC Hydro’s Integrated 
Resource Plan, for example, the British Columbia 
Utilities Commission encouraged BC Hydro and 

FortisBC to improve their communication and coordination, but noted that it 
“cannot force the utilities to agree upon any given view of the future, and [does] 
not wish to be overly prescriptive on provincial planning issues that may be 
more appropriately in the domain of the government” (BCUC 2024).

Without provincial 
initiative, the path to 
Canada’s climate targets 
is likely to be slow, 
costly, and ineffective.

https://440megatonnes.ca/insight/closer-look-varying-climate-targets-provinces-territories/
https://docs.bcuc.com/documents/other/2024/doc_76260_g-58-24-bch-2021irp-decision.pdf
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Similarly, in a September 2023 decision, the Nova Scotia Utilities and Review 
Board approved the gas utility’s rate application, but questioned if its growth 
plan was in line with the province’s net zero goals. The Board noted that, while 
the clean energy transition raised pertinent questions for the continued viability 
of the gas utility, clarity on the role of gas in the transition was more appropri-
ately the purview of the provincial government (NSUARB 2023).

In the past year, various independent task forces and expert panels have simi-
larly called for more provincial government direction to facilitate improved long-
term planning. Ontario’s Energy Transition and Electrification Plan, for example, 
invited the government to produce an economy-wide vision for the clean 
energy transition, as well as provide “policy direction on the role of natural gas 
in Ontario’s future energy system as part of [the government’s] next integrated 
long-term energy plan” (Electrification and Energy Transition Panel 2023).

While energy regulators will grapple with the many challenges of the energy 
transition at the ground level, the levers of change are mostly in the hands of 
provincial governments. Their inaction or continued inertia will only make the 
problem worse. 

Provincial direction to regulators is the missing piece
Some provincial governments are beginning to recognize the need to direct and 
empower their energy regulators, at least with respect to the electricity system. 

For example, in early 2024, the Province of Nova Scotia announced plans to sig-
nificantly restructure its utility regulation regime. The province would spin out 
a new Nova Scotia Energy Board from the original Utilities and Review Board, 
establish a new independent System Operator, and include in the new Energy 
Board’s mandate the goals and targets in the Environmental Goals and Climate 
Change Reduction Act, including its 2030 and 2050 climate goals (Government 
of Nova Scotia 2024). 

Also in 2024, British Columbia amended the Clean Energy Act to direct the 
British Columbia Utilities Commission to ensure the procurement of sufficient 
electricity to meet climate targets while also limiting electricity rate increases 
to the rate of inflation. The amendments are an important step, even as further 
work is needed on energy system planning to support the interpretation and 
implementation of the new directives (Fransen et al. 2024). 

https://nsuarb.novascotia.ca/sites/default/files/NSUARB%20Board%20Decision%20-%20Eastward%20Energy%20Inc%20-%20Natural%20Gas%20-%20M10960%20Decision.pdf
https://www.ontario.ca/files/2024-02/energy-eetp-ontarios-clean-energy-opportunity-en-2024-02-02.pdf
https://news.novascotia.ca/en/2024/02/23/statement-report-clean-electricity-solutions-task-force
https://news.novascotia.ca/en/2024/02/23/statement-report-clean-electricity-solutions-task-force
https://www.stikeman.com/en-ca/kh/canadian-energy-law/british-columbia-is-ripe-for-renewable-energy-development
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No province, however, has yet issued a long-term direction on what the clean 
energy transition means for the future of gas for building heat in their juris-
diction, or how gas and electricity systems both must transform to get on a 
cost-effective path to net zero. 

This lack of direction carries significant consequences. For example, ongoing 
ambiguity around potential new lines of regulated business for gas utilities is 
contributing to inertia. Both significant expansion of their regulated lines of 
business and restriction to their current ones have pros and cons: expansion 
allows them to find a new path forward, but restricts the roles that electric util-
ities and other actors will get to play; restriction allows new players to enter, but 
leaves gas utilities as forceful advocates for the status quo of continued system 
expansion. A lack of clarity around these questions leaves both utilities and their 
regulators at a crossroads, and is contributing to inertia.

The limits of current climate policy, on the one hand, mean that existing market 
signals are not strong enough or consistent enough to drive gas demand down 
fast enough. The limits of current utility regulation, on the other hand, mean 
that regulators are not adequately equipped to prepare for the energy transition 
and the risk it could pose to ratepayers. And these two policy problems interact 
to keep energy systems on the wrong track.

Absent policy leadership, provinces risk ending up 
with underdeveloped or unbalanced energy systems 
that are not ready for what’s coming, straining afford-
ability and reliability. The continued expansion of gas 
networks exacerbates the risk of stranded assets 
and elevated costs for ratepayers, as well as costly 
emissions lock-in that either puts an unfair burden 
on other sectors or puts Canada’s climate targets 
out of reach. And without careful attention from 
policy makers and regulators, the risk of exacerbating 

equity impacts will remain unresolved: low-income Canadians and renters will 
continue to face barriers to access energy savings for efficiency and clean tech-
nology, and the last customers on the gas system will likely be those with the 
least capacity to bear its costs.

To provide better policy leadership and needed guidance to energy sector 
actors, provincial governments are starting to commission independent 
pathway assessments and produce net zero energy roadmaps. Box 4 discusses 
these tools and their critical features.

Provinces risk ending 
up with underdeveloped 
or unbalanced energy 
systems that are not 
ready for what’s coming.
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Box  

5

A pathway assessment is a study of 
the available and credible pathways 

to achieving a net zero economy by 
2050. It is a valuable tool for ensuring an 
orderly energy transition, as it helps to 
evaluate choices and tradeoffs, identify 
priority actions, and bring key stake-
holders together for evidence-based 
discussions. The insights gained from an 
independent pathway assessment—  
particularly one that includes a degree  
of regional assessment—can help drive  
a cost-effective transition.

Properly designed, a pathway assess-
ment helps build consensus among 
stakeholders regarding these choices, 
and will help set a clear direction for the 
decarbonization of a province’s heating 
system. Ideally, a pathway assessment 
is re-commissioned on a regular basis, 
and is not a replacement for the more 
detailed energy system planning that 
system operators and utilities under-
take, instead acting as a clear input to 
that work, and a signal regarding where 
investments should be going. 

The role of pathway assessments 
and energy roadmaps

A pathway assessment should 
consider all credible net zero 
pathways, regardless of estab-
lished technology or pathway 
preferences, accounting for 
the inherent uncertainty of 
the transition. This could be 
accomplished by commis-
sioning a pathway assessment 
from independent experts or by 
ensuring project scope is inclu-
sive of all potential scenarios, 
considering uncertainties such as 
technology costs and availability 
as well as global climate action 
and oil prices. 

The assessment’s modelling 
should include an evaluation of 
the greenhouse gas emissions 
associated with all aspects of 
the economy, the interactions 
with all types of energy sources 
(not exclusive to electricity), and 
regional differences within the 
province or territory. 

EXHAUSTIVE COMPREHENSIVE

To be useful to governments, regulators, utilities, and other actors, 
pathway assessments should be: 
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Model selection, scenario 
design, and the selection of 

inputs and assumptions should 
be done transparently, with the 
outputs from all considered scen-
arios available for public scrutiny.

TRANSPARENT
Box  

5
A pathway assessment should 
not seek to replace more detailed 
electricity system planning 
and modelling conducted by 
system operators and utilities, 
but instead provide credible 
scenarios as an input. A pathway 
assessment can use more 
detailed modelling, specific to a 
given power system, region, or 
sector, to enhance the inputs and 
assumptions it makes when con-
sidering different scenarios.

HIGH-LEVEL

In order to ensure a jurisdiction’s 
energy strategy remains relevant, 
a pathway assessment should 
be recommissioned on a regular 
schedule (perhaps every five 
years). This allows for the inclu-
sion of new scenarios, consider-
ation of changes in technology 
costs and availability, macro-
economic changes, and insights 
from more detailed modelling 
that looks at specific sectors, 
technologies and regions. 

It is critical to be thought-
ful about the data inputs, 
scenario design, and assump-
tions employed in a modelling 
exercise. Many assumptions are 
highly subjective and should be 
determined in consultation with 
local subject matter experts and 
stakeholders (including electri-
city system regulators, energy 
utilities, government officials, 
labour and civil society organ-
izations, consumer interest 
organizations, and municipal and 
external policy experts), as well as 
Indigenous rights holders.

RECURRING

CONSULTATIVE

(continued)
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Box  

5
(continued)

Provincial governments can 
develop energy roadmaps 

to guide their transition to a 
net zero energy system. The 
roadmap serves as a compre-

hensive strategy or high-level plan—it 
clearly articulates the government’s 
overall vision and objectives, while  
focusing on near-term priority actions. 

Such system-level energy strategies must 
be produced by an elected government, as 
energy sector actors, like regulators, do not 
have the authority or mandate to make the 
wide-reaching policy decisions that mean-
ingful energy roadmaps provide.

Energy roadmaps are seeing increasing 
use in a variety of jurisdictions across 
North America, helping energy system 
actors to navigate the policy priorities of 
governments, and plan the necessary 
investments accordingly.

This objective should also be reflected in the legislation that articulates the 
mandate for regulators, system operators, permitting and approvals authorities, 
and Crown utilities (see first recommendation, below). 

Set out a clear picture of outcomes that the roadmap is trying to achieve in 2050, 
five-year milestones along the way, the objectives that inform the roadmap, and 
the near-term actions that can achieve these objectives and the long-term vision. 

Ensure the roadmap, and the priorities it sets out, are updated at least every five 
years. This will be critical to ensure roadmaps stay action oriented, drive specific 
changes, and remain relevant to the evolution of the energy system. 

CENTRE NET ZERO BY CLEARLY ARTICULATING  
A 2050 NET ZERO OBJECTIVE IN THE ENERGY ROADMAP

CLEARLY ARTICULATE THE GOVERNMENT’S VISION, OBJECTIVES, AND ACTIONS

PROVIDE REGULAR UPDATES

To help navigate the decarbonization of building heat systems, 
energy roadmaps should:
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Require responsible entities or agencies to publicly report no less than 
biannually to the provincial or territorial government to outline how they 
are supporting the jurisdiction’s net zero energy vision and to identify 
both progress and barriers.

Box  

5
(continued)

For more information on best practices in pathway assess-
ments and energy roadmaps, see the appendix of the Canada 
Electricity Advisory Council's report Powering Canada:  
A Blueprint for Success (Dunsky et. al 2024).

Provide direction on the necessary action and reforms for the full energy system 
(both electricity and gas systems), promoting integrated planning and resource 
deployment and tackling the full domestic energy mix that will be required in 
2050. Energy exports can be considered out of scope for a roadmap.

Identify and provide direction on key reforms necessary to update existing 
energy governance and regulatory frameworks to align with the achievement of 
a net zero energy system.

Ensure that Indigenous rights holders, key stakeholders, and the broader public 
have the support and resources to meaningfully participate in developing the 
energy roadmap, and the opportunity to inform the regular updates that take place.

In addition to five-year milestones and periodic updates to the roadmap, the gov-
ernment should commit to transparently reporting back no less than biannually, 
to transparently review the actions outlined and provide updates on progress.

SCOPE TO INCLUDE ALL ENERGY SYSTEMS

MODERNIZE ENERGY GOVERNANCE AND REGULATION

DEVELOP A PARTICIPATORY ENGAGEMENT PROCESS

CONDUCT REGULAR EVALUATIONS OF ACTIONS

ENSURE ALIGNMENT ACROSS ENERGY SYSTEM ACTORS
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Aligning  
building heat 
with net zero

As we’ve seen throughout this 
analysis, the clean energy 

transition has profound impli-
cations for the energy systems 
that provide gas and electricity 
to heat Canada’s buildings. In 
this section, we step back to 
summarize the top-line conclu-
sions this analysis yields, and 
then present a series of recom-
mendations designed to help 
regulators and provincial gov-
ernments navigate this tran-
sition in a way that protects 
long-term energy affordability 
and reliability for Canadians. 

SECTION
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5.1 Conclusions
Canada’s clean energy transition will fundamentally change how Canadians 

heat buildings, and transform gas and electric systems. Four overarching 
conclusions emerge from our analysis.

Electricity powers most space heating 
as Canada approaches net zero

Across all regions and in all sensitivity scenarios, the 
story is the same: On a cost-effective pathway to net 
zero, most homes and businesses switch from fossil 
fuels to electricity to heat their spaces. The details 
vary province to province, but the pattern of substan-
tial electrification is consistent everywhere. 

Many provinces are making progress in cleaning up 
their electricity grid. But to support economy-wide 
decarbonization, all provincial electricity systems 
must get cleaner, bigger, and smarter—and quickly. 

Indeed, managing peak demand to keep electricity affordable and reliable will 
likely emerge as the central challenge facing electric utilities in this transition. 

Even with hybrid heat, biomethane, and hydrogen, 
a cost-optimal clean energy transition means 
contracting gas networks in Canada 

Our modelling results and the results of similar studies see gas volume declin-
ing in all regions and across all sensitivities in the transition to net zero. Low-
emission gases don’t come close to making up the difference. Scarce supplies 
of biomethane and hydrogen are more optimally used to decarbonize other 
sectors, such as heavy industry. 

Managing peak demand 
to keep electricity 
affordable and reliable 
will likely emerge as the 
central challenge facing 
electric utilities in this 
transition. 
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Hybrid heat can be a stepping stone in many places, and part of a long-term 
pathway in some contexts. But those opportunities are limited, and even in 
cases where hybrid heat plays a larger long-term role, the gas network must 
likely still contract to keep costs manageable for ratepayers.

A business-as-usual approach increases the risk of higher 
costs, jeopardizes Canada’s climate goals, or both 

Under status quo utility regulation and current 
climate policy, greenhouse gas emissions from the 
buildings sector are rising, gas utilities are continuing 
to expand their networks, and electricity utilities are 
only just starting to get serious about growth. 

Delayed action on the gas system will result in 
continued growth, adding costs that would take 
decades to recover. Ongoing and increasing invest-
ment in the gas system leaves remaining gas rate-

payers at risk of rising gas rates, as larger numbers of gas ratepayers switch to 
electricity to heat their homes and businesses. It also increases the undepreci-
ated value of assets, which can make contraction of the gas system more 
expensive, causing further delay. 

Delayed action on the electricity side, meanwhile, risks a mismatch between 
growing electricity demand and supply. This can inhibit the momentum of con-
sumers switching to electricity, which means that consumers lose out on the 
advantages of electrification while hampering Canada’s progress to net zero. 

The longer that policymakers and regulators delay action, the greater the risk 
that Canadians will end up on the hook for an overbuilt and underused gas 
system, an overburdened electrical grid, or both. 

The longer that 
policymakers and 
regulators delay action, 
the greater the risk  
that Canadians will  
end up on the hook. 
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Provincial and territorial policy is the missing 
piece for achieving climate goals while 
protecting reliability and affordability 

Provinces and territories oversee electric and gas utility regulation. Their policy 
leadership is needed to make sure Canada’s energy systems and their regu-
lators are driving the clean energy transition while protecting reliability and 
affordability. 

Local details matter. Electricity grids and gas networks are provincially and 
territorially regulated; provincial economies differ; and each gas network has 
important spatial features. These spatial features include the extent and age of 
the network, and the number and type of customers connected. This challenge 
can therefore only be successfully navigated with detailed planning and policy 
leadership, province by province.

Provincial and territorial government policy attention is also required to ensure 
access to heating is affordable, reliable, and equitable. The clean energy tran-
sition offers opportunities to do just that. Energy efficiency, for example, can 
cut energy bills significantly and lastingly. But it also raises challenges. Those 
who would most benefit from energy efficiency and smart electrification are 
often the least able to afford the upfront investments required. Many house-
holds and businesses are already switching off fossil fuels, but asymmetrically 
across the country and across income levels. If this trend continues and only 
higher-income homeowners are able to retrofit homes and electrify with heat 
pumps, then the rising cost of maintaining the gas network could dispropor-
tionately fall on renters and lower-income Canadians. 
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5.2 Recommendations
While the clean energy transition will play out over several decades, the long-

term implications of today’s investment decisions mean that governments 
must start now to change the status quo and protect ratepayers from the costs 
of dead-end pathways. Based on our research and the conclusions above, we 
make the following policy recommendations.

Provincial governments should equip  
regulators, system operators, and utilities  
to make decisions consistent with net zero

A lack of policy clarity and alignment creates uncertainty for energy system 
actors. This uncertainty can delay the investments needed to deploy lower-cost 
and net-zero-aligned infrastructure, and risk further expansion of the gas 
system beyond what is cost-optimal.

In order to achieve an equitable and affordable transition, provincial govern-
ments need to clarify their policy objectives and make use of a suite of planning 
tools that are being deployed across a growing number of jurisdictions.

Provincial governments should:

Legislate a target for net zero 
by 2050 and interim milestones, 
update the mandates of regula-
tors to include achievement of 
these climate targets, and equip 
regulators with the financial and 
human resources needed to 
deliver. And in provinces where 
they exist, system operators and 
Crown utilities should receive 
similar mandates. 

Commission and regularly 
update independent, econ-
omy-wide pathway assessments, 
and/or leverage existing analyses 
that can inform development 
of an energy roadmap. These 
higher-level assessments should 
complement, and ideally inte-
grate, more granular pathway 
assessments undertaken by util-
ities and/or system operators. 

1
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with electricity grid capital investment plans that protect energy system 
reliability and affordability for consumers. Such analysis and planning must be 
independent from any related analysis and planning by gas and electric util-
ities and other energy sector actors.

