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Much more than is currently planned. The needed electrification could
increase Ontario electricity demand by one-third in the next twelve
years; the Long-Term Energy Plan ignores Ontario’s climate obligations
when it forecasts relatively stable demand.

Ontario’s energy system requires a major transition, for which the province’s energy system plan
(the Long-Term Energy Plan, or LTEP) fails to prepare. As we move towards 2030, Ontario’s
Climate Change Mitigation and Low-carbon Economy Act (‘the Climate Act’) will increasingly
limit fossil fuel use (e.g., gasoling, diesel, natural gas and oil). The Climate Act’s annual limits on
greenhouse gas (GHG) emissions will require emissions from burning fossil fuels for energy to
drop by about 45% in the next 12 years.

What can replace these fuels”? Much more conservation, more efficient use of fossil fuels, direct
use of renewable energy, and low-carbon renewable fuels (e.g., biocenergy) will all help, but are
not enough. Significant electrification — switching from fossil fuels to low-carbon electricity — will
also be needed. This will require new electricity capacity, as electricity use may need to increase

The shift will not be easy. Motivating the switch to electricity will be a challenge as long as the
alternatives are less expensive. Once electrification does occur, managing winter demand

for electric heating will be critical in order to keep electricity system costs from rising steeply.
Ensuring that new electricity generation capacity is low-carbon and is efficiently integrated in
Ontario’s electricity system will also be vital to meeting GHG limits and keeping costs under
control. These and other issues will require thoughtful analysis in order to transition without
undesirable side effects.
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Some of Ontario’s capped emissions, about 22 Mt Deducting these 22 Mt from the cap of 88.5 Mt would 180

in 2015, come from industrial processes (e.g., CO, leave only about 66.5 Mt of emission allowances for # Waste

160

release from conversion of limestone 1o lime for cement all other capped sources in Ontario in 2030, namely all = % Agriculture
production) and product use (e.g., solvents). At present, fossil fuels used for energy. Ontario’s fossil fuel suppliers fo3 .
. . . . . . . . O, 140 # Industrial processes and product use
industrial non-combustion emissions may have few will have a little more flexibility than this, because they 8 _ - .
cost-effective reduction options.® Annual industrial can use up to 8% offset credits (and possibly some = 120 POte.m'al additional energy use if
o . . . = maximum offsets are used
rocess and product use emissions may therefore not allowances from outside Ontario) to mest part of their b
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drop significantly by 2030, with emissions increases compliance obligations. In total, emitters will be able _5 100 @
due to economic growth offset by small reductions 1o use up to 7 Mt of offset credits to increase their é
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88_5 Mt $ 2030 cap on GHG allowances = Lo.el
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processes & product use 20156 2030 \\
z 66 5 Mt ....} 2030 max GHG allowances fOI" fossil fuel Figure 15.3. Ontario emissions by sector in 2015 compared to emissions by sector needed to meet cap and trade
B (plUS up to 7 Mt of offset credlts) program requirements and satisfy Ontario’s GHG-reduction target in 2030.
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Fossil fuel emissions: 126 Mt e 2 66.5'73-5 Mt

{i.e., natural gas, gasoline, diesel, oil)
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TR T LT crexioyeers s s s o s a0

3G Making Connentions: Straight Tallkk About Zlecticty in Orierdo Crvvronmartal Commissioner of Omiaric 20618 Energy Conservation Progress Repoert, Volume Ong 331

SiRgEE

)
%

-

IESO-N-0019930



sfovesteifioed
e LTI

and/or would have adverse environmental or societal
impacts,'® and

= direct uses of renewable energy like passive solar
heating (i.e., uses excluding renewable electricity
generation) are not able 1o scale up to meet existing
needs in existing buildings (particularly during winter).

In contrast, Ontario could substantially scale up its
supply of low-carbon electricity, although this would
have its own challenges, including:

= motivating the switch to electricity despite its cost

= managing the winter peaks from additional electricity
use in space heating

nvironmentally appropriate generation sites

= ensuring that new low-carbon electricity (and any
supporting transmission upgrades) are as efficient as
possible to minimize the cost to customers.

LE EERY BRARRERES

Ontario’s 2017 Long-Term Energy Plan (LTEP) should
have explored how Ontario can reduce its fossil fuel use
enough to comply with the legally binding Climate Act,
and selected a plan to do so. Instead, the Ministry of
Energy chose to ignore the problem.

As shown in £ {313, the LTEP is a critically important
policy document. It is the government’s “road map of
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the province’s energy system over the next 20 years”™'
- and therefore essential information for businesses, the
broader public sector, and the provincial government.

