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1.0 Emerging Technologies  
This appendix provides a background on emerging technologies within the 
transportation sector, including the opportunities and risks that they present, as well as 
examples of where they have worked (or struggled) elsewhere. Based on this review, 
recommendations for pilot programs, policies, infrastructure and services are provided 
for input into the wider TMP planning framework. 

1.1 Overview 
The Town’s previous Transportation Master Plan, completed in 2018, acknowledged 
that Oakville has limited opportunities to expand roadway capacity in response to its 
anticipated growth. The Town’s Urban Mobility & Transportation Strategy, which 
followed, proposed the need for the prioritization of non-auto modes via an integration 
between transportation and land use planning through Complete Streets and an 
accessible neighborhood approaches to developing communities. This is one of the key 
principles of the current Transportation Master Plan update, which sets out to plan travel 
within Oakville through 2051. 

The transportation sector is undergoing tremendous change. New technologies and 
approaches, such as clean energy vehicles, autonomous vehicles (AV), micro-mobility, 
and mobility-as-a-service (MaaS), are poised to transform a mobility paradigm that has 
existed for decades. However, the form these technologies will take, when they will 
emerge, and their ultimate impacts remain uncertain. To develop a plan for the 
transportation landscape through to 2051 that is flexible, adaptable, and responsive to 
this uncertain future, an assessment of the current landscape of emerging technologies 
is necessary. 

1.1 Policy Review 
1.1.1 Provincial Policy 

1.1.1.1 2041 Regional Transportation Plan 

Published in 2018, the 2041 Regional Transportation Plan (RTP), developed by 
Metrolinx, outlines how the GTHA’s transportation system will need to evolve to 
accommodate approximately 110,000 new residents each year through 2041. It builds 
on the previous RTP, “The Big Move”, released in 2008. 

While the RTP primarily focuses on large-scale, region-connecting rapid transit projects, 
it also provides valuable insights and planning recommendations relevant to this report. 
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The RTP presents five main strategies for developing an integrated and robust future 
transportation network: (1) Complete delivery of current rapid transit construction 
projects, (2) Connect more of the region with frequent rapid transit, (3) Optimize the 
transportation system, (4) Integrate transportation and land use planning, and (5) 
Prepare for an uncertain future. Of these, strategy three (3) and five (5) are of primary 
relevance. 

Key recommendations of strategy three relevant to this report include: 

• First & Last Mile Connectivity: Reduce barriers to transit use by improving first/last 
mile connections to transit services, including use of on-demand ride-hailing 
services, micro-transit, car share and bike share. 

• Mobility-as-a-Service (MaaS): Creation of a MaaS platform to give riders a suite of 
mobility options within a single interface. 

• Intelligent Transportation Systems (ITS): Optimize the transportation network with 
intelligent tools such as signal coordination, variable message signs, variable speed 
limits, highway ramp metering, data sharing, centralized monitoring, managed lanes, 
dynamic signal retiming and transit signal priority. Unify fragmented existing 
systems. 

• Innovative Freight Strategies: Reduce goods movement conflicts with automotive 
vehicles with strategies including urban freight hubs, using transit stations as pick-up 
locations, off-peak delivery, and electric cargo bikes. 

Key recommendations of strategy five relevant to this report include: 

• New Business Models & Technologies: Governments must be agile in adapting to 
an increasing pace of technological advancement, many of which will up-end years 
of transportation planning & engineering best-practice. Coordination between 
governments (horizontally and vertically) is needed. 

• Big Data: Create a regional big data portal and establish standards for 
transportation data sourcing, privacy, security, ownership and reporting.  

• Leverage Innovation: Utilize the agility and creativity of the private sector to 
augment – but not replace – public transportation options. 

1.1.1.2 Greater Golden Horseshoe Transportation Plan 

Published in February 2023, the Greater Golden Horseshoe Transportation Plan, 
developed by the Ministry of Transportation of Ontario (MTO), outlines a new 
transportation strategy for the Greater Golden Horseshoe Area (GGHA) through to 
2051. While the 2041 RTP focused heavily on rapid transit, the GGH Plan places a 
greater emphasis on auto (highway) expansion while also reaffirming the transit 
recommendations of the 2041 RTP (and establishing some new ones). 
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The plan envisions “a connected transportation system that provides safe, efficient, and 
convenient options for people and businesses, and supports the well-being and 
economic prosperity of the region into the future.” Strategies to achieve this of relevance 
to this report include: 

• Improving first and last-mile connections with micro-transit, shared mobility and 
mobility-as-a-service, such as car share, ride-hailing, e-bikes, and e-scooters. 

• Supporting automated vehicles, connected vehicles, electric vehicles, as well as 
associated infrastructure (charging stations). 

• Designing smart, connected corridors with real time traffic management. 
• Encouraging advancement of urban goods delivery systems, cargo bikes, and 

off-peak delivery. 
• Implementing signal timing and signal priority improvements. 
• Advancing efforts to publish open data, and set standards for data collection, 

formatting, privacy, security, ownership and reporting. 
• Advancing smart phone applications to integrate trip planning and payment. 
• Establishing innovation corridors, leveraging highway infrastructure to test new 

technologies. 
• Designing programs and pilots to support and nurture transportation innovation 

within the province. 

1.1.2 Regional Policy 

1.1.2.1 Halton Transportation Master Plan (The Road to Change) 

The Halton Region Transportation Master Plan, completed in 2011, outlined a vision 
and plan for Halton Region’s transportation system through to the year 2031. 
Alternatives for planning for future growth included emphasizing active transportation 
and transit, transportation demand management and roadway capacity upgrades. The 
TMP identifies the inevitable transition to green travel technologies but does not explore 
this in detail. Other new technologies such as micro-mobility, shared-mobility, mobility-
as-a-service, and autonomous vehicles, are not discussed. 

A new Transportation Master Plan is currently in progress, commenced in August 2022. 

1.1.2.2 Halton Official Plan 

Halton Region updated its Regional Official Plan in November 2022 to accommodate 
growth through 2051. Key transportation goals of the plan include building regional 
unity, improving network efficiency through transportation demand management (TDM) 
and intelligent transportation systems (ITS), achieving a 20% transit mode share, 
supporting strong active transportation infrastructure, and ensuring good accessibility 
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for all ages, incomes and abilities. While the Official Plan does not provide policy 
direction on emerging transportation technologies beyond ITS, it is guiding the 
development of the region’s new Transportation Master Plan, which is expected to offer 
more insights upon completion. 

It is noted that as of July 1, 2024, the Halton Region Official Plan is no longer a 
Regional Plan, and is now a Local Plan of the four local municipalities. It remains in 
effect as an official plan in Oakville until it is revoked or amended by Oakville Town 
Council [1].  

1.1.3 Municipal Policy 

1.1.3.1 Oakville Official Plan (Livable Oakville) 

The Livable Oakville Plan, published in 2009, outlines the Town’s goals, objectives and 
policies for managing growth in the Town to 2031. It sets forth five goals for the 
transportation network: 

• Providing a safe, efficient and accessible transportation system with choices in 
mobility 

• Foster the use and development of a sustainable transportation network 
• Provide a transit network that is competitive with the car 
• Provide a network of cycling facilities to allow active transportation to be a viable 

alternative to the car 

The strategy emphasizes the importance of multi-modal transportation planning and a 
reduced emphasis on car travel, acknowledging that reduced auto levels of service are 
acceptable in areas where stronger pedestrian, cyclist and transit levels of service can 
be provided. 

While the plan does not offer detailed policy guidance on emerging technologies, it 
suggests considering the benefits of transportation system management, including 
transit priority measures, and underscores the importance of environmental 
stewardship, such as maintaining a green transit fleet. 

1.1.3.2 Previous Transportation Master Plan (Switching Gears) 

The previous Oakville Transportation Master Plan, completed in 2013, and updated in 
2018 aimed to plan the Town’s transportation network through 2031.  

The plan explored ride sharing, which was still a relatively new concept at the time. The 
public survey done as part of the TMP reflects this: 31% of survey respondents stated 
they had used a ride-sharing program. Additionally, 23% of respondents of those who 
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had not used ride-sharing said they would consider using a ride-hailing service, 32% 
were uncertain, and 42% said they would not. 

The TMP recommended promoting ride-sharing despite its high cost for regular use, 
noting that single-occupancy vehicles are inefficient and transit service is infrequent. 
Beyond that, the plan did not examine emerging technologies in detail nor provide 
further recommendations, only noting that emerging technologies such as autonomous 
vehicles should be studied at a later date.  

1.1.3.3 Digital Oakville 2021 

In 2017, Oakville Town Council approved a Digital Strategy aimed at making Oakville 
the most digitally connected community in the Greater Toronto Area. The Plan was 
updated in 2021, with a progress report completed in 2022. 

The Digital Oakville Plan identifies four (4) key areas of focus, each with associated key 
objectives [2]: 

• Online services: Improving the ease, speed and experience for residents to access 
information, programs and services safely and securely. Adopting a customer-centric 
approach to designing digital tools and services. 

• Partnerships and data management: Making better use of data and analytics to 
drive evidence-based decisions, and establishing partnerships with private, public 
and academic leaders. 

• Digital infrastructure: Creating pilot projects to test out smart technologies. 
Engaging partners to help find new applications and benefits of smart technologies. 
Continuing to invest in the Town’s digital infrastructure to support livability and 
economic development and change how complicated urban challenges like transit, 
emissions, traffic safety, and energy management are solved. 

• Ongoing continuous improvement: Encouraging a “build-measure-learn” 
approach to service and process design. Building a continuous improvement culture. 
Seeking opportunities to enhance services, streamline internal processes, build 
efficiencies, and continuously improve the quality of service delivered. 

1.2 Current Initiatives 
1.2.1 Provincial Initiatives 

1.2.1.1 Autonomous Vehicle Pilot Program [3] 

In 2016, Ontario launched a ten-year pilot program to allow the testing of autonomous 
vehicles (AVs) on Ontario’s roads. Participants meet with the provincial government 
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twice annually to discuss progress, and must submit reporting forms annually. The 
program is designed to provide the Province with the information needed to make 
informed decisions regarding autonomous vehicle policy and legality. 

The program was updated in 2019 to allow driverless automated vehicles on Ontario’s 
roads under certain conditions. Requirements include: informing impacted 
municipalities, proper signage on the rear of the tested vehicles, acceptance of full 
liability by the company testing, declaration that the technology is safe, and provision of 
a “work zone and first responders action plan” to ensure that the vehicle will not impact 
emergency operations or endanger construction crews. 

Building on the existing AV Pilot Program, Ontario launched a 10-year Automated 
Commercial Motor Vehicle (ACMV) Pilot Program on August 1, 2025, permitting eligible 
participants to test ACMVs (i.e., specific automated truck and tractor/semitrailer 
configurations over 4,500 kg) on Ontario's roads (including provincial highways and 
municipal roads), under defined conditions. 

1.2.1.2 Cooperative Truck Platooning Pilot Program [4] 

As part of the 2019 expansion of the Autonomous Vehicle Ten-Year Pilot Program, 
Ontario has begun testing of connected trucking technologies within the province. 
Cooperative truck platoons must have clearly displayed signage on the back of all 
vehicles involved in the platoon. Platooning is allowed on certain segments of the 
400-series provincial highway network in addition to Highway 11; this is shown in 
Figure 1. 
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Figure 1: Truck Platooning Network 

 

1.2.1.3 E-Scooter Pilot [5] 

Ontario launched a five-year pilot program in January 2020, which allows municipalities 
to choose where and how e-scooters may be used within their boundaries. In April 
2023, MTO proposed to regulate micromobility vehicles, including e-scooters, under a 
single pilot regulation. This new pilot regulation aims to align the expiry periods for all 
micromobility pilot vehicles (2023-2028), collect more consistent data, and better 
communicate the rules for these vehicles to municipalities and to the public. In 
August 2024, MTO proposed to extend the pilot duration until November 2029 to better 
evaluate the feasibility of e-scooter [6].  

E-scooters allowed under the pilot must have a maximum speed of 24 km/h, a 
maximum weight of 45 kg, a maximum power of 500 watts, two wheels and brakes, a 
horn / bell, at least one light on the front and back and reflective materials on the side, 
and a maximum wheel diameter of 17 in.. It may not have pedals, a seat or a basket, 
and it cannot carry passengers or cargo. Riders must be at least 16 years old. As part of 
the pilot program, municipalities may decide where e-scooters can be operated, where 
they may park and insurance / licensing requirements.  

The program has been adopted in Hamilton, Cambridge, Waterloo Region, Oshawa, 
Durham Region, Ottawa, among others. Toronto City Council decided not to opt into the 
program in late May 2024 
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1.2.1.4 Ontario Vehicle Innovation Network [7] 

The Ontario Vehicle Innovation Network (OVIN) is a Government of Ontario initiative 
that supports the growth of the province’s automotive and mobility sectors. OVIN 
programs are focused on accelerating the development, testing, piloting and 
commercialization of Ontario-made transportation technologies and programs, ensuring 
Ontario remains a global leader in these areas. This includes connected / autonomous 
vehicles, smart mobility solutions, electrified vehicles, intelligent transportation systems, 
and winter-related transport technologies. To date, the government has committed 
$141 million to the program, with an estimated $302 million follow-on investment 
generated, and approximately 6,000 jobs created or retained.  

The OVIN also holds the Ontario Smart Mobility Readiness Forum. Given the rapid 
pace of technological progression, the forum recognizes the need for municipalities and 
public sector agencies to be agile, dynamic and unified in responding to new 
transportation advancements. The forum gives these stakeholders an open platform to 
collaborate and shares resources, perspectives and policy goals to ensure that they are 
collectively prepared and capable of responding to these advancements as they come. 
Meetings are held a couple of times per year. 

1.2.2 Regional Initiatives 

At the time of writing this paper, Halton Region does not have any active programs or 
pilots relevant to this report. 

1.2.3 Municipal Initiatives 

1.2.3.1 Oakville Transit Fleet Electrification 

In 2020, the Government of Canada, Government of Ontario and Town of Oakville 
announced over $66 million in funding for fleet electrification and other capital projects 
($26.5 million from the federal government, $22.1 million from the province, and 
$17.6 million from the Town of Oakville) [8]. 

Oakville began receiving zero-emission battery-electric buses in January 2023, for use 
on care-A-van and Ride On-Demand [9] services, which are further described below. 
The first delivery replaced 15 of the 23 specialized buses in use by Oakville Transit. 
This also included ten charging stations installed at Oakville Transit’s operations facility, 
which had been upgraded in 2011 to accommodate electric vehicles.  

In 2025, the Town further expanded its electric fleet with the introduction of 15 fixed 
route conventional battery electric buses. This initiative was made possible through joint 
funding under the Public Transit Infrastructure Stream (PTIS) of the Investing in Canada 
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Infrastructure Program (ICIP), which will continue to support the ongoing electrification 
of approximately 50 per cent of the Town’s transit fleet by 2026. 

1.2.3.2 care-A-van 

Oakville Transit provides a door-to-door transportation service called “care-A-van”, 
available to all persons with disabilities who are unable to use conventional transit. 
Registered users may book, cancel and confirm rides by phone, online or with the 
Oakville Transit On-Demand mobile app. 

The service is available Monday through Friday between 6 a.m. and midnight, 
Saturdays from 7 a.m. to midnight and Sundays / Statutory Holidays between 8 a.m. 
and 8 p.m. for people travelling within the urban area of Oakville. 

1.2.3.3 Ride On-Demand 

Oakville Ride-On-Demand provides door-to-door transit service for users within four 
specified areas of the Town (Southeast Oakville, North Oakville, Falgarwood, and 
Palermo West/Bronte Creek) [12]. It is a shared ride service, meaning that passengers 
share the vehicle with other travelers, and the route taken to their destination may not 
be direct. The minimum trip distance is 400 m. Customers can request a trip at least 
15 minutes before their departure, and up to 2 hours prior. Standard Oakville Transit 
fares apply. 

1.2.3.4 Downtown Oakville Smart Technologies and EV Charging Network 

Downtown Oakville has implemented smart technologies as recommended by the 
Digital Oakville Plan [13]  [14]. This includes: 

• Real time parking information via on-site signage and online web portal 
• Free public Wi-Fi along Lakeshore Road East (Navy Street to Allen Street) 
• Automatic foot traffic counting 
• Digital information kiosks 
• Eight EV charging stations ($1.5 per hour up to 3 hours, $5 per hour following, in 

addition to regular parking fees) 
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2.0 Best Practices 
2.1 Autonomous / Connected Vehicles 
Autonomous vehicles (AVs) are vehicles in which some, or all, aspects of the driving 
system are controlled by computers rather than by human hand. SAE International 
(formerly named the Society of Automotive Engineers) has developed a six-level scale 
for autonomous vehicles, which is generally considered an accepted standard for 
autonomous vehicle classification. An illustration developed by SAE International is 
shown in Figure 2. The levels are: 

• Level 0: No Automation / Momentary Driver Assistance: Driver in full control, 
with the car providing only momentary assistance (blind spot warning, emergency 
braking, lane departure warnings) 

• Level 1: Driver Assistance: Driver in full control, with car providing steering or 
braking assistance (lane centering or adaptive cruise control) 

• Level 2: Additional Assistance: Driver in full control, with car providing steering 
and braking assistance (lane centering and adaptive cruise control) 

• Level 3: Conditional Automation: Car drives automatically under certain 
conditions, but the driver must be ready to take over when instructed 

• Level 4: High Automation: Car drives autonomously under certain conditions. The 
driver does not need to take over so long as those conditions are met 

• Level 5: Full Automation: Fully autonomous control – the vehicle can drive in all 
roadway conditions and locations where permitted by law 

Another aspect of autonomous vehicles is connected vehicles (CAVs). These vehicles 
have three forms of implementation: 

• Independent Control: Vehicle controls itself using sensors installed on itself, 
making independent decisions with no communication between vehicles 

• Vehicle-to-Vehicle: Vehicles communicate with each other, each making decisions 
based on what the vehicles around them are doing 

• Vehicle-to-Everything: Vehicles communicate with vehicles around them, in 
addition to other technological communication points, such as traffic lights and other 
modes such as pedestrians and cyclists 

Example applications of Vehicle-to-Vehicle and Vehicle-to-Everything technologies 
include truck platooning (see Section 2.2.3 for further detail), and reduced distances 
between cars (thereby enhancing many of the benefits of AVs). It is likely that initial AVs 
will be of independent control, with CAVs coming later. 
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Figure 2: SAE Autonomous Vehicle Scale (Source: SAE International [15]) 

 

2.2 Connected Autonomous Personal Automobiles 
2.2.1 Overview 

With 26.2 million vehicles registered in Canada in 2021 [16], cars are where the biggest 
improvements will be seen from vehicle automation. Fully autonomous cars use 
cameras and sensors to observe traffic and use this input data to automatically 
complete lane changing, steering, acceleration, breaking, and parking, with no input 
from the driver. 

2.2.1.1 Opportunities / Benefits 

• Increased Safety: For the past 25 years, Ontario has consistently been one of the 
top five safest places to drive in North America; its traffic fatality rate per 
10,000 drivers was 0.5 in 2021 [17]. Even so, there were 23,072 collisions in 2021, 
of which 499 were fatal, with 541 deaths [17]. 20% of these collisions involved 
pedestrians, 11.2% of fatalities were caused by unbelted occupants, 21.1% were 
caused by high speeds, and 17.4% were caused by inattentive driving [17]. The 
National Highway Traffic Safety Administration (NHTSA) estimates that up to 94% of 
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all collisions are caused by human error [18]. The ability to greatly reduce the 
number of auto collisions – possibly even to zero – is what may be autonomous 
vehicle’s greatest potential benefit, by removing the human element of driving from 
the road.  

• Increased Accessibility: In large parts of Oakville, it can be challenging to get 
around without a car due to spread out land uses and the suburban built form. 
Under-aged individuals, those with disabilities, and the elderly have limited 
transportation options beyond relying on a family member, though Oakville Transit 
services like care-A-van and Ride On-Demand help off-set this. Autonomous 
vehicles have the potential to greatly improve travel options for those who cannot 
drive themselves. This is, however, contingent on them owning an autonomous 
vehicle, and that the vehicle is designed with an interface usable by all ages and 
abilities. 

