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Background: 

Energy and emissions implications of AVs



Automation offers substantial energy & 

environmental benefitsé
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Automation offers substantial energy & 

environmental benefitsé and risks
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Right-sizing is largest opportunity
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Lower cost of travel could swamp gains in 

efficiency

6

-60% -40% -20% 0% 20% 40% 60%

Platooning

Congestion mitigation

Eco-driving

Higher highway speeds

Travel cost reduction

Increased features

Infrastructure  footprint*

Improved crash avoidance

De-emphasized performance

New user groups

Vehicle right-sizing

Changed mobility services

% changes in energy consumption due to vehicle automation

Assuming 5-80% 

lower VOTT, 

60-80% lower 

insurance costs



Scenarios illustrate, but don't quantify, 

uncertainty
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Scenarios illustrate, but don't quantify, 

uncertainty
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1. How does relieving traveler from driving 

affect value of travel time?

Today's focus: 

Trying to refine estimates of impacts

2. How does reduced value of travel time 

affect residential location choices?

3. How would a right-sized fleet affect fuel 

economy?



1. How does relieving traveler from driving 

affect value of travel time?

Today's focus: 

Trying to refine estimates of impacts

2. How does reduced value of travel time 

affect residential location choices?

3. How would a right-sized fleet affect fuel 

economy?



Automation can make vehicle travel 

cheaper, safer, and more convenient
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"It was the same distance, 
but the commute felt like it 

took half the time"

https://www.teslamotors.com/customer-stories/how-

autopilot-added-years-my-life

https://www.teslamotors.com/customer-stories/how-autopilot-added-years-my-life


Premise: ridesourcing services provide 

analogous in-vehicle experience to Level 4-5 

AVs
ÅNo need to 

drive

ÅProductivity or 

relaxation

ÅRidesourcing

is available 

today
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Stated choice experiment elicited marginal 

utility of time, money
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Respondents were randomly assigned to 

one of four conditions
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(a) Personal car 

vs.

Human-driven ridesourcing

(b) Personal car

vs.

Driverless ridesourcing

(c)Personal car 

vs. 

Human-driven ridesourcing, 
multitasking explicitly mentioned

(d) Personal car

vs. 

Driverless ridesourcing, 
multitasking explicitly mentioned



Conditions (c) and (d) included an activity 

attribute
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Within each condition, we used a full 

factorial experimental design 
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Attribute Attribute level(s)

Traveltime car 15 min 20 min 25 min

Traveltime ridesourcing 15 min 20 min 25 min

Travelcostcar $5 $10 $15

Travelcostridesourcing $10 $15 $20

Waiting time car 0 min

Waiting time ridesourcing 2 min



Survey was hosted on SurveyMonkey, 

respondents recruited through Amazon 

MTurk
Å535 respondents, 502 valid responses

Å6 choice situations each Ą 3012 observations
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We used binary mixed logit to model utility of 

alternatives
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Ὗ ȟ ὧέίὸȟ ȟ ὸὭάὩȟ ‐ȟ

Ὗ ȟ  ὧέίὸȟ ȟ ὸὭάὩȟ ὨὶὭὺὩὶὰὩίίȟ άόὰὸὭὸὥίὯȟ

ὨὶὭὺὩὶὰὩίίȟ ὸὭάὩȟ άόὰὸὭὸὥίὯȟ ὸὭάὩȟ ‐ȟ

i:  individuals

j:  choice situations
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Value of time increases with automation;

Decreases with multitasking
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Conclusions

ÅImplied disutility to AV travel

ÅValue of time in ridesourcing 13-45% lower than 

driving
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Gao, J., Ranjbari, A., & MacKenzie, D. Would being driven by others affect the value 

of travel time: taking ride-hailing service as an example. TRB Paper No. 19-02360, 

Transportation Research Board 98th Annual Meeting.



1. How does relieving traveler from driving 

affect value of travel time?

2. How does reduced value of travel time 

affect residential location choices?

3. How would a right-sized fleet affect fuel 

economy?



On-demand mobility services and self-driving cars Ÿ  free the traveler 

from the effort of driving, which is expected to reduce the perceived cost of 

travel time.

Magic Carpet: an arbitrary technology that makes travel 

radically more comfortable and convenient and requires little 

to no active control from the traveler.
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Goal: Explore how reductions in the perceived 

cost of travel time may affect the attractiveness 

of different neighborhoods in a region

- Puget Sound (Washington) region as a case study.

- Estimated a multinomial logit residential location choice 

model that incorporated travel time via two measures of 

accessibility

- Explored how changes in the cost of travel time might change 

land use patterns in that region.
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Overview of the model
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We used two measures of accessibility

It depends on:

> How long it takes for residents to get to work, 

> The available transportation options, 

> Accessible opportunities in each zone (captured by 

number of retail jobs in each zone)
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logsum measure for 

commute accessibility

gravity-based

measure for regional 

accessibility



Data Sources for accessibility 
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Data Sources for accessibility 
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Data Sources for residential location 

choice model
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We investigated effects of changing time 

cost of travel

Å Cut cost of travel time by half. 

ï Reduction in value of travel time

ï Magic carpets being a faster mode compared with 

cars

ï Combination of both
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The choice of 50% is arbitrary and is for the 

purpose of exploring the methodology and 

observing the impact of the hypothetical 

magic carpet.



We tested two scenarios

1) Magic carpets replace cars 

ï The time cost of travel is reduced by half

ï short run financial cost of magic carpet travel is same as for cars 

($0.10/mile)

2) Magic carpets are introduced as an additional mode 

available to all people as an on-demand service

ï The time cost of travel is reduced by half

ï price of the magic carpet service is $0.50 / mile, 
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32



Changes in commute accessibility with respect to base accessibility 
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Magic carpets replace private cars Magic carpets as an additional service



Changes in log of regional accessibility with respect to base accessibility
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Magic carpets replace private cars Magic carpets as an additional service


