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Fleet conversion requires a complete
system approach
A recent report by UITP, the international public transit industry association, included these points:

“Electric bus implementation is more than buying a
bus. It is a complex

system that entails several
components and requires careful analysis
before deployment. Due to this outset,
electric bus systems are case sensitive, meaning that
not all systems would succeed in all places.”

Source: “Policy Paper: Electric Bus in MENA”, Union Internationale des Transports
Publics, November 2020.

“Electric bus deployment requires a systemsapproach that looks beyond bus
procurement and includes a multitude of
components and stakeholders . The decision
to implement electric buses involves careful

planning and considerations related to
operations, infrastructure, business
model , and finances .”
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Building blocks of
implementing a
large-scale
electric bus
program

Source: “Policy Paper: Electric Bus in
MENA”, Union Internationale des
Transports Publics, November 2020.
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Policy Background and Objectives
Reduce emissions from City operations
(based on 2012 levels):

2020
Climate Change
Master Plan
approved by
Council

2021
First zero-emission
buses in OC Transpo
fleet and develop
conversion plan

30% reduction

50% reduction

2025

2030

Expand number of
zero-emission
buses

100% reduction

2036

2040

Target full fleet
conversion, based
on funding

and Pursue funding opportunities dedicated to transit and environmental initiatives that may arise at

other levels of government to help fund this transition to cleaner sources of energy
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Study Development
• City staff engaged with experts from several organizations in developing this report and its
recommendations
• Dillon Consulting prepared technical reports on technology alternatives and implementation
• Envari, a subsidiary of Hydro Ottawa, provided information on energy supply and management
• Deloitte provided financial analysis for the financing of zero-emission buses
• The City of Winnipeg and other cities shared their experience in studying zero-emission buses
• The City is a member of the Canadian Urban Transit Research and Innovation Consortium (CUTRIC),
which is supporting the transit industry across Canada with research on solutions that decrease fuel
consumption, reduce emissions, reduce congestion, and improve quality of life
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Energy Source and Technology
The following sources of energy and technologies were examined and are not recommended:
• Compressed Natural Gas is not recommended as it is not zero-emission and does not meet the
Council policy direction
• Renewable Natural Gas is not recommended as it is not zero-emission and does not meet the
Council policy direction
• Hybrid electric buses are not recommended as they are not zero-emission and do not meet the
Council policy direction
• Trolley buses (with overhead wires) are not recommended because of the high cost of buses and
overhead infrastructure and the need to assign the buses only to routes where infrastructure has
been built
• Hydrogen fuel cells are not recommended at this time because of the current high cost of buses
and high cost of production or transportation of hydrogen
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Recommended
Energy Source and Technology
• Electricity is the recommended source of energy for zero-emission buses in Ottawa, as it meets the Council
policy direction and, due to recent funding announcements by the Canada Infrastructure Bank and
Infrastructure Canada, could be affordable under the Long Range Financial Plan for transit
• Electricity can power buses with no local emissions
• Batteries are the recommended storage technology on buses
• Battery-powered buses can operate anywhere on the transit system
• Battery-powered buses can be recharged at existing garages or if needed, along routes
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Elements of the Charging Infrastructure for
Battery-Electric Buses
Grid and Substation Elements
(Hydro Ottawa)

Transmission (Tx)
Upgrade Cost

Hydro Station
(230kV/44kV)

Hydro
Distribution
(44kV)

On-Site Electrical Elements
(Electrical and Power Distribution)

On-Site
Substation
(44kV/4kV)

On-site
Distribution
(4kV)

On-site
Transformer
(4kV/600V)

Building Main
Switchboard
(600V)

On-Site Bus Charging Equipment

AC/DC
Power Pack

Plug-In
Dispenser

Pantograph
Dispenser

Outside Mast
+ Dispenser
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Bus Types Required for Ottawa
Type

Photo

Quantity % of Fleet Use

ZEB Availability

40-foot buses

344

37%

Used where ridership averages Short-range and long-range
up to 45 customers per bus*
buses available from
multiple manufacturers

60-foot
articulated buses

356

38%

Used where ridership averages Available, but do not have
up to 70 customers per bus*
as long a range as 40-foot
buses

Double decker
buses

151

16%

Used where ridership averages Available, but do not have
up to 90 customers per bus*
as long a range as 40-foot
buses

Para Transpo
minibuses

81

9%

Door to door service for
qualifying customers

932

Have been announced but
are not yet in widespread
service

* figures are non-pandemic, not taking physical distancing into account
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Bus Fleet Planning
• The OC Transpo bus fleet plan looks ahead to set dates for bus replacement, bus fleet
growth aligned with the City’s growth expectations, and mid-life rebuilds of buses
• The bus fleet plan is an input to the long-range financial plan for transit
• The plan is set to ensure buses are productively used through their 15-year life (seven
years for Para Transpo minibuses)
• The plan includes reductions as planned O-Train expansions open
• The next buses required are 74 40-foot buses to be purchased in 2022 for 2023
delivery
• Over the years from 2022 until 2027, more than 450 new buses will be required
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New Buses Needed, 2022-2031