Provincial governments should stop treating  
gas system expansion as the default option,  
and equip regulators to consider alternatives

Across Canada, government policy should no longer treat the connection of 
new buildings to gas networks as a matter of course. In most contexts, and 
particularly for new developments, electric building heat should be the default, 
unless there is a specific local alternative such as a thermal network. 

Process outcomes are currently biased in favour of gas connections in 
numerous and often complex ways. 

Produce energy roadmaps that 
present the government’s vision 
for how the jurisdiction will 
meet its energy needs under 
net zero by 2050, lay out five-
year milestones, and report 
annually on progress. In particu-
lar, roadmaps should specify the 
roles of the gas and electricity 
system through the transi-
tion and identify responsibil-
ities for overall energy system 
coordination.13 

13. The organization responsible for managing this work may be an existing or new entity. 
Several jurisdictions have introduced new bodies to coordinate gas and electricity systems, 
such as the United Kingdom’s Future System Operator and Massachusetts’ Office of the Energy 
Transformation.

Provincial governments can and 
should undertake these actions in 
parallel, since too much delay on 
any one component risks locking in 
dead-end pathways. 

Pathway assessments and energy 
roadmaps should be consistent with 
best practices. In particular, prov-
incial governments and regulators 
should consider gas and electricity 
systems together in related analysis 
and planning, so that efforts to right-
size the gas system can be paired 

2
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Provincial governments should require gas utilities 
to provide maps of their networks to facilitate a 
managed transition that protects ratepayers 

Provincial governments, regulators, and gas utilities should start laying the 
groundwork for the gradual, managed contraction of gas networks.

Preparing for a smaller gas network will require balancing multiple interests, 
technical planning, and finding solutions to equity challenges. But the effort 
can pay off in savings for ratepayers. 

Other jurisdictions have found that planning for declining gas demand can 
result in significant cost savings while better protecting the viability of remain-
ing infrastructure (Moore 2023, Energy + Environmental Economics, and 
ScottMadden Management Consultants 2022). California, the Netherlands, and 
Germany, for example, have already begun selective, proactive gas network 
pruning based on detailed understanding of their gas grids. A German study 
found that orderly decommissioning within the country’s gas grid could save 
up to $5 billion annually, compared to a similar pace of declining gas use,  

Provinces could immediately 
direct regulators to consider 
the risks of stranded gas assets, 
and compare them against 
alternatives to replacing and 
extending gas pipelines when 
reviewing gas utility submis-
sions. Alternatives should be 
broadly defined to include elec-
trification, efficiency measures, 
as well as options that could 
include pipes, such as thermal 
energy networks and waste 
heat recovery. 

Provinces could also direct 
regulators to reform obliga-
tion-to-serve requirements 
for gas utilities, so they do not 
necessitate continued gas 
network expansion (BDC 2024).

Provinces could also mandate 
that new buildings be fully 
electric, except where a suitable 
net-zero alternative exists (such 
as a thermal energy network).

3

To be successful, implementation of this recommendation may require provin-
cial governments to take the following actions, many of them complementary 
to each other:

https://www.sightline.org/2023/06/07/its-time-for-cascadia-to-start-pruning-the-gas-system-and-electrifying-whole-neighborhoods/
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://buildingdecarb.org/decarbnation-obligation-to-serve
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more interspersed throughout the gas network (Herndorff et al. 2023). Germany 
now mandates heat plans for all cities with more than 20,000 inhabitants 
(Federal Ministry for Economic Affairs and Climate 2024). The Netherlands has 
rolled out a gas-free-neighbourhood pilot in 66 communities (OECD 2023). In 
California, gas utilities are implementing targeted electrification—programs to 
switch customers from gas to electricity in locations that maximize benefits to 
the whole system—to avoid the expense and stranded asset risks of gas infra-
structure replacement (PG&E 2022).

Mapping existing gas infrastructure is a foundational part of this proactive work. 
In particular, information on the age and condition of pipelines, and the antici-
pated timing and rate of gas pipeline replacement, is often unavailable. Requiring 
gas utilities to gather and share this information (in a way that protects con-
fidentiality and security) would help provincial policymakers, regulators, and 
other energy utilities identify opportunities to gradually reduce the size of the 
gas system and address implications for rates and customer bills. Additionally, 
requiring utilities to share more detailed gas and electricity network information 
with municipalities and other utilities could help to proactively identify upcoming 
pipeline replacements and assess non-pipeline alternatives, such as thermal 
energy networks or targeted and neighbourhood-scale electrification. 

All orders of government should strengthen 
policies to support building electrification, 
peak management, and energy efficiency

Energy efficiency and fuel switching policies differ significantly between prov-
inces. Provinces with less experience can learn from those that have developed 
and implemented successful market transformation measures, such as the 
BC Energy Step Code.

Completing and strengthening the suite of consumer-focused policies includes: 

4

Regulatory certainty, including 
strengthened building codes 
for new buildings and retrofits, 
building performance standards, 
and equipment standards. 

Direct financial support for 
energy retrofits and smart 
electrification—with subsidies 
for low-income Canadians and 
financing tools for all to increase 
adoption rates.

https://static.agora-energiewende.de/fileadmin/Projekte/2022/2022-06_DE_Gasverteilnetze/A-EW_291_Gasverteilnetze_WEB.pdf
https://www.bmwk-energiewende.de/EWD/Redaktion/EN/Newsletter/2023/11/Meldung/news1.html#:~:text=The%20Heat%20Planning%20Act%20improves,cities%20by%2030%20June%202026.
https://www.oecd.org/publications/decarbonising-homes-in-cities-in-the-netherlands-b94727de-en.htm/1000
https://www.oecd.org/publications/decarbonising-homes-in-cities-in-the-netherlands-b94727de-en.htm/1000
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M500/K435/500435462.PDF
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Through their design and implementation, these policies should: 

All orders of government should centre 
equity in policy design and provide 
targeted support to the most affected

Consumer-focused policy should centre equity and inclusion to ensure 
heating remains affordable in the clean energy transition, particularly for 
lower-income households. 

Implementation support for 
energy retrofits and smart 
electrification, such as labour 
market development, education 
and training, and community 
outreach initiatives.

Steer investment away from 
dead-end pathways. An over-
reliance on biomethane or 
hydrogen for decarbonizing 
buildings risks missed climate 
targets and high costs for rate-
payers and for other sectors that 
must do more of the work of 
reducing emissions.

A broad-based, consistent, and 
rising price on greenhouse gas 
emissions.

Prioritize energy efficiency 
and peak management. 
Governments and program 
administrators must pair elec-
trification with efficiency to 
capture cost savings for the 
overall system and ratepayer.

Send a long-term signal to the 
market, via stable funding for 
incentive programs, clear long-
term targets, and predictable 
improvements over time to per-
formance-based building codes. 

Integrate equity objectives, 
including inclusion and co- 
design with underserved and 
equity-seeking groups and 
Indigenous communities.

5
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As provincial and territorial governments and regulators take action to limit 
the overall size of infrastructure liabilities for all ratepayers, provincial and ter-
ritorial policy must still determine who bears the remaining costs, and how. 
Policy choices affect how the cost of energy infrastructure is distributed within 
customer classes (for example, for residential ratepayers across the income 
spectrum), among customer classes (residential, commercial, and indus-
trial) and across ratepayers, shareholders, and governments. Decreasing gas 
demand and a contracting customer base risks burdening remaining custom-
ers with high rates. Absent policy interventions, these remaining customers 
could be those who are least able to afford increased costs.

Governments and regulators presiding over energy system changes should 
anticipate equity impacts and design solutions to address them. Centring 
equity in policy making does not necessarily mean avoiding prudent climate 
and regulatory policies that could have adverse equity outcomes. Rather, it 
means carefully assessing the equity impacts of such policies and, where 
necessary, bringing in complementary, tailored policies, or supports that can 
address them, such as means-tested fixed charges (Dolter and Winter 2022)  
or low-income-targeted discounts on overall bills. 

Regulators can play a supporting and even an implementing role in address-
ing equity, but need clear policy and guidance from governments to do so. 
It is governments that are ultimately accountable for addressing potential 
equity challenges.

https://canadianclimat.wpenginepowered.com/wp-content/uploads/2022/09/Electricity-and-equity-canadas-energy-transition.pdf
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APPENDIX 1 —  

THE NATEM MODEL

NATEM, a techno-economic optimization model run by ESMIA Consultants, 
can provide insight into the most cost-effective pathway to meet a given 
outcome. In this case, we set a net zero constraint for the whole economy 
to characterize how the buildings sector’s technology mix and fuel use 

change over time and to evaluate how these changes may impact other sectors 
of the economy as they transition to net zero.

The constraint on emissions comes into effect in 2030 and increases linearly 
until reaching a limit of 10 megatonnes of carbon dioxide equivalent in 2050 
(with an assumption that these remaining residual emissions would be offset 
by nature-based sources of negative emissions). The constraint is applied at a 
national level, requiring provinces and jurisdictions to reduce their emissions at 
a pace and scale that enables the country as a whole to decarbonize cost- 
effectively. Policies that were in effect or announced as of Spring 2023 must be 
met. Beyond this, no additional constraints are applied on the buildings sector, 
allowing the model to make technology and fuel choices that are consistent 
with achieving a cost-optimal pathway to net zero emissions economy-wide.

The NATEM model is well suited to this analysis because: 

 — It can represent technologies in rich detail. The model represents the 
Canadian economy in each region and sector, capturing the technologies 
and processes that enable the production (for example, refineries and 
power plants), transportation (for example, pipelines) and consumption 
(for example, furnaces and heat pumps) of energy. Each technology in 
the model is characterized by various parameters, including capital costs, 
operation and maintenance costs, efficiency, operational lifetime, and 
relevant operating constraints. Existing technologies can be replaced 
at the end of their lifetime or when cost-effective, with newer versions 
of the same technology (for example, replacing an old gas furnace with 
a new gas furnace) or swapped out for new technologies (for example, 
replacing an old gas furnace with a heat pump). The technological detail 
means we can analyze the energy transition from a bottom-up perspec-
tive and see the impacts of technology change on energy supply and 
demand, system-wide costs, and greenhouse gas emissions. 
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 — It can capture complex dynamics between sectors. Because NATEM is a 
multi-sectoral model, containing all economic sectors, it can represent how 
change in one sector can affect other sectors. For example, it can charac-
terize how electrification in sectors like buildings and transportation affects 
the full electricity supply chain in each province, from resource extraction to 
electricity delivery. This modelling approach means that NATEM is particu-
larly well-suited to capturing the full dynamics of switching from one type 
of energy to another, for example, from fossil fuels to electricity. 

 — It works to minimize cost across the economy, rather than in any 
single sector alone. Optimizing costs across multiple sectors allows us to 
identify a pathway for building heat that does not merely externalize the 
costs of decarbonization to other sectors. To meet the net zero constraint, 
the model seeks to find the most efficient use of available clean energy 
resources across the whole economy. 

We tested the robustness of the modelling results with sensitivity analyses 
and ground-truthing initial results with experts and stakeholders. We tested 
a variety of model input uncertainties (for example, technology costs and effi-
ciencies, availability of fuel feedstocks) by configuring and running a series 
of sensitivity analyses (see Table 2). Throughout the modelling process, we 
engaged with stakeholders to collect feedback on modelling results and 
assumptions, and made adjustments to model inputs where possible. 

Like all models, the NATEM model has limitations. NATEM’s optimization 
does not account for the motivations of individual actors or how the dynamic 
responses of individual actors could influence the evolution of the energy 
system. NATEM captures some behavioural factors, for example by applying 
technological hurdle rates to account for consumer preferences for more 
familiar technology, but it is not an individual-agent-based model.

Also, even though NATEM uses the best data available and stakeholder- 
informed assumptions, significant uncertainty remains in particular around 
data points that rely on projections of the future, such as future technol-
ogy and energy costs, energy demands, and resource availability. Sensitivity 
analyses can help to address but not fully eliminate this source of uncertainty. 
The pathways that we explore in this report should therefore be interpreted as 
possible ways that the energy system could, not will, cost-effectively transition 
under a certain set of assumptions. 
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Table 

2
Description of sensitivity analyses 
run on the core modelled scenario

DESCRIPTION

Lower cost reductions, 
higher performance 

improvements of air-source 
and ground-source heat 

pumps

Deep retrofits/rate of energy 
efficiency improvements and 

higher deployment of peak 
reduction measures

Lower clean 
electricity 

technology costs

Higher availability of 
biomass feedstock 

supply; lower biomethane 
production cost

Lower level of 
efficiency and 

higher peaks

Lower cost of H2 supply, 
distribution upgrades, 

and H2 appliances

Increase H2 
blending

MODEL PARAMETERS

Costs  
Going down from 95% to 85% cost reduction in 2030 
then from 75% to 65% in 2050.

Efficiency  
Immediate reduction of heat pump efficiency by 30%  
of calculated values, with no improvements over time.

Efficiency  
Gradual increase of heat pump efficiency to 
reach a maximum of 130% by 2050.

Peak  
All heat pumps winter peak efficiency set to 1 at all time.

Costs  
Supply costs: 30% cost reduction for green hydrogen 
technologies (biomass and electricity), 8% for autothermal 
reforming with carbon capture and 6% for other technologies.

Appliance costs: 10% decrease in 2022 going to 50%  
decrease in 2050 for space heating, water heating  
and cooking appliances.

Costs  
30% reduced costs for biomethane 
production technologies by 2050.

Retrofits  
Increase all retrofit-available capacities.  
Allow up to 30% of space heating by 2030 
and 95% by 2060 for existing buildings.

Retrofit  
Only allow 20% of the maximum potential for retrofit.

Increase H2 blending rate from 5% of energy 
content to 20% of energy content

Costs  
All costs aligned with CER assumptions since they are 
lower for solar, gas with carbon capture, and small 
modular reactors. However, for wind, our costs are already 
lower. Take 80% of the costs (same difference from 
NATEM and CER solar costs reduction).

Feedstock  
200% increase of biomass feedstock.

HEAT EXCHANGE AppENdiX 1 — THE NATEM ModEl
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APPENDIX 2 —  

REVIEW OF SIMILAR 
MODELLING STUDIES

Reference Modelling approach Key findings Notes

Independent Canadian studies to determine optimal economy-wide pathways to net zero

EPRI, 2021 Model  

REGEN—a capacity expansion 
and dispatch optimization 
model integrated with end-
use models of buildings, 
transportation, and industry 
sectors.

Scenario

A net zero constraint in 2050 
is applied in each province. 
The federal carbon price is 
applied and is assumed to rise 
10% per year after 2030. 

 — Electricity meets 76% and 73% 
of residential and commercial 
heating demand, respectively, 
in 2050. 

 — Peak electricity demand 
increases by 51% between 
2015 to 2050. 

 — A significant amount of 
residual emissions remain in 
the buildings sector in 2050 
due to continued use of gas. 

 — Efficiency measures are 
critical to mitigating the 
increase in peak electricity 
demand.

Non-CO2 greenhouse gas 
emissions are excluded from 
the analysis, meaning the 
solutions modelled address only 
80% of Canada’s greenhouse 
gas emissions.

Low-emission fuels 
(biomethane and hydrogen) 
are excluded from the analysis 
so their potential role in 
decarbonizing sectors of the 
economy (including building 
heat) was not characterized.

Thermal energy networks are 
excluded.

Langlois-
Bertrand et al. 
2021 (IET)

Model  

NATEM—an economy-
wide optimization model; 
includes electricity, buildings, 
transportation, industry, oil and 
gas, agriculture, and waste.

Scenario

Federal greenhouse gas targets 
are applied as constraints at a 
national level: 40% reduction 
from 2005 levels by 2030; Net 
zero by 2050.

 — Electricity meets over 95% of 
residential and commercial 
total demand, in 2050.

 — Electricity generation 
increases around two-fold 
between 2016 and 2050. 

 — Gas demand decreases by 
almost 100%.

 — Near zero emissions remain 
in the buildings sector in 
2050.

 — Energy efficiency plays a 
significant role in a cost-
optimal configuration of  
the buildings sector.

Hybrid systems are not included 
in the analysis.

https://www.epri.com/research/products/000000003002021160
https://iet.polymtl.ca/wp-content/uploads/delightful-downloads/CEO2021_20211008-1.pdf
https://iet.polymtl.ca/wp-content/uploads/delightful-downloads/CEO2021_20211008-1.pdf
https://iet.polymtl.ca/wp-content/uploads/delightful-downloads/CEO2021_20211008-1.pdf
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Reference Modelling approach Key findings Notes

Studies undertaken by Canadian gas utilities and associations to compare pathways to net zero

Canadian Gas 
Association, 2021

Model  

Simulation; specific model or 
modelling framework is not 
described.

Scenarios

1   Focus on adoption of gas 
heat pumps.

2   Focus on adoption of hybrid 
heating.

3   Focus on integrating 
hydrogen and biomethane 
into supply.

 — Gas demand reduces  
by 30–56%.

 — Buildings sector emissions 
require offsets of 8–12 Mt CO2 
eq. in 2050 to meet net zero.

 — Require a combined volume 
of H2 and biomethane of 
approximately 500–850 
petajoules in the buildings 
sector in 2050.

The modelling approach used 
here is designed to illustrate 
pathways and not to seek 
optimized solutions.

Only the buildings sector is 
modelled; interactions with 
other sectors are not explored 
so the consequences of 
directing low-emission gases 
away from other sectors are not 
scoped in.

Only the impact on emissions 
is modelled; the costs of the 
different pathways are not 
explored. 

