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Will people save money if they switch
to electric vehicles and heat pumps?



Image from: Yale Climate Connections with data from UNFCCC
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Presentation Notes
The science is clear. We know that to have a good chance of keeping temperatures from increasing past 1.5°C or 2°C we need to reach net-zero greenhouse gas emissions by mid-century. Here’s a view of what is entailed. By 2050 we need an 84% reduction in global emissions to have a 50/50 chance of staying at 1.5°Celsius heating, or a 64% reduction to have a 50/50 chance at staying within 2°Celsius heating

In 2024, the world emitted 53.2 Gigatonnes (billion tonnes) carbon dioxide equivalent (CO2e). As part of the Paris Agreement, countries made some commitments to reduce emissions (nationally determined contributions or NDCs) and those NDCs are only enough to keep emissions relatively stable (within the range shown in red). 

We need to get back to emissions levels not seen since the 1950s and earlier to stop temperatures from increasing. 

Global GHG total from European Commission: 
https://joint-research-centre.ec.europa.eu/jrc-news-and-updates/world-emissions-hit-record-high-eu-leads-trend-reversal-2025-09-09_en. 

“Historical emissions from 1950, projected emissions in 2030 based on nationally determined contributions, and emission reductions required for a two-thirds chance of keeping global temperatures no more than either 1.5°C (teal) or 2°C (blue) above preindustrial values. Values shown in circles are the reductions needed by various dates compared to 2019 values. Nationally determined contributions (NCDs, or national pledges through the Paris agreement) are not yet sufficient for 2°C, much less 1.5°C, especially when land use and deforestation are considered (see red areas in figure). (Image credit: United Nations Climate Change)”

Image from: Yale Climate Connections with data from UNFCCC https://yaleclimateconnections.org/2023/11/can-we-still-avoid-1-5-degrees-c-of-global-warming/ 



Early estimate of national emissions for 2024

National greenhouse gas emissions (Megatonnes of carbon dioxide equivalent)
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Land use, land-use change and forestry not included

Source: Canadian Climate Institute
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Presentation Notes
Canada’s Nationally Determined Contribution (NDC) is to achieve a reduction of 40-45% below 2005 levels by 2030. The Canadian Climate Institute just released a report indicating that our progress has stalled out. National emissions in 2024 were down just 8.5 per cent since 2005. 

As the Climate Institute writes, “At this point, achieving Canada’s 2030 target would require year-over-year reductions equal to 40 Mt—far beyond the ambition of current policy” (440 Megatonnes). Achieving our 2030 target is highly in doubt so politicians have started talking about net-zero by 2050, again pushing emissions reductions further out into the future, without acknowledging that we need to start reducing emissions now to get to net-zero by 2050. If I want to lose 10 pounds before next beach season I better not start exercising on Canada Day

“Backsliding on climate policy will compound the problem
Policy rollbacks and delays will exacerbate growth in emissions. The repeal of the consumer carbon tax could add roughly 20 megatonnes CO2e by 2030, the proposed oil and gas emissions cap has not been finalized, and the Electric Vehicle Availability Standard is paused. At the same time, provincial and federal EV subsidies have lapsed, which has slowed sales and undercut reductions in the transport sector.
There have been additional significant developments at a provincial level as well. Provincial reluctance to strengthen large-emitter trading systems—also known as industrial carbon pricing systems—is undermining the federation’s most important climate policy. Among the five largest systems, Alberta has capped the carbon price at $95 and further weakening anticipated; Saskatchewan has suspended its program entirely; Ontario has reduced incentives for trading, making the program less effective; Quebec faces pressure to shrink its cap-and-trade regime; and it remains to be seen whether British Columbia’s new system design will deliver.”

https://440megatonnes.ca/insight/canada-emissions-flatlined-in-2024-early-estimate-shows/

Image from: 
Inayat Singh (2025) “In an unprecedented warning, leading climate think-tank says Canada won't meet 2030 climate target.” CBC News Online. 
https://www.cbc.ca/news/science/canada-2024-report-card-1.7636792


Canadian Climate Institute 440 Megatonnes
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We have made emissions reduction progress in some sectors like electricity, mainly through the phasing out of coal-fired power (which is now in doubt in Saskatchewan). Oil sands emissions are up from 2005. Buildings are down a little bit and transportation hasn’t budged.



