6.2 Option 2: BRT line across HWY 407, with stops at the major interchanges
and public EV charging stations
Several of the major intersections along the 407 highway are shown in Figure 6. At each stop,
parking lots would accommodate electric vehicles (passengers can park their own EVs while
commuting or during other personal trips).

Figure 6: Proposed BRT line across HWY 407, Option 2

Figure 6 shows a possible bus route along 407, starting at the Hamilton GO Train Station and
ending at HWY 407 and Simcoe Street North, Oshawa. The distance between the two ends of
the proposed RT line is 136 km.
Establishing a RT system requires an assessment of environmental impacts, land use impacts,
costs, and pre-feasibility technical analysis. From the environmental perspective, bus fuel
type plays a major role. Moreover, using the current, available fuel emission technologies,
such as diesel particulate filters, selective catalyst reduction, exhaust gas recirculation, and
variable geometry turbocharges will help decrease the levels of GHG emissions by the transit
system. In addition, alternative fuels are promising for future decreases in emissions. Some of
the economically available options are LNG, CNG, and electric buses. A report by the
Federal Transit Administration [34] compares the release of particulate matters and NOx by
different fuel types in the transportation sector, for which CNG buses emit 90 percent less
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particulates and 30 percent less NOx compared to untreated diesel. Therefore, in addition to
the carbon reduction from increasing public transit share in transportation, using less carbon
emitting buses will also help mitigate other environmental concerns.
The passenger capacity of a RT system depends on several parameters such as the number of
stops, bus capacity, and frequency of service. A typical transit bus carries 60-80 passengers
per trip, while an 18 meter long articulated bus can accommodate up to 270 passengers. The
capacity of the proposed RT-EV system needs to be estimated to facilitate an economic
analysis. Transit buses usually run on diesel, which may receive complaints regarding noise
and air pollution (soot). A typical diesel bus costs around 300,000-$600,000. Natural gas
buses are becoming popular, but are up to $70,000 more expensive. Hybrid buses that use a
diesel or gasoline engine along with an electric motor cost nearly $714,000. Electric buses are
not yet fully satisfactory in the mileage they can provide. The capital investment costs of a
RT system vary by jurisdiction, and strongly depend on existing infrastructure, meeting the
required environmental and safety regulations, and the capacity of the RT line. On average,
the total capital cost can vary from $0.7 to $25 million per km. Aside from bus purchase
costs; there are operating costs, which are typically estimated per hour. Examples of vehicle
operating costs include New York City ($172 per hour), Los Angeles ($124 per hour), and
Phoenix ($92 per hour) [15].
6.2.1 Rapid Transit examples
The City of Mississauga started construction of a BRT system in 2010, with the aim of
improving local and inter-regional transit across the city. The 11 km-long busway now
operational between Winston Churchill Boulevard and Renforth Drive with a total of 12 stops
along the route. The project was estimated to cost $260 million with funding from several
sources, which corresponds to an average $23.5 million per km.
In 2011, the Regional Municipality of York opened its first RT station located at Warden
Avenue and Enterprise Boulevard in Markham, which was the first of 11 new stations along
Highway 7. The investment for this project was a part of ‘Open Ontario Plan’. According to
the Project Status Quarterly Report by York Region Rapid Transit Corporation, there are
several ongoing rapid transit projects in York Region, including the remaining segments of
Highway 7 East from Highway 404 to Warden Avenue.
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The Transitway is an exclusive bus corridor providing rapid transit service across the City of
Ottawa, which is also connected to O-Train (an eight km light-rail service). The Transitway is
exclusively accessed by transit and emergency vehicles, and thus is unaffected by traffic
delays. Ottawa’s Transitway was Canada’s first BRT line, opened in 1983, and currently
carries up to 10,000 passengers and 185 buses per hour [35].
Calgary’s RT system links the downtown to suburban areas via a two corridor, 47 km transit
way, running every 10 min in rush hour periods and every 20 min during regular traffic
periods. The city also uses light-rail transit. Lower cost per revenue hour is reported for
Calgary’s BRT than its LRT system [36] ($49 vs. $113, respectively). Other major Canadian
cities have transit systems that can be categorized as BRT systems, although implementation
has varied by local conditions. Dedicated bus routes are a major element in establishing a
successful BRT system, and enforcing transit priority measures does not essentially cover the
concept of a bus rapid transit system. In Canada, public transit is a responsibility of the
municipalities, and the local governments assign agencies to plan, construct, and coordinate
public transit investments. However, the federal government contributes to the development
of public transit systems because these help the economy, the environment, and promote
good public relations. The Government of Canada has funded several transit project under the
Canada Strategic Infrastructure Fund including the Canada Line project in Vancouver, the
Mississauga BRT project, and York Region’s VIVA bus rapid transit project. Other examples
of transit projects funded by the government are given in [36]. Internationally, successful RT
systems include TransMilenio (Bogota), Metrobus (Pakistan), MIO (Cali, Colombia), and
Metrolinea (Bucaramanga, Colombia).19
6.2.2 Assumptions, data use and results for Option 2
GO Bus now has 500 buses on the road carrying 55,000 passengers via 2,500 trips a day.
Highway 407 is a major GO Bus route, connecting Guelph and Hamilton in the western
Toronto region to Pickering and Oshawa in the eastern Toronto region [37]. GO Bus routes
have grown from 24 daily trips in 2000 to 730 trips a day in 2014. On a weekday GO Bus

