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About Us

Navius Research Inc. is an independent and non-partisan
consultancy based in Vancouver. We operate proprietary energy-
economy modeling software designed to quantify the impacts of
climate change mitigation policy on greenhouse gas emissions and
the economy. We have been active in this field since 2008 and have
become one of Canada’s leading experts in modeling the impacts of
energy and climate policy. Our analytical framework is used by
clients across the country to inform energy and greenhouse gas
abatement strategy.

We are proud to have worked with:

= Most provincial and territorial governments, as well as the
federal government.

m Utilities, industry associations and energy companies.

= Non-profit and research organizations with an interest in
energy, climate change and economics.
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Buildings are a significant source of Canada’s greenhouse gas (GHG) emissions,
accounting for 72 million tonnes of carbon dioxide equivalents (Mt CO2¢) or 11% of
national emissions in 2021.1 Electrifying building heating would significantly reduce
these GHG emissions, for example, by switching from fossil fuel-based systems to
electric heat pumps or baseboard heaters. However, the electrification of building
heating creates significant challenges for electricity systems:

m It will add additional load when electricity systems are already operating at peak
capacity - specifically, during cold winter days.

m Satisfying this larger peak load will require new investments in electricity
generation, transmission, and distribution infrastructure that could increase
electricity rates.

Electricity rates are sensitive to peak load because of the unique character of
electricity systems. They are the only energy system in which one hour of the year can
have an outsized effect on the cost of the entire system because, unlike other forms of
energy, electricity has traditionally been generated at the exact moment it is needed.
As a result, electricity systems must have enough capacity to generate electricity when
demand reaches its peak, even though this capacity may sit idle for a large portion of
the year. While not producing much energy, this peaking capacity can be a significant
contributor to electricity system costs.

But how challenging is building electrification for the electricity system? To
characterize this challenge, we need to understand:

m How does peak load change across Canada if we achieve net zero emissions?

= Similarly, how does the “load factor” change? The load factor is the ratio of average
annual load to peak load in an electricity system, and is a key determinant of
electricity rates.

We used our in-house energy-economy-electricity model to answer these questions.
This model fully-integrates a simulation of economic activity, energy consumption and
GHG emissions across all sectors and provinces in Canada with an hourly electricity

1 Environment and Climate Change Canada. (2023). National Inventory Report. Available from:


https://open.canada.ca/data/en/dataset/779c7bcf-4982-47eb-af1b-a33618a05e5b
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capacity and dispatch model to explore the effect of building electrification on
Canada’s electricity system.

The analysis leads to a few key insights, including:

1. Achieving net zero emissions in Canada will drive significant electrification of
residential and commercial buildings. This will increase peak load.

Building electrification presents a challenge for electricity systems across Canada,
as periods in which space heating technologies are used most intensively (during
cold winter days) coincide with peak load for much of the country. This higher peak
will require more generation, transmission, and distribution capacity to service
demand. Figure A provides an example of forecasted peak load increases in a net
zero future in Ontario. It shows that peak load grows significantly from 2015 to
2050 under current policies, from 23,000 MW to 38,000 MW. Achieving net zero
would further increase peak to 55,000 MW in 2050.

Figure A: Electricity load in the highest 50 hours of the year in Ontario
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Source: Navius analysis using their gTech model and Ontario’s Independent Electricity System Operator.

2. Although building electrification drives an increase in peak load, the extent to
which this impacts electricity rates varies by region.

The load factor is a more relevant determinant of how increases in peak demand
affect electricity rates. If average load over the year increases proportionally to


https://www.ieso.ca/
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peak load, then the load factor will remain constant and the impact on electricity
rates will be less significant. In this respect, building electrification has different
impacts across the country, with British Columbia experiencing the smallest
impact. Lessons from this regional difference include:

m More stringent building standards (such as those implemented in British
Columbia) will considerably improve building efficiency. This means that the
electrification of space heating has less of an impact on peak load and the load
factor.

= Provinces with milder temperatures (again like British Columbia) will experience
a smaller increase in peak load from electrified space heating relative to other
regions. As a result, building electrification has less of an impact on the load
factor in milder climates.

m [f industry in a given province electrifies to reduce GHG emissions, this
electrification adds to baseload electricity consumption in that province. This
reduces the impact of building electrification on the load factor as average load
is greater.

m Regions that start with higher levels of electrified space heating will experience
less of an increase in peak load in a net zero future and therefore less change
in the load factor.

3. Non-generation solutions can be used to reduce the impact of increases in peak
load on the electricity grid, reducing the impact on electricity rates.

As our electricity system evolves towards net zero, non-generation solutions are
becoming more sophisticated and can help reduce peak load and mitigate
impacts on electricity rates. One example of these solutions is utility-controlled
charging (UCC) of electric vehicles. UCC is a form of demand response where the
timing and rate of electric vehicle charging are adjusted to reduce peak load
without impacting when or how people can drive. Figure B provides an example of
the impact of UCC on peak load in a net zero future in Ontario. By allowing for
some transportation load to be moved to off-peak hours, UCC flattens the load
curve and improves the load factor. Other potential options to manage peak load
include electricity storage, electricity trade, and thermal energy storage in
buildings?.

2 NREL. (2023). Exploring Thermal Energy Storage Solutions for Energy-Efficient Buildings. Available from:


https://www.nrel.gov/news/program/2023/exploring-thermal-energy-storage-solutions-for-energy-efficient-buildings.html
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Figure B: Electricity load in the highest 50 hours of the year in Ontario, including the
impact of utility-controlled charging3
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Source: Navius analysis using the gTech model and Ontario’s Independent Electricity System Operator.