It is the only document that outlines the province’s
macro-level, long-term energy policies. The LTEP is
updated every three to four years, and is supposed 1o
take into account, among other things, advancements
in technology, evolving government policy, updated
energy use data and supply and demand forecasts.

In 2016, the province released two background
documents to inform the 2017 LTEP, one about the
electricity system (the Ontario Planning QOutlook), the
other about the remaining energy system fuels (the
Fuels Technical Report). Each analyzed several future
demand scenarios and their GHG impacts.’” The ECO
looked at the implications of these various scenarios
for meeting Ontario’s GHG targets in Daveloping the
2037 Long-Term Energy Plan® Only by combining
the most aggressive GHG reduction scenarios from
both documents (which assumed that Ontario would
have 2.4 million EVs by 2035, significant electrification
of heating, and some electrification in the industrial
sector), would Ontario’s energy sector come close

to providing a proportional share of GHG emissions
reductions in 2030 (i.e., about 31% below 2015
emissions).'* However, as mentioned above, the energy
sector will actually have to decrease emissions 42% to
47% by 2030, significantly more than its proportional
share of reductions, because some other GHG sources
{e.g., industrial process and product use emissions)
cannot feasibly be reduced.

The 2017 LTEP did not explore what it would take for
Ontario’s energy sector to reduce its annual emissions
31% - let alone what is actually needed (at least

42%) — by 2030. The government also did not facilitate
informed public debate on the topic during the plan’s
development. The LTEP did not disclose the data

and assumptions it depends on until 5 months after

its release. More importantly, it did not (and still does
not) provide energy or GHG forecasts for the energy

sector as a whole. Because of the lack of data on fuels
other than electricity, we cannot directly compare the
LTEP’s forecasted emissions for the energy sector as a
whole 1o the scenarios in the background documents,
but it appears 1o fall between two of the intermediate
scenarios in the Ontario Planning Outlook and Fuels
Technical Report (Outlook B and Outlook C). Both have
much higher emissions than can be accommodated
within Ontario’s emissions cap.

Thus, the LTEP falls far short of the GHG reductions
that must come from the energy sector.

Since the LTEP failed to assess how Ontario can
reduce its fossil fuel energy use enough to comply with
its Climate Act, the ECO has illustrated the scale of

the challenge by modelling one potentially-compliant
scenario. What this scenario shows is that to meet legal
GHG limits in 2030, Ontario will need to meet its energy
needs by way of significant low-carbon electrification,
and increased levels of conservation and renewable
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fuels (assuming no major developments in carbon
capture and storage technology). Other scenarios are
possible, for example, scenarios with even greater
electricity conservation and renewable fuels, all of which
should be rigorously analyzed by the province.

As discussed in other chapters, conservation can be the
lowest cost (¥ £31%) and the most environmentally friendly

should be prioritized in energy system planning.

The potentially-compliant scenario in Figure 15.4
shows one way in which Ontario could meet its 2030
GHG emissions target, through a combination of
conservation, renewable fuels and electrification. It is
based on our calculation that Ontario’s energy sector

L
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1

= 40% less fossil fuel use

O model)
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(including both fuels and electricity generation) can emit
73.5 Mt in 2030, at most. This is based on the same
assumptions as Figure 15.3, namely:

« the 88.5 Mt allowance cap for that year set by O.Reg.
144/16

= minus 22 Mt for industrial process and product use
emissions
- {assuming they will remain at their current level
(22 Mt) through 2030, with increases due to
economic growth offset by small reductions in
emission intensity for some uses)

= which leaves about 66.5 Mt in allowances for the
energy sector

« plus up to 7 Mt in offset credits
- {capped emitters can meet up to 8% of their
compliance obligations from offset credits (7 Mt), if
all possible offset credits were used by the energy
sector, it would result in about 73.5 Mt in 2030).

In 2015, Ontario’s energy sector emitted approximately
126 Mt, so 73.5 Mt in 2030 represents a 42% reduction.

