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About the

author

"Electrifying public

transport is key to

reduce emissions

accross all

transportation

modes"

Anaïssia is an expert on techno-economic modelling of

electric powertrains for heavy-duty applications. She led

the development of a tool called ECONS-M (C) that can

calculate the energy consumption, operating costs and

emissions reduction of alternative bus technologies –

including battery electric, hydrogen fuel cell and

RNG/CNG drivetrains. This tool has been used by

numerous transit agencies from coast to coast to plan for

their transition towards low emissions mobility solutions. 

 

Anaïssia is currently based in Montréal (QC) and holds a

MASc. in Mechanical Engineering from the University of

Victoria (BC) as well a B.Eng in Mechanical Engineering

with Distinction from the same university.
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About 6SYNCT

Our Services

"We define the energy technology landscape through real,

practical and rapid adoption.."

Digital Twins We develop virtual representations of electric vehicles

that monitor and simulate both their physical state and

behaviour in real-time.

Technology Integration Using vehicle simulation as a baseline, our Engineers

assist your team in the safe implementation and

integration of new battery technologies.

Custom Analytics Connecting your asset in real-time means you can monitor

the state of health and make predictions on when

technical service and support is needed.
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Strategy & Analysis Our analysts conduct system wide analysis for transit

agencies helping them to understand the unique needs in

charging infrastructure, and battery capacity of BEB's.
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Introduction
Battery electric buses (BEBs) have the potential to

drastically reduce operating emissions and costs for

transit agencies, as well as improve the overall ridership

experience for commuters. Over the years, pilot projects

have flourished around the world to replace or

complement diesel buses and many of the obstacles

facing initial BEB adoptions, such as range anxiety or

planning additional idle time for charging, have been

tackled.

 

The main challenge faced against their adoption today is

linked to the scale-ability of the technology. Integrating a

few electric buses within an existing fleet doesn’t require

system wide modifications, but when hundreds of buses

have to be replaced in a short time-frame to comply with

emission reduction goals set by municipalities, complex

infrastructure modifications are needed. These

infrastructure modifications require the participation of

many stakeholders (utilities, cities, OEMs, Ect…).

 

Additionally, operational schedules and dispatch

planning likely require changes, as 1-to-1 replacements to

diesel buses are not always achievable today. This report

outlines the current landscape of the BEB technology for

the public transportation sector in Canada. An overview of

the technology will be provided, along with a detailed list

of technical, social, and political challenges against its

adoption. The report also includes an outlook on how the

technology and business models are expected to improve

and change will be provided.

 

Lastly, the reports recommends that due to the irregularity

in technologies that still exist it's important to develop a

strategy that is unique to each transportation network.

With careful planning, and consideration made for the

fleet as a whole, adopting BEB's will support your

sustainability objectives while returning operational

savings.
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Current State

of Electric

Bus

Technology

"The electric bus

market (US) is

estimated to grow

from $745 million

in 2018 to $1,948.5

million in 2024".

Global battery electric buses (BEBs) sales have grown

tremendously over the last few years, with 99 percent of

the global BEB fleet reported to be in China. In Europe,

the

adoption of governmental incentives and the creation of

programs such as the JIVE network for fuel cell buses, and

the ZeEUS program for battery electric buses have

supported the growth of the electric bus market, as shown

in Figure 1. 

 

It is estimated that today, 17 percent of the world’s bus

fleet is electric— a number that includes non-battery

trolley buses as well. In the US, the electric bus market

is estimated to grow from $745 million in 2018 to $1,948.5

million in 2024 [1]. 

 

 

 

Figure 1 - Yearly electric bus orders in Europe from 2009 to 2017 [3]
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Charging Infrastructure

Many major cities around the world have adopted zero emissions bus (ZEB) policies and

directives to meet their air quality and CO2 reductions goals. For example, Paris is aiming to have

a 100 percent ZEB fleet by 2025 (~5,000 bus units), London has a similar goal set to be achieved

by 2037 (~8,000 bus units). The state of California has announced its transition to all-electric

public bus fleet by 2040.