FortisBC, 2020 Model  

CanESS—a simulation 
model that accounts for 
energy supply and demand; 
includes electricity, buildings, 
transportation, and industry 
sectors.

Scenarios

1   100% electrification 
economy-wide.

2   Moderate electrification 
economy-wide with a major 
role for low-emission gases.

 — The 100% high electrification 
scenario results in a peak 
electricity demand in 
2050 that is about 1.2x 
greater than the moderate 
electrification scenario.

 — Total energy system costs 
between 2020-2050 are 15% 
higher in the 100% high 
electrification scenario 
compared to the moderate 
electrification scenario.

 — Gas demand decreases 
by 60% in the high 
electrification scenario 
and stays constant in the 
moderate electrification 
scenario.

The modelling approach used 
here is designed to illustrate 
pathways and not to seek 
optimized solutions.

The electricity required to 
produce low-emission gases is 
not accounted for. 

Enbridge, 2023 Model  

Guidehouse’s Low Carbon 
Pathways model—an 
integrated capacity expansion 
and dispatch optimization 
model that includes electricity, 
buildings, transportation, and 
industry sectors.

Scenarios

1   High electrification 
economy-wide.

2   Moderate electrification 
economy-wide with a major 
role for low-emission gases.

 — Electricity peak increases 
by 107% more in the high 
electrification scenario 
than in the scenario with 
moderate electrification/
more low-emission gas. 

 — Total energy system costs 
between 2020 and 2050 
are 6% higher in the high 
electrification scenario.

 — Annual energy demand for 
gas in buildings decreases 
by 88% and 49% respectively, 
in the high electrification 
and moderate electrification 
scenarios.

Though a cost-optimization 
model is used, the scenarios 
are very prescriptive and 
therefore limit the model from 
determining the cost-optimal 
technology and fuel mix in each 
sector.

The high electrification scenario 
assumes higher carbon 
prices than the moderate 
electrification scenario. If the 
same carbon price was used, 
the moderate electrification 
scenario would cost more than 
the high electrification scenario 
(as was reported in  
the findings). 

https://www.cga.ca/wp-content/uploads/2021/11/Potential-Gas-Pathways-to-Support-Net-Zero-Buildings-in-Canada-CGA-October-2021.pdf
https://www.cga.ca/wp-content/uploads/2021/11/Potential-Gas-Pathways-to-Support-Net-Zero-Buildings-in-Canada-CGA-October-2021.pdf
https://www.cdn.fortisbc.com/libraries/docs/default-source/about-us-documents/guidehouse-report.pdf
https://www.enbridgegas.com/-/media/Extranet-Pages/Sustainability/Pathways-to-Net-Zero/Enbridge-Ontario-Pathways-Report.pdf?la=en&rev=8fcdf4296a2c4a56af49da58a429f89b&hash=26A30B1F090CB638B31D32E471BE29DD
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Reference Modelling approach Key findings Notes

Independent International studies to determine optimal economy-wide pathways to net zero

USA: An Open 
Energy Outlook: 
Decarbonization 
Pathways for the 
USA (Venkatesh 
et al. 2022) 

Model  

Temoa—an energy system 
optimization model used 
to analyze decarbonization 
pathways across the energy 
system.

Scenario

An economy-wide net zero 
by 2050 constraint is applied. 
Emissions are required to 
decline linearly starting in 2025.

 — Electricity meets the majority 
of heating demand in the 
residential and commercial 
sectors in 2050.

 — Residential and commercial 
sectors see a shift to heat 
pumps for space heating. 

 — By 2050 total electricity 
demand is more than double 
that in 2020.

 — Hydrogen is mainly used 
in the transportation and 
industrial sectors.

Due to computational 
limitations, the 50 states are 
aggregated into 9 regions.

Many low-emission technology 
options for the industry 
sector are not included, so 
the potential pathways for 
decarbonizing this sector 
cannot be well characterized. 

EU: Net-
Zero Europe: 
Decarbonization 
pathways and 
socioeconomic 
implications 
(D'Aprile et al. 
2021) 

Model  

The study uses two optimization 
tools: Decarbonization 
Pathway Optimizer (models 
combinations of technologies 
in the industry, transportation, 
buildings, and agriculture 
sectors), and the McKinsey 
Power model (models power 
and new fuels). Both tools 
optimize for the lowest system 
cost. 

Scenario

EU greenhouse gas targets are 
applied as constraints:

 — 55% reduction from 1990 
levels by 2030.

 — Net zero by 2050.

 — The most cost-effective 
reductions can be achieved 
by retrofitting and replacing 
existing heating systems 
with more efficient 
technologies: in 2050, 
40% of buildings use heat 
pumps, 33% use thermal 
energy networks, 15% use 
biomethane or hydrogen 
boilers, and 10% use solar 
thermal.

 — Low gas and oil prices 
can delay the adoption of 
renewable technologies if 
regulations do not exist to 
force fuel switching. 

Fossil fuel prices were assumed 
to remain at current levels; the 
impact that falling oil and gas 
demand could have on prices 
in a net zero future was not 
considered.

Due to computational 
complexity, EU-27 was 
modelled as 10 regions. 

The power and fuels model 
is only soft-linked to the 
end-use models of industry, 
transportation, buildings, and 
agriculture sectors. As a result, 
the modelling does cost-
optimize across all economic 
sectors. 

Australia: 
Pathways to Net 
Zero Emissions―
An Australian 
Perspective 
on Rapid 
Decarbonization 
(Brinsmead et 
al. 2023) 

Model  

The study uses a combination 
of three models: GTEM which 
models global macroeconomic 
impacts, KPMG-EE which 
translates these impacts to 
the Australian economy, and 
AusTIMES which derives the 
least cost energy and emissions 
pathways.

Scenario

The carbon shadow price 
determined by GTEM to achieve 
net zero emissions is applied in 
AusTIMES.

 — Electricity meets 85% of 
buildings sector energy 
demand in 2050. 

 — By 2050, 70% of space 
heating and cooling in 
residential buildings is 
electrified.

 — Improving building thermal 
efficiency and replacing 
appliances with more 
efficient versions largely 
offsets the increase in 
electricity consumption 
associated with 
electrification. 

https://www.cmu.edu/energy/key-initiatives/open-energy-outlook/oeo-report-2022.html
https://www.cmu.edu/energy/key-initiatives/open-energy-outlook/oeo-report-2022.html
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.csiro.au/-/media/Environment/Net-zero/Reports/Technical-Report_Pathways-to-Net-Zero-Emissions.pdf
https://www.csiro.au/-/media/Environment/Net-zero/Reports/Technical-Report_Pathways-to-Net-Zero-Emissions.pdf
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Reference Modelling approach Key findings Notes

UK: The pathway 
to net zero 
heating in the 
UK (Rosenow et 
al. 2020) 

Model  

UK TIMES model—a bottom-
up techno-economic cost 
optimization tool. Covers energy 
demand in the residential, 
industrial, service, transport and 
agricultural sectors. 

Scenario

A net zero by 2050 constraint is 
applied to two scenarios: 

1   a conservative approach to 
technology availability, 

2   a progressive approach 
to technology availability 
that provides the model 
with more flexibility 
when making investment 
decisions in the buildings 
sector.

 — Gas is almost completely 
phased out of the residential 
sector by 2050; no new 
homes should be connected 
to the gas grid after 2025. 

 — By 2050, 58% of space 
heating will be met by heat 
pumps. The remaining 
demand is met largely by 
a mix of thermal energy 
networks and thermal 
storage.

 — Retrofits reduce total space 
heating demand in the 
residential sector by 10%  
in 2050.

 — Electrification of fossil fuel 
heating increases peak 
demand. 

The UK is characterized as a 
single region in the model.

https://d2e1qxpsswcpgz.cloudfront.net/uploads/2020/09/The_pathway_to_net_zero_heating_UKERC_briefing.pdf
https://d2e1qxpsswcpgz.cloudfront.net/uploads/2020/09/The_pathway_to_net_zero_heating_UKERC_briefing.pdf


97HEAT EXCHANGE ACkNowlEdGmENTs

ACKNOWLEDGMENTS
STAFF AUTHORS

Kate Harland Research Lead

Sachi Gibson Mitigation Research Director

Jason Dion Senior Research Director

Nikhitha Gajudhur Research Associate

Kathleen Mifflin Senior Research Associate

STAFF CONTRIBUTORS

Dale Beugin Executive Vice President

Christiana Guertin Research Associate

Caroline Lee former Mitigation Research Director

David Mitchell Senior Communications Specialist

EXPERT PANELISTS
Louis Beaumier Executive Director, Trottier Energy Institute

Annie Chaloux Associate Professor of Applied Political Studies, University of Sherbrooke

Kathryn Harrison Professor of Political Science, University of British Columbia

Andrew Leach Professor of Economics and Law, University of Alberta

Corey Mattie Advisory Council Member, Indigenous Clean Energy

Juan Moreno-Cruz Associate Professor and Canada Research Chair, School of Environment, 
Enterprise and Development, University of Waterloo

Nancy Olewiler Professor, School of Public Policy, Simon Fraser University

Maria Panezi Associate Professor, University of New Brunswick Law

Pierre-Olivier Pineau Professor, Chair in Energy Sector Management, HEC Montreal

Nicholas Rivers Associate Professor, Canadian Research Chair, Climate and Energy Policy, 
University of Ottawa

Kwatuuma Cole Sayers Executive Director, Clean Energy BC

Kristen van de Biezenbos Professor of Law, California Western School of Law

Jennifer Winter Associate Professor, Department of Economics and School of Public Policy, 
University of Calgary



98HEAT EXCHANGE ACkNowlEdGmENTs

EXTERNAL REVIEWERS AND CONTRIBUTORS
Chris Bataille Adjunct Research Fellow, Center on Global Energy Policy at Columbia 

University and Adjunct Professor, Simon Fraser University

Gerry Forrest Forkast Energy and Regulatory Consulting

James Glave Bright Future Studio, Ltd

Brandon Ott Utilis Consulting

Kathleen Vaillancourt Energy Super Modelers and International Analysts (ESMIA)

Dan Woynillowicz Polaris Strategy

PRODUCTION SUPPORT
Production manager: Janina Stajic
Design and visualizations by Voilà: chezVoila.com
Translation: OpenText

CREATIVE COMMONS
Published under a Creative Commons BY-NC-ND 4.0 
license by the Canadian Climate Institute. The text of 
this document may be reproduced in whole or part for 
non-commercial purposes, with proper source citation.

RECOMMENDED CITATION
Harland, Kate, Sachi Gibson, Jason Dion, 
Nikhitha Gajudhur, and Kathleen Mifflin. 2024. 
Heat Exchange: How today’s policies will drive or delay 
Canada’s transition to clean, reliable heat for  
buildings. Canadian Climate Institute. 
https://climateinstitute.ca/reports/building-heat/

http://chezVoila.com
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode


99HEAT EXCHANGE REfERENCEs

REFERENCES
Abboud, Salim, Kevin Aschim, Brennan 
Bagdan, Partha Sarkar, Hongqi Yuan, 
Brent Scorfield, Christian Felske, Shahrzad 
Rahbar, and Louis Marmen. 2010. Potential 
Production of Methane from Canadian 
Wastes. https://biogasassociation.ca/
images/uploads/documents/2010/
Potential_Production_of_Methane_from_
Canadian_Wastes-ARC_FINAL_Report-
Sept_23_2010.doc 

Advanced Energy United. 2023. Case 
Studies: Gas Line Extension Allowances. 
https://advancedenergyunited.org/
hubfs/2023%20Reports/Gas%20Line%20
Extension%20Allowances%201.23.pdf 

Ambrose, Jillian. 2023. “‘Hydrogen village’ 
plan in Redcar abandoned after local 
opposition.” The Guardian. December 14. 
https://www.theguardian.com/enShahrzad 
Rahbar and Louis Marmenvironment/2023/
dec/14/hydrogen-village-plan-in-redcar-
abandoned-after-local-oppositiion 

ATCO. 2021. Fort Saskatchewan Hydrogen 
Blending Project. https://gas.atco.com/
content/dam/web/projects/projects-
overview/fort-sask-hydrogen-blending-info-
sheet-december2021.pdf 

Bagdanov, Kristen George. 2024. 
Decarbonising the Obligation to Serve. 
Building Decarbonization Coalition. https://
buildingdecarb.org/wp-content/uploads/
FINAL_Decarbonizing-the-Obligation-to-
Serve_March2024.pdf 

Bagdanov, Kristen George. 2022. 
DecarbNation, Issue 2: The Future of Gas. 
Building Decarbonization Coalition. https://
buildingdecarb.org/decarbnation-issue-2 

Baldwin, Sara, Dan Esposito, and Hadley 
Tallackson. 2022. Assessing the Viability of 
Hydrogen Proposals: Considerations for 
State Utility Regulators and Policymakers. 
Energy Innovation. https://energyinnovation.
org/wp-content/uploads/2022/04/
Assessing-the-Viability-of-Hydrogen-
Proposals.pdf 

Baril, Hélène. 2023. “Hydro-Québec veut 
faire annuler la décision de la Régie de 
l’énergie.” La Presse. March 28. https://www.
lapresse.ca/affaires/2023-03-28/entente-de-
bienergie-avec-energir/hydro-quebec-veut-
faire-annuler-la-decision-de-la-regie-de-l-
energie.php 

Bataille, Chris, David Sawyer, and 
Noel Melton. 2015. Pathways to deep 
decarbonization in Canada. SDSN 
(Sustainable Development Solutions 
Network) and IDDRI (Institute for Sustainable 
Development and International Relations). 
September. https://advancedbiofuels.ca/
wp-content/uploads/Deep-Decarbonization-
Pathways-Project.pdf 

BC Hydro. 2024. Power Pathway: Building 
B.C.’s energy future. January. https://www.
bchydro.com/content/dam/BCHydro/
customer-portal/documents/corporate/
capital-plan/capital-plan-2024.pdf 

BCUC (British Columbia Utilities 
Commission). 2012. Inquiry into the Offering 
of Products and Services in Alternative 
Energy Solutions and Other New initiatives. 
https://docs.bcuc.com/documents/
decisions/2012/doc_33023_g-201-12_fei-aes-
inquiry-report_web.pdf 

https://biogasassociation.ca/images/uploads/documents/2010/Potential_Production_of_Methane_from_Canadian_Wastes-ARC_FINAL_Report-Sept_23_2010.doc
https://biogasassociation.ca/images/uploads/documents/2010/Potential_Production_of_Methane_from_Canadian_Wastes-ARC_FINAL_Report-Sept_23_2010.doc
https://biogasassociation.ca/images/uploads/documents/2010/Potential_Production_of_Methane_from_Canadian_Wastes-ARC_FINAL_Report-Sept_23_2010.doc
https://biogasassociation.ca/images/uploads/documents/2010/Potential_Production_of_Methane_from_Canadian_Wastes-ARC_FINAL_Report-Sept_23_2010.doc
https://biogasassociation.ca/images/uploads/documents/2010/Potential_Production_of_Methane_from_Canadian_Wastes-ARC_FINAL_Report-Sept_23_2010.doc
https://advancedenergyunited.org/hubfs/2023%20Reports/Gas%20Line%20Extension%20Allowances%201.23.pdf
https://advancedenergyunited.org/hubfs/2023%20Reports/Gas%20Line%20Extension%20Allowances%201.23.pdf
https://advancedenergyunited.org/hubfs/2023%20Reports/Gas%20Line%20Extension%20Allowances%201.23.pdf
https://www.theguardian.com/environment/2023/dec/14/hydrogen-village-plan-in-redcar-abandoned-after-local-oppositiion
https://www.theguardian.com/environment/2023/dec/14/hydrogen-village-plan-in-redcar-abandoned-after-local-oppositiion
https://www.theguardian.com/environment/2023/dec/14/hydrogen-village-plan-in-redcar-abandoned-after-local-oppositiion
https://www.theguardian.com/environment/2023/dec/14/hydrogen-village-plan-in-redcar-abandoned-after-local-oppositiion
https://gas.atco.com/content/dam/web/projects/projects-overview/fort-sask-hydrogen-blending-info-sheet-december2021.pdf
https://gas.atco.com/content/dam/web/projects/projects-overview/fort-sask-hydrogen-blending-info-sheet-december2021.pdf
https://gas.atco.com/content/dam/web/projects/projects-overview/fort-sask-hydrogen-blending-info-sheet-december2021.pdf
https://gas.atco.com/content/dam/web/projects/projects-overview/fort-sask-hydrogen-blending-info-sheet-december2021.pdf
https://buildingdecarb.org/wp-content/uploads/FINAL_Decarbonizing-the-Obligation-to-Serve_March2024.pdf
https://buildingdecarb.org/wp-content/uploads/FINAL_Decarbonizing-the-Obligation-to-Serve_March2024.pdf
https://buildingdecarb.org/wp-content/uploads/FINAL_Decarbonizing-the-Obligation-to-Serve_March2024.pdf
https://buildingdecarb.org/wp-content/uploads/FINAL_Decarbonizing-the-Obligation-to-Serve_March2024.pdf
https://buildingdecarb.org/decarbnation-issue-2
https://buildingdecarb.org/decarbnation-issue-2
https://energyinnovation.org/wp-content/uploads/2022/04/Assessing-the-Viability-of-Hydrogen-Proposals.pdf
https://energyinnovation.org/wp-content/uploads/2022/04/Assessing-the-Viability-of-Hydrogen-Proposals.pdf
https://energyinnovation.org/wp-content/uploads/2022/04/Assessing-the-Viability-of-Hydrogen-Proposals.pdf
https://energyinnovation.org/wp-content/uploads/2022/04/Assessing-the-Viability-of-Hydrogen-Proposals.pdf
https://www.lapresse.ca/affaires/2023-03-28/entente-de-bienergie-avec-energir/hydro-quebec-veut-faire-annuler-la-decision-de-la-regie-de-l-energie.php
https://www.lapresse.ca/affaires/2023-03-28/entente-de-bienergie-avec-energir/hydro-quebec-veut-faire-annuler-la-decision-de-la-regie-de-l-energie.php
https://www.lapresse.ca/affaires/2023-03-28/entente-de-bienergie-avec-energir/hydro-quebec-veut-faire-annuler-la-decision-de-la-regie-de-l-energie.php
https://www.lapresse.ca/affaires/2023-03-28/entente-de-bienergie-avec-energir/hydro-quebec-veut-faire-annuler-la-decision-de-la-regie-de-l-energie.php
https://www.lapresse.ca/affaires/2023-03-28/entente-de-bienergie-avec-energir/hydro-quebec-veut-faire-annuler-la-decision-de-la-regie-de-l-energie.php
https://advancedbiofuels.ca/wp-content/uploads/Deep-Decarbonization-Pathways-Project.pdf
https://advancedbiofuels.ca/wp-content/uploads/Deep-Decarbonization-Pathways-Project.pdf
https://advancedbiofuels.ca/wp-content/uploads/Deep-Decarbonization-Pathways-Project.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/capital-plan/capital-plan-2024.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/capital-plan/capital-plan-2024.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/capital-plan/capital-plan-2024.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/corporate/capital-plan/capital-plan-2024.pdf
https://docs.bcuc.com/documents/decisions/2012/doc_33023_g-201-12_fei-aes-inquiry-report_web.pdf
https://docs.bcuc.com/documents/decisions/2012/doc_33023_g-201-12_fei-aes-inquiry-report_web.pdf
https://docs.bcuc.com/documents/decisions/2012/doc_33023_g-201-12_fei-aes-inquiry-report_web.pdf