The starting point for the potentially-compliant scenario
in Figure 15.4 is a combination of Qutlook F in the

Fuels Technical Report and Qutlook D in the Ontario
Planning Outlook. Together, these two outlooks assume
aggressive levels of conservation (of both fossil fuels
and electricity), public transit ridership, alternative fuels
(renewable natural gas, biodiesel, etc.), and moderate
amounts of low-carbon electrification {electric cars,
space heating). These two outlooks would result in
energy sector emissions of 92 Mt in 2030 (87 Mt from
fuels and 5 Mt from electricity generation). This exceeds
maximum allowable energy sector emissions in 2030
by at least 19 MT. In order to stay within the GHG limit
outlined above (i.e., 73.5 Mt), the scenario in Figure
156.4 assumes further emission reductions in 2030
would have to be achieved through a combination of:

34 Making Sonneclions: Straight Talk About 2
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= Fuels conservation: doubling of the conservation
measures assumed in the Fuels Technical Report’s
Cutlook F (more home insulation, more transit, etc.)

« Electricity conservation: of an extra 7 TWh a year of
electricity demand (i.e., about 5% of overall demand’®)
that is additional to Ontario’s existing electricity
conservation target

+ Electrification:'®
- of an additional 12 TWh a year worth of
transportation fuel use,’” and
- of an additional 17 TWh a year worth of natural gas
used for residential and commercial space heating.®

In this scenario, annual electricity demand in

2030 would be 194 TWh: 29 TWh from additional
electrification minus 7 TWh of additional conservation
eguals a net increase of 22 TWh, on top of the 172
Twh from the most aggressive GHG-reduction
scenarios considered in the LTEP background technical
reports. 194 TWh in 2030 is about a third larger than
the 2017 LTEP forecast of 145 TWh in 2030.

Increasing supply to meet this demand is well within
the capabilities of Ontario’s electricity industry if
planning and development began immediately. More
challenging could be persuading Ontario consumers
and businesses to purchase heat pumps and electric
vehicles in the required numbers.

The current LTEP plan, the most aggressive
government planning scenarios, and the ECO’s
potentially-compliant scenario are illustrated in Figure
15.4 {energy use) and Figure 15.5 (emissions).
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Figure 15.4. Ontario’s 2030 energy use scenarios: (1) the 2017 LTEP, (2) the most aggressive GHG reduction scenario considered
in the LTEP background technical reports, and (3) a potentially-compliant scenario developed by the ECO that could mest

Climate Act requirements.

Notes: Because only the electricity sector is considered in the 2017 LTER, Current 2030 plan assumes business-as-usual for other fuels (as per Fuels

Technical Report Scenario B). The ‘most aggressive GHG-reduction scenario’ is a combination of Outlook D of the Ontario Planning Outlook {electricity)

and Outlook F of the Fuels Technical Report.

Source: ECO’s analysis.
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Figure 15.5. Ontario 2030 GHG emission scenarios: (1) 2017 LTEP, (2) the most aggressive GHG reduction scenario considered in the
LTEP background technical reports, and (3) a potentially-compliant scenario that could meet Climate Act requirements.
Note: Industrial processes and product use, agriculture, and waste are assumed based on the findings of the Trottier Energy Futures Project.*® For ‘energy (excluding

electricity)” and ‘electricity generation’, the 2017 LTEP is based on a combination of the electricity analysis from the 2017 LTEP and Outlook B of the Fuels Technical
Report. The ‘most aggressive GHG-reduction scenario’ is a combination of Outlock D of the Ontario Planning Outlook and Outlook F of the Fuels Technical Report.

Source: ECO’s analysis.
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What this modelling exercise makes clear is that
the 2017 LTEP does not plan for adequate levels of
electrification:

= the LTEP assumes 2.4 million electric vehicles using

8 TWh a year of electricity by 2035; the ECO's
potentially-compliant scenario assumes more than
three times this level in 2030, and

« while the LTEP mentions electric heat pumps, and
their potential to reduce fossil fuel use for space and
water heating, it does not plan for any related increase

in electricity demand.

This is only ohe possible scenatio. This scenario
does not include a cost or feasibility analysis;
it is provided for conceptual purposes only.
Other potentially-compliant scenarios could

and should be considered, but any scenario

that includes less growth in electricity demand
would also need 1o include correspondingly
greater conservation of fuels and/or conventional
electricity uses. This is because the ECO's
research suggests that any development of
alternative fuels significantly beyond that assumed
in the Fuels Technical Beport’s Outlook F would
result in environmental damage.?? The requirement
for electrification would be even higher if the
assumed levels of conservation and alternative
fuels development were not achieved.
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Ontario has at least two major opportunities for
substantial switching from fossil fuels to electricity:

+ transportation of passenger vehicles, and
= space and water heating.”’