This paper is intended to help inform how achieving net zero emissions will affect peak
load and load factors in electricity systems across Canada. It leads to many additional
research questions, which we hope to address in upcoming studies. This includes
exploring how the following affect these results: accounting for the impact of climate
change on future temperature, extreme cold weather peaks, deployment of dual fuel
heat pumps, varying heat pump efficiency (coefficient of performance), additional
inter-regional electricity transmission, and other applications of UCC and demand
response.

3 The ‘other’ category includes appliances, auxiliary motors/equipment, and electricity use in industry.
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1.

Introduction

Buildings are a significant source of Canada’s greenhouse gas (GHG) emissions,
accounting for 72 million tonnes of carbon dioxide equivalents (Mt CO2¢) or 11% of
national emissions in 2021.4 Electrifying building heating would significantly reduce
these GHG emissions, for example, by switching from fossil fuel-based systems to
electric heat pumps or baseboard heaters. However, the electrification of building
heating creates significant challenges for electricity systems, which are often cited as
reasons for building electrification being costly and challenging:

m It will add additional load when electricity systems are already operating at peak
capacity - specifically, during cold winter days.

m Satisfying this larger peak load will require new investments in electricity generation,
transmission, and distribution infrastructure that could increase electricity rates.

Electricity rates are sensitive to peak load because of the unique character of electricity
systems. They are the only energy system in which one hour of the year can have an
outsized effect on the cost of the entire system because, unlike other forms of energy,
electricity has traditionally been generated at the exact moment it is needed. As a result,
electricity systems must have enough capacity to generate electricity when demand
reaches its peak, even though this capacity may sit idle for a large portion of the year.
While not producing much energy, this peaking capacity can be a significant contributor
to electricity system costs.

But how challenging is building electrification for the electricity system? To characterize
this challenge, we need to understand:

m How does peak load change across Canada if we achieve net zero?

m Similarly, how does the “load factor” change? The load factor is the ratio of average
annual load to peak load in an electricity system, and is a key determinant of
electricity rates.

To answer these questions, we conducted an analysis using a version of Navius’ gTech
model that is fully integrated with an electricity capacity and dispatch model to explore
the effect of building electrification on Canada’s electricity system.

4 Environment and Climate Change Canada. (2023). National Inventory Report. Available from:
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https://open.canada.ca/data/en/dataset/779c7bcf-4982-47eb-af1b-a33618a05e5b

Results from the analysis are presented in this paper. The paper is structured as follows:

m Section 2 summarizes the challenge of building electrification.

Section 3 provides a brief overview of the analytical approach used for this analysis.

Section 4 outlines key insights.

Section 5 provides conclusions that can be drawn from this analysis.

Section 6 highlights areas for future research.
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2.

The challenge of building electrification

The electrification of buildings poses several challenges for electricity systems.

1. Building electrification will add load to the electricity system when electricity
systems are already operating at peak capacity - specifically, during cold winter
days.

Throughout much of Canada, electricity systems reach their highest demand during cold
winter days due to a confluence of events. Colder temperatures require electric space
heating to operate at high capacity, the sun sets earlier in the winter leading to more
electric demand from lighting, and some appliances are operated more intensively. The
electrification of space heating would further increase load during these peak hours.

To illustrate the effect of building electrification across Canada, this analysis focuses on
three provinces: British Columbia, Alberta, and Ontario. Figure 1 shows the 50 hours of
the year with highest load in 2015 for each province. Both British Columbia and Alberta
currently have winter peaks, but British Columbia has a much higher degree of
electrification of space heating. Ontario currently has a summer peak due to high air
conditioning load, with a few peak load hours occurring in the winter.

Figure 1: Electricity load in the highest 50 hours of the year in 2015°
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Source: Navius analysis using the gTech model. Data used to parameterize the model include BC Hydro; Alberta
Electricity System Operator; and Ontario’s Independent Electricity System Operator.

5 The ‘other’ category includes appliances, auxiliary motors/equipment, and electricity use in industry.

8


https://www.bchydro.com/energy-in-bc/operations/transmission/transmission-system/balancing-authority-load-data.html
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2. Satisfying this larger peak load will require new investments in electricity
generation, transmission, and distribution infrastructure that could increase
electricity rates.

Electricity systems must have sufficient capacity to generate power during periods of
peak demand and the cost of building this capacity is typically recovered through
electricity sales. This means that to satisfy a larger peak load, new investments in
electricity generation, transmission, and distribution infrastructure would be required,
which could increase electricity rates.

Figure 2 shows 2015 electricity load in Ontario as an example, ordered from the hour
with most to least load. The maximum height of the load curve represents peak demand
(B in Figure 2). In Ontario, this is about 23,000 MW. The area under this curve
represents electricity sales throughout the course of the year. In Ontario, the average
load over the course of the year is 16,000 MW and corresponds to 141 TWh of total
electricity sales.

The ratio between the average and peak load A/B (commonly called the “load factor”) is
a good metric for assessing how peak load affects electricity rates. The electricity
system must have enough capacity to meet peak demand (B), but for regulated utilities
the investment cost is recovered by selling electricity throughout the year, with average
sales denoted by ‘A’ in the load factor equation.

Changes in electricity demand alter the shape of the load curve depending on when
electricity demand occurs. If electricity demand is added during hours with lower
demand, that leads to a “flattening” of the curve (i.e., electricity consumption is
disproportionately added on the right-hand side of Figure 2). In this case, the peak
would be reduced relative to total sales and capacity costs would be averaged over a
larger base. As the load factor (A/B) increases, the cost of managing peak (all else
equal) can be recovered from a larger base of electricity sales.