100HEAT EXCHANGE REfERENCEs

BCUC (British Columbia Utilities 
Commission). 2023. Decision and Order 
G-361-23. https://www.ordersdecisions.
bcuc.com/bcuc/decisions/en/item/522057/
index.do 

BCUC (British Columbia Utilities 
Commission). 2024. Decision and Order 
G-58-24. https://docs.bcuc.com/documents/
other/2024/doc_76260_g-58-24-bch-2021irp-
decision.pdf 

Beer, Mitchell. 2023. St. Laurent North 
Denied. Canadian Climate Institute. 
https://climateinstitute.ca/publications/
st-laurent-north-denied/ 

Beugin, Dale, and Michael Gullo. 2022. 
“Clean electricity is a must-have for 
business—and for Canada’s economic 
prosperity.” July 21. Canadian Climate 
Institute. https://climateinstitute.ca/clean-
electricity-is-a-must-have-for-business/ 

BCUC (British Columbia Utilities 
Commission). N.d. “BCUC Review of 
Thermal Energy Systems Regulatory 
Framework Guidelines - Phase 2.” 
https://www.bcuc.com/OurWork/
ViewProceeding?applicationid=1210 

Bilich, Andy, Michael Colvin, and Timothy 
O’Connor. 2019. Managing the Transition. 
Proactive Solutions for Stranded Gas 
Asset Risk in California. Environmental 
Defense Fund. https://www.edf.org/sites/
default/files/documents/Managing_the_
Transition_new.pdf 

Billimoria, Sherri, Leia Guccione, Mike 
Henchen, and Leah Louis-Prescott. 
2018. The Economics of Electrifying 
Buildings. RMI (Rocky Mountain 
Institute). https://rmi.org/insight/
the-economics-of-electrifying-buildings/ 

Bonbright, James C. 1960. Principles 
of Public Utility Rates. Regulatory 
Assistance Project (RAP). October. https://
www.raponline.org/knowledge-center/
principles-of-public-utility-rates/ 

Brehm, Kevin, Mark Dyson, Avery McEvoy, 
and Connor Usry. 2023. Virtual Power 
Plants, Real Benefits. RMI (Rocky Mountain 
Institute). January. https://rmi.org/
wp-content/uploads/dlm_uploads/2023/01/
virtual_power_plants_real_benefits.pdf 

Brinsmead, Thomas S., George Verikios, Sally 
Cook, David Green, Taj Khandoker, Olivia 
Kember, Luke Reedman, Shelley Rodriguez, 
and Stuart Whitten. 2023. Pathways to Net 
Zero Emissions—An Australian Perspective 
on Rapid Decarbonisation. CSIRO. https://
www.csiro.au/-/media/Environment/
Net-zero/Reports/Technical-Report_
Pathways-to-Net-Zero-Emissions.pdf 

Bronski, Peter, Mark Dyson, Matte Lehrman, 
James Mandel, Jesse Morris, Titiaan Palazzi, 
Sam Ramirez, and Hervé Touati. 2015. The 
Economics of Demand Flexibility. How 
”Flexiwatts” Create Quantifiable Value for 
Customers and the Grid. RMI (Rocky Mountain 
Institute). August. https://rmi.org/wp-content/
uploads/2017/05/RMI_Document_Repository_
Public-Reprts_RMI-TheEconomicsofDemand
FlexibilityFullReport.pdf 

Butler, Patrick. 2024. “New generation 
needed quickly, says Hydro report on 
electricity demand.” CBC News. April 
5. https://www.cbc.ca/news/canada/
newfoundland-labrador/report-hydro-
demand-electricity-until-2034-1.7163682 

https://www.ordersdecisions.bcuc.com/bcuc/decisions/en/item/522057/index.do
https://www.ordersdecisions.bcuc.com/bcuc/decisions/en/item/522057/index.do
https://www.ordersdecisions.bcuc.com/bcuc/decisions/en/item/522057/index.do
https://docs.bcuc.com/documents/other/2024/doc_76260_g-58-24-bch-2021irp-decision.pdf
https://docs.bcuc.com/documents/other/2024/doc_76260_g-58-24-bch-2021irp-decision.pdf
https://docs.bcuc.com/documents/other/2024/doc_76260_g-58-24-bch-2021irp-decision.pdf
https://climateinstitute.ca/publications/st-laurent-north-denied/
https://climateinstitute.ca/publications/st-laurent-north-denied/
https://climateinstitute.ca/clean-electricity-is-a-must-have-for-business/
https://climateinstitute.ca/clean-electricity-is-a-must-have-for-business/
https://www.bcuc.com/OurWork/ViewProceeding?applicationid=1210
https://www.bcuc.com/OurWork/ViewProceeding?applicationid=1210
https://www.edf.org/sites/default/files/documents/Managing_the_Transition_new.pdf
https://www.edf.org/sites/default/files/documents/Managing_the_Transition_new.pdf
https://www.edf.org/sites/default/files/documents/Managing_the_Transition_new.pdf
https://rmi.org/insight/the-economics-of-electrifying-buildings/
https://rmi.org/insight/the-economics-of-electrifying-buildings/
https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/
https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/
https://www.raponline.org/knowledge-center/principles-of-public-utility-rates/
https://rmi.org/wp-content/uploads/dlm_uploads/2023/01/virtual_power_plants_real_benefits.pdf
https://rmi.org/wp-content/uploads/dlm_uploads/2023/01/virtual_power_plants_real_benefits.pdf
https://rmi.org/wp-content/uploads/dlm_uploads/2023/01/virtual_power_plants_real_benefits.pdf
https://www.csiro.au/-/media/Environment/Net-zero/Reports/Technical-Report_Pathways-to-Net-Zero-Emissions.pdf
https://www.csiro.au/-/media/Environment/Net-zero/Reports/Technical-Report_Pathways-to-Net-Zero-Emissions.pdf
https://www.csiro.au/-/media/Environment/Net-zero/Reports/Technical-Report_Pathways-to-Net-Zero-Emissions.pdf
https://www.csiro.au/-/media/Environment/Net-zero/Reports/Technical-Report_Pathways-to-Net-Zero-Emissions.pdf
https://rmi.org/wp-content/uploads/2017/05/RMI_Document_Repository_Public-Reprts_RMI-TheEconomicsofDemandFlexibilityFullReport.pdf
https://rmi.org/wp-content/uploads/2017/05/RMI_Document_Repository_Public-Reprts_RMI-TheEconomicsofDemandFlexibilityFullReport.pdf
https://rmi.org/wp-content/uploads/2017/05/RMI_Document_Repository_Public-Reprts_RMI-TheEconomicsofDemandFlexibilityFullReport.pdf
https://rmi.org/wp-content/uploads/2017/05/RMI_Document_Repository_Public-Reprts_RMI-TheEconomicsofDemandFlexibilityFullReport.pdf
https://www.cbc.ca/news/canada/newfoundland-labrador/report-hydro-demand-electricity-until-2034-1.7163682
https://www.cbc.ca/news/canada/newfoundland-labrador/report-hydro-demand-electricity-until-2034-1.7163682
https://www.cbc.ca/news/canada/newfoundland-labrador/report-hydro-demand-electricity-until-2034-1.7163682


101HEAT EXCHANGE REfERENCEs

California Public Utilities Commission. 
2022. Staff Proposal on Gas Distribution 
Infrastructure Decommissioning 
Framework in Support of Climate Goals. 
https://www.cpuc.ca.gov/-/media/
cpuc-website/divisions/energy-division/
documents/natural-gas/long-term-gas-
planning-oir/framework-staff-proposal.pdf 

California Public Utilities Commission. 
2023. Decision on phase 2 issues regarding 
transmission pipelines and storage. https://
docs.cpuc.ca.gov/PublishedDocs/Efile/
G000/M520/K496/520496934.PDF 

Cameron, Laura, Vanessa Corkal, and 
Nichole Dusyk. 2022. Why Government 
Support for Decarbonizing Oil and Gas Is a 
Bad Investment. IISD (International Institute 
for Sustainable Development). October. 
https://www.iisd.org/system/files/2022-10/
bottom-line-decarbonizing-oil-gas.pdf 

Canadian Climate Institute. N.d. Indigenous 
Research. https://climateinstitute.ca/
indigenous-research/ 

Canadian Net-Zero Emissions 
Accountability Act, Statues of Canada 2021, 
c.22. https://laws-lois.justice.gc.ca/eng/acts/
c-19.3/fulltext.html 

Cement Association of Canada. N.d. Our 
roadmap to net-zero. https://cement.ca/
sustainability/our-roadmap-to-net-zero/ 

CER (Canada Energy Regulator). 2023. 
“Market Snapshot: Two Decades of Growth 
in Renewable Natural Gas in Canada.” 
November. https://www.cer-rec.gc.ca/en/
data-analysis/energy-markets/market-
snapshots/2023/market-snapshot-two-
decades-growth-renewable-natural-gas-
canada.html

CER (Canada Energy Regulator). 2021. 
“Market Snapshot: How the 2021 Summer 
Heat Dome Affected Electricity Demand 
in Western Canada.” November. https://
www.cer-rec.gc.ca/en/data-analysis/
energy-markets/market-snapshots/2021/
market-snapshot-how-the-2021-summer-
heat-dome-affected-electricity-demand-in-
western-canada.html 

Clean Energy Act, Statutes of 
Yukon 2022, c.14. https://laws.yukon.
ca/cms/images/LEGISLATION/
PRINCIPAL/2022/2022-0014/2022-0014_1.pdf 

Climate Change Accountability 
Act, Statutes of British Columbia 
2007, c.42. https://www.bclaws.gov.
bc.ca/civix/document/id/complete/
statreg/07042_01#part1

Colorado General Assembly. 2021. Adopt 
Programs Reduce Greenhouse Gas 
Emissions Utilities. https://leg.colorado.gov/
bills/sb21-264 

Colorado Public Utilities Commission. 2022. 
“What are Clean Heat Plans?” https://puc.
colorado.gov/cleanheatplans 

Communauté métropolitaine de Montréal. 
2024. “Émissions de ges : La CMM passe 
a l’acte pour favoriser la décarbonisation 
des bâtiments du grand Montréal.” Press 
Release. April 25. https://cmm.qc.ca/
communiques/emissions-de-ges-la-
cmm-passe-a-lacte-pour-favoriser-la-
decarbonation-des-batiments-du-grand-
montreal/ 

Cosgrove, Erin. 2022. Policy Tracker: Can 
a Clean Heat Standard Transition the 
Fossil Fuel Industry? Northeast Efficiency 
Partnerships. April. https://neep.org/blog/
policy-tracker-can-clean-heat-standard-
transition-fossil-fuel-industry 

https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/natural-gas/long-term-gas-planning-oir/framework-staff-proposal.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/natural-gas/long-term-gas-planning-oir/framework-staff-proposal.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/natural-gas/long-term-gas-planning-oir/framework-staff-proposal.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/natural-gas/long-term-gas-planning-oir/framework-staff-proposal.pdf
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M520/K496/520496934.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M520/K496/520496934.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M520/K496/520496934.PDF
https://www.iisd.org/system/files/2022-10/bottom-line-decarbonizing-oil-gas.pdf
https://www.iisd.org/system/files/2022-10/bottom-line-decarbonizing-oil-gas.pdf
https://climateinstitute.ca/indigenous-research/
https://climateinstitute.ca/indigenous-research/
https://laws-lois.justice.gc.ca/eng/acts/c-19.3/fulltext.html
https://laws-lois.justice.gc.ca/eng/acts/c-19.3/fulltext.html
https://cement.ca/sustainability/our-roadmap-to-net-zero/
https://cement.ca/sustainability/our-roadmap-to-net-zero/
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2023/market-snapshot-two-decades-growth-renewable-natural-gas-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2023/market-snapshot-two-decades-growth-renewable-natural-gas-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2023/market-snapshot-two-decades-growth-renewable-natural-gas-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2023/market-snapshot-two-decades-growth-renewable-natural-gas-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2023/market-snapshot-two-decades-growth-renewable-natural-gas-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2021/market-snapshot-how-the-2021-summer-heat-dome-affected-electricity-demand-in-western-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2021/market-snapshot-how-the-2021-summer-heat-dome-affected-electricity-demand-in-western-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2021/market-snapshot-how-the-2021-summer-heat-dome-affected-electricity-demand-in-western-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2021/market-snapshot-how-the-2021-summer-heat-dome-affected-electricity-demand-in-western-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2021/market-snapshot-how-the-2021-summer-heat-dome-affected-electricity-demand-in-western-canada.html
https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2021/market-snapshot-how-the-2021-summer-heat-dome-affected-electricity-demand-in-western-canada.html
https://laws.yukon.ca/cms/images/LEGISLATION/PRINCIPAL/2022/2022-0014/2022-0014_1.pdf
https://laws.yukon.ca/cms/images/LEGISLATION/PRINCIPAL/2022/2022-0014/2022-0014_1.pdf
https://laws.yukon.ca/cms/images/LEGISLATION/PRINCIPAL/2022/2022-0014/2022-0014_1.pdf
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/07042_01#part1
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/07042_01#part1
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/07042_01#part1
https://leg.colorado.gov/bills/sb21-264
https://leg.colorado.gov/bills/sb21-264
https://puc.colorado.gov/cleanheatplans
https://puc.colorado.gov/cleanheatplans
https://cmm.qc.ca/communiques/emissions-de-ges-la-cmm-passe-a-lacte-pour-favoriser-la-decarbonation-des-batiments-du-grand-montreal/
https://cmm.qc.ca/communiques/emissions-de-ges-la-cmm-passe-a-lacte-pour-favoriser-la-decarbonation-des-batiments-du-grand-montreal/
https://cmm.qc.ca/communiques/emissions-de-ges-la-cmm-passe-a-lacte-pour-favoriser-la-decarbonation-des-batiments-du-grand-montreal/
https://cmm.qc.ca/communiques/emissions-de-ges-la-cmm-passe-a-lacte-pour-favoriser-la-decarbonation-des-batiments-du-grand-montreal/
https://cmm.qc.ca/communiques/emissions-de-ges-la-cmm-passe-a-lacte-pour-favoriser-la-decarbonation-des-batiments-du-grand-montreal/
https://neep.org/blog/policy-tracker-can-clean-heat-standard-transition-fossil-fuel-industry
https://neep.org/blog/policy-tracker-can-clean-heat-standard-transition-fossil-fuel-industry
https://neep.org/blog/policy-tracker-can-clean-heat-standard-transition-fossil-fuel-industry


102HEAT EXCHANGE REfERENCEs

Dairy Farmers of Canada. N.d. “Net Zero by 
2050.” https://dairyfarmersofcanada.ca/en/
farmer-resources/net-zero-2050 

D’Aprile, Paolo, Hauke Engel, Godart 
van Gendt, Stefan Helmcke, Solveigh 
Hieronimus, Tomas Nauclér, Dickon 
Pinner, Daan Walter, and Maaike 
Witteveen. 2021. Net-Zero Europe. 
Decarbonization pathways and 
socioeconomic implications. McKinsey & 
Company. https://www.mckinsey.com/~/
media/mckinsey/business%20functions/
sustainability/our%20insights/how%20
the%20european%20union%20could%20
achieve%20net%20zero%20emissions%20
at%20net%20zero%20cost/net-zero-
europe-vf.pdf 

DiGangi, Diana. 2023. “Green Mountain 
Power proposes energy storage for all 
Vermonters.” Utility Dive. October 10. 
https://www.utilitydive.com/news/green-
mountain-power-vermont-storage-grid-
hardening/696180/ 

Dunsky et al. 2024. Powering Canada:  
A Blueprint for Success. Canada Electricity 
Advisory Council. Government of Canada.