Electrification of industry is not discussed below, as it
requires a more detailed, complex, and industry-specific
analysis. Much of industry’s carbon footprint is due

to process reactions and related high-temperature
process heating, which cannot feasibly be electrified.?
However, some lower temperature space and water-
heating electrification potential also exists within
industry.®
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Transportation is Ontario’s largest source of greenhouse
gas emissions (39% in 2015), and it has grown

an average of 1.4% per year since 1990.24 Within
transportation, passenger vehicles are Ontario’s largest
single source of greenhouse gas emissions (21% of
total 2015 emissions), although emissions from freight
are the fastest growing.?®

The 2017 Long-Term Energy Plan assumes that

2.4 million EVs will be on Ontario’s roads by 2035.%¢
This would mean about 25% of all cars, trucks and
other vehicles on the road,?” and 50% of new vehicle
sales, are electric by 2035. Note that this is merely an
assumption, not an official target, and Ontario does
not have a plan to achieve it. The ECO model suggests

that three times this level of planned transportation

electrification is needed. (In contrast, EVs made up only

1.6% of new vehicle sales in 2017,% despite subsidies
that already make EV ownership cost-competitive,
especially for those who drive longer distances or keep
their cars longer than 5 years.)
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Ontario’s only official EV target is for 5% of new car

sales to be electric or hydrogen by 2020.% The need for

a longer-term, more ambitious target is clear.

Electrifying transportation is recognized across the
globe as good public policy, and is a prominent feature
of countries’ pledges to the Paris Agreement. These
targets mean many jurisdictions are far ahead of
Ontario. Many countries have announced that they

will be banning the sale of gasoline- and diesel-fueled
vehicles altogether, some as early as 2025, others

by 2040.%° These planned bans are driven both by
national climate targets, and by local air pollution and
health cbjectives. Fossil-fueled vehicles are a major

cause of urban air pollution. For example, in 2017, 39%

of Norway'’s new vehicle sales were plug-in electric
vehicles, including hybrid vehicles, it was 52%.*

Electric vehicles might also provide important electricity
grid-balancing opportunities. For example, if EVs
charge during low demand periods (e.g., overnight),
they can provide a productive use of Ontario’s surplus
capacity of clean electricity during low demand periods
8 18). The amount of power curtailed in 2017 due
1o lack of demand was enough to power the projected
2.4 million EVs, and the Ontario government has
committed to providing four years of free overnight
charging.® EVs may also provide electricity storage for
homes or the grid, though this might shorten the life

of the vehicle's expensive battery (£ £318).% Ontario’s

e of Dntario 2018 Energy Conservation Progress Report, Yolume One 337
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electricity grid operator and local electricity distribution
companies are working on how to manage this intricate
new relationship, but overall, it appears that EVs can be
a net benefit to the grid.*

(IESO) identified space and water heating as having the
largest quantitative potential for electrification.® Despite
this, the 2017 LTEP forecast, though it discusses
low-carbon fuel alternatives for heating at several
points, does not appear to assume any significant
electrification of heating, beyond the minimal, short-
term commitments in the five-year Climate Change
Action Plan.®®

Buildings generate about 22% of Ontario’s GHG
emissions, primarily due to the use of natural gas for
space and water heating.®” In 2015, three expert reports
o the Canadian government advised that electrification
of building heating is critical to achieving a low-emissions
energy system.® This is particularly true in Ontario, which
has a higher ratio of natural gas to electricity use for
space and water heating than most other provinces (&5
£3%), and a low-carbon electricity supply.

Because heat pumps can replace both furnaces and
also offer air conditioning, their capital costs can be
comparable (at least for air source heat pumps; ground
source heat pumps have higher upfront costs but
lower operating costs, due to their higher efficiency).*
Alir conditioning may be increasingly attractive to

both residents and businesses as summer heat

waves become more common. The Government of
Ontario also subsidizes some of the capital costs for
electric heat pumps for homes heated by propane,

$
.
.
.
.
.
.
.
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\\\\\\\\\\\\\\\\\\\\\\\\\\E\\\\\\}\\\\Q\\\\\\\\\\& than electric vehicles particularly for residents without Carbon pricing can help incent fuel switching to lower technologies, such as smart thermostats and thermal

e BUINDE S0 D s the capital or tenants without permission to make the carbon energy sources.*® However, forecasted carbon storage (e.g., ceramic heaters), have some ability to
%l\\x\\ww\i\\%\\\\\\%\\%& change. prices from Ontario’s cap and trade program are too reduce peak demand, and thus use of natural gas power
\N\\\\\\\\\\\\\\\g\\\\k\\k\\\\ low to stop fuel switching away from electricity in the plants. These technologies can help spread heating