19

For comparison purposes globally 186 cities have BRTs serving 32 million people daily. In 2012 there were
1.8 million car-sharing members; 600 cities have bike sharing programs. Istanbul has 295 pedestrian streets
(where cars are now prohibited); Helsinki recently announced plans to eliminate the need for cars by 2025
(making it the first car-free city) [from Tina Duong, thecityfix.com, 2014].
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makes 560 trips on Highway 407 (77% of all the GO Bus trips in the Toronto region),
therefore, Highway 407 GO bus ridership is estimated at 42,300 passengers per day. These
trips cover 37,400 km, resulting in an average of 67 km/trip.
The total distance between the Hamilton Go Station (on the Lakeshore West GO Train line)
and Oshawa, on Highway 407 is 136 km. It will take approximately 2 h and 20 min for a
BRT bus to travel this distance, assuming and average speed of 60 km/h. To estimate the
number of buses required to operate on the HWY 407 BRT line, 15 min bus intervals are
considered during rush hour (6 am – 9 am, and 3:00 pm – 6:00 pm), and 30 min intervals are
used for other times of the day, starting at 5:00 am and ending at 1:00 am the next day (21
hours of operation per day). Therefore, 22 buses are required to operate on the BRT line.
There are 108 total daily both ways and bus capacity is 55 passengers. Hence, the total daily
ridership is estimated to be 5,900 passengers. 15 and 30 min headway are considered for the
proposed BRT lines in Options 2 and 3. These assumptions are the same for all the proposed
lines; however, adjustments may be required depending on the region and ridership
estimations. Table 12 provides the data used in the cost and GHG estimates for Option 2, the
results of which are given in Table 13. A comparison between using CNG or diesel buses is
provided in Tables 12 and 13.
The total vehicle kilometer traveled by the proposed BRT buses is estimated to be 5.4
million-km/y, and the corresponding natural gas consumption will be 2.2 Mkg-NG a year.
Assuming a NG price of $0.9/kg-NG and $87.5/h operation cost of a BRT bus, the annual
fuel and O&M costs are estimated as 2.0 and $3.4 million a year. The $1.4 billion of capital
cost given in Table 13 represents the purchase cost of the BRT buses (15 years fleet lifetime),
the construction cost of 136 km of BRT line, and the cost related to installing 5,000 EV
charging stations.
The GHG emissions estimations for Option 2 show a 50 kt-CO2e emissions reduction in the
proposed RT line, if CNG buses are used instead of diesel. On a per km basis, a natural gas
bus emits 18 percent less GHG emissions than a new diesel bus20 [38]. The lifecycle CO2
equivalent emission from CNG buses is estimated as 1.5 kg-CO2e/km, while this number is

20

Fugitive methane emissions (during natural gas development and from the tailpipe) are considered in this
review, and compared with an overall lifecycle perspective with other fuel options.
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1.8 kg-CO2e/km for a new diesel bus. These numbers include both upstream, fugitive, and
tailpipe emissions [23]. Lifecycle GHG emissions from transport fuels are provided in Annex
4.
Table 12: Data used for cost and GHG emission estimation of Option 2
NG bus

Diesel bus

# Buses

22

22

Fleet Renewal, 15 y

2

2

Purchase, m$

0.49

0.39

O&M, $/hr

87.5

87.5

BRT daily operation hours, h

21

21

BRT line, km

136

136

BRT line capital cost, m$/km

10

10

Bus Capacity

55

55

# bus trips per day, both ways

108

108

# of EVs

5,000

5,000

# of EV charging stations

5,000

5,000

2,000

2,000

0.16

0.16

0.414

0.497

0.9

1.35

1.446

1.756

CNG bus

Diesel bus

5.4

5.4

0.039

0.039

2.2

2.7

Total Capital Cost, m$

1,391

1,387

Total O&M costs, m$/y

3.5

3.5

Total Fuel Cost, m$/y

2.0

3.6

1,555

1,599

Total CO2 emissions from BRT bus, kt-CO2e

233

282

Total CO2 savings compared to diesel bus, 30 year period, kt- CO2e

50

NA

Cost of EV charging purchase and installation, $
Ave Electricity price, $/kWh

21

Fuel Consumption, kg-NG/km, or l/km
22

Fuel cost , $/kg-NG or $/l
CO2 emissions rate, kg-CO2e/km (GWP-100)

Table 13: Cost, GHG emissions and ridership results for Option 2

Total km traveled (BRT buses), million-km/y
Total revenue hours, million-h/y
Total fuel consumption, Mkg-NG/y or Ml-diesel/y

