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&€& Climate change could cost Canada
$5 hillion a year as early as 2020’

National Round Table on the Environment and Economy,
“Paying the Price: The economic impacts of climate change for Canada,” (2011)

Executive Summary

Nations and local governments
have already begun to recognize
the importance of shifting
humanity's approach to the
environment. As part of this
worldwide movement, Ontario has
become a global leader in taking
initiative to improve the lives of residents
now and in the near and distant future.

However, it needs to do more to affect change on a larger scale. If
Ontario wants to meet its target of reducing Greenhouse Gas (GHG)
Emissions 15% by 2020 and 80% by 2050, the province is going to
have to introduce innovative policies, integrate strategic measures
to reduce emissions and work with stakeholders to develop a
comprehensive strategy. Otherwise, it's likely to be met with failure.

While Ontario has reached its 6% goal for 2014, the most recent
Greenhouse Gas Progress Report says the province will fall 28 Mt
short in 2020, making it almost impossible to reach the 80%
reduction target in 2050. For success, change is imperative.

This report is the first in a series that examines the economic and
labour market impact of achieving Ontario's emission reduction
targets. We begin with personal transportation because total
emissions in the sector are growing at an alarming rate while
solutions are tantalizingly within reach.

The demand for Electric Vehicles (EVs) as a passenger vehicle and
also as a fleet vehicle has been on the rise, and the EV industry has
made significant leaps in the last few years and will likely command
a major share of the industry. Ontario is ideally positioned to be a
leader in Electric Vehicle (EV) manufacturing, research and
development. Exploiting its strengths in order to carve a niche in
the EV industry would boost Ontario's productivity, with potential
economic benefits not just for the direct participants in the EV
industry but for all of Ontario.



Achieving

Ontario's emission
reduction targets

Transitioning
from fossil fuels
to electric
vehicles

What would be the
economic and
labour market

impact

i

Positive Net
Effects

Economic, environmental and technological gains

The development of Plug-in Electric Vehicles sustains many
economic, environmental and technological gains in the production
of electric vehicles, their operation and construction of the
supporting infrastructure. Electric vehicles are shown to realize
large energy savings and realize many industrial gains but may
also cause some disruptions and substitutions in the economy. The
net effects, however, are almost all positive. In particular the study
demonstrates the following:

® | arge energy savings, particularly in those expensive and non-
renewable fossil fuels imported from outside Ontario.

® Reductions in CO2 emissions and the prospect of placing Ontario as a
frontrunner in the fight to eliminate CO2 emissions.

® Developing a new and dynamically growing industry with a capacity to
generate sizeable employment opportunities at the upper end of the
wage scale.

® Developing a new infrastructure of charging stations.

® |imited additional electricity generation capacity and delivery systems
are needed when the projected shares of EVs are less than 10% of the
Ontario fleet of vehicles.

® The phasing out of an old industry and the development of a new
industry requires more but manageable numbers of graduates from
universities.

® The estimation of net benefits with a special focus on disruptions,

substitutions and changes in the product and factor markets in Ontario
all show positive returns and feasible proportions.

The major gains are expected to be in the manufacturing sector
but substantial gains can be realized in the energy and
infrastructure development sectors. Ontario manufacturing has
sustained major losses recently as the Canadian dollar appreciated
and provincial productivity declined. Imports of expensive energy,
particularly of gasoline, exacted a heavy cost on the economy in
step with escalating oil prices. The development and use of electric
vehicles holds the promise to save Ontarians considerable amounts
of money as cheaper electricity is substituted for the expensive
imported gasoline and as a new manufacturing node is developed
to shore up the sagging auto sector.



Ontario's Emission Reduction Targets

In an effort to reduce its emissions, the Province of Ontario established three
Green House Gas (GHG) reduction targets in 2007:

by 2014 by 2020

Lower Emissions Lower Emissions

by 2050

Lower Emissions

6 % 15% W 80 %

below 1990 levels below 1990 levels below 1990 levels

Figure 1 below shows Ontario's GHG emissions from 1990 to 2011, and its
target emissions for 2014, 2020 and 2050.

Figure 1: Source: Environment Canada National Inventory Report (2013), author's tabulation
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Emission Reduction Targets




Meeting Ontario's Emission Reduction Targets

Eliminating coal Closing Down Coal Plants

fired electricity In, 2011 Ontario produced 171 mega tonnes (Mt) of
is the single carbon dioxide as Canada's second-largest contributor
| t climat of GHGs, 24% of the country's total emissions’. Due to
arges c I_n?a e the closure of coal-fired plants and investment in clean
change initiative energy technology, Ontario has reduced its GHG

in North America emission levels by 14.5% from 2007 to 2011.’

Ontario's Green Energy Act

Ontario's Green Energy Act (GEA) was created to expand
renewable energy generation, encourage energy
conservation and promote the creation of clean energy
jobs.’ The GEA is sparking growth in renewable energy
sources such as wind, solar, hydroelectricity and

bioenergy. For example, its Feed-in Tariff program provides
stable prices for generators of energy from renewable
sources and continues to bring clean sources of energy
into the supply mix by investing in transmission and
distribution of electricity modernization.”

renewable energy

generation £ -1
..--_
+ =
electric vehicles

lower emissions

However, despite making progress
on targeting its emissions...

Ontario remains Canada’s second largest
contributor of Green House Gas emissions
and has struggled with its ability to make a
significant impact on emissions in the road
transportation sector

1 (Environment Canada, 2013)
2 (Environment Canada, 2013)
3 (Ministry of Energy, 2013)

4 (Ministry of Energy, 2013)
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Personal Transportation Emissions

Light Duty Gasoline Vehicles (LDGV) and Light Duty Gasoline Trucks (LDGT)

e e—

Between 1990 & 2011,
the transportation sector's
GHG emissions increased:

30%

Light-duty truck sales are
increasing at a faster rate than
smaller, lower emission, vehicles

account for:

of all transportation
emissions (31 Mt)

of province's total
emissions (171 Mt)

based on 2011 data

Personal cars and trucks (for the purpose of
this report they are Light Duty Gasoline
Trucks, or LDGT, and Light Duty Gasoline
Vehicles, or LDGV) were responsible for
69%, or 31 Mt, of the transportation sectors
overall 45Mt of GHGSs’. The transportation
sector accounted for 26% of the province's
total emissions in 2011°. Alarmingly, the
road transportation sector emissions output
increased by 30% from 1990 to 2011’. The
major factor resulting in the increase has
been the shift in the type of personal
vehicle Ontarians are driving. Light duty
gasoline vehicle emissions share decreased
from almost 11% in 1990 to 9% in 2011,
but LDGT have increased their percentage
contribution of total emissions from 4% in
1990 to 9% in 2011°%. The number of LDGTs
sold in Ontario was 1.16 million in 1990,
but rose to a staggering 3 million, a 5%
annual increase, by 2011. In comparison,
LDGV sales have increased at an annual
rate of 1% during the same time period®.