On the other hand, if electricity demand is added during hours that disproportionately
affects electricity consumption on or near peak load, capacity costs would be averaged
over a smaller base, decreasing the load factor.
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Figure 2: Hourly electricity load in Ontario in 2015, sorted from highest to lowest hour of
the year
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Source: Navius analysis using the gTech model; and Ontario’s

It is important to note that the relationship between peak demand is not perfectly
proportional to electricity rates. Some electricity costs are variable depending on
generation (e.g., fuel or other variable operating costs), and electricity systems can
reduce costs for the entire electricity system by dedicating units with relatively low costs
(either installation costs or fixed operating costs) to serve peak demand.

To examine how building electrification influences the electricity system, we employ our
in-house integrated energy-economy-electricity model (gTech). The next section provides
an overview of the gTech model and how it is used in this analysis.

10
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Analytical approach

This section provides a brief introduction to the model used for this analysis, Navius’ in-
house energy-economy-electricity model, gTech (section 3.1). The focus is on the
portions of Navius’ model that are used to estimate the full cost of electrification (from
generation to consumption). It also outlines the scenarios that were simulated for this
analysis (section 3.2).

3.12. Navius’' gTech model

Navius’ latest model provides a full integration between a computable general
equilibrium model (gTech) and an electricity capacity and dispatch model (IESD). This
energy-economy-electricity model provides an internally consistent framework to explore
the effect of building electrification on electricity systems in Canada. This section
summarizes the steps for how gTech simulates building electrification. A more
comprehensive summary of the integrated model is available

Step 1: Estimate electricity demand from buildings.

gTech simulates how residential and commercial building owners select technologies
that consume energy to meet the demand in their buildings (e.g., selecting the type of
heating system they will install to meet space heat demand). The critical components of
technology choice in gTech include:

m Energy consumption: Energy consumption is aggregated into end-uses (e.g., for
buildings it is disaggregated into space heating, lighting, refrigerators, etc.), and
gTech employs a detailed database of technologies available to meet the demand for
each end-use within the model.

m Capital stock turnover: Each end-use has a unique lifespan, and when technologies
reach the end of their lifespans, they are retired and replaced with new technologies.

m Premature capital stock retirement: If the costs of operating an installed technology
exceeds the cost of retrofitting the installed technology with a new technology and its
costs of operation, the installed technology is prematurely retired.

m Market share competition: Available technologies compete for market share to meet
any additional demand above and beyond what can be provided by the stock of
existing technologies. Technologies are characterized by a life-cycle cost function,
which embodies the technologies’ capital costs, fuel costs, other operating costs, any
intangible costs, etc. In most cases, gTech uses a Constant Elasticity of Substitution
production function to allocate market shares to individual technologies.


https://canadaenergydashboard.com/data/navius_research_gtech_iesd_model_documentation.pdf
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Equation 1: Technology choice
1
V=) an TV
n

Where:

m Y is a constant production adjustment factor

m 7 is a set representing technologies for a given end-use
m « is a shape parameter specific to each technology

m T is the demand for a specific technology

m p=1- i
m 0 is the elasticity of substitution between technologies

The demand for a specific technology (T) is given by Equation 2 below.

Equation 2: Technology demand

Where:

= PT is the life-cycle cost for a technology

The technology market share is given by Equation 3 below.

Equation 3: Technology market share

12



Step 2: Estimate how changes in the technology mix affects hourly electricity
consumption.

Once gTech has determined the composition of technologies meeting the demand for
each end-use (e.g., which technologies are installed to meet space heat demand in
buildings), the resulting electricity consumption is used to build an electricity load curve.
Electricity consumption is assigned by sector and end-use to each hour over the course
of a calendar year. If electricity consumption increases for end-uses that are near or
already on peak, the electricity system experiences an increase in peak load. Similarly,
some technologies can reduce peak demand (e.g., more efficient lighting), or increase
electricity consumption during non-peak hours (e.g., much of industrial demand is
relatively consistent throughout the year).

Heat pumps for the purposes of space heating are an important opportunity for the
electrification of space heating. Unlike other heating technologies, however, their impact
on hourly load is relatively complicated. We take a deeper dive into how electricity
consumption from heat pumps affects hourly electricity consumption throughout the
year to achieve two objectives: (1) provide an example for how electricity consumption is
allocated to each hour for all technologies; and (2) illustrate the uniqueness of heat
pumps.

The efficiency of most space heating systems is relatively constant throughout the year,
but the efficiency of heat pumps is influenced by outside temperature: heat pumps have
greater efficiency at higher temperatures (as much as requiring only 1 GJ of electricity
consumption for 4 GJ of delivered heat or a “coefficient of performance” of 4), but their
efficiency declines with temperature. The exact relationship between heat pump
efficiency and outside temperature is not fully certain, with different sources indicating
different relationships.® The relationship used in this analysis is intended to represent a
mid-range estimate between various sources and is shown in Figure 3 below.