Total costs, capital, O&M and fuel, m$

21

The price of electricity provided to a residential area is applied here; however, retail price of electricity at a
public EV charging stations may differ. This number will be updated accordingly.
22
The cost of CNG is considerably cheaper at a private on-site facility (than a public refueling station) that does
not pay retail margin and O&M markup (nearly $0.90/kg).
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Daily ridership
Total Ridership, million passenger in 30 years
Fare, $/trip

5,940

5,940

65

65

23.9

24.6

6.3 Option 3: Expansion of the BRT-EV system to other cities
In this scenario, a larger operational area is considered for the RT system. The Highway 407
BRT system, proposed in Option 2, is expanded to other cities. This scenario is expected to
receive interest due its link to future urban development and economic growth in the area.
Residents will be encouraged to use electric or natural gas vehicles instead of gasoline/diesel
cars, along with a trunk transit system (initially a BRT that, if ridership demands, could be
adjusted to an LRT). In this scenario, electric vehicle charging stations will be developed at
all major interchanges.
The proposed BRT lines are 450 km in length, with an estimated 35,600 daily ridership23. In
addition to the BRT, 250,000 electric vehicles would be purchased and available at major
interchanges. Figure 7 shows the map of the proposed BRT lines across HWY 407, and other
major Toronto region routes.

Figure 7: Proposed CNG-BRT lines across Toronto region

23

This number is in addition to the current GO bus ridership along Highway 407.
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Table 14 gives the distances between each end of the BRT lines, estimated number of
required buses, kilometers traveled per day, and daily ridership. Table 15 shows the
assumptions, data, and estimated values for capital, O&M, and fuel costs.
Table 14: Proposed BRT lines across 407
From

To

Distance,
km

#
Buses

# daily
trips

Kmtraveled/day

Ridership/day

Oshawa, Simcoe St North
and HWY 407
HWY 401 and HWY 407
in Milton
Hamilton GO Station

Hamilton GO Station

136

22

108

14688

5940

Kitchener GO Station

65

12

108

7020

5940

Niagara Falls

76

14

108

8208

5940

HWY 407 and HWY 404

East Gwillimbury GO
Station
Peterborough

34

8

108

3672

5940

67

12

108

7236

5940

Cobourg

71

12

108

7668

5940

449

80

648

48492

35640

Oshawa, Simcoe St North
and HWY 407
Oshawa, Simcoe St North
and HWY 407
Total

Table 15: Assumptions and data used in Option 3: BRT line across Toronto region
CNG bus

Diesel bus

# of Buses

80

80

Fleet Renewal, 15 y

2

2

Purchase cost, m$

0.485

0.39

O&M, $/hr

87.5

87.5

BRT daily operation hours, h

20

20

BRT line, km

449

449

BRT line capital cost, m$/km

10

10

# of Stops

16

16

Bus Capacity

55

55

# bus trips per day, both ways

648

648

# of EVs

250,000

250,000

Average Cost of EV purchase, $

18,000

18,000

# of EV charging stations

250,000

250,000

Cost of EV charging purchase and installation, $

2,000

2,000

Ave km traveled by EV per day

44.3

44.3

Ave EV electricity consumption, kWh/km

0.2

0.2

Ave Electricity price, $/kWh

0.16

0.16

Fuel Consumption, kg-NG/km, or l/km

0.414

0.497

0.9

1.35

Fuel cost, $/kg-NG or $/l
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CO2 emissions rate, kg-CO2e/km (GWP-100)24

1.446

1.756

The GHG levels are also calculated and given in the Table 16. Operation and maintenance
costs of the BRT system depends on fuel type, length of the line, daily trips, weather
conditions, and maintenance schedules. Therefore, for each BRT option, costs should be
further estimated with input from potential manufacturers.
The Regional Municipality of Durham assumes a $125/h operating cost for a proposed BRT
line in their Long Term Transit Strategy (LTTS), which includes labour (driver, staff,
maintenance) and fuel costs [39]. Fuel expenses are calculated separately (usually about 30%
of the O&M costs): an $87.5/h operating cost is assumed for the proposed RT lines.
Table 16: Extended Highway 407 BRT line data and estimation for 2020-2050
CNG bus