74 40-foot buses
to be ordered in
2022 for 2023
delivery

Financing would be sized
to convert 450 of the
new buses required
between 2023 and 2027
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Path toward 100% zero-emission transit fleet
• Buses are normally replaced after 15 years (seven years for Para Transpo minibuses)
• Any technology or feature change thus takes 15 years to be on all buses
• Four 40-foot battery-electric buses purchased in 2020 for 2021 delivery
• 74 40-foot long-range battery-electric buses recommended for purchase in 2022 for 2023 delivery
• Proposed CIB loan and Infrastructure Canada funding sized to allow 450 battery-electric buses
and charging infrastructure to be purchased in the years to 2027 (includes initial 78 buses)
• Bus type and bus maintenance location for the remaining 372 buses (of the full 450) to be
determined based on technology improvements in the marketplace
• Conversion beyond 2027 to be determined based on technology status and funding availability
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Bus Fleet Conversion, 2021-2036
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Bus Operating Requirements – Range
•

Long-range battery-electric buses are charged at the garage and can operate all of the trips that
make up a scheduled work block, then return to the garage for recharging

•

Short-range battery-electric buses are charged quickly at designated points along their routes;
charging infrastructure is required at the garage and across the system

•

All battery-electric buses that are currently available have a shorter range than diesel buses

•

Shorter range requires either more returns to the garage or time scheduled at terminals to
recharge – both add operating cost

•

Can be managed in early years by assigning current long range battery-electric buses to
appropriate work blocks without in-field charging, expecting that future generations of buses
will have longer ranges
15

Bus Operating Requirements
– Capacity, Grade, Climate
• Buses need to be able to carry the planned number of customers for their bus type
• Buses need to be able to climb hills on the transit network with their expected number of customers on board
• Batteries can be heavier than full diesel fuel tanks, so the weight of the bus needs to be managed in design to
stay within weight limits
• Buses need to be able to operate on all days, from the coldest days in winter to the warmest days in summer,
with no restrictions
• Buses need to be able to keep customers on board warm in the winter and cool in the summer
• Current battery-electric buses in Canada are being equipped with a small diesel heater to be used on the
coldest winter days – electric heating not feasible without reducing range (still eligible for federal funding)
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Market Availability – Battery-Electric Buses
• Long-range 40-foot buses are available from a number of manufacturers
• 60-foot articulated buses and double decker buses are available, but do have
shorter ranges than current 40-foot buses
• Minibuses suitable for Para Transpo service are not yet widely available
• Development is expected to continue on all of these bus types
• Subject to approval of this plan, staff would review the availability status and
make recommendations to Council in the capital budgets for the years to come
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Charging Infrastructure Requirements
• OC Transpo maintenance garages will need to be refitted to support
battery-electric buses
• Increased electrical supply to the site
• Electrical distribution within the garage
• Installation of charging units and pantographs to connect to the buses
• Strengthening of roof structure to support pantographs
• Future ability to remove diesel fuel tanks
• Future ability to change ventilation systems once diesel exhaust is no
longer generated
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Energy Supply Requirements
• The electrical supply to the garage sites currently does not have enough capacity
to support a large fleet of battery-electric buses
• Upgrades are required
• Buses take about four hours to charge
• Most buses are in garages overnight, and buses can be charged sequentially
• Some buses are in garages during the midday, giving another charging
opportunity, but avoiding times of provincial peak consumption
• Backup power supply needed in case of electrical system outages
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Market Availability – Charging
Infrastructure
• Charging infrastructure is available from several manufacturers, including:
•
•
•
•

New Flyer Solutions (Winnipeg, Manitoba) – Garage components
ABB Group (Zurich, Switzerland) – Charging components
Siemens (Munich, Germany) – Charging components
Proterra (Los Angeles, California) – Charging components

• Under this plan, Hydro Ottawa acquires, installs, and operates the charging
infrastructure
• Upgraded electrical supply to the bus garage would also be provided by
Hydro Ottawa
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Transition Requirements
• There are some one-time costs that the City will incur as the bus fleet is converted from diesel to zeroemission, such as:
− Retraining bus technicians
− Retraining bus operators
− Program management, including specialist contractors
− Hiring specialized staff qualified for high-voltage electrical equipment
− New or revised computer systems to manage battery-electric buses
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Financial Planning and Affordability
• All transit capital and operating spending is set out in the long-range financial plan for transit, also known
as the affordability plan
• Essential for Council to know that all current and future capital and operating costs are covered by current
and future revenue sources – principally customers’ fares, property taxes, gas taxes, development charges,
and contributions from the federal and provincial governments
• Stage 2 O-Train expansion and other supporting capital projects have consumed all capital funding
capacity within the timeframe of the long-range financial plan to 2048
• Stage 3 expansion needs to be fully funded by federal and provincial governments
• Similarly, the conversion of the bus fleet to zero-emission needs to be done within the limits of the
affordability plan, which is currently being updated to reflect revised financial projections
• The cost premiums of the electric buses, charging infrastructure, and transition costs were not affordable
until the recently-announced funding programs from the CIB and Infrastructure Canada
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Recent Funding Announcements
• The federal government has announced two programs to encourage transit systems to
convert to zero-emission buses:
1.

