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OBJECTIVE

The City of Richmond is excited to introduce the Richmond EVie Lesson
Toolkit (RELT), a comprehensive digital teaching package designed for
Kindergarten to Grade 12 students. This program was conceived after the
City received a grant from the Emotive Community Outreach Incentive
Program to promote electric vehicle (EV) awareness and spark creativity and
innovation among youth.
To create this lesson toolkit, the City partnered with the following
organizations:
• Richmond Electric Vehicle Ambassadors (REVAs) – youth from our
Green Ambassadors who helped with EV outreach
• Plug-In Richmond
• Plug In BC
• Emotive
The REVAs donated over 350 hours to help create this toolkit.
We hope this toolkit can equip you with some skills to talk about electric
vehicles (EVs). There are many portions of this guide that you can choose to
omit or alter to fit your class. We acknowledge all teachers and classrooms
are different, so the main purpose of this plan is to provide you with some
basic knowledge and resources that may help you create lessons.
This toolkit centers on hands-on learning approaches along with some
discussion periods. With the use of videos, we hope these lessons can help
students become educated consumers and understand how they play an
essential role in BC’s goal to reach net-zero emissions by 2050. To do this, the
BC government is enacting legislation that will mandate all vehicles sold after
2040 be zero-emission rides.
Each lesson should take around 60 to 90 minutes depending on your class
and if you choose to do the activities provided. There are many parts that
can be adapted to fit your teaching style.
We have also provided a slide deck that you can use for your lesson. Within
this lesson plan, we have included videos and activity ideas to engage
students in active learning, which connect to the core competencies in BC
curriculum.
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What does EVie like to
read in the newspaper?
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1. INTRODUCTORY VIDEO

This light hearted video can be used to help create a discussion about electric
vehicles (EVs). Begin by asking your students what new technology they
observed in the video, and help them brainstorm ideas how cars seen in the
video differ from the typical gasoline-powered car.
The video can be found at https://vimeo.com/536454214

Things to Note
This video was created by the City of Richmond's Electric Vehicle Ambassador
(REVA) team and can be used to highlight various ideas.

It looks just like a normal car

EVs can look just like a normal car, so it may be hard to tell
them apart.

They are quiet

Because they don't have engines, EVs are so quiet that
manufacturers are now required to install a warning sound
device to protect pedestrians.

They run on electricity
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The topic of electric vehicles (EVs) will be relatively new for many students,
so we suggest starting off the lesson with discussions to help engage
students in active learning.
The following is a more in-depth explanation of the slide deck.

1. Transportation 101
From this video, we hope students understand there are many different
modes of transportation, and all these different methods have different effects
on the environment. By choosing more sustainable modes, we are able to help
reduce greenhouse gas (GHG) emissions. We hope this video will help students
understand the effects they have as passive or active consumers.

Discussion: What are some different transportation methods?

The video highlights the idea of a circular economy, which aims to reduce
waste through processes that use old products to create new objects. By
understanding the effects transportation has towards the climate issue, we
are able to equip students with critical thinking skills to analyze and
understand the role they play. From choosing local food in their grocery store
or choosing to walk, all decisions they make add to the collective initiative.
We hope by seeing the many different transportation methods, they can
begin to understand that we cannot continue to be dependent on fossil fuel
(carbon) resources.

2. Types of Electric Vehicles (EVs)
There any many different types of EVs and it is important to know about them
before choosing to purchase one. From this video, students should learn about
how one's lifestyle can impact their driving habits, and where they live should
also be considered before buying an EV. For example, a battery electric vehicle
(BEV) may not be the best for families or individuals who often go on long road
trips. However, they may benefit from purchasing a hybrid electric vehicle
(HEV) instead. Conversely, individuals who live in high density urban areas and
don't drive long distances may benefit more from purchasing a BEV, and
opting to rent other cars for longer trips. Overall, this knowledge can help
consumers save money and make better investments.
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Conventional Gasoline Vehicles

These vehicles are powered by an internal combustion engine, which
requires a liquid fuel (gasoline or diesel) to produce power. In the engine, the
fuel is compressed and ignited, causing a tiny explosion that pushes a piston
that turns a crankshaft, which then pushes the wheels of the car forward.
When going on long trips, it is easy to refuel a gasoline vehicle. Gasoline
vehicles are lighter than electric vehicles (EVs) because they don’t require a
large battery to store electricity.

Cheaper Upfront Cost

Because there is a large market for gasoline vehicles, the
upfront cost is generally lower than zero-emission vehicles
(ZEVs).

Longer Range

When going on long trips, it is easy to refuel a gasoline vehicle
at a service station. This allows you to drive for longer
distances.

Lighter

Gasoline vehicles are lighter than EVs.

Regenerative Braking

All EVs use regenerative braking, which converts the kinetic energy of the
vehicle back into electrical energy stored in the battery. Some examples
when this may occur is when the vehicle is going downhill. This allows the
vehicle to be more efficient during short bursts of acceleration as it can
extend the range by a small portion.
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Standard Hybrid Electric Vehicle (HEV)

An HEV has a gasoline engine that runs on a fuel tank, and an electric motor
that runs on a battery. The gasoline engine and electric motor can
simultaneously turn the transmission or work individually to power the
wheels. When the battery cannot power the electric motor adequately, the
gasoline engine charges the battery at the same time. This increases the
range the vehicle can travel because it can run on two different drive
systems. HEVs cannot be recharged from the power grid. These vehicles have
a very small battery that is recharged by the gasoline engine or regenerative
braking system.

Two Complementary Drive Systems

HEVs have a gasoline engine and an electric motor.

Increased Range

The two different drive systems allow the car to go further.