Diesel bus

Total km traveled (BRT buses), million-km/y

17.7

17.7

Total km traveled by public EVs, million-km/y

4,000

4,000

Total revenue hours, million-h/y

0.24

0.24

Total fuel consumption, Mkg-NG or Ml-diesel

7.3

8.8

Total EV electricity consumption, GWh

808

808

Total Capital Cost, million $

14,568

14,552

Total O&M costs, million $/y

20.7

20.7

Total Fuel Cost, million $/y

6.6

11.9

Total Electricity cost, million $/y

129

129

Total costs, capital, O&M and fuel, million $

19,267

19,410

Total CO2 emissions from BRT bus, kt-CO2e

768

932

Total CO2 emissions from EVs, kt-CO2e

1940

1,940

Total CO2 savings, 30 year period, Mt-CO2e

29.8

29.6

Daily BRT ridership

35,640

35,640

Total BRT Ridership, million passenger in 30 years

390.3

390.3

BRT Fare, $/trip

13.8

14.2

EV trip cost, $/km

0.1

0.1

24

Accounts for lifecycle GHG emissions. It is worth noting that emissions control technologies such as
oxidation and three-way catalysts helps reducing CO, NOx and particulate matters. These technologies are used
in both modern diesel and CNG buses.
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Capital cost of a BRT line varies depending on existing infrastructure (bus stations and
platforms, HOV lanes), and the need to build new stations, road widening, and installing
traffic signals. For a BRT line, with service frequency of 5 min, maximum station distance of
800 m, and with new enhanced BRT platforms and dedicated lanes, the capital cost is
estimated at $10 million/km, according to Durham Region’s LTTS report [39].
The proposed Option 3, intends to enhance transportation between municipalities in the
Toronto region, with stops only at the major interchanges on the HWY 407 route. There are
already GO bus and GO train stations in place at some of the major interchanges along the
route; however there is a need to build new, on-route BRT stops, EV parking facilities, and
possibly dedicated BRT (or HOV) lanes. Therefore, for the cost estimate, the capital cost of
the BRT line is $10 million/km. This number is subject to change, as more detailed cost
estimates become available.
Covering 17.7 million-km/y, the extended CNG-BRT system provides fast, and easily
accessible service to nearly 36,000 passengers a day, and 250,000 Toronto region residents
participating in the EV car sharing program. The economic and GHG emissions savings of
Option 3 are substantial, which are estimated as 30 Mt-CO2e for a 30 year period from 2020
to 2050. The related GHG reduction cost savings (assuming $20/tCO2e) will be $ 600
million. The $14.6 billion estimated capital cost (Table 16) is the sum of the costs of BRT
line construction and bus purchase ($4.6 billion), public electric vehicles purchase and the
cost of EV charging stations ($10 billion). The lifetime of both BRT buses and EV are
considered to be 15 years.
Developing an integrated transportation system, where personal (car) trips are not driven by a
slow and inconvenient public transit systems, requires an understanding of future driver’s
ideas on car ownership and adaptability to possible changing modes of transportation.
Research shows that the new generation will still strive for car ownership as they see cars a
symbol of status (although this is declining). A new generation of customers is demanding
‘media integration’ and car sharing. Integrated in-car media connectivity enhances economic
development (considering the significant amount of a time commuters spend in cars, buses
and trains). McKinsey [40] estimates a global EUR 5 billion economic benefit from
connected mobile passengers.
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Car sharing benefits both local governments and the environment, and surprisingly the car
original equipment manufacturers (OEMs) will not suffer from this emerging market as
vehicle traveled kilometres likely remains the same as current levels. Nevertheless, car
sharing seems to have more appeal to younger drivers and city-core residents, e.g., 38 percent
of young Germans residing in cities with a population over 100,000 indicate greater use of
car sharing over the next 10 years. Car manufacturers are investigating the market potential
(e.g.; BMW & SIXT with driveNow and GM’s cooperation with RelayRides). In a study by
Frost and Sullivan, a potential revenue of up to EUR 7 billion in 2020 is estimated from ten
million car- share users and a fleet of 150,000 cars [40]. Car sharing provides enormous
potential benefits, especially if integrated with a Rapid Transit system that dramatically
increases the effective range of shared vehicle programs.
•

Manufacturers and operators can capture a new market opportunity in densely populated
cities.

•

Cities can benefit from smaller car fleets (every car from a car sharing pool replaces up to
three cars from the existing fleet), although the average kilometers traveled is not expected to
decrease. 20 percent of car sharing households tend to give up their second or third vehicle.

•

The environmental benefits from a smaller fleet of cars along with a higher market
penetration of electric vehicles. The layered benefits of car sharing are presented in Figure 8.

Figure 8: Layered benefits of car sharing. Source [41]
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7. Sustainability Potential of Alternative Transportation Options
The sustainability potential of Toronto’s transportation projects are measured using a
methodology developed by the authors, which is based on the physical and socio-economic
impacts of each individual project. For details of the methodology and descriptions of the
options see Annex 5 and Hoornweg et al. [42]. The results are shown in Figure 9, along with
the costs associated with each project. Option 3, as proposed in this study, has the largest
sustainability potential among assessed options, mainly due to reduced GHG emissions and
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Figure 9: Sustainability potential of Toronto’s transportation projects

8. Recommendations
In this report, three options are proposed to improve transportation in the Greater Toronto
Area. Option 1 is increased market share of electric and natural gas vehicles. Option 2 is a
Rapid Transit corridor along Highway 407 (with truck use in non-peak hours). Buses (and
trucks) operate on natural gas. Linked parking lots are equipped with EV charging stations.
42

