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1. Overview

Transportation and mobility are rapidly evolving, driven by a range of factors from climate change,
technology, economics, and general consumer preferences. The electrification of transportation is
part of this emerging and evolving transportation landscape that has and continues to allow
consumers to save significant fuel costs and reduce their overall impact on the environment.
Electric vehicles (EVs) have been emerging over the last 10 years both within the Canadian and
global context; in the last three years alone, there has been a 214% year-over-year growth in EV
sales in Canada." Increases in EV sales have been accompanied by greater diversity in EV models
and improved battery range, which is appealing to a broader range of consumers while
simultaneously alleviating range anxiety.

While EVs do not address congestion issues, which continue to plague a number of communities in
(anada, they do support community greenhouse gas (GHG) emission reduction goals as the
transportation sector typically represents a significant share of GHG emissions. Local governments
are uniquely positioned to capitalize on this opportunity to reduce GHG emissions through
supporting EV adoption through the provision of public EV charging stations and requirements for
new buildings to be EV-ready. Support from local governments is indispensable for increasing EV
adoption in the short-term as the EV market continues to develop.

Electric Bikes (E-Bikes) are another emerging transportation phenomenon that are gaining
popularity worldwide. Similar to EVs, E-Bikes can help communities achieve their GHG emission
reduction targets. Further, with supportive cycling infrastructure in place, E-Bikes have the potential
to substitute for, or completely replace, almost all trips taken by a gasoline powered car, which
could address congestion issues and mitigate parking challenges within urban areas. However, E-
Bikes still face a number of barriers (see Section 2.3) that are limiting their uptake. Fortunately,
local governments can address many of these barriers through policy and planning efforts.

Both EVs and E-Bikes will continue to be critical components of the larger transportation picture
and this document outlines how local governments in the Capital Region could have a significant
role in helping make these emerging forms of transportation more prevalent in their communities.
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1.2 About the Project

Working with and on behalf of local governments, the Capital Regional District (CRD) has
undertaken the Flectric Vehicle (FV) and Flectric Bicycle (F-Bike) Infrastructure Planning Project to
understand and assess opportunities to advance EV and E-Bike charging infrastructure in public and
private locations throughout the region. EV and E-Bike technology is rapidly advancing and this
project is focused on the current landscape. The key objectives of this project are to:

e Understand opportunities for local governments to accelerate uptake of EVs and E-bikes;

o (ollect feedback from the development community and general public to better
understand the barriers and opportunities for EV and E-bike charging;

e Draw on resources and lessons learned from other communities;
 Identify priority locations for new EV charging stations in the Capital Region; and

e (reate an infrastructure planning guide outlining options for local governments on how to
advance EV and E-bike charging infrastructure in the region.

1.2 About the Guide

The /nfrastructure Planning Guide (this document) is the second of two key project outcomes and
contains strategies for local governments and electoral areas, as well as private development, to
expand EV and E-Bike charging infrastructure in the Capital Region. The Capital Region £V + E-Bike
Infrastructure Planning “Backgrounder”is a companion to this document. It was developed as a
summary of EV / E-Bike research and included examples of best practices from leading
jurisdictions, intended to inform this document. Supporting information for many of the conclusions
from this document can be found in the Backgrounder.

This document contains the following information:

e Anoverview of existing EVs and E-bikes, charging station technology, trends in EVs and E-
bike ownership in the Capital Region and elsewhere, and key barriers to uptake;

e Prioritized locations for future installation of public EV charging infrastructure and improved
management of public EV charging stations;

o Opportunities to increase EV and E-Bike charging infrastructure in new development; and

e Recommended approaches for retrofitting existing buildings for EV charging.
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Note, while this report only focuses on EV and E-Bikes, reducing distances travelled, reducing the
reliance on automobiles, improving vehicle efficiency and switching to low or no greenhouse gas
emitting fuels should all be considered as part of a sustainable transportation strategy. Fully hybrid
vehicles and fuel cell electric vehicles (FCEVs) are types of electric vehicle that cannot be plugged
in and charged and are therefore not included in this document.