6 Sustainable Technology Evaluation Program (Toronto), 2014, Performance Assessment of Heat Pump Systems Heating and
Cooling System Series, available from:
; NREL, 2013, Measured Performance of a Low Temperature Air Source Heat Pump, available from
; RDH Building Science, 2020, BC Cold Climate Heat Pump Field Study, for
Fortis BC, available from: https://www.rdh.com/wp-content/uploads/2021/01/BC-Cold-Climate-Heat-Pump-Study-Final-
Report.pdf.


https://sustainabletechnologies.ca/app/uploads/2015/12/ASHP-GSHP_TechBrief_Final.pdf
https://sustainabletechnologies.ca/app/uploads/2015/12/ASHP-GSHP_TechBrief_Final.pdf
https://www.nrel.gov/docs/fy13osti/56393.pdf
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Figure 3: Coefficient of performance for air source heat pumps
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To build the load curve for space heating we use the formula used by PJM for day-ahead
electricity load forecasting.” Electricity load from space heating is a function of outside
temperature and wind speed. This formula is:

Equation 4: Electricity load from space heating

SPHyep, = 8re ) (DB = WWP.iey 1) X CPWye ciry )
city

Teitysn = (0.5 X Weiey,n — 10) ), where Wiy, > 10

I IClt h {
Y,

Where:

= SPH,.j is the electricity consumption attributed to space heating in region re
and hour h.

= 0§, is a fixed factor calculated in the set-up of the model to translate the index of
environmental factors into electricity space heating load.

m DB is the maximum temperature at which space heating is required. We “solve”
for this parameter during the set-up of the model but allow it to take values
between 56 °F and 62 °F.

7 PJM, 2015, Load forecasting and analysis.
14



s WWP,;;, 5 is the “winter weather parameter” for each city and hour h.

ity,
m CPWp, ity is a city weight for region re.

m Tecity n is outside temperature in degrees Fahrenheit.

m Wity n is the wind speed in miles per hour.

Data used to parameterize the function are from Environment Canada®, and §,.. and DB
are “solved for” in order to achieve the best fit between observed total annual load for
each region (including for non-space heating end-uses) and the load curve used in
gTlech.

Heat pumps present an additional challenge because the above equation requires a
constant efficiency for the heating system. The load curve for air-source heat pumps
(HP_SPH,., ) is adjusted for temperature as follows:

Equation 5: Load curve for air-source heat pumps

HP_SPHyep = 8rc ¥ ((=0.0097 X Ty +0.874) X (DB — WWPeiey, ) X CPWieciry )
city

Where:

s HP_SPH,. is the hourly electricity consumption from heat pumps in region re
and hour h.

m Teity n is greater than -13 °F or -25 °C. Heat pumps are assumed to operate at a
constant coefficient of performance of 1 below these temperatures.

As such, the efficiency factors for heat pumps are region and hour specific in gTech. For
reference, the average heat load adjusted coefficient of performance for air source heat
pumps in each Canadian province are shown in Table 1.

8 Environment Canada, 2023, available from: https://climate.weather.gc.ca/historical_data/search_historic_data_e.html.
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Table 1: Average heat load adjusted coefficient of performance for air source heat

pumps
2015 2020 Average year Cold year
British Columbia 2.94 2.86 2.86 2.73
Alberta 2.13 2.03 2.03 1.89
Saskatchewan 1.85 1.74 1.74 1.63
Manitoba 1.78 1.68 1.68 1.52
Ontario 2.26 2.31 2.31 2.10
Québec 1.99 2.06 2.06 1.90
New Brunswick 2.10 2.26 2.26 2.10
Prince Edward Island 2.30 2.48 2.48 2.30
Nova Scotia 2.44 2.60 2.60 2.44
Newfoundland Labrador 2.37 2.53 2.53 2.37

gTech is calibrated to 2015 data as this is the model’s base year. However, 2015 was
not an average year in much of the country. In British Columbia, 2015 had a warmer
than average winter, while the Atlantic provinces had a colder than average winter.
Therefore, in 2020 (the next model solve year) heat load requirements are adjusted to
align with historical 2020 values, and adjusted again in 2025 to align with the average
heating degree days between 2000 and 2020.° Heating degree days are defined by the
Government of Canada as the number of degrees Celsius that the mean temperature is
below 18°C.10

The model also has the ability to simulate a sensitivity for a cold year (as discussed in
section 4). If we examine a sensitivity for a cold year we simulate heating degree days in
a future year being equal to their highest level between 2000 and 2020.11 It is
important to note that we do not account for how climate change could influence future
weather in this analysis, but have explored this in the past (see report).

While the electrification of buildings has a large impact on the electricity system, these
changes can only be understood in the context of wider changes in the electricity
market. Here it is important to identify new options for better managing peaks. Some
end-uses can be met with technologies that allow utilities or the user to decide when
electricity consumption will occur (“dispatchable loads”). For example, electric vehicles
can be charged any time in advance of being driven. For these end-uses, as opposed to

9 Natural Resources Canada. (2023). Comprehensive Energy Used Database. Available from:

10 Government of Canada. (n.d.). Glossary. Available from:

11 Natural Resources Canada. (2023). Comprehensive Energy Used Database. Available from:
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a fixed load curve, information from gTech is used to determine a window in which
electricity consumption can occur to meet demand for the end-use.

Step 3: Simulate how utilities manage the electricity system as whole, including how
they manage peak load.

IESD is the electricity capacity and dispatch model embedded in gTech. Within IESD,
electricity consumption must be met in every hour of the year in every region. IESD
simulates the actions that utilities can take to minimize the costs of the electricity
system by:

= Installing new technologies and retiring existing ones: Similar to gTech, technologies
are characterized by their capital costs, fixed operating costs, heat rates, etc. Note
that the price of fuel is determined by gTech.

m Dispatching technologies to meet demand: Some technologies are available to
generate power on demand (e.g., natural gas, hydroelectric) while others have hourly
limits (e.g., wind and solar have hourly capacity factors).

m Installing and utilizing storage: Electricity storage provides an opportunity to store
electricity during periods of low demand or high supply for periods of higher demand
or lower supply.

m Utility controlled charging: If electricity consumption from an end-use is dispatchable,
utilities decide how the end-use is charged within the available window (e.g., charging
of electric vehicles).12

m Installing new transmission and distribution capacity: IESD simulates the cost of
adding new transmission and distribution capacity. Transmission and distribution
capacity is assumed to scale directly with peak load. Please note that we assume
additional intra-regional transmission capacity can be installed in this analysis, but
existing inter-regional transmission capacity is fixed.