Faster Refuelling Times

HEVs allow you to use gasoline to run you car.
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Hydrogen Fuel Cell Electric Vehicle (FCEV)

The electric motor in these vehicles is charged by a fuel cell that converts
hydrogen to electricity onboard. The amount of energy stored is determined
by the size of the hydrogen fuel tank. This is different from a battery electric
vehicle (BEV), where the amount of power and energy available is closely
related to the battery's size. When electricity is generated in a FCEV, it is
directly used by the electric motor. This reduces the need for a large battery,
which can be less effective under extreme temperatures. It is also important
to note that hydrogen is already created as a by-product in many industries.
Some experts consider these vehicles to be the best zero-emission vehicles
(ZEVs) as they are more efficient and only emit water vapour.

Faster Refuelling Times

Refuelled at public hydrogen stations, similar to where gas is
pumped.

Smaller Batteries

Because FCEVs are able to generate electricity onboard, they
do not require a large battery to store electricity.

Unaffected By Cold Weather

The electricity is generated as needed, so a decrease in
temperature will not drastically affect the vehicle's
performance.
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Plug-In Hybrid Electric Vehicle (PHEV)

A PHEV is hybrid electric vehicle whose electric battery can be recharged by
plugging a charging cable into an external power source. In addition it also
has an engine fueled by gasoline. When the internal combustion engine is
used, it also generates electricity to charge the electric battery.
Shorter-range: Parallel hybrid operation connects the engine and the electric
motor to the wheels through the mechanical coupling. Both the electric
motor and the engine can drive the wheels directly, which increases the
range of the car.
Extended-range: Series hybrid operation uses the electric motor to drive the
wheels all of the time, but the vehicle can use the gas engine to charge the
battery when the battery is depleted.
Note: HEV is different from PHEV because HEV do not plug-in, they combine
an internal combustion engine (ICE) with an electric propulsion
system. The presence of the electric propulsion system is intended to
achieve better fuel economy by utilizing the kinetic energy that has
been harnessed by the vehicle’s regenerative braking system which
store energy in the battery for later use.

Back Up Gas Engine

The gas engine can be used to recharge the battery and take
over for the electric motor without needing to “plug-in”.

Two Fueling Ports

One port allows a charger to plug in and recharge the battery,
while the other port is for gasoline.

Short/Extended Range

These options allow consumers to choose a vehicle that works
for their driving needs and fits in their budget.
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Battery Electric Vehicle (BEV)

A BEV runs entirely on a battery and electric drivetrain, without an internal
combustion engine. Their batteries are recharged by plugging into a wall
outlet or a charging station. The batteries provide power to one or more
electric motors that power the vehicle. Since they have very few mechanical
parts, less maintenance is required, which helps reduce costs the longer you
own one.

Low Maintenance

BEVs have the fewest mechanical parts of all the other types of
vehicles, so there are fewer things that require repair.

Safer for Passengers

During a collision, there is a lower chance of the vehicle
combusting because there is no gasoline onboard.

Faster Acceleration

Since BEVs don’t need to shift gears, they can accelerate much
faster than conventional gas vehicles, which have various
mechanical components that all need to move before the
wheels can.

Cold Weather

The best information today suggests that sub-freezing winter
temperatures common across Canada degrades BEV driving
performance by about 25%.
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Discussion: Which Type of Car Are You Most Likely to Invest In?
Through learning about the different types of vehicles on the market,
students will be able to analyze the information to form opinions about
which cars they could purchase in the future.

Ask them to explain their choices and allow students to discuss with one
another if there are opposing ideas.
Decisions like these can be life-changing and are heavily dependent on one's
lifestyle. By creating a safe space for discussions, it helps others become
more empathetic to opposing ideas.

3. Reasons to Choose an "EVie"
EVie is the City of Richmond’s Electric Vehicle Ambassador mascot. It is also
the decision-making model acronym we hope students remember that can
be applied to their daily lives (EV = Environment, i = investment, e =
enactment). Our goal is to empower students to become conscious
consumers who make choices that are environmentally friendly, considered
good investments and help enact more sustainable policies.
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2. ENVIRONMENT

Air pollution from gasoline cars leads to increases in global temperatures and
respiratory diseases. The transportation sector contributes 23% of Canada's
total greenhouse gas (GHG) emissions and passenger vehicles produce 729
million tonnes of GHGs annually. It is important for students to discuss
whether the transition to electric vehicles (EVs) is beneficial when compared
with gasoline vehicles.

1. Electric Vehicle Batteries
At the moment, EV batteries that have less than 80% capacity are removed
from the vehicle—as they are unable to store enough electricity for an
appropriate driving range—and repurposed for stationary appliances. Once
they are completely used up, they are then recycled and the remaining metal
casing is reused to make new batteries. Constant technological advances are
also being made to extract the chemicals more sustainably, and recycle the
battery components more effectively.
Lithium is an element used in batteries commonly found in electronics, and it
is mainly found in Argentina, Australia, Bolivia, Chile and Canada (Northwest
Territories and Quebec). At the moment, lithium batteries are preferred for
electronic devices that require charging, as they are small and capable of
storing a large amount of energy.
Like many resources, the methods used to extract this chemical element may
be harmful to the residents of surrounding communities and countries.
Moreover, the lithium-ion batteries in EVs are much larger in comparison to
those found in mobile devices, so the demand for lithium is estimated to
increase. There will not be any shortages of lithium as it is estimated that
there is enough for “12.3–14.5 billion EV, ten times the current number of
automobiles.” 1

2. Charging
For more information regarding charging stations, please refer to
emotivebc.ca, pluginbc.ca or plugshare.

1

Ibrahim Dincer, et al, Thermal Management of Electric Vehicle Battery Systems
(John Wiley & Sons, 2017), 2-4
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Charging Ports

Some cars like the Nissan Leaf, Chevrolet Bolt and the Ford Mustang have
different charging connections for level 2 and level 3 charging. Other cars like
the Tesla have only one plug, which can be used for both level 2 and level 3
charging.