“Canada’s success in decoupling economic growth from emissions is faltering. While national emissions in 2024 were down 8.5 per cent since 2005 despite an economy that has grown 70 per cent larger, the rate at which this decoupling is happening has slowed. In 2024, emissions intensity of Canada’s economic growth—that is, the emissions produced per unit of GDP—fell just 1.5 per cent, well below the historical norm.”


Image and quote from Canadian Climate Institute 440 Megatonnes: https://440megatonnes.ca/insight/canada-emissions-flatlined-in-2024-early-estimate-shows/


Residential Greenhouse Gas Emissions
Share of Total Canadian GHG Emissions, 2023

Source: National Inventory Report 1990-2023 (Table A10-2), Statistics Canada

B Residential Sector: 136.20 Mt CO, eq
B All Other Sectors: 557.72 Mt CO, eq
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Each of us can play an important part in lowering emissions. 

If we combine residential space and water heating, residential electricity, and personal vehicles, those sources make up about 19.6% of Canada’s GHG emissions. 

This includes:
Residential space and water heating (38 Mt CO2e)
Residential electricity (32% of total electricity demand) (16 Mt CO2e)
Personal vehicles (cars, light trucks, motorcycles) (82 Mt CO2e)

Image generated by Claude AI Sonnet 4.5 with data from Environment and Climate Change Canada (ECCC) National Inventory Report (2025). 


Getting to
Zero

Action
Summary

#1 Improve Efficiency
#2 Clean Up Electricity
#3 Electrify Everything

#4 Switch to low-
carbon fuels

#5 Decarbonize
Industry Strategically
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In general, achieving emissions reductions requires five actions


#3 Electrify Everything
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In our homes, electrifying everything means switching to electric vehicles and cold-climate air source heat pumps. 

Addressing climate change means finding a path to net-zero greenhouse gas emissions throughout all sectors of the economy, including personal transportation and home heating. While investments are required to achieve net-zero emissions, 

In this research I test various scenarios to understand which Canadian households are likely to be net winners in a decarbonized future, and which may end up spending more on their “energy wallet”. 

The energy wallet includes the capital cost of buying equipment like a heating system and vehicle, as well as the operational costs of fueling and maintaining heating systems and vehicles. 
I compare household energy wallet expenditures related to conventional systems, versus the energy wallet expenditures of meeting energy service needs with a cold-climate air source heat pump and electric vehicle. This sensitivity analysis involves varying key cost and operational assumptions for air source heat pumps and electric vehicles. 





Image credit: By Norsk Elbilforening - This file was derived from: Nissan Leaf and Tesla Model S in Norway.jpg:, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=41278999 

Link: https://en.wikipedia.org/wiki/Battery_electric_vehicle#/media/File:Nissan_Leaf_and_Tesla_Model_S_in_Norway_cropped.jpg


People will save money if they switch
to electric vehicles and heat pumps!
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Presentation Notes
Reports by the Canadian Climate Institute, Clean Energy Canada, and the Transition Accelerator have found that households in Canada can reduce their overall expenses when they transition to cleaner options such as electric vehicles and electric heat pumps (Dion, Lee, Kunduth, Guertin, & Beugin, 2022; Martin, Bowie, Fakhoury, & Kabbara, 2024; McNamara, Elbrecht, Pauer, & Melanson, 2024). 
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Canadian Climate Institute “Clean Electricity, Affordable Energy” report from 2023 shows that on average, household spending on energy will decrease by 12% by 2050 by electrifying heat and transportation, even as electricity prices increase. 
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Clean Energy Canada’s report in 2024 showed that households in Toronto and Vancouver could save money by creating an ‘energy smart home’ complete with electric vehicles, cold climate air source heat pumps for space and water heating, and greater energy efficiency. This would also reduce household GHG emissions by 93 - 97%. 


ergy Canada, 2025
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Despite these reports, adoption of EVs and heat pumps is still in early stages, especially in Saskatchewan. 