Option 3 expands the Transit corridor across the Toronto region, and adds 250,000 publically
available EVs through a car sharing program.
With current trends in passenger vehicle markets, there will be nearly 5.7 million cars on
Toronto region roads in 2050. A market penetration of 15 percent for EVs, 5 percent for
NGVs, and 15 percent for NG-heavy duty trucks (Option 1) will reduce GHG emissions by
68 MtCO2e from 2016 to 2050. Gasoline and diesel consumption will be reduced by 29
billion litres, providing an estimated savings of $34 billion (as well as greater energy security
as critical energy sources are more localized).
Highway 407 connects the municipalities in the Toronto region from Hamilton to Oshawa
(construction is still ongoing with eventual connection to Highway 115). A direct RT line that
traverses the Highway will attract more riders, especially if the service is convenient and
price-competitive. Option 2 highlights the environmental benefits and cost savings of a RT
system powered by CNG. Daily ridership is estimated at 6,000 passengers, and GHG
emissions reduction (only from the RT line) is 230 ktCO2e during 30 years of operation. The
RT system has stops at major interchanges, where EV charging stations are located.
Transportation in Toronto region can be better integrated. For example, by expanding the
proposed RT system (Option 2) to major cities around the area, and linking with provincewide car sharing programs. Option 3 expands the RT system across the Toronto region, and
integrates with 250,000 publically available EVs in a car sharing program. 80 CNG buses
would operate on six major RT lines, serving 36,000 passengers a day. The car sharing
program would serve 1.2 million25 residents of the Toronto region. EVs, which would be
available at public parking lots throughout the BRT system, are estimated to cost $0.1/km26 to
operate. Total GHG emission reductions through Option 3 are estimated to be 30 MtCO2e
from 2020 to 2050.
The three proposed Options have considerable economic and environmental benefits. The
optimum approach is moving forward in an integrated manner and implementing both

25

Every car from a car sharing pool replaces up to three cars from the existing fleet. Ontario’s average personal
vehicle occupancy was 1.69 passengers per vehicle in 2009 ([7] NRC, 2011, Canadian Vehicle Survey Summary
Report 2009, Natural Resources Canada, Government of Canada, Ottawa.
26
Only vehicle and EV charging stations purchase costs and cost of electricity are considered. Vehicle
maintenance and insurance would increase the price of the car sharing program (similar to existing options).
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Options 1 and 3. GHG emissions would be substantially decreased by 98 MtCO2e from 2016
to 2050. Fuel savings of $51 billion would accrue. In addition, cost savings from reduced
greenhouse gas emissions and increased health benefits are considerable.
According to Environment Canada, medical costs associated with hospital admissions for
respiratory illnesses are, on average, approximately $3,000 per admission [43]. Toronto’s
level of particulate matter (especially particles smaller than 2.5 micrometers which especially
affect respiratory health) is nearly twice the limit set by the World’s Health Organization
(WHO) (19 vs. 10 µμ𝑔/𝑚! respectively). Exposure to high concentrations of PM2.5 and
larger PM10 is a significant health risk and poses a considerable health care burden. Air
pollution now gives rise to 1,300 premature deaths and 3,550 hospitalizations each year in the
City of Toronto alone [44]. As shown in Figure 10, in city of Toronto, PM2.5, O3 and NO2
are responsible for 69 percent, 13 percent, and 14 percent of premature mortality, and about
33 percent, 29 percent, and 35 percent of hospitalizations from air pollution, respectively.
These pollutants are mostly emitted from the transportation sector. Heavy duty trucks are
responsible for more than 77 percent of PM2.5 and 55 percent NOx emissions in Toronto [44]
Moving toward alternative fuels will help reduce air pollution and associated health burdens.
For example, a CNG truck emits 70-90 percent less carbon monoxide than an equivalent
diesel vehicle. Similar reductions of 90 percent and 99 percent for particulates and sulphur
dioxide respectively are possible [45-47].
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Figure 10: Pollutant Contributions to Air Quality Burden of Illness, Toronto, 2009 (Adopted from
Ref. [44])

In addition to the environmental and health benefits associated with the transportation options
proposed here, there are other user benefits. These include automobile ownership and
maintenance savings and decreased number of vehicle accidents. Table 17 highlights $26
billion in estimated user benefits for the RT (CNG) system of Option 3. Including fuel cost
savings from Options 1 and 3 (a total of $51 billion), Toronto region would benefit from $76
billion in savings, if transportation is improved as proposed here.
Table 17: Summary of cost benefits of the BRT (CNG) system across Toronto region (Option 3)
Unit