• Improved Quality of Life: Once fully deployed, autonomous cars will allow for 
vehicles to drive closer together and more efficiently. This will reduce travel times 
and increase the number of cars that can be accommodated on the road before 
congestion occurs. As an extension of the safety benefit, reduced collisions would 
also result in a more resilient transportation network that experiences fewer supply 
shocks and the resultant delays they create. Canadians spend considerable time in 
traffic each year (199 hours in Toronto, 114 hours in Hamilton, 97 hours in 
Kitchener-Waterloo, in 2022 [19]). Reductions in the amount of time spent in traffic 
means more time spent with friends and family. As well, the time in traffic can be 
spent more productively, with drivers no longer needing to watch the road. The 
required AV market penetration for these benefits to occur is subject to ongoing 
research, which can vary wildly in their conclusions, as can the estimates of potential 
capacity increase and reductions in travel time [20].  

• Improved Compliance: There is a clear correlation between high traffic speeds and 
traffic fatalities. The average risk of severe injury by a pedestrian hit by a vehicle is 
10% at a vehicle speed of 25 km/h, 25% at 40 km/h, 50% at 50 km/h, 75% at 
60 km/h, and 90% at 75 km/h [21]. In recent years, municipalities have attempted to 
lower speed limits to confront this; however, applying a lower speed limit to a road 
that was designed for higher speeds will often lead to compliance issues, as people 
typically drive at the speed that feels comfortable to them. Autonomous vehicles take 
control from humans and drive according to the rules in their code. Assuming that 
manufacturers enforce strict adherence to speed limits, compliance issues should 
disappear upon full market penetration of AVs. 

• Reduced Parking Requirements: Fully autonomous vehicles may reduce the need 
for parking in urban centers, as the vehicle can drive away when unneeded and idle 
in lower demand areas or be used to drive someone else around. Dis-used parking 
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could then be replaced with more produced land uses. This would, however, 
increase the total vehicle kilometers travelled on our roads and may not be practical 
or realistic. The opposite could also occur, with increased sprawl and more parking 
demand due to the convenience of autonomous cars. 

2.2.1.2 Risks and Mitigation 

• Chaotic Transition: The transition to autonomous vehicles will not happen 
overnight, and for a time, autonomous vehicles will be on the roads together with 
human controlled ones. This can make it difficult to apply, enforce and assess the 
impact of policies directed at autonomous vehicles. It is also highly uncertain as to 
how the two types will interact as more and more autonomous vehicles come onto 
the road. The transition will require coordination between all levels of government, 
and the Town should continue to collaborate with the MTO as a partner in this 
transition. Traffic modelling may assist in making evidence-based predictions about 
the impacts of autonomous vehicles and to estimate what benefits (and drawbacks) 
will be seen, and when. 

• Increase in Auto Traffic: Autonomous vehicles increase the attractiveness of 
auto-travel relative to other modes by reducing or eliminating many of the drawbacks 
of driving (congestion), matching benefits of other modes (being able to spend the 
time productively, like on transit), and by expanding the market of users (to those 
with disabilities, children and the elderly). This could result in more congestion, 
rather than less, and siphon off demand from other modes. Potential mitigation of 
this is intrinsic to this point, because if congestion persists, other modes will maintain 
their attractiveness. Therefore, by focusing on the strengths of other modes (such as 
active transportation as a health travel option), and by continuing to provide strong 
multi-modal options, the impact of this point can be mitigated. It is likely a mistake to 
believe that autonomous cars will solve all congestion, and so policy should not be 
created with that outcome in mind. 

• Increase in Urban Sprawl: Autonomous vehicles will reduce the dis-utility of car 
travel. In other words, because commuters can occupy their commute time 
productively, they may be more willing to drive longer distances and sit in traffic 
longer. From a government perspective, there may be a desire to view autonomous 
vehicles as the solution to traffic congestion, reducing the need for mixed-use land 
intensification and strong multi-modal transportation options. This view risks undoing 
years of progressive planning at the municipal, regional and provincial levels of 
government. This can be mitigated through kilometer-based pricing (which may 
become necessary anyways due to vehicle electrification, to be discussed later), and 
policy focus and commitment to developing the type of communities where a car is 
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not necessary, not just because of congestion, but because they are more pleasant 
places to live. 

• Knock-on Economic Impacts: Many industries revolve around the current 
human-controlled car paradigm. Fewer car collisions will mean less need for 
mechanics and insurance. Autonomous cars will also reduce the need for taxi 
drivers, bus drivers, some emergency service drivers, police enforcement, etc. The 
resultant shock to the workforce (and government revenue as a result) could be 
severe. However, this change is likely to occur over many years, lessening the acute 
impact to the economy. Typically, new technologies also lead to new industries and 
job opportunities to replace the ones that are no longer needed.  

2.2.2 Autonomous Transit 

2.2.2.1 Overview 

Autonomous vehicle technology can also be applied to public transit. While autonomous 
vehicles in transit already exist in the form of automated trains, which are used on 
several metro systems around the world including in Toronto, the technology of 
autonomous buses and shuttles which operate on the road in a mixed environment 
(alongside cars and trucks), are more relevant for the Town of Oakville.  

2.2.2.2 Opportunities / Benefits 

• Improved Reliability & Efficiency: Autonomous buses, when used on roads with 
autonomous vehicles, should be subject to the same benefits as autonomous cars. 
Autonomous vehicles should result in travel time and reliability benefits for all road 
users. This makes bus travel more attractive. 

• Improved Expandability: Buses, like trucks, can use vehicle-to-vehicle 
communication to platoon buses along busy routes, reducing crowding without 
needing to upgrade physical infrastructure (BRT, LRT, etc.). However, on busy 
streets, cars cutting in and out of a bus platoon may be problematic, should the 
buses run in mixed traffic.  

• On-Demand Service & Micro-Mobility: In the short term, autonomous buses will 
likely take the form of small shuttles which can hold around ten people. These types 
of vehicles are well suited for use on routes that otherwise would not be popular 
enough for a fixed route service, or for use on first / last mile services connecting 
under-served areas to major transit lines, at a relatively low cost. This could improve 
network coverage and access, reducing barriers to using transit. 
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2.2.2.3 Risks and Mitigation 

• Job Loss: As with trucks, autonomous transit vehicles risk the bus driver occupation 
becoming obsolete. There may be opportunities to reduce workforce size as needed 
via attribution, given that the transition will not occur for many years, and likely not all 
at once.  

• Reduced Customer-Interaction: Bus drivers play an important role on the transit 
system. They are more than just drivers – they are also customer service 
representatives. If a passenger has a question (such as needing directions), they are 
there to support. If a passenger has an emergency, they are there to support. And, if 
a passenger has special mobility needs, they are there to support. Autonomous 
vehicles without drivers lose this customer interaction. In particular, it risks impeding 
transit use by the elderly and mobility-impaired. This can be mitigated by on-board 
attendants, though this removes one of the largest benefits of autonomous transit, 
so it would only make sense at major transit hubs.  

2.2.3 Autonomous Goods Movement 

2.2.3.1 Overview 

Autonomous vehicle technology has the potential to revolutionize the long-distance 
trucking industry, due in part to a concept known as truck platooning. In truck 
platooning, groupings of trucks are placed under control of one driver (or computer 
system) at the front of the platoon, using vehicle-to-vehicle communication technology. 
The trucks then drive together as one caravan, maintaining a consistent distance 
between each vehicle. 

2.2.3.2 Opportunities / Benefits 

• Helping Truck Driver Shortage: In the third quarter of 2021, there were 
22,990 truck driver positions open in Canada, the highest level since Statistics 
Canada started tracking the metric in 2015; nearly half of these positions remained 
unfilled after 90 days [22]. This continued through 2022, with vacancies standing at a 
new all-time high of 25,600 positions and a truck driver unemployment rate of just 
3.4%, because the supply of drivers fell 7.7% between 2022 and 2021, relative to a 
decline in demand of just 4.7% [23]. While demand may continue to fall as the 
pandemic fades from view, should the decline in drivers continue to outpace the 
change in demand, the shortage of truck drivers will continue. Truck platooning 
would be very useful in this instance as significantly more goods (2-4x) could be 
distributed with just one driver. 

• Efficiency: Truck platooning reduces aerodynamic drag, leaving to improvements in 
fuel efficiency and milage (and therefore, reduced greenhouse gas emissions) [24]. 
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It is estimated that truck platooning could reduce fuel consumption by 4% [25] [26]. 
With full autonomous control, the number of drivers required should decrease by 
two, three or four times (depending on length of the platoon). Collectively, these cost 
savings may be passed onto consumers. 

• Reduced Congestion: Platooned trucks should be able to drive at closer proximity 
to each other, and benefit from vehicle-vehicle communication. Just as with 
autonomous cars, this has the potential to increase road capacity and reduce 
congestion, though the degree to which this would occur and when this would occur 
are uncertain. 

2.2.3.3 Risks and Mitigation 

• Safety: The safety implications of truck platooning are still under study. SAE 
International is currently conducting a safety analysis of truck-platooning systems 
[27]. On one hand, autonomous control should allow for improved reaction times to 
traffic disruptions. On the other hand, truck platooning may decrease driver comfort 
as passing truck platoons can be difficult depending on their length. In the case of a 
communications or mechanical failure, the close proximity of the vehicles could be 
catastrophic. 

• Job Loss: The cost of additional efficiency is job loss. While in the short term, each 
vehicle in trucking platoons may continue to be staffed (for safety while the 
technology is tested), in the long term, only one driver will be necessary. This may 
be impactful enough to outpace the job vacancies discussed previously and cut into 
filled positions. The impact on railroad companies is also uncertain; truck platooning 
could present challenges to rail dominance in certain sectors, causing further job 
losses there. 

• Only Useful Under Certain Scenarios: Truck platooning is only useful if the trucks 
are going in the same direction for long distances [25]. If under control of only one 
driver / computer system, platooning would only work if the trucks are going to and 
from the same places for the entire length of the trip. It would be difficult therefore for 
last-mile delivery services (such as FedEx or UPS) to make use of the technology as 
each vehicle follows its own unique route. Therefore, truck platooning is primarily 
useful only for long-distance trucking. NREL conducted an analysis of 210 million 
miles of 57,000 Volvo trucks to estimate the potential for truck platooning in the US; 
they found that 63% of miles travelled were done at speeds in which platooning 
could be beneficial, though this decreased to 55.7% when considering availability of 
potential platooning partners [28].  
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2.3 Decarbonization / Electrification 
As of 2017, the transportation sector made up 24% of Canadian’s annual emissions 
(34% in the Greater Toronto and Hamilton Area specifically). This is because the 
majority of the current fleet of cars, trucks, buses and trains use fossil fuels (primarily 
gasoline or diesel), powered by internal combustion engines. It is worsened by our 
spread-out society in which a car is a necessity for most travel. As such, the 
electrification of our transportation network is a significant element in our fight against 
climate change. 

There are a few different approaches to de-carbonizing our transportation system. This 
includes: 

• Bio-fuels: Fuels that are developed from algae or some other organic compound, 
sometimes emitting greenhouse gases at time of combustion but are carbon neutral 
overall. 

• Hydrogen fuel cells: Replacement of the internal combustion engine with a fuel cell 
powered by hydrogen (which must be filled-up regularly, like gas), leaving only water 
as an emitted by-product. 

• Lithium-ion batteries: Replacement of the internal combustion engine with a 
battery that can store and release electric charge, drawing power from the grid 
rather than being produced by the vehicle. 

By far, the most popular approach is the use of lithium-ion batteries, which are now 
featured in numerous commercial products on the market, such as Tesla, Ford and 
Chevrolet. Therefore, it will be the primary focus of this section. Bio-fuels and hydrogen 
fuel cells require additional research. The former may be useful in aviation, while the 
latter may be useful for freight. 

2.3.1 Personal Automobile Electrification 

2.3.1.1 Overview 

Spearheaded by companies like Tesla, electric vehicles (EVs) have become more 
common in recent years. The Canadian Government has legislated that by 2030, 60% 
of all new car sales must be electric, and by 2035, 100% of new car sales must be 
electric. In the years to come, we will see rapid growth in this sector; in 2021, electric 
vehicles were just 5.2% of new car sales [29]. This number, however, has been 
increasing, with zero-emission vehicles accounting for one of five vehicles sold in 
Canada during the end of 2024.   



 

Transportation Master Plan | Town of Oakville  18 
Appendix G - Emerging Technologies 

2.3.1.2 Opportunities / Benefits 

• More Efficient: Electric vehicles are significantly more efficient than gas powered 
vehicles. According to the US Department of Energy, an EV electric drive system is 
only responsible for 15-20% energy loss, compared to 64-75% for a gasoline engine 
[30]. EVs are 60-73% efficient, and 77-100% efficient when regenerative breaking is 
counted [30].  

• Operating Cost Savings: The improved efficiency of electric vehicles translates into 
cost savings. According to a CTV News analysis using CAA’s Driving Cost 
Calculator, assuming a $1.5/L price of gas, a gas vehicle would cost $2572 per 
20,000 km, compared to just $430 per 20,000 km for an electric vehicle, resulting in 
$10,710 saved over five years [31]. In addition, electric vehicles have fewer moving 
parts and are thus easier to maintain. A Consumer Reports study found that EV 
owners paid about half as much on maintenance as gas powered vehicle owners 
[32]. The US Office of Energy Efficiency & Renewable Energy affirms this, with an 
estimated maintenance cost of $0.101 per mile for an internal combustion engine 
vehicle, versus $0.061 per mile for a battery electric vehicle [33]. 

• Reduced Local Emissions: Internal combustion engine vehicles emit toxic gases in 
our communities, which can lead to health complications and reduced quality of life. 
A typical vehicle emits 8.8 kg of CO2 per gallon, or 4.6 metric tonnes of CO2 per 
year, according to the US Environmental protection Agency [34]. However, more 
than just CO2 comes out of a car’s exhaust pipe. This includes particulate matter, 
volatile organic compounds, nitrogen oxide, carbon monoxide, and sulfur dioxide, all 
of which pose risks to our health and the environment [35]. 

• Bi-Directional Charging: Electric vehicles can allow for bi-directional charging, in 
which vehicles do not just take power from the grid but can also return power to the 
grid when plugged in [36]. This can operate like a backup power source during 
emergencies for a specific building (Vehicle to building) or provide grid-level 
resiliency (Vehicle-to-grid) by augmenting storage capacity at power plants. Vehicle 
to building (V2B) and vehicle to grid (V2G) technologies depend on both the vehicle 
and the charging infrastructure. Currently only the Nissan Leaf and Mitsubishi 
Outlander hybrid are capable of this. However, this functionality does risk degrading 
the battery rapidly; further refinements of this technology are therefore required. 

2.3.1.3 Risks and Mitigation 

• Initial Cost Barriers: Though less costly to maintain, the initial purchase of an 
electric vehicle is still significantly more expensive than internal combustion engine 
vehicles. According to Kelley Blue Book (an auto vehicle valuation company) in 
2022, the average price for an electric vehicle is about $18,000 (USD) more 
expensive than an internal combustion engine car, while in 2020, Consumer Reports 
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found that electric vehicles are up to 40% more expensive than gas powered cars 
[37]. This is somewhat offset by EV tax credits and rebates (Canada previously 
offered rebates between $2,500 and $5,000 for certain electric vehicles through the 
iZEV Program, for example), but does not close the gap enough for EVs to be 
affordable for most Canadians – even those who want them. In the short to medium 
term, continuing and expanding EV credits at the federal and provincial level will 
help EVs become more affordable for average Canadians. In the long term, 
affordability depends largely on private sector efficiencies as the technology 
matures. 

• Weather Impacts on Vehicle Performance: Lithium-ion batteries used in most 
electric cars today have worse performance in the cold, in terms of reduced range 
and increased charging time. According to Consumer Reports, car shoppers should 
buy a vehicle with double their daily range requirements to offset this [38]. Given that 
range is one of the top deterrents to EV adoption, this is a significant barrier to entry 
in colder climates like Canada. 

• Range Anxiety: Range anxiety refers to the fear or concern that an EV will run out 
of battery power before reaching a charging station, which can deter potential EV 
buyers. Further, EVs should be plugged in before starting a trip to allow the battery 
to warm up. To address this challenge, one solution is the expansion of public 
charging stations, ensuring they are strategically located along major routes and in 
high-demand urban areas as well as remote and underserved areas. Additionally, 
the capacity of charging stations should be considered in new developments, with 
increased infrastructure to accommodate a growing number of EVs. Ontario's 
ChargeON program provides funding for the installation of EV chargers across the 
province, including in remote and rural areas, aiming to build a more connected 
network [39]. By supporting the installation of chargers at both public and private 
locations, this initiative helps foster greater EV adoption and ensures that drivers feel 
confident in their ability to travel without running out of power. 

• Knock-on Environmental Impacts: Decarbonized vehicles have no local emissions 
but still do have environmental impacts. Lithium extraction can have severe 
environmental consequences, using 500,000 gallons of water per metric ton of 
lithium and a significant risk of leakage of toxic chemicals into the soil, water and air 
[40]. Mining operations can be unsafe and often utilize illegal child labour in harsh 
conditions [41]. Additionally, the power being stored in those batteries may ultimately 
still come from a fossil fuel power generation plant, reducing emissions and hiding 
them from the end user, but not eliminating them. 

• Increased Weight: Electric vehicles are significantly heavier than 
internal-combustion-engine vehicles. Due to the need to carry a large battery to 
achieve acceptable range, the batteries alone can weigh hundreds or even 
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thousands of pounds (especially for larger vehicles), in addition to the weight of the 
rest of the vehicle. For example, the Ford F-150 Lightning is 2000 – 3000 lbs. 
heavier than the non-electric version, while electric SUVs from Mustang and Volvo 
are both 33% heavier than their non-EV counterparts [42].  
− While this added weight can help protect those inside the vehicle, it also greatly 

increases the risk of serious injury of death for everyone else (i.e., those in lighter 
vehicles, or vulnerable road users such as pedestrians and cyclists). According 
to a 2011 study by the National Bureau of Economic Research, the odds of a 
fatality increase 47% for every 1000 additional pounds in a vehicle [43]. As such, 
we may see a rise in severity of traffic injuries as EVs become more 
commonplace. Mitigation measures such as lowering speed limits and designing 
new roads to encourage slower driving should be considered. 

− The increased weight of EVs may also have an impact on the longevity of our 
roads. The Telegraph found that the average electric vehicle puts 2.24 times 
more stress on the road than its non-EV equivalent, with vehicles weighing over 
2000 kg putting 2.32 more stress [44]. The extent of this impact is still uncertain, 
but may result in roads needing to be repaired faster than originally 
anticipated / budgeted for, at an additional cost to the municipality.  

• Competing Standards: There are currently two competing EV charging standards 
in North America: The North American Charging Standard (NACS), developed by 
Tesla, and the Combined Charging System (CCS), developed by CharIN. Originally, 
only Tesla vehicles could use NACS, and other manufacturers adopted the CCS 
standard. However, in North America, Tesla has made unmatched strides in 
expanding their charging network, and has since allowed non-Tesla vehicles to use 
their supercharger network. In 2023, Ford, General Motors, Rivian and Volvo all 
announced that they will be adopting NACS going forward, instead of CCS [45]. 
Given this momentum, it is likely that more companies will follow suit. 
− This means that any initial investments in providing CCS charging may become 

obsolete and require replacement with NACS in time. The uncertainty also is a 
barrier to EV adoption; users may be hesitant to purchase a CCS supported 
vehicle knowing that they may need to use an adapter for the entire life of their 
vehicle should the NACS standard win out fully. 

• Policy Objectives: It is important to remember that there are many more impacts to 
automotive travel than just the environmental ones. An electric car is still a car, and it 
will contribute to congestion and further urban sprawl the same as any gas powered 
automotive. The response here must be the same as for autonomous cars. 
Prioritization of transit, walking and cycling is done because of the types of 
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communities we want to build, not merely because cars present challenges like 
traffic congestion and environmental damage. 

• Reduction in Gas Tax Revenue: Gas and diesel excise taxes contributes $6 billion 
to the federal government’s annual revenue (excluding GST/HST), and $16 billion to 
provincial annual revenue [46]. The proliferation of electric vehicles will greatly 
reduce government spending power if not replaced, though this will happen over 
many years. The government should identify new revenue sources to replace this 
income, in advance of a meaningful drop in gas tax revenue.  