Dolter, Brett, and Jennifer Winter. 2022. 
Electricity affordability and equity in 
Canada’s energy transition. Canadian 
Climate Institute. https://canadianclimat.
wpenginepowered.com/wp-content/
uploads/2022/09/Electricity-and-equity-
canadas-energy-transition.pdf 

Efficiency Manitoba. 2021. “All About Ground 
Source Heat Pumps.” https://efficiencymb.
ca/articles/ground-source-heat-pumps/ 

EIA (Energy Information Administration). 
2019. “Demand-side management programs 
save energy and reduce peak demand.” 
https://www.eia.gov/todayinenergy/detail.
php?id=38872 

Electrification and Energy Transition Panel. 
2023. Ontario’s Clean Energy Opportunity. 
https://www.ontario.ca/files/2024-02/
energy-eetp-ontarios-clean-energy-
opportunity-en-2024-02-02.pdf 

Enbridge. 2022. “Clean hydrogen 
enters the Markham energy mix.” Press 
release. January. https://www.enbridge.
com/stories/2022/january/hydrogen-
blending-project-enbridge-gas-cummins-
operational-markham-ontario 

Energy + Environmental Economics, 
and scottmadden Management 
Consultants. 2022. The Role of Gas 
Distribution Companies in Achieving 
the Commonwealth’s Climate Goals. 
Independent Consultant Report. Technical 
Analysis of Decarbonization Pathways. 
March 18. https://thefutureofgas.com/
content/downloads/2022-03-21/3.18.22%20
-%20Independent%20Consultant%20
Report%20-%20Decarbonization%20
Pathways.pdf 

Energy + Environmental Economics, 
Econsult Solutions Inc., and Portfolio 
Associates. 2021. Philadelphia Gas 
Works Business Diversification Study. 
Identifying Opportunities for Philadelphia 
Gas Works to Thrive in a Lower-Carbon 
Future. Philadelphia Gas Works (PGW). 
December. https://www.phila.gov/
media/20211207134817/PGW-Business-
Diversification-Study-2021-12.pdf 

Environmental Goals and Climate Change 
Reduction Act, Nova Scotia 2021, c.20. https://
nslegislature.ca/sites/default/files/legc/
statutes/environmental%20goals%20and%20
climate%20change%20reduction.pdf 

EPRI (Electric Power Research 
Institute). 2021. Canadian National 
Electrification Assessment. September. 
https://www.epri.com/research/
products/000000003002021160 

https://dairyfarmersofcanada.ca/en/farmer-resources/net-zero-2050
https://dairyfarmersofcanada.ca/en/farmer-resources/net-zero-2050
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/sustainability/our%20insights/how%20the%20european%20union%20could%20achieve%20net%20zero%20emissions%20at%20net%20zero%20cost/net-zero-europe-vf.pdf
https://www.utilitydive.com/news/green-mountain-power-vermont-storage-grid-hardening/696180/
https://www.utilitydive.com/news/green-mountain-power-vermont-storage-grid-hardening/696180/
https://www.utilitydive.com/news/green-mountain-power-vermont-storage-grid-hardening/696180/
https://canadianclimat.wpenginepowered.com/wp-content/uploads/2022/09/Electricity-and-equity-canadas-energy-transition.pdf
https://canadianclimat.wpenginepowered.com/wp-content/uploads/2022/09/Electricity-and-equity-canadas-energy-transition.pdf
https://canadianclimat.wpenginepowered.com/wp-content/uploads/2022/09/Electricity-and-equity-canadas-energy-transition.pdf
https://canadianclimat.wpenginepowered.com/wp-content/uploads/2022/09/Electricity-and-equity-canadas-energy-transition.pdf
https://efficiencymb.ca/articles/ground-source-heat-pumps/
https://efficiencymb.ca/articles/ground-source-heat-pumps/
https://www.eia.gov/todayinenergy/detail.php?id=38872
https://www.eia.gov/todayinenergy/detail.php?id=38872
https://www.ontario.ca/files/2024-02/energy-eetp-ontarios-clean-energy-opportunity-en-2024-02-02.pdf
https://www.ontario.ca/files/2024-02/energy-eetp-ontarios-clean-energy-opportunity-en-2024-02-02.pdf
https://www.ontario.ca/files/2024-02/energy-eetp-ontarios-clean-energy-opportunity-en-2024-02-02.pdf
https://www.enbridge.com/stories/2022/january/hydrogen-blending-project-enbridge-gas-cummins-operational-markham-ontario
https://www.enbridge.com/stories/2022/january/hydrogen-blending-project-enbridge-gas-cummins-operational-markham-ontario
https://www.enbridge.com/stories/2022/january/hydrogen-blending-project-enbridge-gas-cummins-operational-markham-ontario
https://www.enbridge.com/stories/2022/january/hydrogen-blending-project-enbridge-gas-cummins-operational-markham-ontario
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://thefutureofgas.com/content/downloads/2022-03-21/3.18.22%20-%20Independent%20Consultant%20Report%20-%20Decarbonization%20Pathways.pdf
https://www.phila.gov/media/20211207134817/PGW-Business-Diversification-Study-2021-12.pdf
https://www.phila.gov/media/20211207134817/PGW-Business-Diversification-Study-2021-12.pdf
https://www.phila.gov/media/20211207134817/PGW-Business-Diversification-Study-2021-12.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://nslegislature.ca/sites/default/files/legc/statutes/environmental%20goals%20and%20climate%20change%20reduction.pdf
https://www.epri.com/research/products/000000003002021160
https://www.epri.com/research/products/000000003002021160


103HEAT EXCHANGE REfERENCEs

European Climate Foundation and European 
Alliance to Save Energy (EU-ASE). 2022. 
Building Europe’s Net-Zero Future. Why the 
Transition to Energy Efficiency and Electrified 
Buildings Strengthens Europe’s Economy. 
March. European Climate Foundation

Eversource. n.d. Geothermal Pilot 
Project in Framinghham. https://www.
eversource.com/content/residential/
about/transmission-distribution/
projects/massachusetts-projects/
geothermal-pilot-project 

Federal Ministry for Economic Affairs and 
Climate. 2024. “The Heat Planning Act: 
momentum for the local heat transition.” 
Energiewende direkt. January 18. 

https://www.bmwk-energiewende.de/EWD/
Redaktion/EN/Newsletter/2023/11/Meldung/
news1.html#:~:text=The%20Heat%20
Planning%20Act%20improves,cities%20
by%2030%20June%202026. 

Federation of Alberta Gas Co-ops Ltd. 
2022. A Handbook for Directors of Rural 
Gas Utilities. https://www.gldcgas.com/
wp-content/uploads/2022/06/2022-
Directors-Handbook.pdf 

Ferguson, Alex, and Jeremy Sager. 2022. 
Cold-Climate Air Source Heat Pumps: 
Assessing Cost Effectiveness, Energy Savings 
and Greenhouse Gas Emission Reductions 
in Canadian Homes. CanmetEnergy. https://
emrlibrary.gov.yk.ca/ebooks/cold-climate-
air-source-heat-pumps-2022.pdf 

Fitzgerald, Garrett, James Mandel, Jesse 
Morris, and Hervé Touati. 2015. The 
Economics of Battery Energy Storage. How 
Multi-use, Customer-sited Batteries Deliver 
the Most Service and Value to Customers 
and the Grid. RMI (Rocky Mountain Institute). 
October. https://rmi.org/wp-content/
uploads/2017/03/RMI-TheEconomicsOfBatte
ryEnergyStorage-FullReport-FINAL.pdf 

FortisBC. 2024. Residential Hybrid Heating 
Early Adopter Program. https://www.
fortisbc.com/about-us/projects-planning/
future-of-energy-efficiency/residential-
hybrid-heating-early-adopter-program 

Fortis BC. 2023. “Management 
Discussion and Analysis for the Year 
Ended December 31, 2023.” https://
www.cdn.fortisbc.com/libraries/docs/
default-source/about-us-documents/
fortisbc-(gas)-mda-q4-2023-d2-pa-sedar.
pdf?sfvrsn=49c2fa5b_1

Franceinfo. 2024. Hausse des tarifs du 
gaz au 1er juillet : « C’est essentiellement 
lié au fait que la consommation baisse », 
explique Emmanuelle Wargon. Franceinfo. 
https://www.francetvinfo.fr/economie/
energie/hausse-des-tarifs-du-gaz-au-1er-
juillet-c-est-essentiellement-lie-au-fait-
que-la-consommation-baisse-explique-
emmanuelle-wargon_6344641.html 

Fransen, Aaron, Lanetter Wilkinson, 
Tara Watson, Parker Mckibbon, and Kyle 
Hatton. 2024. Legislative, Procurement and 
Governmental Updates Signal that British 
Columbia is Ripe for Renewable Energy 
Development. Stikeman Elliott. https://www.
stikeman.com/en-ca/kh/canadian-energy-
law/british-columbia-is-ripe-for-renewable-
energy-development 

Gattaciecca, Julien, Kelly Trumbull, 
Samuel Krumholz, Kelley McKanna, and 
J.R. DeShazo. 2020. Identifying Effective 
Demand Response Program Designs 
for Residential Customers. California 
Energy Commission. November. https://
innovation.luskin.ucla.edu/wp-content/
uploads/2021/01/Identifying-Effective-
Demand-Response-Program-Designs-for-
Residential-Customers.pdf 

https://www.eversource.com/content/residential/about/transmission-distribution/projects/massachusetts-projects/geothermal-pilot-project
https://www.eversource.com/content/residential/about/transmission-distribution/projects/massachusetts-projects/geothermal-pilot-project
https://www.eversource.com/content/residential/about/transmission-distribution/projects/massachusetts-projects/geothermal-pilot-project
https://www.eversource.com/content/residential/about/transmission-distribution/projects/massachusetts-projects/geothermal-pilot-project
https://www.eversource.com/content/residential/about/transmission-distribution/projects/massachusetts-projects/geothermal-pilot-project
https://www.bmwk-energiewende.de/EWD/Redaktion/EN/Newsletter/2023/11/Meldung/news1.html#:~:text=The%20Heat%20Planning%20Act%20improves,cities%20by%2030%20June%202026
https://www.bmwk-energiewende.de/EWD/Redaktion/EN/Newsletter/2023/11/Meldung/news1.html#:~:text=The%20Heat%20Planning%20Act%20improves,cities%20by%2030%20June%202026
https://www.bmwk-energiewende.de/EWD/Redaktion/EN/Newsletter/2023/11/Meldung/news1.html#:~:text=The%20Heat%20Planning%20Act%20improves,cities%20by%2030%20June%202026
https://www.bmwk-energiewende.de/EWD/Redaktion/EN/Newsletter/2023/11/Meldung/news1.html#:~:text=The%20Heat%20Planning%20Act%20improves,cities%20by%2030%20June%202026
https://www.bmwk-energiewende.de/EWD/Redaktion/EN/Newsletter/2023/11/Meldung/news1.html#:~:text=The%20Heat%20Planning%20Act%20improves,cities%20by%2030%20June%202026
https://www.gldcgas.com/wp-content/uploads/2022/06/2022-Directors-Handbook.pdf
https://www.gldcgas.com/wp-content/uploads/2022/06/2022-Directors-Handbook.pdf
https://www.gldcgas.com/wp-content/uploads/2022/06/2022-Directors-Handbook.pdf
https://emrlibrary.gov.yk.ca/ebooks/cold-climate-air-source-heat-pumps-2022.pdf
https://emrlibrary.gov.yk.ca/ebooks/cold-climate-air-source-heat-pumps-2022.pdf
https://emrlibrary.gov.yk.ca/ebooks/cold-climate-air-source-heat-pumps-2022.pdf
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
https://rmi.org/wp-content/uploads/2017/03/RMI-TheEconomicsOfBatteryEnergyStorage-FullReport-FINAL.pdf
https://www.fortisbc.com/about-us/projects-planning/future-of-energy-efficiency/residential-hybrid-heating-early-adopter-program
https://www.fortisbc.com/about-us/projects-planning/future-of-energy-efficiency/residential-hybrid-heating-early-adopter-program
https://www.fortisbc.com/about-us/projects-planning/future-of-energy-efficiency/residential-hybrid-heating-early-adopter-program
https://www.fortisbc.com/about-us/projects-planning/future-of-energy-efficiency/residential-hybrid-heating-early-adopter-program
https://www.cdn.fortisbc.com/libraries/docs/default-source/about-us-documents/fortisbc-(gas)-mda-q4-2023-d2-pa-sedar.pdf?sfvrsn=49c2fa5b_1
https://www.cdn.fortisbc.com/libraries/docs/default-source/about-us-documents/fortisbc-(gas)-mda-q4-2023-d2-pa-sedar.pdf?sfvrsn=49c2fa5b_1
https://www.cdn.fortisbc.com/libraries/docs/default-source/about-us-documents/fortisbc-(gas)-mda-q4-2023-d2-pa-sedar.pdf?sfvrsn=49c2fa5b_1
https://www.cdn.fortisbc.com/libraries/docs/default-source/about-us-documents/fortisbc-(gas)-mda-q4-2023-d2-pa-sedar.pdf?sfvrsn=49c2fa5b_1
https://www.cdn.fortisbc.com/libraries/docs/default-source/about-us-documents/fortisbc-(gas)-mda-q4-2023-d2-pa-sedar.pdf?sfvrsn=49c2fa5b_1
https://www.francetvinfo.fr/economie/energie/hausse-des-tarifs-du-gaz-au-1er-juillet-c-est-essentiellement-lie-au-fait-que-la-consommation-baisse-explique-emmanuelle-wargon_6344641.html
https://www.francetvinfo.fr/economie/energie/hausse-des-tarifs-du-gaz-au-1er-juillet-c-est-essentiellement-lie-au-fait-que-la-consommation-baisse-explique-emmanuelle-wargon_6344641.html
https://www.francetvinfo.fr/economie/energie/hausse-des-tarifs-du-gaz-au-1er-juillet-c-est-essentiellement-lie-au-fait-que-la-consommation-baisse-explique-emmanuelle-wargon_6344641.html
https://www.francetvinfo.fr/economie/energie/hausse-des-tarifs-du-gaz-au-1er-juillet-c-est-essentiellement-lie-au-fait-que-la-consommation-baisse-explique-emmanuelle-wargon_6344641.html
https://www.francetvinfo.fr/economie/energie/hausse-des-tarifs-du-gaz-au-1er-juillet-c-est-essentiellement-lie-au-fait-que-la-consommation-baisse-explique-emmanuelle-wargon_6344641.html
https://www.stikeman.com/en-ca/kh/canadian-energy-law/british-columbia-is-ripe-for-renewable-energy-development
https://www.stikeman.com/en-ca/kh/canadian-energy-law/british-columbia-is-ripe-for-renewable-energy-development
https://www.stikeman.com/en-ca/kh/canadian-energy-law/british-columbia-is-ripe-for-renewable-energy-development
https://www.stikeman.com/en-ca/kh/canadian-energy-law/british-columbia-is-ripe-for-renewable-energy-development
https://innovation.luskin.ucla.edu/wp-content/uploads/2021/01/Identifying-Effective-Demand-Response-Program-Designs-for-Residential-Customers.pdf
https://innovation.luskin.ucla.edu/wp-content/uploads/2021/01/Identifying-Effective-Demand-Response-Program-Designs-for-Residential-Customers.pdf
https://innovation.luskin.ucla.edu/wp-content/uploads/2021/01/Identifying-Effective-Demand-Response-Program-Designs-for-Residential-Customers.pdf
https://innovation.luskin.ucla.edu/wp-content/uploads/2021/01/Identifying-Effective-Demand-Response-Program-Designs-for-Residential-Customers.pdf
https://innovation.luskin.ucla.edu/wp-content/uploads/2021/01/Identifying-Effective-Demand-Response-Program-Designs-for-Residential-Customers.pdf


104HEAT EXCHANGE REfERENCEs

Glave, James, and Robyn Wark. 2019. 
Lessons From the BC Energy Step Code. 
https://www2.gov.bc.ca/assets/gov/
farming-natural-resources-and-industry/
construction-industry/building-codes-and-
standards/reports/bcenergystepcode_
lessons_learned_final.pdf 

Government of Alberta. 2023. Alberta 
emissions reduction and energy 
development plan. January 2024. https://
open.alberta.ca/dataset/7483e660-cd1a-
4ded-a09d-82112c2fc6e7/resource/75eec73f-
8ba9-40cc-b7f4-cdf335a1bd30/download/
epa-emissions-reduction-and-energy-
development-plan.pdf 

Government of British Columbia. 2024. 
“BC Hydro issues call for new clean 
electricity to power B.C.’s future.” Energy, 
Mines and Low Carbon Innovation. 
Press release. https://news.gov.bc.ca/
releases/2024EMLI0018-000470 

Government of British Columbia. 2022. 
“Province hits pause on electrical 
connections for cryptocurrency mining.” 
Energy, Mines and Low Carbon Innovation. 
Press release. December 21. https://news.
gov.bc.ca/releases/2022EMLI0067-001928 

Government of British Columbia. 2015. 
Climate Change. Long-term Change in 
Energy Requirements for Heating & Cooling 
Buildings in B.C. https://www.env.gov.bc.ca/
soe/indicators/climate-change/heating-
cooling-days.html 

Government of Manitoba. N.d. Made-in-
Manitoba Climate and Green Plan. https://
www.gov.mb.ca/climateandgreenplan/
index.html 