Value

Auto Operating Cost

$/km

0.0531

Safety benefits

$/km

0.07

Health benefits

NA

Total personal km traveled saved

million km

207,222

Auto Operating cost savings

billion $

11.0

Total Safety benefits

billion $

14.5

Total Health benefits

billion $

Total User's Benefits

billion $

25.5

9. Conclusions
This analysis highlights several urban mobility issues for the Toronto region: not only is
congestion an enormous drag on the region’s current economy and the main cause of local air
pollution, but improved mobility is likely the best option for greater productivity and future
economic development. The transportation sector now represents the area’s largest source of
greenhouse gas emissions – introducing the natural gas fueled and electric vehicle ‘Option 3’
outlined in this report would reduce GHG emissions by about 30 Gt/year. Urban mobility is
changing quickly. Autonomous vehicles, car-sharing, inter-modal, and ‘communicating
vehicles’, need to be encouraged and integrated into a new transportation system. Toronto
region needs to shift from a largely passive approach to transportation, to a mind-set that
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views urban mobility as a key service to enhance regional quality of life, connectivity,
economic development, and wealth generation, e.g., increased land values.
This review – an initial overview – highlights the need for an integrated approach to local
mobility. No single technology, fuel option, or infrastructure investment will deliver
sufficient results. Natural gas is better in some situations, electric vehicles in some others,
and in some cases we are best served by keeping existing energy systems. An integrated
approach is needed, and arguably a rapid but incremental approach that accommodates
technological shifts. The approach also needs to consider the needs and opportunities regionwide. By moving forward as an integrated urban region enormous economic gains are
possible. Also both sides of the financial ledger need to be addressed. Much of what is
proposed in this report is costly, but already today, about a third of our personal (regional)
wealth is directly attributable to our existing transportation network. And we now have a
chance to double that.
This report takes a retrospective view – where would we like to be in 2050? The report
intends to contribute to an at-times already boisterous conversation. We are at a cross-road.
Behind us is unprecedented good fortune. Ontario’s economy owes much to the North
American vehicle ownership model and cheap electricity. Most of us know that road is
ending. We are still fortunate though; we have one of the world’s lowest carbon sources of
electricity, access to relatively cheap natural gas, manufacturing prowess, excellent agencies
and an environment that rewards pragmatism and global replicability. We also have a few
potentially powerful partners like Montreal, Vancouver and rural and northern Ontario.
Moving forward this Century we can probably replicate our good fortune of the 20th Century.
Time to move.
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Annex 1: Lifecycle greenhouse gas emissions of several electricity generation
systems (average values)

Electricity Generation Plant
CO2 emissions, g/kWh

Coal-fired

NG

Solar PV

Nuclear

888

499

85

29

Table Adapted from Ref. [48]
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Annex 2: Equations used for cost and GHG emissions of Option 1
Electricity consumption by EVs
𝐸!" = 𝑉𝐾𝑇!" ×𝑒!"

where 𝐸, 𝑉𝐾𝑇 and 𝑒 are total electricity consumption, total vehicle kilometer traveled and electricity
consumption per km traveled (kWh/km), respectively.

Natural gas consumption by passenger NGV
𝑀!",!"##$%&$' = VKT×𝐹𝐶
𝑀!",!"# = VKT×𝐹𝐶

!",!"##$%&$'

!",!"#

where 𝑀 and 𝐹𝐶 are total NG consumption, and NG consumption per km traveled, respectively.

Cost of vehicle fuel (electricity and natural gas)
COF = 𝐸!" 0.5𝐶𝑂𝐸!"#$%& + 0.5𝐶𝑂𝐸!"!!!"# + 𝑀!",!"##$%&$' 0.7𝐶!",!"#$%& + 0.3𝐶!",!"!!!"# + 𝑀!",!"# ×𝐶!",!"##$

where, 𝐶𝑂𝐹, 𝐶𝑂𝐸, and 𝐶 are total cost of fuel, unit cost of electricity ($/kWh), and unit cost of NG ($/kg),
respectively. The subscripts, 𝑖𝑛 − ℎ𝑜𝑚𝑒, and 𝑝𝑢𝑏𝑙𝑖𝑐 refer to public or in-home vehicle charging/refueling
options.

Annex 3: Equations used for cost and GHG estimations of Options 2 and 3
Total capital cost
Total  capital  cost = N!"#$# 𝑛!"##$  !"#"$%& C!"# + L!"#  !"#$ C!"#  !"#$% + 𝑁!" 𝐶!" + 𝐶!",!!!!"#$" 𝑛!"##$  !"#"$%&

where 𝑁 is the number of buses or EVs, 𝑛 is the fleet renewal frequency, 𝐿 is the length of the BRT line in km,
and 𝐶 is the specific cost.
O&M  cost = Daily  bus  operation  cost×O&M×365×(2050 − 2020)
Toal  fuel  consumption = No. trips  per  day×

!"#  !"#$
!""

×Fuel  consumption×365×30

Total  fuel  cost = Total  fuel  consumption×Fuel  cost
Total  ridership = No. trips  per  day×Bus  capacity×365×30
Trip  cost =

!"#  !"  !"#$%"&,!&#  !"#  !"#$  !"#$
!"#$%  !"#$!%&"'
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Annex 4: Lifecycle GHG emissions from transport fuels
Table A1: Lifecycle GHG emissions from transport fuel, gCO2e per fuel unit
Upstream emissions

Tailpipe CO2

Total

Diesel, gCO2e/l

815

2,716

3,531

Gasoline, gCO2e/l

703

2,245

2,948

CNG, gCO2e/kg

710

2,782

3,492

Table A2: Lifecycle GHG emissions from transport fuel, gCO2e per energy unit
Upstream emissions

Tailpipe CO2

Total

Diesel, gCO2e/MJ

22.9

76.5

99.4

Gasoline, gCO2e/MJ

21.6

69.1

90.7

CNG, gCO2e/MJ

15.0

58.9

73.9

In the GHGenius model for lifecycle assessment of transportation fuels, the Natural
Resources Canada uses the following fuel economy values for Canada:
Light duty gasoline vehicles

