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Abstract 

Electric vehicle (EV) ownership has risen exponentially over the last couple of years in 

Canada. British Columbia has seen nearly the same amount of EV sales in the last 15 

months as the last 4 years combined! Despite the tremendous improvements in charging 

station accessibility in urban areas, rural and sub-urban areas have been mostly 

overlooked thus far. A lack of charging stations has created range anxiety for potential 

buyers who are not within the city core or wish to take regular trips for recreation and 

travel. How can we help alleviate this range anxiety and improve the viability of the electric 

car for all geographic locations? It starts with well-written policy that is supplemented with 

extensive community consultation and collaboration.  

Keywords: EV; electric-vehicle; rural-EV; EV-policy; range-anxiety; distance deviation 
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Glossary 

Battery Electric Vehicle (BEV):  Is a vehicle that gets its energy for driving entirely 

from its battery and it must be plugged in to be 

recharged. 

DC Fast Charger:    Uses a high-power DC current that travels directly  

     to the EV battery, bypassing any onboard AC/DC  

     converter which results in faster charging times.  

Distance Deviation:   The extra distance or alternative routes an EV user  

     needs to travel to access charging stations. 

Extended Range EV (EREV):  Have a plug-in battery pack and electric motor, as  

     well as an internal combustion engine.  

Fuel Cell Vehicle (FCEV):   Convert compressed hydrogen stored onboard the  

     vehicle in high pressure tanks into electricity that  

     powers electric motors that drive the wheels. 

Hybrid Vehicle:    A car with a gasoline engine and an electric motor. 

Level 1 Charger:    Level 1 equipment provides charging through a 120 

     volt (V), alternating-current (AC) plug and requires  

     a dedicated circuit. Aka. A standard household  

     outlet. 

Level 2 Charger:    Use a higher-output 240-volt power source to  

     charge at faster speeds. 

Octopus Charger   Centrally located charging station that can charge  

     multiple EVs at the same time. 



 

 xii 

Plug-In Hybrid EV (PHEV):   Is a vehicle with plug-in capability, and it can use  

     energy for driving from either its battery or liquid  

     fuel. 

Range Anxiety:    The fear of one’s vehicle not having enough stored  

     energy to accommodate one’s daily driving   

     requirements. 

Vehicle-to-Grid (V2G):   A concept that enables plug-in vehicles to act as a  

     form of distributed energy storage by providing  

     demand-response services to the power grid. 
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Chapter 1 Introduction 

1.1. Introduction 

 In 2018, the Cowichan Valley Regional District (CVRD) began the “harmonization” 

process of the nine electoral areas Official Community Plans (OCPs) and Zoning Bylaws. 

This process requires the consolidation of the seven existing OCPs and eight zoning 

bylaws. The end result will be the creation of one regional level OCP with a supplementary 

local plan for each electoral area and one zoning bylaw. Phase 2 of the project, known as 

the “modernization” stage will be an opportunity to update old content, include new 

content, and further streamline the Bylaws. The modernization stage will commence 

following the completion of the harmonization stage.  

 Within the CVRD, in addition to the nine electoral areas, there are four incorporated 

communities: The City of Duncan, The District of North Cowichan, The Town of Lake 

Cowichan, and the Town of Ladysmith. Each of these incorporated communities have their 

own OCPs and Zoning Bylaws. Within these incorporated area documents, there are 

some electric vehicle (EV) objectives and policies at the municipal level. There is, 

however, very little in terms of EV objectives and policies for the Electoral Areas. This has 

likely resulted in a lack of electric vehicle ownership and infrastructure considerations for 

sub-urban and rural areas.  

This study contains a brief overview of the emergence, disappearance, and re-

emergence of the electric car. The literature review will examine the current barriers that 

are restricting mass EV ownership. The effects of range anxiety on potential EV ownership 

will be a key focus of this study. Range anxiety can be defined as the fear of one’s vehicle 

not having enough stored energy to accommodate one’s daily driving requirements. 

Another determining factor is called distance deviation. Distance deviation is the extra 

distance or alternative routes an EV user needs to travel to access charging stations. A 

reduction to these barriers requires better infrastructure and better education to alleviate 

the physical and psychological constraints of EV ownership. 
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The data collected for analysis is from a combination of workshops, case studies, 

and interviews. Workshops were attended in Victoria, British Columbia and consisted of 

presentations from a number of professionals in the field, consultants, and local 

government workers. Case studies on the City of Richmond, The City of Vancouver, the 

City of North Vancouver, The Accelerate Kootenays Project, The Capital Regional District, 

and the country of Norway provide direct examples of current initiatives and policies that 

are occurring on a local and global level. Interviews were conducted with a mix of 

government workers, consultants, and professionals currently working on clean 

technology initiatives. 

This study was designed to research potential EV policy recommendations for the 

modernization of the CVRD’s regional OCP and Zoning Bylaws. Data was collected 

through an extensive literature review, the examination of case studies, attendance at 

workshops, and the completion of interviews with knowledgeable professionals. The 

information collected was then analyzed to create EV policy recommendations that could 

work on a regional scale while factoring in the potential barriers of range anxiety, distance 

deviation, and existing EV infrastructure.  

1.2. Research Questions 

In order to develop effective EV objective and policies (OCP) and regulations (Zoning 

Bylaws) for the CVRDs modernized OCP and Zoning Bylaws, the following research 

questions will be explored in this study: 

1.2.1 Primary Research Question                                    

1. What objectives and policy measures and regulations need to be taken to develop 

sub-urban and rural electric vehicle infrastructure in the unincorporated areas of 

the Cowichan Valley Regional District? 

1.2.2 Sub-Questions 

1. How do we promote EV uptake in sub-urban and rural areas? 
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2. How do we reduce range anxiety to promote electric car infrastructure in sub-urban 
and rural areas? 

3. How do we reduce distance deviation (the extra distance or alternative routes an 
EV user needs to travel to access charging stations) to increase mass adoption 
potential? 

4. What policy and regulation recommendations would overall improve the uptake of 
EV in sub-urban and rural areas/ in general? 

1.3 Research Rationale and Approach 

Research findings on electric vehicle usage are being frequently released. Most of 

this research however is focused on urban areas. Existing local government policies 

primarily provide direction for new developments in urban areas, yet lack policy that 

connect the surrounding rural communities. Although urban areas have higher densities, 

those that reside there may not travel/commute comparably as far as sub-urban and rural 

residents on a daily basis. Therefore, there are potential environmental, social, and 

economic benefits in examining the often-overlooked potential EV buyers residing in sub-

urban and rural areas.  

1.4 Structure of this Study 

This study is structured around the following chapters: 

Chapter 1: Introduces electric vehicle concepts, presents the research questions, and 

speaks to the rationale for the research. 

Chapter 2: A comprehensive literature review that focuses on the history of EVs, the 

current types of EVs and charging stations, the benefits and barriers, and the current 

status of EVs in British Columbia and Canada.  

Chapter 3: Describes the methods used to answer the researchers’ primary and sub-

research questions.  



 

 4 

Chapter 4: Highlights the results of the examined case studies, interview results, and 

summaries of workshops attended. This chapter also showcases existing OCP and Zoning 

Bylaws policies from the unincorporated Electoral Areas of the CVRD, the incorporated 

municipalities within the CVRD, as well as municipalities, regional districts, and one 

country considered to be leaders in EV readiness. 

Chapter 5: Analyses the literature, case studies, interview results, summaries of 

workshops attended, and existing policies to develop proposed objectives and policies for 

the CVRD’s modernized OCP and Zoning Bylaws.  
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Chapter 2: Literature Review 

2.1 A Brief History of Electric Vehicles  

The excitement surrounding electric vehicles has come full circle. The first 

experimental cars appeared on the streets after the discovery of electromagnetism in 

1820. Exactly two hundred years later there will be an estimated 13 million electric vehicles 

on the road (International Energy Association, 2018). A timeline was created from 

information collected from The US Department of Energy and “Electric and Hybrid Cars: 

A History” by Anderson and Anderson (2010) to best summarize the fascinating history of 

the electric vehicle from 1820-present. 

Key dates: 

1820: The first experimental electric cars first appeared in 1820 after the discovery of 

electromagnetism. Power limitations limited their growth at this time until the late 1800s. 

1900: Electric vehicles reached an all-time high. They accounted for approximately one 

third of all vehicles on the road. The Baker Electric used nickel-iron batteries which had a 

range of 80 kilometers. They continued to grow in sales over the next decade.  

1908-1912: In 1908 the infamous mass-produced Ford Model T hit the market. By 1912 

the purchase price of this gasoline operated vehicle cost only $650 compared to an electric 

roadster that sold for $1750. The Detroit Electric Company did produce 13,000 units from 

1907-1939 which were advertised to reliably achieve 130 kilometers on one charge. 

Detroit Electric claims they travelled 340 kilometers on a single charge during a test run.   

1920-1935: The combination of a cheaper purchase price, the invention of the electric 

starter (which replaced the hand crank) and cheap gas basically eliminated electric vehicle 

sales by 1935.  

1970: The significant increase in crude oil prices and gasoline shortages led to a 

revitalized interest in electric vehicles. However, electric vehicles performance paled in 
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comparison to Internal Combustion Emission vehicles. They had limited range and speed 

capabilities.  

1990: The United States passed the 1990 Clean Air Act Amendment and the 1992 Energy                                                     

Policy Act. There was further investment into EV technology and much of this research 

was done behind the scenes.  

2006-2010: in 2006, Tesla Motors started up with the promise of producing an electric 

sports car that could go more than 200 miles on a single charge. In 2010, the company 

received a $465 million-dollar loan from the government to establish a manufacturing 

facility in California.  

2010-Present: Nissan released their EV “Leaf”, and Chevrolet released the first 

commercially available plug-in hybrid, the “Volt”. North American charging infrastructure 

will be an estimated $2.7 billion industry by 2020 and $18.6 billion by 2030 (GTM 

Research, 2018). 

2.2. Types of EVs  

There are four main types of electric vehicles. They can be categorized as follows: 

Battery Electric Vehicles (BEVs): is a vehicle that gets its energy for driving entirely from 

its battery and it must be plugged in to be recharged (Plugindrive, 2018). 

Plug-In Hybrid Electric Vehicles (PHEVs): is a vehicle with plug-in capability, and it can 

use energy for driving from either its battery or liquid fuel (Plugindrive, 2018). 

Extended Range Electric Vehicles (EREVs): Extended-range electric vehicles have a 

plug-in battery pack and electric motor, as well as an internal combustion engine. The 

difference from a plug-in hybrid is that the electric motor always drives the wheels, with 

the internal combustion engine acting as a generator to recharge the battery when it is 

depleted (Plugindrive, 2018). 
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*Fuel Cell Vehicles (FCEVs): FCEVs convert compressed hydrogen stored onboard the 

vehicle in high pressure tanks into electricity that powers electric motors that drive the 

wheels. This electrochemical process occurs over fuel cell stacks that function in a manner 

comparable to that of the battery in an EV. Whereas an EV’s energy is stored in a battery 

that is recharged from the grid, the energy stored in a FCEV is in the form of compressed 

hydrogen that must be dispensed into the vehicle storage tanks from an external source 

(Canadian Automobile Association, 2018). 

**Hybrid Electric Vehicles (HEV): HEVs use gasoline and regenerative braking in order 

to power an electric motor and an internal combustion engine (Canadian Automobile 

Association, 2018).  

*For the purpose of this document Fuel Cell Vehicles (FCV’s) will not be studied in depth. 

There has been limited research conducted for FCV implementation on Vancouver Island.  

**HEVs are not considered to be electric vehicles as they do not plug into the electricity 

grid. They rely primarily on gasoline as a fuel source and use regenerative braking to 

power the electric motor therefore they are not considered a zero-emission vehicle.  

Canada is speculated to add more EVs in 2018 than it did over the last 3 years 

combined if it continues at its current rate of growth (Elektrek, 2018). With the exception 

of 2015, which saw the release of some anticipated BEV models, the breakdown 

comparison between BEV and PHEV sales in Canada is quite even. Both types of EVs 

have a wide range of pricing options available and are similarly priced overall. So why are 

people still buying PHEVs when they can rid themselves of paying for gasoline entirely 

with a BEV?  

PHEVs can be viewed as a transitional vehicle from an ICE to a BEV. They still 

have the capability of driving long distances without the fear of ever running out of charge, 

while offering some of the perks of a BEV for short to medium distance travel. The sale of 

PHEVs helps better inform dealerships and their sales people on how to market and sell 

EVs (Cleantechnica, 2017). A better understanding of EVs at the dealership level results 

in more informed customers that feel confident in transitioning to an EV. Users have the 
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opportunity to use and understand personal EV chargers as well as public charging 

infrastructure while still not being entirely dependent on it (Cleantechnica, 2017).  

 

Figure 1 Annual Canadian EV Sales 

(Elektrek, 2018) 

A study by Björnsson & Karlsson (2017) found that two-car households were best 

suited to purchase a BEV over a PHEV as a second vehicle. The BEV was able to satisfy 

their driving needs when used in conjunction with a PHEV or conventional vehicle and 

ended up costing less to operate than the PHEV. The study does note that PHEV may be 

favoured over a BEV as the primary household vehicle if the driver believes it is able to 

satisfy all of their driving needs or isn’t concerned with optimized usage (Björnsson & 

Karlsson 2017). Larger batteries will improve range and reduce range anxiety, which is 

why a number of sources believe the PHEVs days are numbered.  

On a national level, electric vehicles account for just over 2 percent of all vehicles 

sales, but nearly 8 percent of passenger vehicles. According to Statistics Canada (2019) 

66% of all registered vehicles weighed less than 4500 kilograms in 2017, which would in 

general describe the passenger vehicle class. It can be concluded that EVs have very 
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minimal uptake in the commercial market in Canada. The highest level of uptake is from 

individuals transitioning from a traditional vehicle to an EV for personal use.  

Figure 2 EV Portion of Vehicle Sales in Canada (3 Month Average) 

(Fleetcarma, 2018) 

2.3 Charging Stations 

2.3.1 Public Charging Stations 

As of December 2018, Canada has a total of 3441 charging stations. These 

stations can be broken down further with totals of 1851 Level 1 chargers, 1421 Level 2 

chargers, and 169 DC Fast Chargers. An interactive map created by the Canadian 

Automobile Association in partnership with ChargeHub shows a total of thirteen level 2 

chargers and one DC Fast Charger within the boundaries of the Cowichan Valley Regional 

District. There are no Tesla Superchargers in the Cowichan Valley. The closest are 

located in Nanaimo and Victoria.   

The Cowichan Valley Regional District (CVRD) has a land mass of 3,473 km2 and 

a population of 83,739 (Statistics Canada, 2016). Roughly 55% of the population reside in 

the incorporated municipalities located within the CVRD boundaries. The remaining 
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population reside in the Electoral Areas that are generally more rural (Statistics Canada, 

2016). The current EV charging infrastructure is situated along the highway corridor with 

the exception of Lake Cowichan and Shawnigan Lake which have residential populations 

that utilize charging stations. A simple calculation shows there is one charging station for 

every 6,441 people residing in the CVRD. This charger to person ratio is very good in 

comparison to a densely populated urban environment, but the placement of the chargers 

needs to be taken into consideration.  As stated above, the charging stations are primarily 

located on the highway corridor, which means they are not conveniently accessible for all 

residents. These chargers can also be utilized by individuals traveling through the region 

which could result in availability issues in the future.  

 

Table 1 Public Charging Stations. 

Table created using information retrieved from (PluginBC,2018) and Plugindrive,2018). 

Type of Charger Voltage Primary Use Charging Time Range per hour 
of charging time 

Level 1 120V Home-Based 8-20 hours. ~8km 

Level 2 240V Home-Based 
Public charging 

4-6 Hours ~30km 

DC Fast Charger 480V Major highways 80% within 30 
minutes 

~250km 

Tesla 
Supercharger 

480V Public: for Tesla 
EVs 

80% within 30 
minutes 

~450km  
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A 2007 study on the Trans-Canada Highway 1 found that the highway was serving 

“approximately 22,000 vehicles, or 30,000 person trips per day” (Ministry of 

Transportation, 2007, p. E-1). The volume of traffic on Highway 1 has increased over the 

past decade, especially near the Malahat, where drivers are now regularly commuting 

from Mill Bay, Shawnigan, or Cobble Hill to Victoria for work. The volume of traffic is 

expected to continually rise. Although there are a couple of charging stations within close 

proximity to highway 1 near Mill Bay, there is potential investment needed to provide more 

charging stations in this vicinity. The demand for charging stations will inevitably grow as 

EV users gain confidence in their ability to commute longer distances. This confidence will 

stem largely from the overall improved range of EVs. The visual reassurance of a more 

robust charging infrastructure will also boost confidence for both current and prospective 

buyers. The installation of a DC fast charger in this area would help satisfy the needs of 

users who face longer commutes or don’t have access to workplace charging.  

           Figure 3 Current EV Charging Stations in the Cowichan Valley Regional District. 

Figure created using Information (Plugshare,2019) and (CVRD,2018) 
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There is a distance of roughly 29km between Duncan and Lake Cowichan to the 

west, and Ladysmith to the north. These distances are manageable for most electric 

vehicles. The real issue arises when a charging station is occupied by another EV, or an 

ICE. The usage of EV charging spots by ICE vehicles happens regularly enough that the 

phrase being “ICEd” has emerged. “ICEing” occurs when an internal combustion vehicle 

obliviously or ignorantly uses a dedicated EV parking spot for convenience sake. With no 

other options in the vicinity, EV owners are forced to wait for an open charging station of 

risk running out of battery power before making it to their final destination. This uncertainty 

is a barrier for many potential buyers as well as existing owners.  

Parking locations need to be redesigned to be more accommodating of EV 

chargers. Designs like OLA’s EV taxi charging stations would be a good concept for 

areas with high usage. Charging stations should have multiple chargers available to 

ensure users feel confident that they will be able to charge upon arrival, or at the very 

least, have minimal wait times. This type of design is space efficient, yet easy to locate, 

which are attributes that help reduce perceived range anxiety and reduce the chance of 

users needing to deviate from their desired route to charge at another location.      

Figure 4 Ola EV Taxi Charging Station. 