5, 6,7, 8 (Environment Canada, 2013)
9 (Statistics Canada Table 079-0003, 2014)
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Figure 2: Environment Canada National Inventory Report (2013), author's tabulation

GHG Emissions — Light Duty Gasoline Trucks
versus Light Duty Gasoline Vehicles
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If Ontario wants to meet its target of reducing GHGs by 6% by 2014, 15% by
2020 and 80% by the year 2050, the Province is going to have to introduce
innovative policies and integrate strategic measures to reduce emissions across
all sectors, not just the transportation sector. The 2014 Annual Greenhouse
Gas Progress Report, from the Environmental Commissioner of Ontario, states
the province will face a 28 Mt reduction shortfall, by 2020, in GHGs based on
the current plan in place, despite meeting its stated goals for 2014. The report
outlines that the Province lacks a comprehensive and effective strategy to close
the emissions gap and the total emissions are projected to increase to 190 Mt
by 2030, making the need for stringent mitigation measures.

Based on economic analysis, the number of personal vehicles on the road by
2050 is expected to increase to 13.2 million vehicles: 6.8 million LDGVs and
6.4 million LDGTs. The economic analysis conducted by Econometric Research
Limited for the purpose of this report found that the projected growth will be
faster in the early years up to 2050. Based on the logistical growth
curve analysis the number of LDGVs for 2025 is projected to be
approximately 5.2 million and 5.9 million for LDGTs.

Electric Vehicles (EVs)
produce 50% less pollution (1821 kg of co2 equivalent)

than a gasoline-powered vehicle (62,866 kg of CO2 equivalent)
over its lifecycle.
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Transportation Emissions and CAFE (Corporate Average Fuel Economy)

In 2050, Ontario is projected to have approximately 6 million LDGV on
the road. The CAFE Standards play a significant role in reducing
emissions from LDGV, however, existing standards are only in force to
2025. In late 2012, Environment Canada proposed Regulations
Amending the Passenger Automobile and Light Truck Greenhouse Gas
Emission Regulations for 2017-2025 in alignment with the United
States Corporate Average Fuel Economy (CAFE) Standards®. The new
standards take an aggressive approach to reducing fuel consumption
and GHG emissions from light duty passenger vehicles and light duty
trucks. However, fuel economy standards for light duty trucks are not
as aggressive as those for passenger cars.

Figure 3: Authors tabulation
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10 (Government of Canada, 2012)

In addition to LDGVs increasing in efficiency, EVs would need to increase
their numbers in Ontario's growing vehicle population. This combination
reveals that we could reach our overall 3.7 Mt target (80% reduction)
for LDV around the year 2046. In this scenario approximately 85% of
passenger vehicles would have to be EVs, approximately 5 million
vehicles. Our analysis assumes per vehicle ICE emission standards are
achieved in the year 2025 and then remain constant until the year 2050.
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The Electric Vehicle: The Goal to Greenhouse Gas Reduction

Indeed, without change, the Province won't meet its 80% reduction
target for the year 2050. Doing its part to protect the planet from the
growing environmental problems that future generations may have to
contend with, the provincial government needs to be more proactive
and aggressive in its approach to climate change and GHGs. A
flourishing EV industry and market would allow the Province to move
forward on two things: the economy, which will be discussed later in
this report, and our environment. According to a University of
California, Los Angeles study, EVs produce 50% less pollution (31,821
kg of CO2 equivalent) than a gasoline-powered vehicle (62,866 kg of
CO2 equivalent) over its lifecycle'.

Figure 4: Aguirre, K., Eisenhardt, L., Lim, C., Nelson, B., Norring, A., & Slowik, P a. (2012, June).
Lifecycle Analysis Comparison of a Battery Electric Vehicle and a Conventional Gasoline Vehicle.
Retrieved from UCLA, Institute of the Environment and Sustainability
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11 (Aquirre, et. al, 2012)
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An Ontario based EV industry would create an
increase in jobs, manufacturing, and
government revenues at all levels

While wide adoption of EVs in Ontario would impact the
oil and gas industry significantly, the decreased
consumption of gasoline would reduce the GHG output
of the transportation sector and allow the Province to
achieve its intended targets. The ERL Economic Impact
Study shows that the loss of jobs and revenue from the
oil and gas industry would be offset by an increase in
jobs and manufacturing, taxes and other government
revenues at all levels, by a successful Ontario based EV
industry.
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Teaching an old dog new tricks

isn't easy. The gasoline vehicle
has had strong grip on society for

Average well-over a half century and

Energy Cost _ . bringing on change in what some
of a EVs would offer substantial \ouid consider a drastic manner,

LR TIEALIHER  savings to Ontario drivers is going to be a great challenge —
but when a person's monthly

$1 821 expenses can be reduced, they will listen. For example, the
J average annual mileage driven per vehicle is 18,000 km,
per year according to the Canadian Automobile Association. The total cost

of fuel is $1,821 per year using an average fuel cost per litre of
$1.23. Operating energy costs of an EV driven 18,000 km is
Average approximately $426 per year, based on the peak cost per kW/h

Energy Cost in 2011. That's an annual savings of approximately $1,400 on
fuel that a household can redirect to other financial needs. The
Qf dn . number of registered Plug-In Electric Vehicles in Canada is
Electric Vehicle currently small but the sales are on the rise. According to
R.L.Polk Data, PHEV sales increased about 51% from March
$426 2013 to March 2014, and BEV sales increased about 25% in

Canada during the same period. As the new car industry comes
on stream along with higher renewable electricity production,
smart grid distribution systems, and convenient EV charging
infrastructure, it could have major implications for the labour

) market and demand for skills. A highly skilled and very

A developlng knowledgeable labour force in Ontario will be needed to support
EV industry and and sustain the transition to the new green economy.

per year

mOdems efficient Not only would a re-designed workforce be needed, the Province
electricity system would need to take into consideration the effect a growing EV
would create new industry may have on its power generation. Although the
province may possess more than adequate energy capacity to

employmel]t meet demand, challenges can be expected more so in specific
and education regions where EV uptake increases substantially. Power plants
opportunities and transmission lines may have sufficient overall capacity,

across Ontario however, problems could arise when excess power needs to be

distributed to neighbourhoods. Charging an EV could be
equivalent to adding three quarters to three houses to a grid®,
and an unplanned increase in the number of EVs in a
neighbourhood could strain the regional distribution system.