Step 4: Estimate electricity prices.

Electricity prices are calculated as the cost of electricity supply divided by electricity
consumption for each region. The cost for electricity supply is based on the total capital,
operating and fuel costs from electricity generation (including storage technologies). The
cost associated with higher peak load is typically embodied in capital costs, as higher
peaks require more electricity capacity and/or storage to ensure that electricity demand
is met. Note that the electricity price paid by each sector includes the cost of distribution

12 The method used to simulate the utility-controlled charging of vehicles is described here: Wolinetz M, et al (2018),
“Simulating the value of electric-vehicle-grid integrating using a behaviourally realistic model”, Nature Energy, available from:


http://www.nature.com/articles/s41560-017-0077-9
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to that sector. Electricity rates paid by consumers will differ to some extent from the
prices estimated by IESD because the model may not replicate specific 1) energy or
demand charges applied to varies customer classes, 2) rate-setting decisions made by
energy regulators, and 3) project costs or constraints related to new electricity
generation, transmission, and distribution infrastructure.

Step 5: Repeat this process until gTech and IESD converge.

Once the price for electricity is determined, the energy costs for electricity consuming
technologies in gTech are updated and the model returns to Step 1. This process
repeats itself until both gTech and IESD agree on the composition of the electricity
sector and the resulting electricity price (i.e. the models reach convergence).

A more comprehensive summary of the integrated model and cost assumptions is
available

3.2. Modeling scenarios

To examine whether Canada’s electricity system can handle building electrification, we
simulated two policy scenarios, summarized below.

1. Current policy: This scenario includes legislated federal and provincial policies.
Policies of note include the Federal Fuel Charge and Output-Based Pricing System
scheduled to rise to $170/tCO2e in 2030 and other legislated federal and
provincial policies.

2. Net zero: In this scenario, Canada implements climate policy consistent with
achieving its 2030 emissions target (a 40-45% reduction from 2005 levels) and net
zero emissions by 2050. All federal and provincial policies from the current policy
scenario are in place, in addition to an economy-wide cap on emissions at the target
levels. We assume that the United States also implements stringent climate policy
consistent with net zero. A set amount of land-use, land-use change, and forestry
(LULUCF) offsets are assumed to be available Canada-wide: 30 Mt in 2030 and 105
Mt in 2050, based on a study by Drever et al. (2021).13

In addition to these policy scenarios, we ran two sensitivity scenarios:

13 Drever, R. et al. (2021). Natural climate solutions for Canada. Science Advances, 7(23).
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1. Cold winter. To consider the peaking impact of a cold winter, we run a scenario
where heating degree days14 in 2050 is equal to their highest level between 2000
and 2020.15 See section 3.1 for additional details.

2. Availability of utility-controlled charging of electric vehicles. Utility-controlled
charging (UCC) of electric vehicles is a form of demand response where the timing
and rate of electric vehicle charging are adjusted to reduce peak load without
impacting when or how people can drive. To simulate UCC of vehicles, we assume
that by 2050, 67% of vehicles are charged by utilities.16 See study for more
details on the methodology we used for simulating UCC.

The next section provides key insights from this analysis.

14 Heating degree days are defined by the Government of Canada as the number of Celsius degrees that the mean
temperature is below 18°C.

15 Natural Resources Canada (2023). Comprehensive Energy Use Database. Available from:

16 Bailey, J.; Axsen, J., Anticipating PEV buyers’ acceptance of utility-controlled charging. Transportation Research Part A:
Policy and Practice 2015, 82, 29-46.
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4. Key insights

Insight 1: Achieving net zero emissions in Canada drives significant
electrification of residential and commercial buildings. This will increase
peak load.

If Canada achieves net zero emissions by 2050, total emissions from buildings decline
from 72 Mt CO2¢ in 2021 to 20 Mt by 2050. The electrification of space and water
heating will be an important driver of this decline in emissions. In 2020, 40% of
residential space heating load was met with electricityl?, while by 2050 the share of
residential space heating load that is electrified rises to 77% in a net zero future (see
Figure 4).

Figure 4: Share of residential space heating load that is electrified in Canada in 2050 in
a net zero futurel8
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Source: Navius analysis using the gTech model.

Building electrification presents a challenge for electricity systems across Canada, as
periods in which space heating technologies are used most intensively (during cold
winter days) coincide with peak load for much of the country. This higher peak will

17 Natural Resources Canada. Comprehensive Energy Use Database. Available from:
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive tables/list.cfm

18 Results shown for a scenario without utility-controlled charging available.

20


https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive_tables/list.cfm

require more generation, transmission, and distribution capacity to service demand.
Below, we show the impact of building electrification in three provinces - British
Columbia, Alberta, and Ontario. Figure 5, Figure 6, and Figure 7 show electricity load in
the highest 50 hours of the year in these provinces.

Alberta has very little electric space heating installed today, making the impact of
electrification on peak load more extreme in this province. Figure 5 shows how peak
load is anticipated to change in Alberta over time. Peak load grows significantly from
2015 to 2050 under current policies (from 11,000 MW to 27,000 MW) as result of
legislated policies that encourage building electrification (e.g., the Federal Fuel Charge).
While 5-12% of electricity load in the 50 peak hours of the year in 2015 are a result of
space heating demand, by 2050 the share of load due to space heating increases to 15-
27% in the 50 peak hours of the year. Achieving net zero would further increase this
share to 41-65%, and peak load would reach above 50,000 MW.