• Power Infrastructure Gap: In 2019, Ontario produced 153 TWh of electricity [47]. 
Demand is expected to grow to about 225 TWh by 2041 as shown in Figure 3, in 
part due to EV adoption but also growth in other sectors. Additional capacity will be 
required, but the power grid can handle current EV adoption and has decades to 
accommodate growth in EVs on the road. 

Figure 3: Ontario Electricity Demand Forecast 2023-2042 [48] 

 

2.3.2 Transit Electrification 

2.3.2.1 Overview 

Transit agencies all over North America, including Oakville Transit, have made a 
commitment to de-carbonizing their fleets. Oakville began receiving zero-emission 
battery-electric buses in January 2023, for use on care-A-van, and Ride On-Demand 
[8]. The first delivery replaced 15 of the 23 specialized buses in use by Oakville Transit. 
The Town expects the first 15 zero-emission battery electric buses for used on its 
fixed-route services in 2024 and plans to switch 50% of its fleet to electric in the next 
five years [8]. Though a small part of total transportation emissions in Canada, 
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de-carbonizing our transit network is an important, principled step in confronting the 
climate crisis. 

There are currently four approaches to bus electrification, listed below and discussed in 
Table 1. 

• Over-head catenary (also known as a trolley-bus) 
• Powered by on-vehicle battery 
• Powered 
• Hybrid Diesel-Electric 

Table 1: Types of Bus Electrification 

Type Advantages Disadvantages 
Trolley-
Bus 

• Consistent performance 
year-round 

• Significant infrastructure requirements 
• Less flexible 
• More complex operation & maintenance  
• Limited number of manufacturers 

Battery-
Electric 

• Lower infrastructure 
requirement (no 
overhead catenary) 

• Flexibility in routing due 
to lack of catenary 

• Technology maturity 
(compared to Hydrogen) 

• Operational impacts due to shorter 
range 

• Lower performance in low temperatures 
• Environmental degradation from lithium 

extraction 

Hydrogen 
Fuel Cell 

• Flexibility in routing 
• More comparable range 

capabilities to diesel 
buses 

• Technology maturity 
• Availability of clean Hydrogen source 

Hybrid 
Diesel-
Electric 

• Comparable operations 
compared to standard 
diesel buses 

• Consistent year-round 
performance 

• More complex operation & maintenance  
• Limited number of manufacturers 
• Limited emission reduction benefits 

 
This section will focus primarily on battery electric buses, as they are by far most 
commonplace, and are most directly relevant to the Town of Oakville, which has already 
committed to battery-electric vehicles. 

2.3.2.2 Opportunities / Benefits 
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• Improved Comfort: Electric buses provide a smoother ride for users, and generate 
less noise, making the bus a more attractive option for potential users. 

• Lower Operating / Maintenance Costs: As with electric cars, electric buses have 
fewer moving parts (70, versus 3700 for a diesel bus [49]) and are therefore easier 
to maintain. Link Transit, with one of the largest electric bus fleets in the US, reports 
that the operating cost of an electric bus is about 51% that of a diesel bus [50]. A 
report by the US PIRG Education Fund, Environment America and Frontier Group 
found that electric buses had an efficiency of 16.5 miles per gallon equivalent, 
compared to diesel’s 3.8 mile per gallon millage, and a fuel cost of $0.28 USD per 
mile compared to diesel’s $0.59 USD per mile [49]. The TTC has indicated that 
operating costs for their electric fleet is 25% lower than their diesel fleet [51]. 

• Reduced Local Emissions: Oakville Transit’s annual emissions peaked in 2018 at 
about 9000 tonnes CO2e, then 8500 tonnes in 2019, before failing to 5,500 in 2020 
and 2021 due to the pandemic [52]. Its energy use peaked at 35 million ekWh in 
2018, dropping to 32.5 million ekWh in 2019, before falling to 20 million ekWh in 
2020 and 2021 due to the pandemic [52]. Public transit is already a green choice, as 
a bus emits far less per passenger than the equivalent number of cars would. 
Electric buses will take this further, by eliminating all local emissions, allowing for 
cleaner air and healthier communities. 

2.3.2.3 Risks and Mitigation 

• New Technology: Electric buses are a new technology, and there aren’t any 
examples of electric buses that have served an entire useful life yet. Therefore, it is 
uncertain how these vehicles will age (for example, whether they will continue to be 
reliable, whether they will be useful for as long as anticipated, etc.). Further 
advancements in battery technology could also make these vehicles outdated 
sooner than anticipated. 

• More Expensive: An electric bus can cost $200,000 to $500,00 more per bus than a 
diesel bus, plus the cost of charging infrastructure [51] [49]. In addition to making the 
replacement of existing buses more challenging, it also serves as an obstacle to 
increasing service frequency on existing routes. 

• Operational Complexity: Electric buses have limited range, which means they 
need to be charged more frequently than a diesel bus would need to be refueled, 
and this charging can take time. Schedules must be designed in a way that reflects 
this constraint, which is aggravated by changes in weather. In Chicago, drivers need 
to monitor the battery closely to prevent the bus being stranded, and if the bus drops 
below 50% charge, they need to be topped off at a Charger [53].  

• Addition Infrastructure: Electric vehicles require charging infrastructure, and in 
some cases, new facilities to maintain the bus (for example, Oakville constructed a 
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new facility about a decade ago to hold new electric buses). This can be a 
substantial cost – for example, Toronto purchased 60 electric buses for $70 million, 
and then had to spend an additional $70 million on chargers for those buses [51]. 

• Eco System Lock-In: Different bus companies can use different charging 
standards, meaning that to switch to another provider in the future could require 
further infrastructure beyond just the bus – particularly problematic in cases when 
the original buses purchased did not deliver fully on expectations [51]. 

• Weather Impacts on Vehicle Performance: Vehicle performance in particularly 
cold or hot temperatures is an issue for electric vehicles; in the winter the buses 
need to be heated, and in the summer the buses need to be cooled. In Toronto, air 
conditioning buses reduced vehicle range by 15% [51]. The Center for 
Transportation and the Environment estimates a 38% decrease in range when the 
temperature drops to just 0 to -5 degrees Celsius, though this can vary wildly by bus 
(due to things like body type / material) [54]. 

• Knock-on Environmental Impacts: As with electric vehicles, there are knock-on 
environmental impacts of electric buses due to the lithium and cobalt within their 
batteries. However, this is a significantly smaller impact than electric cars and trucks 
due to the relatively smaller number of vehicles involved, and the capability to carry 
far more people at once. 

2.3.3 Goods Movement Electrification 

2.3.3.1 Overview 

In 2017, 36% of transport emissions were from freight trucks, and 7% was from freight 
aviation, rail and marine [55]. It is anticipated that freight emissions will pass passenger 
vehicle emissions by 2030 [55]. As such, electrification of our goods movement network 
is imperative in the fight against climate change. This includes migrating towards 
electrified trucks (of various sizes), electrified freight rail, and (though not relevant to this 
study), electrified shipping. 

2.3.3.2 Opportunities / Benefits 

• Reduced Local Emissions: Adopting zero-emissions vehicles will, as the name 
suggests, reduce and then eliminate local emissions, improving the health and 
quality of life of local residents. Electric vehicles are also quieter than those with 
internal combustion engines, thereby reducing another important form of 
environmental pollution, noise. At 10% of Canada’s annual emissions as of 2017 
[55], electrification of freight will also go a long way towards meeting Canada’s 
overall objectives in the fight against human caused climate change. 
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2.3.3.3 Risks and Mitigation 

• Feasibility: Rail electrification via overhead catenary is prohibitively expensive due 
to the distances involved. It is likely that rail companies like CN and CP will instead 
wait for alternative de-carbonization schemes, such as hydrogen or electric powered 
locomotives. Indeed, in 2022, CN began testing a battery-electric locomotive on a 
small stretch of mainline in Pennsylvania, while CP is looking to test retrofitted 
hydrogen-powered locomotives [56]. However, limited-range, carrying capacity and 
the inability to adequately withstand the cold are obstacles that will need to be 
overcome, especially given Canada’s geography. CN’s electric locomotive, for 
example, must be used in tandem with existing diesel ones [57]. 
− Long distance trucking is also a challenge due to the weights involved, 

necessitating a very large, heavy battery. Recent strides have been made, such 
as the Tesla-Semi, the first of which have been delivered to customers in late 
2022, but range and weight capacity remain limited (500 miles at 82,000 lbs.) 
[58]. 

• Knock-on Environmental Impact: As with autonomous vehicles and transit, 
decarbonized vehicles have no local emissions, but will still have environmental 
impacts. The impacts of lithium have been discussed previously. Similarly, hydrogen 
does not exist freely in nature in the state required for hydrogen fuel cells. Instead, it 
must be processed – 95% of hydrogen production is from fossil fuels, and 
830 million tonnes of CO2 are emitted each year to produce 74 million tonnes of 
hydrogen [59]. In order for green vehicles to be truly green, governments must 
therefore continue to invest in green power technologies, and work with private 
enterprises in minimizing the human and environmental damage caused by 
producing these materials. 

• Weight: As mentioned previously, EVs are heavier than gas/diesel powered 
vehicles due to the need to carry a large battery for acceptable range. The size of 
the battery required grows with the weight that the vehicle must carry; therefore, for 
trucks, extremely large, heavy batteries are required. This means that future trucks 
will be even heavier than they already are today. Given their weight, freight trucks 
today are one of the largest contributors to road wear and tear, and heavier electric 
trucks will therefore likely cause greatly accelerated road degradation, particularly on 
major truck routes. 

2.4 Shared & Micro-Mobility 
Micro-mobility refers to small-form transportation offerings that are used for short 
distance trips. They are generally electrified with a small motor, for low-speed operation.  
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Shared mobility are services in which transportation options like bikes, scooters and 
cars can be rented on demand from a shared pool for specific trips, rather than 
personally owned by individuals. 

This section groups shared and micro-mobility because micro-mobility offerings such as 
bikes and e-scooters are often implemented as part of shared-mobility programs.  

2.4.1 Car Share 

2.4.1.1 Overview 

Car share programs are a form of car rental company, which allows users to rent a car 
from a shared pool. This pool may be owned by the car sharing company (such as 
Communauto), or the company can operate only as a middleman, linking users to 
private vehicle owners (such as Turo). 

Whereas traditional car rental companies generally charge by the day, car share 
companies typically charge by the minute, hour or day, offering greater flexibility to 
users. Also, unlike traditional car rentals, car share companies typically do not have 
physical locations; instead cars are parked throughout a city. Users find, pay for and 
activate the car using a mobile interface. There are four main service models of 
car-sharing [60]: 

• Round-trip: The car has a “home” location that the user must return to at the end of 
their travels. 

• One-way (station-based): The user must drop off the car at a specific point, but 
that does not need to be the same place they started. 

• One-way (free floating): The user can drop off their car anywhere within a specified 
zone. 

• Peer-to-peer: Users are linked to private automobile owners through a service 
acting as a middleman. Generally, this is combined with the round-trip service 
model, though not always. 

2.4.1.2 Opportunities / Benefits 

• Reduction in Car Ownership: Car share can result in a decrease in car ownership, 
particularly among infrequent drivers. A study done in Melbourne found that car 
share members owned fewer cars than non-members, with residents in more 
densely populated areas using the service to avoid or delay purchasing a car, while 
suburban members used it to avoid needing a second car [61]. A second study 
found that the provision of one car-sharing vehicle resulted in a reduction of nine 
private cars [62]. A third re-affirmed that car sharing takes several cars off the road, 
up to 20 in optimistic scenarios [63]. 
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• Reduction in Parking Requirements: As an extension of the above, car sharing 
allows for reduced parking supply, as developers can provide a car share spot for 
users who do not drive frequently. This is becoming more common in new 
developments. One study estimated this at a best-case 22% reduction in required 
parking assuming all eligible users switch to car share [64]. 

• Reduction in VKT: Car sharing reduces vehicle kilometers travelled and 
encourages more sustainable forms of transportation [65]. It makes users more 
conscious about their travel choices (and the per trip costs) and can remove the car 
as the “default” trip option, instead making it one option of many, alongside transit, 
walking and cycling. This reduction in driving by car share members also yields 
material benefits in emissions, estimated to be between 3-18% [66]. 

2.4.1.3 Risks and Mitigation 

• Inconsistent: Car sharing is of course not useful for everyone, as the car might not 
be available when you need it. It is good for those who use cars only occasionally, 
but not helpful for those who need a car every day. Changing our built environment 
to reduce auto dependency can therefore help increase the attractiveness of car 
sharing by reducing the number of people who must drive daily. 

• Limited Use Case Outside of Cities: Car sharing services rely on an internet 
connection. There have been reports of users being locked out of their vehicles and 
stranded after driving to an area of low service (such as for camping or driving 
through a rural area) [67]. This is not a significant problem for a municipality like 
Oakville, though it does speak to a larger issue, which is that those without a proper 
connection (dead battery, out of data, etc.) cannot use the service. 

• Ownership and Operational Risk: Car sharing services generally come with 
insurance (or tiers of insurance), though this may not be as comprehensive as 
personal car insurance. For peer-to-peer services, users rent out their cars, which 
puts the vehicle in the hands of a stranger, risking damage, mess or smoke 
exhalation. While the former may be covered fully by insurance, the latter is not.  

• Parking Issues: Like with dock-less bike share, car sharing services can run into 
compliance issues with parking by-laws when users return vehicles. For example, 
between 2016 and 2018, car share companies were subject to $6.5 million in 
parking fines in Toronto [68]. A free-floating car share policy designating where (and 
in what conditions) car-share vehicles can be parking could mitigate this. On the 
other hand, in busy areas this could lead to compliance issues, with private vehicles 
parked in designated car share spaces. 
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2.4.2 Bike Share 

2.4.2.1 Overview 

Bike share programs shift ownership of bikes from individuals to either a municipality or 
corporation. Users can pay per use to rent a bike, and do not have to worry about 
maintenance, theft or storage. Pricing structures vary, including pay-per-minute, pay per 
use (generally with a 60-90 minute ride cap), and monthly / annual subscriptions 
(generally unlimited rides of a specified duration, with additional benefits such as a 
lower overage fee rate). 

There are typically two types of bike share programs: 

• Dock-less: Bikes can be left anywhere after use, and in turn are picked-up by the 
next user from where-ever they were left. Users generally use an app on their phone 
to activate the vehicle. 

• Dock-Based: Bikes must be picked up and dropped off at designated parking 
stations. Stations generally have a terminal to process transactions. 

2.4.2.2 Opportunities / Benefits 

• Reduces Auto Dependency: Bike share programs promote sustainable forms of 
travel by reducing the barrier to entry. Users do not need to own a bike, nor do they 
need to maintain it, store it, or worry about it getting stolen.  

• First / Last Mile Connections: Bike share can be used to improve first and last mile 
connections to transit. By placing bike share stations around bus shelters and at 
major transit nodes, users can much more easily get to / from transit. This is 
especially important in municipalities where things are more spread out. 

• Data: Bike share systems offer useful data to municipalities. Metrics such as time of 
travel, trip duration and origin-destination analyses can be performed, which can 
inform future decision making. 

• Climate Friendly: Bikes are a zero-emission form of transport, and therefore these 
programs allow for easier use of a climate-friendly transportation options. Note that 
bike share services do usually need some support staff and equipment (including 
vans or trucks) to re-distribute the bikes, but this should be offset by the reduction in 
car travel for everyday trips.  

• Healthy: According to Stats Canada, only half of Canadian adults meet the 
recommendation of 150 minutes per week of moderate-to-vigorous physical activity 
[69]. Cycling to work is an excellent way for Canadians to get in physical activity 
each day, and bike share programs help promote this healthier way of living. A study 
of the New York City Bike Share System found significant health benefits amongst 
users, which outweighed any exposure to traffic or air pollution [70]. Similarly, a 
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review of twelve bike share systems in Europe found that the health benefits of the 
program greatly outweigh the exposure to air pollution and traffic, and significant 
benefits are observed in people switching from car travel [71]. 

2.4.2.3 Risks and Mitigation 

• Safety: Bike share systems typically do not provide helmets to users, and so bike 
share systems may have a higher incidence of non-helmet use relative to those who 
own their own. A 2012 study of Boston and Washington DC found that only one in 
five bike share users opt to use a helmet, compared to about half of riders on 
personal bikes [72]. A 2013 study found that 85% of bike share users did not wear 
helmets during the pilot phase of New York City’s bike share program 
(at 22 locations); this was repeated in 2014 with an even higher percentage, 88.9% 
not wearing helmets [73]. In contrast, a study done in Vancouver (where helmets are 
compulsory) found bike share users wore a helmet 64% of the time, compared to 
78% for personal use [74]. 

• Operations & Maintenance: Bike share systems require support staff to 
re-distribute bikes throughout the network. Without this, bikes will build up in 
numbers at key destinations, and locations further out will be under-served. This is 
particularly problematic in dock-less systems, where the build-up of bikes can be 
severe and obstructive. 

• Equity: Roll-out of bike share systems should take care to ensure that specific 
communities are not being underserved in favor of more affluent ones. This is not 
always the case; a review of equity in the New York City bike share system found 
that stations were located inequitably, serving primarily richer neighborhoods [70]. 
Either rates should not be prohibitive to low-income users, or support programs 
should be implemented for these groups to reduce the cost. Bike share systems do 
not provide any benefit to mobility impaired users, and so their needs must be 
addressed through other means, such as transit. 

• Right-of-Way (ROW) Space Needs: Implementation of dockless bike share 
programs has been found to cause space conflicts with other urban infrastructure 
priorities such as sidewalks, bus stops, and green space [75]. This issue creates 
congestion or clutter particularly in dense urban environments where space is 
limited. To mitigate these challenges, one solution is to require docking stations that 
help organize and contain bikes, reducing the potential for clutter on sidewalks or 
public spaces. Furthermore, planning and allocating dedicated space through 
hubs—centralized locations designed for bike pick-up and drop-off—can improve the 
efficiency of the system and reduce ROW conflicts. Integrating these spaces into a 
broader framework of complete streets design, which prioritizes multimodal 
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transportation, can also help allocate appropriate space for bikes while ensuring safe 
and equitable access for all road users. 

• Lack of Profitability: Bike sharing programs struggle to achieve a profit and often 
require government subsidies to continue (as in Montreal and Toronto). Toronto bike 
share lost $12.3 million between 2018-2022 (lowest loss was $1.76 million in 2020, 
and the highest was $3.15 in 2019) [76]. The 2022 budget for the Toronto bike share 
program is $9.1 million, versus ridership revenue of $6.9 million – the per ride 
subside is $0.57 in 2022, but is expected to decline to zero by 2025, over ten years 
after the program first launched [77]. Similarly, the BIXI program is subsidized by the 
City of Montreal to the cost of $2.9 million annually as of 2019, and the program had 
cost the City a total of $60 million since 2014 [78].  

2.4.3 E-Scooters 

2.4.3.1 Overview 

E-scooters are another type of micro-mobility offering, often provided in the form of an 
e-scooter sharing system, just like more traditional bike share systems. Many 
municipalities are now deciding whether or not to allow e-scooters on the road, whether 
as part of a wider e-scooter share system, or on a personal basis. This section will 
discuss both the merits of the transportation offering itself, and the merits of e-scooter 
services. Much of this is comparable to what was discussed previously in the bike share 
section, but there are some elements that are distinct. 

2.4.3.2 Opportunities / Benefits 

• First & Last Mile Connectivity: E-scooters can be an excellent option for improving 
first / last mile connectivity to transit, as they are best suited for short-distance travel. 
This is particularly true for personally owned e-scooters, instead of shared e-scooter 
services (as the user does not need to spend time looking for an e-scooter, which 
might not be in immediate proximity).  

• Data: Just as with bike share, e-scooter shared mobility services provide rich data 
for municipalities to use in decision making, including travel patterns, trip duration 
and time of travel. This does not apply to privately owned vehicles. 