Government of New Brunswick. 2022. 
“Updated climate change action plan 
released.” Press release. https://www2.
gnb.ca/content/gnb/en/news/news_
release.2022.09.0508.html 

Government of Nova Scotia. 2024. 
”Statement on Report from Clean Electricity 
Solutions Task Force” Press release. 
February 23. https://news.novascotia.ca/
en/2024/02/23/statement-report-clean-
electricity-solutions-task-force

Government of Ontario. 2023. Powering 
Ontario’s Growth: Ontario’s Plan for a Clean 
Energy Future. https://www.ontario.ca/
files/2023-07/energy-powering-ontarios-
growth-report-en-2023-07-07.pdf 

Government of Ontario. 2021. Phase 2 
of the Natural Gas Expansion Program. 
Environmental Registry of Ontario. https://
ero.ontario.ca/notice/019-3191 

Government of Ontario. 2019. Natural Gas 
Expansion Program. Ministry of Energy. 
January 25, 2023. https://www.ontario.ca/
page/natural-gas-expansion-program 

Government of Prince Edward Island. 
2024. Path to Net Zero. https://www.
princeedwardisland.ca/en/information/
environment-energy-and-climate-action/
path-to-net-zero

Government of Québec. 2023a. Plan’s 
numerical targets. May 17. https://www.
quebec.ca/en/government/policies-
orientations/plan-green-economy/
implementation/plans-numerical-targets 

Government of Québec. 2023b. Procedure 
for obtaining connection authorization 
for projects with power ratings of 5 MW 
or more. Ministère de l’Économie, de 
l’Innovation et de l’Énergie. December 
27. https://www.economie.gouv.qc.ca/
en/outside-quebec/procedure-obtain-
authorization-connect-project-power-5-
mw-or-more 

https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/reports/bcenergystepcode_lessons_learned_final.pdf
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/reports/bcenergystepcode_lessons_learned_final.pdf
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/reports/bcenergystepcode_lessons_learned_final.pdf
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/reports/bcenergystepcode_lessons_learned_final.pdf
https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/construction-industry/building-codes-and-standards/reports/bcenergystepcode_lessons_learned_final.pdf
https://open.alberta.ca/dataset/7483e660-cd1a-4ded-a09d-82112c2fc6e7/resource/75eec73f-8ba9-40cc-b7f4-cdf335a1bd30/download/epa-emissions-reduction-and-energy-development-plan.pdf
https://open.alberta.ca/dataset/7483e660-cd1a-4ded-a09d-82112c2fc6e7/resource/75eec73f-8ba9-40cc-b7f4-cdf335a1bd30/download/epa-emissions-reduction-and-energy-development-plan.pdf
https://open.alberta.ca/dataset/7483e660-cd1a-4ded-a09d-82112c2fc6e7/resource/75eec73f-8ba9-40cc-b7f4-cdf335a1bd30/download/epa-emissions-reduction-and-energy-development-plan.pdf
https://open.alberta.ca/dataset/7483e660-cd1a-4ded-a09d-82112c2fc6e7/resource/75eec73f-8ba9-40cc-b7f4-cdf335a1bd30/download/epa-emissions-reduction-and-energy-development-plan.pdf
https://open.alberta.ca/dataset/7483e660-cd1a-4ded-a09d-82112c2fc6e7/resource/75eec73f-8ba9-40cc-b7f4-cdf335a1bd30/download/epa-emissions-reduction-and-energy-development-plan.pdf
https://open.alberta.ca/dataset/7483e660-cd1a-4ded-a09d-82112c2fc6e7/resource/75eec73f-8ba9-40cc-b7f4-cdf335a1bd30/download/epa-emissions-reduction-and-energy-development-plan.pdf
https://news.gov.bc.ca/releases/2024EMLI0018-000470
https://news.gov.bc.ca/releases/2024EMLI0018-000470
https://news.gov.bc.ca/releases/2022EMLI0067-001928
https://news.gov.bc.ca/releases/2022EMLI0067-001928
https://www.env.gov.bc.ca/soe/indicators/climate-change/heating-cooling-days.html
https://www.env.gov.bc.ca/soe/indicators/climate-change/heating-cooling-days.html
https://www.env.gov.bc.ca/soe/indicators/climate-change/heating-cooling-days.html
https://www.gov.mb.ca/climateandgreenplan/index.html
https://www.gov.mb.ca/climateandgreenplan/index.html
https://www.gov.mb.ca/climateandgreenplan/index.html
https://www2.gnb.ca/content/gnb/en/news/news_release.2022.09.0508.html
https://www2.gnb.ca/content/gnb/en/news/news_release.2022.09.0508.html
https://www2.gnb.ca/content/gnb/en/news/news_release.2022.09.0508.html
https://news.novascotia.ca/en/2024/02/23/statement-report-clean-electricity-solutions-task-force
https://news.novascotia.ca/en/2024/02/23/statement-report-clean-electricity-solutions-task-force
https://news.novascotia.ca/en/2024/02/23/statement-report-clean-electricity-solutions-task-force
https://www.ontario.ca/files/2023-07/energy-powering-ontarios-growth-report-en-2023-07-07.pdf
https://www.ontario.ca/files/2023-07/energy-powering-ontarios-growth-report-en-2023-07-07.pdf
https://www.ontario.ca/files/2023-07/energy-powering-ontarios-growth-report-en-2023-07-07.pdf
https://ero.ontario.ca/notice/019-3191
https://ero.ontario.ca/notice/019-3191
https://www.ontario.ca/page/natural-gas-expansion-program
https://www.ontario.ca/page/natural-gas-expansion-program
https://www.princeedwardisland.ca/en/information/environment-energy-and-climate-action/path-to-net-zero
https://www.princeedwardisland.ca/en/information/environment-energy-and-climate-action/path-to-net-zero
https://www.princeedwardisland.ca/en/information/environment-energy-and-climate-action/path-to-net-zero
https://www.princeedwardisland.ca/en/information/environment-energy-and-climate-action/path-to-net-zero
https://www.quebec.ca/en/government/policies-orientations/plan-green-economy/implementation/plans-numerical-targets
https://www.quebec.ca/en/government/policies-orientations/plan-green-economy/implementation/plans-numerical-targets
https://www.quebec.ca/en/government/policies-orientations/plan-green-economy/implementation/plans-numerical-targets
https://www.quebec.ca/en/government/policies-orientations/plan-green-economy/implementation/plans-numerical-targets
https://www.economie.gouv.qc.ca/en/outside-quebec/procedure-obtain-authorization-connect-project-power-5-mw-or-more
https://www.economie.gouv.qc.ca/en/outside-quebec/procedure-obtain-authorization-connect-project-power-5-mw-or-more
https://www.economie.gouv.qc.ca/en/outside-quebec/procedure-obtain-authorization-connect-project-power-5-mw-or-more
https://www.economie.gouv.qc.ca/en/outside-quebec/procedure-obtain-authorization-connect-project-power-5-mw-or-more


105HEAT EXCHANGE REfERENCEs

Graves, Frank, Josh Figueroa, Long Lam, 
Kasparas Spokas, Tess Counts, Maria 
Castaner, Katie Mansur, and Shreeansh 
Agrawal. August 2021. The Future of Gas 
Utilities Series: Transitioning Gas Utilities 
to a Decarbonized Future. Part 1 of 3. 
Brattle. August. https://www.brattle.com/
wp-content/uploads/2022/01/The-Future-of-
Gas-Utilities-Series__Part-1.pdf 

Gridworks. 2021. Gas Resource and 
Infrastructure Planning for California. A 
Proposed Approach to Long-Term Gas 
Planning. Gridworks. January. https://
gridworks.org/wp-content/uploads/2021/01/
CA_Gas_Resource_Infrastructure_Plan_
Report_FINAL.pdf 

Guidehouse. 2022. Decarbonisation 
pathways for the European building sector. 
ehi (European Heating Industry). July. 
https://ehi.eu/wp-content/uploads/2022/10/
Decarbonisation-pathways-for-the-EU-
building-sector_full-study-1.pdf 

Harland, Kate. 2024. “Change is in the 
pipeline—will expanding gas networks leave 
ratepayers on the hook?.” Canadian Climate 
Institute. March. https://climateinstitute.ca/
energy-boards-transition-gas/ 

Herrndorff, Mareike, Anna Kraus, Simon 
Müller, Dr. Barbara Saerbeck, Uta Weiß, Ralph 
Kremp, Stefan Mischinger, Dr. Andreas Nolde, 
Oliver Radtke, Dr. Konstantina Bourazeri, 
Wiegand Laubenstein, Jana Michaelis, 
and Dr. Peter Rosin. 2022. Ein neuer 
Ordnungsrahmen für Erdgasverteilnetze. 
Agora Energiewende. https://static.
agora-energiewende.de/fileadmin/
Projekte/2022/2022-06_DE_Gasverteilnetze/
A-EW_291_Gasverteilnetze_WEB.pdf 

Hydro Québec. 2023. Towards a 
Decarbonized and Prosperous Quebec. 
Action Plan 2035. Hydro Québec. November. 
https://www.hydroquebec.com/data/a-
propos/pdf/action-plan-2035.pdf 

IEA (International Energy Agency). 
2023a. World Energy Outlook 2023. 
IEA Paris. https://www.iea.org/reports/
world-energy-outlook-2023 

IEA (International Energy Agency). 2023b. 
Comparison of the emissions intensity 
of different hydrogen production routes, 
2021. IEA Paris. https://www.iea.org/data-
and-statistics/charts/comparison-of-the-
emissions-intensity-of-different-hydrogen-
production-routes-2021 

IEA (International Energy Agency). 2021. Net 
Zero by 2050. IEA Paris. https://www.iea.org/
reports/net-zero-by-2050 

IEA (International Energy Agency). 2020. 
Outlook for biogas and biomethane: 
Prospects for organic growth. IEA Paris. 
https://www.iea.org/reports/outlook-for-
biogas-and-biomethane-prospects-for-
organic-growth 

IRENA (International Renewable Energy 
Agency). 2019. Aggregators: Innovation 
Landscape Brief. https://www.irena.
org/-/media/Files/IRENA/Agency/
Publication/2019/Feb/IRENA_Innovation_
Aggregators_2019.PDF 

Kanduth, Anna. 2023. “How hot are heat 
pumps, really?” Canadian Climate Institute. 
November 22. https://440megatonnes.ca/
insight/how-hot-are-heat-pumps-really/ 

Kelleher Environmental. 2013. Canadian 
Biogas Study: Benefits to the Economy, 
Environment and Energy. Canadian Biogas 
Association. https://biogasassociation.ca/
images/uploads/documents/2014/biogas_
study/Canadian_Biogas_Study_Summary.pdf 

https://www.brattle.com/wp-content/uploads/2022/01/The-Future-of-Gas-Utilities-Series__Part-1.pdf
https://www.brattle.com/wp-content/uploads/2022/01/The-Future-of-Gas-Utilities-Series__Part-1.pdf
https://www.brattle.com/wp-content/uploads/2022/01/The-Future-of-Gas-Utilities-Series__Part-1.pdf
https://gridworks.org/wp-content/uploads/2021/01/CA_Gas_Resource_Infrastructure_Plan_Report_FINAL.pdf
https://gridworks.org/wp-content/uploads/2021/01/CA_Gas_Resource_Infrastructure_Plan_Report_FINAL.pdf
https://gridworks.org/wp-content/uploads/2021/01/CA_Gas_Resource_Infrastructure_Plan_Report_FINAL.pdf
https://gridworks.org/wp-content/uploads/2021/01/CA_Gas_Resource_Infrastructure_Plan_Report_FINAL.pdf
https://ehi.eu/wp-content/uploads/2022/10/Decarbonisation-pathways-for-the-EU-building-sector_full-study-1.pdf
https://ehi.eu/wp-content/uploads/2022/10/Decarbonisation-pathways-for-the-EU-building-sector_full-study-1.pdf
https://ehi.eu/wp-content/uploads/2022/10/Decarbonisation-pathways-for-the-EU-building-sector_full-study-1.pdf
https://climateinstitute.ca/energy-boards-transition-gas/
https://climateinstitute.ca/energy-boards-transition-gas/
https://static.agora-energiewende.de/fileadmin/Projekte/2022/2022-06_DE_Gasverteilnetze/A-EW_291_Gasverteilnetze_WEB.pdf
https://static.agora-energiewende.de/fileadmin/Projekte/2022/2022-06_DE_Gasverteilnetze/A-EW_291_Gasverteilnetze_WEB.pdf
https://static.agora-energiewende.de/fileadmin/Projekte/2022/2022-06_DE_Gasverteilnetze/A-EW_291_Gasverteilnetze_WEB.pdf
https://static.agora-energiewende.de/fileadmin/Projekte/2022/2022-06_DE_Gasverteilnetze/A-EW_291_Gasverteilnetze_WEB.pdf
https://www.hydroquebec.com/data/a-propos/pdf/action-plan-2035.pdf
https://www.hydroquebec.com/data/a-propos/pdf/action-plan-2035.pdf
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/data-and-statistics/charts/comparison-of-the-emissions-intensity-of-different-hydrogen-production-routes-2021
https://www.iea.org/data-and-statistics/charts/comparison-of-the-emissions-intensity-of-different-hydrogen-production-routes-2021
https://www.iea.org/data-and-statistics/charts/comparison-of-the-emissions-intensity-of-different-hydrogen-production-routes-2021
https://www.iea.org/data-and-statistics/charts/comparison-of-the-emissions-intensity-of-different-hydrogen-production-routes-2021
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/net-zero-by-2050
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth
https://www.iea.org/reports/outlook-for-biogas-and-biomethane-prospects-for-organic-growth
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Aggregators_2019.PDF
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Aggregators_2019.PDF
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Aggregators_2019.PDF
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/Feb/IRENA_Innovation_Aggregators_2019.PDF
https://440megatonnes.ca/insight/how-hot-are-heat-pumps-really/
https://440megatonnes.ca/insight/how-hot-are-heat-pumps-really/
https://biogasassociation.ca/images/uploads/documents/2014/biogas_study/Canadian_Biogas_Study_Summary.pdf
https://biogasassociation.ca/images/uploads/documents/2014/biogas_study/Canadian_Biogas_Study_Summary.pdf
https://biogasassociation.ca/images/uploads/documents/2014/biogas_study/Canadian_Biogas_Study_Summary.pdf


106HEAT EXCHANGE REfERENCEs

Kemfert, Claudia, Fabian Präger, Isabell 
Braunger, Franziska M. Hoffart, and Hanna 
Brauers. 2022. “The expansion of natural 
gas infrastructure puts energy transitions at 
risk.” Nature Energy, Springer Nature, Berlin, 
Vol. 7, pp. 582-587. https://doi.org/10.1038/
s41560-022-01060-3 

Labbé, Stefan. 2023. “FortisBC’s plan to 
keep burning gas ‘not equitable,’ claims B.C. 
city.” Business Intelligence for B.C. August. 
https://www.biv.com/news/environment/
fortisbcs-plan-keep-burning-gas-not-
equitable-claims-bc-city-8272851 

Langevin, Jared, Aven Satre-Meloy, Andrew 
J. Satchwell, Ryan Hledik, Julia Olszewski, 
Kate Peters, and Handi Chandra-Putra. 
2023. “Demand-side solutions in the 
US building sector could achieve deep 
emissions reductions and avoid over $100 
billion in power sector costs.” One Earth 
6(8): 1005-31. doi:10.1016/j.oneear.2023.07.008

Langlois-Bertrand, Simon, Normand 
Mousseau, Louis Beaumier, and Olivier 
Bahn. 2021. Canadian Energy Outlook. 
Institut de l’énergie Trottier (IET). https://iet.
polymtl.ca/wp-content/uploads/delightful-
downloads/CEO2021_20211008-1.pdf 

Le Devoir. 2023. “Énergir conteste un 
règlement de Prévost sur la décarbonation 
des bâtiments.” Le Devoir. November. 
https://www.ledevoir.com/societe/
justice/801965/energir-conteste-
reglement-prevost-decarbonation-
batiments?utm_source=ground.
news&utm_medium=referral 

Lee, Caroline, Jason Dion, and Christiana 
Guertin. 2022. Bigger, Cleaner, Smarter: 
Pathways for aligning Canadian electricity 
systems with net zero. Canadian Climate 
Institute. https://climateinstitute.ca/
wp-content/uploads/2022/05/Bigger-
Cleaner-Smarter-May-4-2022.pdf 

LEI (London Economics International). 2023. 
Recommendation for appropriate capital 
structure for Enbridge Gas in its application 
for 2024 rebasing and 2025-2028 price cap 
plan. https://www.rds.oeb.ca/CMWebDrawer/
Record/785972/File/document 

Linden-Fraser, Ross. 2024. “Are the 
provinces and territories holding 
themselves accountable for climate action?” 
Canadian Climate Institute. January 15. 
https://440megatonnes.ca/insight/are-
the-provinces-and-territories-holding-
themselves-accountable-for-climate-action/ 

Linden-Fraser, Ross. 2023. “A closer look at 
the varying climate targets of the provinces 
and territories.” Canadian Climate Institute. 
October. https://440megatonnes.ca/
insight/closer-look-varying-climate-targets-
provinces-territories/ 

Mahone, Amber, Zachary Subin, Jenya 
Kahn-Lang, Douglas Allen, Vivian Li, Gerrit 
De Moor, Nancy Ryan, and Snuller Price. 
2018. Deep Decarbonization in a High 
Renewables Future: Updated Results from 
the California PATHWAYS Model. California 
Energy Commission. Publication Number: 
CEC-500-2018-012 