 

In contrast to these futurist goals, Shenzhen in China has already replaced all their buses to fully

electric – a total of 16,359 units – from the Chinese manufacturer Build Your Dreams (BYD) [2].  It

is the first city in the world to achieve a full electrification.

 

That said, BEB projects have mostly evolved from short-term pilot projects to lifetime (12+ years)

deployments within a relatively short time-span since the first BEB was deployed in Shanghai in

2009. The technology has rapidly improved, both on the bus and the charging sides. Due to the

different charging strategies that have emerged careful analysis should be taken before

deploying these electric fleets. Key characteristics of charging strategies are shown in Table 1.
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Commercial Technology

BEBs are on average 80 percent more efficient than their diesel counterparts for transit

application. This is due to several factors, including the fact that electric powertrains are more

efficient than internal combustion engines, and that BEBs are capable of harvesting energy while

the vehicle decelerates through regenerative braking. The energy consumption of BEBs greatly

depends on external conditions, such as the speed and grade profiles, the vehicle weight, the air

conditioning or heating if electric, the tire-rolling resistance, the temperature and the amount of

charge left in the batteries. Energy consumption can be as low as 0.9 kWh/km in optimal

conditions for a typical fully electric 40ft and can go above 3kWh/km and higher in busy city

centers in the middle of winter. These variations prove the need for feasibility studies to create

contingency plans when the battery discharges and/or degrades faster than in a typical scenario.

 

Table 2 lists the key OEMs in North America that are currently producing BEBs. It should be

noted that a majority of these manufacturers are headquarters in Canada, including New Flyer

Industry (NFI) which is the largest bus manufacturer in North America. This makes Canada a

strong leader in electric bus manufacturing. It should be noted that an electric bus costs about

CAD $1.2 million which is about twice the price of diesel buses (CAD$520k). These costs are

predicted to decrease with an economy of scale.

 

In order to sell buses in the USA, cities and government require that each bus passes the Altoona

test. This standardized set of tests is held in Pennsylvania and ranks the structure integrity,

performance, fuel economy, and the noise of the buses. The results of these tests are publicly

available on the Altoona website [4]

 

 



Procurement Strategy

Lastly, Table 3 lists the major procurement and deployment projects across the largest cities in

Canada to date. More cities are expected to procure BEBs in the next few years to follow

their local policies, which will be discussed in Section 3.
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It is worth noting that though BEBs tend to be the focus of the attention, fuel cell buses (FCBs)

are also on the rise. FCB, like BEBs, are zero emissions buses that use hydrogen and oxygen as

primary fuel to produce electricity. Unlike batteries, fuel cells don’t charge and discharge but

instead need to be constantly supplied with fuel to operate. 

 

The world’s first FCB demonstration project occurred in Whistler, Canada during the

2010 Winter Olympic [6]. The fuel cell technology was provided by Ballard Power System, and

the bus frame was provided by New Flyer. At this point of the technology, the bus was fuel cell

dominant which entails that the fuel cell stack propelled the vehicle.  At the time of the project,

the average fuel consumption was around 15.67 kg/100 km and has since then decrease

to roughly 10 kg / 100 km today [7] with technology improvements. 

 

The technology has since evolved as the fuel cell is now used as a range extender that

constantly supplies power to recharge the battery, which is the now dominant system. The

amount of power supplied from the fuel cell to the battery varies according to the battery’s state

of charge. This technology uses regenerative braking as the battery is connected directly to the

motor/generator. 

 

FCBs have unique advantages compared to BEBs. First, their range can be equal to the range of

diesel buses in most conditions, therefore the bus schedules and operating plans do not have to

be altered, which is not always the case for BEBs. Another advantage is that next generations of

fuel cells will operate at around 80°C, which makes it easier to harvest the wasted heat to heat

the bus instead of using electric heaters. In a Canadian context, this is a must.

 

The challenge of this technology mainly lays in its fuel supply. Hydrogen supply is still very

limited in Canada. Installing fueling stations at the depot takes a high footprint, and comes with

complex safety measures and norms that have yet to be fully developed. Assuming that the

harvested hydrogen comes from a clean source, the process of water electrolysis, then purifying,

compressing and delivering hydrogen is very energy intensive and expensive. Current prices of

hydrogen in Canada at the dispensary are quoted at around $14/kg, which is extremely

expensive compared to their diesel counterparts.