The operating costs of electric pump heating are high space heating sector, let alone incent fuel switching loads over the course of a day. There would be little GHG

\ T T e \\i\\\\é\\\

compared to natural gas heating. Although heat pumps fowards electricity.** Carbon pricing is projected to benefit, and a considerable cost penalty, to converting

typically use less than half as much energy to heat than add less than $1/GJ natural gas by 2020. Currently, heating from direct use of natural gas to natural gas-fired
natural gas furnaces, electricity is far more than twice electricity is about $30/GJ on average, while natural electricity, so it is important that the additional electricity
the price of natural gas (although the price differential is gas is about $5/GJ (see Figure 15.6). In other words, source at the margin be low-carbon.
oil or electricity through the Green Ontario Fund and not as great during off-peak hours, and the Fair Hydro current carbon prices alone are unlikely to make
saveONenergy electricity conservation programs. Plan has further reduced this disparity, & £1&) (see switching to electric heating financially attractive. How to meet incremental winter electricity demand
However, homes heated by natural gas (the largest Figure 15.6).*' Heat pumps are already cost-competitive without ramping up natural gas-fired electricity
share of space heating by far) are not currently eligible against less-efficient fuel oil, propane or electric A second challenge with electric heating (if not managed generation? One option is 10 use natural gas furnaces
for incentives for air source heat pumps.*® As a result, baseboard heating,** especially when buildings are carefully) is related to the electricity grid. Electricity as backup heaters on the coldest days, when heating
electrification of heating will likely be more challenging more energy efficient. used for heating would be concentrated in the coldest demand is at its highest and heat pump performance
months of the year, and could increase the use of would be at its worst. The rest of the heating (and
Ontario’s electricity in periods of peak demand. Since cooling) load would be provided by small, add-on heat 3 -
Ontario currently uses natural gas-fired electricity to meet pumps, supplying the majority of the energy needed
50 Electricity (price range peak demand, this could increase emissions. Existing over the course of the year from low-carbon electricity
between on- and off-peak) (see Figure 15.7.).%
40 s Gas (Enbridge)
= s (328 (Union) 45 .
O] # Natural gas heating
£ 30 40 ' - -
® Electric heating
& 35
@ 20
uch 30

2017 Ottawa heating degree days

Figure 15.7. Electric and natural gas heating systems can work together to reduce the costs of emission reductions.

a/doverload i, [Accessed 20 March 2018]
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More opportunities exist in new buildings. They can be
built to higher energy efficiency levels so that the cost
premium for using electric heating (and the grid impact)
is not as great. They can also be designed to make
better use of building or neighbourhood-scale thermal
storage, and higher-efiiciency ground source heat
pumps, to reduce winter peak demand.“®

Ontario is facing a major transformation of its energy
system. In order to comply with the limits on fossil
fuel emissions in the Climate Act, and to meet
Ontario’s GHG reduction targets, Ontario must plan
for a future where electricity use rises steadily (about
35% by 2030}, in addition to aggressive increases in
conservation and in renewable fuel production. This is
a big shift in a short time. The average life span of a
vehicle and a furnace is 15 10 25 years. If Ontario is to
meet its climate targets and emissions caps, serious
planning needs to start now.

This transformation to electricity offers important
benefits but also hard choices, which the government
should make openly and in full consultation with
Ontarians. The 2017 Long-Term Energy Plan does
not do these things, and does not fulfill the Ministry
of Energy’s legal obligation to plan Ontario’s energy
system, which includes planning for all fuels (not just
electricity).
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Endnotes

1.

Section 6(1) of the Climate Change Mitigation and Low-carbon Economy
Act, 2016.

Section 6(1) of the Climate Change Mitigation and Low-carbon Economy
Act, 20186, for Ontario emission reduction targets; Section 54 of The Cap
and Trade Program, O.Reg 144/16 for Ontario’s allowance caps to 2030.

Trottier Energy Futures Project Partners, Canada’s Challenge and
Opportunity, Transformations for Major Reductions in GHG Emissions, Full
Technical Report and Modelling Results (Ottawa: The Canadian Academy
of Engineering, April 2016) at 18.