With EV and E-Bike and other zero emissions transportation technology rapidly changing, and
prices continuing to decline, policy will need to continuously be updated and refined to reflect the
latest trends. This document is intended to be a “living document”.

In September, 2018, the City of Richmond procured a document prepared by C2MP, the
Fraser Basin Council and AES Engineering titled “Residential Electric Vehicle Charging: a

Guide for Local Governments” for use by local governments across BC (herein referred to as

‘the provincial guide’). The provincial guide contains a comprehensive analysis and
recommendations that support this document. Content from the provincial guide is
referenced throughout this document, where appropriate and noted.

The City of Richmond also released another recent publication prepared by AES Engineering,
Hamilton & Company, C2MP, and the Fraser Basin Council titled “Electric Vehicle Charging

Infrastructure in Shared Parking Areas”. Content from this document is also referenced

throughout this document, where appropriate and noted.


https://pluginbc.ca/resource/residential-electric-vehicle-charging-a-guide-for-local-governments/
https://pluginbc.ca/resource/residential-electric-vehicle-charging-a-guide-for-local-governments/
https://pluginbc.ca/wp/wp-content/uploads/2018/10/EV-Charging-Infrastructure-in-Shared-Parking-Areas-Resources-to-Support-Implementation-and-Requirements.pdf
https://pluginbc.ca/wp/wp-content/uploads/2018/10/EV-Charging-Infrastructure-in-Shared-Parking-Areas-Resources-to-Support-Implementation-and-Requirements.pdf
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Acronyms

The following acronyms are referenced throughout this document:

BEV A Battery Electric Vehicle (“BEV”) is powered exclusively by electricity and
must be plugged in to charge. BEVs can be charged via an EV charger or by
a typical wall outlet. BEVs can, on average, travel anywhere from 100 to
400 kilometres with a fully charged battery before requiring a charge.

CRD The Capital Regional District (“CRD") is the regional government for 13
municipalities and three electoral areas on southern Vancouver Island and
the Gulf Islands, serving more than 392,000 citizens. The CRD provides
regional decision-making on issues that transcend municipal boundaries
and enables effective service delivery to residents.

E-Bike  An Electric Bicycle (“E-Bike”) is a type of bicycle with an electric motor of
500 watts or less and functioning pedals that is limited to a top speed of
32 km/h without pedalling.

EV  An Electric Vehicle (“EV”) is a class of vehicles that runs fully or partially on
electricity. EVs have a battery along with (or instead of) a gasoline tank,
and an electric motor along with (or instead of) an internal combustion
engine.

EVSE  Electric Vehicle Supply Equipment (“EVSE”) refers to infrastructure installed
and used to provide electricity for the purposes of charging an electric
vehicle.

MURB  Multi-unit Residential Building (“MURB") is comprised of a common
entrance and separate units that are also known as apartments constructed
for dwelling purposes.

OCP  An Official Community Plan (“OCP”) is a local government’s core planning
document that contains a statement of objectives and policies to quide
decisions on planning and land use management.

PHEV A Plug-In Hybrid Electric Vehicle (“PHEV”) is fueled with both gasoline and
electricity. PHEVs can travel between 20 and 60 kilometres powered by an
electric engine and a fully charged battery, and/or 500 to 900 kilometres
powered by an internal combustion engine and a full tank of gasoline.

ZEV A Zero Emission Vehicle (“ZEV") is a vehicle that emits no exhaust gas from
the onboard source of power. A ZEV is an all-encompassing term that refers
to all types of electric vehicles including plug-in hybrids, battery electric
vehicles, and hydrogen fuel cell vehicles.
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Terminology

The following terms are referenced throughout this document and may not be widely
understood:

EVEMS  Electric vehicle energy management systems (“EVEMS”) refer to a
variety of technologies, including service provision, that allow multiple
vehicles to charge on the same circuit. EVEMS are also referred to as

"o

“load sharing”, “power sharing”, or “smart charging” systems.

Garage A garage orphan refers to a household that does not have access to a
Orphan  carport or garage, and therefore does not have the ability to charge
an EV on-site.