 (Cleantechnica, 2018) 
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Many towns and smaller communities will be unable to economically justify a 

robust charging station like OLA’s taxi charging station. In areas that can only support one 

or two chargers, other measures must be taken to ensure user turnover and improve 

efficiency. The first step is to safeguard EV parking spots from conventional cars parking 

there. In Vancouver, and many other locations around the world, parking an ICE in an EV 

charging spot is considered a parking infraction. This infraction often results in a fine for 

the offender.  

Many charging stations are located in the corners of parking lots that limit their 

usage to a single vehicle (Bonges & Lusk, 2016). This design severely limits the potential 

usage of a charger. Miller et al. (2013) proposes octopus chargers that are centrally 

located for optimal results. An octopus charger would consist of 8 plugs, but only allow for 

2 EVs to charge at the same time (Miller et al., (2013). The rest of the plugged-in vehicles 

would charge on a first come-first served basis. This type of design eliminates the need to 

unplug another user’s EV to plug in one’s own, which has become an issue in some areas.  

Some areas have even had to create legislation that makes it illegal to unplug 

another user’s EV (Bonges & Lusk, 2016). The establishment of charging etiquette 

guidelines can improve efficiency, reduce tension between users, and reduce range 

anxiety. The use of etiquette cards is a simple solution to address charging issues. Users 

can place etiquettes cards that read “do not unplug” or “ok to unplug” on their vehicle. The 

“do not unplug” can include the expected finished time of charging and a contact number. 

The “ok to unplug” card can be used when users are opportunity charging. In other words, 

the owner has enough charge to fulfil their driving needs for the day but are 

opportunistically choosing to take advantage of a charging station to improve their range. 

Giving priority to a BEV over a PHEV is also considered proper etiquette in the EV 

community due to its reliance on a charge compared to the gasoline option for the PHEV.  
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Figure 5 EV Etiquette Cards. 

 (Evperks, 2018) 

Educating the public on proper charging etiquette will take time and resources. A 

lack of investment in public education will inevitably result in confusion and frustration for 

current and future EV users. Bonges and Lusk (2016, p. 67) say “Etiquette, like good 

manners, is learned behavior in which individuals may or may not choose to practice”. As 

EVs become more mainstream, good etiquette will likely decrease. 

Potential issues do arise from the plugging and unplugging of another person’s 

EV. One issue is car alarms. Bonges and Lusk (2016) point out in their study that the 

Chevrolet Volt for example, has a Charge Cord Theft Alert “feature” that can be triggered 

if someone unplugs the vehicle without the keys being nearby (Chevrolet Volt Owner 

Manual, 2014). Another issue is the locks on EV cords that are designed to secure the 

charging connector to the port. A lack of knowledge of this feature may result in someone 
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damaging another person’s EV (Roberts and Bonges, 2013). From a business standpoint, 

some stores have developed policies that prevent their employees from unplugging 

vehicles due to liability concerns (Bonges, 2013). The onus falls on local governments to 

present legislation that protects EV owners and increases the overall efficiency of charging 

areas. A sheer reliance on good etiquette will not be sufficient if there is to be a mass 

adoption of EVs. Posted time limits for charging should be enforced to ensure turnover at 

charging stations. Those who fail to abide by the time limits will be fined for their violation. 

EV charging limits could be monitored and enforced in a similar fashion as any other 

monitored parking area. Existing parking enforcement companies could include the 

monitoring of EV charging stations as an additional service.  

Nationally or globally recognized signage would be beneficial for the public to 

become accustomed to EV charging infrastructure. The symbol for a gas station for 

example is fairly standard around the world. The Government of New Zealand wanted to 

guarantee consistency and help raise awareness of electric vehicles. They sought easy 

to find charging stations to reduce range anxiety and encourage people to transition from 

conventional vehicles to electric (New Zealand Ministry of Transport, 2017). New 

Zealand’s Transport Agency released an easily recognizable symbol to help identify the 

location of their EV charging stations in 2016 (New Zealand Ministry of Transport, 2017).  

 

 

Figure 6 Electric Vehicle Symbols, Signs, and Road Markings in New Zealand. 

(New Zealand Transport Agency, 2017) 
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2.3.2 Charging Stations in Canada 

There are 4500 publicly accessible charging stations in Canada (Plugindrive, 

2018). Of the 4500, 182 are publicly available Level 3 fast chargers according to the 

Canadian Automobile Association (2019). A majority of these fast chargers are located on 

the Trans-Canada highway. Elad Barak, vice-president of business development for green 

energy company eCamion (2017) claims the highway is the most critical area for EV fast 

charging investment. Proper infrastructure enables people to drive their electric vehicles 

between cities, and that is something that hasn’t always been possible in Canada. Barak 

(2017) also claims that the power grid in rural areas is currently unable to accommodate 

Level 3 chargers. This presents an issue for those residing in rural areas, as well as those 

that wish to recreate in remote rural areas that are removed from major highway corridors. 

Although there has been growth in Canada’s charging network, the level of 

investment still pales in comparison to other countries such as China which has an 

astonishing 450,000 charging stations as of 2017 (Renewable Energy World, 2018). 

210,000 of these stations are currently available to the public (Renewable Energy World, 

2018). This number is supposed to continually grow to accommodate the recent surge in 

EV ownership.  

There are currently three main charging networks in British Columbia: 

ChargePoint, FLO, and Greenlots. The ChargePoint network is the largest network of EV 

charging stations in the US, Europe and Australia (ChargePoint, 2019). They are 

commonly used for Level 2 public charging stations throughout the province. Users can 

acquire a ChargePoint card with an initial prepaid balance to use at charging stations. 

ChargePoint also offers a mobile app that helps locate available charging stations and 

provide notifications for when your car is done charging, or when a station opens up 

(ChargePoint, 2019). Contactless credit cards with a radio-frequency identification (RFID) 

can also be used to access the service (PluginBC, 2018).  

The FLO network is Canada’s largest EV charging network (FLO, 2019), The FLO 

network is used to service AddEnergie stations (PluginBc, 2018). The network services 

many Level 2 chargers throughout BC and DC Fast Charging in the Kootenays (PluginBC, 
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2019). These charging stations require a one-time $15 fee for their FLO card that holds 

charging credits that can be purchased via credit card online or though the mobile app.  

The Greenlots network is responsible for a majority of the DC Fast Charger 

stations in BC. On January 30th, 2019 Greenlots was acquired by Shell (Greenlots, 2019). 

Shell will utilize Greenlots’ technology to expand charging infrastructure throughout North 

America (Greenlots, 2019). PluginBC (2018) reports that most of the charging station 

hosts are charging a set rate of $.35 per KW used, with a minimum transaction of $2. 

Similar to the other networks, the use of mobile app technology as well as RFID cards are 

being used to charge at the station.  

The Government of Canada has invested nearly $7 million to monitor up to 1000 

EVs across Canada to capture data on driving and charging habits (Natural Resources 

Canada, 2018). This study is intended to “improve the operation and deployment of 

charging infrastructure for EVs by demonstrating charging based on the innovative and 

intelligent use of real-world, vehicle-side data, such as battery state and all charge events” 

(Natural Resources Canada, 2018, para. 2). This is a drop in the bucket compared to the 

$3.3 billion in subsidies to the fossil fuel sector (International Institute for Sustainable 

Development, 2016). This study has the potential to strategically place charging 

infrastructure to improve public and workplace charging options across the nation. The 

results will need to be analyzed on a geographic specific basis to showcase real world 

applicability for each region due to a wide range of factors including climate and 

topography.  

2.4 Current Status of EV’s in British Columbia 

 The BC Clean Energy Vehicle (CEV) Program was introduced in 2011. Over the 

last 7 years, it has invested just over $10 million per year on vehicle point of sale 

incentives, charging and hydrogen fueling infrastructure, support for EV fleet adoption, 

and EV research and outreach (BCGOV, 2018). As of September 2017, these investments 

have resulted in over 4700 new CEV’s on the road, over 1300 residential and public 

charging stations, one new hydrogen fueling station, funding for electrician training, an EV 

awareness program, and 10 research and academic curriculum projects (BCGOV, 2018). 
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Although this is a step in the right direction, this level of investment pales in comparison 

to the US$450 million invested as of 2014 in Norway.  A majority (~350 million) was used 

for incentives that exempted value added and registration taxes, ferry use, parking, and 

road toll revenues from EV owners (Norwegian Ministry of Climate and Environment, 

2014). Many of these incentives have transferable applicability in British Columbia.  

 In 2010, the federal government set maximum GHG standards for passenger cars 

and trucks made between 2011 and 2016 (Government of Canada, 2010). New 

regulations were adopted in 2014 with new parameters for passenger vehicle model years 

2017 to 2025. The regulations would require Greenhouse Gas Emissions (GHGe) to be 

lowered by an average of 5% annually (Environment Canada, 2012). These standards 

were developed collaboratively with the United States Environmental Protection Agency, 

and are quite similar overall (Government of Canada, 2018). Although there has been 

some investment and regulatory action by the federal government, individual provinces 

have placed the onus on themselves to create and implement stronger policy. 

 In 2018, the BC provincial government released their targets to achieve 100% zero 

emission vehicle sales by 2040. Legislation will come into effect in the spring of 2019 that 

will set targets of “10% ZEV sales by 2025, 30% by 2030, and 100% by 2040, while 

government will take additional steps to make ZEVs more affordable” (BCGOV, 2018, 

para.2). In an effort to achieve these targets the Premier outlined three key initiatives:  

1. Expanding the size of the province’s electric vehicle direct-current fast-charger 
(DCFC) network to 151 sites, with 71 already completed or underway and, 
leveraging federal and private-sector dollars, another 80 in the works. 

2. Increasing the provincial incentive program, administered by the New Car Dealers 
Association of BC, by $20 million this year to encourage more British Columbians 
to buy clean energy cars now. This will bring the incentive program up to $57 
million in total. 

3. Reviewing the incentive program with an eye to expanding it over time, so buying 
a ZEV becomes a more affordable option for middle- and lower-income British 
Columbians. (BC Provincial Government, 2018, para. 4) 

A portion of the allocated funds will also be used to encourage the adoption of 

Clean Energy Vehicles for provincial fleets. Electric vehicles are considered to be an 

excellent way for organizations to save “substantial money on fuel, reduce maintenance 
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costs and downtime, reduce operational cost fluctuations associated with volatile gas 

prices, and improve the organization’s environmental impact” (PluginBC, 2017, para. 1). 

The Province of BC has been working with Washington, Oregon, and California since 2008 

under the Pacific Coast Collaborative (PCC) to reduce GHGe’s and build a sustainable 

future. The PCC has challenged local governments in North America to set targets of 10% 

of all new fleet purchases be zero-emission vehicles (Pacific Coast Collaborative, 2018).  

The District of Saanich, located on Vancouver Island was the first local government to 

pledge that at least 10% of their new fleet vehicles will be zero-emission vehicles (BC 

Climate Action Toolkit, n.d.). 

BC has seen a 151% increase in EV ownership from the third quarter of 2017 to 

the third quarter of 2018, resulting in 12,000 registered zero-emission vehicles 

(Fleetcarma, 2018). BC led the way in Canada in regard to proportionate EV adoption with 

15.4% of new passenger car sales being electric (Fleetcarma, 2018). This beat the 

national standard by over 7% (Fleetcarma, 2018). The release of the Tesla Model 3 has 

resulted in a total of 139,782 units being sold in the United States in 2018 (Insideevs, 

2019). The Model 3 starts at $45,600 (Tesla, 2019) and is considered to be a preferred 

option for buyers looking to have 350+ kilometers on a single charge for an “affordable” 

price. If availability weren’t an issue, the Tesla Model 3 could significantly boost EV sales 

in British Columbia. 
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Figure 7 Annual Canadian PHEV Sales 2013-2017. 

(Fleetcarma, 2017) 

British Columbia has sold fewer electric vehicles overall compared to Ontario and 

Quebec on an annual basis but has historically been competitive on a per capita basis. 

Between 2013 and 2017 British Columbia has seen a 477% increase in EV sales, Quebec 

has seen a 400% increase, and Ontario has seen a 585% increase (Schmidt, 2018). Year 

over year between 2016 and 2017 sales in British Columbia grew 53%, in Quebec 44%, 

and in Ontario by 120%.  

EV incentives and improved technology have played major roles in this substantial 

growth (Schmidt, 2018). The Province of Ontario canceled their Electric and Hydrogen 

Vehicle Incentive Program and the Electric Vehicle Charging Incentive Programs in 

2018 to bring down the price of gasoline (Ontario Ministry of Transportation, 2018). 

The effects of the canceled rebates are expected to hurt EV sales in Ontario as this 

had historically been the case for locations that have done this in the past. Although 

the rebate cancellation will have negative implications for EV uptake in the short 

term, there is still general optimism for the prospects of EVs. In a Toronto Financial 

Post news article FleetCarma CEO Matt Steven addressed the comparative cost of 

EVs and ICEs and the role of incentives. He said, “The gap is much smaller than it 

used to be, but there is still a gap, and that’s why the incentives still had a role to play.”  
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As of 2018, PluginBC reports there are 39 different models of electric vehicles 

available in British Columbia. These models consist of 13 Battery Electric Vehicles (BEVs), 

22 Plug-In Hybrid Electric Vehicles (PHEVs)s, 2 Extended Range Electric Vehicles 

(EREVs), and 2 Fuel Cell Vehicles (FCVs). A description of these vehicle types can be 

found in section 2.2. A poster created by PlugInBC and Emotive show current models 

available in British Columbia as well as their electric range and MSRP. A portion of this 

poster can be viewed in Appendix C. Owners of these certified EVs can display an EV 

decal that allow drivers to use the high occupancy vehicle (HOV) lanes regardless of the 

number of passengers in the vehicle (BCMOTI, 2018). 

EV prices range from $19,888 to $191,900. The number of models currently 

“available” would make it appear that British Columbia has a decent selection of EV 

options to choose from. The reality is that many of these models are currently unavailable 

at most dealerships. Only 40% of dealerships had a single electric car available for sale 

on their lots in BC in 2018 (Clean Energy Canada, 2018). Availability issues will be 

examined in greater detail in Chapter 2.4.1. of this study.  

There are now over one thousand charging stations available in BC. Following the 

completion of projects currently in progress, British Columbia will have “more than 1,300 

Level 2 charging stations, and 64 DC fast-charging sites” (BCHydro, 2018, p. 30). Online 

resources like www.pluginbc.com and www.evchargehub.com have interactive mapping 

systems to help EV owners locate charging station locations across North America. These 

interactive mapping systems enable users to plan out routes that reduce range anxiety 

and distance deviation this resulting in a better overall user experience. As charging 

infrastructure becomes more prominent, EV users will have more flexibility in their route 

selection and feel more confident in their ability to take spontaneous trips. 

2.5 Funding and Incentives 

2.5.1 Federal Incentives  

 In 2016, Phase 1 of the Electric Vehicle and Alternative Fuel Infrastructure 

Deployment Initiative was deployed. The 16.4-million-dollar initiative was scheduled to be 

completed in March 2018. This initial budget was used to construct 100 new publicly 
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accessible electric vehicle fast chargers, seven natural gas and three hydrogen refuelling 

stations in seven Provinces (Natural Resources Canada, 2018). The effort has been 

continued with an additional $80M over the following four years. The initiative requires 

Individuals and legal entities to be validly incorporated or registered in Canada. This 

includes eligible not-for-profit and for-profit organizations such as electric utility 

companies, academic institutions, and Indigenous and community groups for example. 

Successful applications will showcase that they enhance the ability for Canada to 

complete a coast-to-coast network of electric vehicle fast chargers. The program will 

contribute “up to 50% of the total project costs to a maximum of fifty thousand dollars 

($50,000)” per EV fast charger (Natural Resources Canada, 2018, para. 4).  

 The Federal Government is incentivizing companies to transition to electric 

vehicles (Government of Canada, 2018). Companies can “calculate their fleet average 

carbon-related exhaust emissions, multiply the total number of advanced technology 

vehicles (electric vehicles, plug-in hybrid electric vehicles and fuel cell vehicles) in their 

fleets by the factors indicated in table 2 below” (Government of Canada, 2018 para. 33). 

The full table can be found in Appendix D. The year of manufacturing and type of EV will 

dictate the multiplier amount. The higher multipliers are earlier on to encourage an earlier 

uptake of EVs. Canada’s multipliers are higher than the U.S. to encourage a greater 

uptake of EVs on an electricity grid that has a comparably lower greenhouse gas intensity 

(Government of Canada, 2018). 
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Table 2 Advanced Technology Multipliers for 2017 to 2025 Model Year Vehicles. 

 (Government of Canada, 2018) 

Model 
year 

Canadian electric 
and fuel cell 
vehicle multiplier 

U.S. electric and 
fuel cell vehicle 
multiplier 

Canadian plug-
in hybrid vehicle 
multiplier 

U.S. plug-in 
hybrid 
vehicle 
multiplier 

2017 2.5 2.0 2.1 1.6 

2018 2.5 2.0 2.1 1.6 

2019 2.5 2.0 2.1 1.6 

2020 2.25 1.75 1.95 1.45 

2021 2.0 1.5 1.8 1.3 

The current Federal Government provides funding through Natural Resources 

Canada for the fast charging infrastructure found along Canadian highways. “The federal 

government has jurisdiction over federal highways, transportation safety regulations, and 

national fuel economy standards (Government of Canada, 2017). All of these can impact 

the availability and uptake of electric vehicles The Federal government is currently 

developing a national level strategy for zero-emission vehicles. Steering and advisory 

groups involving 160 experts are working on the eventual development and 

implementation of national policies. As of February 2019, Provincial transport ministers 

have failed to come to a consensus on a zero-emission vehicle strategy (Clean Energy 

Canada, 2019).  

Federal policies were supposed to be developed and presented to the public in 

2018; yet the only document currently available is a ZEV Policy Handbook which was 

published in 2017. The handbook proposes a 40% share of ZEV by 2040, which is much 
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less ambitious than other countries who plan on having 100% of vehicles being zero-

emission by 2040 or earlier. (Transport Minister Marc Garneau was recently quoted stating 

“Canada now has a target to sell 100% zero-emission vehicles by 2040—in other words, 

electric cars”). While this may indeed be the goal, the existing literature doesn’t support 

this ambitious goal.  