Video: Charging Stations in BC
https://youtu.be/-XIt2qcPLLM

3. Debate Topic No. 1: Can we label the energy
industry in BC as “clean”?
Yes: BC Hydro creates 97% clean electricity, which is primarily generated by
hydroelectric dams.
No: More than 22% of natural gas is used for electricity production globally.
Canada is the 4th largest producer and 6th largest exporter of natural gas.
Through this debate, students can form an opinion on whether BC should be
held accountable for our actions in enabling other countries' production of
greenhouse gas (GHG) emissions in order to stimulate our own economy.
For example, a student may argue that many of BC’s residents will suffer if
we stop selling petroleum, as the industry employs over 8,300 people.
Another student may counter that moving to a green economy can create
more jobs, and inspire other countries to shift to a green economy in hopes
of encouraging them to develop a clean energy industry.
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3. INVESTMENT

Students may come to understand that not all purchase decisions should be
based on cost. Some may decide to spend more money initially because the
vehicle invested in will be cheaper to maintain in the long run and be
beneficial for future generations.

1. Car Comparisons
The information about the cars from Section 1.2 should allow students to
compare electric vehicles (EVs) to conventional gasoline vehicles to
determine which car they think is more useful for their individual lifestyles.
Each EV has different ranges, which affects both the driving experience and
price. In the slide deck, we chose to compare the EV to similar gas-powered
vehicles of the same brand, to show students an equal comparison. The
yearly energy/fuel cost is taken from the fuel consumption rating database,
which is provided by Natural Resources Canada.

2. Rebate Programs
Currently, BC and Quebec are the only provinces that have their own rebate
program.
Note: Standard hybrid vehicles do not qualify for any of the rebate programs
mentioned below as they primarily rely on gasoline to generate electricity.
SCRAP-IT® Program
The SCRAP-IT program is working to reduce greenhouse gas (GHG) emissions
and improve air quality by getting older vehicles off the road. SCRAP-IT is a
not-for-profit organization that receives private funding, grants and
contributions from a variety of sources and program partners to offer
rebates to customers. Their EV rebates are only available to residents of BC
who are willing to trade in their old car, which must have been insured by the
Insurance Corporation of BC (ICBC) for at least six months. They also provide
incentives for e-bicycles, e-mobility scooters, BC Transit's ECOPASS and credit
for using car-sharing organizations. The program restarts yearly and the
rebates provided may change.
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Provincial: Go Electric BC Rebate Program
CleanBC | Go Electric BC is an incentive program managed by the New Car
Dealers Association of BC, which is designed to make zero-emission vehicles
(ZEVs) more affordable for all residents of BC. These programs occur
periodically and individuals interested in getting an electric vehicle (EV) in the
future should be aware that they exist. Visit the CEV for BC website to see
which vehicles qualify for this rebate.
Rebate programs to install charging stations in single family homes,
condominiums, apartments and workplaces are also available.
Federal: Incentives for Zero-Emission Vehicles (iZEV) program
“Transportation is the second-largest source of greenhouse gas (GHG)
emissions in Canada. This accounts for a quarter of Canada's total GHG
emissions, and almost half of those emissions come from cars and light
trucks” (Government of Canada). Thus, transitioning from gasoline-powered
vehicles to ZEVs can reduce Canada's GHG emissions. Visit the website for
specifications and details on eligible EVs.

3. Application of Rebates
All of the new prices reflected on the slides come from Go Electric BC. We
understand the typical new EV is relatively more expensive than a regular
car, but the government's rebate programs can help make EVs more
affordable.
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4. ENACTMENT

Individuals and their communities have the influence to change and enact
laws. Their purchasing decisions can stimulate the economy and cause new
legislation to be introduced.
In the slides, there are quick response (QR) codes that students can scan to
see a higher quality version of the graphs.

1. Mitigation Strategies
There are two basic climate change mitigation strategies: demand-side
mitigation and supply-side mitigation. Both mitigation strategies can be used
to shift the current systems into a direction that is more environmentally
conscious.

Demand-side mitigation

Demand-side mitigation is about reducing the number of fossil fuels we use.
This strategy can be achieved through energy efficiency (technology-driven)
and energy conservation (behaviour change). An example of this could be the
transition to light-emitting diode (LED) light bulbs, which are more efficient
than incandescent lightbulbs. Any item that can help create behaviour
change and is dependent on technological advancements can be considered
a part of the demand-side mitigation strategy. Demand-side mitigation is
heavily dependent on individual consumers making decisions that support
technological advancements that are more sustainable.
Pro: Allows consumers the freedom to make their own decisions (consumers
can have choices that are financially viable for them).
Con: Heavily dependent on consumers to make environmentally friendly
decisions.
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Supply-side mitigation

Supply-side mitigation is about changing the current sources of energy to
ones that are less carbon-intensive. Having renewable energy is a core
component of supply-side mitigation. An example of this is transitioning to
solar power and moving away from electricity generated by fossil fuels.
These strategies are less dependent on individual decisions as they are
heavily dependent on governments who decide how the system is changed
and/or what is sold in the market.
Pro: It creates systemic change.
Con: It creates limitations within the market, which causes consumers to
have less freedom in their choices.

2. BC Zero-Emission Vehicles Act
The BC Zero-Emission Vehicles Act was passed on May 30, 2019 to help the
public transition to zero-emission vehicles (ZEVs). This requires automakers
to only sell ZEVs by 2040. As more ZEVs become available, the costs will
decrease and these vehicles will become more affordable for everyone.

Discussion: Can Canada reach NetZero by 2050?

After being presented with the progress Canada has made towards reducing
greenhouse gases (GHGs) (please refer to the graphs on the slide deck), we
hope this information engages students in the conversation regarding the
climate issue, in addition to creating clarity and a sense of urgency.
From this discussion, students should be able to understand that it is normal
to feel climate anxiety, as many youths have experienced the same feeling.
We also hope that students can gain a better understanding of why there is a
sudden increase in government action towards reducing GHG emissions.
Students should be able to grasp the concept that systemic change is
dependent on legislations that are created by our government, which occur
due to an increase in demand from concerned communities.
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Discussion: Which strategy do you think BC uses to promote
electric vehicles (EVs)?