• Reduced Auto Dependency & VKT: Though most e-scooters use replaces 
walking, cycling or transit, about a third of e-scooter trips replace auto trips [79, 80]. 
This reduction in car use is beneficial, and can help improve congestion, reduce 
travel times, and minimize emissions. 
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2.4.3.3 Risks and Mitigation 

• Crowding / Street Clutter: Electric scooters contribute to street clutter, as they can 
generally be left anywhere at the end of a trip. Parked scooters can fall, blocking the 
sidewalk resulting in mobility barriers to certain user groups. In some instances of 
high traffic, scooters can be left piled next to, or on top of each other. Many cities 
have struggled to deal with this crowding. Geo-fencing mechanisms built into the 
apps (in the case of e-scooter sharing programs) can be inaccurate or ignored by 
the user, resulting in poor enforcement, leading some cities, like Paris, to consider or 
implement an outright ban on the technology out of frustration [81].  

• Safety: All the safety concerns discussed in the bike share section of this report 
apply to e-scooters. However, e-scooters provide a safety risk beyond that of 
traditional bicycles. The Insurance Institute of Highway Safety (IIHS) found that 
e-scooter users sustain more injuries per mile than cyclists and are twice as likely to 
be injured by potholes, lampposts and signs (but are less likely to be hit by a car) 
[82]. A Consumer Reports analysis identified that the injury rate in Portland was 
2.5 per 10,000 e-scooter trips taken, compared to 0.04 per 10,000 trips taken in 
Washington DC’s bike share program (however differing methodologies means this 
may not be directly comparable, so discretion is advised in comparing the numbers) 
[83]. A study by JAMA Surgery found that the e-scooter rate of injuries was 19 per 
100,000 people, with nearly a third of those injured having a head injury [84]. A study 
by UCLA found that the injury rate based on vehicle miles was 175 to 200 times 
greater than that of motor vehicle travel [85], and was even worse on a per-trip basis 
than motorcycles [86]. Locally, calls were made for a pause in Oshawa’s pilot just 
three weeks after commencement following the death of a 20-year old woman in the 
collision of an e-scooter and pickup truck (though council ultimately decided not to 
end the pilot) [87]. 
− There are a few reasons for this safety concern. First is the conflict between 

modes; e-scooters are more likely than bikes to be used on the sidewalk where 
they conflict with pedestrians – the IIHS reviewed 100 incidents involving an 
e-scooter in Washington DC and found that 3 out of 5 occurred on a sidewalk 
[88]. They also found that lowering e-scooter speed limits may encourage 
sidewalk use [89]. Second, unlike bicycles, many e-scooter uses are novices 
when they ride, making collisions more likely [82]. Finally, e-scooter users also 
rarely use a helmet, with one survey finding only 2% of e-scooter users involved 
in a collision chose to wear a helmet, compared to 66% of cyclists [82]. Like with 
bike share services, users have ready access to a vehicle, but most do not make 
a conscious effort to bring a helmet with them. 

− In addition, several e-bike / scooter battery fire incidents have been reported. The 
number of fires in Toronto that resulted from the failure of a lithium-ion battery 
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rose from 29 fires in 2022 to 55 in 2023, with majority of these fires involving 
e-bikes and scooters and some causing fatalities or critical injuries [90]. In 
response to a fire incident on a TTC subway car in December 2023, Metrolinx 
released a statement that it would be banning e-bikes with uncertified batteries 
from GO Trains and requiring e-bike batteries to comply with standard UL or CE 
safety certifications for lithium-ion batteries [91]. Incidents have also been 
reported in New York City, where one man died in 2021 from an e-bike fire 
incident; and in 2022, e-scooter / bike batteries caused 202 fires, resulting in 
142 injuries and six deaths [92]. 

• Operations & Maintenance: Like with bike share, e-scooters need to occasionally 
be moved in order to re-distribute them through the network. Otherwise, busy areas 
will have too many and more distant locations will have few. Shared e-scooters tend 
to be of the dock-less operations model, which makes this more difficult and costly. 
Instead of going to pre-defined stations, operators need to hunt down each vehicle 
one at a time. 

• Environmental Impact: E-scooters have traditionally had a very short shelf line, 
generally lasting only a few months before requiring replacement [93], though some 
e-scooter companies like Voi have claimed in recent years that they are making 
strides in improving the durability of the devices [94]. E-scooters can be more 
environmentally friendly when using them to replace a car trip, but are actually less 
environmentally friendly when compared to walking, biking or taking transit, and 
most e-scooter trips replace either a cycling or transit trip (As mentioned, just 34% of 
e-scooter trips replaced a car trip, according to one study out of Raleigh, North 
Carolina), as e-scooters are primary used for short distance travel, where walking, 
cycling and transit are most viable [95, 80]. The environmental impact of e-scooters 
is highly dependent on how long the vehicle lasts [80]. As the technology develops, 
hardier public-use e-scooters may be developed that can better withstand regular 
use, as has been done in the bike share space.  

• Lack of Profitability: E-scooter share programs, generally run by private 
companies, are often not profitable [96]. According to BCG, one cause of this is that 
e-scooter units only last three months on average, as most models are designed for 
private use, not heavy use and rough handling. However, it takes four months 
(excluding marketing and overhead) for a rental company to break even [96]. 
Operations and maintenance are other significant expenses [96].  

• Equity: E-scooters have the potential to break down transportation barriers and 
make mobility more equitable across a city. In reality, services like e-scooters and 
e-bikes are often located in busier and more affluent parts of a city. For example, an 
equity review of Seattle’s scooter share program found that the City had to do more 
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to find the right balance between fiscal feasibility and equitable distribution of 
e-scooters in the city [97]. A report by the University of Oregon found that while bike 
and scooter share programs have the potential for advancing equity in mobility, 
follow through is often lacking, and that cities should do a better job monitoring 
micro-mobility programs, with a clear understanding of the goals and metrics of 
success required to do so [98]. 

The Province of Ontario has defined the legal definition, conditions of operation, 
prohibitions and enforcement requirements for e-scooters through the Ontario 
E-Scooter Regulations as summarized in Table 2. The table also provides a summary of 
some Ontario municipalities that have passed municipal by-laws to permit e-scooters 
and manage operations.    



 

      
    

  

       

 
 

 

   
   

   
 

   
   

 
   

   
 

   
  

 

   
     

    
    

   
     

    
  

    
  

  
 

    
 

 
   

 
    

   
   

     
  

   
     

     
   

     
   

  
 

    
    

    
  

    
    

   
    
     
   

    
  

  

  
  
   

 
 

  
  

  
     

 
     

  
   

  
    

 
    
  

    
 

   
   

     
   

   
 

    
   

   
 

   
   

 
    

   
   
    
   

    
   

   
  
  

 
  

 

    
  
   

     
   
  

    
   

    
    

    
 

    
   

  
   

   
   

  
      

 
  

    
    

   
     

  
   

    
  
   

   
    

  

Table 2: Ontario E-Scooter Regulations by Jurisdiction (As of June 2023) 

Jurisdiction Legal Definition Conditions of Operation Parking Prohibitions Permitted Policing / Enforcement 
Ontario A vehicle that has: 1. Electric kick-scooters should be Specified by municipalities • Prohibited on highway, The operator of an electric • Operators of electric kick-
(Provincial • Two wheels (one at powered only by electric batteries. sidewalk, trail, kick-scooter shall keep a scooters must stop when 
Guidelines) the front and one at 2. They should not have seats, path/walkway in public safe distance from instructed by a police officer. 
[5] the back) pedals, baskets, large wheels, or park/exhibition ground pedestrians and other users • If requested, the operator must 

• A platform to stand any enclosing structure. unless: specifically of the roadway, shoulder, provide their driver's license for 
on, a handlebar for 3. The total weight of the scooter, noted, and where these sidewalk, trail, path, inspection or provide their 
steering including the battery, should not routes are under the walkway, public park or correct name, address, and 

• An electric motor exceed 45 kg. jurisdiction of a exhibition ground at all date of birth to the officer. 
that does not 4. The battery and motor must be municipality, such times and shall give way to • If an electric kick-scooter is 
exceed 500 watts securely fastened to the scooter operation is permitted a pedestrian or bicycle by involved in a collision causing 

• A maximum speed to prevent movement while in by and in accordance slowing or stopping, as personal injury or property 
of 24 km/h on a level motion. with a municipal by-law. necessary, where there is damage with a pedestrian, 
surface 5. All electric terminals on the • Cannot carry any other insufficient space for the animal, or vehicle, the operator 

scooter should be covered and person pedestrian or bicycle and must immediately report the 
insulated. • Cannot tow any person, the electric kick-scooter to collision to a police officer. 

6. Modifying the scooter after vehicle or device pass. • The operator must provide the 
manufacturing to increase power • Cannot attach to officer with all necessary 
or speed is not allowed. another e-scooter information about the collision 

7. The motor should stop propelling • User cannot sit down as required. 
the scooter when the accelerator while operating • The police officer will compile a 
is released or brakes are applied. • Cannot carry cargo written report containing the 

8. The braking system should be • Cannot leave the collision details, including the 
capable of bringing the scooter to vehicle in a location individuals involved, extent of 
a full stop within 9 m when meant for vehicles / injuries or damage, and any 
traveling at 24 km per hour on a pedestrians other necessary information. 
clean, level surface. 

9. The scooter and all its 
components should be regularly 
maintained and kept in good 
working condition. 

10.When operated at any time from 
30 mins before sunset to 30 mins 
after sunrise and at any other time 
when persons and vehicles are 
not clearly discernible at a 
distance of 150 meters or less, 

• Cannot be operated in 
a manner that may 
harm / injure / damage, 
either directly or 
indirectly, any person or 
property 

• User must not be 
impaired by alcohol, 
drugs or other 
substance 

• The officer must submit the 
report to the Registrar within 
10 days of the collision. 

• If requested by the Minister, 
municipalities where electric 
kick-scooters are used must 
provide reports on their usage 
or any specific aspects 
requested by the Minister. 

every e-scooter shall carry a 
lighted lamp displaying a white or 
amber light at the front and a 
lighted lamp displaying a red light 
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Jurisdiction Legal Definition Conditions of Operation Parking Prohibitions Permitted Policing / Enforcement 
at the rear. The lamps may be 
attached to the e-scooter or 
carried / worn by the operator. 

11.Every electric kick-scooter shall 
be equipped with a bell or horn 
which shall be kept in good 
working order and sounded 
whenever it is reasonably 
necessary to notify cyclists, 
pedestrians or others of its 
approach. 

12.Max speed of 24 km/h, or the 
speed of pedestrian travel if any 
are nearby. 

13.Helmets are required for people 
under 18 years of age. 

Hamilton, Same as provincial Same as provincial • Same locations as bikes, except • Sidewalks • Roads with a speed limit • Provincial codes apply 
ON [99] they cannot be parked at 

Hamilton Bike Share stations 
• Can't be parked to obstruct the 

pedestrian path of travel along 
the sidewalk, vehicular traffic on 
roadways, or access to 
roadways, driveways, or 
buildings; or taken indoors or 
onto private property 

• Unpaved recreational 
multi-use paths 

• In trails within most 
parks, unless otherwise 
signed to permit e-
scooters 

• Controlled access 
highways (e.g., QEW, 
403, Linc, Red Hill) 

of 50 km/h or less 
• Roads with cycling 

facilities, regardless of 
the speed limit 

• Boulevard multi-use 
paths immediately 
adjacent to a street 
(e.g., Keddy Trail, 
Governors Road path, 
Cootes Drive path) 

• Select paved recreation 
multi-use paths in a park 
or not adjacent to a 
street 

• Trails signed for 
e-scooter use 

• Has regulations & code to 
report a mis parked Bird 
Canada e-scooter or unsafe 
riding 

Mississauga, Same as provincial Same as provincial, in addition to: • Left in an upright position, out of • Sidewalks, except for • Public roadways in Enforcement: 
ON [100] • Travel in the same direction as 

vehicle traffic. 
• When on a road where no bike 

lane exists, travel in the shoulder 
or right side of the road. 

• Signal your intention to turn using 
turn signal lights. 

the way of traffic (e.g., by a bike 
rack) 

• Follow general parking rules for 
the city 

the purpose of directly 
crossing a sidewalk. 

• Public roadways with a 
posted speed limit of 
more than 50 km/h. 

• Trails within City parks 

Mississauga with a 
posted speed limit of up 
to 50 km/h 

• Cycling infrastructure 
(i.e., multi-use paths 
along roadways and 
bike lanes) 

• Responsibility for enforcement 
of e-scooter rules divided 
between Peel Police and City 
By-law Enforcement, based on 
violation nature. 
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Jurisdiction Legal Definition Conditions of Operation Parking Prohibitions Permitted Policing / Enforcement 
• Obey all traffic signals and signs. 
• Always be aware of surrounding 

traffic, especially at intersections. 
• Share the trail – follow all trail 

etiquette. 
• Stay to the right, pass on the left. 
• Yield to pedestrians. 
• Use your bell or give a friendly 

verbal warning before passing a 
pedestrian, cyclist or other trail-
user. 

• Obey all trail signage. 
• Keep a safe distance from and 

give way to pedestrians or cyclists 
by slowing down or stopping 
completely if insufficient space to 
pass. 

• Helmets encouraged for all ages. 

• City-owned land not 
designated as public 
roadways (e.g., Transit 
terminals) 

• The Mississauga 
Transitway 

• Use e-scooter at transit 
terminals and stations 

• E-scooter being “ON” 
before boarding the bus 

• Ride an e-scooter while 
onboard the bus 

• Cannot be used on 
front-of-municipal-bus 
bike racks. 

• E-scooters are allowed 
on MiWay buses if there 
is space on the bus and 
the accessible seating 
area and aisles are not 
blocked 

• Peel Police enforce moving 
violations like operating on 
prohibited sidewalks. 

• City By-law Enforcement 
handles non-moving violations 
like blocking sidewalks with 
parked e-scooters. 

• City Security Services enforce 
e-scooter use on park trails, 
multi-use paths in parks, and 
park properties. 

Monitoring: 
• Municipality must provide injury 

and collision data upon 
request. 

• Staff will collaborate with Peel 
Police, Peel Public Health, and 
local hospitals to ensure data 
availability when requested. 

Waterloo, Same as provincial Generally, the same as provincial E-scooters must be parked in a • Operating an e-scooter • All Regional Roads The Waterloo Regional Police 
ON [101] but: 

• Max speed is 25 km/h 
• Helmets are mandatory for all 

ages 

space that doesn't block roadways, 
pathways or transit tracks. Locking 
it up on a bike rack is allowed. 

on a sidewalk, except 
for crossing. 

• Operating an e-scooter 
on a multi-use trail at a 
significantly higher 
speed than pedestrians. 

• Operating an e-scooter 
at a bus stop, transit 
station, or light rail 
transit platform on or 
adjacent to a highway. 

• Operating, stopping, or 
leaving an e-scooter on 
railway tracks, light rail 
transit tracks, or 
designated areas for 
light rail transit vehicles. 

• Operating an e-scooter 
on an unpaved or 
closed section of a 
multi-use trail, cycling 

50 km/h or less 
• All Regional Roads with 

bike lanes, regardless of 
speed limit 

• On all boulevard 
multi-use paths adjacent 
to Regional Roads 

• Multi-use trails 
• Cycling lanes 
• Reserved lanes 
• Shoulder of a 

road/highway with a 
posted speed limit of 
50 km/h or less (if no 
cycling lane or reserved 
lane) 

• Roadway or a highway 
with a posted speed 
limit of 50 km/h or less 
(if no cycling lane, 

Service is the primary 
enforcement body for e-scooter 
rules that fall under the Highway 
Traffic Act. 
Regional or city officials handle 
bylaw enforcement, in particular 
improperly parked e-scooters. 
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Jurisdiction Legal Definition Conditions of Operation Parking Prohibitions Permitted Policing / Enforcement 
lane, reserved lane, or 
roadway. 

• Using an e-scooter for 
commercial purposes 
without authorization. 

reserved lane, or 
shoulder) 

If cycling lanes or reserved 
lanes are not available: 
• Say on the shoulder, 

close to the right edge, if 
present. 

• If no shoulder is 
available, stay on the 
right side of the 
roadway, close to the 
edge. 

London, ON Same as provincial Same as provincial None specified • Sidewalks • On roads with a speed Same as provincial 
[102] • Hiking trails 

• In an environmentally 
significant area or 
natural park area as 
defined in relevant by-
laws 

limit below 50 km/h 
• Must be used on 

reserved lanes for 
bicycles if available 

• On a trail, path or 
walkway in a park 
except where noted in 
prohibitions 

Brampton, 
ON [103] 

Same as provincial Same as provincial, but: 
• 20 km/h, with geo-fencing 

reducing maximum speed to 
15 km/h in certain locations. 

• Helmets encouraged for all ages 

Operator's (Bird, Neuron, Scooty) 
responsibility 

• Sidewalks • Roads and highways 
with a posted speed 
limit of 50 km/h or less 

• Bicycle lanes 
• Multi-use paths & cross-

rides (crossing of a 
highway specifically 
marked/signed), which 
are designated for 
bicycles & e-scooters 

• Improper parking reported to 
operators who need to respond 
in a set timeframe 

• Others enforced by 
regional/city police 

Ottawa, ON 
[104] 

Same as provincial Same as provincial, but: 
• Max speed of 20 km/h (but cannot 

exceed speed of nearby 
pedestrians significantly). 15 km/h 
on school campuses & 12 km/h 
on multiuse pathways through 
transit stations 

• Helmets encouraged for all ages 

• Must be parked upright in either 
a physical designated parking 
space which are signed or in the 
permitted areas identified 
digitally in each of the e-scooter 
provider’s app. These permitted 
parking areas are within the 
Furniture Zone that is located 
only within sidewalks that are at 
least 2 m wide (i.e., the area 

• Operation of e-scooters 
on highways, 
sidewalks, trails, parks, 
exhibition grounds, or 
multi-use pathways, 
unless permitted by 
relevant regulations. 

• Multiuse pathways, 
cycling facilities, and 
roads with a speed limit 
50 km/h or lower 

• May be walked onto 
O-Train vehicles 

• Only allowed from 
6 a.m. – 11 p.m. to 
reduce the risk of injury 

• The city may remove and 
impound e-scooters placed in 
contravention of by-law 
provisions. 

• Owners of impounded 
e-scooters will receive written 
notice and have a period to 
retrieve the vehicle by paying a 
storage fee. 
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Jurisdiction Legal Definition Conditions of Operation Parking Prohibitions Permitted Policing / Enforcement 
out of the path of travel, in line 
with bike racks and benches). 

• Not permitted to park anywhere 
else apart from these 
designated parking areas -
there's a reporting system for 
mis-parked e-scooters. 

• Can not park / stop in 
designated pedestrian malls, 
unless parking facilities are 
provided, or where parking is 
permitted within the furniture 
zone. 

• Can not park / stop on a 
highway, roadway, sidewalk or 
trail, path, walkway, park, 
exhibition ground or multi-use 
pathway trail in such a manner 
that obstructs the flow of 
pedestrian, vehicular or cyclist 
traffic. 

• Operated in a manner 
that may harm 
individuals or property. 

• Operation of e-Scooters 
in parks where cycling, 
skateboarding, or 
rollerblading is 
prohibited. 

• Operation of e-Scooters 
in designated 
pedestrian malls / too 
close to pedestrians & 
other users 

from night riding when 
visibility is reduced 

• Unclaimed e-scooters may be 
disposed of after a certain 
period. 

• The Chief of Police may install 
signs to enforce the by-law 
provisions. 

• Violation of the by-law is 
considered an offence. 

• Fines for offences range from 
$500 to $100,000. 

• Courts may issue orders to 
prohibit continued offences and 
require corrective actions. 

Oshawa, ON Same as provincial Same as provincial, but maximum • All e-scooters must be parked in Sidewalks • Multiuse pathways None specified, same as 
[105] speed of 20 km/h an upright & secure position and 

may be parked in the same 
locations as traditional bicycles, 
including bike rack or ring and 
post racks 

• Ride share e-scooters or e-bikes 
must be parked upright in the 
areas identified in each of the 
vendor apps. Parking in non-
designated areas is not 
permitted 

• Cycling facilities like 
cycle tracks and bike 
lanes 

• On roads with a speed 
limit of 50 km/h or lower. 

provincial 

Pickering, Same as provincial Same as provincial • No person shall park or stop an • Sidewalks • Roads with a speed limit Enforcement - The provisions of 
ON [106] e-scooter or permit an e-scooter 

to remain parked or stopped on 
a roadway, shoulder, boulevard 
or any other public property in 
Pickering unless authorized by 
the City of Pickering 

• In parks / on trails / 
multi-use pathways 

• Anywhere where 
cycling, rollerblading or 
skateboarding is 
prohibited 

of 60 km/h or lower, 
unless on a bicycle lane 

this by-law may be enforced by a 
police officer pursuant to 
subsection 42(1)(h) of the Police 
Services Act, R.S.O. 1990, c. 
P.15. 
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E-scooter programs are usually provided by private sector, but like bike share, can be 
public-sector owned, or public sector owned with private sector operation. Note that the 
public sector may become responsible for a failing private sector led system, as has 
happened in Montreal. 