EV adoption has been growing in BC and Quebec, reaching 23% in BC and 33% in Quebec in 2024

Heat pump adoption has been increasing in the Maritimes, reaching 25% in PEI and 32% in New Brunswick in 2024

Saskatchewan is stuck at 3% market share for both technologies


Source: Clean Energy Canada (2025) “How to talk to Canada's next clean technology adopters.” Presentation to Re-Climate: https://www.youtube.com/watch?v=ilwYAjshEgQ. September 2025. 


Which people will save money if they
switch to electric vehicles and heat pumps?
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Part of the issue is that regions differ when it comes to things like energy prices, climate, and lifestyle. These differences mean the economics of switching to EVs and heat pumps varies by region and type of household. 

Rather than looking at a national or regional average financial return we can ask, “which people will save money if they switch to electric vehicles and heat pumps?”
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To answer this question I look at the amount that Canadians spend on their “energy wallets”. This is similar to the approach taken by Electrifying Canada. 

They provide this definition of energy wallet. 

So it’s the cost of buying equipment like a vehicle or space conditioning system, the energy used to run it, and the maintenance costs




Energy Wallet for Households
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This is a breakdown of what Electrifying Canada estimates the average Canadian household spends as part of the energy wallet. 

Energy costs for the home: electricity + natural gas or heating oil

Energy costs for vehicles: gasoline/diesel or electricity
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The basic steps involve calculating the reference energy wallet for a given household, then creating an electrified energy wallet, and then calculating the difference between the two

I advised the Transition Accelerator on this work and have conducted a parallel analysis that I’ll publish in an academic journal. 



Made using Claude AI with the following prompt:

Can you create a powerpoint slide that uses simple images to illustrate the following methodology for an analysis I conducted: 

Changes to household energy wallet expenditures are calculated in three steps:
Reference energy wallet expenditures - Determine what a household would have paid in capital, fuel/energy, and maintenance costs for their reference space heating system and (for households that drive) a gasoline vehicle 
Electrification energy wallet expenditures – Determine what a household would have paid in capital, fuel/energy, and maintenance costs for a CC-ASHP with electric resistance backup and (for households that drive) an electric vehicle
Calculate the difference between 1. and 2. 



Energy Wallet for Households
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Electrifying Canada compared household energy wallet expenditures using conventional fossil-fuel energy in 2024 to future expenditures using electric vehicles and heat pumps in 2050. The red line indicates annual energy wallet expenses in 2024. The bars show 2050 annual energy wallet expenditures under three electricity price scenarios. 

Electrifying Canada finds that the median household will typically save on their energy wallet expenses by 2050 in scenarios where electricity prices are low, medium, or high. 

There are two exceptions: Alberta and Saskatchewan. I’ll dig into why that is the case




Data in Brief — Expenditure Data

« Data source: Statistics Canada (2019) Survey of Household Spending
 This survey data contains 7930 observations
e Covers all ten provinces and the territorial capitals

* Includes data on household characteristics, income, expenditure, and
energy expenditures

* Key energy expenditures:
 Electricity
* Natural Gas
» Other fuels: includes heating oll
* Motor vehicle fuels (gasoline and diesel)

18
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Here is the data I used in my analysis


Understanding the Plot

This figure shows the
distribution of energy
expenditures by
province.

The height of the ridge
Indicates the relative
frequency of households
with expenditures in that
range.

Annual energy
expenditure levels are
along the x-axis.
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I have expenditure data in dollars for different kinds of energy expenses: gasoline, electricity, heating oil

Here is the raw expenditure data from the Survey of Household Spending. I use this data to impute energy use by households. To calculate energy usage I find prices from 2019 to convert the expenditures into energy units: Gasoline expenditure / Gasoline price = Gasoline litres. For vehicle I then convert litres into distance driven in kilometers.

For space heating I use the expenditures to identify the primary heating source of households. Where natural gas expenditures are present I assume natural gas heating. Where heating oil & propane expenditures are present above a threshold of $500 and there are no natural gas expenditures I assume the home is heated with heating oil. If no natural gas heating or heating oil expenditures then I assume electric baseboard heat. I can then compute the energy used to heat the home, given assumptions about the energy efficiency of typical heating units. 


Understanding the Plot

This figure shows the
distribution of energy
expenditures by province
and income group.