Range Range anxiety refers to the fear of running out of battery power
Anxiety  Dbefore the next opportunity is available to charge an electric vehicle.

Level 1 A Level 1 charger uses a standard house plug (120V) and can be used

Charger for overnight charging at home or all-day charging at work. When
charging cars overnight (8-10 hours), Level 1 chargers can fully
recharge most PHEVs and “top up” a BEV from a typical work
commute.

Level 2 A Level 2 charger uses a dedicated 208V or 240V circuit like those

Charger used for clothes dryers. Level 2 chargers are generally the preferred
option for home charging. Level 2 is also appropriate in public
locations where cars generally park for one or more hours, which
allows EV owners to top up their charge while shopping, recreating, or
working.

Level 3 A Level 3 charger or DCFC can provide about an 80% charge in half an
(Direct  hour. Direct current fast charging is currently (based on today’s
Current Fast  technology and costs) not considered suitable for residential
Charger) installations due to the high cost of equipment, installation, and
power requirements. Not all electric vehicles can plug into a DCFC
charger.
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2. Understanding EVs + E-Bikes

2.1 What is an Electric Vehicle (“EV”)?

For the purposes of this document, an electric vehicle is considered any vehicle that runs fully or
partially on electricity. An EV receives power in whole or in part from an electric motor, depending
on the type (e.qg., a Battery Electric Vehicle relies completely on the electric battery for enerqy,
whereas a Plug-In Hybrid Electric Vehicle can use either the electric engine or an internal
combustion engine to propel the car). Hybrid vehicles are a type of electric vehicle, but cannot be
plugged in and charged and are therefore not included in this document.

EV Types / Technologies
There are two distinct vehicle types, shown below:

Battery Electric Vehicles (“BEVs”) run exclusively
on electricity and need to be plugged into an outlet
or charging station to recharge the battery. The
typical battery range varies from 100 km to over
400 km. Examples of BEVs include Chevrolet Bolt
(left), Nissan Leaf, Tesla Model S.

Plug-In Hybrid Electric Vehicles (“PHEVs”) have
both an electric motor and an internal combustion
engine. The electric motor needs to be charged at
an outlet or charging station and typically has a
shorter battery range than BEVs, and PHEVs use the
internal combustion engine when the battery is low
or when extra propulsion power is needed.
Examples of PHEVs include Hyundai IONIQ (left), Kia
Optima, Chevrolet Volt.
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EV Models + Characteristics

As of May 2018 there are 36 existing EV models (11 BEVs and 25 PHEVs) that are available in
British Columbia. See the Backgrounder (page 3) for a complete list or visit www.pluginbc.ca.
Table 1 presents the extent of characteristics of these BEVS and PHEVs.

Table 1. Summary of Electric Vehicle Models + Characteristics

Vehicle Range” Vehicle Cost
Type (km) (CADS)

BEV 155 -539 28,800 - 200,200
Median: 201 Median: 36,000

PHEV 19 — 85" 31,99? - 152,715
Median: 27 Median: 56,700

“Vehicle range represents electric battery range only.

2.2 About EV Charging Stations

There are four types of charging stations: Level 1, Level 2, Level 3 and Tesla Supercharger. Figure
1 illustrates the key differences between a Level 1, Level 2, and Level 3 charger whereas Table 2
shows the difference in charging range between Level 2 and Level 3 chargers

Level 1 charging stations are household outlets which provide 120V of AC power to the
vehicle. This type of charging takes the longest time, and is typically a good option
overnight.

Level 2 charging stations provide a higher amount of AC power (240V) to the vehicle. Level
2 charging stations recharge the batteries in about four hours. These stations are the most
commonly available public charging stations, and can be installed in parkades, surface lots
or even curbside.

Level 3 charging stations are the quickest-charging stations, in that they provide 480V DC
power, and are able to charge a full battery in less than an hour. The charging station is
about the size of a fuel pump at a gas station.