2.4.4 Ride Hailing 

2.4.4.1 Overview 

Ride-hailing is a type of mobility service in which users use a mobile app to request and 
pay for customized door-to-door car rides. After users input their origin and destination, 
the app connects them to nearby drivers, processes payment, and allows them to track 
their trip. Drivers are typically private contractors who use the service as a middle-man 
that connects them to customers. Ride-hailing is very similar to traditional taxi-cabs, but 
based on a mobile interface that guides the user through every step in their journey. 

Ride-hailing services also often have carpooling options. Instead of a custom 
door-to-door, single user / single group trip, this allows multiple independents (each with 
their own origin and destination) to share a vehicle. The service then finds the optimal 
route to pick up and drop off each person. For the user, the trip takes longer, as the 
vehicle has to make multiple stops along the way, but they benefit from a reduced cost. 

2.4.4.2 Opportunities / Benefits 

• Accessibility: Ride-hailing gives door-to-door mobility to all ages and abilities. For 
parents with small children or the elderly, it can be a beneficial tool for those who 
cannot adequately be served by public transit. 

• First / Last Mile Connection: Ride hailing can be used as a connection to key 
transit nodes or stations, reducing barriers to public transit use (in Oakville’s case, 
this could take the form of a user taking an Uber ride to the GO station, for example). 

• Decreased Car Ownership: Ride hailing services can potentially contribute to 
decreased car ownership. After all, for those who only travel by car occasionally, it 
may be more cost effective to simply use ride hailing on those few occasions. 
However, the degree of this impact is under debate. One study used the US National 
Household Travel Survey to determine that regular or frequent users of ride-hailing 
were more likely to own fewer cars than occasional ones [107]. A second study 
found that car ownership was similar between people who only use ride-hailing 
users and the rest of the car-centric population, but that users who mainly use 
transit / ride-sharing do indeed have fewer cars [108]. In contrast, a third study found 
a slight rise in vehicle ownership following the introduction of Uber or Lyft into a city. 
[109] As well, AAA assessed that relying on ride-hailing as the primary mode of 
transportation would cost roughly twice the cost of owning a vehicle, meaning that 
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anyone who drives more than just occasionally would be better off owning a car 
[110]. Therefore, it is hard to ascertain if this is indeed a benefit, as the primary 
users of ride-sharing with fewer cars may be those who would otherwise take transit. 

2.4.4.3 Risks and Mitigation 

• Lack of Profitability: Despite their popularity, ride-hailing companies have 
struggled to achieve a profit. Uber first made a quarterly operating profit in 2021, ten 
years after launching, as did Lyft, nine years after launching; neither have become 
profitable on a net basis [111].  

• Expensive: A decade after originally being seen as an innovative (and cheaper) 
alternative to conventional taxis, [112], ride hailing is becoming more expensive, in 
part to try and achieve profitability. It is increasingly difficult to justify 
investor-subsidized low-cost fare, and so prices must go up. According to Rakuten, 
Uber prices rose 92% between 2018 and 2021, while a separate analysis by 
Bloomberg estimated a 45% increase between 2019 and 2022 [113]. These price 
increases make the service less competitive versus other transportation alternatives 
and limit their use for those of lower incomes. 

• Inconsistent Pricing: Ride hailing companies make use of dynamic pricing, also 
known as “surge pricing.” This increases prices during peak times and can make 
trips prohibitively expensive, greatly reducing the utility of the service. 

• Labour Practices: Ride-hailing companies have been criticized for classifying their 
drivers as independent contractors rather than employees, which means that drivers 
are not entitled to benefits, sick leave or vacation time. 

• Increased Competition with Transit: Ride-hailing’s impact on public transit is 
uncertain, but evidence points to a negative correlation between ride hailing and 
transit use. A study from the A.B School of Business estimated that when Uber 
entered an area, bus passenger trips declined 7-8% [114]. A study by the University 
of Kentucky found a similar, though less pronounced trend, with a 1.7% decrease in 
bus ridership (annually) due to ride hailing [115]. A report by the City of Toronto 
indicated that 49% of ride-hail trips would have otherwise been made by public 
transit, and that ride-hailing may shift up to 20 million annual trips away from transit. 
[116] 

• Increase in Congestion: There is evidence to suggest that ride hailing increases 
congestion, by pulling users away from transit (which corroborates the above). One 
study found a 1% increase in congestion intensity and a 4.5% increase in duration, 
due to an 8.9% decrease in transit (roughly in line with the 7-8% estimate discussed 
previously) [117]. A second study estimated that Uber and Lyft decrease daytime 
traffic speeds in Austin by 2.3% [118]. A report published by Ryerson Urban 
Analytics Institute found that ride-hailing was a significant contributor to daily traffic 
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volumes in Toronto, because while the city is restricted to just 5000 taxis, there are 
over 70,000 ride hail drivers [116]. 

• Safety: Though generally safe, ride hailing puts users in the vehicle of a stranger, 
and this can sometimes have severe consequences. Lyft conducted a safety report 
which identified 4000 assaults between 2017 and 2019, ten of which were fatal 
[119]. Ubers 2019-2020 Safety Report identified 91 fatal crashes (with 101 deaths), 
as well as 20 fatal assaults and 3,824 sexual assaults [120]. In both cases these 
represent a very small (less than 0.1%) of trips, and ride hailing agencies like Uber 
and Lyft have built safety tools into the app to give customers a lifeline in emergency 
situations. 

• Environmental Impact: Because ride-hail drivers spend time idling, and because 
they draw users away from transit, ride-hailing services have a negative impact on 
the environment. A study by the Union of Concerned Scientists estimates that a 
ride-hail trip has 69% more emissions than the trip they displace [121]. A study by 
the University of Oregon estimates that ride hailing made up 2.8% of total 
transportation emissions in San Francisco, or 6% of total emissions [122]. 

2.4.5 Micro-Transit / On-Demand Transit 

2.4.5.1 Overview 

A variation of ride-hailing takes the form of on-demand “micro” transit, in communities or 
locales where fixed route service cannot be justified. Users can request a ride, which 
takes them either door-to-door, door-to-hub, or curb to curb, usually for a reduced fee 
when compared to regular ride hailing (often this is provided or subsidized by the 
municipality), and usually within smaller geographic areas (for example, a user would 
generally not be able to ride from one side of a city to another). Oakville Transit 
currently provides Ride On-Demand services with the aid of an on-demand app. 

2.4.5.2 Opportunities / Benefits 

• Transit Coverage & Accessibility: Micro-transit offerings can be used to fill in gaps 
in the fixed-route network, expanding coverage to users who would otherwise not 
have ready access to it. It is also more dynamic than fixed-route offerings, and can, 
by design, respond to changes/fluctuations in demand better than a traditional bus 
route. 

2.4.5.3 Risks and Mitigation 

• Cannibalization of Transit Ridership: Ironically, if the micro-transit service is too 
good (i.e., wide service coverage, door to door service, etc.), this could cause users 
to shift away from fixed route offerings. A more constrained geographic offering such 
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as Oakville’s Ride On-Demand provides good micro-transit service without 
compromising the existing transit network. 

• Cost: Given that each vehicle is smaller (either car or van sized), but still requires a 
driver at this time, the revenue generation potential from each vehicle is quite small 
when compared to a bus, especially if the fare is capped at the price of a regular 
transit fare. In other words, micro-transit can be more costly to run on a 
per-passenger basis than fixed-route transit. One day, this could be mitigated with 
autonomous vehicle control. 

2.4.6 Van-pooling 

2.4.6.1 Overview 

Van-pooling is a carpool-like service in which small groups of people travelling to a 
specific destination share a large van, almost like a mini, bespoke bus route. This can 
be organized by a private group of people or can be facilitated by a private company 
with an app-based interface. 

2.4.6.2 Opportunities / Benefits 

• Health Benefits: Multiple studies have shown that van-pooling improves user health 
and wellbeing by lowering stress (a 21% reduction in-self reported commuter stress) 
[123] [124]. No one likes sitting in traffic, and van-pooling allows users to devote the 
time on more productive tasks, as they don’t need to sit behind the wheel.  

• Reduction in VKT & Emissions: As van-pooling groups 7-15 people together in a 
single vehicle, there can be significant reductions in total vehicle kilometers travelled 
and associated emissions, on the condition that this is replacing independent car 
use rather than other modes.  

2.4.6.3 Risks and Mitigation 

• Reliance on Others: In self-directed van-pooling, users have to rely on others to 
rent the vehicle and drive it (usually taking turns between members of the pool). This 
can cause inter-personal difficulties if someone drops out of driving at the last minute 
or if one driver drives more/less aggressively than another, for example. 

• Profitability: Van-pooling struggles to be profitable when operated as a private 
business. Ford’s Chariot and Bridj micro-transit service used algorithms to create 
demand-based transit routes, serviced by vans. However, Chariot’s 25 van fleet 
served only about 90 riders per day, and has since gone bankrupt, in 2019 (Bridj 
went bankrupt in 2017), as they struggled to compete with regular ride-hailing [125]. 
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2.4.7 Electric Cargo Bikes 

2.4.7.1 Overview 

Electric cargo bikes are a micro-mobility option for goods movement, in which traditional 
delivery vans are replaced with an electric bike that has space for storage. Generally, 
these electric cargo bikes are used as last mile delivery in urban areas. 

2.4.7.2 Opportunities / Benefits 

• Reduced Local Emissions: E-cargo bikes can significantly reduce emissions from 
truck delivery vehicles – one study found that this was a 90% reduction compared to 
diesel vans, and a 30% reduction compared to electric vans [126].  

• Reduced Truck Traffic in City Centers: By shifting some parcel delivery to electric 
cargo bikes, the use of delivery vans within city centers can be reduced. The impact 
of this on congestion is unknown, however. One study found a reduction in 
congestion, while another found that the lower speeds of the vans actually caused 
slightly more - there may be a threshold before which congestion improves, and after 
which (when there are too many electric cargo bikes on the road), congestion 
worsens [127, 128, 129]. 

• Reduced Curb-Side Requirements: As cargo e-bikes are smaller, they take up 
less space when parked. They are also more flexible in where they can be parked. 
This can result in lower curbside blockages for delivery and reduces the time that 
delivery drivers need to spend looking for parking. Parking fines can be a major 
expense for courier companies – for example, in 2019, FedEx paid New York City 
$9.8 million in fines for 146,019 violations, and UPS paid $23 million for 348,890 
violations. Cargo-bikes in urban areas can greatly reduce this cost (a benefit to the 
courier companies and consumers) and improve parking compliance (a benefit to 
cities) [130, 131]. 

• Speed: Because e-cargo bikes do not need to sit in traffic, they can at times move 
more quickly through urban environments. One study found that e-cargo bikes can 
delivery packages 60% faster than regular delivery vans in urban areas [126]. 

• Cost: Electric cargo bikes have lower per-km costs than delivery vans, as they are 
smaller (requiring less energy to run) and are simpler (requiring less maintenance). 
A review of costs in Munich found that the per km cost of a delivery van was 
€0.77/km versus €0.47/km for a cargo e-bike [132]. Another study, out of Seattle, 
found that electric cargo bikes are more cost effective than traditional vans for 
deliveries under certain conditions – less than 2 miles with 50 parcels per stop, and 
less than 6 miles with 10 parcels per stop. [131]. 
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2.4.7.3 Risks and Mitigation 

• Limited use-case: Cargo e-bikes are only useful in urban areas where distances 
between package destinations are low and are only useful for small-to-medium sized 
packages. They may not perform well in hilly environments, though the electric 
motor can assist in some cases. Rain or snow can also be an issue, though 
generally, the sensitive parts of the bike (electrical equipment and the packages 
being delivered) are protected from the weather, and some bikes can be more fully 
enclosed to protect the driver.  

• Increased Operational Complexity: Electric cargo bikes cannot carry as much 
cargo as a regular delivery van, necessitating return trips to a local depot or nearby 
van.  

• Physically Demanding: Though electric assisted, cargo e-bikes are a more 
physically demanding way to deliver packages. Existing delivery employees may not 
enjoy the added physical activity in what is already a physically demanding job. This 
can be mitigated by providing employees with the option of which routes they want, 
and by cycling between a rotation of employees on urban e-bike routes, rather than 
the same employees doing it each day. 

• Safety: Cyclist safety is a concern. This can be mitigated by expansion of cycling 
infrastructure on our streets. 

2.4.8 Delivery Robots & Drones 

Delivery robots are small, electrically powered vehicles with a storage compartment 
which provide last-mile delivery services, whether autonomously or through human 
control (via camera). Drones are the flying equivalent, delivering product via air rather 
than maneuvering along the ground. 

2.4.8.1 Opportunity / Benefits 

• Reduced Emissions: Robotic delivery systems, whether by wheel or air, typically 
operate on battery power. As such, local emissions can be reduced significantly, just 
as with electric-cargo bikes. Given the size of these vehicles, additional trips may be 
required versus electric cargo bikes. 

• Reduced Curbside Requirements: Drones and delivery robots do not need to park 
locally, and therefore take up no curb space, in contrast to both delivery trucks and 
(to a lesser extent) electric cargo bikes.  

− Reduced Truck Traffic in City Centres: Robotic delivery systems and drones 
have the potential to reduce the number of larger trucks on our roads with much 
lower profile, quieter vehicles. Drones in particular can operate relatively out of 
site and do not ever take up space on either the road or the sidewalk. 
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2.4.8.2 Risks and Mitigation 

• Hazardous: Delivery robots can be hazardous for people of lower mobility or sight, 
as they operate in spaces typically reserved for pedestrians. On streets with heavy 
pedestrian traffic, crowds can obstruct vehicle operation. The City of Toronto voted 
to ban delivery robots in 2021 for this reason [133]. Drones, in contrast, can avoid 
operation on heavily trafficked streets, but may pose a risk to those with low sight on 
final delivery, and can risk injury should they crash. Drone delivery has failed to 
materialize in the mainstream to-date due to technical issues, including multiple 
crashes and the failure of safety features to operate [134]. 

• Exploitation and Job Loss: Though seen as “robots,” in many cases these delivery 
vehicles are in fact operated remotely, generally by someone in a third-world 
country, making a significantly lower wage than a comparable delivery person 
locally. This can have a negative impact on local jobs, while also taking advantage of 
reduced wages elsewhere. 

• Theft & Vandalism: Given that there is no operator alongside the vehicle, delivery 
robots or drones may be seen as easy targets for theft, vandalism or other forms of 
obstruction. 

• Small Objects Only: Given their size, drones and robotic delivery systems cannot 
deliver large parcels. 

2.4.9 Mobility Hubs 
2.4.9.1 Overview 

Mobility hubs are integrated mobility interchanges for multi-modal transportation 
systems which leverage emerging technologies to improve transportation efficiency 
[135]. In other words, they are specific nodes where all of the different shared and 
micro-mobility options discussed thus far (in addition to regular public transit, walking 
and cycling) connect, providing a multi-modal access or transfer point for users. Mobility 
hubs can vary in size, from large transit stations to smaller, more localized nodes. 

2.4.9.2 Opportunities / Benefits 

• Improved Network Connectivity: Mobility hubs make transferring between modes 
more seamless, and when paired with integrated land use planning, can improve 
travel to key destinations within the network. The presence of shared and 
micro-mobility services near fixed-route transit can also help solve the first / last mile 
problem, improving the attractiveness of transit. 

• Reduced Auto Travel: As a result of the above point, mobility hubs have the 
potential to reduce auto travel by making other modes more attractive, by providing 
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greater flexibility in which mode is used, and by allowing users to easily chain trips 
across multiple modes best suited to their needs, instead of just one. 

• Land Intensification Opportunities: Mobility hubs can spur development adjacent 
to them, as people typically like having mobility options nearby that reduce their 
dependency on the car. This can create a positive feedback loop in which new 
development makes an existing mobility hub more of a destination, increasing travel 
to and from it and helping to justify further transport expansions at the node (which in 
turn makes the node even more attractive to new development). 

• Establishing Public-Private Partnerships: To a certain extent, mobility hubs rely 
on services provided by private enterprise, to have a fully comprehensive 
interchange node. This gives municipalities the opportunity to foster partnerships 
with private enterprises, which can be leveraged and developed further. 

2.4.9.3 Risks and Mitigation 

• Accessibility: As mobility hubs grow, the ease of their use becomes more of a 
challenge, with more conflicts between modes and the potential for user confusion. 
Good functional design and wayfinding practices become more of a necessity in 
these cases. Metrolinx’s 2011 Mobility Hub Guidelines can be used as a reference 
for reducing conflicts between different modes, and the organization is also 
developing wayfinding standards which can be used to help users navigate 
increasingly complex transportation nodes. 

• Planning Complexity & Development Risk: Integration of transportation and land 
use policy is important for developing effective mobility hubs, and planning policy 
should reflect this need. Mobility hubs rely heavily on the integration of multiple 
competing services in one location; this requires leadership from the municipality to 
coordinate between numerous private enterprises. 

• Commercial Viability & Equity: Mobility hubs may not be financially viable in all 
locations, particularly in the suburbs where the userbase is smaller and more spread 
out. This can lead to equity concerns, with some areas of the city being better 
served than others. On-demand services linking these areas to the mobility hubs can 
be used to mitigate this concern. 

2.5 Mobility-as-a-Service 
2.5.1 Overview  

Mobility-as-a-Service (MaaS) is “a distribution model that delivers users’ transport 
needs through one single interface of a service provider, combining different transport 
modes to offer tailored mobility packages [136].” Via an app or website, MaaS allows 
users to plan trips, select from different payment tiers, and pay, all within one 
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convenient interface. The concept seeks to shift people away from private ownership of 
automobiles, towards a future in which vehicles (cars, bikes, scooters, etc.) are a 
service you are provided, rather than something you own; this is not unlike the recent 
shift in software away from one-time software purchases towards subscription-based 
software-as-a-service models (such as Adobe Creative Cloud or Microsoft Office 365).  

Shared-mobility services, such as those discussed in the previous section, are often 
referred to as mobility-as-a-service. In truth, however, mobility-as-a-service is an 
offering that combines most or all of those individual offerings into one integrated 
service.  

2.5.2 Opportunities / Benefits 

• Data: Because mobility-as-a-service is centralized around a mobile application, 
service providers will benefit from unparalleled access to data on user travel patterns 
and demographics, including trip length and duration, origin and destination, mode 
choice, and potentially even more obscure metrics such as willingness to pay. This 
can be used to inform future decision making. 

• Improved Travel Options: By providing users with a menu of options, car travel 
stops being “the default.” Users can see the whole range of options available to 
them, and compare the pros and cons (namely, anticipated travel time, cost and 
environmental impact) of each, prior to starting their trip. Many users may currently 
be making trips that could more easily be done by 
non-auto modes – mobility-as-a-service gives those options a chance to shine. 

• Capacity Optimization: As a direct result of the above point, mobility-as-a-service 
has the potential to shift users away from single occupancy vehicles to more 
sustainable modes, by presenting a wider range of transportation options to the 
user.  

• Environmental Benefits: It is anticipated that mobility-as-a-service can reduce auto 
emissions by encouraging users to switch to more sustainable forms of transport for 
some trips. The impact of this benefit is uncertain and is being researched. One 
study of Amsterdam presented conservative, balanced and optimistic estimates of 
3-4%, 14-19% and 43-54%, respectively (based on level of interest and service 
adoption) [137]. Another study found that the impact could range from 2.5% to 50%, 
depending on if vehicle capacity can be optimized, what type of fuel is used, and 
level of adoption [138]. 