12 (U.S News, Feb 2012)
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Surplus Baseload Generation (SBG)

Ontario's electricity generation system is unique. Some sources
like nuclear power generation are not flexible in meeting the
constant change in electricity demand. It is these sources of
energy that provide Ontario's base load capacity, with additional
sources that come online when our electricity demand increases
during peak times.

This inability to adjust nuclear power generation and the
production of additional energy creates a Surplus Baseload
Generation (SBG) situation, meaning Ontario's electricity
production from baseload facilities creates more energy than
Ontarian's demand. This occurs particularly at night time, which is
why lower off-peak pricing is used to encourage ratepayers to shift

currently sells electricity usage from peak periods.

excess electricily This dilemma creates opportunities for EVs to play a role in
. alleviating Ontario's SBG situation by charging during the night.
OUt Of pm‘"nce The SBG that is generated needs to go somewhere. Currently,

Ontario

at aloss during off peak hours, Ontario exports the excess energy to
neighbouring jurisdictions. However, during surpluses the price for
electricity drops and sometimes falls below market value or into
negative pricing. In other words, Ontario pays other areas to take
our electricity. For example, from September 2010 to September
2011, "Ontario sold about 278 GWh of energy at negative prices

ni3

to neighbours and paid about $15 million dollars to do so.

as part of a Smart Grid
EVs could act as a, cost saving,
energy storage solution

13 (Ontario Society of Professional Engineers, 2014)
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Enhancing the Grid

EV's complement Ontario's electricity grid in that every
EV has a large battery that requires regular charging. EV
drivers are able to take advantage of lower off-peak
electricity rates during convenient overnight charging.
Also, Ontario's largely publicly owned electricity
generators and distributors are better off as they are able
to sell more electricity at better rates.

As we progress into the 21st century we can expect to
see much more renewable energy meeting Ontario's electricity demand.
Because key sources of renewable energy are intermittent, that is they only
produce power when the wind blows or the sun shines, having the means to
store surplus electricity for release into the grid during peak power
consumption offers many advantages. EVs have large energy storage capacity
and so will play an important role in the smart grids of tomorrow.

Imagine millions of EVs connecting to the grid
regularly to either charge by taking power from
the grid - or to sell unneeded stored energy back
into the grid during peak periods.




Meeting Ontario's Emission Reduction Targets

Make Buying an EV Attractive and They Will Come

Ontario has taken early action in
encouraging EV adoption by

offering generous incentives of up to
$8500 on the purchase of a new EV and up

to $1000 on the installation of a level 2 charging station. In addition, EV
owners qualify for green license plates which carry privileges like driving
alone in HOV lanes.

The provincial government can help make the EV an attractive option for
drivers, by implementing policies to not only encourage EV adoption
through the purchase of new vehicles but also to encourage the exchange
of existing ICEs for EVs. Such policies could include tax credits, various
purchase plans, electric battery sharing, replacement and pay per usage
options, among other options. The Province should also carry out an
analysis of policy and programs in place in other jurisdictions (Norway, for
example) that have had success in increasing EV adoption.

Invigorating a large-scale EV industry where cars and parts are
manufactured in Ontario, and the cars designed, built and driven by
Ontarians won't be easy. Government, the automobile industry, post-
secondary education all need to make significant contributions and
changes to allow for an EV industry to flourish in this province.

17



Recommendations:

® Formulate and implement policies to not only encourage EV

adoption by purchasing new vehicles but also to encourage the
exchange of existing ICEs for EVs. Policies could include tax
credits, various purchase plans, electric battery sharing,
replacement and pay per usage options, penalties on older ICEs
and if emissions of certain levels are exceeded by ICEs.

Identify existing EV clusters in Ontario and create an inventory
pertaining to R&D, manufacturing, distribution, etc. Ontario
should also identify potential EV clusters and formulate policies
and programs to foster growth in these potential clusters. Ontario
should also study the economic and environmental impacts of
these clusters on their region and neighbourhoods.

Move towards electricity generation sources that will be more
flexible for EV demand. Ontario should reassess its LTEP
especially with regards to EV industry demands in various
neighbourhoods and find ways to optimize its energy generation
resources.

Ontario's Feed-In-Tariff program needs to be amended to allow
solar parking structures. Such structures are crucial 'convenience'
infrastructure for EV adoption and have the added advantage of
providing local generation, grid storage, and shelter. Solar
parking structures should be permitted in both the Small FIT and
Micro-FIT programs.
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Why Stimulating the EV Industry Makes Sense

R

With a strong,
but declining
auto sector,
Ontario is ideally
positioned to be

a leader in EV
manufacturing,
research and
development

14,15 (Statistics Canada: Table 379-0030, Table 281-0024)

16, 17 (Statistics Canada, 2013)

The demand for EVs as passenger and fleet vehicles has
been on the rise as both consumers and governments
at all levels have become environmentally conscious.
Consumers are interested in EVs because drivers
garner savings on gas, and governments are
interested in curtailing their consumption and
reliance on fossil fuels. Ontario needs to position itself
as a leader in EV manufacturing, research, and
development. Exploiting its strengths in order to carve a
niche in the EV industry would boost Ontario's economy,
with potential benefits for all of Ontario. And based on the last
decade of data on the manufacturing and auto industry
performance, particularly the negative impact the 2008
recession had on car makers, Ontario should act to position
the province and its residents for the future. Missing the
manufacturing opportunities presented by a transformative
shift to low carbon vehicles would have dire economic
consequences for Ontario's labour market.

Ontario's manufacturing sector contributed 22% to the GDP in
2002, however, from 2009 to 2012 its provincial share was
only 13%™. Correspondingly, the total number of
manufacturing jobs in the province dropped drastically by
220,000 from 880,000 employees in 1997 to 660,000
employees in 2012, a 33% decline®. With a shifting economy,
Ontario needs to look to other economic opportunities to keep
it competitive and a strong contributing member to Canada's
overall economic prosperity. Once a powerhouse in the auto
industry worldwide, the last 15 years have left the auto
industry struggling to stay competitive. With auto industry
partners making large investments in other nations where
labour and production costs are cheaper, like Mexico and
Eastern Europe, allowing for a bigger bottom line, it's no
secret the industry is struggling.

The GDP for the automotive sector in Ontario has decreased
approximately 13.5% from 2002 to 2012 while its output
decreased 33% in 2009 from 2008 in the aftermath of the
financial crisis, creating a loss of $4.4 billion. Since 2009,
Ontario's automotive industry has recovered somewhat,
expanding its output every year and produced about

$15.6 billion in 2012."
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Crucial to Ontario's economic future

Ontario can remain competitive by
enhancing its other competitive
advantages and increasing its productivity.
This can be achieved only if both the
public and private sectors in Ontario
commit to investment in machinery and
equipment, and research and
development. These investments should
not only focus on the traditional
manufacturing and automotive sector, but
on new emerging industries where Ontario
can play a significant role, like the EV
industry. By focusing on carbon footprint
reduction and a commitment to renewable
energy development coupled with its
strong automotive manufacturing industry,
Ontario can develop a successful EV
manufacturing, research and development
industry.