Buses

Heavy duty trucks

City fuel consumption, l/100km

10.13

49.73

44.34

Highway fuel consumption, l/100km

7.23

49.73

34.93

Fraction of km in city driving

0.55

1

0.5

Therefore, average GHG emissions of gasoline and diesel vehicles on a per km basis are
estimated as:

GHG emissions, gCO2e/km

Light duty gasoline vehicles

Buses

Heavy duty trucks

260

1,756

1,400
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Annex 5: Possible transportation projects in Toronto
Numerous planning reviews are available for metropolitan Toronto’s transportation sector.
Preliminary budgeting and planning assessments are often available for proposed key
infrastructure projects. The transportation planning authority Metrolinx published a
comprehensive transportation Master Plan in [49]. The Toronto Transit Commission and
Province of Ontario (various agencies, including Ministry of Transportation) have proposed
several significant initiatives. Thirteen key activities were examined (Figure A1) to provide a
demonstration of the SCC method:
90 Minute Transfer
The Toronto Transit commission (TTC) is considering a switch from its longstanding singlecontinuous-trip transfer system to time-based transfers. The ability to pay one fare and
transfer as needed between buses, streetcars and subway trains is an integral part of TTC
planning. The majority of TTC customers transfer at least once per journey. The TTC
currently issues paper transfers to riders who pay fares with cash, tickets, or tokens and
whose trip requires a change of vehicle. The existing transfer policy is purposely limited transfers are only valid for a continuous one-way trip. Transfers must be used to transfer to
the next available train or vehicle from a valid transfer point, which is usually a subway
station or an on-street bus or streetcar at an intersecting route. Stopovers or return trips are
not permitted, and the transfer can only be used by the passenger to which it was issued and
on the day that it was issued. Under a time-based transfer system, transfers would allow
riders to potentially re-enter the system within the prescribed time limit. TTC officials
estimate an unrestricted-use time-based transfer valid for 2 hours would cost the TTC $20
million a year in lost revenues, while a 90-minute transfer would cost around $12 million a
year. [50].
407 Extensions
Highway 407 known as the 407 ETR (Express Toll Route) is privately operated and tolled.
The government of Ontario regulates and sets toll rates and retains partial revenue generated
from highway 407 tolls. The Highway 407 East extensions will be built in two phases: a 22
km extension to Harmony Road in Oshawa, as well as the West Durham Link, is scheduled to
open in 2015; a further 43 km extension to Highway 35 and Highway 115, as well as the East
Durham Link, is scheduled to open in 2020.
Union Pearson Express
The Union Pearson Express (UP Express) [51] is an airport rail link service under
construction in Toronto running between Canada’s two busiest transportation hubs: Union
Station in downtown Toronto and Toronto Pearson International Airport. The project is to be
completed in time for the 2015 Pan American Games [52]. The UP Express is a division of
Metrolinx. UP is to be a distinct service from its sister division with a unique visual identity,
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vehicles and fares, but will nonetheless share some common resources, including tracks,
signals and maintenance facilities [51]. An airport rail link was one of the priority projects
identified in Metrolinx's regional transportation plan, The Big Move.

Figure A1: Possible transportation projects in Toronto [53]

The UP Express will travel from Union to Pearson in 25 minutes [3] departing every 15
minutes, seven days a week. It is expected to carry 5,000 passengers per day, replacing
approximately 1.2 million car trips in the first year alone. Construction began in 2011, some
of which is being accommodated as part of the Georgetown South Project, expanding a rail
corridor the UP Express will share with GO Transit and Via Rail [51, 52] . Initially, the UP
Express will use diesel multiple unit (DMU) trains. The DMUs will be convertible to electric
power, which will occur with the electrification of the Kitchener line and the UP Express at a
future unspecified date [54]. The decision to not use electric trains at launch has become a
source of opposition and legal challenges from the Clean Train Coalition (CTC). So too the
proposed $30-plus cost per passenger trip.
Richmond Hill Subway Extension
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The planned Yonge subway extension will extend 6.8 kilometres north from Finch Station to
the Richmond Hill/Langstaff Urban Growth Centre at Highway 7. It will include up to six
stations. This urban centre will be a major transit hub where transit riders will be able to
connect to GO Trains, GO Buses, TTC Subway, YRT\Viva buses, the future 407 transit way,
and other transit services [55].
Downtown Relief Line
The Downtown Relief Line (DRL) is a proposed subway line in Toronto. Fully built, the line
would form a shallow U-shape, running east-west through downtown (parallel to but south of
the Bloor–Danforth subway line) and bending north on either side of downtown to meet
stations on the Bloor–Danforth line (with possible extensions northward). The DRL is the
latest of several plans for an east-west downtown subway line dating to the early 20th
century. Most of these proposed routes were along Queen Street, but current proposals favour
a more southerly route through the Railway Lands and Union Station. The main rationale for
the DRL is to reduce congestion on the Toronto Transit Commission's (TTC) Yonge Line,
particularly at Bloor-Yonge Station, the main interchange with the Bloor–Danforth line.
Planners see this as urgent because of the proposed extension of the Yonge Line to Richmond
Hill, north of the city [56]. In addition, the growth of downtown population and connecting
high-density "shoulder areas" of downtown such as Liberty Village, City Place,
the Entertainment District, Distillery District, and West Don Lands lack efficient higher order
transit options and are experiencing an influx of high-rise transit-oriented development [57].
Four DRLs alignments are proposed:
•
•
•
•