• Equity: Mobility-as-a-Service can expand transportation options in underserved 
areas, particularly for those who do not have a car. It also offers service providers 
the opportunity to roll out targeted discounts and incentives to certain groups, such 
as students or lower income users, to help offset travel costs in those groups [139]. 
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2.5.3 Risks and Mitigation 

• Fragmentation: It will be challenging to unify all transportation options (many of 
which are provided by independent entities with competing interests) into one 
platform. This can result in service fragmentation, in which users need to juggle 
multiple apps to get the full range of transport offers. This would greatly reduce the 
effectiveness and potential of mobility-as-a-service as a concept. Relying on the 
private sector or any one transit agency for this may result in competing MaaS 
“standards” – a provincially-led option may be the most effective way to ensure that 
one platform captures the whole range of transport options, though achieving buy-in 
would be a challenge.  

• Privacy: Of course, the downside to recording a plethora of data from users is that 
privacy becomes a problem. Mobility-as-a-service gives corporations and the 
government highly detailed and intimate information about daily travel patterns and 
other personal information, without the user being acutely aware of what is being 
tracked. Information used in decision making must be aggregated and anonymized 
to ensure strong privacy protections and to prevent the information from being 
abused. 

• Infrastructure Requirements: MaaS is dependent on advanced 
telecommunications software and infrastructure over a wide area, both on the user’s 
device and on-vehicle. This may not be a problem in more advanced cities, but can 
become an obstacle the further away you move [140]. 

• Digital Exclusion: Mobility as a service only works for those with a stable internet 
connection and access to a mobile phone (or in some instances, laptop) [140]. This 
can be an obstacle to adoption in low-income or otherwise disadvantaged areas. It 
also limits use by those with certain disabilities such as blindness. A phone option, 
such as what Oakville provides for the Ride On-Demand and care-A-van can help 
offset this. 

2.6 Intelligent Transportation Systems 
Intelligent transportation systems are transportation technologies which use cameras, 
sensors and detectors to dynamically assess demand and supply, and adjust 
accordingly using algorithms or artificial intelligence. They can be independent systems 
which use their own inputs only when making decisions, or can be connected to a wider 
network, communicating between systems to make more detailed, integrated decisions. 
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2.6.1 Traffic Signal Operation 

2.6.1.1 Overview 

“Smart” traffic signals are those which use a variety of sensors and / or cameras (or 
communication with nearby vehicles) alongside artificial intelligence to assess traffic 
flow and adjust the signal timings as needed to improve flow and efficiency. 
Communication between signals can amplify this, adjusting multiple signal timings at 
once based on conditions further up or downstream. In more advanced cases, traffic 
signals can communicate directly with the connected vehicles for even more detail. 

2.6.1.2 Opportunities / Benefits 

• Reduced Travel Times & Improved Efficiency: A signaling system that can 
dynamically update cycle lengths based on demand can improve traffic flow and 
decrease travel times (this would also have a positive impact on emissions due to 
reduced dwell times at intersections).  

• Improved Multi-Modal Experience: Traffic signals are generally timed with a focus 
on auto-throughput. Pedestrians and cyclists are considered (for example, ample 
cross-walk time is a major consideration), but their needs are secondary, which can 
result in long wait times for them. A smart signal would be able to track the number 
of pedestrians waiting to cross in one direction (and the number still crossing in the 
opposing direction, if applicable), and adjust the signal accordingly. 

• Improved Accessibility: Advanced smart traffic lights may eventually be able to 
detect people with disabilities and adjust the signal timing according, giving them 
more time to cross. 

• Improved Data: A traffic signal that is constantly tracking the number of vehicles, 
pedestrians and cyclists at an intersection as well as what maneuver they are 
making to adjust signal timings presents a tremendous opportunity for cities, as each 
signal could effectively provide live, 24/7-365 traffic counts at every signalized 
intersection. This would give unparalleled insight into traffic performance in a city, 
including live conditions at a hyper-local level. It could also assist in providing 
recordings of when collisions occur, giving more information to police / investigators. 

2.6.1.3 Risks and Mitigation 

• Cost: Smart traffic signals would require additional infrastructure beyond that of a 
standard signal, including high quality cameras or sensors and computer processors 
which can interpret the data coming through to make appropriate decisions. This will 
increase the cost of implementing new signals. 

• Complexity / “A Black Box”: Given that signal operation is handed over to 
algorithms and/or AI, it can be hard to assess the cause of issues when things go 
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wrong, as well as challenging to fix the problem. It may also make it more difficult for 
direct intervention based on local concerns at specific intersections. If a signal 
makes a mistake that causes a collision, the Town would likely be liable. 

2.6.2 Smart Cities & Big Data 

2.6.2.1 Overview 

Smart cities refer to the use of Internet of Things (IoT) communications technologies 
and sensors to link municipal services and systems, to support infrastructure efficiency, 
greater citizen interaction and government efficacy [141]. Today, we are already using 
independent smart city tools in a variety of ways, such as sensors at traffic lights and on 
parking spots, to provide real-time information and long-term data to inform decision 
making. In the long term, true smart cities are ones in which the independent tools we 
use today are connected. Through this connection, municipal systems can be monitored 
live and adjusted as needed in response to demand and supply fluctuations both within 
an independent system or across multiple inter-related systems.  

Transportation is just one part of a smart city. The same principles apply to buildings, 
water and waste management, the power grid, goods movement, and other important 
city functions, both private sector and public sector led. This sub-section will not focus 
on anyone specific smart city technology or approach, instead opting to look at the 
smart cities concept as an integrated whole. 

2.6.2.2 Opportunities / Benefits 

• Data & Informed Decision Making: Because smart cities are constantly monitoring 
network performance, they will be able to provide decision makers with unparalleled 
access to data about all kinds of different municipal systems and can provide 
insights on how those systems work (or do not work) together.  

• Efficiency & Resiliency: Smart cities have the potential to make better use of 
infrastructure, increasing capacity and efficiency as a result. This is because of the 
interconnected nature of the smart city systems, which are each constantly 
monitoring demand and supply and adjusting accordingly. For example, a smart city 
system could dynamically re-route traffic away from points of potential congestion to 
optimize throughput in a network and prevent blockages before they occur. Or the 
system could dynamically change toll pricing (of a highway or bridge, for example), 
in response to demand. This could have an associated impact on emissions, though 
it is hard to estimate and may not be relevant, as by the time smart cities are reality, 
our transportation network may be fully electrified or en-route to being so. 

• Economic Development: Smart cities present a significant opportunity for 
economic development in the form of new businesses, ideas and products. 
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According to Allied Market Research, worldwide spending on smart cities is currently 
(as of 2021) estimated at $180 billion and may grow to $708 billion by 2031 [142]. 

• Citizen Engagement: Smart cities democratize data and information and give 
citizens new ways to engage with their city, such as at smart kiosks. This is because 
citizens can be more willing to engage when not having to deal with public officials, 
when they understand the data behind decisions, and when they can see the direct 
results of their input [143]. A study done in Jakarta, Indonesia on several smart city 
tools found that citizens were more willing to voice concerns since they would not 
need to directly interact with government officials, and because they felt like they 
were making a proactive contribution to help the government solve problems as a 
team [144]. 

2.6.2.3 Risks and Mitigation 

• Privacy: By design, a smart city is constantly collecting information, either by sensor 
or camera, and communicating this data across its interconnected network. This 
creates a concern of privacy, which the system managers must be sensitive too. 
Notably, the Smart City Sidewalk Labs project in Toronto received significant 
pushback due to privacy and accountability concerns. 

• Security: Any system that has a connection to the internet has a risk of being 
hacked. In an interconnected smart city, the consequence of such a hack could be 
severe, in that it could cause widespread service disruptions and the breakdown of 
the transportation system. It also risks the considerable amount of personal 
information (discussed above) collected by the smart city systems to be leaked to 
malefactors. Strong security systems and protocols are therefore a critical part of 
maintaining a good quality smart city. 

• Cost & Infrastructure Requirements: Smart cities require additional infrastructure 
(cameras, sensors) as well as advanced telecommunications systems. The cost of 
implementing a smart system is therefore greater than that of a regular one. This 
also adds more elements that need to be maintained over time, increasing 
operational costs. 

• Fragmentation: Smart systems need to speak to one another. However, if different 
systems are made by different manufacturers, this may not actually be possible, 
unless a universal communications standard is developed. Otherwise, either smart 
cities would fail to achieve their goals, or cities would be locked-in to whichever 
provider they initially chose. 
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3.0 Case Studies 
To provide context to the status of best practices in emerging technologies and 
transportation services, a summary of case studies has been provided in the following 
sections. 

3.1 Autonomous and Connected Vehicle Case 
Studies 

3.1.1   Case Study | Autonomous Vehicles | Tesla [145] 

Tesla is one of the most visible companies working on autonomous driving 
technologies. They offer numerous driving-assistance capabilities in their cars today 
and advertise that all of the hardware needed for fully autonomous control is built into 
each car they sell. 

Features include: 

• Auto-acceleration and auto-breaking
• Auto-centering car in lane
• [Add-on] Automatic lane changing, including merges, exits and overtaking
• [Add-on] Auto-park
• [Add-on] Traffic light and stop sign recognition

Tesla Autopilot 

However, Testa is still only a Level 2 auto-drive system. No Tesla vehicle is fully 
self-drive, and customers must maintain full control over their vehicles at all times. This, 
in contrast to Tesla’s advertising as “Autopilot,” has resulted in un-safe driving and 
well-publicized collisions; Tesla vehicles accounted for 273 of almost 400 crashes 
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involving auto-control / driver assist systems in the United States between July 2021 
and May 2022 [146]. 

3.1.2   Case Study | Autonomous Transit | Durham Region Wave [147] 

Starting in November 2021, Durham Region conducted an 
autonomous transit pilot featuring a 6 m loop-route through 
the Port Whitby area, starting and ending at Whitby GO 
station. The shuttle operated weekdays between 8:30 a.m. 
and 3:30 p.m. and on weekdays between 8 a.m. and 7 p.m. 
It operated at a speed of 20 km/h or less. Though under 
autonomous control, the shuttle had a safety attendant on board at all times, who could 
take control of the vehicle if needed.  

On December 16, 2021, there was a collision involving a safety attendant, and service 
was suspended for investigation. However, the shuttle was not in service at that time 
and no passengers were aboard. Additionally, the vehicle was operating in manual 
mode, and the hazard avoidance system used in autonomous control was not active. 

The pilot lasted four months and served 250 passengers over 2,390 travelled 
kilometers. It concluded on February 22, 2022. 

3.1.3   Case Study | Autonomous Goods Movement | University of 
California-Berkeley Pilot [148] 

The University of California-Berkeley led a truck-platooning pilot featuring adaptive 
cruise-control, using sensors and vehicle-to-vehicle communication technology to 
maintain a specified time gap between each vehicle. The lead vehicle was under control 
of a truck driver, who set the pace for the platoon. 

Tests of the system included: 

• UC-Berkeley closed test track to verify system functionality
• Trial runs on local freeways near Richmond
• San Jose: 25 test rides over three days on State Route 87
• 4-mile oval track at Transport Canada’s Motor Vehicle Test Centre
• I-110 near Port of Los Angeles
• I-5, I-580 and I-680, State Route 24 in California
• 8-mile segment of I-66 in Virginia

Tests were done in a variety of conditions on both the closed track and open road. 
Several tests were done in heavy traffic and featured cars cutting in and out of the 
platoon (i.e., between platooned vehicles). Modelling was also done to assess potential 
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benefits of the system; truck throughput rose 6% and average truck speed jumped 
19.3%. 3% truck fuel savings was observed, though none was observed for autos. 

The pilot identified multiple benefits, including improved traffic flow, reduced fuel 
consumption, and reduced emissions. Researchers noted that the system responded 
well to vehicles cutting into the platoon by dynamically adjusting the distance between 
trucks. 

3.2 Decarbonizations and Electrification Case 
Studies 

3.2.1   Case Study | Electric Vehicles | TESLA 

Tesla is considered the front-runner in the electric vehicle industry, as it largely 
pioneered the technology on its own for several years before more widespread adoption 
from the existing major auto manufacturers. Today, the company manufactures four 
models of cars, ranging from $43,000 USD to $110,00 USD, with battery capacities 
between 488 km to 634 km [149]. The company also maintains a large electric vehicle 
charging network, with over 32,000 stalls worldwide at 3800 hubs (41% in the US, 28% 
in China, 24% in Europe) [150].  

3.2.2 Case Study | Electric Vehicles | Toyota [151] 

Toyota, in contrast, has adopted a more cautious approach in its EV roll-out, with just 
one battery-electric vehicle on the market. The company’s concerns include job losses, 
infrastructure requirements, lithium supply, and the fact that many EVs would still be 
powered by gas/coal powered electric plants. Still, the company plans to invest 
$70 billion in electric vehicle technology ($35 billion for electric vehicles specifically), 
with 70 electrified models by 2025 (seven of which would be battery electric). The 
company is also an advocate for hydrogen power and wants to put forward multiple 
solutions rather than relying on battery electric alone. 

3.2.3 Case Study | Electric Transit | Toronto Transit Commission (TTC) [152] 

The TTC’s Green Bus Program is a procurement strategy to transition their fleet to 
zero-emission vehicles by 2037, three years ahead of the City’s 2040 net Zero target. 
This will reduce the City’s greenhouse gas emissions by 250,000 tonnes of CO2 
annually and improve vehicle reliability 25%. 

The Toronto Transit Commission purchased its first set of 30 electric buses in 2017, 
with an addition 30 purchased in 2018, at a cost of $140 million by the federal 
government and City of Toronto through the Public Transit Infrastructure Fund [153]. 
The 60 buses were split evenly between three vendors: Proterra, new Flyer and BYD 
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Canada; Nova Bus, a popular brand in Canada, was not included as it did not have 
buses to the specification required by the TTC at the time.  

TTC Green Vehicle Pilot Specifications 

Make BYD New Flyer Proterra 
Model K9M XE40 E2 
Length 40’ 40’ 42’6” 
Battery Capacity (kWh) 360 400 440 
Quantity 10 25 25 
1st Bus in Service 9/8/2020 6/3/2019 19/26/2019 

Mileage LTD (km) 302,894 1,511,592 729,238 
GHG Reduction (Tonnes) 453,487 1,885,646 994,430 

Performance for each across several metrics is listed below, taken in April 2022. The 
TTC advises caution in applying these results to other transit agencies, however. 

TTC Green Vehicle Pilot Performance Summary 

Make BYD New Flyer Proterra 
Physical Compatibility ✓ ✓ ! 
Charging Technology Interoperability ! ✓ ✓ 
Corrosion Resistant Frame Structure - ✓ - 
Accessibility ✓ ✓ ✓
Vehicle Reliability - ✓ ! 
Fleet Availability ! ✓ ✓ 
Time Taken to Deem Vehicle Ready for 
Service 

! - ! 

30-Day Reliability ! - ! 
Quality of Training ✓ ✓ ✓
✓ Very Good 
- Satisfactory
! Needs Improvement

In January 2020, the TTC approved $686 million for 614 additional buses, and 
$64 million for charging system infrastructure. In 2021, the TTC officially purchased 
another 300 electric buses at a cost of $300 million. In total, 1826 buses are required by 
2031 [154]. 
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3.2.4 Case Study | Electric Goods Movement | Freightliner Electric Semis 

Freightliner is a semi-truck manufacturer which has 
launched multiple short-haul e-truck options. Launched 
in 2022, their eCascadia, released in 2023, is a class 8 
truck with up to 82,000 lbs. carrying capacity, 0% to 
80% battery recharge time of 90 minutes, and range 
options of 155, 220 or 230 miles [155]. Launched in 
2023, their class 6-7 eM2 truck has a capacity of 
26,000 – 33,000 lbs., a 0% - 80% recharge time of 60 
minutes, and a range option of 180 or 250 miles [156].  

Schneider, a logistics and trucking company, has purchased 100 eCascadias, to be fully 
operational by the end of 2023 [157]. The fleet will avoid 81,000 pounds of CO2 
emissions per day. The company plans to reduce their CO2 emissions per mile by 7.5% 
by 2025, and by 60% by 2035. 
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3.3 Shared and Micro-Mobility Case Studies 
3.3.1 Case Study | Car Sharing | TURO [158] 

Turo is a peer-to-peer “car sharing marketplace” 
which connects those who need a car with 
independent car owners who want to rent their 
vehicle. As of 2020, the service has 14 million 
members and 450,000 listed vehicles across 
56 countries. Renters are provided with $2 million 
in liability insurance in Canada, with additional 
protection plans available. Turo claims 10-40% of 
the rental income.  

3.3.2 Case Study | Car Sharing | Communauto [159] 

In contrast to Turo, Communauto is more akin to a 
regular car rental company, with a pool of cars that 
it actually owns. In contrast to a regular rental 
company, it has no physical presence; cars are 
distributed throughout a city and users must pick 
up the vehicle from wherever it is stored, activating 
it via phone. Cars are available by minute, hour or 
day. Basic insurance is included in the cost, with 
additional damage protection plans available. 

3.3.3 Case Study | Bike Sharing | Montreal Bixi [160] 

Bixi is the largest bike share program in 
Canada, with 800 stations and 9600 bikes, 
including 2395 electric bikes (the largest 
fleet of electric bikes in North America) 
spread out across Montreal Laval, Longueil, 
Westmount, Ville Mont-Royal and 
Montreal-Est. The service is run by Bixi 
Montreal, a non-profit organization created 
by 2014 by the City of Montreal to manage 
the system, following the bankruptcy of the 
original non-profit owner of the system, Public Bike System Company. 

A seasonal membership is $99 + tax, which allows for unlimited 45-minute regular BIXI 
trips, and e-bike usage at a reduced $0.13 per minute. A monthly membership is also 
available, for $20. On a pay-per use basis, users can rent the bike for $1.25, plus a per 
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minute rate depending on the type of bike chosen (and a $100 deposit). Group rates are 
available. 

In 2022, 9 million trips were taken with Bixi, up from 5.8 million the year before. The 
number of users increased 52%, to 437,140 [161]. The City of Montreal subsidizes the 
program with $2.9 million annually (as of 2019) and the program has cost the City 
$60 million as of 2019, including $34 million of debt that had been provided as a loan to 
the original operator in the years prior to its dissolution [78]. 

3.3.4 Case Study | Scooter Sharing | BIRD 

Bird is one of the most well-known e-scooter sharing 
services in North America and Europe. It features 
battery-electric scooters that can travel between 
15-18 miles per hour, with regenerative breaking, head
and taillights, smart connectivity and Bluetooth locks.
The service operates on a dock-less system; users use
the app to find a scooter nearby and can reserve their
choice up to thirty minutes in advance. Upon arrival, the
scooter is unlocked via QR-code. Generally, there is an
unlocking fee (roughly a dollar) plus a per-minute travel
fee (roughly $0.15-0.20, depending on location) [162].
Users can leave their bike when they are done, without
returning to it at a specific location. However, there are
geo-fenced zones where scooters are prohibited from being parked, and additional 
penalties are applied when users do not comply [162]. Bird has long struggled with 
profitability, and left dozens of unprofitable markets in October 2021 across North 
America and Europe; it has warned that it may not have enough funds to continue its 
operations beyond the short term [163]. In Q4 2022, each scooter averaged just
1.3 rides per day, down from 1.6 rides in 2021 [163].

3.3.5 Case Study | Scooter Sharing | Brampton E-Scooter Pilot [164] 

The City of Brampton launched an e-scooter pilot in spring 2023, in partnership with 
Neuron Mobility, Bird Canada and Scooty Mobility. It features 750 scooters located 
across the City of Brampton. The vehicles can be used on roads with a speed limit of 
50 km/h or less, or on bike lanes and multi-use paths with a maximum speed of 20 km/h 
(geofencing will be used to reduce the speed limit to 15 km/h in some areas). The 
scooters are not allowed on sidewalks and will shut off automatically if driven into a 
prohibited area. Other municipalities including Waterloo, Hamilton and Oshawa now 
have similar partnerships in place.  
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In the first week of service in Brampton, 4500 users took more than 8800 e-scooter trips 
[165]. This translates to an average of 1.7 trips per day per scooter. Given that the pilot 
launched recently at of the time of writing this report, it is too early to assess the 
success or failure of the program. 

3.3.6 Case Study | Ride Hailing | Uber 

Uber pioneered the ride hailing industry following its launch in 2009 in San Francisco. 
The company uses a mobile interface to connect customers needing a trip to private 
contractors with a car who can take them where they need to go.  