The EV industry sits at the cross roads of
both clean energy and innovative
automotive technology and both have
been identified as crucial to Ontario's
economic future. However, a transition to
a green economy will create new jobs,
require the adaption and reallocation of
existing skills, and workers to acquire
specialized skills, knowledge, training or
experience.'® The occupations must consist
of high-skilled and high-paying jobs as
half the positions over the next 15 years
will require the ability to use technology
that has not yet been invented.* This is
extremely relevant to EVs as new
software, battery technologies and
electrical components evolve to make EV's
more efficient.

18, 19 (Ministry of Training, Colleges and Universities , 2014)
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The Economic Multiplier Effect

Economic impact analysis is a useful mathematical tool capable of quantifying
the patterns and magnitudes of interdependence among sectors and activities.
It is predicated on two fundamental propositions.*

® First, regardless of the inherent value of primary activities such as conservation of
natural resources and the protection of the environment, to the extent that activity
involves the use of scarce resources they generate economic consequences that can
be measured and compared.

® Second, economic impacts are only partially captured by assessing direct
expenditures. In as much as the economy is a complex whole of interdependent and
interacting activities, there are some significant indirect and induced impacts
associated with the direct expenditures. These indirect and induced impacts can often
be larger than the direct impacts.

Every dollar spent on the manufacturing, installation,
operation and maintenance of Plug-In Electric Vehicles

on wages or supplies circulates and re-circulates within
the economy, multiplying the effects of the original
expenditures on overall economic activity.

|
1

The initial expenditures
on wages and materials
are generally referred to
as the direct costs of the
program and their effects
are referred to as the
initial (direct) effects

20 (see full report for full description of methodology and approach)

|
2

Subsequent purchases
by suppliers of materials
and services to sustain
the original and derivative
expenditures are called
the indirect effects

|
3

The induced effects
emerge when workers in
the sectors stimulated by
initial and indirect
expenditures spend their
additional incomes on
consumer goods and
services.
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amm
»JOB ¢

l WANTED I

Manufacturing
Electric Vehicles
would create

more
full time jobs

than
manufacturing
gasoline vehicles

21 (U.S News, Feb 2012)

Econometric Research Limited (ERL) estimates
manufacturing electric vehicles in Ontario would create
thousands of full time jobs, based on the number of
electric vehicles built and operated in Ontario. According
to ERL, the higher the uptake in EV adoption the larger
the economic impact across Ontario. Other research
conducted in three U.S. jurisdictions -- California, Oregon
and Cleveland, OH -- found that with an uptake in EV
purchases coupled with sector growth, thousands of jobs
would be created: 1,579/year in Oregon, 2,500 to
10,500 in Cleveland depending on price of oil, and
100,000 by 2030 in the state of California®.

For the purpose of this report, estimates of job growth
were determined in scenarios where 5% and 10% of
LDGV are EVs in 2025 and 2050, respectively. In the
10% EV 2025 scenario, Ontario’s EV industry is
estimated to create 34,334 more full time jobs,
compared to manufacturing LDGV. This accounts for
12,363 direct jobs and 21,971 indirect and induced jobs.
The number of full time additional jobs in 2050 under the
10% scenario would be 38,933. Overall, positive net
impacts of EVs are expected and are likely to be
concentrated in higher value added and higher levels of
employment. It is possible that positive net gains in all
taxes and revenues at all three levels of government and
in wages and salaries will be realized.

Ontario manufacturing has sustained major losses
recently as the Canadian dollar appreciated and
provincial productivity declined. Imports of expensive
energy, particularly of gasoline, exacted a heavy cost on
the economy in step with escalating oil prices. The
development and use of electric vehicles holds the
promise to save Ontarians considerable amounts of
money as cheaper electricity is substituted for the
expensive imported gasoline and as a new manufacturing
node is developed to shore up the sagging auto sector.




Table 1: ERL, 2014

Net Economic Impacts of Manufacturing Electric Vehicles
2025 and 2050, 5% and 10% Evs (Thousands of 2011 Dollars)

Initial Expenditure

Value Added
Direct
Indirect & Induced
Total

Gross Output

Direct
Indirect & Induced
Total

Wages & Salaries
Direct
Indirect & Induced
Total

Employment
Direct
Indirect & Induced
Total

Taxes

Federal
Provincial
Local
Total

Imports

From Other Provinces
From Other Countries

Total

$1,940,221

$748,970
$1,090,689
$1,839,659

$1,940,221
$2,499,363
$4,439,584

$521,669
$726,946
$1,248,615

6,182
10,985
17,167

$263,461
$212,276

$70,636
$546,373

$465,353
$146,487
$611,840

$3,880,442

$1,497,937
$2,181,376
$3,679,313

$3,880,442
$4,998,723
$8,879,165

$1,043,335
$1,453,893
$2,497,228

12,363
21,971
34,334

$526,918
$424,551
$141,273
$1,092,742

$930,708
$292,974
$1,223,682

$2,200,066

$849,276
$1,236,758
$2,086,034

$2,200,066
$2,834,093
$5,034,159

$591,533
$824,303
$1,415,836

7,009
12,457
19,466

$298,744
$240,702

$80,096
$619,542

$527,675
$166,106
$693,781

5% 10% 5% 10%
asEV asEV asEV asEvV

$4,400,131

$1,698,551
$2,473,518
$4,172,069

$4,400,131
$5,668,183
$10,068,314

$1,183,064
$1,648,607
$2,831,671

14,018
24,915
38,933

$597,483
$481,411
$160,194
$1,239,088

$1,055,352
$332,211

$1,387,563
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Figure 5: ERL, 2014, Authors tabulation

The Differential Economic Impacts of Manufacturing EVs versus Gasoline Vehicles
2025 - 10% as Evs (Thousands of 2011 Dollars)

45,000,000
40,000,000
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30,000,000
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20,000,000
15,000,000
10,000,000 I I I
5,000,000 I I
. [] ] = Hn. Hn.
Initial Total Value Total Gross | Total Wages Total Taxes Total
Expenditure Added Output & Salaries Imports
W 10% as EVs, 2025 17,723,275 18,979,731 40,979,785 12,655,434 5,586,933 5,200,677
W 2025, 10% Gas Veh 13,842,833 15,300,418 32,100,620 10,158,206 4,494,191 3,976,995
W NET-10% as EVs, 2025 3,880,442 3,679,313 8,879,165 2,497,228 1,092,742 1,223,682

W 10% as EVs, 2025

W 2025, 10% Gas Veh

B NET-10% as EVs, 2025

Increased tax revenues

Total additional tax revenue if 10% of
vehicles on road in 2025 are Evs:

$1.08 billion

Provincial
Government

$424 million

Federal
Government

$526 million

Local
Governments $140 million

If 10% of vehicles on Ontario roads in 2025 are
EVs, the economic benefit, factoring in economic
losses due to declining oil and gas industry as a
result of a growing EV industry, would allow all
levels of government to collect larger streams of
revenues on the economic impacts of electric
vehicles, compared to maintaining the norm of
gasoline vehicle manufacturing. The total
additional tax revenues of all three levels of
government would be about $1.08 billion: the
federal government collecting $526 million, the
provincial government about $424 million and
local governments $140 million.