Martin, Liza, and Kevin Brehm. 2023. “Clean 
Energy 101: Virtual Power Plants.” RMI (Rocky 
Mountain Institute). January 10. https://rmi.
org/clean-energy-101-virtual-power-plants/ 

Massachusetts Department of Public 
Utilities. 2023. D.P.U. 20-80-B. December 6. 
https://www.clf.org/wp-content/
uploads/2023/12/DPU-20-80-B-
Order-12.6.2313.pdf 

McClearn, Matthew. 2022. “As calls grow 
for a doubling or tripling of Canada’s 
electricity generation capacity, some 
utilities have other ideas.” The Globe 
and Mail. October 18. https://www.
theglobeandmail.com/business/
article-canada-electricity-expansion/ 

https://doi.org/10.1038/s41560-022-01060-3
https://doi.org/10.1038/s41560-022-01060-3
https://www.biv.com/news/environment/fortisbcs-plan-keep-burning-gas-not-equitable-claims-bc-city-8272851
https://www.biv.com/news/environment/fortisbcs-plan-keep-burning-gas-not-equitable-claims-bc-city-8272851
https://www.biv.com/news/environment/fortisbcs-plan-keep-burning-gas-not-equitable-claims-bc-city-8272851
https://iet.polymtl.ca/wp-content/uploads/delightful-downloads/CEO2021_20211008-1.pdf
https://iet.polymtl.ca/wp-content/uploads/delightful-downloads/CEO2021_20211008-1.pdf
https://iet.polymtl.ca/wp-content/uploads/delightful-downloads/CEO2021_20211008-1.pdf
https://www.ledevoir.com/societe/justice/801965/energir-conteste-reglement-prevost-decarbonation-batiments?utm_source=ground.news&utm_medium=referral
https://www.ledevoir.com/societe/justice/801965/energir-conteste-reglement-prevost-decarbonation-batiments?utm_source=ground.news&utm_medium=referral
https://www.ledevoir.com/societe/justice/801965/energir-conteste-reglement-prevost-decarbonation-batiments?utm_source=ground.news&utm_medium=referral
https://www.ledevoir.com/societe/justice/801965/energir-conteste-reglement-prevost-decarbonation-batiments?utm_source=ground.news&utm_medium=referral
https://www.ledevoir.com/societe/justice/801965/energir-conteste-reglement-prevost-decarbonation-batiments?utm_source=ground.news&utm_medium=referral
https://climateinstitute.ca/wp-content/uploads/2022/05/Bigger-Cleaner-Smarter-May-4-2022.pdf
https://climateinstitute.ca/wp-content/uploads/2022/05/Bigger-Cleaner-Smarter-May-4-2022.pdf
https://climateinstitute.ca/wp-content/uploads/2022/05/Bigger-Cleaner-Smarter-May-4-2022.pdf
https://www.rds.oeb.ca/CMWebDrawer/Record/785972/File/document
https://www.rds.oeb.ca/CMWebDrawer/Record/785972/File/document
https://440megatonnes.ca/insight/are-the-provinces-and-territories-holding-themselves-accountable-for-climate-action/
https://440megatonnes.ca/insight/are-the-provinces-and-territories-holding-themselves-accountable-for-climate-action/
https://440megatonnes.ca/insight/are-the-provinces-and-territories-holding-themselves-accountable-for-climate-action/
https://440megatonnes.ca/insight/closer-look-varying-climate-targets-provinces-territories/
https://440megatonnes.ca/insight/closer-look-varying-climate-targets-provinces-territories/
https://440megatonnes.ca/insight/closer-look-varying-climate-targets-provinces-territories/
https://rmi.org/clean-energy-101-virtual-power-plants/
https://rmi.org/clean-energy-101-virtual-power-plants/
https://www.clf.org/wp-content/uploads/2023/12/DPU-20-80-B-Order-12.6.2313.pdf
https://www.clf.org/wp-content/uploads/2023/12/DPU-20-80-B-Order-12.6.2313.pdf
https://www.clf.org/wp-content/uploads/2023/12/DPU-20-80-B-Order-12.6.2313.pdf
https://www.theglobeandmail.com/business/article-canada-electricity-expansion/
https://www.theglobeandmail.com/business/article-canada-electricity-expansion/
https://www.theglobeandmail.com/business/article-canada-electricity-expansion/


107HEAT EXCHANGE REfERENCEs

McDiarmid, Heather. 2022a. An Analysis 
of the Financial and Climate Benefits of 
Electrifying Ontario’s Gas-Heated Homes 
by Installing Air-Source Heat Pumps. 
Ontario Clean Air Alliance Research. 
August 2. https://www.cleanairalliance.
org/wp-content/uploads/2022/08/Heat-
Pump-Report-gas-heated-2022-8.5x11-aug-
02-v_01.pdf 

McDiarmid, Heater. 2022b. An Analysis of 
the Financial and Climate Benefits of Using 
Ground-Source Heat Pumps to Electrify 
Ontario’s Gas-Heated Homes. Ontario Clean 
Air Alliance Research. November 10. https://
www.cleanairalliance.org/wp-content/
uploads/2022/11/GSHP-final-report.pdf 

Mertz, Emily. 2021. Alberta eclipses 
previous summer peak electricity use 
record Monday. Global News. June 28. 
https://globalnews.ca/news/7988330/
alberta-electricity-use-record-heat-wave/ 

Mihaly, Elena. 2023. “Vermont Affordable 
Heat Act: What Comes Next.” Conservation 
Law Foundation (clf). October. https://www.
clf.org/blog/vermont-affordable-heat-act-
what-comes-next/#:~:text=The%20law%20
will%20require%20companies,heat%20
credits%20it%20must%20earn. 

Miller, Sarah, Kate Harland, Christiana 
Guertin, and Ricardo Pelai. September 2023. 
Heat Pumps Pay Off. Canadian Climate 
Institute. https://climateinstitute.ca/reports/
heat-pumps-canada/ 

Moore, Emily. 2023. It’s time for Cascadia 
to start pruning the gas system and 
electrifying whole neighborhoods. 
Sightline Institute. https://www.sightline.
org/2023/06/07/its-time-for-cascadia-
to-start-pruning-the-gas-system-and-
electrifying-whole-neighborhoods/

Nadel, Steven. February 9, 2017. “Demand 
response programs can reduce 
utilities’ peak demand an average of 
10%, complementing savings from 
energy efficiency programs.” ACEE. 
https://www.aceee.org/blog/2017/02/
demand-response-programs-can-reduce 

Nelson, Ron, Bradley Cebulko, Thomas Van 
Hentenryck, Erin Mettler, and Natalie Mims 
Frick. 2023. Non-Pipeline Alternatives: A 
Regulatory Framework and a Case Study 
of Colorado. Lawrence Berkeley National 
Laboratory. https://eta-publications.lbl.
gov/sites/default/files/non-pipeline_
alternatives_to_natural_gas_utility_
infrastructure_2_final.pdf 

Net Zero Carbon Act, Prince Edward 
Island, 2021, c3.01. https://www.
princeedwardisland.ca/sites/default/files/
legislation/n-03-01-net-zero_carbon_act.pdf 

Net Zero Tracker. 2022. Net Zero Stocktake 
2022. June 12. https://zerotracker.net/
insights/pr-net-zero-stocktake-2022 

Nova Scotia Power. N.d. Investing in our 
future: Battery storage pilot program. 
https://www.nspower.ca/cleanandgreen/
innovation/smart-grid-nova-scotia/
battery-pilot 

NRCan (Natural Resources Canada). 2023a. 
2019 Survey of Commercial and Institutional 
Energy Use (SCIEU)—Buildings—Data 
Tables [Table 8.1]. https://oee.nrcan.
gc.ca/corporate/statistics/neud/dpa/
showTablecfm?type=SC&sector=aaa&juris= 
ca&year=2019&rn=13&page=1 

NRCan (Natural Resources Canada). 2023b. 
2019 Survey of Commercial and Institutional 
Energy Use (SCIEU)—Buildings—Data 
Tables [Table 8.2]. https://oee.nrcan.gc.ca/
corporate/statistics/neud/dpa/showTable.
cfm?type=SC&sector=aaa&juris=ca&year= 
2019&rn=14&page=1 

https://www.cleanairalliance.org/wp-content/uploads/2022/08/Heat-Pump-Report-gas-heated-2022-8.5x11-aug-02-v_01.pdf
https://www.cleanairalliance.org/wp-content/uploads/2022/08/Heat-Pump-Report-gas-heated-2022-8.5x11-aug-02-v_01.pdf
https://www.cleanairalliance.org/wp-content/uploads/2022/08/Heat-Pump-Report-gas-heated-2022-8.5x11-aug-02-v_01.pdf
https://www.cleanairalliance.org/wp-content/uploads/2022/08/Heat-Pump-Report-gas-heated-2022-8.5x11-aug-02-v_01.pdf
https://www.cleanairalliance.org/wp-content/uploads/2022/11/GSHP-final-report.pdf
https://www.cleanairalliance.org/wp-content/uploads/2022/11/GSHP-final-report.pdf
https://www.cleanairalliance.org/wp-content/uploads/2022/11/GSHP-final-report.pdf
https://globalnews.ca/news/7988330/alberta-electricity-use-record-heat-wave/
https://globalnews.ca/news/7988330/alberta-electricity-use-record-heat-wave/
https://www.clf.org/blog/vermont-affordable-heat-act-what-comes-next/#:~:text=The%20law%20will%20require%20companies,heat%20credits%20it%20must%20earn
https://www.clf.org/blog/vermont-affordable-heat-act-what-comes-next/#:~:text=The%20law%20will%20require%20companies,heat%20credits%20it%20must%20earn
https://www.clf.org/blog/vermont-affordable-heat-act-what-comes-next/#:~:text=The%20law%20will%20require%20companies,heat%20credits%20it%20must%20earn
https://www.clf.org/blog/vermont-affordable-heat-act-what-comes-next/#:~:text=The%20law%20will%20require%20companies,heat%20credits%20it%20must%20earn
https://www.clf.org/blog/vermont-affordable-heat-act-what-comes-next/#:~:text=The%20law%20will%20require%20companies,heat%20credits%20it%20must%20earn
https://climateinstitute.ca/reports/heat-pumps-canada/
https://climateinstitute.ca/reports/heat-pumps-canada/
https://www.sightline.org/2023/06/07/its-time-for-cascadia-to-start-pruning-the-gas-system-and-electrifying-whole-neighborhoods/
https://www.sightline.org/2023/06/07/its-time-for-cascadia-to-start-pruning-the-gas-system-and-electrifying-whole-neighborhoods/
https://www.sightline.org/2023/06/07/its-time-for-cascadia-to-start-pruning-the-gas-system-and-electrifying-whole-neighborhoods/
https://www.sightline.org/2023/06/07/its-time-for-cascadia-to-start-pruning-the-gas-system-and-electrifying-whole-neighborhoods/
https://www.aceee.org/blog/2017/02/demand-response-programs-can-reduce
https://www.aceee.org/blog/2017/02/demand-response-programs-can-reduce
https://eta-publications.lbl.gov/sites/default/files/non-pipeline_alternatives_to_natural_gas_utility_infrastructure_2_final.pdf
https://eta-publications.lbl.gov/sites/default/files/non-pipeline_alternatives_to_natural_gas_utility_infrastructure_2_final.pdf
https://eta-publications.lbl.gov/sites/default/files/non-pipeline_alternatives_to_natural_gas_utility_infrastructure_2_final.pdf
https://eta-publications.lbl.gov/sites/default/files/non-pipeline_alternatives_to_natural_gas_utility_infrastructure_2_final.pdf
https://www.princeedwardisland.ca/sites/default/files/legislation/n-03-01-net-zero_carbon_act.pdf
https://www.princeedwardisland.ca/sites/default/files/legislation/n-03-01-net-zero_carbon_act.pdf
https://www.princeedwardisland.ca/sites/default/files/legislation/n-03-01-net-zero_carbon_act.pdf
https://zerotracker.net/insights/pr-net-zero-stocktake-2022
https://zerotracker.net/insights/pr-net-zero-stocktake-2022
https://www.nspower.ca/cleanandgreen/innovation/smart-grid-nova-scotia/battery-pilot
https://www.nspower.ca/cleanandgreen/innovation/smart-grid-nova-scotia/battery-pilot
https://www.nspower.ca/cleanandgreen/innovation/smart-grid-nova-scotia/battery-pilot
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=13&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=13&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=13&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=13&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=14&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=14&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=14&page=1
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=SC&sector=aaa&juris=ca&year=2019&rn=14&page=1


108HEAT EXCHANGE REfERENCEs

NRCan (Natural Resources Canada). 2022. 
Heating and Cooling with a Heat Pump. 
https://natural-resources.canada.ca/energy-
efficiency/energy-star-canada/about/
energy-star-announcements/publications/
heating-and-cooling-heat-pump/6817 

NRCan (Natural Resources Canada). 2020. 
Comprehensive Energy Use Database. 
Residential Sector. [Table 27]. https://oee.
nrcan.gc.ca/corporate/statistics/neud/dpa/
showTablecfm?type=CP&sector=res&juris= 
ca&year=2020&rn=27&page=0 

NRCan (Natural Resources Canada). 
n.d. Comprehensive Energy Use 
Database. Residential Sector. [Table 
2]. https://oee.nrcan.gc.ca/corporate/
statistics/neud/dpa/showTable.
cfm?type=CP&sector=res&juris=ca&year= 
2021&rn=2&page=0 

NSUARB (Nova Scotia Utility and Review 
Board). 2023. Decision 2023 NSUARB 166 
M10960. https://nsuarb.novascotia.ca/
sites/default/files/NSUARB%20Board%20
Decision%20-%20Eastward%20Energy%20
Inc%20-%20Natural%20Gas%20-%20
M10960%20Decision.pdf 

NYSERDA (New York State Energy Research 
and Development Authority). 2022. The 
Future of Buildings: New York’s Carbon 
Neutral Buildings Roadmap. December. 
https://www.nyserda.ny.gov/-/media/
Project/Nyserda/Files/Programs/Carbon-
Neutral-Buildings/Roadmap-executive-
summary.pdf 

NZAB (Net-Zero Advisory Body). 
2020. Net-Zero Pathways: 10 values 
and principles. https://www.
nzab2050.ca/publication-report/
net-zero-pathways-10-values-and-principles 

OEB (Ontario Energy Board). 2023. Decision 
and Order EB-2022-0200. https://www.rds.
oeb.ca/CMWebDrawer/Record/827754/File/
document 

OEB (Ontario Energy Board) 2021. Decision 
and Order 2020-0091. decision and order 
- eb-2020-0091 enbridge gas inc.Ontario 
Energy Boardhttps://www.rds.oeb.ca › 
Record › File › document

OEB (Ontario Energy Board). 2009. Decision 
EB-2009-0172. https://www.oeb.ca/
oeb/_Documents/Decisions/dec_EGDI_
preliminary_motion_20091222.pdf 

OECD. 2023. Decarbonising Homes in 
Cities in the Netherlands: A Neighbourhood 
Approach. https://www.oecd.org/
publications/decarbonising-homes-in-
cities-in-the-netherlands-b94727de-en.htm 

Ofgem. 2023. Page 70. RIIO-3 Sector 
Specific Methodology Consultation—
Finance Annex. December. https://www.
ofgem.gov.uk/sites/default/files/2023-12/
RIIO-3%20SSMC%20Finance%20Annex.pdf 

PG&E. 2022. “Amended Application of 
Pacific Gas and Electric Company (U 39 G) 
for Approval of Zonal Electrification Pilot 
Project.” Public Utilities Commission of the 
State of California. December. https://docs.
cpuc.ca.gov/PublishedDocs/Efile/G000/
M500/K435/500435462.PDF  

RMI (Rocky Mountain Institute). 2022. 
Email: Re: Investigation into the Role of the 
Gas Local Distribution Companies as the 
Commonwealth Achieves its 2050 Climate 
Goals, D.P.U. 20-80 https://fileservice.
eea.comacloud.net/FileService.Api/file/
FileRoom/14923028 

