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Automated vehicles and sustainability



OUR PROPOSAL

Anticipating the impacts of transformative transportation technologies
on greenhouse gases, air pollution, and health



















Integrated Transport and Health Impact Modelling Tool (ITHIM)

http://www.cedar.iph.cam.ac.uk/research/modelling/ithim/

http://www.cedar.iph.cam.ac.uk/research/modelling/ithim/




Health impacts were computed in terms of 
Disability Adjusted Life Years (DALY)

Predicted gain of 39.2 DALYs
in 2031 Transit Scenario 
compared to 2031 BAU 

 2.5 DALYs per 100,000 individuals
 very small effect
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Developing air 
pollution maps using 
sensors
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Maps 
expressing daily 
exposure of 
individuals Home Mobility
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 Transit pass has + and significant effect

 Driver has – and significant effect

 Transit users generally have highest 
exposures followed by pedestrians/cyclists

 Important injustice in generation of air 
pollution and exposure
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Outcomes of models explaining daily exposure     



OUR ACHIEVEMENTS TO DATE

Automated, electric, or both? 

Anticipating the impacts of transformative transportation 
technologies on energy consumption and greenhouse gas 
emissions in the GTHA



GTHA: Two tales

 Regional effects of automation and 
electrification

 Local effects of automation and electrification



GTHA: Two tales

 Regional effects of automation and 
electrification

 Local effects of automation and electrification



Extending the GTAModel



Scenarios for Automated Vehicles (AVs)

❖Adoption

❖Households were assigned AVs if :
1. Household income >80,000 CAD
2. Daily commute distance > 20km
3. Have at least one child
4. Have at least one private vehicle



Impacts on road capacity

Automated 
Vehicles

Effects on Driving
Changes in:
• Acceleration/ 

deceleration 
behaviour 

• Longitudinal following 
behaviour 
(headways)

• Lateral behaviour and 
gap acceptance 
thresholds

Expected Benefits
• Increased road 

capacity
• Improved fuel 

efficiency, traffic flow, 
& safety

• Reduction in traffic 
congestion and GHG 
emissions

However…
• Initially, it is expected that AVs may degrade road capacity due to 

conservative driving characteristics
• Positive effects may not be noticed until >50% penetration and 

with intermediate to aggressive driving characteristics

Road capacity effect



 Ontario electricity generation mix obtained from the Independent 
Electricity System Operator (IESO) 

 Four electricity generation scenarios:

1. Current Ontario mix: 
61% nuclear, 23.7% hydro, 8.4% gas/oil, 
6.2% wind, 0.3% biofuel, 0.3% solar

2. All fossil mix: 100% natural gas

3. Only dispatchable source mix: 73% hydro, 26% gas/oil, and 1% biofuel

4. Solar and wind mix: 95.3% wind and 4.7% solar

What if AVs were electric?



Automated and Electric Vehicle Scenarios

Scenarios AV savings in road capacity Conventional 
vehicles

Automated Vehicles

A0 (Base Case) 1 Gasoline Fueled None
A1

50%
Gasoline Fueled Gasoline Fueled

A2.1 Gasoline Fueled Electric; Electricity Mix1
A2.2 Gasoline Fueled Electric; Electricity Mix2
A2.3 Gasoline Fueled Electric; Electricity Mix3
A2.4 Gasoline Fueled Electric; Electricity Mix4
B1

10%

Gasoline Gasoline Fueled
B2.1 Gasoline Fueled Electric; Electricity Mix1
B2.2 Gasoline Fueled Electric; Electricity Mix2
B2.3 Gasoline Fueled Electric; Electricity Mix3
B2.4 Gasoline Fueled Electric; Electricity Mix4



Base Case Results

 Daily operating GHG emissions for passenger transportation in the GTHA 
were estimated at 29,000t CO2eq

 96% are from private vehicles

 4% from public transit (buses and locomotives) 

 AM peak (3 hours) and PM peak (4 hours) emissions are 59% of the total 
daily operating emissions 

 Daily lifecycle emissions in the GTHA are estimated to be 36,200t



❖ Assuming each private vehicle carries 1.15 passengers

❖ While sharing 4% of the total GHG emissions, public transit serves up to 32% of daily total PKT

Mean transit EI: 20g/PKT

Mean car EI: 225 g/PKT





The 
additional 
electricity 
needed to 
support 
new EVs is 
supplied 
by Natural 
Gas 

The 
additional 
electricity 
needed to 
support new 
EVs is 
supplied by 
renewable 
sources



BUT EV CHARGING PATTERNS CAN AFFECT 
GHG EMISSIONS

Introducing Marginal Emission Factors (MEF) for electricity 
production
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Hourly Electricity Supply by Fuel Type
(Ontario June 9th – 15th 2017)

NUCLEAR HYDRO GAS WIND SOLAR BIOFUEL

Marginal Emissions of Electricity Generation

 To estimate GHG emissions due 
to EV charging:

 Traditional approach: using 
average emission factors 
(AEFs)

 New approach: using 
marginal emission factors 
(MEFs) that reflect the 
marginal electricity supply

Marginal 
electricity 
supply 



Marginal Emission Factors by system load and month

Marginal Emission Factors by 
System Load
(Ontario 2017)

MEF



Four charging scenarios





Hourly Emissions of EV Charging in GTHA
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Charge at Home - 2017 - 5% 
Penetration
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GTHA: Two tales

 Regional effects of automation and 
electrification

 Local effects of automation and electrification



Traffic Microsimulation

Signalized Intersection

Signalized Intersection

Signalized Intersection

Gardiner Expressway
• Uninterrupted flow
• On/off-ramps
• Merging/diverging
• Lane drops

College Street
• Interrupted flow
• Signalized intersections
• Turning movements



College Street
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Gardiner Expressway
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Gardiner Expressway
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• High traffic scenario operating mode distribution



Scenario Analysis: Gardiner Expressway
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Conclusion

 Automation can bring about positive benefits in 
terms of GHG emissions but only if the effect of 
“smoother” drive cycles is not offset by additional 
demand

 Electrification will bring the highest benefit in 
terms of GHG with or without automation

 Health effects are uncertain and the reason why we 
need tools that can represent these relationships!
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