The bar graphs in figure 5 show that
manufacturing EVs in Ontario would have greater
economic impacts than manufacturing the same
number of ICE vehicles. While there will be
winners and losers our research shows that
overall the economic benefits of rapid EV adoption
in Ontario are positive.
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GT80 Online Interactive Calculator
Create your own scenarios — see what the outcome may be
go to: www.driveelectric.ca/calculator

The Getting to 80 Calculator uses the baseline
data created by Econometric Research Limited
(ERL) to allow you to create scenarios; an easy
way to apply other product adoption rates to EV's
in what-if scenarios. This is not meant to be
predictive. Obviously, 2050 is a long way off for
accurate forecasting. However, the hope is it will
help identify the major drivers of change and
guide policy makers to examine various scenarios
and engage people in the conversation. As a
society, we need to come to terms with the fact
dramatic transformative change will have to be
pushed hard to achieve timely environmental
change. What our research shows is that contrary
to commonly received wisdom, the changes can
have very healthy economic, environmental, and
social outcomes.

Perspective and Adequacy

Two Adoption Scenarios

In our research we examined in detail four
conservative EV adoption scenarios for Ontario in
order to gain fundamental understanding of the

Meeting Ontario’s key economic and labour market drivers and their
. interrelationships. The baseline data was then
enVIronmentaI goals used to create per vehicle metrics that enable the

can have very positive GT80 Calculator to create new scenarios

interactively based on user input.

economic outcomes
To gain perspective and a better sense of the
adequacy of EV adoption rates in achieving
emission targets we examine 2 scenarios at
opposite ends of a spectrum possibilities.



http://www.driveelectric.ca/calculator
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Sample Scenario I

Ontario has invested The first is one of the base case scenarios. It is a low
. . . ambition case where 5% of all cars on the road in 2050

$20 bI"IOI'I in pUb"c are EVs. In this scenario we do see emission reductions

transit since 2003 until the year 2025, mainly because of the CAFE

Standards. The number of EVs on the road, however, is
such a small proportion of the total number of vehicles
on the road that Ontario would not be able to meet the
80% emission reduction target unless the average
Union Pearson Express annual distance driven by each vehicle, including ICEs,
] was to reduce from 18,000km/year to approximately
3,500km/yr; or distance driven remains constant but
‘ Mississauga Transitway the annual car and truck growth rate dipped into the
negatives, around -2% respectively, then we would
|l| reach our emission target in 2050.

[ Bus Rapid Transit in Durham These outcomes highlight the significant need for

increased public transit access and usage, the
development of smart city planning and the expansion

Brampton ZU|V| of car-sharing throughout the province. In addition to
the low emission reductions in this scenario, the
manufacturing economic impacts are sparse. There is a
. : spike in employment, tax revenue and the economic
[ Viva York Reglon impact between 2015 and 2020 but then it drops down
l and levels off because EVs have reached the 5%
! penetration rate. As for the annual operating impacts;
[ Eglinton Crosstown economic, employment and tax revenue spike in the
year 2020 and maintain a steady incline as the number
of EVs slowly grow.

Figure 6: Created with the GT80 online interactive calculator

EV GROWTH BASED ON TECHNOLOGY ADOPTION RATE

SCENARIO: EVS INCREASE TO 5% THEN HOLD STEADY
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Hl Sample Scenario 11

| Bloor-Danforth Subway I

Another scenario created using the GT80 Calculator

showcases the outcome of rapid technology adoption. It

I took about 20 years for mobile phones to exceed the
80% penetration rate in U.S households and if we apply

‘ Go Transit I : ) 7
this same adoption rate to EV's starting in 2011, the

||| economic and emission impacts are dramatic. If EV's
Toronto York Soadina Sub took off as fast as mobiles phones did, 100 percent of
0ronto York opadina subway Ontario cars on the road would be EVs by the year

'[ 2034; that is over 10 million electric vehicles. Ontario

would also reach its 80% emission reduction target in
| Ottawa Light Rall the personal transportation sector by the year 2030.
This type of EV growth implies there be significant
incentives for vehicle purchases, new battery
‘ Waterloo Rapid Transit technology develops or perhaps significant increase in
gas prices.

Figure 7: Created with the GT80 online interactive calculator
U nion Statlo n EV GROWTH BASED ON TECHNOLOGY ADOPTION RATE
SCENARIO: EVS ADOPTED AT SAME RATE AS MOBILE PHONES IN US
14,000,000 -

12,000,000 - + 30
10,000,000 - 125
8,000,000 - 1 20
6,000,000 - 1 15
4,000,000 - + 10
2,000,000 - 1 5

(=3
[ar
(=]
o~

VEHICLES ON THE ROAD
EMISSIONS (MEAGATONS)

20
25
35
40
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- 0
- -
(=] (=] =] =] (=] =] =]
o o o o~ o~ o~ o~
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Metrolinx
The Big Move

Envisions a $50 Billion
investment over 25 years
including the electrification of

GO Trains and all day service
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Many European countries have used a vehicle trade in program
to incent people to purchase new, more fuel efficient vehicles

It must be noted that EV growth in the cell phone adoption
rate analogy above is unachievable through new vehicle
purchases alone. Existing ICE vehicles would need to be
removed through a vehicle exchange program. Many
European countries have used a vehicle trade in program as a
way to remove older cars from the road and to incent the
purchase new, more fuel efficient vehicles. With 10 million
vehicles on the road, there are tens of thousands of jobs
created in the next 40 years. Operating impacts alone creates
up to half a million jobs by the year 2050, with a large
portion of these jobs becoming available around the year
2030.

The GT80 Calculator can be used create scenarios along the
entire spectrum between the two scenarios presented above.

A dollar saved at the Piug-in Electric Vehicle Deployment in California: An
gas pump and spent Ecopomic Asse;sment discusses_ the e_conomic gnd
environmental impacts of electric vehicle adoption through
on other goods and analysis for the state of California. Through three scenarios,
Services that the study concludes that the long term aggregate economic
effects indicate that new vehicle technologies, particularly
hOUSBhOldS demand those that reduce reliance on fossil fuels, stimulate economic
creates 16 times growth and create jobs. The report also notes a dollar saved
more iobs at the gas pump and spent on other goods and services that
J households demand creates 16 times more jobs.