 

BEBs on the other hand are a lot cheaper and efficient as they use electricity directly, cutting

down the distribution system of hydrogen. BEBs and FCB are often wrongly thought in "one

technology versus the other" fashion, however they each have their specific attributes and

therefore should each be deployed in different conditions. For instance, routes that are

relatively short (<20 km round trips) with scheduled downtime at the terminal station can likely

be electrified with BEBs, whereas longer routes that go through highways or inter-cities likely

will require FCB to be electrified today.
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Deploying

Electric &

Fuel Cell

Buses in

Canada

"On top of

producing clean

electricity, Canada

is an energy

exporter".

Canada presents multiple advantages for the adoption of

both BEBs and FCBs. First and foremost Canada has one

of the cleanest electric grid supply in the world. In 2016,

about 59 percent of the electricity generated in Canada

came from hydro sources, 15% from nuclear and about 5%

from wind and solar [8]: the power generation mix varies

greatly between provinces, the cleanest provinces being

Quebec, British Columbia, Manitoba and Ontario, while

the most polluting provinces in terms of gCO2e/kWh

include Alberta and Nunavut. 

 

Today’s electrification efforts should therefore be

prioritized to provinces with cleaner grids to truly see a

reduction in GHG emissions in the transportation sector,

though the federal government supports the growth of the

clean energy sectors for all provinces. In fact, the Trudeau

government under the umbrella of NRCan has committed

to double the federal government investment in clean

energy R&D over five year, from C$387 million in 2014-

2015 to C$775 million in 2019-2020. 

 

On top of producing clean electricity, Canada is an energy

exporter – which means that it produces enough energy

to meet its domestic use and some extra to export.

Currently, this energy is sold to neighboring American

states, such as New England, New York, the Midwestern

states and the Pacific Northwest. Since most of the

electricity generated in Canada is from hydropower, it is

predictable and the output power can be ramped up or

down rapidly. The provinces that export electricity are

Quebec, Ontario, Manitoba and British Columbia [9].
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This surplus of energy can potentially be used to:

 

meet the electricity demand increase due to electric vehicles   

generate hydrogen, to provide energy storage or to be used in fuel cell vehicles included FCB

 

One of the drawbacks to using electricity surplus locally is that it may increase the price of

electricity for customers, as utilities will lose revenue from the energies export. Additionally,

Canada does import electricity periodically to meet peak loads. Though the amount imported is

about half of the amount exported, this will have to be well managed in order to meet the

transportation electricity demand. 

 

From coast to coast, local and provincial governments have stepped up to announce GHG

emissions reduction plans, which include carbon pricing, and policies putting transportation at

the heart of a plan to tackle emissions, as it usually accounts for about 1/3 of the total GHG

emissions. Table 4 provides an overview of current policies supporting BEB adoptions at the

provincial and city levels. It is worth noting that some jurisdictions are stepping up to transition

to electrify their fleets without direct support from the province.
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Main

challenges

against

widespread

adoption

"Funding for buses

and infrastructure

(Charging) are

treated seperately".

Despite the recent supporting announcements from the

federal government, there are still challenges impeding

the adoption of BEBs by transit agencies in Canada.

 

First, federal funding for BEB require investments not only

for the buses, but also for the infrastructure which are

often treated separately. This means that Canadian transit

agencies, (excluding Quebec) need to apply to multiple

levels of funding, from different bodies, in order to secure

funding for their project. Usually, the application

processes are very thorough and require dedicated time

and resources to be completed. 

 

As an example, Natural Resources Canada (NRCan) has a

program called “Electric Vehicle Infrastructure

Demonstration” (EVID). This program only funds up to

50% of the total infrastructure costs per demonstration

project, up to a maximum amount of CAD$3,000,000. This

works for both electric vehicles charging infrastructure

and H2 refueling infrastructure. This program is open for

proposals not more than once or twice a year, and can

only be used for demonstration projects that “will address

barriers to the deployment”. 