From this discussion, we hope that students can use their critical thinking skills
to determine and analyze which strategy the Government of BC uses.
On the supply-side, the province is mainly dependent on renewable
resources as BC Hydro provides us with a “clean” source of energy. In 2040,
BC will use supply-side mitigation, as the Zero-Emissions Vehicles (ZEV) Act
will prohibit the sale of new gas-powered passenger vehicles.
With the ZEV Act, BC takes the stance as a facilitator to encourage the use of
a demand-side mitigation strategy. Introducing the Go Electric BC incentive
should help increase the demand for EVs, which further incentivizes
manufacturers to develop more advanced and affordable vehicles. The
demand for further technological advancements in EVs will help conserve
energy and create behaviour change within society.
In some geographic areas, electricity is generated from fossil fuels. We hope,
with time, that we will find solutions to be less dependent on fossil fuel
consumption and switch to less carbon-intensive energy sources.

3. Debate Topic No. 2: Which Strategy Will Have
The "Largest" Impact On Your Community?
Demand-side mitigation: The rate of change is dependent on the
commitment of the collective. Therefore, change can only occur when the
majority of the population demands it.
Supply-side mitigation: Because this strategy changes a whole system, it
limits an individual’s choices. Also, when decisions are not carefully made, it
can have more widespread consequences.
An argument could be made that demand-side mitigation is better as it is
easier for individuals to collaborate and enact these changes immediately
(e.g. switching from plastic to reusable water bottles). In comparison,
supply-side mitigation is dependent on the government to enact laws, which
may take years to happen.
A counter-argument could be that creating demand and awareness alone
does not solve the issue. To do this, we need to change the system as a
whole to allow for sustainable development and to create a system where
sustainable products can be manufactured and sold at a fair price.

21
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4. Canada's Emissions
The Copenhagen Accord (2009) and Paris Agreement (2015) were the
outcomes of the UN Climate Change Conventions. They both acknowledge
that there needs to be a reduction of greenhouse gases (GHGs) to maintain
the current global processes and prevent a rise in global temperatures of 2°C
above pre-industrial levels. The continued rise in temperature is predicted to
cause catastrophic damage to global ecosystems and our way of life. Canada
has not been able to reduce its emissions target by 17%, which was agreed to
in the Copenhagen Accord, and may also miss the Paris Agreement by 15%.
To achieve these goals, there needs to be collective action from everyone.
The sooner we take action to mitigate our emissions, the greater our chances
of reaching the targets set by the Paris Agreement.
In July of 2021, Canada enacted the Net-Zero Emissions Accountability Act
and promised to reduce its greenhouse gas emissions by 40 to 45% below its
2005 levels by 2030. In other words, Canada’s goal is to reduce emissions to
439 MT by 2030.

5. What does Net Zero Mean?

Net-zero emissions means either emitting no greenhouse gases at all, or
cancelling out emissions by participating in reduction methods (e.g. planting
trees, funding carbon-capturing technology). In other words, emissions
produced should equal emissions removed, just like breaking even.

Net Zero According to Canadian Government

Achieving net-zero emissions means the Canadian economy either emits no
greenhouse gas emissions or offsets its emissions.
There are 4 categories included in the Net Zero calculation, according to
Canada’s Strategic Assessment of Climate Change.
● Life Cycle Sources
○ Direct GHG emissions
○ Energy GHG emissions
● Amount of CO2 captured and stored
● Avoided GHG emissions
● Carbon Offset credits
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Discussion: Can Canada reach NetZero by 2050?

After being presented with the progress, Canada has and hopes to continue
reducing greenhouse gases (GHGs), we hope this information engages
students in the conversation regarding the climate issue, in addition to
creating clarity and a sense of urgency.
From this discussion, students should be able to understand that it is normal
to feel climate anxiety, as many youths have experienced the same feeling.
We also hope that students can gain a better understanding of why there is a
sudden increase in government action towards reducing GHG emissions.
Students should be able to grasp the concept that systemic change is
dependent on legislation that is created by all levels of government. These
changes occur due to an increase in demand from concerned communities.
We hope that students can realize that legislation may present some
limitations. By acknowledging the limitations, it enables us to collectively
raise awareness for related issues in our classrooms and communities, and to
advocate and work with our elected officials to create systematic change.
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1. SHORT VIDEO CHALLENGE

Have students create a video about electric vehicles (EVs) that’s less than five
minutes long or storyboard and submit:
•
•

email it to emotive@pluginbc.ca or ESOutreach@richmond.ca or
mail it to Environmental Programs, City of Richmond, 5599 Lynas
Lane, Richmond BC V7C 5B2

by April 22, 2022 for a chance to win a prize. Information on the challenge is
available at www.pluginbc.ca/RELT/challenge/.
Check out an example of a short video.
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2. DESIGN CHALLENGE
What will transportation look like in 2050?
Have students invent and create their own designs based on the material
taught. Students should be prompted to create sustainable designs,
(e.g. electric cars). Students can draw, colour and build their own model.
Remind students to add the charging port to their designs.
Once completed, have students write a description about their design
choices. Lastly, snap a picture of their design and written description and:
•
•

email it to emotive@pluginbc.ca or ESOutreach@richmond.ca or
mail it to Environmental Programs, City of Richmond, 5599 Lynas
Lane, Richmond BC V7C 5B2

by April 22, 2022 for a chance to win a prize. Information on the challenge is
available at www.pluginbc.ca/RELT/challenge/.
(Note: Students can use any materials to build their model)

Intermediate:

3-D Car Template (see page 28)
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Design Challenge – 3-D Car Template
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3. EVIE ONLINE SCAVENGER
HUNT QUIZ

These questions are designed as a fun way to both engage your students and
gauge their knowledge. Feel free to pick and choose the questions from this
list or come up with your own to create a fun electric vehicle (EV) quiz.
Alternatively, use the questions as prompts for students to research and learn
more about the evolution of EVs.
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4. SCIENCE, TECHNOLOGY,
ENGINEERING &
MATHEMATICS (STEM)
ACTIVITY
These questions are designed for Grade 10 to 12 students with physics
knowledge.