  The cost of developing and implementing a federal ZEV strategy has seen criticism 

in the media. One study predicts that an incentive-based strategy would cost between $15 

and 48 billion dollars (Axsen & Wolinetz, 2018). Interestingly, a 2011 study by the National 

Round Table on the Environment and the Economy estimates that climate change could 

cost Canada between $21 and 43 billion dollars by the year 2050. The Canadian 

governments purchase of the Trans Mountain pipeline for $4.5 billion and the $1.65 billion 

in loans and financial aid to the Alberta oil and gas sector in 2018 makes it apparent that 

Canada is not fully invested in their zero-emission vehicle strategy at this time.  

2.5.2 BC Provincial Incentives 

Clean Energy BC (2018) reports that 14% of B.C.’s greenhouse gas emissions 

come from personal transportation. The Government of BC has set targets to reduce 

transportation GHGs 30% below 2015 levels by 2030 (Clean Energy BC, 2018). The 

Province of BC has developed local incentives to help achieve these targets.  

The province of British Columbia has renewed the Clean Energy Vehicle 

(CEVforBC) Point of Sale Incentive and the BC SCRAP-IT programs after another 

successful year. The CEVforBC program includes point-of-sale incentives for BEV’s, 

PHEVs, EREVs and FCVs. Potential buyers can purchase through certified dealers and 

receive up to “$5000 off a qualifying new battery electric, fuel-cell electric, and plug-in 

hybrid electric vehicle, and up to $6,000 for a hydrogen fuel cell vehicle” (CEVforBC, 2018, 

para. 17). As of 2016, vehicles with a manufacturer’s suggested retail price of $77,000 or 

greater were not eligible for the rebate (BC Hydro, 2018). 

    The objective of the BC SCRAP-IT program is to encourage vehicle owners to 

replace higher polluting, older vehicles, with cleaner forms of transportation (BC SCRAP-

IT, 2018). The program offers $6000 off of the purchase price of a new EV or $3000 off of 
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a used EV from specific certified dealerships. They also offer the option to receive $850 

towards an electric bicycle. Clean Energy Canada reported that only 62% of dealerships 

in BC were aware of these rebates. 

    In 2018, PluginBC offered rebates for BC residents residing in single family or 

duplex homes to install a level 2 charger. The rebate would cover 75% of project costs up 

to $750. The project is intended to retrofit older structures; therefore, new builds were 

considered ineligible. By summer of 2018, the rebates for homes had been fully 

distributed. Incentives were also offered for multifamily residential buildings and 

workplaces. According to Clean Energy Canada only 31% of dealerships were aware of 

the rebate for chargers. Despite this, both of these rebates were extremely popular and 

high demand resulted in a waitlist being created on July 12th, 2018. These rebates show 

there is a growing demand for personal and public charging stations.   

2.6 Benefits of EVs 

There are numerous benefits to EVs. Electric vehicles reduce noise and air 

pollution, have intuitive driving systems, low daily operating costs, low maintenance costs 

and reduce dependency on non-renewable resources. The extent of the benefits of EV 

are contingent on their source of electricity. This study focuses on the benefits of EVs in 

British Columbia, where 96% of its electricity comes from renewable resources (Ministry 

of Energy and Mines, 2017).  

An online survey conducted by Hirdue and Parsons (2015,) asked the following 

question of 3029 US respondents: “Here are some of the advantages of electric versus 

gasoline vehicles. Please indicate which matter to you as a potential buyer.” (p. 71) An 

analysis of what matters most to people shows that economics is the key motivating 

advantage for potential EV buyers. 73% of respondents agreed that lower fuel cost 

(economics) mattered the most to them, 47% of respondents said avoiding trips to the gas 

station mattered the most which has both convenience and economic connotations. 63% 

of respondents said a lower dependence on foreign oil (national security) matters most to 

them, which was higher than the 50% who said lower pollution mattered most 

(environmental). 29% of respondents were most interested in the new technology option.  
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Table 3 Influencing Factors for Prospective EV Buyers. 

(Hirdue & Parsons, 2015) 

Advantages Degree it matters in respondent’s purchase decision 

 

Matters a lot (%) Matters some (%) Does not matter (%) 

Lower fuel cost 73 22 5 

Lower dependence on foreign oil 63 28 9 

Lower pollution 50 40 10 

Avoid trip to gas station 47 37 16 

Interesting new technology 29 47 24 

The survey results have some transferability, but the perceived advantages and 

disadvantages of EV are subjective based on the respondent’s geographic location and 

socio-economic status among many other variables. A study conducted by Cleantechnica 

(2017) of over 2000 EV drivers from the US, Canada, and Europe found that respondents 

found that environmental benefits, economic savings, and an interest in new technology 

were the motivating factors when purchasing their EV. National Security was not one of 

the top options chosen. Every community’s demographic is unique. Localized studies can 

help policymakers construct informed strategies to increase EV uptake in their community.  

2.6.1 Ownership Costs 

 A 2015 study by Roosen et al. found that only 2 out of 44 studies included all of 

the private costs associated with electric vehicle ownership. Many studies focus on 
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savings generated through reduced fuel costs. However, studies often neglect location 

specific variables such as insurance, taxes, cost of electricity, and residual value (Breetz 

& Salon’s (2018) study compares ownership costs between ICEs, hybrids, and electric 

vehicles in 14 U.S. cities. In an effort to find the true cost of ownership (TCO) they include 

what they consider to be all of the private costs associated with vehicle ownership.  

 The study used the Toyota Corolla (ICE), Toyota Prius (hybrid) and Nissan Leaf 

(EV) for their comparative analysis. Access to reduced-rate or free charging was a 

determining factor in EV savings (Breetz & Salon, 2018).  If average electricity prices were 

assumed, the Leaf saved $3102 in fuel compared to the Corolla and only $899 compared 

to the Prius over a five-year period (Breetz & Salon, 2018). Cities with high electricity rates 

equalized the fuel cost savings between the Leaf and Prius.  

 In summary, the Nissan Leaf was cost competitive with the Toyota Prius after state 

and federal subsidies but required $10,000 in incentives and very low electricity costs to 

be cost competitive with the Toyota Corolla. Hydro Quebec released a 2018 document 

that compares electricity prices in major North American Cities. The document examines 

12 Canadian cities and 10 American cities. Eight of the 10 cities were used in Breetz & 

Salon’s 2018 cost comparison paper. At a residential level the average electricity price in 

Canada was 13.15¢/kWh compared to 19.83¢/kWh in American cities (Hydro Quebec, 

2018). The City of Vancouver averaged 11.42¢/kWh which equates to an average monthly 

electricity cost of $114.15. This bill is cheaper than any of the tested American cities and 

over $200 per month cheaper than the average residential bill in Boston, Massachusetts 

(Hydro Quebec, 2018). 

The comparatively lower price of electricity strengthens cost competitiveness of 

EVs in British Columbia. Innovation and mass production are the keys to “lower purchase 

prices, lower depreciation, and improved cost competitiveness” (Breetz & Salon, 2018, p. 

247). However, it is possible that automakers will use the gains from innovation to improve 

the battery capacity and overall performance of electric vehicles. This has the potential to 

keep EV prices similar to traditional vehicles (Velzen, 2016). 

The Canadian Automobile Association has created a driving cost calculator that 

analyzes your vehicle’s geographic location, make, model, and year built, to calculate the 
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annual cost of owning a specific vehicle. The examples below show an annual driving cost 

summary when factoring in depreciation, maintenance, license and registration fees, 

insurance costs, and the monthly car payment. Gas prices were calculated at $1.24/liter 

for the 2018 Chevrolet Impala.  

Table 4 Operating Cost Comparison Between EV and ICE Vehicle 

Vehicle Model:   MSRP Operating Cost per 20,000 

Annual Kilometers  

Operating Cost per 30,000 

Annual Kilometers  

2018 Nissan 

Leaf 

$35,998 $8,193.22/year               $10,630.18/year 

2018 Chevrolet 

Impala 

$31,145 $8,831.34/year $12,256.47/year 

 The example above shows how cost perception can be a barrier for potential EV 

buyers. The 2018 Nissan leaf has a MSRP that is $4,853 more than that that of the 2018 

Chevrolet Impala. However, the annual operating costs of the Nissan Leaf is $2,436.96 

less over 20,000 annual kilometers, and $3425.13 over 30,000 annual kilometers. It would 

only take roughly 2 years driving 20,000 annual km, and 1.5 years driving 30,000 annual 

km to break even. Vehicle comparisons can be made at https://www.caa.ca/carcosts/. This 

resource is an interesting tool to help potential vehicle buyers make informed decisions 

regarding their future vehicle purchase. The calculator allows the user to change their city 

vs highway driving mileage ratio to better reflect their personal driving habits.  

Malmgren (2016) argues that future incentives and policies should reflect the 

positive societal influences of EV ownership as well. The true benefits of EV ownership go 

beyond the direct savings from fuel and maintenance. EV ownership can have a positive 

impact on economic development, national security (oil dependency), health, and 

environment (Malmgren, 2016). These benefits have no cash in hand monetary value, but 

they do benefit the society as a whole. In Malmgren’s (2016) study the total ownership 

costs of a Nissan Leaf was $8,533 cheaper over 10 years when compared to a Honda 

Civic if the societal benefits were given a monetary value. With the US federal incentive 
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of $7500, the Nissan Leaf was still cost competitive with the Honda Civic over 10 years if 

the societal benefits were given no monetary value. The following figure shows the 

potential aggregated savings of direct monetary savings, indirect societal savings and 

potential savings through Vehicle-to-Grid technology associated with EV ownership: 

 

Figure 8 Direct and Indirect Savings of EV Ownership. 

(Malmgren, 2016) 
 

2.6.2 Environmental Benefits 

Vehicle emissions can be placed into two general categories known as direct 

emissions and life cycle emissions (Office of Energy Efficiency and Renewable Energy 

(EERE), 2018). The direct emissions are the pollutants that are emitted through the 

vehicle’s tailpipe. These emissions contain a cocktail of “smog-forming pollutants (such as 

nitrogen oxides), other pollutants harmful to human health, and greenhouse gases 

(GHGs), primarily carbon dioxide” (EERE, 2018 para. 3). BEVs produce zero direct 

emissions. PHEV also produce zero emissions when operating on electricity but do 
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produce tailpipe emissions when operating on gasoline. The fuel system of a PHEV is 

more efficient than a traditional ICE, therefore it does produce fewer tailpipe emissions 

while using gasoline (EERE, 2018).  

Life cycle emissions involve a “cradle to grave” analysis to calculate their true 

impact. A life cycle analysis (LCA) accounts for all “inputs and outputs throughout the life 

cycle of that product, from its birth, including design, raw material extraction, material 

production, part production, and assembly, through its use, and final disposal” (The 

Environmental Literacy Council, 2015, para. 2). In general, electric vehicles produce lower 

levels of emissions compared to conventional vehicles (EERE), 2018). The manufacturing 

and use of any vehicle produce life cycle emissions that have a negative effect on our 

environment. “EVs typically produce fewer life cycle emissions than conventional vehicles 

because most emissions are lower for electricity generation than burning gasoline or 

diesel” (EERE, 2018, para. 5). The exact amount of emissions will vary from location to 

location depending on the local energy source. A cleaner source of energy will result in 

lower life cycle emissions.  

GHGenius is a model owned and operated by Natural Resources Canada. It was 

developed to estimate GHGe’s and local air pollutants of a vehicle when factoring in direct 

and life cycle emissions (GHGenius, 2017) The GHGenius lifecycle analysis (LCA) model 

“includes data for activities ranging from crop production, to power generation, to tailpipe 

emissions in many regions spanning the globe” (GHGenius, 2017, para. 1). This model 

found that “GHGe’s are reduced by approximately 82% over the lifetime of an EV, 

compared to a gasoline vehicle [in British Columbia]” (The Pembina Institute, 2013).  
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Figure 9 Comparative Greenhouse Gas Emissions 

(The Pembina Institute, 2013) 

In British Columbia, a majority of greenhouse gas emissions (GHGe) would be 

created during the manufacturing process of the electric vehicle. EVs are currently not 

being manufactured on Canadian soil so there is no local pollution being produced, 

however there are ramifications on a global level. British Columbia’s ability to produce 

relatively clean energy through hydroelectric generating stations lowers the lifetime 

GHGe’s of an electric vehicle. The operation of battery electric vehicles produces 99.7% 

less GHGs when compared to a conventional vehicle (The Pembina Institute, 2013). The 

use of traditional gasoline hybrids also cut down GHGs by roughly a third, and PHEVs by 

two thirds (The Pembina Institute, 2013).  

A study conducted in Europe found that EVs emit less greenhouse gas emissions 

than a conventional diesel vehicle even when powered with the most carbon intensive 

sources (Messagie, 2014). As EV technology improves, direct and lifecycle emissions 

should continue to lower.  
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Figure 10 Life Cycle Analysis Comparison of ICEs & BEVs. 

(The Pembina Institute, 2013) 

The Pembina Institute (2013) prepared an impact study on the potential effects of 

additional EVs to the City of Campbell River, the Peace River Region, and the City of 

Richmond. The three communities provide a mix of urban and rural locations, with 

temperate and northern climates. A projected increase in EV ownership coupled with GHG 

reduction target initiatives led to an average savings ranging from 18-20% in GHGe’s and 

23-25% for other air pollutants (The Pembina Institute, 2013). Interestingly, the study was 

conducted with the assumption that half of new cars bought will be electric by 2035. If the 

Province of BC’s 100% zero emission vehicle mandate is followed through by 2040, these 

numbers could be considered conservative.  

2.7 Barriers to EV Uptake 

       This section will examine the barriers associated with continued EV uptake. An 

extensive literature review combined with personal interviews and the attendance of 

workshops found the key barriers are a limited supply of EVs at dealerships, range anxiety, 

distance deviation, and charging station availability. Each of these barriers will be 

discussed in further detail in this chapter. 
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2.7.1 Limited Vehicle Supply 

Clean Energy Canada released a 2018 report that found supply has not kept up to 

the demand for electric vehicles at BC dealerships. Out of the 322 dealerships in B.C. that 

qualify for the province’s EV rebate program, only 40% of them have electric cars on their 

lots available to purchase (Clean Energy Canada, 2018). Of the 40%, most dealerships 

only had one physical model on site (Clean Energy Canada, 2018). The dealerships said 

they were waiting three months to one year on average to receive inventory. Some 

dealerships claim they had wait times as long as 18 months (Clean Energy Canada, 2018).  

Much of the supply is getting shipped directly from the manufacturing facility to 

California. California saw a 6.2 percent share of America’s total market share in the first 

half of 2018 (California New Car Dealers Association (CNCDA), 2018). A 2018 study by 

Veloz (“a public-private coalition of major electric car industry stakeholders”) reported 

more than 500,000 electric cars has been sold in California as of November 2018. There 

was a total of 153,095 EV’s sold in 2018 alone, which equates to nearly half of all sales in 

the US (Veloz, 2018). By comparison, Canada has roughly 50,000 EV’s on the road 

(Fleetcarma, 2018). Exporting EVs to Canada is seen as an unnecessary action for 

American manufacturers that are struggling to keep up with local demand.  

Clean Energy Canada interviewed potential customers who were experiencing 

difficulties finding vehicles to buy. One potential customer was quoted saying “I was a 

ready, willing, and able customer with money in hand to buy this car, and there was no 

one there to supply it for me” (Clean Energy Canada, 2018). They ended up going the 

United States to purchase the vehicle. Other customers cited the EV they were looking for 

was also only available in California. A lack of supply also means potential buyers are 

unable to test drive EVs when they go to the dealership. It requires a leap of faith to 

purchase a vehicle that you are unable to see or test drive.  

Dealerships in British Columbia were generally enthusiastic about selling electric 

vehicles. However, a lack of supply has resulted in a lack of awareness and knowledge. 

A study in Ontario used mystery shoppers to study EV sales interactions at dealerships 

(Matthews et. al, 2017). The main obstacle was a lack of available models to physically 

view or test drive. This proved to be a frustrating factor for both potential buyer and 
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salesperson (Matthews et. al, 2017). Dealership salespersons were generally enthused 

when talking about electric vehicles, but a lack of knowledge and understanding resulted 

in an inaccurate relay of information to the customer (Matthews et. al, 2017).   

Clean Energy Canada (2018, p. 3) found that most dealership representatives 

“underestimated the range of modern EV models or overestimated the time it takes to 

charge them—both common concerns among potential buyers.” A small portion of 

government funding and incentives should be funneled into staff training sessions. 

Training sessions would result in better customer service, increased sales, and confidence 

for both the employee and potential buyer.  

2.7.2 Range Anxiety 

 Range anxiety is formed by a combination of rational and irrational fears. The 

determination of whether a fear is warranted is situationally based on an individual’s 

geographic location and mobility expectations. Potential buyers of electric vehicles require 

assurance that their daily needs will be met when considering the transition from an 

Internal Combustion Engine (ICE).  

 The term “range anxiety” can be simply defined as the fear of one’s vehicle not 

having enough stored energy to accommodate one’s daily driving requirements. The 

primary factors that contribute to range anxiety are the model’s driving range capacity and 

the availability of charging stations. Improved EV technology is reducing these barriers, 

but the perception of restricted mobility is still evident and should also be considered a key 

factor in range anxiety.  

British Columbia has over 1,000 charging stations scattered throughout the 

province. Despite this growing number, a 2018 report from BC Hydro found that 6 out of 

10 people believe that the charging infrastructure is not robust enough for them to consider 

purchasing an electric vehicle (unplugged, 2018).  

 According to Kent Group Ltd.’s 2017 National Retail Petroleum Site Census 

Canada has nearly 12,000 fueling stations, which equates 3.3 stations for every 10,000 

people. Our current infrastructure strategically places gas stations to alleviate any 
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potential range anxiety for ICE powered vehicles. Drivers have frequent reassurance that 

they will be able to make it to their destination without worrying about the potential of 

running out of fuel. EV owners need to feel equally confident that they can complete the 

same daily tasks as an ICE owner.  

In most metro areas it is rare to drive more than a couple of kilometers without 

having access to a gas station. Currently DC Fast chargers, which can charge an EV to 

80% in approximately 30 minutes, are the closest comparison to a traditional fueling 

station. Canada currently has more than 500 fast chargers across the country (Plugshare, 

2018). A 30-minute charging time is still seen as a handicap compared to the traditional 

“gas and go”. It is important to note the charging time can be significantly reduced if the 

EV isn’t completely out of charge, or just needs a top up to reach its final destination. 