 

Currently, transit agencies can receive funding from

Infrastructure Canada through the Public Transit

Infrastructure Fund (PTIF). PTIF can be used to fund

multiple types of projects, such as the repair and

modernization of a fleet, the procurement of additional

buses, the expansion of lines etc. However, most transit

agencies use PTIF for their most urgent projects, and

when funding is limited, it is difficult to justify purchasing

an electric bus that is twice the cost of a diesel bus. 
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To date, there isn't funding that serves the purpose of a smooth BEB and FCB adoption in

Canada. In the US however, the Low or No Emission Vehicle Program (“Low-No”) led by the

Federal Transit Administration (FTA) is a streamlined funding source that covers the cost of the

projects entirely. In 2019, $84,951,386 was allocated to this funding and is distributed to cover

not only the purchase or lease of zero emission buses, but also their leased source supply, and

the upgrade of the facility and software to operate the buses [10]. As long as Canada does not

have a similar program, BEB and FCB projects will remain smaller pilot or demonstration projects,

as it can be difficult to navigate the funding process without full-time staff dedicated to it, which

smaller transit agencies do not possess.

 

Another challenge that subsists against the adoption of BEB in Canada relates to particularly

cold temperatures in the winter, which require high heating loads. Electric heating on board of

BEBs drain batteries and are somewhat inefficient. In most buses currently servicing

the Canadian network, backup diesel heaters are on board and start operating when the external

temperature drops below a certain threshold. This threshold varies between manufacturers, but

is usually between 0 and +10 degrees. In most Canadian cities therefore, diesel heaters operate

most of the winter months, which partially defeats one of the primary purposes of operating BEBs

in the first place. Some manufacturers in Europe have developed new heat pump systems for the

purpose of improving the heating efficiency and therefore decrease the auxiliary load on the

batteries. This technology has had promising results in Europe for countries with colder climates

similar to Canada, but is yet to be developed in North America.

 

Technically speaking, another challenge lies in the lack of a defined charging standard and

protocol to govern all manufactures and guide transit agencies in their RFPs. Currently, the

Society of Automotive Engineers (SAE) is developing a North American standard called the

J3105 for overhead fast chargers that will likely contain several “dashes” as instructed by the

manufacturers. It is assumed that the market will shape the winning design, which all

manufacturers will then have to comply with. For instance, today a Proterra bus cannot be

charged with the same fast charging system as the New Flyer system. This is problematic as

these charging systems are expensive equipment and shouldn’t be tied to one manufacturer

only. On the slow charging side, there are two charging standards in the industry already

developed, the SAE J1772 and the 3068. These are different in that they either take AC or DC,

and the 3068 can charge at a higher power. However, the J1772 is older and many projects have

already adopted this standard.
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Social

Acceptance

Another challenge lies in the accessibility and social

acceptance of public transit in Canada. In 2011, only 12

percent of Canadian commuters used public transit to get

to their workplace [11]. Many factors can influence this

low ridership. For instance, in rural Canada, it is often the

case that transit options aren’t available. Additionally,

transit commutes are on average 81-per-cent longer than

those by car [12]. Canada currently lacks of a nation-wide

survey that puts the light on understanding why most

Canadian do not use public transit options.

Ridesharing

as an

Alternative

Smaller communities and transit networks could actually

be a better candidate for electrification than those

adopting larger BEBs. Take the town of Innisfill, Ontario,

as an example. They approached the ride hailing company

UBER to partner on a subsidized transit system. Using the

UBER platform Innisfill Transit transports its patrons to

pre-defined locations in their transit network at the cost of

a traditional bus fare [15]. Although the decision to be

electric is at the whim of the UBER driver, going smaller

opens the door to a lot more variety in terms of electric

vans, cars and SUVs. Going smaller should be a part of any

strategic transit analysis. 
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Technology Scaleability

One of the last key challenges against the adoption of BEB is its scale-ability. Indeed, it is fairly

straightforward to replace a few electric buses, however when tens or hundreds of buses need to

be replaced, the system needs to be redesigned, including but not limited to the garages, the

safety protocols, the maintenance structures and the electricity supply. According to the Center

for Transportation and the Environment (CTE) based in the US, 20 buses charging is equivalent

to roughly 1MW in grid requirements, and 200 buses charging = 10 MW grid requirements. This

represents massive infrastructure investments, and complex technical challenges to solve.