Glossary:
N = Newton (a fundamental unit of force)
Newton-metre = one Watt-sec = 1 Joule (a fundamental unit of energy)
“KWh” means kilowatt-hour (a bigger unit of energy)

Questions:
An electric vehicle (EV) contains a 40 kWh battery and it is traveling at a constant speed on a
level, flat highway. At a highway speed, the EV pushes against aerodynamic forces of air (250N)
and the rolling friction of the tires (450N). The combined effect of all this drag results in a 700 N
constant force pushing against the forward motion of the EV while it is travelling at a constant
speed of 100 km/hr.
1. How much force from the thrust developed by the motor and wheels is needed to maintain
the EV at a constant speed of 100 km/h?
2. How much stored energy (in Joules) is removed from the battery during a 36 minute trip at
100 km/h if we assume the electric motor and power conversion system has a combined
efficiency of 96%?
3. How many kWh (kilowatt-hours) of energy is consumed during the trip?
4. How much charge remains in the battery after 60km of driving at 100 km/h?
5. Where did that energy consumed from the battery go to?
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Answers:

1. According to Newton’s 1st law of motion, 700 N of force is needed by the EV
drivetrain to just balance the 700 N drag force to maintain a constant
velocity. The net force (the unbalanced force) is zero.
2. By definition: Work is Energy (Joules) = Force (N) x Distance (m) { the MKS
system }
Energy = 700N∗

100km
h

∗

1000m
km

∗

36m

m
hr

60

= 42,000,000 N.m (Joules)

Factoring in the 96% efficiency, the energy consumed from the battery is
42,000,000
96%

= 43,750,000 Joules { 43.75 x 106 Joules }

{ keep track of your units: most units cancel, leaving just Newton-metres
(Nm), which is energy }
3. 43,750,000 Joules = 43,750,000 Watt-sec
There are 3,600 seconds in one hour, and 1,000 watts in a kilowatt (kW)
43,750,000 W.sec

𝑠𝑠𝑠𝑠𝑠𝑠
𝑊𝑊 )
x 1000
)
ℎ𝑟𝑟
𝑘𝑘𝑘𝑘

(3600

= 12.15 kWh battery storage consumed

{ again, notice how the units cancel, leaving just kWh which is a convenient
unit of energy }
4. Charge remaining is 40 kWh (initial) – 12.15 kWh (consumed) = 27.85 kWh or
about 70% battery charge remaining.
5. It was all converted to heat. Turbulent air flowing over the vehicle is heated,
the tires are heated from frictional losses from contact with the road, and
there are ohmic losses in the power converter and in the electric motor of
the EV. No energy is conserved and all forces acting on the EV are nonconservative.
*Note: It may be beneficial for the physics teacher to provide examples of
conservative and non-conservative forces.
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1. REVIEW QUESTIONS

After these lessons, we hope students will be able to answer the following
questions:

1. How far can you go on a single charge?

It all comes down to the specific brand/model of electric vehicle (EV).
Typically, EVs have a range of at least 320 kilometers on a full charge.
However, companies like Tesla also have higher performance models that can
go up to 560 kilometers on a single charge.

2. Are there any ways to extend your range?

Driving the speed limit through city roads, as opposed to highways, can help
extend your range because of regenerative braking. Also, changing your
driving habits (e.g. using less air conditioning or heat) may help extend your
range.

3. How is the maintenance for an electric vehicle different from
a gasoline vehicle?

There is less maintenance that has to be done on EVs because there are fewer
parts. The battery will eventually need to be changed as its effectiveness
decreases with use.

4. How do you find charging stations on the go?

Some EVs like Tesla and Nissan are able to locate charging stations and can
navigate you to them. You can also download apps such as Plugshare.

5. Why should I drive an electric vehicle?

When compared to gasoline vehicles, EVs are better for the environment
because they emit fewer greenhouse gases (GHGs) and air pollutants over their
lifespan. Most people purchase EVs to escape the ever-increasing prices of
gasoline. Electric charging has been proven to be much more efficient and the
regulated prices of hydro electricity make it more affordable compared to
gasoline. Another reason EVs could be favoured over gasoline vehicles is that
they require less maintenance. There are no oil changes, no spark plugs,
transmissions, fuel filters and so on.
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2. IN-DEPTH Q&A WITH
JOHN ROSTON
John Roston is a video systems consultant and
retired Adjunct Professor of Music Research in
the Centre for Interdisciplinary Research in
Music Media and Technology (CIRMMT) at
McGill University. Before moving to Richmond,
he was Director of Instructional Multimedia
Services at McGill University. His research
projects, in collaboration with partners at the
University of British Columbia and the University
of Victoria, involved virtual reality simulations,
remote music teaching, high-quality immersive
video conferencing, and the transmission of high
definition video from the seafloor using underwater internet networks. He is
the founder of Plug-in Richmond (pluginrichmond.ca) which promotes the
use of electric vehicles (EVs) by Richmond residents as an effective way of
reducing their greenhouse gas (GHG) emissions.

1. If gas cars are lighter, is that better or worse? Do electric
vehicles truly have a lower centre of gravity? Why/how?

Gas cars are usually 10-15% lighter than a battery electric vehicle (BEV) of the
same class. Any car is better if it’s lighter because then it takes less fuel to push
it a given distance. So a lighter gas car uses less gas than a heavy gas car.
However, the increased energy needed to push the heavier BEV is offset by
recovering that energy when the car slows down through regenerative
braking where the momentum of the car is used to recharge the battery.
A lower centre of gravity is better because it gives better handling. For
example, the car stays stuck to the road when you go around a corner
at speed.
In a gas car, the heavy engine in the front is relatively short and high resulting
in a high centre of gravity near the front end and a light back end, which can
slide sideways turning a corner at speed. The heavy battery in a BEV is long
and wide, but extremely low, covering most of the car under the seats so the
centre of gravity is low and near the centre of the car.
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2. Are battery electric vehicles (BEVs) and hybrids affected by
cold weather? If so, how much will cold weather affect my
vehicle?