Ontario’s population in 2015 was 13,797,038, and the reference case
projection for 2030 is 15,606,083 (“Ontario Population Projections Update,
2016-20417, online: Ministry of Finance <whww.fin.cov.on.ca/en/eoonamyy
damograchizs/orojeriions/tabie 1.idral>. [Accessed 15 March 2018})

All sectors need to make changes in order to meet Canada’s 2050 climate
change target, but there are limits for some sectors. By 2050, potential
industrial process emissions reductions are negligible, agricultural
emissions reductions are not likely to exceed 15%, and the most
ambitious waste emission reductions are 50%. (Trottier Energy Futures
Project Partners, Canada’s Challenge and Opportunity, Transformations
for Major Reductions in GHG Emissions, Full Technical Report and
Modelling Results (Ottawa: The Canadian Academy of Engineering, April
2016) at 12, 16, 19 and 22.)

Carbon capture and storage from fossil fuel combustion, if and when it
becomes commercially available, could also help.

By 2030, the technically achievable potential for natural gas conservation
in Ontario is considered to be up to 456%, though not in a manner that

is economic, that looks more like 26%, a manner that is practical looks
more like 18%. (ICF International, Natural Gas Conservation Potential
Study (Toronto: Ontario Energy Board, 7 July 2016) at i and iv); In high
electrification scenarios, the economic conservation potential is lower.
(Navigant, Fuels Technical Report (Ministry of Energy: Toronto, September
2016) at 36.)

David Chandler, “Explained: The Carnot Limit”, MIT News (19 May 2010),
online: <news, it ende/ 20 1 explained-carnci-35 18> However there
remains some potential efficiency gains within that limit, e.g., through

the use of lighter-weight car manufacturing materials (“Technology
Collaboration Programmes: Advanced Materials for Transportation”,
online: International Energy Agency <wwweiez orgficoiend-use-ranspori
amt™>. [Accessed 23 February 2018])

Provincial renewable content requirements for gasoline (10%) and
diesel (4%) are approximately the quantities of ethanol and biodiesel,
respectively, that can be widely used in conventional vehicles. Relatively
low cost vehicle modifications can enable the use of higher quantities of
ethanol or biodiesel.

The Ontario Planning Outlook forecasts 20% alternative fuels penetration
by 2035 as the most aggressive future scenario, however this assumes
significantly lower fossil fuel demand (Navigant, Fuels Technical Report
(Ministry of Energy: Toronto, September 2016) at 38); Only 5.6% of 2010
natural gas distribution in Ontario is the estimated renewable natural gas
potential in Ontario (Environmental Commissioner of Ontario, Every Drop
Counts: Reducing the Energy and Climate Footprint of Ontario’s Water
Use (Toronto: ECO, May 2017) at 120).

. Ontario Government, News Release, “Backgrounder: 2017 Long-Term

Energy Plan” (26 October 2017).
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21.

22.

23.

24,

. The Ontario Planning Outlook considers four scenarios for electricity to

2035, called “A” (lowest level of electricity use) to “D” (highest level of
electricity use, due to electrification of transportation and heating). The
Fuels Technical Report considers five scenarios for all other fuel use,
called “B” (highest level of fossil fuel use) to “F” (lowest level of fossil

fuel use). Scenarios “B” through “D” for the fuels sector make the same
assumptions about electrification of fossil fuel use that are in the electricity
scenarios “B” through “D”. Fuel sector scenarios “E” and “F” both
assume the same level of electrification as Scenario “D”, but alsc assume
additional measures to reduce fossil fuel use.

Environmental Commissioner of Ontario, Developing the 2017 Long-Term
Energy Plan, Special Report (Toronto: ECO, December 20186).

Ibid, at Figure 3.

Based on projected electricity demand in Ontario Planning Outlook’s
Outlook B.

The potentially-compliant scenario in Figure 15.4 is based on the
estimate that electrification can reduce energy sector GHG emissions by
approximately 1 Mt for every additional 2 TWh of electricity generation.
This estimate is based on the following:

» electric vehicles and heat pumps are more efficient than conventional
vehicles and furnaces (EVs can be up to 3 times more efficient than
combustion engines, whereas heat pumps can only be up to 2 times
more efficient than natural gas furnaces), and

additional electricity grid supply can be provided with a combination of
wind, solar, Ontario and imported hydro and some natural gas
generation (to supplement when demand is high and wind/renewables
are low). Comparing Outlook B and Qutlook D in the IESO’s Ontario
Planning Qutlook, an additional 29.6 TWh of electricity generation is
estimated to increase emissions by 1.5 MT, suggesting an emissions
intensity factor of 51 g/kWh or 14 g/MJ. This is significantly lower than
the emissions intensity factors for natural gas (50 g/MJ) and liquid fossil
fuels (around 71 g/MJ), and the difference is even greater considering
that each unit of electric energy can replace 2 to 3 units of fossil energy.

i.e., a further 15% reduction in transportation fuel use from the Fuels
Technical Report’s Outlook F.

i.e., a further 34% reduction in natural gas and renewable natural gas
use for space heating. The Fuels Technical Report’s Outlook F already
assumes that the use of other fuels for space heating will be almost
eliminated in 2030 through electrification and conservation.