Income group 1 includes
the 20% of households
with the lowest incomes.
Income group 5 includes
the 20% of households
with the highest incomes.
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I am interested in who might save money in the energy transition. This means asking, where do the net winners live in Canada? And also how much income do they earn? 

Energy expenditures increase with income, but not to a great extent. Energy expenditures are generally relatively income inelastic. 


Data in Brief - Energy Prices

* Electricity prices for future years: Navius Canada Enerﬁy
Dashboard (https://canadaenergydashboard.com/index.html)

» Gasoline and heating oil prices:

» Kent Prices for 2019 year; used for imputing energy usage (Source: Kent
Group)

* Future years modelled using a price of $1.35/litre for gasoline and
heating oil. Gasoline is differentiated by province to reflect regional
gasoline price differences.

* Natural gas prices: | calculate a reference price for each
orovince using Canada’s Energy Future 2023 (Source: Canada
nergy Regulator).

* | add carbon pricing to gasoline, heating oil, and natural gas.

21
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I gather reference electricity, gasoline, heating oil, and natural gas prices to turn energy expenditures into energy units. 

I also need future forecasts of energy prices to understand how prices might change into the future. 

https://canadaenergydashboard.com/index.html

Navius Net-Zero
Residential Electricity Rates
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Residential Electricity Rates are taken from the net-zero scenario in the Navius Canada Energy Dashboard: https://canadaenergydashboard.com/

Green line shows the mean electricity rate in each year and province 




Navius Net-Zero
Residential Electricity Rates
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Adding in an orange dotted line that indicates where Saskatchewan sits when it comes to electricity prices. 16.5 cents/kwh inclusive of sales tax.

We can see that Saskatchewan currently has higher rates than many of the “hydro provinces” like BC, Manitoba, and Quebec. 

Rates are forecast to increase in Saskatchewan over time



Permutations

There are several input variations that impact household energy wallet
expenditures. The permutations that result from these variations are
multiplicative. The permutations are as follows:

1. Years — This analysis is carried out for two time-steps: 2030 & 2050
(2)
2. EV Price differentials — ECCC RIAS 2023 and EIA AEO 2023 (2)

3. CC-ASHP cost and efficiency progress — “Slow”, "“Moderate” and
“Rapid” (NREL, 2017) (3)

4. Carbon pricing — None, Constant at $170/tonne after 2030,
Escalating at $15/tonne/year in nominal terms after 2030 (3)

In total this produces 2 x 2 x 3 x 3 = 36 permutations.
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The energy wallet assumptions depend on some of the assumptions that go into them. I have 36 versions of the results, but will just show a few today.

EV Price Differentials are important. Environment and Climate Change Canada (ECCC) forecast that light-duty cars would reach purchase price parity by 2030; EVs would cost the same upfront as internal combustion engine (ICE) vehicles. Energy Information Administration (EIA) is more pessimistic, and assumes the two kinds of vehicles won’t get close to parity until 2050

Cold-climate air source heat pumps may come down in cost and increase in terms of energy efficiency. There are three paths for cost and efficiency improvements: slow, moderate, and rapid.




Energy Wallet Results
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Now I’ll show you some of my results. There are other assumptions that I can get into if people have questions

Image credit: By Norsk Elbilforening - This file was derived from: Nissan Leaf and Tesla Model S in Norway.jpg:, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=41278999 

Link: https://en.wikipedia.org/wiki/Battery_electric_vehicle#/media/File:Nissan_Leaf_and_Tesla_Model_S_in_Norway_cropped.jpg


87% of Canadian
households would
be winners in 2030
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Here are my initial results at the national level. I assume that EVs get close to cost parity by 2030 (the ECCC assumption). I assume a moderate reduction in the cost of CC-ASHP and moderate improvements in efficiency. This graph assumes the consumer carbon price is in place in 2030. 

The heights of the bars here indicate how many households fit within a certain annual household savings “bin”. The bins where households are saving money in the energy transition are in teal. I call these households “winners”. The bins where households pay extra after electrifying are in red and I call these households “losers” in the energy transition. 