Tesla Supercharger is a special Level 3 charger that can only be used to charge a Tesla
vehicle; other makes of EVs do not currently have access. These stations are owned and
operated as part of the Tesla network of superchargers world-wide and are typically sited to
support the long distance travel needs of Tesla owners, but increasingly are being installed


http://www.pluginbc.ca/
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within cities to facilitate charging for those living condos and others without access to home
charging. Note: Tesla Superchargers are not referenced in this document as they cannot be
used my most EV users.

Figure 2. EV Charging Infrastructure Pyramid

$75,000+

H Level 3 \

$2,500-15,000

@ Level 2

~ $500

@ Level 1
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Table 3. EV Charging Range Based on Charging Level

. Charging Range Per Hour Charging Range Per Half Hour
Vehicle Type (Level 2 Charger) (Level 3 Fast Charger)
BMW i3 42 km 103 km
Chevy Bolt 41 km 273 km
Chevy Volt 18 km no fast charging
Mitsubishi Outlander PHEV 12 km 28 km
Nissan Leaf (2n Generation) _17 0 194 km

(option for 34 kim)
Tesla Model S 45 km =
Tesla Model X 43 km =
Tesla Model 3 Long Range 60 km =
Volkswagen e-Golf ,21 km 161 km
(option for 41 km)

*Tesla models are typically charged at a Tesla Supercharger station, which provide 321 km for Model S, 306 km for Model X,
and 399 km for Model 3 in 40 minutes.

Based on the data above, the percentage increase in terms of charging speed between a Level 2
and Level 3 charger ranges from 133% to 1041%. However, this comes with a trade-off; there is a
significant cost difference between a Level 2 and a Level 3 charger. Therefore, it is imperative to
consider careful and strategic siting of Level 3 charging stations in select locations that will yield
the highest utility (for a detailed discussion about siting considerations for Level 2 and Level 3
charging stations, see the Backgrounder, Section 5.1).

According to BC Hydro, about 95 percent of all car trips in the province are less than 30

kilometres. The approximate charging time for 30 kilometres of range varies from 6-7
hours (Level 1 charger), 1-3 hours (Level 2 charger), and 10 minutes (Level 3 DCFC). For
more information see BC Hydro's report entitled: Unplugged: Myths to block road to the

electric car dream (April 2018).

T This table has been modified from the provincial quide “Residential Electric Vehicle Charging: A Guide for Local Governments”.


https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/news-and-features/Report-unplugged-myths-block-road-to-EV-dream_April%202018.pdf
https://www.bchydro.com/content/dam/BCHydro/customer-portal/documents/news-and-features/Report-unplugged-myths-block-road-to-EV-dream_April%202018.pdf
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EV Charging Needs

EV charging needs vary based on location; home charging for example usually includes a Level 1
or 2 charging station as charging typically occurs overnight. EV charging infrastructure requires a
comprehensive plan to provide a charging network that will be adequate and convenient to
existing EV owners (and to encourage prospective EV owners). A complete charging network
comprises chargers at homes, work and other destinations, publicly accessible locations, and along
highway corridors. The importance of providing a public network is critical not only for EV owners
that want to charge “on the go”, but also for the EV owners that do not have access to charge at
home (i.e., “garage orphans” who live in a multi-unit residential building or a home without a
driveway or garage). See Background Section 2.2 for a more detailed discussion on this topic.

Needs and expectations of EV owners have changed over time. Early adopters of EVs were willing
to accept challenges; however, current prospective EV owners are less willing to deal with barriers.
One key barrier that was identified in the CRD public survey is lack of access to charging at home.

Table 3 below presents a summary of charging needs for both existing and prospective EV owners
based on a 2015 study, which illustrates that many early adopters had access to charging at

home”.2

Table 3. EV Charging Needs Based on Charging Level

EV owners (BC Sample) Prospective EV owners (Canada-wide Sample)

97% have access to home charging (Level 1) 66% have charging access at home (Level 1)

75% have installed a Level 2 Charging Station 19% have access to a Level 2 Charging Station

86% were aware of at least one public charger 33% 2/2]\//722;52”2; l/:i}iﬁg:fegifl;;z)arger
Infrequent use of public chargers (once per month
or year). Respondents reported that after a
learning period they had little need to use public

charging infrastructure

Typical public charger locations that were
identified by prospective EV owners in BC:
Shopping malls, Retail & Grocery Stores

10
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Key Challenges

Understanding the key challenges to EV adoption is critical to determining the most appropriate
suite of policies, strategies, and incentives that could be implemented to alleviate barriers and
increase EV adoption rates. A detailed summary of the key challenges to EV adoption in the Capital
Region are included in the Backgrounder, Section 6.7 and are summarized below. The barriers
identified below are derived from the CRD public survey and the academic literature.