Trottier Energy Futures Project Partners, Canadas’ Challenge &
Opportunity, Transformations for major reductions in GHG emissions
(Ottawa: The Canadian Academy of Engineering, April 2016) at 12, 15, 19
and 22.

Environmental Commissioner of Ontario, “Ethanol in Gasoline” in Facing
Climate Change, Annual Greenhouse Gas Progress Report 2016 (Toronto:
ECO, November 2016) at 121.

Independent Electricity System Operator, Ontario Planning Outlook (IESO:
Toronto, 1 September 2016) at 7.

International Energy Agency, World Energy Outlook 2017 (OECD/IEA:
Paris, 2017) at 318-320.

Ibid.

Environmental Commissioner of Ontario, Every Joule Counts, Annual
Energy Conservation Progress Report 2016/2017 (Volume Two) (Toronto:
ECO, August 2017) at 24.
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Environmental Commissioner of Ontario, Ontario’s Climate Act: From Plan
to Progress, Annual Greenhouse Gas Progress Report 2017 (Toronto:
ECO, January 2018) at 32-33.

Ministry of Energy, Delivering Fairness, Ontario’s Long-Term Energy Plan
2017 (Toronto: Ministry of Energy, 26 October 2017) at 37.

In 1999, just over 6 million light-road motor vehicles (vehicles weighing
less than 4,500 kgs) were registered, and in 2016 it had risen to just over 8
million, a linear forecast estimates that if the same year-over-year growth
continues, by 2035, it would reach 9.8 million. {Calculations by the ECO,

28.

29.

30.

based on historical car registration data from Statistics Canada, Table
405-0004 - Vehicle Registrations, annual (number).)

Eric Schmidt, “Electric Vehicle Sales in Canada: 2017 Final Update”,
FleetCarma (8 February 2017), online: <y
aif>.

Government of Ontario, 2016 Ontario Climate Change Action Plan
(Toronto: Government of Ontario, 2016) at 19.

Examples of jurisdictions that have committed to ban the sale or use of combustion-engine vehicles (non-exhaustive)

Jurisdiction Bandetalls Sarce

Norway Bans sales of fossil fuelled Jess Staufenberg, “Norway to ‘completely ban petrol powered cars by 2025, Independent (4
cars by 2025 June 20186), online: < € RN to-han-ihs

ozl

India Selling only electric vehicles / electric cars by 2030”7, Money.CNN (3 June 2017), online:
by 2030 luture/ing Hi Aridex.himl>.

Britain ban sale of all new petrol Anushka Asthana and Matthew Taylor, “Britain to ban sale of all diesel and petrol cars and vans
and diesel cars and vans from 20407, The Guardian {25 July 2017}, online: < carndy FTAUEES
from 2040 b -all-olh nd-pelio ;

France ban sales of petrol and Angeligue Chrisafis and Adam Vaughan, “France {o ban sales of petrol and disel cars by 20407,
diesel cars by 2040 The Guardian (6 July 2017), online: <y an.curn/by ce-barn-

oeirol-diegel-cars-2040-emmanushmie

Paris Bans use of all combustion- | “Corrected- Paris plans ban on combustion-engine cars by 2030”7, Reuters {12 October 2017),
engine cars by 2030 online: <y < Lan- ot

SIGH

Netherlands All new sales to be Fred Lambert, “The Dutch government confirms plan to ban new petrol and diesel cars by 2030”,

emissions free by 2030 Electrek (20 October 2017), online: <giaglak.co/2a17/1C i i ol
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31.

32.

33.

Camilla Knudsen and Alister Doyle, “Norway powers ahead (electrically):
over half new cars sales now electric or hybrid”, Reuters (3 January
2018), online: <ywww.r / i
-

QN

10 TWh of power was curtailed in 2017 (Q7). Typically, an electric vehicle
with a daily commuting distance of 40km requires 6-8kWh of energy to

recharge (Eric Schmidt, The Impact of Growing Electric Vehicle Adoption
on Electric Utility Grids (Fleet Carma, 28 August 2017), online: <wngw.

i mack-growing-alecinis

wlg-sdoplior
; 8kWh x 365 days x 2.4 million EVs =7 TWh; The province
also predicts 8 TWh to be the electricity demand of 2.4 million EVs.
(Independent Electricity System Operator, Ontario Planning Qutlock
(Toronto: IESO, 1 September 2016) at 7.)
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Ontario Society of Professional Engineers, Ontario’s Energy Dilemma:
Reducing Emissions at an Affordable Cost (Toronto: OSPE, March 2016)
at 22.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Fleet Carma is running various pilots across North America to examine
different ways to manage the grid impacts of EV charging (see Q16 for
further details).