With these assumptions, we see that 87% of Canadian households would be winners in a transition to electrified transportation and space conditioning


85% of Canadian
households would
be winners in 2050
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Here are the same assumptions for the year 2050. 


87% 74%
winners winners

The purchase price of EVs is important.
The sooner we see purchase price
parity, the more households can win in
the energy transition
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The future of electric vehicle prices is important. In the ECCC scenario, EVs reach purchase price parity by 2030. In the EIA scenario, they don’t reach purchase price parity until 2050. EVs generate savings when you drive them, but purchase price parity means you save money right off the hop without any waiting for a payback.


80%

winners
Losing the consumer

carbon price makes 85%

electrification less winners
attractive. However, many
households can still be
winners.
94%

winners




Electric Vehicles are the big driver of
savings. Households that don’t drive
are much more likely to lose when
electrifying space conditioning.
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What about the payback for households that don’t drive? 




Presenter
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Here are the middle-ground assumptions in 2030 again, but this time split out by province. We can see that winners outnumber losers in all provinces, but the number of losers is higher in Alberta and Saskatchewan. 

This scenario again includes the consumer carbon price set at $170/tonne CO2e in 2030.


Losing the consumer carbon price hurts
the economics of electrification in
Alberta and Saskatchewan.
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If we use the same assumptions, but drop the consumer carbon price, then the many more households in Alberta and Saskatchewan are losers. 


Why Don’t Alberta and Saskatchewan
Households Win More Often?
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What is up with Alberta and Saskatchewan? 



Relatively High
Electricity Prices
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It’s partly an energy price story. In Alberta and Saskatchewan we have relatively high electricity prices, and relatively low natural gas prices; especially after removal of the consumer carbon price.
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It’s also a climate story. The prairies are in a different climate zone than a lot of the other provinces and places where people live. We have colder winters relative to other major Canadian cities. This impacts the efficiency of an air source heat pump

Image source: Climate Data (2024) Building Climate Zones Projections. https://climatedata.ca/buildings-climate-zones-projections/ 


Lower CC-ASHP Coefficients of Performance
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Cold climates impact the efficiency of an air source heat pump.

Air source heat pumps work in winter by transferring heat from outside to inside the home and doing the opposite in summer for cooling. Cold climate air source heat pumps can operate at cold temperatures like -25 Celsius or -30 Celsius. The efficiency of an air source heat pump decreases at low temperatures (when it's harder to find heat to move into the building) and high temperatures (when it's harder to unload heat outside the building). 

Cold-climate air-source heat pumps (CC-ASHP) can operate down to -25C or -30C but they become less efficient at those temperatures. 

About This Data
Based on: Mitsubishi Hyper-Heat and Moovair Central-Moov cold climate air source heat pumps operating in Canadian conditions
Key Performance Points:
COP of ~3.2-3.7 at typical winter temperatures (5-15°C / 41-59°F)
COP of ~1.8-2.0 at design heating temperatures (-15 to -20°C / 5 to -4°F)
100% rated heating capacity maintained down to -15°C to -20°C
Can operate in heating mode down to -25°C to -30°C with reduced efficiency
COP of ~2.4 at 17°F (-8°C) for systems like the Moovair 3-ton unit
Cooling efficiency decreases above 30°C as outdoor heat rejection becomes more difficult
Note: Actual performance varies with humidity, wind, frost conditions, and specific model. These values represent typical performance for premium cold-climate rated equipment.

Image source: Claude AI generated artifact


Heating Load Covered
Province sCOP by Heat Pump

BC
AB
SK
MB
ON
QC
NB
NS
PE
NL

3.70
2.67
2.61
2.66
3.12
2.83
2.87
3.13
2.91
2.87

100%
90%
90%
90%
98%
94%
98%
98%
98%
90%
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Here are the starting points for ‘seasonal Coefficient of Performance’ (sCOP) in the energy wallet analysis. This is the average coefficient of performance (COP)

When temperatures dip below the threshold for CC-ASHP, another kind of heating is needed as back-up. In the prairies and NL, CC-ASHP can cover about 90% of heating load. I assume the rest of the required heating is met using electric resistance heating. 


» The purchase price of electric vehicles is an
important factor influencing energy wallet
outcomes. If EVs reach purchase price parity
by 2030-2035 (like ECCC assumes), then more
households will be net winners.