High Purchase Price EVs are generally $35,000 or more, owing largely to battery
costs. Potential EV buyers may fail to acknowledge the “total
cost” of EV ownership compared to gasoline-powered vehicles,
which includes no gasoline and limited maintenance. Purchase
price was identified as the most significant barrier in the CRD
public survey.

Lack of Ability to Charge  For households that do not have access to a carport or garage,

at Home the inability to access on-site charging overnight can be a major
problem. Approximately 20 percent of the respondents in the
CRD public survey selected “don’t have the ability to charge at
home” as a key barrier to EV ownership. This can include
residents in a multi-unit residential building who do not have
access to charging station or a single-family home / townhouse
without a driveway or garage, for example.

Availability of Public Potential EV buyers cite a lack of access to EV charging as a

Charging Stations barrier to ownership, which includes lack of access to charging
at home (i.e., “garage orphans”) or lack of access away from
home (i.e., at work, school, shopping, or public facilities). The
(RD public survey also reported this barrier; about 21% of
respondents indicated that the lack of public chargers in the
region is a barrier to EV ownership.

“Range Anxiety” - Range anxiety refers to the fear of running out of battery power

Real Vs. Perceived before encountering the next opportunity to charge. Range
anxiety has been demonstrated to be much higher among
potential EV purchasers as compared to EV owners. Studies

11
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Lack of Familiarity with
EV Technology

Lack of Variety in Model
Types

have shown that a large gap exists between perceived and
real-word range anxiety which can be alleviated by driving
experience. Research has also found that as the range of an EV
increases, so does the willingness to purchase of vehicle. Range
anxiety was reported as a barrier in the CRD public survey.

Much of the general public has limited understanding of EV
technology and its practical benefits, and no prior experience
driving or riding in an EV. A 2017 Canadian survey by Plug’'N
Drive found that more than 40 percent of interviewed EV
owners were introduced to EVs by a friend, a relative or a
colleague before owning one. Many gasoline-powered car
owners had never been exposed to an EV before buying their
car.3?

EVs are generally only available in compact or sub-compact
models, limiting their appeal to the broad consumer audience.
Further, their current popularity has led to dealerships unable to
meet demand within a reasonable timeframe. One study*
indicated that EVs will need to become available in a broader
set of vehicle types, or consumers will need to shift their
interests in EV vehicle types, if EVs are to achieve high
percentages of vehicle purchases.

12
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2.3 What is an Electric Bike (“E-Bike”)?

E-Bikes are electric bicycles with an electric motor of 500 watts or less and functioning pedals that
is limited to a top speed of 32 km/h without pedalling.® The amount of assistance the motor
supplies depends on the size of the motor: smaller motors work to only assist the rider’s pedaling

and larger, more powerful, motors can propel the bike forward without the rider needing to pedal.

E-Bikes are classified according to their power, and there are three distinct classes, broadly
described in Table 4. Table 5 presents an overview of E-Bike performance and costs.

Table 4. E-Bike Classes

Pedal Assist (also known as “pedelecs”)
automatically provide power (or assistance)
when the user encounters conditions where
increased physical effort is required, which can
be beneficial for reducing the physical exertion
required for going up steep grades or pedalling
against a strong headwind, for example.

Power-On-Demand systems only provide
power when initiated by the user using a
throttle typically integrated into the handgrip.

Hybrid systems combine both the automated
pedal-assist sensor and the option to manually
engage the motor by utilizing the throttle.

A discussion of E-Bike charging requirements is summarized in Section 5.0.