29
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Tax Impacts of EV Adoption

Under the four base case scenarios prepared for this report, economic
losses would occur. However, due to the gains made by an emergent
EV industry and uptakes of 5% or 10% under the 2025 and 2050
scenarios, the losses are minimal and would be overshadowed by gains
in revenue and employment. The total income loss due to a reduction
in gasoline use under the 5% scenario in 2025 (and double under 10%
scenario) would be approximately $206 million; job loss would be
1,243, most of which would be in the oil and gas sector; and all levels
of government would experience revenue loss totalling $57 million and
personal income tax loss of $14 million for the federal government and
$.8.4 million for the province. The additional direct taxes that the
federal and provincial governments derive on fuel and would be lost
are about $105 million. The federal excise tax on fuels that could be
lost are about $52 million, and the provincial excise taxes that could
be lost are around $29 million. In addition, the federal government will
lose $8.3 million in HST and the provincial government will lose $15.5
million. The losses under the 2050 scenarios would be slightly higher,
however, gains from the EV industry would allow for overall net
increases in revenues (see figure 8).

Figure 8: ERL, 2014, Authors tabulation

Tax Impacts of EV Operation, 5% and 10% in 2050
(Thousands of 2011 Dollars)
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An Opportunity to be an Important Hub of EV Manufacturing

Despite the disruption in the economy and transition period,
the development of an EV industry sustains many economic,
environmental and technological gains in the production and
operation of EVs, and construction of supporting
infrastructure. In particular, electric vehicles are shown to
realize large energy savings and many industrial gains, but
may also cause some disruptions and substitutions in the
economy. The net effects, however, are almost all positive,
according to ERL's economic analysis.

Major gains are expected in the manufacturing
sector but substantial gains can be realized in the
energy and infrastructure development sectors,
as well. Ontario manufacturing has sustained

major losses recently as the Canadian dollar
appreciated and provincial productivity declined.
Imports of expensive energy, particularly
gasoline, exacted a heavy cost on the economy
in step with escalating oil prices.

It is imperative that Ontario proactively engages to

make Ontario an important hub of EV manufacturing not
just for Canada but for all of North America. Failure to do so
would result not just in missed economic opportunities but
also in economic losses. If Ontario is unable to exploit the
growing EV market by establishing its own EV industry soon,
it would then be playing catch up to other jurisdictions and
would likely never recover from these missed economic
opportunities.
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Recommendations:

® Ontario should provide bridging income programs specific to the EV
industry. The Province currently offers Ontario Bridging Participant
Assistance Program (OBPAP) to internationally trained workers. This
program could be expanded to include Canadian trained workers who
are interested in an EV industry career and skills upgrades for EV
industry career.

® The Ministry of Training, Colleges and Universities (MTCU) needs to
ensure the appropriate training and assessment criteria are available
to ensure the success of the EV labour market. Provincial professional
development goals, economic opportunities and labour market
development needs to coincide with environmental and emission
reduction plans/goals.

® Commit more resources and facilities to make Ontario an EV industry
R & D and manufacturing hub by increasing partnerships and
collaboration with public organizations, universities, research institutes,
non-profit organizations and private companies not just in Canada but
in other jurisdictions internationally.

® Ensure successful transition of workers that may be affected by the EV

industry. Programs and policies should be put in place to ensure
workers whose skills may become obsolete or outdated are able to
train successfully and take advantage of the new economic
opportunities of the EV industry.

® Continue to work on providing better, most updated and most pertinent
labour market information for the EV industry. MTCU should
continuously monitor and review trends in the EV industry. The EV
industry and its various sectors could experience demand and
employment fluctuations, especially in the automotive industry where
economic and labour changes in US and Mexico could impact labour
demand and output in Ontario.
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Full Time Employment by EV Manufacturing

An EV industry will bring a positive impact to the economy in the
shape of jobs and higher revenues. However, this can only be
realized at the expense of other industries and sectors where jobs
will likely be lost, particularly in the oil and gas industry. This can
only be achieved if all stakeholders are environmentally conscious of
the direction the world is headed with climate change; and recognize
the importance of partnerships with educational institutions to help
develop a comprehensive plan to address the needed skills and
training to support a successful, world-class EV industry in the
province.

Figure 7, below, highlights the number of full time direct, indirect
and induced employment positions generated in 4 scenarios as a
result of EV manufacturing.

Figure 9: ERL, 2014, Authors tabulation

Full Time Employment by EV manufacturing (4 Scenarios)
45000
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B Direct Employment 6182 12363 7009 14018
M Indirect & Induced Employment 10985 21971 12457 24915
B Total Employment 17167 34334 19466 38933
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Employment Gains and Losses

Based on the 10% uptake in EVs in 2050 scenario, it could create nearly
40,000 jobs by 2050, and most of those gains created by an EV industry
would be in the utility sector, business and professional services and trade
services. Overall, the consolidated economic impacts of operating EVs, minus
losses in petroleum consumption and increases in electricity consumption
are expected to generate positive gains in employment in trade services,
utilities, accommodation and meals, and business and professional services.

However, statistics show that Ontario is on track to face severe employment
shortages in specific science-based fields if it doesn't address the training
aspect of its education system. Most of the employment gains are for
workers with at least a post-secondary certificate or diploma, with the
highest share going to holders of degrees above a Bachelor's level, followed
by holders of a just a Bachelor's degree. In all four scenarios, the most jobs
created by an EV manufacturing industry would require an education level of
a Master's degree or PhD.

Figure 10: ERL, 2014, Authors tabulation

Employment Gains and Losses As Result of EV Operations
500
400
300
1o I I I l
L
SN T B B N
= W Fom ]
-200
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2025 - 5% Evs 2050 - 5% Evs
Avoided New . Avoided New .
Gasoline | Electricity Net Savings | Total Gasoline | Electricity Net Savings|  Total
B Mining -202 5 8 -189 -229 5 9 -215
M Petroleum Products -159 1 3 -155 -181 1 3 -177
B Trade -175 126 414 365 -198 143 468 413
Finance, Insurance & Real Estate -77 56 162 141 -87 64 184 161
B Business & Professional Services -154 138 229 213 -175 156 259 240
B Accomodation Services -69 58 236 225 -78 66 268 256
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It's no secret that enrolment at the post-secondary level in science, technology,
engineering and math (STEM) has been declining at an alarming rate. The EV
industry would require highly-skilled employees in computer sciences and other
relevant technological fields, and decreasing enrollment and the overall number of
graduates in computer sciences, mathematics and information sciences is not
conducive to Ontario's EV industry.