Figure 5: Electricity load in the highest 50 hours of the year in Albertal?
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Source: Navius analysis using the gTech model and

In contrast to Alberta, British Columbia currently has a lot of electric space heating
installed; 32% of residential and 17% of commercial space heating is met with
electricity29. This makes the impact of building electrification on peak demand in the

19 The ‘other’ category includes appliances, auxiliary motors/equipment, and electricity use in industry.

20 Natural Resources Canada. Comprehensive Energy Use Database. Available from:


https://www.aeso.ca/market/market-and-system-reporting/data-requests/hourly-load-by-area-and-region/
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive_tables/list.cfm
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province more moderate. While achieving net zero emissions by mid-century does
require greater electrification of buildings than current levels and will add to peak load,
electrification of transportation has the greatest impact on peak demand in the province
by 2050 (see Figure 6).

Figure 6: Electricity load in the highest 50 hours of the year in British Columbia21
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Source: Navius analysis using the gTech model and BC Hydro.

Ontario is also an interesting case to consider, as electrification of space heating shifts
peak load, which currently occurs during summer, to the winter. In 2015 and under
current policies in 2050, space cooling demands significant electricity in Ontario,
leading to peak load occurring in the summer (see Figure 7). In a net zero future, space
heating becomes increasingly electrified in Ontario, causing the peak to occur in winter
instead. Peak load grows significantly from 2015 to 2050 under current policies, from
23,000 MW to 38,000 MW. Achieving net zero would further increase peak to 55,000
MW in the province.

21 The ‘other’ category includes appliances, auxiliary motors/equipment, and electricity use in industry.
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Figure 7: Electricity load in the highest 50 hours of the year in Ontario?2
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Source: Navius analysis using the gTech model and Ontario’s Independent Electricity System Operator.

Insight 2: Although building electrification drives an increase in peak load,
the extent to which this impacts electricity rates varies by region.

While peak load increases in response to building electrification, load increases across
other sectors and end-uses as well, causing average load to increase. This means that
greater peak loads could be offset by a greater volume of sales, mitigating impacts on
electricity rates. In other words, if average load over the year increases proportionally to
peak load, then the load factor will remain constant and the impact on electricity rates
will be less significant. The load factor measures the ratio of average load to peak load.
(see detailed explanation on page 8) and is a more relevant determinant of how
increases in peak demand affect electricity rates. The load factor is a measure of the
shape of the load curve, demonstrated below using Ontario as an example.

Figure 8 below shows hourly load in Ontario sorted from the highest to lowest hour in the
year. The maximum height of the load curve represents peak demand. Peak load
increases by 65% in response to current policies by 2050, driven by vehicle
electrification, though average load increases by just 31%. In a net zero future, both
peak and average load increase by a further 43% and 30% respectively relative to
current policy in 2050. In other words, the shape of the load curve is relatively similar
between a future under current policies and net zero, as highlighted in Figure 9.

22 The ‘other’ category includes appliances, auxiliary motors/equipment, and electricity use in industry.
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Figure 8: Hourly electricity load in Ontario sorted from highest to lowest
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Figure 9: Hourly electricity load in Ontario sorted from highest to lowest, normalized to
201523
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23 | pad is normalized by multiplying load with the average load in the scenario divided by the average load in 2015.
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Source: Navius analysis using the gTech model and Ontario’s

Table 2 below provides the load factor in British Columbia, Alberta, and Ontario. In all
regions, electricity systems are expected to become “peakier” over time, even in the
absence of achieving net zero emissions (the ratio of average to peak load decreases in
all regions). This increase is attributed to many factors unrelated to building
electrification, but mainly the electrification of transportation.

While achieving net zero leads to an increase in peak load in every region, it does not
necessarily cause a decrease in the load factor. In British Columbia, achieving net zero
increases the load factor relative to current policies in 2050 (from 0.54 to 0.57). This
increase in load factor occurs despite a significant increase in building electricity
demand on peak. While peak load increases, total electricity consumption increases for
a number of other end-uses, thereby offsetting the increase in peak. As such, the
electrification of buildings in the context of other changes does not make the system
“peakier”.

The improvement in the load factor for British Columbia under net zero is driven by three
factors:

1. The province has established stringent building standards that considerably improve
building efficiency. This means that the electrification of space heating has less of
an impact on peak load than it does in other regions.

2. Industry in British Columbia also becomes increasingly electrified. This
electrification adds to baseload electricity consumption in the province.

3. British Columbia has significantly milder winters than many other Canadian
jurisdictions. Electrification of space heating has less of an impact on peak load
when space heating demand per capita is lower.

On the other extreme, achieving net zero emissions in Alberta does lead to an increase
in the ratio of peak to average load, with this ratio decreasing from 0.61 to 0.46. Added
electricity consumption from buildings on peak accounts for most of this increase in the
load factor, suggesting that Alberta’s system does become peakier as a result of
building electrification. We see a greater impact of building electrification in Alberta
because the province currently has little space heating electrified. Finally, Ontario’s
system has a slight decrease in load factor between current policies and net zero.


https://www.ieso.ca/
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Table 2: Electricity load in British Columbia, Alberta, and Ontario

Current

policy Net zero

Metric
(2050)

(2050)

British Columbia

Peak (MW) 10,924 21,452 26,348
Average (MW) 7,503 11,516 15,047
Load factor (average/peak load) 0.69 0.54 0.57
Alberta

Peak (MW) 11,833 27,322 50,206
Average (MW) 9,655 16,712 23,118
Load factor (average/peak load) 0.82 0.61 0.46
Ontario

Peak (MW) 23,251 38,383 55,032
Average (MW) 16,151 21,084 27,321
Load factor (average/peak load) 0.69 0.55 0.50

Source: Navius analysis using the gTech model. Data used to parameterize the model include from BC Hydro; Alberta
Electricity System Operator; and Ontario’s Independent Electricity System Operator.