Nonetheless, companies are investing millions of dollars into charging infrastructure to 

reduce charging times. There are already claims of technology that drastically shortens 

charging times to 10 minutes (Chakratec, 2018). As competition heats up amongst 

manufacturers, it is safe to assume that charging times will continue to drop. In the 

meantime, further research is required to examine the effects of charging at high voltages 

over the lifetime of an EV battery. Norway’s government has developed a program that 

aims to “finance the installation of a minimum of two fast charging points on every 50km 

of all roads” (Steinbacher, Goes, & Jörling, 2018, p. 10). The government realizes that 

accessible charging infrastructure is a necessity for a culture that has readily accepted 

EVs.  

Christensen et al. (2010) states that a fast-charging infrastructure is the most 

important need if EVs are to come into widespread use. However, it can be argued that 

potential and existing EV owners need to adjust their mindset that charging stations need 

to operate in the same manner as traditional fueling stations. With nearly 90% of charging 

being done at home or the workplace, the public charging network should perhaps exist 

for users doing long distance trips or those that don’t have access to one of these options. 

A study in Japan found that it was rare for battery electric vehicles users to require fast 

charging every day, but nearly all owners in their field trial needed to use fast charging 

within a couple of weeks or months of the trial (Sun, Yamamoto, & Morikawa, 2016).   
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The educational component of charging infrastructure is a critical to increasing EV 

uptake. According to BC Hydro’s (2018, p. 9) Unplugged report, “87% of respondents are 

under the impression that their home or residential complex does not have charging 

capabilities.” This is a staggering number considering a Level 1 charger uses a standard 

120-volt household outlet can be used for overnight charging. Individuals residing in multi-

family complexes that have street parking or assigned spots with no outlet would factor 

into this high response, but a lack of education on EV charging is most likely the issue. In 

the CVRD, over 73% of people reside in single-family homes (Statistics Canada, 2016). 

Reducing range anxiety starts with an educational component that is complemented with 

charging at home incentives.  

The current infrequency of charging stations creates range anxiety for those 

residing in an urban and rural setting. In Metro Vancouver, most residents are living in 

multi-family buildings that have no or limited electrical outlets in their parking areas. This 

is also an issue at their workplace. These residents are dependent on the public charging 

network to satisfy their needs. The ability to charge a minimum of 8 hours overnight 

provides EV owners with a practical solution for the following day’s driving requirements. 

The installation of Level 2 chargers, which use 240 volts, would reduce these charging 

times to four to six hours. A four to six-hour charge time would easily charge an EV 

overnight and even provide a sufficient enough charge to re-charge between same day 

outings.  

2.7.3 Perception Based Range Anxiety 

 There is a common perception that people drive longer distances than they actually 

do. “95% of all car trips in BC’s urban areas are less than 30km, well within the range of 

a typical electric car” (PluginBC, para. 1). In the Nordic countries of Denmark, Finland, 

Iceland, Norway and Sweden, a survey found that close to 90% of respondents drove less 

than 50 kilometers per day, and 97% drove less than 80 kilometers per day (Zarazua de 

Rubens, 2019). Even in the harsher conditions of the Nordic countries, EVs in general 

would meet the daily driving needs for a majority of the population. Statistics like these 

show that an electric vehicle could be a viable option for most people. A 2018 BC Hydro 

study found that 51% of drivers surveyed would consider purchasing an electric vehicle 
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as a second vehicle for their household. In other words, over half of those surveyed did 

not feel confident that an EV would be sufficient to satisfy their daily driving needs. Nearly 

a third of those surveyed claimed they have no need for a second vehicle regardless of its 

energy source.  

 In British Columbia, “battery electric vehicles are outselling hybrid gas electric plug-

in vehicles” (BC Hydro Unplugged, 2018, p. 6). This indicates that although range anxiety 

still exists, it is arguably lessening. Consumers now have access to 10 fully electric vehicle 

models in British Columbia that have ranges of 150 kilometers or greater (BC Hydro, 

2018). The number of available fully electric vehicles will continue to rise in the near future 

and the ranges will also continue to increase.  

2.7.4 Distance Deviation 

 Another factor related to range anxiety is distance deviation. Distance deviation 

can be defined as the extra distance or alternative routes an EV user needs to travel to 

access charging stations. If an EV user needs to deviate from their desired route in order 

to recharge their battery they are faced with physical and psychological inconveniences 

(Guo, Yang, & Lu, 2018). In an effort to address the effects of range anxiety and distance 

deviation Guo, Yang, & Lu’s 2018 study developed a bi-level model for the battery 

charging station location problem (BCSLP). The model was created with the intention to 

minimize construction costs of battery charging stations (BCS) and improve distance 

convenience. The bi-level model is broken down into an upper level problem which will 

determine a strategy for the location of BCSs while minimizing costs. The lower level 

problem is the EV users’ path-choice behaviour (Guo, Yang, & Lu, 2018).  

 The study found that both range anxiety and deviation tolerance were important 

factors in the placement of BCS locations. EV users have a threshold for acceptable levels 

of deviation before they opt for a different route. A study conducted in Japan found that 

“private users are generally willing to deviate approximately 1750 m on working days and 

750 m on non-working days” (Sun, Yamamoto, & Morikawa, 2016, p. 37). These results 

seem counter-intuitive as one would expect the user to deviate less on working days as 

they need to be more cognizant of their time Interestingly, the authors believe the 

unfamiliarity of non-working day routes causes range anxiety. EV users have established 
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the location of free charging stations on their route to work hence the higher acceptable 

distance deviation. On non-working days EV owners were more inclined to pay for 

charging as a means to reduce range anxiety when exploring different routes.  

Sun, Yamamoto, & Morikawa (2016) conducted a field trial of 2329 trips that 

utilized fast charging stations by 34 private vehicles. A majority of users (57%) spent 15 

minutes or less charging their EV before continuing on with their trip. Approximately only 

15 percent of users waited over 20 minutes to charge, which is the general consensus to 

achieve an 80% charge when using a fast charger. Prospective EV owners are informed 

that they will be required to wait a minimum of 30 minutes every time they want to fast 

charge their EV. As EV range increases, the need for a full charge will be unnecessary to 

fulfill a majority of individuals daily driving needs.  

 

Figure 11 Distribution of Duration Between Initiating a Fast-Charging and Starting 
the Next Traveling. 

(Sun, Yamamoto, & Morikawa, 2016) 
 

With a majority of charging being completed at home or the workplace, it can be 

assumed that these fast chargers are being utilized for a quick top up to reach their 

destination. The study also found that the all users preferred to charge at gas station 

locations that required the shortest detour from their preferred route (Sun, Yamamoto, & 

Morikawa, 2016). The most likely explanation for this preference is the fact that gas 
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stations are generally located on main travel routes which would reduce the EV users 

need to deviate off the fastest route to their destination. There is also a familiarity with gas 

stations as a location to traditionally re-fuel one’s vehicle. Kelley and Kuby (2013) 

interviewed compressed natural gas (as an alternative energy fuel option) vehicle users 

in California and also found most drivers preferred fuel stations that were close to home 

and required the least deviation to reach their destination.  

Arslan et al. (2014) focuses on long-distance trips for PHEVs. Their study found 

that stopping tolerance, which is the individual tolerance of the driver to stop their vehicle 

to charge, and distance deviation were important factors in trip preparation, cost, and 

execution. Many PHEV models are designed for short distance travel with electric ranges 

as low as 23 kilometers before they transition over to gasoline. However, there are some 

models on the market such as the BMW i3 Rex that boast a 156-kilometer electric range, 

making long distance travel a possibility with the help of well-situated charging stations. 

Arslan et al.’s (2014) study concludes that in the absence of a widespread charging 

network, most PHEV owners will determine that the cost savings of stopping or deviating 

will fail to match the inconvenience. Innovations in battery technology will reduce 

construction costs and the detour costs may also be reduced significantly (Guo, Yang, & 

Lu, 2018). 
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2.7.5 Availability of Charging Stations  

 

Figure 12 Electric Vehicle Charging Station Hosts. 

(NYSERDA, 2018). 

The pyramid figure highlights the installation priorities for charging infrastructure. 

Single Family and Multi-Family homes make up the base of the pyramid as they are 

considered to be the most critical for the uptake of EVs. At this level, EV owners are reliant 

on Level 1 and 2 chargers. Most EV owners will charge throughout the day or overnight 

at home to ensure they have the charge necessary to meet their daily needs. Workplace 

charging is the next most accessible option of EV owners. The ability to charge at work 

reduces the need to have a full charge before leaving their place of residence. According 

to PlugIn BC (2018) over 90% of EV owners do their charging at home or at their 

workplace.  

 The charging of fleets is placed in the same tier as workplace charging for 

installation priority. Fleet charging requires a combination of Level 1 and 2 charging 

options as well as a DC fast charging option in certain circumstances. A DC Fast Charger 

ensures there is always a quick charging option available for work fleets in the event that 

a vehicle isn’t charged overnight or needs a quick top up. The final tier is the public 

charging infrastructure. These charging stations are used to service the public travelling 

within their metro area as well as those travelling from one metro area to another. Those 
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travelling within their metro area require a variety of charging options. The use of level 1 

chargers in metro areas is generally insufficient unless the user is parking for the entire 

day. Level 2 chargers have some merit if the EV owner wishes to top up their charge or 

intends to stay downtown for an extended period of time.  

 The installation of DC Fast Charge stations in metro area enables EV owners to 

charge up to 80% in 20 to 30 minutes. Fast charging capability increases parking turnover, 

greatly reduces range anxiety, distance deviation, and allows for inter-metro travel in most 

locations. The pyramid figure does not mention rural charging needs in any capacity. In 

some areas, the single-family residential tier could include rural areas, yet this is not 

specified. Those residing in a rural setting will generally consider charging uncertainty to 

be a determining factor in EV ownership.  

It is assumed that individuals are motivated by decisions that affect their long-term 

mobility preferences over the short term (Canzler, 2008). Potential EV owners are looking 

for a transportation option that will not only provide a service in the short term but make 

economic, social, and practical sense in the long term. A study in Germany found transport 

policy promoting EVs should focus on middle-aged men with families from rural and sub-

urban cities as first private EV buyers” (Plotz et al., 2014, p, 1). This is intriguing as it 

contradicts the norm for current investment in EV infrastructure. Plotz et. al. (2014) 

concluded that this population would profit the most economically due to their driving 

habits and socio-economic status. Those residing in rural or sub-urban areas traveled 

more annual vehicle kilometers than inner-city drivers, and also showed a higher 

willingness to transition to an EV (Plotz et al., 2014). They were also more likely to own a 

garage where they could privately charge their vehicle and not have to rely on public 

charging stations (Plotz et al., 2014). There are glaring similarities to the CVRD, where 

many sub-urban and rural dwelling residents commute to the incorporated municipalities 

for work. Targeting this demographic, could have a positive effect towards reducing local 

GHGe. 

An American study by Curtin et al. (2009) analyzed demographic and attitudinal 

factors for potential buyers of PHEVs. Contrary to the study conducted in Germany, they 

found that an individual’s sex or location of residence (urban or rural) had no clear impact 
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on early EV adoption. They did find that that those aged 65 and over were far less likely 

to purchase an electric vehicle (Curtin et al., 2009).  

There has been significant research done on the early adoption of EVs around the 

world. It is vital that we start identifying the needs and wants of mainstream consumers if 

we wish to have mass adoption of EVs.  A recent study in the Nordic countries of Denmark, 

Finland, Iceland, Norway and Sweden examined which demographics could become the 

mainstream purchasers of EVs, i.e. post-early adopters (Zarazua de Rubens, 2019). The 

results of over 5000 respondents found that between 84% and 94% of respondents would 

consider an EV priced below €30,000. The only group that didn’t fit within these 

percentages were those identified as “Status Seekers” (think Tesla) where only 63% of 

respondents considered the current price position (Zarazua de Rubens, 2019). The price 

of EVs are expected to decrease, largely in part to reductions in battery manufacturing 

costs and economies of scale (Knupfer et al., 2017). A reduction in pricing could remove 

a major hurdle for those deciding between an ICE and an EV for their next vehicle.  

Zarazua de Rubens (2019) argues models like the Nissan Leaf have missed their 

prime market targets despite being one of the best-selling models currently available. The 

Nissan Leaf sits at a price point that is too expensive for those considering an EV under 

€30,000, but not technologically and aesthetically pleasing enough for the “Status 

Seekers”. An increase in competition amongst manufacturers could lower EV price points 

to be competitive with an equivalent ICE model.  

The EV market in China is being heavily subsidized and the result is a tremendous 

increase in EVs and much cheaper models. Great Wall Motor has just released a 2019 

EV model with comparable range to the 2018 Nissan Leaf… for under $9000 US dollars 

after subsidies (Cleantechnica, 2019). Zarazua de Rubens (2019, p. 253) hits the nail on 

the head with the following statement “the success (or failure) of EV adoption is primarily 

a result of national policies, not different compositions of consumers within each country”  

Another issue is that some EV owners wish to use their vehicle for outdoor pursuits 

like hiking or skiing for example. Even if their EV is capable of providing adequate range 

for a majority of their trips, a lack of rural charging infrastructure could be viewed as a 

limitation. Outdoor recreation destinations often require deviating from major highways for 
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access. Equipping popular trailheads with level 2 chargers would help alleviate range 

anxiety as users could charge while they recreate. Even normal 120V Level 1 chargers 

would provide enough of a charge in most circumstances up for users to top up until they 

could access another Level 2 or Fast Charging station. Overall, this issue would affect a 

relatively small percentage of the population, but it should still be considered in the 

planning of EV networks.  

2.7.6. The Electric Grid 

 There have been concerns raised over the current electrical grids ability to handle 

an increase in EVs. In 2009, Canadian drivers traveled over 300 billion kilometers in 

passenger and light duty vehicles (Natural Resources Canada, 2010). This was the most 

recent cumulative national statistic available, but it should be noted that the number of 

vehicle registrations has increased every year since then (Statistics Canada, 2017). If we 

are assuming that these 300 billion plus gasoline or diesel generated kilometers will be 

replaced by electric vehicles, is it safe to say that the electrical grid will need upgrading? 

The answer is probably yes, but it’s not an imminent problem for most areas.  

 A study by the University of Victoria’s Pacific Institute for Climate Solutions (2009, 

p. 17) “found that even in winter, when electricity demand is highest, B.C. had the unused 

capacity on its grid to charge nearly 2.4 million light-duty vehicles”. This amounts to nearly 

all registered vehicles in the province (Statistics Canada, 2017). Hydro Québec’s (2016) 

research also found they could easily accommodate a million electric vehicles without 

needing to make any major investments to their electrical grid system. Considering 

Canada has a total of 50,000 registered EVs, major issues should not arise on a national 

level in the near future. There is however the potential for local communities to experience 

issues in the short term. 

 Local grids can experience problems if multiple users are attempting to charge at 

the same time. Areas like downtown Toronto for example have trouble meeting local 

demand during certain hours of the day because of their outdated transformers (The 

Atmospheric Fund, 2016). A large increase in EV ownership in these areas could result in 

potential overloading of the transformers. A study by Muratori (2018) found that 120-volt 

Level 1 home charging rarely causes issues for communities, and Fast Charging is 
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connected to the commercial grid which is unaffected by its usage. The issues arose from 

the installation of 240-volt Level 2 chargers in single family homes and multi-family 

residences. The street transformer operated fine when six EVs were simultaneously 

charging using Level 1 chargers, but the addition of a Level 2 charger resulted in the 

transformer exceeding its nominal capacity by 50% (Muratori, 2018). This wouldn’t 

necessary result in a blown fuse, but it would have detrimental long term effects to the 

transformer if it happened regularly (Muratori, 2018).  

 This situation doesn’t appear to be the norm for most neighbourhoods. The Natural 

Resources Defense Council (NRDC) (2017) reports that most communities in general will 

not have issues with their local grid but does warn against complacency. In California, $5 

billion is spent every year to maintain the grid distribution system. Of that, an estimated 

$610,000 was spent to help accommodate electric vehicles, which equates to around 100th 

of 1 percent (NRDC, 2017). Of course, if North America sees a dramatic increase in EV 

uptake, the grid may encounter issues if no planning occurs. BC Hydro claims they have 

been planning for increased EV ownership since 2007 and is prepared for potential issues 

the grid may face. 

 There are a number of things we can do to help reduce potential stress on our local 

grids. The first task that is beneficial for households regardless of EV uptake is to use 

energy efficient water heaters, fridges, and light bulbs as well as better home insulation to 

reduce energy consumption. Energy efficient homes and commercial buildings will help 

free up capacity to charge EVs in the future. For EV owners, choosing to charge overnight 

opposed to during peak usage times will also help provide relief.  

Kong et al., (2018) state that EVs made be integrated into the grid by one of three different 

operational modes: 

1. Fixed loads (uncontrolled charging strategy) 

2. Flexible loads (controlled or smart charging strategy) 

3. Mobile energy storage systems (vehicle-to-grid) 

Fixed load charging is essentially the current operational mode. Users are 

charging at their convenience, during all hours of the day, with no restrictions. This 

mode of charging is sufficient for the time being, but mass adoption of EVs would make 
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this mode unsustainable for existing grids. A shift toward a decentralized energy network, 

or smart gird network, may be the future of infrastructure systems.  

 “Distribution System Operators (DSOs) are the operating managers (and 

sometimes owners) of energy distribution networks” (European Distribution System 

Operators’ Association for Smart Grids (EDSO), 2014, para. 1). In British Columbia, the 

British Columbia Transmission Corporation (BCTC) plans, operates, and manages the 

transmission system and BC Hydro owns the transmission and distribution assets (BC 

Hydro, 2005). This type of energy system relies on controlled and centralised power 

generation that is predictable, and one-directional (EDSO, 2014). The following graphic 

that shows a traditional energy system:  

Figure 13 Traditional Energy System. 

(EDSO, n.d.) 

Simply put, flexible load charging or “smart charging” is the intelligent charging of 

your EV. Smart charging allows for variable power use within peak and off-peak times 

(Fleetcarma, 2016). The utility provider will be able slow down charging speeds when 

energy demand is at its highest and then return it to normal speeds once the grid usage 

lightens (Fleetcarma, 2016). The use of a smart battery charger is used to communicate 

with a vehicles smart battery pack management system. This is necessary for the control 

and monitoring of the charging process (Fleetcarma, 2016). This results in lower charging 

costs and equalized grid usage while still meeting the vehicle owner’s charging needs. All 

government-funded EV charging stations will be required to be smart chargers by 2019 in 

the United Kingdom (Fleetnews, 2018). 