.  The cancellation of Canada’s consumer
COHC[USlonS carbon price reduces the number of
households that will save money in the
energy transition. The move makes ICE
vehicles and natural gas furnaces relatively
more competitive when compared to EVs and
CC-ASHP heating systems.

38



Conclusions

 Drivers are most likely to save money in the
energy transition because EVs generate a lot
of operational savings. The more you drive,
the more you can save by buying an EV.

 The results vary across provinces. Alberta and
Saskatchewan stand out as places where
households are less likely to save money in
the energy transition. This is a result of three
key factors:
* Relatively high electricity prices
* Relatively low natural gas prices

« Cold climates that reduce the efficiency of CC-
ASHP heating systems

« CC-ASHP offer operational savings relative to
heating oil and electric resistance heat, but
not natural gas heat.

39



Policy Advice

* People get hung up on high upfront cost and
discount (put less value on) long-run savings.

* We need to keep working to lower the price
of EVs. Clean Energy Canada suggests
Canada should allow more EVs to be sold in
Canada (e.g. European and Korean EVs) to
Increase the number of EVs that cost less
than $40,000.

» The federal government is reviewing the ZEV
mandate. If we aren’t going to have a carbon
price, then we need other policies to make
adoption of EVs and heats pumps desirable.

« A ZEV mandate can reduce the price of EVs
and get us closer to purchase price parity

40



Jonn Axsen and Chandan Bhardwaj (2025) Subsidies, Standards, or Both? Trade-Offs among Policies for 100% ZEV Sales.


Presenter
Presentation Notes
Keeping a ZEV mandate will lead to lower prices for electric vehicles. Automakers will need to cross-subsidize EVs in order to sell more and meet the targets

Jonn Axsen and Chandan Bhardwaj (2025) Subsidies, Standards, or Both? Trade-Offs among Policies for 100% Zero-Emissions Vehicle Sales. 
Cite This: Environ. Sci. Technol. 2025, 59, 1932−1941. https://doi.org/10.1021/acs.est.4c11772



Policy Advice

* We need to keep working to lower the price
of heat pumps, and to get them working
more efficiently at low temperatures.
Research is needed!

42
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We need to bring down the cost of cold-climate heat pumps. Mine came in at about $21,000 for a 30,000 btu (2.5 tonne) Mitsubishi unit

$18,856.82 for the Mitsubishi cold-climate heat pump
$20,931.07 (including GST & PST)




* We need to keep working to lower the price
of heat pumps, and to get them working
more efficiently at low temperatures.
Research is needed!

) . * On the prairies it's also useful to think about
POlICy Advice other ways to electrify our heating systems.
Can we get better at installing ground-source
heat pumps? Or can we start building
thermal networks to serve multiple buildings
In our communities?

44



Thanks!

Brett.Dolter@uregina.ca
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Supplementary Slides



Electrifying Canada (2024) Household Energy Affordability in a Net-Zero Future. Figure 5
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Electrifying Canada (2024) Household Energy Affordability in a Net-Zero Future. Figure 5


Electrifying Canada (2024) Household Energy Affordability in a Net-Zero Future. Figure 6
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Electrifying Canada (2024) Household Energy Affordability in a Net-Zero Future. Figure 6


Electrifying Canada (2024) Household Energy Affordability in a Net-Zero Future. Figure 9
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Electrifying Canada (2024) Household Energy Affordability in a Net-Zero Future. Figure 9


Incremental Cost of Electric Vehicles by Year and Type

50
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Presentation Notes
This table shows light-duty battery electric cars achieving sticker price parity with ICE cars between 2030 and 2035. Light-duty battery electric trucks get close to sticker price parity with their ICE counterparts by 2035, but still have a slight cost premium.


(EIA, 2023)

EIA 2023 Annual
Energy Outlook
Incremental EV

Costs

51
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The US Energy Information Administration (EIA) produced a forecast of sticker price differentials between EV and ICE vehicles for different vehicle classes in their 2023 Annual Energy Outlook report. This figure summarizes data from the three scenarios in the 2023 EIA AEO, Table 52 New Light-Duty Vehicle Prices. 