About 58 TWh by 2035 of additional electrification is considered in
Qutlook D of the OPO in the combined residential, commercial and
industrial sectors, as compared to an additional 6 TWh considered in
QOutlook D for electric vehicles. (Independent Electricity System Operator,
Ontario Planning Qutlook (Toronto: IESO, 1 September 2016) at 7.)

The 2017 LTEP electrification assumptions for the residential and
commercial sectors are considered to be equivalent to those in the
‘Business-as-Usual’ scenario, OPO, Outlook B. (Independent Electricity
System Operator, Ontario Planning Outlook (Toronto: IESO, 1 September
2016) at 7; Ministry of Energy, Delivering Fairness, Ontario’s Long-Term
Energy Plan 2017 (Toronto: Ministry of Energy, 26 October 2017) at 42.)

In 2015, GHG emissions from Ontario’s residential sector were due
primarily to space and water (20.4 of 20.7 Mt), as were commercial/
institutional sector GHG emissions (11.9 of 12.3 Mt). Data not available
for Ontario’s industrial sector. (“Comprehensive Energy Use Database:
Ontario”, online: Natural Resources Canada < e
= ninalme

[Accessed 15 March 2018])
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Trottier Energy Futures Project Partners, Canada’s Challenge and
Opportunity, Transformations for Major Reductions in GHG Emissions, Full
Technical Report and Modelling Results (Ottawa: The Canadian Academy
of Engineering, April 2016) at 166, 171-175; Expert Panel on Energy Use
and Climate Change, Technology and Policy Options for a Low-Emission
Energy System in Canada (Ottawa: Council of Canadian Academies,
2015) at 84; C Bataille et al., Pathways to deep decarbenization in Canada
(SDSN & IDDRI, September 2015) at 26.

Without considering the impact of existing subsidies. (ICF, Marginal
Abatement Cost Curve for Assessment of Natural Gas Utilities” Cap and
Trade Activities (EB-2016-0389) (Toronto: ICF, 20 July 2017) at A-2.)

Homes heated by natural gas are eligible for incentives for ground source
(geothermal) heat pumps.

Independent Electricity System Operator, An Examination of the
Opportunity for Residential Heat Pumps in Ontario (Toronto: IESO, 6
March 2017) at 3; Based on 2017 prices in Torento, electric heat pumps
are still more expensive to operate than a gas boiler based on calculations
by the Canadian Green Building Council, even when assuming a carbon
tax of $60/tonne. (Canada Green Building Council, A Roadmap for
Retrofits in Canada: Charting a path forward for large buildings (Ottawa:
CGBC, 2017) at 19.)

Cold climate air source heat pumps have paybacks less than & years vs.
fuel oil or electric baseboard heating. (Independent Electricity System
Operator, An Examination of the Opportunity for Residential Heat Pumps
in Ontario (Toronto: IESO, 6 March 2017) at 19.

Ministry of Energy, Delivering Fairness, Ontario’s Long-Term Energy Plan
2017 (Toronto: Ministry of Energy, 26 October 2017) at 42.

Dave Sawyer, Jotham Peters & Seteon Stiebert, Impact Modelling and
Analysis of Ontario’s Proposed Cap and Trade Program, Overview of
Macroeconomic and Household Impacts of Ontario’s Cap and Trade
Program (Ottawa: EnviroEconomics, 27 May 2016) at 10. (The 2017 price

45,

46.

impact of Ontario’s cap and trade program on the cost of a 1 m3 of natural
gas is assumed to be $0.033. As 26.853 m3 are in 1 GJ, then $0.033 X
26.853 m3 = $0.886/GJ).

Tyler Hamilton, “Is reducing natural gas the key to hitting Ontario’s climate
targets?”, TVO.org (3 May 2016) online:

20
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Enbridge is considering a geothermal utility model for new building
developments in Ontario. (Jennifer Runyon, “Canadian-Based Enbridge
Embark on Geothermal Plan™ Renewable Energy World (18 April 2017),
online: k : ‘arkich S17s% cnrmdians
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