13
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Table 5. Summary of Select E-Bikes Available in Canada in 2018, Performance + Cost
Battery Top Speed

Type Name / Model” Range | without Pedaling | Cost (CADS)
(km) (km/h)

Pedal-Assisted / Stark Drive City 40 25 399

Power-on-demand Spark 20 3 1300
Interceptor | Electric Cruise Bike = 32 3,800
OHM-EbikeBC XU450 40-80 32 2,500

Pedal-Assisted OPUS Grid 38 32 2,500

Pedal-Assisted

with options Opus Connect 125 32 3,600
Powerfly 5 Women's = 32 4,600

“Juiced Bikes sells two models (OceanCurrent and CrossCurrent S) that travel at higher top speeds than a typical E-Bike at 38km/h and
45km/h respectively.

Key Challenges

Similar to EVs, a list of the key challenges to E-Bike adoption is included in the Backgrounder,
Section 6.1. A summary of the key challenges is provided below:

High Purchase Price Similar to the price barrier identified for EVs, E-Bikes are
generally more expensive than regular bikes. The cost
differences vary depending on geography; in North America the
differences are approximately 25-40%. The CRD public survey
found that the cost of E-Bikes was the largest barrier identified
by survey respondents.

Lack of Secure Parking, E-Bikes are more expensive than regular bikes and as such,

Security + require secure facilities to prevent theft. In recent studies E-bike

Fear of Theft owners expressed concern and anxiety about the security of
their E-Bike. 67

Concerns about theft are partially explained by lack of secure
bike parking. The CRD public survey found that the lack of
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General Safety Concerns

Social Stigma

secure parking is a barrier facing prospective E-Bike owners.
Approximately 27 percent and 15 percent of respondents
selected “afraid that it might be stolen” and “lack of places to
park an E-Bike”, respectively, as factors for why they have not
purchased an E-Bike.

Numerous studies have confirmed the issue of safety as a key
barrier to E-Bike adoption and a concern for E-Bike owners. The
two primary safety issues are (1) the actual safety of the E-Bike
itself including its higher operating speed relative to a reqular
bicycle and (2) safety of riding an E-Bike on the road. The (RD
public survey found that approximately 22 percent of
respondents selected “concerned about safety” as barrier to E-
Bike ownership. A number of qualitative responses pertained to
the need for better cycling infrastructure including protected
bike lanes.

Research has also reported the stigma attached to E-Bikes.
Some people perceive E-Bikes as “cheating”, as it takes away
the physical effort required to pedal a reqular bicycle. E-Bike
owners reported being judged by their work colleagues, who
deemed an E-Bike as a more suitable form of transportation for
those with mobility challenges. 8

15
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2.4 The Larger EV Policy Context

While local governments have specific roles in supporting both EV and E-Bikes (see Section 2.5),
other levels of government and utilities have and continue to be involved in promoting electric
vehicles, as well. A brief description is provided outlining the roles of each respective government

/ utility.
Federal Government

The Canadian government recently released 7ransportation 2030, which is a strategic plan for the
future of transportation in Canada. The plan is guided by five unique themes including “green and
innovation transportation”. As part of the government’s commitment to this theme, the 2017
budget dedicated $120 million for EV and alternative fuelling infrastructure and $17.2 million for
Transport Canada and Environment and Climate Change Canada to develop and implement heavy-
duty vehicle retrofit and off-road requlations as well as a clean fuel standard.? Both the provision
of funding for EV charging stations and clean fuel standards, once developed, are expected to help
support and increase EV adoption.

At this time, the federal government has not adopted a specific EV policy; however,
recommendations have been made by universities and think-tanks for the government to consider
adopting a Zero-Emission Vehicle (ZEV) mandate, which would require auto manufactures to sell a
minimum percentage of electric vehicles. For a more detailed description of the ZEV mandate, and
other EV policy recommendations, see (anada’s Flectric Vehicle Policy Report Card, published by
SFU’s Sustainable Transportation Action Research Team. ™

BC Provincial Government

The BC government’s role in EV promotion has been through the Clean Energy Vehicle Program
(CEVP), which is administered through the New Car Dealer Association of BC."" The goal of the
program is to make cl