Yes, all batteries are affected by very cold weather, which lowers their
performance, and also to a lesser extent, by very hot weather. At −7 degrees
Celsius, the range will be reduced by about 12%. At 35 degrees Celsius, the
range will be reduced by 4%.
The much larger factor is running a heater or air conditioner to warm or cool
the car interior. This also drains the battery. It can reduce range by 15% to
25%. Using heaters in the seats uses much less electricity.
Hybrids have smaller batteries, but those batteries are similarly affected.
Richmond is ideal for electric vehicles (EVs) because it never gets too cold or
too hot here and the weather doesn’t affect the battery to a noticeable
extent.

3. When is the best time to charge an electric vehicle and have
the least impact on the power grid?

The electrical grid is built for maximum load in the evening when all the lights
go on and dinner is cooked. However, after midnight the majority of that load
disappears and there is enormous available capacity on the grid. EVs have
charging timers. If they are set to begin charging after midnight, then there
will be enough power available.

4. How much lower is the chance of electric vehicle combustion
during a collision compared to gas vehicles?

Lithium-ion batteries can catch fire if they are punctured, or a manufacturing
defect leaves debris inside them, or there is a defect in the software
controlling them—similar to cell phones catching fire due to defects or after
being smashed. Manufacturers have added plates underneath EVs to protect
the batteries from punctures due to road debris, which caused some early
Tesla battery fires.
There have been fewer after-collision fires in EVs than in gas vehicles. A
battery fire usually spreads slowly compared to a gasoline fire where the gas
sprays inside the vehicle due to the impact of the collision. Fuel cell vehicles
are less safe than battery vehicles in a collision because hydrogen, like
gasoline, is flammable and can explode. Nevertheless, hydrogen is a bit safer
than gasoline in that some of it may dissipate into the air in a collision.
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5. How trustworthy are second hand electric vehicles? If I buy an
older model, won’t the battery be all used up?

No one knows how long the average EV battery will last because very few are
more than eight years old and most of them have at least an eight-year
warranty. Some at that age have started to degrade and only have 80% of
the original capacity. That reduces the range so it depends on how much
range you need.
Batteries have improved a lot in the last few years. Used EV models that are
2017 and newer benefit from longer range and more technological EV
advancements. It is best to have a used EV evaluated by a certified EV
mechanic.

6. When are electric vehicles going to be more accessible to the
masses?

Five years from now, it is expected that EVs will be about the same price as
gas vehicles due to the economies of scale when many more of the same
model are being produced. Used EVs will then be comparable in price to used
gas vehicles. That doesn’t mean it will be any easier to afford a vehicle
altogether. Taking public transport, car sharing or using a bicycle does more
for the environment than purchasing an EV. We are encouraging people who
drive a gas car to switch to an EV. We are not encouraging people who take
public transit or use a bicycle to purchase an EV.
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7. Since electric vehicles (EVs) have higher initial costs, how long
does it take to break even?
The difference in purchase cost between a gas and an electric model varies
widely and is difficult to compare. The tables below show a break even
evaluation.
Purchase Price Difference (2022)
Price

Government
Subsidies

SCRAP-IT®
Rebate

Cost of vehicle
before taxes

Kia Soul (gas)

$27,095.00

$0.00

$0.00

$27,095.00

Kia Soul (EV)

$42,995.00

$8,000.00*

$500.00

Price difference

$15,900.00

Description

B

$34,495.00
$7,400.00

*iZEV Incentive = $5,000B and GoElectric BC Rebate = $3,000B
Electric Vehicle
N New vehicle

B Battery

Average Annual Operating Cost Evaluation
Average km
per year

Cost per
year

Kia Soul (gas)

20,000

$1,975.00

Kia Soul (EV)

20,000

$463.00

Description

Annual cost difference

Approximate annual
maintenance costs
for the first 5 years
F

E

$1,512.00

$780
$200
$580

Price difference
F

Cost savings

$2,092.00
$7,400.00

Fuel consumption estimate
consumption estimate

E Electricity

Price difference divide by annual cost difference = 3.54 years to breakeven

8. How do I charge at home?
There are two options:

1. Level 1 (trickle charge): Use the charging cable supplied by the
manufacturer to plug into a regular 120 volt outlet. It will take 12 to 20
hours to fully charge an EV battery.
2. Level 2 home charging station: Use a 240 volt outlet (like those used with
ovens and clothes dryers), which should be installed by a legally certified
electrician. It will take 6 to 14 hours to fully charge an EV battery.
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1. COMMUNICATION
Communicating

In this toolkit, there are many discussion opportunities for students to
contribute purposefully and deepen their own thinking, as well as inspiring
their peers. Following the discussions, they can apply what they have learned
to their designs for the “What Will Cars Look Like in 2050?” Design Challenge.
More specifically, they are encouraged to communicate the reasons for their
additions to the car in a few short sentences.

Collaborating

Before starting the Design Challenge activity, have a discussion with your
students to enable them to value diverse perspectives in creating meaningful
solutions. We have provided examples of what students can do for their
designs, and by integrating ideas from their discussions—while acknowledging
missing ideas—they can create their own optimal version of a car.