It is costly and inconvenient for communities to continually experience the 

extending or altering of their existing physical grid infrastructure (EDSO, 2014). The 
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combination of using complementary IT solutions including “adding communication, 

sensors and automation allowing DSOs to actively manage the varying generation and 

demand” is referred to as a “Smart Grid” (EDSO, 2014, para. 7). Many governments have 

been encouraging the implementation of Smart Grids to help track and reduce energy 

usage. Proper monitoring and increased efficiency could help deal with climate change 

and emergency resilience (Fox-Penner, 2014). Although they are still in their infancy, they 

do have the potential to be useful for DSOs who wish to circumnavigate the challenges of 

EV integration. The following graphic shows the multi-directional transfer of energy 

throughout the network. Energy is distributed and received at various junctures throughout 

this non-linear network.  

 

Figure 14 Multi-directional Transfer of Energy Throughout Network. 

(EDSO, n.d.) 

Electric vehicles are essentially large mobile batteries. A study by Hirdue and 

Parsons (2015) found that the average US car is parked 95% of the time. If we are 

anticipating potential future grid issues, then we need to utilize this statistic. The final 

mode discussed is mobile energy storage systems or vehicle-to-grid (V2G). The basic 

concept of V2G is to use parked EVs batteries as energy storage devices for the 

electrical grid. The grid would be able to pull electricity from the EVs battery to help 

regulate usage when electricity is in high demand or in the event of unforeseen 

equipment failure (Kong et al., 2018). Cleantechnica (2018) highlights the fact that an 
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individual EV using this technology would have a minimal positive effect on the grid, but 

hundreds or even thousands could have a tremendous impact.  

 

Figure 15 Schematic representation of V2G operation. 

(Cenex,2017) 

The Nissan Leaf is currently the only EV model on the market utilizing bi-directional 

charging (Nissan USA, 2018). Bi-directional charging enables users to give excess power 

from their vehicle back to the grid in exchange for a cash rebate. Nissan has developed 

its Energy Share pilot program that involves constant smart metering to allow utility 

companies to draw energy from the EVs during peak hours of demand (Nissan, 2018). 

This service provision results in payment to the EV owner from the utility company, which 

helps lowers the life-cycle cost of an electric vehicle.  

This V2G is a great option for company fleets to help reduce their operating costs 

and help solidify EVs as a viable, economic option. A study by UK’s leading home battery 

company Moixa and consultancy Cenex found individual users in the UK were earning the 

equivalent of $84 US dollars per month through their V2G pilot program (Moixa, 2018). 

There have been reports of consumers earning as much as $4000 per year utilizing the 
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V2G service in certain studies (Kong et al., 2018). The relationship can be mutually 

economically beneficial for the EV owner and the utility company.  

Utility companies rely on reserve margin to ensure that there is always enough 

electricity to meet demand. The formula used to calculate reserve margin is “(capacity 

minus demand)/demand, where "capacity" is the expected maximum available supply and 

"demand" is expected peak demand (Energy Information Administration, 2012, para. 2). 

In other words, the service provider is required to store extra electricity in excess of the 

expected peak demand at all times. This is an expensive precautionary investment. The 

ability to have mobile energy storage has the potential to save utility companies 

considerable money. V2G ready EVs would have a positive effect from an environmental 

standpoint as they would reduce the reliance on generators currently providing reserve 

service (Bishop et al., 2013). The savings from a fleet of PHEVs providing V2G service 

could save the grid up to $200 annually per vehicle (Sioshansi and Denholm, 2010). With 

an increased emphasis on climate change initiatives, V2G would appeal to policy makers 

looking to make an impact in their community (Bishop et al., 2013).  

The concept of using an EV as a back-up battery for the home came after a 2011 

earthquake in Japan that left many homes without power. During the disaster EV batteries 

were listed as a potential energy source for those affected. The bi-directional charging 

ability of the Nissan Leaf could be used to power homes. Nissan has demonstrated the 

Leaf’s capability to power a typical Canadian household with enough electricity for a full 

day when fully charged (Nissan, 2018). Since the earthquake, between 4,000 and 5,000 

Leaf-to-Grid systems have been installed in Japan (Energy Matters, 2018).  

V2G technology was invented back in 1996 (Nuuve, 2018) and some people are 

questioning if it will ever become a mainstream option. A V2G service requires investment 

to pay for the additional electronics, communication, and connections infrastructure (Kong 

et al., 2018). Once again, we are faced with a chicken-and-egg infrastructure issue for 

many countries. EV ownership isn’t high enough (yet) in most locations to warrant 

spending the money necessary to implement a high functioning V2G system, yet potential 

EV owners are continually searching for reasons to make the transition from ICE to EV.  
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The UK government is investing $42 million US in V2G technology. The funding 

will be used to pay for research, design and development projects (InsideEVs, 2018). As 

of February 2019, The UK has approximately 195,000 registered plug-in cars 

(NextGreenCar, 2019), a number that has the potential to make an impact on the grid. UK 

Transport Minister Jesse Norman views V2G as a “‘huge opportunity’ for electric vehicles 

to play a part in the country’s energy distribution.” The Government is taking a proactive 

approach to handle potential future issues as well as generate economic gains for EV 

owners and DSOs.  

Besides the associated investment costs, there have been concerns that providing 

V2G service reduces the battery life of EVs. Studies have found the effects to range from 

no effect all to seriously detrimental to the health of the battery. A study by Peterson et. al 

(2010) found that V2G service had a mild effect on battery life. Contrarily, a study by 

Bishop et al. (2013) found that best case scenario a battery in a PHEV with an all-electric 

range of 10 kilometers would need to have its battery replaced every five years. If the EV 

routinely used the V2G service, it would reduce the battery life to three years (Bishop et 

al., 2013). Two studies released in 2017 also had extremely contrary results, one finding 

V2G discharging to be harmful, while the other found V2G may not degrade battery life at 

all. Further research will need to be done to solidify the true effects of V2G service on EV 

battery life.  

 V2G can be inconvenient for the EV owner using the service. The provision of V2G 

service limits the owner’s ability to have freedom and complete mobility of their vehicle 

during the contracted hours of service. The EV may also have reduced or limited power 

immediately following the service hours (Kong et al, 2018). This inconvenience may be 

too restrictive for some EV users, while others may be willing to sacrifice some 

inconvenience for the associated savings.  

 Canada currently has roughly 50,000 registered EVs (Fleetcarma, 2018) which 

limits it potential to maximize the benefits of a V2G service. As EV uptake increases, 

densely populated areas may benefit from V2G. In the meantime, there are measures that 

can be taken to balance grid usage. The simplest action is having EV owners charge their 

vehicle during non-peak usage times. In British Columbia, BC Hydro could price electricity 

to encourage EV charging to occur during off-peak hours. Plugging the EV in to charge 
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overnight when general usage is low would therefore be beneficial for the utility company 

as well as the consumer. Charging during peak periods would be discouraged through 

higher pricing during those hours.  

 

 

Figure 16 Optimal vs. Avoidance EV Charging Times. 

(NRDC,2018) 
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Chapter 3: Methodology 

3.1 Research Design and Rationale 

This report is written as a Living Research document. It focuses on the concept of 

Action Research which “aims to contribute both to the practical concerns of people in an 

immediate problematic situation and to further the goals of social science simultaneously.” 

(Gilmore et al, 1986 p. 161) The quickly evolving nature of EV literature and technology 

requires researchers to develop implementation recommendations and strategies that are 

current yet adaptable. Research for this study was updated routinely to best reflect the 

current conditions of the EV market and policy development.  

Rationale:  

 Quantitative and qualitative data was collected through case studies, interviews, 

and attendance at EV workshops. The interviews were conducted with individuals who 

were currently working on EV projects in local government or as private consultants. 

Interviewing Planners and Energy Specialists from municipalities within the Cowichan 

Valley provided a diverse range of perspectives for EV infrastructure and implementation.   

3.2 Interviews 

 Interview participants were chosen based on their professional roles and 

experience in clean energy and transportation. The participants were located in British 

Columbia, with an emphasis on professionals working on Vancouver Island. A total of 9 

participants received a consent form and the following five questions in advance of the 

official interview via email. The five questions are high level to help facilitate open 

discussion and allow for the participants to draw from their personal and professional 

experiences.  

1. What is your current title and role? 

2. How do you define the EV industry? – the scope of how EV is currently 

 Considered? 
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3. Who is leading in EV policy and strategy? 

4. What are the barriers to EV implementation generally? 

5. What policy recommendations do you have that would improve the uptake of EV 

 in communities in general? 

3.3 Workshops 

 Three different EV Workshops were attended in Victoria and Greater Victoria, 

British Columbia. Each workshop was approximately three hours in length. The workshops 

included presentations from a number of professionals in the field, consultants, and local 

government workers. There was also opportunity for questions and open discussion at 

each event. Detailed notes were taken at each workshop and the researcher received a 

copy of each presenter’s PowerPoint presentation.  

3.4 Case Studies 

This study examines six EV initiatives and strategies that were used to help 

formulate policies for the Cowichan Valley Regional District that will be relevant today and 

for the foreseeable future. The City of Richmond, City of North Vancouver, City of 

Vancouver, The Capital Regional District, The Regional Districts of the Kootenay, and the 

country of Norway were chosen based primarily on the following three factors: 

• Existing objectives and policies in their respective Official Community Plans, 
Zoning Bylaws, or extensive EV Strategies.  

• A broad range of locations consisting of metro, rural and international settings to 
provide a diverse collection of objectives, policies, and strategies.  

• Personal recommendations from professionals currently working with electric 
vehicle infrastructure and implementation. 

 *It is important to note that the case study summaries are not comprehensive of all 

information found in the areas’ OCP, Zoning Bylaws, and EV Strategies. Certain 

components of these documents were analyzed more thoroughly to conform to the scope 
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of this research paper. There was also an emphasis placed on reporting objectives and 

strategies that were unique to a specific location to help formulate an analysis based on a 

wide range of existing policy and proposed ideas.  

3.5 Data Collection 

     The data from interviews was collected via personal notes and audio recordings. They 

were then transcribed into a Microsoft Word document to develop key themes. Notes from 

EV workshops attended were also used to develop key themes. These key themes were 

organized and summarized to create a useful recap for the reader.  

3.6 Ethical Considerations 

Ethical approval was applied for and granted by Vancouver Island University to 

conduct interviews. Each participant in this study completed a consent form prior to their 

interview. The information collected during the interview is likely to be uncontroversial, and 

thus the research poses only a very small risk of harm to participants. However, upon 

completion of all interviews, it was deemed best to proceed with anonymized information.  

All information gathered through the interview process was transcribed into themes 

in Microsoft Word on a password protected computer to ensure potentially sensitive 

information was protected. All participants in this study will remain anonymous to the 

public. The use of anonymized information allows participants to provide comment 

irrespective of their position within their company and reduces the apprehension 

associated with commenting on behalf of their place of employment. The workshops 

attended were intended for practicing professionals in local government. Any confidential 

or sensitive information discussed at these workshops has been omitted from this study.  

3.7 Limitations  

This study is limited due to the quickly evolving nature of electric vehicle 

technology. EV technology and policy is regularly being altered to best reflect the needs 
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and wants of local governments and the public. The researcher wrote the report as a Living 

Research document to reflect this. A Living Research document requires constant 

updating and therefore may not be entirely accurate at the time of completion.  

The research is also limited due to a lack of local public consultation. Professionals 

and local government employees currently working in the clean technology sector were 

identified and referenced, but no information was collected from local residents. Local 

residents would be able to provide integral localized knowledge to better inform any 

suggested policy recommendation. Further collaboration with the CVRD engineering 

department and the Ministry of Transportation and Infrastructure will also be required to 

address the feasibility of charging station locations throughout the region.  
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Chapter 4: Results and Findings 

4.1 Introduction 

 This chapter contains the current policies found in the OCP and Zoning Bylaws of 

the incorporated municipalities within the CVRD and the Electoral Areas of the CVRD. It 

also examines policies from The City of Richmond, The City of North Vancouver, The City 

of Vancouver, The Capital Regional District, The Accelerate Kootenays project, and the 

country of Norway. These locations are considered to be “leaders” in EV policy 

development and implementation. 

 The data collected from the interviews and workshops was summarized and 

organized to reflect the various views of professionals working in the public and private 

sector. A combination of existing policy and suggestions from a breadth of professionals 

can help formulate new, innovative policy. 

4.2 EV Readiness: Current Local Government Policy 

Sections 4.2 and 4.3 are a compilation of existing objectives and policies found in 

current Official Community Plans and Zoning bylaws. They were tabled in this particular 

fashion to allow for the potential of new objectives and policies to be included for 

comparative reasons at the time of policy implementation in the CVRD. These objectives 

and policies are not an extensive list but were generally chosen for their originality to avoid 

repetition and duplication.  

4.2.1 Incorporated Municipalities Within the CVRD 

The chart below is a compilation of the current objectives and policies found in the 

Official Community Plans and Zoning Bylaws for the incorporated municipalities located 

within the Cowichan Valley Regional District.  
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Policy 

Location: 

4.2.1 Incorporated Municipalities Within the CVRD: 

Current OCP Objectives & Policies 

The City of 

Duncan 

OCP, p. 89 

New multi-unit residential developments should reduce greenhouse 

gas emissions by incorporating any or all of the following: The 

implementing zoning Bylaws may include provisions to relax parking 

requirements for commercial, industrial, mixed use or multi-unit 

developments in exchange for car-share or car co-op stalls, electric 

vehicle charging stations, or cash-in- lieu for the development of 

transportation amenities such as walking trails, cycling paths, bike 

racks and transit shelters. Strategies: building siting; choice of building 

materials and colours; energy efficiency measures; highly insulated 

building envelope; use of renewable energy for heating and cooling; 

bicycle parking and storage facilities; electric vehicle parking and 

support facilities; and reduced automobile parking in accordance with 

relevant Bylaws provisions.  

The 

Municipality 

of North 

Cowichan 

OCP, p. 88 

The Municipality will promote the use of low-speed electric vehicles as 

an alternative to fuel powered vehicles for local travel within North 

Cowichan, per provincial regulations, and support the establishment of 

electric vehicle ready infrastructure, which may include the provision of 

charging stations.  
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Policy 

Location: 

4.2.1 Incorporated Municipalities Within the CVRD: 

Current Zoning Bylaw RegulationsObjectives & 

Policies 

The City of 

Duncan 

Zoning, p. 22 

Multi-unit residential, commercial, or community uses must install one 

(1) electric vehicle charging station, minimum Level-2, for every 20 

required off-street parking spaces. 

The 

Municipality 

of North 

Cowichan 

Zoning, p. 

160 

Applicants are encouraged, where feasible, to use on-site renewable 

energy generation systems to supply electrical and heating and cooling 

needs to buildings and other structures, and to operate water pumps, 

sewage pumps and/or charging stations for electric vehicles. 

Renewable and alternative energy sources include but are not limited 

to: geothermal energy (heat loops and wells), wind (turbines), low-

impact hydropower, passive solar heating (collectors, photovoltaic 

panels); co-generation; fuel cells; heat energy extracted from air (heat 

pumps), biomass, bio-gas and wastewater effluent.  

The Town of 

Ladysmith 

Zoning, p. 8 

“Gas Bar” definition: means one or more pump islands, each consisting 

of one or more pumps dispensing motor vehicle fuels such as gasoline, 

diesel, propane, or ethanol and may include an electric vehicle charging 

station.  
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4.2.2 CVRD Electoral Areas  

The unincorporated Electoral Areas of the CVRD currently have the following objectives 

and policies in their OCP and Zoning Bylaws: 

Policy 

Location 

4.2.2. CVRD Electoral Areas: Current OCP Objectives 

& Policies 

OCP Area D, 

p. 62 

In conjunction with a regional electric vehicle (EV) charging strategy, the 
CVRD will encourage EV charging stations with public and parking 
facilities.  

OCP Area D, 

p. 62 

The implementing zoning Bylaws may include provisions to relax parking 
requirements for commercial, industrial, mixed use or multi-unit 
developments in exchange for car-share or car co-op stalls, electric 
vehicle charging stations, or cash-in lieu for the development of 
transportation amenities such as walking trails, cycling paths, bike racks 
and transit shelters.  

OCP Area D, 

p. 141 

New major development requiring four or more parking stalls should 
include an on-site electrical car charging station and designated bicycle 
parking. Site Design guidelines  

OCP Area D, 

p. 27 

All multiple unit residential, mixed use and commercial developments 
requiring at least 10 parking spaces shall provide at least one electric 
vehicle charging outlet, which is readily accessible for charging a vehicle 
in a required parking space. 

OCP Area 

ABC & Area 

I, p. 36 

To encourage senior governments to enact measures to tax mineral 
carbon fuels appropriately, to mandate very substantial improvements 
in corporate fleet fuel economy of new automobiles and trucks and to 
encourage the turnover of the present automobile and truck fleet in 
favour of more fuel-efficient and electric vehicles.  
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4.3 EV Readiness: Case Studies of the Current “Leaders” in 
EV Policy 

4.3.1 The City of Richmond 

 The City of Richmond has a population of 198,309 residing on a 129.27 square 

kilometre land mass (City of Richmond, 2018). 

The City of Richmond amended its OCP and Zoning Bylaws in 2017 to include 

electric vehicle objectives and policies. These objectives and policies are considered to 

be quite progressive compared to the national standard. Richmond has clearly 

demonstrated that it is working towards a complete electrification of passenger vehicles in 

the city. All new residential development will be required to provide charging equipment 

for a minimum of 20% of the proposed parking spaces. An additional 25% of the parking 

stalls are required to be pre-ducted for future wiring to ensure easy and cheaper 

installation if the charging demand exceeds the current supply. These parking spaces 

must also feature and energized outlet that is capable of providing Level 2 charging or 

higher capabilities. These policies also help encourage home charging opportunities as 

Level 2 charging capability requirements provides EV owners the ability to fully charge in 

4-6 hours. This is another positive step towards the reduction of range anxiety and 

distance deviation for EV owners.  