Insight 3: A cold winter could make building electrification more
challenging.

To consider the peaking impact of a cold winter, we run a scenario where heating degree
days24 in 2050 is equal to the highest level between 2000 and 2020.25 If the winter is
colder, there will be greater demand for space heating, as shown in Figure 10 below. It

24 Heating degree days are defined by the Government of Canada as the number of Celsius degrees that the mean
temperature is below 18°C.

25 Natural Resources Canada (2023). Comprehensive Energy Use Database. Available from:
https://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/menus/trends/comprehensive tables/list.cfm
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is important to note that we do not account for how climate change could influence
future weather in this analysis, but have explored this in the past (see this report).

Figure 10: Electricity load in the highest 50 hours of the year in Ontario, including the
impact of a cold winters
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Source: Navius analysis using the gTech model and Ontario’s Independent Electricity System Operator.

As highlighted in Figure 11, the shape of the load curve in both net zero scenarios
remains relatively similar, despite an increase in peak load resulting from a cold winter.
This can also be seen in Table 3 below, which shows electricity load in British Columbia,
Alberta, and Ontario in a net zero future, with and without a cold winter. In Ontario, peak
load is 14% greater in a net zero future if the winter is cold, while average load remains
similar. This means that the load factor in the province declines from 0.50 to 0.45,
indicating that the system is becoming peakier. Similarly, in Alberta, peak load increases
by 7%, and the load factor declines from 0.46 to 0.44.

A cold winter has the lowest impact on British Columbia’s electricity system, increasing
peak load by just 3% in a net zero future. As described earlier, this is due to winters
generally being milder in the province, combined with more efficient buildings due to
stringent building standards.


https://www.naviusresearch.com/publications/electricityimpacts/
https://www.ieso.ca/
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Figure 11: Hourly electricity load in Ontario sorted from highest to lowest, normalized to
2015, including the impact of a cold winter
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Source: Navius analysis using the gTech model and Ontario’s Independent Electricity System Operator.

Table 3: Electricity load in British Columbia, Alberta, and Ontario in a net zero future,

with and without a cold winter

Metric

British Columbia

Current

policy
(2050)

Netzeroina

Net zero (2050) cold winter

(2050)

Peak (MW) 10,924 21,452 26,348 27,069
Average (MW) 7,503 11,516 15,047 15,264
Load factor (average/peak load) 0.69 0.54 0.57 0.56
Alberta

Peak (MW) 11,833 27,322 50,206 53,901
Average (MW) 9,655 16,712 23,118 23,797
Load factor (average/peak load) 0.82 0.61 0.46 0.44
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Current Net zero in a

policy Net zero (2050) cold winter
(2050) (2050)
Ontario
Peak (MW) 23,251 38,383 55,032 62,581
Average (MW) 16,151 21,084 27,321 28,192
Load factor (average/peak load) 0.69 0.55 0.50 0.45

Source: Navius analysis using the gTech model. Data used to parameterize the model include from BC Hydro; Alberta
Electricity System Operator; and Ontario’s Independent Electricity System Operator.

Insight 4: Non-generation solutions can be used to reduce the impact of
increases in peak load on the electricity grid, reducing the impact on
electricity rates.

As our electricity system evolves towards net zero, non-generation solutions are
becoming more sophisticated and can help reduce peak load and mitigate impacts on
electricity rates. There are several non-generation solutions that can be used to reduce
the impact of increases in peak load on the electricity system. These include:

m Electricity storage: Allowing for electricity storage means that generated electricity
can be stored during hours of low demand and saved for hours with high demand,
particularly for those hours near the peak. This can reduce the generation capacity
requirements to meet peak demand and we would expect this to reduce electricity
rates.

m Demand response: If electricity consumption from an end-use is dispatchable, and
utility-controlled demand response is available, utilities can decide how the end-use
is charged within the available window. One example of these solutions is utility-
controlled charging (UCC) of electric vehicles. UCC is a form of demand response
where the timing and rate of electric vehicle charging are adjusted to reduce peak
load without impacting when or how people can drive.

m Increased transmission infrastructure for electricity trade: This provides utilities with
greater flexibility for meeting peak demand, as they can rely to a greater extent on
imports from neighbouring jurisdictions when needed.

Here we focus on UCC of electric vehicles as an example of the impact that non-
generation solutions can have on peak load. Results indicate that UCC could play an
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important role in helping to keep the shape of the load curve closer to 2015 levels, while
electrifying to achieve net zero.

Using Ontario as an example, Figure 12 shows how UCC reduces peak load in the 50
highest hours of the year and Figure 13 shows how UCC impacts the normalized load
curve. UCC of electric vehicles allows for some transportation load to be moved to off
peak hours. As a result, UCC causes the shape of the load curve to remain more similar
to current policy levels in 2050, while electrifying to achieve net zero emissions. This is
because UCC causes peak load to increase at a similar rate to average load relative to
current policy levels (~40%).

Figure 12: Electricity load in the highest 50 hours of the year in Ontario, including the
impact of utility-controlled charging26
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Source: Navius analysis using the gTech model and Ontario’s Independent Electricity System Operator.