From Pape to St. Andrew
From Pape to Dundas West through St. Andrew
From Don Mills at Eglinton through Pape to St. Andrew
From Don Mills at Eglinton through Pape and St. Andrew to Dundas West

Two most likely DRL lines are denoted here as DRL Don Mills and DRL Pape in the tables
and graphs.
Pickering Airport
Pickering Airport is a proposed international airport to be built directly north-east
of Toronto in Pickering, Ontario, Canada, approximately 65 km east of Toronto Pearson
International Airport. It would serve the Greater Toronto Area and the Golden Horseshoe,
and would (likely) be operated by the Greater Toronto Airports Authority (GTAA). Cost
estimates of are approximately $2 billion; anticipating up to 11.9 million passengers per year
by 2032.
The original plans for the airport were developed during the 1970s as part of a widespread
federal government plan to improve air travel across Canada. Lands were expropriated in
1972, but opposition to the expansion plan was widespread. The plans were shelved in 1975
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when the Government of Ontario stated it would not build the roads or sewers needed to
service the site. A "Needs Assessment Study" was completed by Toronto region for the
federal government in 2010. After a "due diligence review" Transport Canada released a
report in 2011 [58]. A decision to proceed with airport planning and construction was
announced on June 11, 2013.
Smart Track
The SmartTrack line [59] is a Regional Express Rail ‘surface subway’ planned to connect
major hubs in the GTA (Airport Corporate Centre in the west, southeast to Union Station and
northeast to Markham in the east). The planed service year is 2021, and the line will have 22
stops at major interchanges. The SmartTrack is expected to help reduce congestion in both
the current subway lines and road traffic. The 53 km surface subway line will use the already
in-use GO train lines; however with the same fare as the TTC subway lines. The SmartTrack
was a part of John Tory’s plan for the city of Toronto’s mayoral election in Fall 2014. Part of
the attraction of the SmartTrack is its use of existing alignments and tracking and potential
(relative) speed of implementation compared to subways requiring extensive tunneling. The
estimated capital costs are $5.3 billion.
GO Electrification
GO train is a major part of Toronto region’s public transit system. Currently the trains run on
diesel as fuel. Metrolinx began a review in 2009 on the feasibility of electrification of the
entire GO rail system. Economic, environmental, social, health, and technological
considerations led to the final conclusion as the feasibility of the project [60]. Metrolinx,
following the staff recommendations, has started the project in Phases, of which
electrification of Union Station-Pearson Airport line is the first. The capital costs are
estimated as $0.9 billion.
Rapid Transit Network Plan
Rapid Transit Network Plan is a complimentary to the existing Viva services and aims at
identifying new Viva services to expand York Region’s transit network. The plan was
initiated to decrease traffic congestion, increase transit ridership, and increase schedule
reliability, and will be in place from 2014 to 2017. The estimated capital costs are $132
million, and an average $37.4 million of operation and maintenance costs are expected [61].
Toronto – York Spadina Subway Extension (Vaughan Subway)
Currently, Toronto’s subway lines are only within the City’s boundaries. Construction of an
extension to the University-Spadina line started in 2010 and is planned to be in service in
2016. The Toronto - York Spadina Subway is an 8.6km extension from Downsview Station
northwest (last station on University-Spadina line) through York University within the City
of Toronto and north to the Vaughan Metropolitan Centre, in The Regional Municipality of
York. Six stations are being constructed and 2,900 parking spaces will be available to
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encourage ridership. The estimated project costs are $2.6 billion, which are funded by the
federal and provincial governments and the City of Toronto [62].
Mississauga LRT Projects
Metrolinx, along with the cities of Mississauga and Brampton are investing in expanding and
improving public transit in the area with a light rapid transit line from the Port Credit GO
Station in Mississauga to the GO Station in Downtown Brampton. This Hurontario-Main
LRT will be designed to address congestion and improve traffic along the corridor; 5-8 years
of construction is expected [63].
GO Relief Projects
GO trains can serve some of the TTC riders during peak hours by increasing train frequency.
For example, a GO train trip can be scheduled to move TTC riders on the Danforth Subway
Line from Main subway station to downtown directly. An estimated 5,000-20,000 TTC riders
can use this service by getting off the subway at Main Station, walk, or ride a TTC bus, to
Danforth GO Station, take the peak hour GO train that is scheduled between Danforth and
Union Station, and get to downtown in only 10 min. With this project, a considerable
passenger load is diverted from the TTC at Yonge and Bloor lines. The cost to operate 12
additional trips on the 10-km line between Union and Main Street every morning and evening
peak would be about $1.4 million per year [64]. Similar ideas can be applied from Kennedy
(east of Toronto) and Kipling (west of Toronto) subway stations to Union Station. These
projects are marked as ‘GO Relief’ in tables and graphs.
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