2. THINKING
Creative, Critical and Reflective Thinking

Throughout this toolkit, students are introduced to new ideas and
innovations and will become acquainted with the fact that ground-breaking
ideas are vital in creating both global and local change.
Being encouraged to express creativity with what they add to their car makes
students more committed to their design, adding personal aesthetic, values
and a sense of ownership.
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3. PERSONAL & SOCIAL
Personal Awareness & Responsibility

The discussion topics included in this toolkit allow students to take initiative
to learn about issues and adopt an ethical position. Students should be able
to recognize the implications of their choices on others. They should also feel
empowered to be a leader in their community from examples of ways they
can take action.

Social Awareness & Responsibility

Encourage students to set effective goals to reduce their carbon emissions.
These goals should reflect their personal life experiences, family history,
background and where they live, and their goals should be easily
implemented in their daily life.

4. CURRICULUM TIES
Core Competencies, Essential Learning, Literacy and Numeracy
Foundations

Appendix A is a list of ties to BC’s curriculum model of Content (Know),
Curricular Competencies (Do) and Big Ideas (Understand), which all work
together to support deeper learning. The list includes ideas for coursework
application related to electric vehicles (EVs).
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GLOSSARY OF ACRONYMS
Used throughout the toolkit:
BC – British Columbia
BEV – Battery Electric Vehicle
EV – Electric Vehicle
FCEV – Fuel Cell Electric Vehicle
GA – Green Ambassador
GHG – Greenhouse Gas
HEV – Hybrid Electric Vehicle
ICBC – Insurance Corporation of BC
iZEV – Incentives for Zero-Emissions Vehicle
LED – Light-Emitting Diode
QR – Quick Response
PHEV – Plug-In Hybrid Electric Vehicle
RELT – Richmond EVie Lesson Toolkit
REVA – Richmond Electric Vehicle Ambassador
STEM – Science, Technology, Engineering and Mathematics
ZEV – Zero-Emission Vehicle
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App. A:
Curriculum Ties
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Subject

Course

Applied Design, Entrepreneurship +
Marketing 9
Skills and
Technologies

Course Content
Ways of decreasing production costs through training and
technological advancement.

Students could look at the current automotive industry and
think of new ways to improve the efficiency of manufacturing
cars while keeping production costs low.

Entrepreneurship +
Marketing 10

Social, ethical and sustainability considerations impact design Students can practice linking mitigation strategies (supply and
and decision making.
demand) to changes that have occurred within the
 Customer needs, wants and demands.
commercialized industry, e.g. the decreased sales of aerosol
hair spray.

Drafting 10/11/12

User needs and interests drive the design process.
 Identify potential users and relevant contextual factors
for a chosen design opportunity.
 Identify criteria for success, intended impact and any
constraints.
 Take creative risks in generating ideas and add to others’
ideas in ways that enhance them.
 Critically analyze and prioritize competing factors to
meet community needs for preferred futures.

Students can participate in the “What will transportation look
like in 2050” challenge through engaging and researching
concepts and innovations to add to their cars. Students can
use the skills they have learned in class to create and model
their designs. From using sustainable materials, students use
their critical thinking and creativity skills to evaluate and
analyze various factors that make a certain material better
than others. This experience allows them to gain a better
understanding of social, economical and environmental
Social, ethical and sustainability considerations impact design. sustainability.
 Evaluate a variety of materials for effective use and
potential for reuse, recycling and biodegradability.
 Use materials in ways that minimize waste.

Electronics +
Robotics 10

User needs and interests drive the design process.
 Identify potential users and relevant contextual factors
for a chosen design opportunity.
 Identify criteria for success, intended impact and any
constraints.
 Take creative risks in generating ideas and add to others’
ideas in ways that enhance them.
 Critically analyze and prioritize competing factors to
meet community needs for preferred futures.

Electronics 11/12
Robotics 11/12

Social ethical, and sustainability considerations impact design.
 Evaluate a variety of materials for effective use and
potential for reuse, recycling and biodegradability.
 Use materials in ways that minimize waste.
 Electrical theory using parallel and series circuits.
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Subject
Career
Education

Course
Career-Life
Education

Course Content
Explore factors that both inform career-life choices and are
influenced by them. These may include personal,
environmental and land-use decisions.
Introduction to financial planning.

English
Language Arts

Ideas for Coursework Application
Budgeting challenge—Each student in the class is given a
different electric vehicle to save up for. Each student is also
given the same starting amount of money and has the same
bills to pay for. Have students use information from the
lesson to help them budget for the car. This can allow
students to learn about loans, leases and interest rates.

Career-Life
Connections

Post-graduation budget planning, labour market trends and
local and global influences on career-life choices.

Students can learn how to budget for post-graduation
learning about leases, market trends, and local and global
influences on career-life choices.

English Language
Arts 8/9

Questioning what we hear, read and view contributes to our
ability to be educated and engaged citizens.

The discussion topics provided will help students create a
conversation where they discuss and challenge existing ideas.
Classroom Assessment Resource for English Language Arts (K-9)

Literary Studies
10/11/12

Classroom Assessment Resource for English Language Arts (10-12)

Composition 11/12
English Studies 12

Mathematics

New Media
10/11/12

Digital citizens have rights and responsibilities in an
increasingly globalized society.

Get students to join the short video challenge, and/or make
an infographic regarding topics discussed, e.g. climate change
and BC’s ZEV Act.

Foundations of
Mathematics 11

Optimization informs the decision-making process in
situations involving extreme values.

Maximizing range while minimizing cost. Ask students which
car they think is the most reasonable for its range and cost.
Relevant topics: linear inequalities, systems of equations,
optimization, financial literacy (investments, loans, buy/lease).

Workplace
Mathematics 11

Rate of change.

Provide students with information to plot a graph regarding
the cost of a car, gasoline cost and electricity cost. Then get
students to calculate the rate of change and find the line of
best fit.
Relevant topics: financial literacy (investments, loans,
budgeting), rate of change (finding slope by rise/run).
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Subject
Mathematics
(cont’d)

Course
Calculus 12

Course Content
Differential calculus develops the concept of instantaneous
rate of change.