More concerning is the fact the share of graduates in mathematics, computer and
information sciences have been consistently decreasing. In a 2013 report The
Conference Board of Canada highlighted the current shortage and anticipated
shortage in computers and information technology workers could prove to be
detrimental to the EV industry especially during its preliminary growth stages.
Relevant policies to encourage enrollment and completion of programs in physical
sciences, computer sciences and information technology are very important in the
development and competitiveness of Ontario's EV industry.

Table 2: ERL, 2014, Authors tabulation
Total and Net Educational Requirements
Manufacturing and Operations

2025 - 10% as EVs

Education Gasoline Electric  Net

0-8years -2056 2663 607
Some High School -10053 11363 1310
High School Graduate -36763 41449 4686
Post Secondary -11599 12971 1372
Post Secondary Certificate or Diploma -61024 68304 7281
University Degree -33051 40919 7868
Above Bachelor's Degree -10685 21408, 10722
Total -165231| 199076, 33845

2050-10% as EVs

Education Gasoline Electric  Net

0-8 years -2331 3019 688
Some High School -11399 12885 1486
High School Graduate -41688 47000 5312
Post Secondary -13153 14708 1555
Post Secondary Certificate or Diploma -69197 77457 8260
University Degree -37477 46399 8922
Above Bachelor's Degree -12116 24275 12159
Total -187361| 225743, 38382




Connecting Students and STEM

Engaging and stimulating interest from a young age could prove crucial to
attracting bright minds to the STEM fields of study. For example, integrating
classroom learning with non-class room learning presents students with real
life situations and hands on experiences, and showing how science can solve
such problems. Another way to stimulate interest is by introducing
multidisciplinary and cross curriculum approach in the classroom. Chemistry
and mathematics don't have to be taught in isolation: mathematics can be
taught with history in order to enhance both reading and numeracy skills, for
example. It is important to teach students how science is connected to real
world by integrating science with non-science subjects.

Figure 11: ERL, 2014, Authors tabulation

Share of Graduates by Instructional Programs in Ontario from 1999-2011
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Science, Technology, Engineering, Mathematics (STEM)

It is also important the provincial government review high school
graduation requirements and either make STEM courses
mandatory for a high school diploma, making STEM involuntary
up to grade 11 or by encouraging uptake in STEM. Ontario
schools also need to clearly communicate to students the
financial costs, and the opportunity costs of not taking STEM
courses in high school. It's crucial improved awareness of career
choices for school, college and university students is made a
priority. There is some disconnect between STEM learning and
STEM career opportunities. It's important that students learn
that STEM education develops reasoning and problem solving
skills that can translate into STEM as well as non-STEM careers.
The EV industry can provide an abundance of career
opportunities, not just in sciences and technology but in other
areas as well. It is important that schools, colleges and
universities communicate these opportunities to its students.




Ontario has a skills
gap in its current
work force that
costs the economy
billions of dollars

In a new EV
industry most jobs
would fall in the
high skill category

By 2031, Ontario
would require that
T77% of its
workforce have
post-secondary
credentials

22 (Munro, 2013)
23 (Munro, 2013)
24 (Munro, 2013)
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Preparing for the Future: Ontario Skills Gap
Its impact on an EV industry and how it can be reversed

According to the Conference Board of Canada, Ontario
already suffers from a skills gap in its current work force
that costs the economy about $24.3 billion in forgone GDP,
$4.4 billion in federal tax revenues and $3.7 billion in
provincial tax revenues. The labour markets also suffer
from skill mismatches. For employees this pertains to
employment in occupations which fail to utilize the full
extent of education and skills, particularly in areas with
little labour market demand. This costs the province up to
$4.1 billion in forgone GDP and $627 million in provincial
tax revenues annually®.

Ontario's economy suffers from skill gaps in sectors which
make up 40% of employment: manufacturing, health care,
professional, scientific and technical services, and financial
industries. This skills gap is expected to worsen as
shortages in high skill work categories increase and
unemployment in low skill employment decreases. This is
particularly relevant for the EV industry as most jobs
created in the industry would fall under the high skill
category. Mismatches between the skills and education
required by employers and those that employees or
graduates have are growing due to technological changes,
demographic changes, and persistent misalignment
between the labour market and parts of the post-secondary
education system.”

By 2031, Ontario would require that 77% of its workforce
have post-secondary credentials, and without the proper
training and education, current workforce members and
youth entering the work force with training qualifications
will find themselves without jobs and businesses will find
themselves without skilled and knowledgeable employees.
A recent Conference Board of Canada study of labour
supply and demand projected that Ontario could face a
shortage of 564,000 workers by 2030.*
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On-going Employee Training Will Foster a Healthy EV Industry

In Ontario, there are very limited opportunities for training in the EV sector. More
generally, employers are spending less on employee training overall. Learning
and development expenditures have decreased 40% since 1993, with most of
that occurring between 2004 and 2010.*” If employers want to avoid the negative
impacts associated with skills shortages, this is an area where performance must
improve.

Collaborative efforts between all relevant stakeholders are essential to facilitate,
expedite and nurture growth in the EV industry. Public institutions, training and
educational institutions, and private sector entities will all have to co-ordinate
efforts and work toward an all-inclusive strategy to minimize skill gaps and
mismatches. In a growing industry such as EV industry, educational gaps, skill
mismatches will likely end up costing the province not only in terms of lost
economic opportunity but also in terms of opportunity cost.

In recent years, employers have carved out less and less money for training
opportunities for employees. It's crucial that industry ramp up spending on
training in order to avoid a potential gap in skills needed to stay competitive.
Employers in Ontario have a much bigger role to play in training, retaining and
retention of employees. Employers should invest in providing more hands on and
job specific training to workers and recruits in order to minimize skill mismatch.

Unions and industry organizations should take a more active role in training and
retraining of employees to ensure a flow of good and highly-trained workers for
EV industry. There is some consensus amongst certain stakeholders such as
academic institutions and industry associations that in general, employers in
Canada do not spend money, time and resources in training their employees
compared to some other jurisdictions.

The Ontario auto industry is already in the process of vehicle electrification with
other technologies and solutions such as automated vehicles. The EV industry
would require additional skill training in electronics, sensors, cameras, computer
software, etc. As many cars will be hybrids, those that have a traditional ICE and
battery components, it would be important for employers to proactively train
their workers to work in traditional ICE, hybrid and EV environments. To do this,
industry needs to collaborate with universities, colleges and schools to design
curriculum and be specific with educational providers about their recruitment
needs and work with educational providers to ensure that employer's specific
skills and educational requirements are met.