Loans through the Canada Infrastructure Bank to fund higher capital costs and
pay back the loan from lower operating costs during the life of the bus

2.

Grants through Infrastructure Canada programs to cover infrastructure upgrades
and transition costs

• Staff are working with these agencies so as to be able to enter into appropriate
agreements following consideration of this report
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Recommended
OC Transpo Fleet Conversion Plan
• Already in process: Four 40-foot battery-electric buses ordered in 2020 for delivery
and entry into service in 2021
• Recommended: Purchase of 74 more 40-foot battery-electric buses to be ordered in
2022 for delivery and entry into service in 2023
• Recommended: Purchase of charging infrastructure in 2022 to be installed and
ready for use in 2023
• Future: Develop recommendations for bus purchases and charging infrastructure
requirements for annual capital budgets, 2023 to 2027
• Future: Review technology and funding options for the years beyond 2027
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Roles
Loan to City to
cover cost
premiums,
repayment funded
from savings

Funding for 35%
to 50% of total
eligible costs

Canada
Infrastructure Bank

Lending
agreement
Pays for buses, charging
infrastructure, and
transition costs, operates
and maintains the buses

City

Infrastructure
Canada

Funding
agreement

Design, procurement,
construct/install and maintain
agreement

Hydro Ottawa

Provides, operates, and
maintains charging
infrastructure
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Cost Sharing Approach
Approximate Cost Share for 450-bus Zero-Emission Bus Program, 2022 to 2027
Cost components
Battery-electric buses

$760 M

77%

Charging infrastructure

$204 M

21%

$22 M

2%

$986 M

100%

$345 to $493 M

35% to 50%

$400 M

41%

Capital Funding

$93 M to $241 M

9% to 24%

Total City Share

$493 M to $641 M

50% to 65%

$986 M

100%

Transition costs
Total
Sources of funds
Infrastructure Canada
City Share
From Savings, through CIB Loan Program

Total
Note: Costs are preliminary and will be confirmed through process schedule on slide 31 – some costs are highly variable +/- 25%
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Risks and Mitigation
Financial
– Risk that expected operational savings are not achieved – Covered by CIB agreement
– Risk of electricity price fluctuations – Fixed up-front or price mitigation strategies
– Risk of increase in capital cost – To be addressed as much as possible in funding agreements with CIB and Infrastructure Canada
– Risk of change in federal policy direction – Staff would report back to Commission and Council with recommendations
– Federal funding stacking rules need to be revised – Will form part of the conditions
Operational
– Risk that bus reliability will be unsatisfactory – To be addressed in procurement and purchase of buses – Long-term warranty
– Risk that bus range will be too short – Would be managed by assigning initial buses to appropriate work blocks and increasing
specifications for future purchases
– Risk that bus life does not achieve 15 years – To be addressed in warranty and CIB agreement
– Risk of power outages – Backup generator
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Benefits for Ottawa
• No pollution, no greenhouse gas emissions from the new buses (except small diesel
heater used on cold days)
• Part of the City’s work to address climate change
• Reduced operating costs (used to fund capital costs)
• Funding agreement intended to keep the City whole overall for operating and
capital costs, per the affordability model
• Quieter buses

28

What this means for OC Transpo service
• New 40-foot battery-electric buses will replace life-expired diesel buses
• The new buses will be used to their best advantage, where they can provide the
most environmental benefit based on their operating requirements
• No pollution, no greenhouse gas emissions
• Quieter buses
• Same capacity, same schedules
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Recommendations
1.

The City purchase zero-emission buses for all future transit bus fleet needs, on the basis that buses are available to
meet operational needs and that the purchase is affordable under the transit LRFP

2.

Selection of battery-electric as the suitable zero-emission bus technology for the years from 2022 to 2027

3.

Staff to recommend to Council each year in the capital budget the number and size of buses to be purchased, whether
current buses of that size are available as zero-emission buses, and whether appropriate financing is available

4.

Authority for the General Manager to negotiate agreement with Hydro Ottawa for energy supply, provision of backup
power, and supply and operation of charging infrastructure

5.

Authority for the General Manager and the Treasurer to negotiate financing arrangement with the Canada Infrastructure
Bank, to have no net effect on the transit LRFP, subject to stacking rules and acceptable risk transfer

6.

Authority for the General Manager and the Treasurer to negotiate funding agreement with Infrastructure Canada, to
have no net effect on the transit LRFP, subject to stacking rules and acceptable risk transfer

7.

Authority for the General Manager and the Chief Procurement Officer to conduct a multi-year procurement process
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Timeline
June

July

Aug

Sept

Nov

Dec

Jan

Feb

Announcement and Transit Commission
Negotiation of agreements
Lending agreement with
the CIB (ZEB Loan Program)
Funding agreement with
Infrastructure Canada
Design, procurement, construct / install and
maintain agreement with Hydro Ottawa
Confirm procurement and pricing of
ZEBs and charging infrastructure

Board Approval

Verify transition costs
Complete financial model
(ensure City is kept whole)
Council budget approval
Financial close
Procurement of buses
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Questions?