Ideas for Coursework Application
Provide students with information to plot a graph regarding
the cost of a car, gasoline and electricity over time so they
can calculate the instantaneous rate of change using
derivatives.
Relevant topics: rate of change (average vs instantaneous),
applications of differentiation (related rates, optimization)

Science

Pre-calculus 12

Exponential functions and equations.

The price of maintaining gas cars increases exponentially as
time goes on because more parts need to get repaired.

Statistics 12

Statistics plays an integral role in research, decision making,
and policy in society.

Look at statistics about climate change and how policies have
been implemented as a result.

Science 8

Energy can be transferred as both a particle and a wave.

Focus on the idea of electricity and how through the use of
electrons, we are able to create electricity.
Classroom Assessment Resource for Science (K-9)

Science 9

An electric current is the flow of an electric charge.
 Circuits – must be complete for electrons to flow.
 Voltage, current and resistance.

Focus on different types of charging and how it works, and
how the different types of charging allow different currents
to flow.
Classroom Assessment Resource for Science (K-9)

Science 10

Local and global impacts of energy transformations from
technologies.

Discuss the use of technological advancements in creating a
more environmentally conscious world.
Classroom Assessment Resource for Science (10-12)

Earth Sciences 11

Environmental
Science 11

The transfer of energy through the atmosphere creates
weather, and this transfer is affected by climate change.
 Changes in the composition of the atmosphere due to
natural and human causes.
 Solar radiation interactions and impacts on the energy
budget.

We suggest creating a project that focuses on emerging
technologies targeted at reducing GHG pollution in the
atmosphere.

Human practices affect the sustainability of ecosystems.
 Human actions and their impact on ecosystem integrity.

We suggest creating a project that focuses on emerging
technologies targeted at reducing GHG pollution in the
atmosphere.

Classroom Assessment Resource for Science (10-12)

Classroom Assessment Resource for Science (10-12)
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Subject
Science
(cont’d)

Course
Physics 11

Course Content

Ideas for Coursework Application

Energy is found in different forms, is conserved, and has the
ability to do work.

Explore how regenerative braking works. Also look into how
parallel/series hybrid configurations change the range of a
PHEV.

Mechanical waves transfer energy but not matter.
 Electric circuits (DC), Ohm’s law and Kirchhoff’s laws.
 Power and efficiency.
Science for Citizens
11

Human impact on Earth’s systems:
 Natural resources.
 Effects of climate change.

Classroom Assessment Resource for Science (10-12)
We suggest creating a project that focuses on emerging
technologies targeted at reducing GHG pollution in the
atmosphere.
Classroom Assessment Resource for Science (10-12)

Chemistry 12

Electrochemical cells.

How FCEVs work by reverse electrolysis—converting
hydrogen into electricity.
Classroom Assessment Resource for Science (10-12)

Environmental
Science 12

Human activities cause changes in the global climate system.
 Global environmental ethics, policy and law.
Living sustainably supports the well-being of self, community
and Earth.

We suggest creating a project that focuses on emerging
technologies targeted at reducing GHG pollution in the
atmosphere.
Explore what legislation is being enacted to help us reach the
goal of net-zero emissions by 2050.
Classroom Assessment Resource for Science (10-12)

Physics 12

Forces and energy interactions occur within fields.
 Applications of electromagnetic induction.
 Electric potential energy, electric potential and electric
potential difference.
 Electric field and Coulomb’s law.

Integrate practice questions/homework with applications to
EVs.
Classroom Assessment Resource for Science (10-12)

Momentum is conserved within a closed and isolated
system.
Social Studies

Social Studies 8

Human and environmental factors shape changes in
population and living standards.
 Urbanization and the effect of expanding communities.
 Environmental impact (e.g. resource and land use).

Discuss topics regarding climate mitigation to help correlate
the link between human and environmental impacts, as both
strategies have different environmental impacts and effects
on the expansion of communities.
Classroom Assessment Resource for Social Studies (K-9)
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Subject
Social Studies
(cont’d)

Course
Social Studies 10

Course Content
Environmental, political and economic policies.

Ideas for Coursework Application
Debate about BC ZEV Act.
Classroom Assessment Resource for Social Studies (K-9)

Law Studies 12

Explain and infer multiple perspectives on legal systems or
codes.

Debate about BC ZEV Act and look at it from different
perspectives.

Physical Geography
12

Interactions between human activities and the atmosphere
affect local and global weather and climate.
 Climate, weather and interactions between humans and
the atmosphere.
 Natural resources and sustainability.
 Features and processes of the anthroposphere and their
effects on natural systems.

The increase in GHGs causes shifts in weather patterns and
causes extreme events to occur more frequently. From the
EV lesson, you can highlight how the shift towards ZEVs helps
promote lower emissions, which is vital to help stop climate
change. The interactions that cause the increase in GHGs can
be attributed to the use of gasoline-powered vehicles and
fossil-fuel generated electricity. We suggest focusing the
debate on whether or not BC’s electricity should be
considered clean.

Political Studies 12

Current and future public policy issues in local, regional,
national and international politics.

Explore policymaking that has occurred for EVs and explore
the idea of what policies and legislation should be enacted to
help Canada reach the goal of being net-zero by 2050.

Urban Studies 12

Urban planning decisions and other government policies can
dramatically affect the overall quality of life in cities.
 Local and regional governance in BC and relationships
with other levels of government.
 Urban planning and urban design.
 Decision making in the planning of cities and regions.
 Contemporary issues in urban studies.

Focus on the topic of policies that may help reduce the need
for overall transportation. As mentioned in the video called
Transportation 101, we learn about circular economies,
which can be applicable in the new developments of major
cities. By creating areas within cities that are pedestrianfriendly (walking distance), it helps promote a healthier
lifestyle.

 For more assistance, please review the BC Ministry of Education’s guide to Developing and Supporting K-12 Student Reflection and Self-Assessment of Core
Competencies.
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Note: Every word or phrase underlined contains a hyperlink