26 The “other’ category includes appliances, auxiliary motors/equipment, and electricity use in industry.
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Figure 13: Hourly electricity load in Ontario sorted from highest to lowest, normalized to
2015, including the impact of utility-controlled charging
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The introduction of UCC of vehicles illustrates the importance of new systems to manage
peak load. The introduction of this dynamic alone increases the load factor in all three
provinces, indicating that UCC can reduce the impact of achieving net zero on the
electricity system and electricity rates (see Table 4).

While this analysis has focused on UCC of vehicles to manage peak load, other options
for managing peak include electricity storage, electricity trade, and thermal energy
storage in buildings?’.

27 NREL. (2023). Exploring Thermal Energy Storage Solutions for Energy-Efficient Buildings. Available from:
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Table 4: Electricity load in British Columbia, Alberta, and Ontario in a net zero future,
with and without utility-controlled charging of vehicles

Metric Current policy Net zero

(2050) (2050)

British Columbia

Peak (MW) 10,924 21,452 26,348 25,002
Average (MW) 7,503 11,516 15,047 15,379
Load factor (average/peak load) 0.69 0.54 0.57 0.62
Alberta

Peak (MW) 11,833 27,322 50,206 46,733
Average (MW) 9,655 16,712 23,118 23,215
Load factor (average/peak load) 0.82 0.61 0.46 0.50
Ontario

Peak (MW) 23,251 38,383 55,032 54,269
Average (MW) 16,151 21,084 27,321 29,085
Load factor (average/peak load) 0.69 0.55 0.50 0.54

Source: Navius analysis using the gTech model. Data used to parameterize the model include from BC Hydro; Alberta
Electricity System Operator; and Ontario’s Independent Electricity System Operator.
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Conclusions

Achieving net zero emissions in Canada will drive significant electrification of
residential and commercial buildings. This will increase peak load. Building
electrification presents a challenge for electricity systems across Canada, as periods in
which space heating technologies are used most intensively (during cold winter days)
coincide with peak load for much of the country. This higher peak will require more
generation, transmission, and distribution capacity to service demand.

Although building electrification drives an increase in peak load, the extent to which
this impacts electricity rates varies by region. The load factor is a more relevant
determinant of how increases in peak demand affect electricity rates. If average load
over the year increases proportionally to peak load, then the load factor will remain
constant and the impact on electricity rates will be less significant. In this respect,
building electrification has different impacts across the country, with British Columbia
experiencing the smallest impact. Lessons from this regional difference include:

= More stringent building standards (such as those implemented in British Columbia)
will considerably improve building efficiency. This means that the electrification of
space heating has less of an impact on peak load and the load factor.

= Provinces with milder temperatures (again like British Columbia) will experience a
smaller increase in peak load from electrified space heating relative to other regions.
As a result, building electrification has less of an impact on the load factor in milder
climates.

m If industry in a given province electrifies to reduce GHG emissions, this electrification
adds to baseload electricity consumption in that province. This reduces the impact of
building electrification on the load factor as average load is greater.

m Regions that start with higher levels of electrified space heating will experience less
of an increase in peak load in a net zero future and therefore less change in the load
factor.

Non-generation solutions can be used to reduce the impact of increases in peak load
on the electricity grid, reducing the impact on electricity rates. As our electricity system
evolves towards net zero, non-generation solutions are becoming more sophisticated
and can help reduce peak load and mitigate impacts on electricity rates. One example of
these solutions is UCC of electric vehicles. By allowing for some transportation load to

be moved to off-peak hours, UCC flattens the load curve and improves the load factor.
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Other potential options to manage peak load include electricity storage, electricity trade,
and thermal energy storage in buildings28.

28 NREL. (2023). Exploring Thermal Energy Storage Solutions for Energy-Efficient Buildings. Available from:
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Areas for future research

This paper is intended to help inform how achieving net zero emissions will affect
electricity systems across Canada. Areas for future research include:

Accounting for climate change. This analysis does not account for the impact of
climate change on future weather, which is likely to increase temperatures across
Canada. This means that we may be overestimating the effect of building
electrification on peak load. We have previously examined the impact of climate
change on Canada’s electricity system for the Canadian Climate Institute (see
report), and this could be incorporated into an analysis examining the impact of
building electrification.

Further exploring the impact of cold weather peaks. In this analysis, we captured
uncertainty in cold weather increasing peak demand by examining a scenario in
which heating degree days in 2050 is equal to their highest level between 2000 and
2020.2° A future analysis could simulate a cold winter in other ways, for example by
exploring a winter with more acute temperature drops (e.g., 2021 in British Columbia)
to examine the impact on peak load.

Examining the role for dual fuel heat pumps and varying heat pump efficiency. Dual
fuel heat pumps are not included in this analysis but could play a role in future
building electrification. A future analysis could explore the role of this technology, as
well as the impact of heat pump performance by varying efficiency (i.e. the coefficient
of performance) as a function of temperature.

Simulating the impact of additional inter-regional transmission. Inter-regional
transmission can be used to help manage increases in peak load by providing utilities
with greater flexibility for meeting peak demand through imports from neighbouring
jurisdictions. For this analysis we explored additional intra-regional transmission
capacity, but a future analysis could include additional inter-regional capacity as well.

Explore other applications of utility-controlled charging. This paper explored the
impact of utility-controlled charging of electric vehicles, based on the methodology
outlined in study. This methodology could be expanded upon and applied to other
end-uses, such as smart thermometers.

We hope to explore these ideas in upcoming studies.

29 Natural Resources Canada (2023). Comprehensive Energy Used Database. Available from:
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