The EIA has a more pessimistic view of when EV and ICE vehicles will obtain price parity. In fact the EIA models that the price of battery electric vehicles will remain above similar ICE vehicles out to 2050. I use the EIA values as the pessimistic case for how the adoption of energy wallet expenditures will impact Canadian households across the income distribution (by income quintile) and across the country (by province). 

https://www.eia.gov/outlooks/aeo/data/browser/#/?id=114-AEO2023&cases=ref2023&sourcekey=0


CC-ASHP Capital Cost

The National Renewable Energy Laboratory (NREL) produced
forecasts for improvements to CC-ASHP in a 2017 report. NREL
outlined three scenarios for both capital cost reductions and
iIncreased seasonal coefficients of performance (sCOP). Capital
cost improvements help reduce the cost differential between CC-
ASHP and reference heating systems. | use the following capital cost
reduction assumptions to create three cost improvement scenarios:

e Slow: .7%/year cost reduction
e Moderate: 1%/year cost reduction
e Rapid: 1.5%/year cost reduction


Presenter
Presentation Notes
Jadun, Paige; Colin McMillan, Daniel Steinberg, Matteo Muratori, Laura Vimmerstedt, and Trieu Mai (2017) Electrification Futures Study: End-Use Electric Technology Cost and Performance Projects through 2050. National Renewable Energy Laboratory. https://www.nrel.gov/docs/fy18osti/70485.pdf 


sCOP Values

Similarly, NREL forecast three scenarios for improvements to sCOP
values. Increased sCOP values mean that the CC-ASHP can provide
more heat with less electricity. This improves the operational
competitiveness of CC-ASHP relative to reference heating systems,
Including high-efficiency natural gas furnaces. NREL defines the
three scenarios in terms of when a CC-ASHP system would achieve
a COP of 3.0 at a temperature of -25°C. Efficiency improvements by
scenario are:

* Slow: achieve this goal by 2050
* Moderate: achieve this goal by 2040
 Rapid: achieve this goal by 2030
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Image credit: By Norsk Elbilforening - This file was derived from: Nissan Leaf and Tesla Model S in Norway.jpg:, CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=41278999 

Link: https://en.wikipedia.org/wiki/Battery_electric_vehicle#/media/File:Nissan_Leaf_and_Tesla_Model_S_in_Norway_cropped.jpg


Drivers by Income Quintile
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Higher income households are more likely to own, lease or operate a vehicle than lower-income households


Gasoline Expenditure by Income Quintile

56
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Presentation Notes
In this figure I isolate the households that “own, lease, or operate a vehicle” and calculate the average gasoline expenditures by income quintile
I use this gasoline expenditures, combined with average fuel efficiencies, and 2019 gasoline prices to calculate imputed distance driven (kilometers) for each income quintile and province


Driving Distance

57
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- This figure displays imputed average distance driven in kilometers for each income quintile and province combination for all households that state they own, lease or use a vehicle
- Generally, distance driven increases with income
- Because the imputation is done assuming average fleet fuel efficiency in 2019 these averages may hide differences in the types of vehicles driven by income quintile. For example, higher income households may not necessarily drive more, but may drive bigger vehicles that use more fuel. 


Cost Savings Increase with
Distance Driven
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Presentation Notes
- The cost-increment of $725 for battery electric light trucks in 2035 is repaid after 10,000 to 15,000 kilometers of driving. This is not annual average driving, but a total of 10,000 to 15,000 km of driving after the purchase. 
- Battery electric cars are forecast to be lower cost to purchase by 2035 and so provide savings immediately
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Presentation Notes
Heat pump image: https://commons.wikimedia.org/wiki/Category:Heat_pumps#/media/File:Outunit_of_heat_pump.jpg

Window heat pump: https://www.protocol.com/climate/gradient-nycha-heat-pumps-queens




Presenter
Presentation Notes
This figure shows the natural gas price forecasts from the Canadian Energy Regulator’s Canada’s Energy Future 2023 report. The “Canada Net-zero” and “Global Net-zero” price paths are similar so I use the Current Measures natural gas price and then remove the carbon pricing component to create a reference natural gas price for each province.
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