Though initially controversial for its role supplanting the 
existing taxi industry, it has grown in operation now 
spanning 70 countries, 10,5000 cities, 131 million 
monthly active users, and 5.4 million active drivers 
worldwide [166] [167]. It has also expanded beyond 
ride-hailing into services like food and goods delivery. 
However, the company has long struggled to achieve 
profitability, first making a quarterly operating profit in 
2021, and remaining net unprofitability to date [111]. The company has been subject to 
significant criticism over its lifetime, including concerns about safety, impacts on transit, 
impacts on congestion, labor practices (all discussed previously), ignoring local 
regulations in its early days, spying on rivals [168], and illegally competing against 
existing taxi services and using software to avoid local law enforcement [169]. 

3.3.7 Case Study | Micro-Transit | Innisfil Transit 

Innisfil, Ontario opted to partner with Uber in 2017 rather than establish a traditional 
bus-based transit system. Users can be driven to specific points in Town for just $4, $5 
or $6 (depending on location) and all other trips have a $4 discount subsidized by the 
Town. 85,943 trips were made on the service in 2018 [170]. However, this cost the city 
$1.2 million in 2019, which was actually more than the fixed route bus service would 
have cost, and above the $900,000 that had been allotted for the program [170]. 
Limitations have since been placed on the number of trips a user can make each month 
(30 max, extendable to 50 on request), and the cost has been increased. 
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3.3.8 Case Study | Micro-Transit | San Diego “Fred” 

San Diego has partnered with Circuit Transit to offer free 
door-to-door rides seven days a week from 7 a.m. to 
9 a.m. within their downtown core. Users can request a 
ride via an app or wave down a vehicle passing by. There 
are currently 20 vehicles in the fleet, and each vehicle 
holds up to 6 passengers.  

The San Diego Union Tribune provides statistics on the 
service [171]. Part of the cost of running the service is 
offset by advertising, which totaled $331,904 in 2019. Still, 
the service costs the city $1.2 million per year as of 2022. 
The per rider subsidy was $4 pre-pandemic, but increased 
to $6.50 during the pandemic due to occupancy restrictions. Since 2016, over 900,000 
passengers have ridden on Fred, travelling 950,000 miles, and saving 750 metric tons 
of CO2. 

3.3.9 Case Study | Van-Pooling | Bay Area Van-pool Program 

The Bay Area Van-pool program provides $400 to support the monthly cost of a 
van-pool and facilitates the connection between prospective riders and existing van-pool 
routes. Van-poolers get discounts including free bridge tolls, discounted parking, and an 
empty-seat subsidy. 

Van-pools are set up either by individual groups (the program has a partnership with 
Enterprise in which users who rent with Enterprise get the $400 discount), or 
independent owner operated van-pools. Owner-operated van-pools must pass a 
medical exam and register their vehicle as such. 

The Metropolitan Transportation Commission (MTC) runs the program, and provided 
metrics on its success in 2019 [172]. More than 500 van-pools are in operation as of 
2019, and the MTC hopes to grow that to 800 in the following years. The $350 subsidy 
(now raised to $400) was implemented through a $9.5 million commitment over 5 years; 
the program’s usage surged 23% following its introduction. Vehicles cost between 
$1000-$1575 per month (before subsidy) as well as the cost of fuel and is generally split 
between 7-15 people [173]. Some municipalities, like Santa Clara County provide an 
additional subsidy for those who start / end their trip within municipal limits. 
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3.3.10 Case Study | Micro-Goods Movement | Fed-Ex e-Cargo Bikes 

FedEx launched an electric cargo bike pilot in 
Toronto in 2020, with three bikes. It has since 
expanded the initiative across Canada and 
had 43 e-bikes in service as of August 2022 in 
Canada (250 worldwide) [174]. Each bike has 
a 317 liter box, and can travel 150 km on a 
single charge (generally a courier only travels 
20-26 km in a day, launching from the FedEx
shipping center in the port lands) [174].

As of April 2023, the fleet has travelled over 500,000 km (in all weather – bike carriers 
are provided weather appropriate gear) and has averted 14 tonnes of CO2 [175]. 

3.3.11 Case Study | Mobility Hubs | Amsterdam BuurtHubs 

Amsterdam is implementing small-scale mobility hubs, known as BuurtHubs 
(“Neighbourhood Hubs”). Starting with two hubs in 2020, they have now reached 
17 hubs (as of 2023) across the city. The project received €8.86 million in funding, 
which will cover the cost of a total of 20 hubs [176]. 

Each hub has a set of shared cars, electric bikes and cargo bikes for use by local 
residents. The city took a bottom-up approach to their design, with local residents being 
actively involved in what their specific hub would look like and entail (i.e., if it would 
have bikes, scooters and/or e-bikes) [177]. The hubs can be found using a phone app. 

Key takeaways include [178]: 

• Though residents were given the opportunity to vote on the types of services
provided, most mainly cared to voice their thoughts on where the hub would be
located. Many residents were opposed to the hubs taking up existing parking
spaces. Participation or lack-there-of of local residents in developing the hubs did
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not impact ridership. Trial days were used to give residents the opportunity to try the 
system before final implementation, and this was viewed as successful. 

• It was observed that scooters within a free-floating system were used more often
(8.7 riders per vehicle per day) than those constrained to the BuurtHub (4.8 riders
per vehicle per day). Given the choice, users would walk to the free-floating system
as it offered greater flexibility.

• Average number of scooter riders per vehicle was greater in BuurtHubs that had
other shared mobility services nearby (6.3) than BurrtHubs with no other shared
mobility services nearby (1.4), demonstrating the importance of the quality of service
provided at each hub.

3.4 Mobility-as-a-Service Case Study 
3.4.1 Case Study | Mobility-as-a-Service | UbiGO [179] 

From November 2013 to April 2014, 195 users 
in Gothenburg, Sweeden participated in a 
mobility-as-a-service pilot program called 
UbiGO. The pilot provided a web-based 
mobile application which combined different 
transportation offerings (transit, car sharing, 
rental car, taxi, bike share) all into one single 
service. Users could subscribe to pre-paid 
monthly packages which best matched their 
needs, with additional trips at an extra fee, 
and the ability to carry over unused trips to the 
following month.  

The study found significant changes in user’s 
travel patterns. Private car use dropped 50%, 
and walking dropped by 5%. In contrast, bicycle use increased 35%, bus use increased 
35%, express bus use increased 100%, train use increased 20%, and tram use 
increased 5%. 

Following the pilot, UbiGO launched officially in Stockholm in 2019 [180]. 

3.5 Intelligent Transportation Systems Case Studies 
3.5.1 Case Study | Intelligent Transportation Systems | Miami-Dade 

Miami-Dade County is in the process of a $160 million project to upgrade approximately 
3000 signals to smart-signal technology [181]. They have been testing the concept 
since 2016, with about 300 signals installed as of 2020, and signed a new contract with 
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Siemens in 2020 for 2600 additional signals [182]. Traffic signals can dynamically adjust 
signal timing based on vehicle flow and travel time and can communicate along the 
length of the corridor with other signals to maximize the data being inputted into each 
decision. Travel time improvements of up to 33.3% have been observed, with a 15% 
improvement on average expected. Buses have also benefitted from green-extensions 
as vehicles approach an intersection. This has resulted in a 15-minute travel time 
saving (25%) on Routes 34 and 39 along a transit corridor parallel to US 1 [183]. 

3.5.2 Case Study | Intelligent Transportation Systems | City of Pittsburgh 

A 2012 Carnegie Mellon University pilot project in Pittsburgh utilized smart signals with 
artificial intelligence and inter-signal communication for a network of traffic lights in the 
East Liberty area of the city. The pilot observed a 40% reduction in vehicle wait time, 
26% reduction in travel time, and 21% reduction in emissions [184]. Notably, the signals 
continued to function without issue or the need to be re-timed, even during a six-month 
shutdown of a local bridge [185]. In 2022, the City announced a $28.8 million retrofit of 
150 intersections as part of its “SmartSpines” project [186]. 

3.5.3 Case Study | Smart Cities | Sidewalk Labs 

Sidewalk Labs was a subsidiary of Alphabet which partnered with the City of Toronto to 
redevelop a portion of the Toronto Port Lands. The company saw the Port Lands 
development as “a testing ground for future urban design projects and technology 
[187].” Launched in 2017, it wanted to re-invent the idea of urban living with technology, 
creating a new “smart city” just outside Toronto’s downtown.  

The Sidewalk Labs plan included a wide range of innovative ideas for the city, including 
but not limited to [188]: 

• Modular, heated, lighted pavements and adaptable streets
• Use of mobility-as-a-service to provide the full range of transport options to residents

(including car sharing, bike share, etc.), with a real time
mobility-management-system

• Self-driving delivery dollies, underground goods movement, and real time monitoring
• Use of micro-climate measuring instruments and weather mitigation tools with

buildings and other physical infrastructure able to react to changing weather by
dynamically opening additional coverage

• Adaptive buildings (movable / flexible walls, smart sprinkler systems, etc.)
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The project received fierce pushback from the media and the public due to privacy and 
accountability concerns, stemming from the fact that much of the physical infrastructure 
in the area would be under Sidewalk Toronto’s direct control, rather than the City of 
Toronto’s. The project was eventually cancelled, with the disruption of the COVID-19 
pandemic given as the primary cause. 
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4.0 Technical Assessment 
4.1 Autonomous / Connected Vehicles 
4.1.1 Connected Autonomous Vehicles 

4.1.1.1 Anticipated Timing 

Long Term (10+ Years): The timing of autonomous vehicles is uncertain. The 
technology is advancing, but current commercial options are limited and heavily 
caveated that the driver must remain in full control of the vehicle at all times. No full AV 
solution exists on the market today and is likely years (or decades) away, as significant 
technical challenges remain. 100% market penetration of fully autonomous vehicles 
would then be many decades beyond that.  

Based on the market trajectory of previous technological advancements and estimates 
of AV readiness timing, a 2018 study by the Victoria Transport Policy Institute predicted 
50% market penetration by 2050, with less than 20% penetration in the next ten years 
[189]. This assumes fully autonomous vehicles (Level 5) become available by 2030, but 
are initially expensive with limited performance. 

4.1.1.2 Ownership 

Autonomous vehicle policy is the responsibility of the Province of Ontario and the 
Ministry of Transportation.  

4.1.1.3 Potential Action(s) 

The Town could continue to engage with the Province as part of the Ontario Smart 
Mobility Readiness Forum, to ensure that provincial policy considers the specific needs 
and objectives of the Town. 

Given that autonomous vehicles are largely out of Oakville’s direct control, the 
commissioning of a CAV readiness strategy or tactical plan, as other communities (such 
as the City of Toronto) have done, may be a worthwhile endeavor, to ensure that 
Oakville’s policy and infrastructure are ready to accommodate this change and can 
respond as needed to policy changes at the provincial level. 
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4.1.2 Autonomous Transit 

4.1.2.1 Anticipated Timing 

Long Term (10+ Years): Autonomous control of fixed-route buses which run in mixed 
traffic is predicated on the progression of autonomous vehicle technologies. Smaller 
scale shuttles that run in constrained conditions will advance in the medium term. 

4.1.2.2 Ownership 

Autonomous vehicle policy is the responsibility of the Province of Ontario and the 
Ministry of Transportation. Implementation is up to local municipalities. 

4.1.2.3 Potential Action(s) 

Autonomous transit technology still has to advance before it is ready for widespread 
adoption. No action is required from the Town at this time, but the Town could continue 
to review case studies of its application as they arise in the years to come. The 
transportation assessment portion of this study can consider the use of autonomous 
transit on short distance off-road routes, though it would be appropriate that any 
real-world use of the technology be piloted first. We also note that feedback from the 
City of Toronto’s autonomous transit pilot project identified several challenges from their 
initial testing - including customer ride comfort impacted by excessive stops and starts, 
poor seat comfort, and a lack of space when accommodating accessible users. Future 
pilot projects initiated by the Town would be informed by these factors in discussion with 
vehicle original equipment manufacturers. 

4.1.3 Autonomous Goods Movement 

4.1.3.1 Anticipated Timing 

Long Term (10+ Years): Truck platooning is an application of autonomous goods 
movement. Technology is being actively tested, but timing of commercial use remains 
uncertain. To start, truck platooning will likely feature vehicle-to-vehicle communication 
but under control of a lead human driver. In time, fully autonomous control will be 
possible, though this is predicated on the progression of autonomous vehicle 
technologies. 

4.1.3.2 Ownership 

Autonomous vehicle and truck platooning policy is the responsibility of the Province of 
Ontario and the Ministry of Transportation.  
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4.1.3.3 Recommended Action(s) 

Oakville is a stakeholder in autonomous goods movement policy due to its large 
commercial / industrial area around the QEW, and most notably, the presence of the 
Ford Motors car assembly plant. Should the technology be legalized, trucking platoons 
would be driving through Oakville on the highway, on arterial roads, and possibly on 
some local Town streets around the plant or a new major industrial employer, which 
could have knock-on implications for Oakville residents and employees. It would be in 
the Town’s interest therefore to continue to engage with the Province as part of the 
Ontario Smart Mobility Readiness Forum, to ensure that provincial policy considers the 
specific needs and objectives of the Town, and the requirements of major employers 
within the Town such as Ford Motors.  

4.2 Decarbonization / Electrification 
4.2.1 Auto Electrification 

4.2.1.1 Anticipated Timing 

Short-to-Medium Term (1 to 10 Years): EVs are becoming more prevalent, with one of 
every ten vehicles sold in Canada being an EV as of Q2 2023 [190]. However, they are 
still seen as a luxury goods not available to average car buyers thanks to prices that can 
be many thousands of dollars more than their non-EV counterparts. Many governments, 
including Canada, have passed legislation mandating 100% of car sales to be EVs by 
2035. Under Canada’s Electric Vehicle Availability Standard, auto manufacturers and 
importers must meet annual zero-emission vehicle (ZEV) regulated sales targets, 
beginning in 2026 with a requirement that at least 20% of new light-duty vehicles offered 
for sale be ZEVs [191]. The requirements increase annually to 23% by 2027, 60% by 
2030, and 100 percent by 2035 [191].  It remains to be seen if the auto-sector can 
develop more affordable options that can make this target possible. 

4.2.1.2 Ownership 

The rollout of electric vehicles is led by the private sector, but with support from different 
levels of government: 

• The private sector is responsible for the manufacturing of the vehicles and is 
therefore ultimately responsible for driving down costs as they scale up 
manufacturing, so that EVs can achieve greater market penetration beyond that of 
the luxury class of vehicles. 

• The Federal government provides subsidies for new vehicle purchases to reduce 
barriers to entry and as mentioned previously, has mandated that all new cars sold 
in Canada must be electric by 2035.  
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• Local governments such as the Town of Oakville have the power to both incentivize 
EV adoption while also reducing barriers to entry in areas of most concern to 
prospective buyers, such as range-security.  

4.2.1.3 Potential Action(s) 

One of the largest barriers to EV adoption is lack of a dense charging network, and the 
fear from users that they will run out of battery and be stranded. The Town has an 
existing network of EV chargers in place (76 currently, including non-town owned 
chargers [192]), and could continue to build out this network, both in terms of coverage 
and number of chargers available at leach location. 

Other potential incentives include: 

• Requiring / incentivizing the inclusion of EV charging in new privately-owned 
developments 

• Transitioning municipal vehicle fleet to EVs (and encouraging the same at the 
Regional level) 

• Permitting EVs on HOV lanes 
• Parking discounts for EVs 

4.2.1.4 Funding Opportunities 

The Canada Infrastructure Bank (CIB) currently offers the Charging and Hydrogen 
Refueling Infrastructure (CHRI) initiative to support the federal government’s ambitious 
objective to add 50,000 new chargers and refueling stations in Canada in the near term 
[193]. The CHRI initiative provides financing to the private sector structured to share in 
charging and refueling infrastructure use risk. $500 million is planned to be invested in 
large-scale ZEV charging and hydrogen refueling infrastructure. The Town should 
encourage private entities within the Town to leverage these funding opportunities in 
support of the Town’s Climate Change Adaptation Initiative.  

The Government of Ontario operates the Electric Vehicle ChargeON Program, which 
provides funding for the installation of public electric vehicle chargers in Ontario 
communities outside of major cities. The program covers 50-75% of charger costs 
depending on applicant type up to a funding cap of $1 million (with smaller caps in place 
per port depending on level of charging technology) [194]. At this time, the Town of 
Oakville is not eligible for this program, but should continue to monitor its status for any 
changes in the future. 
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4.2.2 Transit Electrification 

4.2.2.1 Anticipated Timing 

Short-to-Medium Term (1 to 10 Years): Electric buses exist and are in use by many 
agencies. Oakville began receiving zero-emission battery-electric buses in January 
2023, for the use of care-A-van and Ride On-Demand services.  

In 2025, the Town further expanded its electric fleet with the introduction of 15 fixed 
route conventional battery electric buses. This initiative was made possible through joint 
funding under the Public Transit Infrastructure Stream (PTIS) of the Investing in Canada 
Infrastructure Program (ICIP), which will continue to support the ongoing electrification 
of approximately 50 per cent of the Town’s transit fleet by 2026. 

4.2.2.2 Ownership 

Electrification of transit vehicles is led by transit agencies and their associated 
municipality, in this case Oakville Transit. Given the expense of new vehicles and 
associated infrastructure, coordination and partnership with upper levels of government 
is required. 

4.2.2.3 Potential Action(s) 

Oakville has already begun the transition to electric vehicles and has an ambitious 
schedule for full electrification, as mentioned in Section 1.3.3 [8]. Oakville could stay the 
course on the current trajectory, with acknowledgement that the faster the rollout can be 
completed (subject to budgetary constraints), the better. The Town can continue to 
engage upper levels of government for the funding required to complete the transition. 

4.2.2.4 Funding Opportunities 

The Infrastructure Canada Zero Emissions Transit Fund is a $2.75 billion investment 
from the Government of Canada to support public transit operators in the planning and 
purchasing of zero emission busses and their associated infrastructure [195]. It is part of 
the Government of Canada’s plan to support the purchase of 5000 new electric busses 
between 2021 and 2026. 

The Canada Infrastructure Bank provides a Zero-Emissions Bus Initiative, which 
provides municipalities with financing to better afford the larger up-front cost of electric 
busses, which is then paid back over time through the cost savings from operation of 
the electric busses versus the diesel busses they replace [196]. 



 

Transportation Master Plan | Town of Oakville  70 
Appendix G - Emerging Technologies 

 

4.2.3 Goods Movement Electrification 

4.2.3.1 Anticipated Timing 

Long Term (10+ Years): Short distance goods movement electrification is growing 
rapidly as the technology matures. Long distance trucking will advance considerably in 
the next 10 years, but widespread adoption will likely not occur until later. Freight rail is 
furthest behind; as overhead catenary electrification is infeasible, new technologies 
must be trialed instead. Given the weight and range requirements, full electrification is 
likely decades away. 

4.2.3.2 Ownership 

Goods movement is largely the responsibility of the private sector; however, the public 
sector can guide development in this area through policy and outreach. Long-distance 
goods movement is the responsibility of the Ministry of Transportation. Last mile 
delivery along local streets is the responsibility of the Region and / or local municipality. 

4.2.3.3 Potential Action(s) 

As many truck trips extend beyond municipal boundaries, this initiative is better 
addressed by higher order levels of government (region, province).  Most delivery trucks 
are currently expected to charge at private facilities / depots, as opposed to requiring 
public charging stations. Therefore, the primary need for public charging stations will 
likely be along major provincial corridors. However, if interested, the Town could be an 
active participant by adding requirements to provide electric truck charging at new 
developments that are expected to generate significant volumes of trucks. 

4.3 Shared & Micro-Mobility 
4.3.1 Car Share 

4.3.1.1 Anticipated Timing 

Short Term (1-3 Years): Car share programs exist today and can be implemented at 
any time. 

4.3.1.2 Ownership 

Car share programs are typically run by private enterprises, but municipalities can 
encourage the inclusion of car share spots within new developments as a mechanism to 
reduce car ownership and parking requirements. Based on the City of Toronto Parking 
Standards Review: Examination of Potential Options and Impacts of Car Share 
Programs on Parking Standards (2009), the suggested parking reduction 



 

      
    

 

        
         

   

       
          

        
         

      
           

         
     

         
           

         
          

        
      

  

  

       
         

        
     

    

  

      
        

     

   
  
 
 

    
  

 
 

  

     
  

   
 

 

        
         

       
          

        
         

      
           

         
     

         
           

         
          

        
      

 

       
         

        
     

   

      
        

  

  
 
 

    
  

 
 

  

     
  

   
 

 

    
   

 

ratio — considering existing conditions, findings and feasibility of implementation — is 
approximately three to four regular spaces for each car share space [197]. 