Rosenow, Jan, Richard Lowes, Oliver 
Broad, Graeme Hawker, Jianzhong Wu, 
Meysam Qadrdan, and Robert Gross. 2020. 
The pathway to net zero heating in the 
UK. UKERC (UK Energy Research Centre). 
October. doi:10.5286/ukerc.edc.000941

https://natural-resources.canada.ca/energy-efficiency/energy-star-canada/about/energy-star-announcements/publications/heating-and-cooling-heat-pump/6817
https://natural-resources.canada.ca/energy-efficiency/energy-star-canada/about/energy-star-announcements/publications/heating-and-cooling-heat-pump/6817
https://natural-resources.canada.ca/energy-efficiency/energy-star-canada/about/energy-star-announcements/publications/heating-and-cooling-heat-pump/6817
https://natural-resources.canada.ca/energy-efficiency/energy-star-canada/about/energy-star-announcements/publications/heating-and-cooling-heat-pump/6817
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2020&rn=27&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2020&rn=27&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2020&rn=27&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2020&rn=27&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2021&rn=2&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2021&rn=2&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2021&rn=2&page=0
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/showTable.cfm?type=CP&sector=res&juris=ca&year=2021&rn=2&page=0
https://nsuarb.novascotia.ca/sites/default/files/NSUARB%20Board%20Decision%20-%20Eastward%20Energy%20Inc%20-%20Natural%20Gas%20-%20M10960%20Decision.pdf
https://nsuarb.novascotia.ca/sites/default/files/NSUARB%20Board%20Decision%20-%20Eastward%20Energy%20Inc%20-%20Natural%20Gas%20-%20M10960%20Decision.pdf
https://nsuarb.novascotia.ca/sites/default/files/NSUARB%20Board%20Decision%20-%20Eastward%20Energy%20Inc%20-%20Natural%20Gas%20-%20M10960%20Decision.pdf
https://nsuarb.novascotia.ca/sites/default/files/NSUARB%20Board%20Decision%20-%20Eastward%20Energy%20Inc%20-%20Natural%20Gas%20-%20M10960%20Decision.pdf
https://nsuarb.novascotia.ca/sites/default/files/NSUARB%20Board%20Decision%20-%20Eastward%20Energy%20Inc%20-%20Natural%20Gas%20-%20M10960%20Decision.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Programs/Carbon-Neutral-Buildings/Roadmap-executive-summary.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Programs/Carbon-Neutral-Buildings/Roadmap-executive-summary.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Programs/Carbon-Neutral-Buildings/Roadmap-executive-summary.pdf
https://www.nyserda.ny.gov/-/media/Project/Nyserda/Files/Programs/Carbon-Neutral-Buildings/Roadmap-executive-summary.pdf
https://www.nzab2050.ca/publication-report/net-zero-pathways-10-values-and-principles
https://www.nzab2050.ca/publication-report/net-zero-pathways-10-values-and-principles
https://www.nzab2050.ca/publication-report/net-zero-pathways-10-values-and-principles
https://www.rds.oeb.ca/CMWebDrawer/Record/827754/File/document
https://www.rds.oeb.ca/CMWebDrawer/Record/827754/File/document
https://www.rds.oeb.ca/CMWebDrawer/Record/827754/File/document
https://www.rds.oeb.ca/CMWebDrawer/Record/720232/File/document
https://www.rds.oeb.ca/CMWebDrawer/Record/720232/File/document
https://www.rds.oeb.ca/CMWebDrawer/Record/720232/File/document
https://www.rds.oeb.ca/CMWebDrawer/Record/720232/File/document
https://www.oeb.ca/oeb/_Documents/Decisions/dec_EGDI_preliminary_motion_20091222.pdf
https://www.oeb.ca/oeb/_Documents/Decisions/dec_EGDI_preliminary_motion_20091222.pdf
https://www.oeb.ca/oeb/_Documents/Decisions/dec_EGDI_preliminary_motion_20091222.pdf
https://www.oecd.org/publications/decarbonising-homes-in-cities-in-the-netherlands-b94727de-en.htm
https://www.oecd.org/publications/decarbonising-homes-in-cities-in-the-netherlands-b94727de-en.htm
https://www.oecd.org/publications/decarbonising-homes-in-cities-in-the-netherlands-b94727de-en.htm
https://www.ofgem.gov.uk/sites/default/files/2023-12/RIIO-3%20SSMC%20Finance%20Annex.pdf
https://www.ofgem.gov.uk/sites/default/files/2023-12/RIIO-3%20SSMC%20Finance%20Annex.pdf
https://www.ofgem.gov.uk/sites/default/files/2023-12/RIIO-3%20SSMC%20Finance%20Annex.pdf
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M500/K435/500435462.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M500/K435/500435462.PDF
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M500/K435/500435462.PDF
https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/14923028
https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/14923028
https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/14923028


109HEAT EXCHANGE REfERENCEs

Samson, Rachel, Jonathan Arnold, 
Weseem Ahmen, and Dale Beugin. 2021. 
Sink or Swim. Transforming Canada’s 
economy for a global low-carbon future. 
Canadian Climate Institute. October. 
https://climatechoices.ca/wp-content/
uploads/2021/10/CICC-Sink-or-Swim-
English-Final-High-Res.pdf 

Sawyer, Dave, Anna Kanduth, Bradford 
Griffin, Franziska Förg, Ross Linden-Fraser, 
and Arthur Zhang. 2023. Independent 
Assessment of Canada’s 2023 Emissions 
Reduction Plan Progress Report. Canadian 
Climate Institute. https://climateinstitute.
ca/wp-content/uploads/2023/12/ERP-
assessment-2023-EN-FINAL.pdf 

Séguin, Hugo, and Alex Bigouret. 2023. 
Hybrid heat in Quebec: Energir and 
Hydro-Quebec’s collaboration on building 
heat decarbonization. Canadian Climate 
Institute. https://climateinstitute.ca/
publications/hybrid-heat-in-quebec/ 

Sokic, Nicholas. 2023. “Énergir pledges 
100% renewable energy for new grid 
hookups.” Sustainable Biz Canada. April. 
https://sustainablebiz.ca/energir-commits-
to-100-renewable-energy-for-new-grid-
connections 

Specian, Mike, Charlotte Cohn, and Dan 
York. 2021. Demand-Side Solutions to Winter 
Peaks and Constraints. ACEE. https://www.
aceee.org/research-report/u2101 

Statistics Canada. 2023. Canadian Social Survey: 
Energy Use. https://www150.statcan.gc.ca/n1/
daily-quotidien/231030/dq231030b-eng.htm 

Stephen, Jamie, M. Jean Blair, Liz 
Brennan, and Susan Wood-Bohm. 2020. 
Renewable Natural Gas (Biomethane) 
Feedstock Potential in Canada. Torchlight 
Bioresources. https://www.enbridge.
com/~/media/Enb/Documents/Media%20
Center/RNG-Canadian-Feedstock-
Potential-2020%20(1).pdf 

Stiebert, Seton, and Dave Sawyer. 
2023. “Emissions from oil and gas, 
buildings undercut Canada’s climate 
progress.” Canadian Climate Institute. 
https://440megatonnes.ca/insight/
emissions-oil-and-gas-buildings-undercut-
canadas-climate-progress/ 

Sullivan, Magdalen, and Erin Murphy. 2024. 
Non-Pipeline Alternatives: Meeting Energy 
Demand Responsibly. Environmental 
Defense Fund. February. https://www.edf.
org/sites/default/files/2024-02/Non-Pipeline-
Alternatives-Report_EDF_Feb2024.pdf 

The Canadian Press. 2023. “Energy minister 
may accept less than half of projects over 
Hydro concerns.” CTV News. January 
31. https://montreal.ctvnews.ca/energy-
minister-may-accept-less-than-half-of-
projects-over-hydro-concerns-1.6253564 

Topolski, Kevin, Evan P. Reznicek, Burcin 
Cakir Erdener, Chris W. San Marchi, Joseph 
A. Ronevich, Lisa Fring, Kevin Simmons, 
Omar Jose Guerra Fernandez, Bri-Mathias 
Hodge, and Mark Chung. 2022. Hydrogen 
Blending into Natural Gas Pipeline 
Infrastructure: Review of the State of 
Technology. NREL (National Renewable 
Energy Lab). https://www.nrel.gov/docs/
fy23osti/81704.pdf  

Turner, Chris. 2023. “Heat pumps are hot 
in the Maritimes”. Canadian Climate 
Institute. April. https://climateinstitute.ca/
publications/heat-pumps-are-hot-in-the-
maritimes/#:~:text=The%20rise%20of%20
the%20Maritimes%20anomaly%20in%20
heat%20pump%20adoption,of%20all%20
New%20Brunswick%20residences. 

Utilis Consulting. 2023. Back to Bonbright: 
Economic Regulation Fundamentals can 
Enable Net Zero. Electricity Canada. https://
issuu.com/canadianelectricityassociation/
docs/ec_sel_frame_-_2023_21_ 

https://climatechoices.ca/wp-content/uploads/2021/10/CICC-Sink-or-Swim-English-Final-High-Res.pdf
https://climatechoices.ca/wp-content/uploads/2021/10/CICC-Sink-or-Swim-English-Final-High-Res.pdf
https://climatechoices.ca/wp-content/uploads/2021/10/CICC-Sink-or-Swim-English-Final-High-Res.pdf
https://climateinstitute.ca/wp-content/uploads/2023/12/ERP-assessment-2023-EN-FINAL.pdf
https://climateinstitute.ca/wp-content/uploads/2023/12/ERP-assessment-2023-EN-FINAL.pdf
https://climateinstitute.ca/wp-content/uploads/2023/12/ERP-assessment-2023-EN-FINAL.pdf
https://climateinstitute.ca/publications/hybrid-heat-in-quebec/
https://climateinstitute.ca/publications/hybrid-heat-in-quebec/
https://sustainablebiz.ca/energir-commits-to-100-renewable-energy-for-new-grid-connections
https://sustainablebiz.ca/energir-commits-to-100-renewable-energy-for-new-grid-connections
https://sustainablebiz.ca/energir-commits-to-100-renewable-energy-for-new-grid-connections
https://www.aceee.org/research-report/u2101
https://www.aceee.org/research-report/u2101
https://www150.statcan.gc.ca/n1/daily-quotidien/231030/dq231030b-eng.htm
https://www150.statcan.gc.ca/n1/daily-quotidien/231030/dq231030b-eng.htm
https://www.enbridge.com/~/media/Enb/Documents/Media%20Center/RNG-Canadian-Feedstock-Potential-2020%20(1).pdf
https://www.enbridge.com/~/media/Enb/Documents/Media%20Center/RNG-Canadian-Feedstock-Potential-2020%20(1).pdf
https://www.enbridge.com/~/media/Enb/Documents/Media%20Center/RNG-Canadian-Feedstock-Potential-2020%20(1).pdf
https://www.enbridge.com/~/media/Enb/Documents/Media%20Center/RNG-Canadian-Feedstock-Potential-2020%20(1).pdf
https://440megatonnes.ca/insight/emissions-oil-and-gas-buildings-undercut-canadas-climate-progress/
https://440megatonnes.ca/insight/emissions-oil-and-gas-buildings-undercut-canadas-climate-progress/
https://440megatonnes.ca/insight/emissions-oil-and-gas-buildings-undercut-canadas-climate-progress/
https://www.edf.org/sites/default/files/2024-02/Non-Pipeline-Alternatives-Report_EDF_Feb2024.pdf?_gl=1*180nsgr*_ga*MTg4NTIxODUyNy4xNzEwMzYzMzYw*_ga_2B3856Y9QW*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_ga_Q5CTTQBJD8*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_gcl_au*MjAyMjAwMTIwNC4xNzEwMzYzMzYx
https://www.edf.org/sites/default/files/2024-02/Non-Pipeline-Alternatives-Report_EDF_Feb2024.pdf?_gl=1*180nsgr*_ga*MTg4NTIxODUyNy4xNzEwMzYzMzYw*_ga_2B3856Y9QW*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_ga_Q5CTTQBJD8*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_gcl_au*MjAyMjAwMTIwNC4xNzEwMzYzMzYx
https://www.edf.org/sites/default/files/2024-02/Non-Pipeline-Alternatives-Report_EDF_Feb2024.pdf?_gl=1*180nsgr*_ga*MTg4NTIxODUyNy4xNzEwMzYzMzYw*_ga_2B3856Y9QW*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_ga_Q5CTTQBJD8*MTcxMDM2MzM1OS4xLjAuMTcxMDM2MzM2NC41NS4wLjA.*_gcl_au*MjAyMjAwMTIwNC4xNzEwMzYzMzYx
https://montreal.ctvnews.ca/energy-minister-may-accept-less-than-half-of-projects-over-hydro-concerns-1.6253564
https://montreal.ctvnews.ca/energy-minister-may-accept-less-than-half-of-projects-over-hydro-concerns-1.6253564
https://montreal.ctvnews.ca/energy-minister-may-accept-less-than-half-of-projects-over-hydro-concerns-1.6253564
https://www.nrel.gov/docs/fy23osti/81704.pdf
https://www.nrel.gov/docs/fy23osti/81704.pdf
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/#:~:text=The%20rise%20of%20the%20Maritimes%20anomaly%20in%20heat%20pump%20adoption,of%20all%20New%20Brunswick%20residences
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/#:~:text=The%20rise%20of%20the%20Maritimes%20anomaly%20in%20heat%20pump%20adoption,of%20all%20New%20Brunswick%20residences
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/#:~:text=The%20rise%20of%20the%20Maritimes%20anomaly%20in%20heat%20pump%20adoption,of%20all%20New%20Brunswick%20residences
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/#:~:text=The%20rise%20of%20the%20Maritimes%20anomaly%20in%20heat%20pump%20adoption,of%20all%20New%20Brunswick%20residences
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/#:~:text=The%20rise%20of%20the%20Maritimes%20anomaly%20in%20heat%20pump%20adoption,of%20all%20New%20Brunswick%20residences
https://climateinstitute.ca/publications/heat-pumps-are-hot-in-the-maritimes/#:~:text=The%20rise%20of%20the%20Maritimes%20anomaly%20in%20heat%20pump%20adoption,of%20all%20New%20Brunswick%20residences
https://issuu.com/canadianelectricityassociation/docs/ec_sel_frame_-_2023_21_
https://issuu.com/canadianelectricityassociation/docs/ec_sel_frame_-_2023_21_
https://issuu.com/canadianelectricityassociation/docs/ec_sel_frame_-_2023_21_


110HEAT EXCHANGE REfERENCEs

Utilities Commission Act, British Columbia 
1996, c.473. https://www.bclaws.gov.
bc.ca/civix/document/id/complete/
statreg/96473_01#section28 

Venkatesh, Aranya, Katherine Jordan, 
Aditya Sinha, Jeremiah Johnson, and 
Paulina Jaramillo. 2022. Open Energy 
Outlook: Decarbonization Pathways for 
the USA. Wilton E. Scott Institute for Energy 
Innovation. https://www.cmu.edu/energy/
key-initiatives/open-energy-outlook/oeo-
report-2022.html 

Vermont Public Utility Commission. 2023. 
Clean Heat Standard. https://puc.vermont.
gov/clean-heat-standard 

Williams, James H., Ryan A. Jones, Ben 
Haley, Gabe Kwok, Jeremy Hargreaves, 
Jamil Farbes, and Margaret S. Tom. 2021. 
“Carbon-Neutral Pathways for the United 
States.” AGU Advances 2(1) (January). doi: 
10.1029/2020AV000284 

Yoo, Yeong, Hirem Bara, Nancy Glass, 
and Ryan Baker. 2022. H2 blending into 
the Canadian NG grid network and H2 
tolerances in end-use appliances. March 31. 
NRCan (Natural Resources Canada).  
doi.org/10.4224/23002611 

https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96473_01#section28
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96473_01#section28
https://www.bclaws.gov.bc.ca/civix/document/id/complete/statreg/96473_01#section28
https://www.cmu.edu/energy/key-initiatives/open-energy-outlook/oeo-report-2022.html
https://www.cmu.edu/energy/key-initiatives/open-energy-outlook/oeo-report-2022.html
https://www.cmu.edu/energy/key-initiatives/open-energy-outlook/oeo-report-2022.html
https://puc.vermont.gov/clean-heat-standard
https://puc.vermont.gov/clean-heat-standard
http://doi.org/10.4224/23002611


How today's policies will drive or delay 
Canada's transition to clean, 
reliable heat for buildings

CANADIAN
CLIMATE

INSTITUTE

L’INSTITUT
CLIMATIQUE
DU CANADA


	_pjg2s425vyym
	_tp3zan1kiv42
	_r2dlcsdqn4bz
	_htd1i75ma4d0
	_23x1rh1fvwuv
	_sfwy0i439eql
	_aw9kyo6kb412
	_n4rrhq5gezjf
	_n49v9o7dw90u
	_bq6zrx6omu2m
	_n01r568itjab
	_jsxgpx78tett
	_1jm3jnttuow6
	_txxefbukagem
	_vobwoeijfyly
	_lpavlivckxmg
	_vm11lwr4k105
	_7tu67d3vm65d
	_uth4o5uzbx8u
	_o74jhomzqcst
	_n82iq16umyps
	_cy4n67obbe2e
	_ditfgnw3zt3k
	_wys1ooujchj3
	_p02uc66a4g22
	_3wvv89em825c
	_szg8i2f7sdng
	_5bo2j1fpsfx
	_k7kh32k11evs
	_hu5yt4k6g3nb
	_mkknk1554ds9
	_i2irjhi7x9ca
	_x775xtom50gq
	_2qq4ce4qj7w7
	_wcimvuiwbcsk
	_oac1hr11yc4o
	_uzpn7usgn9ek
	_cjld48p2y7uo
	_e6p27gj2n78j
	_gtjqh4dfxa1s
	_u96bqqtus40f
	_ymlq5rpmfme
	_ns193dw2l4vs
	_2wmluuc8okx2
	_k2ubxpr4cunb
	_ojudfh9ex3ta
	_1y6cbbmpvbdt
	_xhn6z9u0ckok
	_b23clelbpx7j
	_bntsgvgvmtee
	_tcovk8cx39yc
	_wbeo1cb50lpn
	_q2mn6xdwgkux
	_ovijmtuilmob
	Executive summary
	Introduction

	Net zero and the future of building heat
	1.1	Overarching insights for Canada’s energy systems
	1.2	Implications for the electricity system
	1.3	Implications for the gas system

	The current trajectory of building heat compared to a cost-optimal net zero pathway
	2.1	The status of building heat in the clean energy transition 
	2.2	The stakes of being off-track

	Limitations of existing policy and institutions
	3.1	Limitations of current climate policy
	3.2	Limitations of current utility regulation 
	3.3	Why status quo inertia puts the energy transition at risk 
	3.4	Continuing with business-as-usual utility regulation in the energy transition is risky 

	Opportunities for policy to drive change
	4.1	Existing options and recent developments
	4.2	The importance of provincial leadership 

	Aligning building heat with net zero
	5.1	Conclusions
	5.2	Recommendations
	Appendices
	Acknowledgments
	References