 The City of Richmond also released the Community Energy and Emissions Plan 

which is a comprehensive document that helps monitor energy use and carbon emissions 

on a local level. The City of Richmond CEEP was developed to assist in the realization of 

the community vision for its 2041 OCP. One of the proposed goals is to have a “near 

complete conversion of the passenger vehicles fleet to electric cars by 2041” (City of 

Richmond CEEP 2014, p. 57). The strategy acknowledges that there will need to be “some 

combination of price changes and broader acceptance of electric vehicles” (p. 57) for this 

to occur. This is an ambitious goal considering the document predates the Province of 

BC’s recently released initiative to sell only zero-emissions vehicles by 2040. 

 A section of this strategy discusses the promotion of low carbon personal vehicles. 

The recommendation is a transition to smaller, more fuel-efficient vehicles and electric 
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vehicles. To support this recommendation, the City of Richmond used the funding it 

received to install ten EV charging stations at five locations for public and fleet use in 2013 

(City of Richmond CEEP 2014). In an effort to increase uptake and reduce range anxiety 

the City is also considering whether new service stations should include EV charging 

infrastructure. The City of Richmond is also considering the provision of premium parking 

in the City Centre for small or electric vehicles.  

 The CEEP states “the existing EV charging network is largely focused in the City 

Centre” (City of Richmond CEEP 2014, p. 47). However, the City is looking at other key 

locations across the city to help expand the network for all residents. Strategically placed 

charging stations would help create a network that works in collaboration with the City of 

Vancouver to the North, and Surrey’s network to the East. An extensive local network that 

covered a thirty-kilometer radius would have a positive effect diminishing range anxiety 

and distance deviation for EV owners.   

The following chart shows the current objectives and policies that can be found in 

the City of Richmond’s Official Community Plan and Zoning Bylaws: 
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Policy 

Location 

4.3.1 City of Richmond: Current OCP Objectives & 

Policies 

OCP, 

p. 8-4 

Ensure that new developments provide transportation facilities and 
programs that encourage greater use of transit, walking, rolling, cycling, 
and energy efficient vehicles (e.g., electric cars).  

OCP, 

p. 8-23 

Support new vehicle technologies that reduce non-renewable energy use 
and air emissions (e.g., electric cars and scooters);  

OCP, 

p. 8-23 

Facilitate a transition to electric vehicles by: • requiring new residential 
developments to provide charging equipment for a minimum of 20% of 
the parking spaces • supporting a network of publicly available charging 
stations.  

OCP, 

p. 8-24 

Support the adoption of plug-in electric vehicles and other vehicle 
technologies that can emit zero greenhouse gas and air contaminant 
emissions.  

OCP, 

p. 8-24 

Support the use of plug-in electric vehicles, including bicycles and 
mobility scooters, through the provision of electric vehicle charging 
infrastructure in new residential, commercial and mixed use 
developments; b) support renovations of existing buildings to facilitate the 
integration of electric vehicle charging infrastructure; c) support the 
ongoing development of publicly accessible electric vehicle charging 
infrastructure networks, including expanding the City-owned network of 
public electric vehicle charging stations.  

OCP, 

p. 14-80 

Electrical Vehicle Outlets a) Consider some co-op, family and 5% of CRU 
parking stalls equipped with conduit for electrical vehicle outlets and 5% 
of CRU parking stalls equipped with 240-volt electrical outlets.  
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Policy 

Location 

4.3.1 City of Richmond: Current Zoning Bylaw 

Regulations 

Zoning,  

p. 7.15.1 

For new buildings, structures and uses, all residential parking spaces, 

excluding visitor parking spaces, shall feature an energized outlet 

capable of providing Level 2 charging or higher to the parking space.  

Zoning,  

p. 7.15.2 

Energized outlets, provided pursuant to section 7.15.1 above, shall be 

labeled for their intended use for electric vehicle charging.  

Zoning,  

p. 7.15.3 

Where an electric vehicle energy management system is implemented, 

the Director of Engineering may specify a minimum performance 

standard to ensure a sufficient rate of electric vehicle charging.  

 

4.3.2 The City of North Vancouver 

The City of North Vancouver has a population of 52,898 residents on a land mass 

of only 11.83 km2 (Statistics Canada, 2016). The City has seen significant growth, with a 

population increase of 9.8% over the last five years (Statistics Canada, 2016). 

The City of North Vancouver released a comprehensive electric vehicle strategy in 

the fall of 2018. The strategy has high level objectives that aim to “maximize access to EV 

charging; Displace fossil fuel kilometres travelled with electric kilometres travelled in the 

City; and Increase awareness and knowledge level of EVs and EV charging options 

among residents” (City of North Vancouver EV Strategy, 2018, p. 5).  

 A recent survey found that 38% of EV owner respondents did not have overnight 

charging capabilities where they parked their EV. These owners are dependent on 

workplace charging or the public network to satisfy their charging needs. The City has 
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suggested level 2 charging stations be sited curbside on residential streets near homes 

that don’t have garages or on-site parking (City of North Vancouver EV Strategy, 2018). 

An interesting strategy mentioned is the integration of level 2 charging stations with the 

existing street light infrastructure. Using the existing light infrastructure requires no civil 

work and utilizes the current electrical supply.  

 Research for the development of the strategy found that the installation of public 

DC fast chargers as well as multifamily building retrofits would have the greatest impact 

on reducing range anxiety and increase EV ownership. The ability to top up or reach an 

80% charge in under 30 minutes at a public DC fast charger reduces the need for an EV 

owner to alter their regular routine in the city. This is especially true, if the user is able to 

complete their daily errands while their EV charges. The City of North Vancouver views 

its role as short term in regard to providing public EV charging infrastructure. They believe 

private sector ownership is the future for EV charging once the market expands and 

becomes more mainstream. Privatization could potentially create competition that can 

ultimately lower the cost of charging for users. There will need to be enforceable 

requirements to ensure public charging infrastructure is universal and doesn’t become 

exclusive to certain makes and models.     

 Recent amendments to the Development Permit Guidelines found in the 1995 

zoning Bylaws no. 6700 have seen the inclusion of electric vehicle guidelines. These 

guidelines aim to provide 20% of structure parking spaces with access to an electric supply 

and the provision of two level 2 charging stations for every commercial building. Form and 

character guidelines also identify the need for all residential parking spaces to include an 

energized outlet that has the capability to charge an electric vehicle. The Director of 

Planning has the ability to specify the minimum charging standard for specific 

developments to better improve the overall charging network.  

 The following charts show the current objectives and policies that can be found in 

the City of North Vancouver’s Official Community Plan and Zoning Bylaws:  
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Policy 

Location 

4.3.2 City of North Vancouver: Current OCP 
Objectives & Policies 

OCP,  

p.46 

Strategically manage on-street and off-street transportation facilities to 

prioritize more sustainable forms of transportation through a variety of 

measures (e.g. providing bicycle end-of-trip facilities and pedestrian-

level lighting, reducing parking requirements in developments in close 

proximity to transit, on-street pay parking, electric vehicle charging 

stations, and parking spaces for car-share, carpool and low-emission 

vehicles).  

 

Policy 

Location 

4.3.2 City of North Vancouver: Current Zoning Bylaw 

Regulations 

Zoning,  

p. 26 

Incorporate preferential parking for carpool, car share and electric 

vehicles to encourage alternative modes of transportation.  

Zoning,  

p. 27 

Facilitate and promote the use of electric vehicles by providing 20% of 

structure parking spaces with access to electric supply, and supply 

rough-in conduits and provide two level 2 charging stations for each 

commercial building.  

Zoning,  

p. 14 

Vehicle charging infrastructure should be provided as follows: (a) 20% 

of all parking spaces should include an electrical outlet, a receptacle or 

electric vehicle supply equipment where applicable, and should be 

supplied by a branch circuit rated not less than 40 A at the nominal 

voltage of 208 V or 240 V as applicable; and (b) adequate space in the 
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electrical room or electrical vault to support future electric vehicle 

charging for the remaining parking spaces.  

Zoning,  

p. 22 

All residential parking spaces shall feature an energized outlet capable 

of providing charging to the parking space with the following 

specifications: • Energized outlets shall be labeled for their intended use 

for electric vehicle charging; •Where an electric vehicle energy 

management system is implemented, the Director of Planning may 

specify a minimum performance standard to ensure a sufficient rate of 

electric vehicle charging; • Energized outlets shall meet applicable 

established minimum performance standards in place at the time of 

development.  

 

4.3.3 The City of Vancouver 

 The City of Vancouver has a population of 631,486 (Stats Canada, 2016), spread 

over 114 square kilometers (City of Vancouver, 2019). Vancouver has emerged as a 

leader in Electric Vehicle strategy and policy. In March of 2018, Vancouver City Council 

approved recommendations to update the 2016 EV Ecosystem Strategy. New multi-unit 

residential builds will now be required to increase EV-ready residential parking stalls from 

20 percent to 100 percent (City of Vancouver, 2018). The approval of this recommendation 

places Vancouver as one of the “first cities in North America to adopt a 100 percent EV-

ready policy for all new multi-unit residential buildings” (City of Vancouver, 2018, para. 5). 

The other recommendations were to expand charging infrastructure throughout the city 

and to create preferential parking policy for zero emissions vehicles.  

 The City of Vancouver currently owns and operates 75 of the existing 250 electric 

vehicle charging stations. The 2020 and Beyond Renewable City Strategy produced by 

the City of Vancouver shows the EV Ecosystems Strategy resulting in the installment of 

20-25 fast charging stations and 40 level 2 stations over the next five years. This will 

improve public charging access and visibility in the city to accommodate the estimated 

30,000 EV’s in Vancouver by mid-2020s and is necessary for the estimated 200,000 EV’s 
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expected by 2050. The recent BC Provincial mandate sale of only zero emission vehicles 

by 2040 may expedite these timelines.  

 Vancouver recently introduced charging fees for nine stations across the city (City 

of Vancouver, 2018). An increase in EV ownership has led to turn-over and availability 

issues in certain areas. The fees are kept low to encourage the continued EV uptake in 

general while promoting the sharing of existing stations. Fees will be either be displayed 

as a blended rate to be paid at the EV station. The blended rate fluctuates primarily on the 

Parking rate as the EV charging rates consistently range from $0 to $2 per hour.  
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Table 5 Sample of Fee Breakdown for Parking Rate and EV Charge Rates in the City of Vancouver. 

(City of Vancouver, 2018) 
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The City of Vancouver relocated their electric vehicle charging requirements from 

their building Bylaws to their parking Bylaws in 2018. The following Parking Bylaw 

requirements were updated in July 2018: 

Policy 
Location 

4.3.3. City of Vancouver: Current Parking Bylaw 
Regulations  

Parking 
Bylaws,  

p. 4-32 

One-family dwelling, two-family dwelling, one family or two family 

dwelling with a secondary suite or lock off unit, rowhouse and laneway 

house, each storage garage or carport shall be provided with an 

energized outlet capable of providing Level 2 charging or higher to the 

storage garage or carport, except where the provisions of Sentence 

10.4.3.(2) of Division B of Building By-law apply;  

Parking 
Bylaws,  

p. 4-32 

multiple dwelling, multiple dwelling component of a multiple-use 

development, or rowhouse, all parking spaces provided for residential 

use, excluding visitor parking spaces, shall be provided with an 

energized outlet capable of providing Level 2 charging or higher to the 

parking space.  

Parking 
Bylaws, 

p. 4-32 

commercial building or commercial component of a multiple-use 

development with ten or more parking spaces, a minimum of one 

parking space for every ten parking spaces, plus one space for any 

additional parking spaces that number less than ten, shall be provided 

with an energized outlet capable of providing Level 2 charging or higher 

to the parking space.  

Parking 
Bylaws,  

p. 4-32 

Commercial building or commercial component of a multiple-use 

development with less than ten parking spaces, a minimum of one 

parking space shall be provided with an energized outlet capable of 

providing Level 2 charging or higher to the parking space.  
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4.3.4 The Capital Regional District  

 The Capital Regional District (CRD) is comprised of 13 municipalities and three 

Electoral Areas (CRD, 2018). There are 392,000 citizens in the region that extends across 

southern Vancouver Island and the southern Gulf Islands covering 2,341 km2 (CRD, 

2018). Over 50% of the population reside in the City of Victoria and the district municipality 

of Saanich (Statistics Canada, 2017). This naturally is also where the bulk of the charging 

infrastructure exists.  

In September of 2018, the CRD released a Local Government Electric Vehicle 

Infrastructure backgrounder (LGEVIB), 2018). This document was created to gain a better 

understanding of the current and future state of EVs and charging infrastructure in the 

region. The CRD conducted surveys to find out the public’s views of EVs in general and 

charging infrastructure. The survey addressed various components of potential EV 

ownership ranging from purchasing motivators to charging accessibility. A summary of the 

results shows that those considering the transition to an EV are doing so because of their 

reduced impact on the environment, financial savings, and the recently improved battery 

range of EVs (LGEVIB, 2018). The main concerns expressed were based on EVs simply 

being too expensive still, a lack of public charging infrastructure, and the inability to charge 

at home (LGEVIB, 2018). The survey results also show that the ability to charge at home 

in single family and multi-family residences is very important. In fact, respondents were 

more concerned with charging at home then having access to a public charging station or 

workplace charging (LGEVIB, 2018).  

 With the exception of the Township of Esquimalt, municipalities are not charging a 

user fee for public charging station usage. There has been recent discussion between 

municipalities to help establish a fee structure to help manage the anticipated growth of 

EVs in the region.  

The CRDs (2018) current rationale behind introducing a charging fee includes: 

1. Manage increasing demand 

2. Limit the length of charging sessions 

3. Provide neighbourhood charging for EV drivers without access to an at-home charger 
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4. Avoid conflict between station users 

5. Reduce range anxiety for current and prospective EV drivers 

As EV usage increases, densely populated areas will need to find ways to quickly 

adapt to charging issues as they arise. Proper planning can help mitigate these issues, 

but there most likely will be unforeseen problems that accompany this transition.  

 The communities of Esquimalt and Colwood have recently updated their OCPs. 

The new OCPs include innovative and detailed EV policies to help expand and promote 

EVs and EV infrastructure. These policies can be found in the table following section this 

section. The CRD as a whole has highlighted the importance of EVs in their Climate Action 

Plan (2017). The strategy has set a target of having 5,000 EVs in the community by 2020 

(District of Saanich, 2018). The City of Victoria has also placed an emphasis on designing 

and implementing an EV strategy to help meet the goals of their 2018 Climate Leadership 

Plan.  

In 2016, the CRD board reached out to senior government agencies to develop 

hydrogen fuelling infrastructure. The infrastructure would be “Industry owned and 

operated, publicly accessible, and funded through industry and/or senior levels of 

government” (CRD, 2018, para. 7). This has resulted in Victoria becoming Vancouver 

Island’s first hydrogen fueling station by 2020. Hydrogen fueling stations are used to power 

fuel cell electric vehicles (FCEVs). This technology has been popular in larger machinery 

like forklifts and buses in the past but has recently made its way into the passenger vehicle 

class. British Columbia is considered to be a world-leader in fuel cell technology due to its 

access to clean hydroelectric power. The Province has seen heavy investment in research 

and development from automakers and the fuel cell industry (BCGOV, 2018).  

The following chart shows the current objectives and policies that can be found in Official 

Community Plans and Zoning Bylaws within the Capital Regional District. The following is 

not an exhaustive list of objectives and policies as there are 13 different municipalities and 

3 Electoral Areas located within the boundaries of the CRD. The following were selected 

to avoid repetition and highlight innovative policies within the region. OCP Objectives & 
Policies and Zoning Bylaw Regulations for Municipalities Located Within the CRD: 
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Policy 
Location 

4.3.4 City of Colwood: Current OCP Objectives 
& Policies 

OCP, Policy p. 75 Support the use of electric vehicles by: a. Building on past success, 

finding opportunities to install additional public charging stations at 

locations that are visible and easily accessible with a mix of land 

uses that do not currently have a charging station, such as mixed-

use buildings, public parks, and community centres; and b. 

Reviewing parking standards to identify how electric vehicle 

charging stations can be included in new residential and 

commercial developments, as part of the Zoning Bylaws update. 

 

Policy 
Location 

4.3.4 City of Victoria: Current OCP Objectives & 
Policies 

OCP, p. 59 

 

Promote a safe and inviting downtown parking environment 

including the provision of bicycle and electric vehicle parking at key 

destinations. 

OCP, p. 60 Support the reduction of transportation-generated greenhouse gas 

emissions, by giving consideration to: The provision of charging 

stations for electric cars, electric scooters and bicycles in new 

multi-unit residential, commercial, office and mixed-use 

development. 
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Policy 
Location 

4.3.4 Town of Esquimalt: Current OCP 
Objectives & Policies 

OCP, p. 28 

 

Encourage the installation of electric vehicle charging 

infrastructure in medium and high-density residential 

developments.   

OCP, p. 32 The installation of electric vehicle charging infrastructure in 

commercial/commercial mixed-use developments is encouraged.  

OCP, p. 51 

 

Where appropriate, consider using public parking areas for 

parking of bicycles and electric vehicles.  

OCP, p. 59 

 

Investigate the potential for increasing the capacity for alternative 

fuelling in the Township, including but not limited to electric and 

bio-diesel.  

OCP, p. 59 

 

Encourage the installation of electric vehicle charging 

infrastructure in all new multi-unit developments.  

OCP, p. 59 

 

Pursue the installation of electric vehicle charging capacity in new 

developments during the rezoning process.  

OCP, p. 98 

 

In commercial areas, provide fast charge electric vehicle charging 

stations near locations that have quick customer turnover, and 

ensure the station is easily accessible, well lit, and visible from the 

public street.  

OCP, p. 105 

 

Commercial and multiple-family buildings should include provision 

for charging stations for electric vehicles where appropriate. 
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Policy 
Location 

4.3.4 District of Oak Bay: Current OCP 
Objectives & Policies 

OCP, p. 141 

 

 

Encourage the inclusion of bicycle parking areas and facilities such 

as showers, lockers, and change rooms, and electric and hybrid 

vehicle charging stations, within Mixed Use, Specialized 

Commercial, Community Institutional, and Multi Unit Residential 

development projects. Consider including this as a requirement in 

the revised Zoning Bylaws.  

OCP, p. 182 Provide charging stations for electric vehicles and secured storage 

for bicycles. 

 

Policy 
Location 

4.3.4 Town of View Royal: Current Zoning Bylaw 
Regulations 

Zoning, p. 44 For every commercial or multiple unit residential development that 

requires more than 100 parking spaces, an electric vehicle 

charging station is required on the lot, in a location which is 

accessible to the patrons or residents.  