 

On the other hand, FCB are easier to scale up from a technical standpoint. Indeed, as long as

there is adequate space, electrolyzers can be built in parallel to produce more H2 as required.

The load to produce H2 can be predicted, and the modifications to the depot infrastructure are

limited. Figure 2 shows a schematic of the advantages of FCB compared to BEB for large

deployment projects.

 

Figure 2 - Scale-ability of Zero Emission Buses projects
(reproduced from a graph created by the CTE)
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Technology

Improvement

in the next 5

years

Several technologies and systems improvements are

planned over the next few years. First of all, fully electric

60ft buses are under development. There aren’t any

articulated 60ft BEB deployed currently in Canada,

however New Flyer and Ballard have developed a 60ft

FCB design that has passed the Altoona test. Fully electric

60ft buses are challenging to design, as they require

higher power due to higher weights and seating load, as

well as higher cooling and heating capacities. Most

importantly, they require larger battery packs to sustain

the required range, which can be challenging to operate

as it requires higher idle time for charging than a standard

40ft bus.

 

On the battery technology, improvements are expected to

be seen by constantly optimizing lithium-ion cells to get

higher charge, storage capacity and energy density [13].

Increasing the lifetime and charging C-rates of batteries

for automotive application is also a key area of research.

Lastly, other composites might emerge in the market and

prove to be good alternative to traditional LFP of NMC

batteries used in most BEBs.

 

As more deployment projects flourish in North America,

standards will be set to guide the industry and the transit

agencies on the hydrogen refueling and charging sides.

This trend is already observed in Europe, where transit

agencies are starting to adopt electrification models

based on lessons learned from neighbor cities and

guidelines from the International Association of Public

Transport (UITP) community. Additionally, a better

understanding of the technology means that more data

will be collected to populate predictive models.
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Battery Purchase, Lease or Finance

New business models are currently starting to emerge and need to be tested to prove their

viability. One interesting example, in the Pan Canadian Electric Bus Demonstration and

Integration trial a local utility, Newmarket Tay Power, owns and operates the overhead fast

charger for a fee of service[16]. This type of ownership model allows the transit agency to focus

on fleet equipment and not an asset that they wouldn’t “traditionally” own. In other jurisdictions,

where large trolley fleets have already been deployed, owning and operating the charger is

possible as staff already have expertise on electric drivetrains and infrastructures. Another

possible business case is a co-ownership model between the utility, the transit agency and

eventually the city to share risks.

 

Lastly, to reduce CAPEX, renting and leasing programs for the batteries are being developed and

deployed by some OEMs such as Proterra. The goal of this platform is to reach price parity

between diesel and electric buses, as shown in Figure 3. With this program comes a 12 year

warranty for the transit agency, and the battery maintenance is provided by Proterra. The

batteries remain the property of the bus manufacturer until they reach their automotive end of

life, after which they are re-purposed for a second life creating a business opportunity for

Proterra.  It is expected that this type of business model will be increasingly popular among

transit agencies in North America if proven to be successful in the long run.

 

 

Figure 3 - Proterra's battery leasing program aims to reduce costs
for transit agencies [14]



Conclusions

Deploying technologies such as battery electric and fuel cell buses is a solution to lower

Canada’ emissions and improve air quality. Challenges related to small scale adoption have

already been solved in North America, but more challenges related to the scale-ability of the

technology lie ahead. These challenges are rooted in complex systemic redesign, lack of

political funding structures and social biases about public transit. It is worth noting that Canada

has attributes that make the country a good candidate to electrify its public transportation

system, including a clean electricity grid and surplus of electricity production. On the other

hand, very-cold climate conditions and under-utilized transit are barriers to their wide-spread

adoption.

 

Electrifying buses in Canada can have an impact that goes beyond transit applications. In fact,

solving challenges experienced by electric bus operators is a key step to facilitate the

electrification of other heavy-duty platforms, such as trucks, rail and even construction

equipment.

Electrifying buses in Canada can have an impact that goes beyond transit applications
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