4.3.1.3 Potential Action(s) 

Setting requirements for and/or incentivizing the inclusion of a car sharing vehicle for 
new developments is recommended, as it can help reduce the number of parking spots 
required and the total number of cars owned in a given development. Developers must 
initiate the inclusion of car share early in the development application process as part of 
their proposed mitigation measures within the required TDM / transportation impact 
study. It should be the responsibility of the developer to find suitable car share providers 
and ensure legal agreements are in place. This should include a contract that outlines 
the terms of the car share agreement, including the length in which the car share 
services will be provided and the roles and responsibilities of the car share provider, 
developer, and Town. Terms may include the developer agreeing to pay for the car 
share services over a fixed period. When this period comes to an end, the ownership of 
the car share spaces should be conveyed to the Town, based on an agreed-upon cost 
per car share space. The Town may then decide whether to continue car share services 
at the development based on its performance thus far. 

4.3.2 Bike Share 

4.3.2.1 Anticipated Timing 

Short Term (1-3 Years): Bike share technology is well established, with numerous 
examples of successful implementations across North America, including the first 
implementation in the Greater Toronto Area by the City of Brampton in April 2023. 
Implementation will require funding, implementation strategies (including right-of-way 
accommodation) and ideally supportive infrastructure. 

4.3.2.2 Ownership 

Bike share systems can be privately owned and operated, publicly owned and operated, 
or publicly owned but privately maintained. This is outlined in Table 3. 

Table 3: Bike / Scooter Share Ownership Models 

Type Benefit Drawback 
Privately Owned, 
Privately 
Operated 

• Municipality is not
responsible for cost
overruns, collisions,
maintenance,
operations, etc.

• Municipality is limited in
controlling the service

• No guarantee of equity
considerations in the planning
process
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Type Benefit Drawback 
• Public may expect the 

municipality to take over the 
program in the event of failure of 
the private operation 

Publicly Owned, 
Privately 
Operated 

• Does not require in-
house expertise or staff 

• Can ensure equitable 
pricing, distribution of 
stations 

• Must contract with a private 
company and ensure compliance 

• Municipality on the hook for cost 
over-runs / lack of profitability 

Publicly Owned, 
Publicly 
Operated 

• Can ensure equitable 
pricing, distribution of 
stations 

• Requires in-house expertise and 
staff 

• Municipality on the hook for cost 
over-runs / lack of profitability 

4.3.2.3 Potential Action(s) 

A bike share system in Oakville can be considered, but it must be understood up front 
that the system will not be profitable on its own, and will require an annual subsidy from 
the Town, potentially in the millions of dollars. This will require either private ownership 
and operation, or public ownership with private operation – a fully private system is 
unlikely to be sustainable in the long term and would likely require Town intervention to 
keep running. 

Each type of bike share has benefits and drawbacks, as identified in Table 4. A 
dock-less bike share system is not recommended due to risk of street clutter and 
operational challenges. If implemented, the system should therefore first focus on the 
densest areas of Oakville south of Highway 401, at key priority nodes and growth 
corridors (such as Trafalgar Road). Oakville can also leverage its extensive trail 
network, with stations located at trailheads. 

Table 4: Types of Bike Share Programs 

Type Benefit Drawback 
Dock-
less 

• Users can drop off the 
bike right in front of their 
final destination 

• A “grab and go” approach 
– users do not need to 
look for specific stations. 
Ideally, this would allow 

• Can result in severe crowding of 
streetscape in busy areas. Bikes can be 
left inappropriately (on the ground rather 
than standing or in piles) 

• Inconsistent – a user may need to search 
for a bike before use, and the bike may 
not always be in the same place 
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Type Benefit Drawback 
for a more even 
distribution of bikes within 
a network. 

• More complex operationally

Dock-
Based 

• No crowding of
streetscape with bikes

• Consistent – users always
know where to pick up
and drop off a bike

• User must walk to a bike dock to access,
and must walk to their final destination
from the drop-off point

• Docking points can be full, requiring user
to find an alternative place to leave the
bike

Ideally, bike share programs would be provided where a mature network of cycling 
facilities exists to provide continuity of routes and higher levels of safety. Currently, the 
Town cycling network is in development and the timing of a bike share program would 
best be coordinated with the timing of cycling infrastructure. A bike share program could 
begin with a pilot program with a focus on areas with high potential for cycling demand 
and where cycling infrastructure exists or where there is lower potential for interaction 
with vehicles and higher speeds (e.g., Sheridan College). 

4.3.3 E-Scooters 

4.3.3.1 Anticipated Timing 

Long Term (10+ Years): Micro-mobility technologies like e-scooters are well established 
and can be implemented at any time, but first require public and political support, legal 
authorization and ideally supportive infrastructure. 

4.3.3.2 Ownership 

The legality of e-scooters on Ontario roads has, for now, been delegated by the 
province to the municipalities as part of the e-Scooter pilot program. Many municipalities 
have since joined the program. The criterion for legalization is, therefore, up to the Town 
of Oakville’s discretion. Lessons can be learned from cities and towns that have 
legalized the technology thus far, and caution can be taken from those which have 
legalized, and then re-banned it, or those who have opted not to allow the technology 
without trial. 

The current state of e-scooter use in Ontario, aggregated by the Town of Oakville staff, 
is provided in Table 2 where legalized, requirements are generally consistent across 
municipalities, though some do not provide strong enough parking regulations, and 
there is some variation in the degree to which e-scooters can operate in pedestrian 
spaces. 
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In April 2024, the City of Mississauga announced, in partnership with Lime Technology 
Inc. and Bird Canada, that it would be launching its first shared system of e-bikes and 
e-scooters by summer, including 300 e-bikes and 900 e-scooters for public use across 
the City [198]. This aligns with their TMPs recommendation for the shared system and is 
backed by the City’s 2023 update of their Shared Micromobility Program, which 
recommends that a hybrid docked and dockless, privately owned and operated system 
of e-bikes and e-scooters be implemented [198]. 

Notably, the City of Toronto currently does not allow e-scooters, primarily due to the 
well-established safety risk involved, in addition to enforcement, insurance and liability 
concerns. This reasoning is consistent with other cities, such as Paris, France, which 
have banned the technology. This is currently being re-reviewed, at the time of writing; 
the AODA Alliance has encouraged the City to not re-open the decision, due to the 
impact that that e-scooters can have on those with disabilities [199]. 

4.3.3.3 Potential Action(s) 

There are e-scooter readiness initiatives that should be implemented before 
participating in the e-scooter pilot. These initiatives include launching an educational 
campaign on the e-scooter for targeted audiences and locations, proactively planning / 
building an e-scooter-friendly network that can connect to key destinations and pursuing 
partnerships and funding opportunities with the Province and Region. The former two 
initiatives can be ongoing and do not need to be fully completed before opting into the 
pilot. Based on the progress of these initiatives, the Town will either opt-in to the e-
scooter pilot or remain opted-out. It would be appropriate for the Town of Oakville to 
assess the safety implications and related risk, right-of-way implications and potential 
for street clutter and cost, prior to allowing personal e-scooter use on the Town of 
Oakville roads. If supported, the pilot should abide by all e-scooter and operator 
requirements outlined by the Ontario e-scooter pilot program (e.g., maximum speed, 
maximum weight, maximum power output, etc.). Strict regulations regarding safety and 
operation are strongly recommended. Helmets should be required if under 18 years old, 
a maximum speed should be set, and the vehicles should be prohibited from use on the 
sidewalk. Parking restrictions should also be put into effect, to prevent the scooters from 
being placed in a way that blocks sidewalk traffic. 

To opt-in to the program, the Town should adopt and/or amend their bylaws to regulate 
e-scooter use, including but not limited to the Town’s Parks By-law, Transit By-law and 
Traffic By-law. Extensive research should also be conducted to help shape rules and 
regulations surrounding the use of e-scooters within the Town, such as no- or slow-ride 
zones / restricted areas, no-parking zones, and areas of potential high e-scooter 
demand. Research such as the Town’s collaborative project on micromobility with the 
University of Toronto may be used to inform these decisions. 
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To plan and carry out the pilot, the Town will need to implement e-scooters in areas 
where benefits are maximized and risks minimized, which can include areas of higher 
ridership uptake and appropriate infrastructure. The Town would need to consider 
pursuing partnerships (multiple partners to reduce the risk associated with termination 
of services) with other organizations or specialists in the micromobility / e-scooter 
industry to develop a comprehensive program and process mapping, which includes an 
assessment of micromobility and e-scooter options for the Town, including vehicle, 
system, and governance models; and a phasing plan to prepare for different 
implementation considerations and feasibility. Additional considerations for process 
mapping include defining ownership of devices (e.g., the Town or the vendor), vendor 
services (e.g., a vendor to provide services only or also sell vehicles), types of data to 
be collected from vendor (e.g., collision data, complaints, etc.), pricing model for users, 
and profitability/revenue generation. The Town would need to find a way to monitor 
ridership, reported incidents, and public concerns to provide Council with an annual 
report about the progress of the e-scooter pilot (if approved). Moreover, the Town would 
need to continue to make improvements for transportation, such as signage and 
pavement markings, in order to improve the e-scooter pilot experience.  

If approved, it would be best that the Town ensure that e-scooters are integrated in 
Town and Halton Region sustainable transportation initiatives, programs, and 
educational resources (e.g., Oakville’s Smart Commute Initiative, which offers programs 
and services to encourage more efficient and sustainable transportation by means other 
than alone by car). Community and stakeholder consultation, as well as an accessibility 
advisory committee, would need to be organized to understand the needs and concerns 
surrounding e-scooters, as well as to develop educational resources.  

4.3.4 Ride Hailing 

4.3.4.1 Anticipated Timing 

Ride hailing companies are now well established, though future advances such as 
autonomous ride hailing will require further technological development. 

4.3.4.2 Ownership 

Ride hailing services are provided by the private sector. However, the public sector has 
an important role to play in setting policy to guide private sector operations; this is done 
on the municipal level. 

4.3.4.3 Potential Action(s) 

No action required – ride hailing services like Lyft and Uber are well established in the 
GTHA. 
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4.3.5 Micro-Transit / On-Demand Transit 

4.3.5.1 Anticipated Timing 

Short Term (1 – 3 Years): Micro-transit offerings already exist, including in Oakville.  

4.3.5.2 Ownership 

On demand transit can be provided as part of the public transit network offering (such 
as Oakville’s On-Demand Services including Ride On-Demand and care-A-van), as 
partnership between public and private sectors (such as Innisfil Transit and San Diego’s 
Fred), or as entirely private sector run (such as Circuit Transit). 

4.3.5.3 Potential Action(s) 

Oakville already has a Ride-On-Demand offering, a form of micro-transit. Expansions to 
this can be explored as part of the scenario planning work in this study. The focus 
should be on improving connection to the fixed route transit service; door-to-door 
service is unnecessary given Oakville’s size and existing quality of transit coverage and 
would not be cost effective. 

4.3.6 Van-Pooling 

4.3.6.1 Anticipated Timing 

Short Term (1 – 3 Years): Vanpooling is a mobility approach that already exists and is in 
operation in many municipalities across North America. 

4.3.6.2 Ownership 

Van-pooling is most often initiated by private groups of individuals or companies looking 
to provide a service to their employees. These arrangements can be approved or 
facilitated by local governments, but it is not necessary. In addition, updates to by-laws 
are necessary to allow private groups to provide van-pooling as a micro-transit service 
in Oakville. Large-scale private ownership of van-pooling services has been tried, and 
generally does not work. 

4.3.6.3 Potential Action(s) 

Oakville can consider the facilitation of privately run van-pools as has been done in 
some cities in the US, with potential incentives programs offered to encourage the 
practice. This can be an alternative explored in the scenario planning portion of this 
study. 
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4.3.7 Electric Cargo Bikes 

4.3.7.1 Anticipated Timing 

Short Term (1 – 3 Years): e-Cargo bikes are well established and can be implemented 
at any time. 

4.3.7.2 Ownership 

Private sector led. However, upper levels of governments could provide financial 
incentives or rebates to encourage the adoption of electric cargo bikes. For example, 
the Province of British Columbia has provided funding for e-cargo bikes up to $1,700 
[200]. Local municipalities could also support the programs through infrastructure 
development such as enhanced bike facilities, secure parking, and charging stations. 

4.3.7.3 Potential Action(s) 

Some parts of Oakville (south of the QEW, at major growth nodes, and along Trafalgar 
Road) may be suitable for electric cargo bikes. It could be worth finding a courier 
partner such as FedEx or UPS to pilot the technology in Oakville to find out whether or 
not it is feasible, though incentives may be required in order to win buy-in from them. 

4.3.8 Delivery Robots and Drones 

4.3.8.1 Anticipated Timing 

Short Term (1 – 3 Years): The technology for delivery robots already exists, though 
primarily in the United States after cities like Toronto and Ottawa enacted bans. 

Medium Term (5 – 10 Years): Drone delivery is proving more difficult to implement; 
Amazon’s original target of 2015 for widespread adoption has long since passed, and 
current implementation is lacking. At this time, it is unclear whether this will ever 
become mainstream [201]. 

4.3.8.2 Ownership 

Development and implementation of technology is private sector led, but municipalities 
have the right to implement guidelines for their use or ban them within their borders. 

4.3.8.3 Potential Action(s) 

Drones and robotic delivery devices are more suitable for dense urban environments. In 
Oakville, they are most feasible in urban growth nodes and in areas south of the QEW. 
At this time, however, it may be more pragmatic for the Town of Oakville to wait for a 
provincially led pilot to test implementation before allowing widespread adoption, as the 
City of Toronto has done. 
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4.3.9 Mobility Hubs 

4.3.9.1 Anticipated Timing 

Medium Term (5 – 10 Years). The individual systems exist but must be linked in the 
form of physical infrastructure. This can take time to plan and implement. Many of 
Oakville’s growth centres will also be mobility hubs but will take many decades to 
develop fully. To the extent possible due to financial viability constraints, mobility hubs 
should be in place early in the process, rather than the end, to help spur development at 
these locations and to win early buy-in from residents, rather than having to try to 
convince them to switch from their cars later. 

4.3.9.2 Ownership 

Requires partnership between the public and private sector. Coordination between 
private companies will require public leadership. 

4.3.9.3 Potential Action(s) 

Oakville’s planning for its urban growth centres already includes the principles of 
mobility hubs, and this could be continued in the future for any new transit 
terminals - generally, any major transit station should be a multi-modal mobility hub, and 
include provisions for connections to car sharing, ride hailing (i.e., park and ride), 
bike / scooter share, etc.  

Amsterdam BuurtHubs presents a novel approach for implementing mobility hubs at a 
smaller, more localized scale. A similar approach should be piloted south of the QEW 
and in North Oakville. They can also be implemented at the interchange of major transit 
routes. Smaller scale mobility hubs can be considered as part of the scenario planning 
portion of this study. 

4.4 Mobility-as-a-Service 
4.4.1 Anticipated Timing 

Medium Term (5 – 10 Years): Shared mobility services are the precursor to 
mobility-as-a-service, and they have rapidly proliferated in recent years. However, 
further advancements are required before true, integrated mobility-as-a-service 
offerings can become mainstream.  

4.4.2 Ownership 

It is unclear whether mobility-as-a-service offerings will be private sector-led or public 
sector-led. Private industry has taken the lead on car-sharing, while public sector run 
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shared micro-mobility programs are not uncommon. Government agencies can also 
leverage existing transit services and associated trip planning apps, to provide an 
integrated offering. Therefore, for a fully integrated offering, a coordinated partnership 
between public and private sector may be required. The previously discussed Innisfil 
case-study provides an example of how such a partnership can operate. 

4.4.3 Potential Action(s) 

No immediate action is required, as mobility-as-a-service is still only a high level, 
unproven concept of not entirely clear definition of scope. Oakville will need to respond 
to this technology as it develops, likely as part of a future TMP. 

4.5 Intelligent Transportation Systems 
4.5.1 Traffic Signal Operation 

4.5.1.1 Anticipated Timing 

Medium Term (5 – 10 Years): Intelligent Transportation Systems (ITS) may be part of 
operational upgrades and typically require a commitment to infrastructure and system 
support implemented over time. 

4.5.1.2 Ownership 

Traffic signal operation is the responsibility of the Town of Oakville and Halton Region. 

4.5.1.3 Potential Action(s) 

The TMP update process should consider the use of new signaling technologies 
(e.g., dynamic signal retiming, adaptive signals, transit signal priority, etc.) as a method 
of improving operational efficiency and capacity without physical infrastructure 
expansion. Note that the Town’s signal timing standards may need to be reviewed and 
updated to accommodate the implementation of more advanced signals. 

It is likely worth piloting adaptive signals under a variety of conditions (such as the 
intersection of various road types, near schools, known “problem-areas”, etc.). This can 
be used to inform and justify a wider roll-out, with a limited initial investment.  

4.5.2 Smart Cities & Big Data 

4.5.2.1 Anticipated Timing 

Long Term (10+ Years): Elements of smart cities exist today and have been 
implemented in Oakville and elsewhere. However, the more inter-connected aspect of 
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the concept does not yet exist, and depends on private sector investment, and on 
telecommunications development. 

4.5.2.2 Ownership 

Technology development is commonly led by private sector. However, there is a risk 
that different companies could create different communications standards, resulting in 
either (a) fragmentation that prevents smart cities from fulfilling the goals of the concept, 
or (b) eco-system lock-in, in which one entity must provide all elements of a smart city. 
Government intervention to develop a universal standard may be required, though this 
would be the responsibility of upper levels of government. 

The implementation of smart cities must be public sector led, as traditionally 
municipalities are the owners and operators of public infrastructure. This should not 
change. The privacy and accountability concerns stemming from smart cities under 
private control are significant. After all, cities are public spaces – they are not like a 
social media website where users chose to engage by logging on.  

Public agencies and governments also have an important role to play in Open Data. 
Open Data is a concept in which government agencies publish data about a city (for 
example, vehicle counts, ridership information, travel time, etc.) rather than keeping it 
private. Smart Cities will provide municipalities with a treasure trove of data but will only 
truly fulfil their goals if that data is made public. This does not require a full 
implementation of integrated smart city technology in the long term – it can be done 
today, with independent sensors and cameras. The Town of Oakville has an Open Data 
portal already, with good information on physical infrastructure (road centerlines, 
sidewalks, cycle lanes, land use designations, etc.). However, it is lacking in information 
on network performance. Investing in monitoring systems to track and publish 
performance data would greatly improve the Oakville Open Data offering and will set up 
good data sharing practices for the future as the smart city concept advances and 
matures. 

4.5.2.3 Potential Action(s) 

4.5.2.4 Open Data 

Access to data helps improve decision making, and democratizes information to the 
public, giving them the opportunity to be more informed. Oakville has a good start on its 
transportation-related Open Data offerings, but should strive to expand it to include: 

• Automatic vehicle, pedestrian and cyclist counters on key road segments, updated 
monthly  

• Automatic intersection flow counters, updated monthly 
• Live on-street parking information in key areas 
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• Boarding counts by stop, updated monthly 
• Transit travel time by route, updated monthly 
• Collision locations at intersections and road segments, updated monthly 
• Parking tickets (aggregated), updated monthly 

Given the wide range of data sources and types, there is no one standard for how this 
data should be formatted. Focus should be given on how the data will be used and 
formatted accordingly. Data should be kept up to date, and as close to “live” as 
possible. It may be worthwhile developing dashboards for some items, like traffic 
counts, travel times, transit performance and safety, given that the average user won’t 
be analyzing the data themselves. 

4.5.2.5 Smart Cities Technology 

Famously, the City of Toronto partnered with Sidewalk Labs for redevelopment of a 
small part of the port lands, with a heavy emphasis on smart city technology. However, 
in the face of mounting public scrutiny and criticism, the partnership was cancelled, and 
Sidewalk Labs exited the Toronto market. Any major development within Oakville would 
be subject to similar levels of scrutiny. It is therefore best to trial these independent 
technologies on a smaller scale in key urban areas, rather than trying to design a 
city-of-the-future all at once. 
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