4.3.5 The Kootenays 

 The Regional District of Kootenay Boundary (RDKB), Regional District of East 

Kootenay (RDEK), the Regional District of Central Kootenay (RDCK), and many smaller 

communities, formulated the Accelerate Kootenays initiative to implement their EV 

infrastructure. A combination of these regional districts results in 25 local governments 
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and 23 Electoral Areas with a total population of 146,234 spread over 57,791square 

kilometers (Fueling Change in the Kootenays, 2016). The distance between each 

community limits public transportation and the positive effects of good urban design. The 

personal vehicle still reigns supreme.  

 The Kootenay region has some of the highest transportation sector GHGe’s in BC, 

amounting to 60% of their total emissions. (Accelerate Kootenays, 2017). In a 

collaborative effort to reduce GHGe’s, the region’s primary objective was formulated: “The 

initiative will pilot the effectiveness of a comprehensive, collaborative approach to the 

transition toward low and zero emission vehicles in a rural context” (Fueling Change in the 

Kootenays, 2016, p. 2). To help site their Level 2 and Level 3 they used BC Institute of 

Technology’s (BCIT) EV Infrastructure Planning Assistant. This tool is able to factor in 

“station type, roads (speed, elevation, distance), EV energy consumption, temperature 

adjustments, battery capacity, battery aging, and battery charging curves, to more 

realistically understand range limitations for the various models” (Time to Electrify, 2016, 

para. 1). All of these factors were necessary considerations in a geographic area with 

extreme weather and topography.  

 The project team used a 2013 model Nissan Leaf traveling with 2 passengers at -

10 Celsius (Accelerate Kootenays, 2017) to site their DC Fast Chargers. The battery 

technology is already superior in newer EV models, but it does ensure that all EV owners 

can use the network. This is a useful strategy that also benefits PHEVs which generally 

have less all-electric range than BEVs. PHEVs should be able to use the Kootenay 

network without having to switch over to gasoline.   

 Each of the 40 communities are equipped with a Level 2 charger. These charging 

stations were strategically located to enhance tourism in the Kootenay region. Many 

chargers are located near shopping, restaurants, and other local attractions. This strategy 

allows local EV drivers to complete their daily routine and bring in tourism dollars from 

drivers passing through. 13 DC Fast Chargers are positioned to allow long distance travel 

and reduce range anxiety for those residing in the area as well as those travelling through.  

The Accelerate Kootenay project is a leading example of creating connectivity 

between rural and urban areas. They addressed the charging station gaps throughout the 
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region to help facilitate the transition to low-emission vehicle ownership. The area will 

greatly benefit from the eventual availability of zero-emission trucks and SUV models. 

Individuals who require these types of vehicles for work or leisure will have an opportunity 

to transition as well.  

The following chart shows the current objectives and policies that can be found in 

Official Community Plans and Zoning Bylaws within the Kootenay region. The following is 

not an exhaustive list of objectives and policies as there are 25 local governments and 23 

Electoral Areas located within the boundaries of the Kootenay region. The following were 

selected to avoid repetition and highlight innovative policies within the region.  

Policy 
Location 

4.3.5 The Kootenays: Current OCP Objectives & 
Policies 

City of Nelson 

OCP, p. 82 

Consider using on-site renewable energy generation systems to 

supply electricity, heating and cooling energy to buildings and 

other structures, water pumps, sewage pumps and/or charging 

stations for electric vehicles.  

Kaslo Village 

OCP, p. 41 

Council shall encourage the use of electric or alternate fuel source 

vehicles. 

Town of 
Kimberley 

OCP, section 
4.4.2. 

Implement infrastructure that supports and facilitates greater 

uptake of alternative forms of transportation, such as bicycle lanes, 

bicycle parking facilities, bus stops, sidewalks and pathways, 

electric vehicles or other emerging technologies; 

Encourage residents, visitors and businesses to utilize alternative 

forms of transportation, such as transit, electric and hybrid 

vehicles, bicycles and walking; 

Lead by example by implementing the use of electric or hybrid 

vehicles in its operations where practical; 
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4.3.6 Norway 

The country of Norway has had EV incentives for nearly 30 years. The Pacific 

Institute for Climate Solutions (PICS) (2015) compares British Columbia to Norway. Both 

locations have similar populations and geography (PICS, 2015). They both also generate 

over 90 percent of their electricity from hydropower. In Norway, hydropower generates 95 

percent of total power production, with the rest coming from thermal and wind sources 

(International Hydropower Association, 2017). British Columbia produces 96% of its 

electricity from renewable resources (Ministry of Energy and Mines, 2017).  

 Norway has seen a tremendous increase in EV uptake. In 2018, one out of every 

3 vehicles sold were zero-emission vehicles (Electrek, 2019). As of the beginning of 2018, 

there were 139,000 passenger electric cars registered in Norway (Statistics Norway, 

2018). This amounts to an increase of over 42.4 percent from 2017. Øyvind Solberg 

Thorsen, CEO of the Norwegian Road Traffic Information, was quoted saying “2018 was 

the year when new passenger cars that go on alternative fuels fortified their strong position 

in the market.” With the release of the Tesla Model 3 and other improved EV models this 

number is supposed to grow even more significantly in 2019 (Electrek, 2019). One 

drawback of the exceptional growth is that the demand has exceeded the supply and 

potential buyers are having to wait until 2020 or beyond if they are looking for specific 

models (Electrek, 2019).  

 The uptake of EV’s in Norway did not happen overnight. Starting back in 1990, 

Norway removed the purchase and import taxes if you purchased an EV. Norway charges 

very high standard taxes for all ICEs. These taxes range “from approximately 20% to 40%. 

The exact tax calculation depends on the weight of the car and its estimated emissions” 

(Axios, 2019, para. 5). Coupled with the average price of gas in January 2019 at $2.50/litre 

in Oslo, Norway (Expatisan, 2019) you have a logical recipe for a transition to zero-

emission vehicles.  

From 1997-2017, they removed all charges on ferries and toll roads, and municipal 

parking was free from 1999-2017. Electric vehicles are even allowed to use the bus lanes 

throughout the country. A full compilation of incentives is listed below. Norway has seen 

so much success with its incentives that they have recently started to reduce or eliminate 
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some of these perks, but there are still many available that make EV’s cost competitive or 

even advantageous compared to traditional vehicles.  

 Norway scrapped over 136,000 passenger car and vans under their refund 

scheme in 2017 (Statistics Norway, 2017). This program removed vehicles that were 

contributing to GHGe and will likely be replaced by zero-emission vehicles. The scrapping 

program is an integral part in the Norway’s plan to be all-electric by 2025. A plan that is 

more aggressive than any other country in the world.  

The recent surge of EV uptake in Norway has presented unprecedented 

challenges. Despite having the world’s largest fasting charging station, that can charge 28 

vehicles at the same time, some high-density areas are struggling to keep up (World 

Economic Forum, 2018). In Central Oslo, the “number of charging points per vehicle has 

dropped from one charger per four cars, to one charger per 10 cars” (World Economic 

Forum, 2018, para. 7). The EV market share in Norway is expected to grow again in 2019. 

The charging infrastructure will need to keep pace to reduce charging station congestion 

and potential user frustration.  

 

To help remedy these potential issues Norway is looking to China’s recent success 

in EV strategy development and implementation. China’s Ministry of Industry and 

Information Technology pledged to invest $15.2 billion by 2020 in subsidies and incentives 

for EV production. These investments and subsidies have resulted in nearly five hundred 

local electric car makers (Wall Street Journal, 2018). EV Volumes (2018) predicts that 

China will sell 1.1 million zero-emission vehicles (or New Energy Vehicles in China) in 

2018. Norway is hoping the sheer volume and innovations of China’s market will help 

develop EV technology quicker and result in lower prices globally.  

Many policies documents are currently only available in Norwegian. Norsk 

Elbilforening, a Norwegian interest organization for EV motorists, summarized the zero 

emission incentives from 1990-2019 that assisted mass EV uptake throughout Norway. 
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Table 6 Timeline of EV Incentives in Norway 

(Norsk Elbilforening, n.d.) 

Norway • No purchase/import taxes (1990-) 

• Exemption from 25% VAT on purchase (2001-) 

• No annual road tax (1996-) 

• No charges on toll roads or ferries (1997- 2017). 

• Charges were introduced on ferries with upper limit of maximum 

50% of full price (2018-) 

• Charges on toll roads were introduced with upper limit of 

maximum 50% of full price (2019) 

• Free municipal parking (1999- 2017) 

• Parking fee for EVs was introduced locally with an upper limit 

of maximum 50% of full price (2018-) 

• Access to bus lanes (2005-). 

• New rules allow local authorities to limit the access to only 

include EVs that carry one or more passengers (2016) 

• 50% reduced company car tax (2000-2018). 

• Company car tax reduction was lowered to 40% (2018-) 

• Exemption from 25% VAT on leasing (2015) 

• Fiscal compensation for scrapping of fossil vans when 

converting to a zero-emission van (2018) 

• Allowing holders of driver licence class B to drive electric vans 

class C1 (light lorries) up to 2450 kg (2019) 
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4.4 Summarized Interview Results 

 The following four questions were asked to all interview participants. (Question # 

1 was omitted from the summarized results as it asks, “What is your current title and 

role?”). The researcher opted to summarize the data collected in an anonymized manner. 

Participants were comprised of nine professionals who worked in both the public and 

private sector in varying levels of government. The responses were summarized to show 

the key themes and thought processes that emerged from the interview participants: 

1. How do you define the EV industry? – the scope of how EV is considered? 

The EV industry is defined as being new and emerging. The consultant(s) 

interviewed stated that many organizations did not have a lot of knowledge or experience 

with EVs. A lot of information was acquired through personal unpaid research. They 

looked to leaders in the field and online documents to help formulate a strategy that could 

work locally.  

The province of British Columbia used the following definition to describe Clean Emission 

Vehicles (CEV):  

The CEV sector refers to electric vehicles (i.e., battery electric vehicles and plug-in 

hybrid electric vehicles) and hydrogen fuel cell electric vehicles, and includes 

companies and organizations involved in all aspects of the supply chain –from raw 

materials to final consumer products–related to vehicles or vehicle components, fuel 

and infrastructure, and transferable technologies and services (e.g., software and 

smart grid). The sector encompasses a wide range of economic activity that includes 

various industry sectors, as well as related academic, research, policy and advocacy 

initiatives. (Clean Energy Vehicle Economic Opportunities Assessment, 2016, p. 9).  

Overall, most participants agreed that the EV industry is still in its infancy in 

Canada. There was a lot of excitement surrounding a transition to EVs, but also an 

acceptance that there are still many challenges ahead to make it happen on a larger scale. 

Canada will need to analyze the successes and failures of EV implementation on a local 
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and national scale to help determine a strategy that will have longevity and function 

efficiently.  

2. Who is leading in EV policy and strategy? 

 British Columbia, Quebec, and Ontario (prior to the instatement of the Ontario PC 

Party government) are leading the charge on a provincial level in Canada. The Kootenays 

and the province of Quebec were mentioned as leaders in rural EV policy. Quebec has 

set 35 different initiatives that encourage electric transportation in various forms ranging 

from freight to public transportation.  

  British Columbia was mentioned by all participants as a leader in electric vehicle 

policy and strategy. The City of Vancouver, North Vancouver, Richmond, Surrey, the 

Kootenays, and the Capital Regional District were noted as early adopters for helping 

initiate the groundwork for EV infrastructure. Many municipalities have used their 

framework to construct a local strategy.  

 The City of Vancouver was touted as a leader for enforcing requirements for EV 

parking and charging readiness in condos and multifamily homes. The City of Richmond’s 

Community Energy and Emissions Plan (CEEP) has led to the creation of objectives and 

policies in their Official Community Plans that strongly encourage EV uptake. Richmond’s 

current Zoning Bylaws includes policies that require certain developments to be “EV 

ready”.  

 On an international scale, the state of California, Norway, and the United Kingdom 

were also recognized at leaders in the development and implementation of EV policy and 

strategy. They were put in high regard for their level of monetary investment and attention 

to detail throughout the planning and implementation process. China was also mentioned 

as a leader, but participants did not know many details in regard to their policy and 

strategies.  

In the Kootenays, the politicians were mentioned as the instigators and leaders for 

the development of an EV strategy. A collaborative effort between the three Regional 

Districts with support from Columbia Basin Trust, the Federation of Canadian 
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Municipalities, the Province of BC, FortisBC, BC Hydro, and Powertech Labs created the 

Accelerate Kootenays project. The development of an EV strategy was seen as an 

effective way to reduce greenhouse gas emissions in a car-centric region. Public 

transportation and active transportation are promoted in the region, but the long distances 

between urban areas makes the personal vehicle the most practical option. 

3. What are the barriers to EV implementation generally? 

There were a number of barriers mentioned throughout the interviews. The most 

frequent barrier stated was high costs at the consumer and infrastructure level. EV 

technology is rapidly improving, and purchase prices are simultaneously becoming more 

affordable, yet they are still generally more expensive than an ICE. A higher sticker 

purchase price, combined with a lack of awareness and knowledge of EVs by both the 

general public and front-line sales, is a limiting factor. Although there has been a 

tremendous increase in potential EV models, there remains a lack of inventory available 

to the public. Interview participants stated potential buyers were often disappointed at the 

current availability of electric vehicles at their local dealership.  

 The cost of charging stations is the primary barrier to creating an extensive EV 

network. The cost to install charging stations varied depending on location and type. Level 

1 chargers typically cost $500 for a retrofit, Level 2 chargers ranged from $2500 to $15000, 

and DC Fast Chargers cost $50,000 to $100,000. The broad ranges factored in the 

charging stations number of connectors, its geographical location (urban vs rural), and 

whether it was a stand-alone unit or mounted to an existing electrical system. The current 

high cost of the DC Fast Chargers means they won’t be profitable in most locations for a 

very long time, if ever in some locations. This makes it difficult to justify their installation 

and creates a barrier for a fast charging network.  

 The availability and regulation of public parking spots is a current and future issue 

for EV users. Local governments are forced to find the right balance of EV ownership 

encouragement while still considering the associated costs of electricity and necessary 

infrastructure. There were accounts of ICE vehicles parking in EV designated spots for 

convenience or simply because they didn’t understand what they were. A few locations 

like Vancouver and the CRD have introduced fees with charging. Although this may seem 
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counter-intuitive to the encouragement of EV use, these fees are necessary to help offset 

electricity costs. They also help increase turnover and reduce charging station congestion. 

In strata buildings it has also become a challenge to regulate who is being charged and 

finding ways to charge individuals for their energy use.  

 The limited charging options at workplaces is another barrier to increased EV 

adoption. In the municipalities interviewed, there were stories of residents who were 

unable to charge their vehicles at their workplace. This was often due to the lack of existing 

infrastructure. The described workplaces either had no charging areas or a limited amount 

that was insufficient for the number of employees driving EVs. There was also one account 

of employers telling employees that they can’t have free charging because it is considered 

to be a service.  

 In the Kootenays there is a want and arguable need to drive larger vehicles such 

as trucks and SUVs. The geography and climate do provide some limitations for EV usage. 

There was optimism that improved battery range and truck models would help remedy this 

issue.  

4. What policy recommendations do you have that would improve the uptake of EV 
in communities in general? 

Most participants didn’t have specific policy recommendations to improve the 

uptake of EVs. They did state that focusing on education and outreach campaign was 

considered to be the most important task at this time. Informing and educating the public 

and dealerships on EVs in general could result in the greatest increase in uptake. The 

promotion of electric vehicles through local government car fleets was suggested as a 

great way to showcase EV models to the public while leading by example. If people do 

not have a base understanding of EVs in general, the positive effects of good policy will 

be limited. 

 Regulations were considered to be a huge factor in the effectiveness of EV 

development. Many communities are interested in electric vehicles, but implementation 

can be an issue if it isn’t regulated or incentivized. Developers are highly motivated to 

realize pro forma expectations. A lack of regulations or incentives makes EV readiness 
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simply another cost with no return. It was recommended that developers receive an 

expedited allocation process or additional density as potential incentive options.  

 The creation of a federal strategy was considered to be an important piece for the 

improvement of EV uptake. A top down approach would be beneficial to provide direction 

at the provincial and municipal level. The interview participants agreed the most tangible 

results will occur at the municipal level. Municipal governments and Regional Districts 

have the ability to develop documents such as OCPs, development permit guidelines, and 

Strategic Community Emission Plans that could also improve the uptake of electric 

vehicles. Well-researched, region-specific, objectives and policies can provide the 

necessary direction for communities to successfully manage and increase EV uptake.  

The following table is a summary of the key points collected throughout the interview 

process: 
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Table 7 Summarized Interview Results 

1. How do you define the EV 
industry? – the scope of how 
EV is considered? 

2. Who is leading in EV policy 
and strategy? 

 

3. What are the barriers to EV 
implementation generally? 

 

4. What policy 
recommendations do you 
have that would improve 
the uptake of EV in 
communities in general? 

-New and emerging 

-Quickly evolving 

-Exciting  

-Infancy in Canada 

-Personal research is still 
required 

-Defined by established 
terminology 

-Research and 
experimentation necessary 

-Local government led 

-The City of Vancouver 

-The City of North Vancouver 

-Richmond 

-Surrey 

-the Kootenays 

-Quebec 

-Capital Regional District 

-Norway 

-California 

-United Kingdom  

-China 

-Cost (Initial purchase price of 
EVs, charging infrastructure) 

-Availability of EV charging 
stations 

-Lack of awareness 

-Minimal knowledge of EVs at 
dealerships 

-Lack of vehicle supply 

-Minimal regulations at this 
time 

-Parking (fees and structuring) 

-Strata restrictions 

-Public Education and 
outreach campaigns 

-Training for dealership 
salespersons 

-A federal strategy 

-Enforceable regulations 

-Incentivization of EVs and 
related infrastructure 

-Local government and 
company EV fleets 
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4.5 Workshop Results 

 Watt Consulting Group prepared the "Local Government Electric Vehicle (EV) + 

Electric Bike (E-Bike) Infrastructure Backgrounder" (2018) for the CRD, which is an 

extensive report of the current status of electric vehicles and infrastructure in the Capital 

Regional District. The workshops attended in Victoria, British Columbia were organized 

and hosted by the CRD Climate Action program, with the intention of informing local 

government staff on electric vehicle infrastructure. The workshop schedules included 

presentations from local government employees, consultants, and engineers who were 

actively working on EV infrastructure and policy projects. Following the presentations there 

was an opportunity for a question period and small group discussions. The small group 

discussions were used to discuss specific issues and identify possible solutions.  