25 (Munro, 2013)
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Recommendations:

® Change the image of STEM courses and careers. It is important to change this image at a
very young age by introducing students to STEM centered job fairs and job shadowing,
positive portrayal in media, and emphasizing that sciences and science careers are not
about social isolation but social engagement, scientific discovery, and travels to other
locations for conferences, project management, etc.

® Engage and stimulate interest from a young age by integrating class room learning with non-
class room learning; by presenting them with real life situations and hands on experiences,
and showing students how science can solve such problems.

® By not enrolling in voluntary STEM courses, students limit their college and university

program options and consequently their career options. It is important that schools review
high school graduation requirements by either making STEM courses mandatory for high
school diploma, making STEM involuntary up to grade 11 or by encouraging uptake in
STEM.

® Improve awareness of career choices for school, college and university students. It's

important that students learn that STEM education develops reasoning and problem solving
skills that can translate into STEM as well as non-STEM careers.

® |n order to stimulate interest in STEM career opportunities, educational institutions should

hire STEM trained professionals, for example holders of Masters and Doctorate degrees in
math or physics, and provide resources, train and support educators to evolve teaching
practices, including the use of emerging technologies.

® Computer sciences and technology related disciplines are very important for the growth of

EV industry in Ontario. If post-secondary educational institutions can broaden their
admission requirements and not base their decisions of admissions and program enroliments
on programming efficiency, enrollments in computer sciences and related subjects and
programs could be improved.

® The skills trade education providers should collaborate with the EV industry to determine the
type of skills training that would be required in the coming years.

® Various sectors within the EV industry needs to clarify the connection between the outcomes
of STEM learning and various career opportunities available across the industry. The EV
industry should engage with education providers, non-profit organizations, industry and trade
associations to collaborate on labour market data and information, and offer co-op positions,
internships and support apprenticeships.




gettingT080: Conclusion

Building an EV industry will be challenging — but it can be accomplished

Making significant changes in how we live our day-to-day lives is no easy challenge.
Even with a comprehensive plan to shape the future of the transportation sector in

Ontario, major hurdles exist, and could exist, if all stakeholders in the future of the
province don't play a part in building a foundation for future generations.

An EV industry that flourishes is a very realistic possibility, and this report outlines how
it can be accomplished and what governments, industry and the education system
need to do to allow for successful transition into an EV industry in the province.
However, if met with resistance rather than embraced, meeting Ontario's emission
reduction goals as mapped out by the provincial government in its Go Green Action
Plan on Climate Change may not be attainable. The report sets targets to reduce
Ontario's greenhouse gas emissions by 6% by 2014, 15% by 2020 and 80% by the
year 2050, all below 1990 levels.” Part of this commitment involves transitioning the
current mode of mobility towards the electrification of transportation, as personal
transportation is one of the largest sources of GHG's contributing to climate change.

Based on its commitment, the Ontario Government's ambiguous goal is to have 5% of
new vehicles on the roads be electric by the year 2020, but has yet to establish
specific sector emission targets, including the transportation sector.”* Considering
Ontario is home to 10 automotive assembly plants and 300+ independent parts
manufacturers that employ over 90,000 people, transition from manufacturing
traditional vehicles to electric vehicles is expected to create more opportunities across
various occupations.

This shift will create disruptive change throughout business supply chains, the oil and
gas industry, energy production and storage and the electrical infrastructure sector. It
is anticipated that employers and businesses will feel the effects of the transition to
EVs as new jobs get created while existing jobs become reallocated, phased out or
adapted with new skills. The economic and education analysis of how Ontario would
look with a stable EV industry and population driving EVs as outlined above show that
while the change would at first be difficult, over time Ontario and its residents would
reap the benefits environmentally and economically.
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Appendix A: Glossary of Terms

According to United Nations Intergovernmental Panel on Climate Change
(IPCC), the road transportation sector consists of the following categories:
light duty gasoline vehicles, light duty gasoline trucks, heavy duty gasoline
vehicles, motorcycles, light duty diesel vehicles, light duty diesel trucks,
heavy duty diesel vehicles, and propane & natural gas vehicles.

The personal transportation sector is a subset of the road transportation
sector and consists of light duty gasoline vehicles (LDGVs) and light duty
gasoline trucks (LDGTs). For the purpose of this report, and the scope of
our research, we have focused only on Light Duty Gasoline Vehicles (LDGV)
in the personal road transportation sector in Ontario.

For the scope of this report, we have focused on Electric Vehicles
technology, which is defined as a Battery Electric Vehicles (BEV). We have
excluded Plug-in Hybrid Electric Vehicles (PHEV) in our analysis.

Battery Electric Vehicles (BEV): Battery Electric Vehicles operate
entirely on an electric motor powered by a battery. This battery is charged
through an electrical outlet.

Electric Vehicles (EVs): As used throughout the report EV refers the BEV
definition

Internal Combustion Engine (ICE): An engine that generates motive
power by the burning of gasoline, oil, or other fuel with air inside the
engine.

Light Duty Gasoline Vehicle: (LDGV): A motor vehicle which includes
primarily passenger cars.

Light Duty Gasoline Truck (LDGT): A motor vehicle which includes vans,
sport utility vehicles and pick-up trucks.

Plug-in Hybrid Electric Vehicle (PHEV): Plug-in hybrid electric vehicles
have additional battery capacity and can be charged through an electric
outlet when parked. Plug-in hybrids are able to travel in all-electric mode at
higher speeds and for extended distances without using the combustion
engine.

The Ministry: Ministry of Training Colleges and Universities
STEM: Science, Technology, Engineering, Mathematics

WEC: Windfall Ecology Centre
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Appendix B: Assumptions

ERL and Windfall Centre used various assumptions to determine potential
impacts in various scenarios, they are:

® N O U B W

10.

11.
12.
13.

All LDGV were made in Ontario. This was to demonstrate the potential
gains as well as the loses in automotive manufacturing and other
impacted sectors.

LDGT growth rate is 2% and LDGV growth rate is 1% with an applied
S-Curve where the growth rate slowly decreases until the year 2050.
This growth was used to ensure that vehicle population did not outgrow
the actual population of Ontario and assumed that with rising gas
prices, increase in access to public transit, etc, that overall vehicle
population would decrease.

Gas prices are $1.23/litre.

The average kilometres driven per vehicle is 18,000km/year.

100% of vehicle charging occurred during on peak hours ($0.11/kWh).
Travel per kWh of charging was 4.67km

Price differential between EVs and LDGVs was $7500/vehicle

Annual emissions were 422kg/EV based on Ontario’s electricity mix
from 2011.

Annual emissions were 4192kg/LDGV

A total of 24 kWh are required to charge a vehicle to travel a distance
of 112 km.

Current total Ontario Electricity Generation Capacity is 26935 MW
Off-peak charging is assumed to be done in 6 hours at night.

There is a distinction between construction (temporary) and operating
(permanent) employment.
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