 The presentations primarily focused on the urban setting but many of the 

opportunities and barriers are transferrable to a sub-urban and rural setting. The key 

presentation and discussion points gathered from the workshops included: an overview of 

EVs in general, the current barriers to EV adoption, potential EV incentives, existing and 

proposed EV infrastructure, retrofit considerations, and EV policy.  

A sufficient amount of time was allocated to simply inform participants about 

electric vehicles in general. Many attendees had limited knowledge or personal experience 

with EVs. An overview that included the current types of EVs, charging station types, and 

the current status of EVs, was beneficial not only for the participant, but for the community 

they represent. Information obtained at these workshops provided an opportunity for 

participants to leave confident in their ability to answer basic EV questions from the public.  

The five main barriers discussed at the workshops were the upfront cost of the 

vehicle, real and perceived range anxiety, a lack of general awareness of EVs, insufficient 

charging infrastructure options, and a limited supply of EVs for sale at local dealerships. 

The barriers discussed at the workshops are the same issues that can be found in almost 

every geographic location. This shows that there is an opportunity for policies and 

strategies to be transferred and adapted to work on a local level. The existing academic 

literature also focuses heavily on the barriers mentioned at the workshops.  
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 A 2017 survey from PluginDrive found that the higher sticker price of EVs was the 

largest barrier given when asked if they would switch from a gasoline powered vehicle. 

The workshop encouraged participants to demonstrate to their community the actual cost 

of ownership (as discussed earlier with the Canadian Automobile Association’s EV to ICE 

ownership comparison calculator) by providing a different perspective that shows the long-

term savings may increase EV uptake in British Columbia.  

Despite the fact that 95% of car trips in BC are less than 30kms (BCHydro, 2018), 

participants discussed their communities’ residents’ reluctance to purchase an EV due to 

the lack of charging infrastructure. A CRD survey reported that nearly 1 in 5 respondents 

indicated that perceived range anxiety was a major barrier affecting their decision to buy 

an EV. Although this should be considered a significant barrier in an urban setting, this 

number is expected to be considerably higher in sub-urban and rural areas where 

residents commute longer distances with less frequent charging opportunities.   
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Chapter 5: Discussion 

5.1 Analysis of Key Findings 

The purpose of this study is to provide electric vehicle objective and policy 

recommendations for the Cowichan Valley Regional District’s (CVRD) future modernized 

OCP. The CVRD currently has nine OCPs that will be consolidated into one during the 

harmonization process. The harmonized OCP will only contain existing content. The 

modernization process will be an opportunity for new and revised content to enter the 

OCP. The future consolidated regional OCP will be a guiding document for its nine 

Electoral Areas. These Electoral Areas generally have rural characteristics as they 

surround the four municipalities located within the CVRD boundary.  

 The primary research question asks, “What objectives and policy measures need 

to be taken to develop sub-urban and rural electric vehicle infrastructure and 

implementation in the unincorporated areas of the Cowichan Valley Regional District?” To 

properly answer this question the researcher developed sub-questions that could guide 

the process. These sub-questions focus on the specific barriers associated with EV uptake 

in rural areas. Based on the current state of EV technology and infrastructure, existing 

barriers have been compiled and ranked to reflect their suggested order of importance for 

EV uptake in the CVRD. 1 being the most important, 7 being least important.  

It is important to note that even though these barriers have been ranked from most 

important to least important, implementing strategies to mitigate the effects of each 

individual barrier is vital for mass EV uptake.  
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Table 8 Ranking of Barriers for EV Implementation in the CVRD 

Barrier: Order of Importance in 
the Unincorporated 
Areas of the CVRD: 

Range Anxiety (Availability of Charging Infrastructure) 1 

Higher Purchase Price          2 

Model Availability and Educated Dealership Salespersons 3 

Distance Deviation                   4 

Electric Grid Capabilities  5 

Recreational Capabilities 6 

1. An analysis of the data collected for this study found range anxiety is the number 

one barrier for sub-urban and rural residing EV users. This includes both perceived and 

actual range anxiety for users. Most people still fear that EVs do not have enough stored 

energy to accommodate their daily driving requirements. The simplest solution to alleviate 

range anxiety is to bolster public and private charging infrastructure. EV users need to feel 

confident in their ability to charge at home, at work, and on the public network. The 

installation of public charging stations provides visual reassurance for users the same way 

strategically placed gas stations do for ICE drivers.  

Sub-urban and rural users typically reside in single family or duplex homes with 

driveways or garages. There is ample opportunity to charge overnight with a standard 

120V Level 1 charger or have a Level 2 charger installed for faster charging speeds. 

PluginBC’s 2018 Level 2 charger rebate which covered 75% of project costs up to $750 

were all distributed within six months which shows a want and need for this technology. 

Increasing the number of available rebates would have a positive effect for the 

unincorporated areas of the CVRD. Similar to the Kootenays, some rural residents in the 
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CVRD depend on larger vehicles like trucks and SUVs for work or pleasure. New EV 

versions of these vehicle types could function as a satisfactory replacement.  

Public education is the key to reducing the issue of perceived range anxiety. The 

media tends to gravitate towards statistics that highlight EVs limitations rather than their 

ability to function as a viable vehicle option. A combination of educative news articles, 

television commercials, and trained dealership salespersons would be beneficial. Range 

anxiety will continue to lessen the more mainstream and capable EVs and charging 

infrastructure appear to be.  

2. The higher purchase price of EVs compared to ICEs is still considered to be a 

major barrier for potential buyers. The initial purchase price is often at least $5000 to 

$10000 more than a comparable ICE model. As shown in this study, the savings in fuelling 

and maintenance make EVs a cost competitive option when combined with government 

incentives. The added environmental, health, and V2G potential benefits do not result in 

cash-in-hand monetary value but should be considered social and global benefits of EV 

ownership. Residents who are regularly commuting from rural areas in or surrounding the 

CVRD could see significant economic, environmental, and social benefits if they were to 

transition from an ICE to an EV.  

3. Dealerships in the Cowichan Valley and Canada in general have a limited supply 

of EVs. This is a major barrier as potential buyers are unable to view or test drive models. 

It is uncommon for people to make a major vehicle purchase without having the ability to 

test drive it first. Provincial and Federal Governments need to encourage automakers to 

ship EVs north of the border as the current supply is being engulfed by the market in 

California. Those residing in sub-urban and rural areas may need larger vehicle models 

such as trucks and SUVs to accommodate their lifestyle. An overall increased presence 

and different EV models in dealership lots would provide potential buyers with options to 

suit their driving needs. Improved training of salespersons at dealerships would also have 

a positive impact. Studies have shown a general enthusiasm about EVs, but a lack of 

understanding has led to the spread of misinformation in regard to EVs capabilities.  

Economies of scale and improving battery technology should make EVs cost 

competitive or cheaper than ICEs in the future. China has taken advantage of both of 
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these factors and combined them with an aggressive incentive program that has resulted 

in exponential EV uptake throughout the country. Case studies show that the government 

needs to be the driving force for increased EV uptake. Norway has been incentivizing EVs 

for nearly thirty years to help accomplish the feat of having one out of every three vehicles 

sold, be a zero-emission vehicle in 2018 (Electrek, 2019). The Accelerate Kootenays 

project was also initiated by local governments and is viewed as an investment not 

necessarily for the present, but for the future of the region. 

4. The CVRD currently has thirteen Level 2 chargers and one DC Fast Charger 

within its boundaries. A majority of these chargers are located along the highway corridor 

which makes sense as a majority of the population resides nearby. The current clustering 

of chargers does create some limitations however. Those residing in sub-urban and rural 

areas are potentially forced to deviate from their preferred routes to charge. This distance 

deviation can be viewed as an inconvenience that limits the appeal of EVs for potential 

buyers. Home and workplace charging options combined with better battery performance 

should eradicate this problem in the future. In the meantime, increasing public charging 

options in sub-urban and rural environments would be beneficial. 

Charging stations located at service stations typically fail to provide adequate 

services or entertainment for the user waiting to charge their vehicle. With charging wait 

times of 15 to 30 minutes on average using a DC Fast Charger, charging locations need 

to be located where they can be incorporated into our daily routine. Shopping centres, 

parking lots near outdoor parks, and grocery stores are just a few examples of locations 

where a person can charge their vehicle while completing their daily tasks. These charging 

stations should be easy to access and robust enough to effectively reduce the time needed 

to charge. 

5. The effects of increased EV usage on the electrical grid will require further 

location-based research. BC Hydro (2018) reports that they have been preparing for 

increased EV uptake over the past decade. The presence of Level 1 chargers will have 

minimal to no effect on sub-urban and rural residential homes. Level 2 chargers could 

cause potential issues if they are clustered in areas that require transformer upgrades. DC 

Fast Chargers require significant voltage and are therefore only part of the commercial 
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grid at this time. Fast Charging stations could pose a challenge for the grid if charging 

technology continues to progress and use higher voltages to supply faster charging times.  

6. The last barrier discussed is the ability for EVs to access remote areas for 

recreational purposes. EV users want to feel confident that they can access outdoor 

recreation areas for activities like hiking and skiing for example. This barrier is tied to range 

anxiety in the sense that users question their EVs ability to complete their trip without 

running out of charge. Popular outdoor recreation areas should be equipped with at least 

Level 1 chargers to allow users to charge while they recreate. Although their charging 

speeds are not optimal, it would at least provide an emergency charging option. Again, as 

battery life range improves, these types of issues will dissipate.  

The solution to the chicken-and-egg dilemma of British Columbia rests in the hand 

of all levels of government. The Federal Government will release national level policies to 

inform provincial and local governments of a uniform national directional to increase EV 

uptake. British Columbia is currently one of the leading provinces for EV uptake. They 

should continue to incentivize the purchase of EVs and home charging systems as well 

as continue to lead by example with the acquisition of ZEV fleets. Lastly, local 

governments need to create area specific policies that will increase EV uptake and ensure 

its longevity. These policies should provide direction for the community and developers to 

make strategic decisions that benefit the community as a whole.  

5.2 Policy Recommendations 

Based on this study I, the researcher, have proposed the following policies to be discussed 

during the modernization process of the Cowichan Valley Regional Districts OCP and 

Zoning Bylaws: 

OCP Objective and Policy RecommendationsObjectives:  

• Increase the number of public charging stations throughout the region by 2030. 

• Develop a collaborative educational outreach campaign with its incorporated 

municipalities to increase EV uptake in the region. 

• Increase charging availability and accessibility. 
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• The CVRD will operate a zero-emission vehicle fleet by 2030. 

• Incentivize the retrofitting of existing commercial retail parking spots. 

• Locate charging stations a minimum frequency of 25 kilometers on major roads 

located within the CVRD. 

Policies 

• Incent new developments with density bonusing to provide installation of 

charging stations. 

• Support the increase of public charging stations throughout the region. 

Zoning Regulation Recommendations: 

• Accessible Level 1 charging is required in all single-family residential zones. 

• All other zones are required to be EV-ready and capable of Level 2 charging or 

higher. 

• New gas station developments must include alternative fuelling station options. 

Parking Regulation Amendments:   

• Add centrally located octopus style chargers in all Commercial zones. 

• Public parking must have a minimum of 20% spots dedicated for the Charging of 

electric vehicles. 

• EV Charging limited in public parking spots for up to three hours. 

5.3 Next Steps  

This document will need to be regularly updated to best reflect the current status 

of EV infrastructure on a local, provincial and federal level. Collaboration with the 

Engineering and GIS department of the CVRD is necessary to help site possible charging 

station locations throughout the region. The siting of these charging stations will also help 

alter the above suggested policy recommendations to better reflect the current and future 

direction of electric vehicle infrastructure.  
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The construction and implementation of an EV educational program is the most 

important task at this time. The public require a good understanding of the benefits, 

challenges, and opportunities of the EV industry before they are able to make educated 

decisions for the direction of their community. An extensive public consultation process is 

needed to confirm the needs of the population. The suggested ranking of barriers which 

was based off of geographic factors and existing literature may not be a true reflection of 

the current demographic. A series of informative sessions, open houses, and public 

meetings will be necessary to help understand the wants and needs of the community for 

the present and the future.   

The successful implementation of EV infrastructure requires a collaborative effort. 

The CVRD will need to coordinate with its incorporated municipalities as well as the 

surrounding areas to create a robust and efficient charging network. An extensive charging 

network will help eliminate barriers like range anxiety and distance deviation and better 

connect the urban, sub-urban, and rural areas of the region. A Vancouver Island wide 

strategy would be instrumental for the synchronisation of charging station locations and 

the potential amenities that come with them.  

It will require extensive planning, public consultation and clear objectives and 

policies and regulations, but there is a tremendous opportunity for the CVRD to be a future 

leader in sub-urban and rural EV policy and infrastructure. 
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Appendix A. Consent Form 

 

 

Charging into the Future: An EV Strategy for the Cowichan Valley Regional District	

Factors Associated With Academic Success 

 

Principal Investigator 
Jordan Brietzke, Student 
Master of Community Planning 
Vancouver Island University  
jmbrietzke@gmail.com   

Student Supervisor 
Don Alexander, PhD. 
Department of Geography/ Master of 
Community Planning Program 
Vancouver Island University  
don.alexander@viu.ca   
 

I am a student in the Master of Community Planning at Vancouver Island University (VIU). My research is 
entitled “Charging into the Future: An EV Strategy for the Cowichan Valley Regional District” My aim is 
to create an electric vehicle strategy for the CVRD that can be used to guide the implementation 
process. I am researching proposed and existing EV strategies in the province of BC. Conducting 
interviews with professionals with knowledge of electric vehicles will guide the strategy development 
process. My hope is that my research will be of benefit to the region as well as the CVRD. 

Research participants are being asked to participate in a face-to-face research interview. If you agree, 
you will be asked questions concerning your personal experiences with electric vehicles and the creation 
of EV strategies. Participation will require approximately 30-45 minutes of your time. You have the 
option of participating under a pseudonym and you may withdraw from the interview at any time.  
  
The information collected during the interview is likely to be uncontroversial, and thus the research 
poses only a very small risk of harm to participants. With your permission, the interview would be audio 
recorded and later transcribed into writing to develop themes from the results. At your request, you will 
be provided a copy of the transcript and invited to make changes to it as you wish (e.g., if you would like 
to withdraw a particular statement you made during an interview). Electronic data will be stored on a 
password-protected computer. Signed consent forms and paper copies of interview transcripts will be 
stored in a locked file cabinet in my home. Data will be deleted and shredded at the end of the project, 
approximately May 31st, 2019.  
 
The results of this study will be published in my Master of Community Planning Major Project, and may 
also be used for conference publications, presentations, and published in peer-reviewed journals.   
  
Your participation is completely voluntary. You may withdraw from the study at any time where 
practicable, for any reason, and without explanation. If you would like to review and potentially make 
changes to the transcript of the interview, you may withdraw up to two weeks from the time of being 
provided a copy of the transcript. If you decline to review the transcript, you may withdraw up to two 
weeks from the date of our interview. If you choose to withdraw from the study, all information you 
provided during the interview will be withdrawn from the study and destroyed.   
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I have read and understand the information provided above, and hereby consent to participate in this research 
under the following conditions:  

I consent to the interview being audio recorded. 

 

Yes                                     No               

I consent to having my personal identity disclosed in the products of the 
research.  

Yes                                     No               

I consent to being quoted in the products of the research. 

 

Yes                                     No               

 
 
Participant Name ________________________ Participant Signature ____________________________  
  
 
I, Jordan Brietzke, promise to adhere to the procedures described in this consent form.  
 
Principal Investigator Signature __________________________ Date _______________  
 
 
If you have any concerns about your treatment as a research participant in this study, please contact the 
VIU Research Ethics Board by telephone at 250-740-6631 or by email at reb@viu.ca.  
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Appendix B. Interview Questions 

 
1.         What is your current title and role? 

2. How do you define the EV industry? – the scope of how EV is currently 

 Considered? 

3. Who is leading in EV policy and strategy? 

4. What are the barriers to EV implementation generally? 

5. What policy recommendations do you have that would improve the uptake of EV 

 in communities in general? 
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Appendix C. Electric Vehicle Available in BC 
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Appendix D. Advanced Technology Multipliers for 2017 
to 2025 Model Year Vehicles. 
 

Model 
year 

Canadian electric 
and fuel cell 
vehicle multiplier 

U.S. electric and 
fuel cell vehicle 
multiplier 

Canadian plug-
in hybrid vehicle 
multiplier 

U.S. plug-in 
hybrid 
vehicle 
multiplier 

2017 2.5 2.0 2.1 1.6 

2018 2.5 2.0 2.1 1.6 

2019 2.5 2.0 2.1 1.6 

2020 2.25 1.75 1.95 1.45 

2021 2.0 1.5 1.8 1.3 

2022 1.5 N/A 1.3 N/A 

2023 1.5 N/A 1.3 N/A 

2024 1.5 N/A 1.3 N/A 

2025 1.5 N/A 1.3 N/A 

(Government of Canada, 2018) 
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Appendix B.  

 

Thesis Template: Important Licensing Information 

Please read this licensing information and  
remove this appendix or replace it with your own appendix before converting 

your thesis to PDF and submitting it to the Library. 

The styles found within this document have been modified from those created by 

Joanie Wolfe, in accordance with CC BY-NC 2.5 CA. The Intellectual Property present in 

SFU’s template-based file belong to Joanie Wolfe and are licensed via Creative Commons 

Attribution-NonCommercial 2.5 Canada (CC BY-NC 2.5 CA) 

(http://creativecommons.org/licenses/by-nc/2.5/ca/).  

When text from this document is copied and pasted to other documents it will retain 

the unique styles from the template. If you plan to use some, or all, of your thesis for 

commercial purposes, you must first release your text from the styles. 

To release your text from the styles:  

1.  select the text; 

2.  apply the Normal style;  

3.  copy the text; 

4.  open a new blank document;  

5.  paste that text into the new document; and   

6.  after doing so, check the Style Window/Pane/Panel/Toolbox to be 
sure that the styles that begin with numbers are not present. 

Following the above steps will ensure that you are respecting this licence agreement.  

The 6 steps above are also in the Document Properties, 
so you can locate them again at a later date.  


