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Autonomous vehicles ...
"...are about to change the way we live"
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Autonomous taxis could greatly reduce
greenhouse-gas emissions of US

light-duty vehicles
Jeffery B. Greenblatt* and Samveg Saxena

Autonomous vehicles (AVs) are conveyances to move
passengers or freight without human intervention. AVs are
potentially disruptive both technologically and socially™3, with
claimed benefits including increased safety, road utilization,
driver productivity and energy savings®. Here we estimate
2014 and 2030 gr t gas (GHG) issi and costs
of autonomous taxis (ATs), a class of fully autonomous’™®
shared AVs likely to gain rapid early market share, through
three synergistic effects: (1) future decreases in electricity
GHG issi intensity, (2) ller vehicle sizes resulting

... will enable low-carbon lifestyles?

per mile. Passenger car and light truck fuel efficiencies were
combined using fleet mix ratios projected for 2014 and 2030
(ref. 11). As shown in Fig. 1 (see Supplementary Table 2 for
additional data), there is a 52% decrease in GHG emissions
in moving from 2014 internal combustion engine vehicles
(ICEVs) to 2030 ICEVs, a further 29% decrease in moving to
hybrid-electric vehicles (HEVs), and (depending on hydrogen
production assumptions) a 6% increase to 32% decrease in moving
to hydrogen fuel-cell vehicles (HFCVs). Although HFCVs and
battery-electric vehicles (BEVs) can have similar GHG emissions



State of the art: a mainly technological perspective
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FRAMEWORK AND METHODS



The ‘lifestyle’ frameworks

Five components of lifestyles
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The ‘lifestyle’ frameworks

Five components of lifestyles
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The ‘lifestyle’ frameworks

Five components of lifestyles
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RESULTS



Three ‘families’ of scenarios

Type A Type B Type C
O

7=

&) Op

L I

shated =
New uses for the

space previously
occupied by the car




@ Changes in mobility patterns

type A type B type C

100

50

Variation %

-50




Direct and indirect implications

of autonomous vehicles on the land-use transportation system
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Overview of the effects on activity level indicators

Indicator type Type A Type B Type C
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Conclusion, discussion and limits

Three scenarios which are not equiprobable

 Scenarios B and C are more uncertain technologically and economically

* In terms of public policies: B and C need more intervention and requlation (e.g. Cohen and Cavoli,
2019; Papa and Ferreira, 2018)

* A is more probable with regard to social attractiveness (e.g. Nielsen and Haustein, 2018; Pakusch
et al., 2018; Zmud and Sener, 2017

Three scenarios which are not exclusive
* Different scenarios in different type of areas (e.qg. density) as in Glus et al. (2017)

* One after the other?

Limits: considering technology-lifestyles interactions



Thank youl!

Brown, A., Gonder, J., Repac, B., 2014. An Analysis of Possible Energy Impacts of Automated Vehicles, in: Road Vehicle Automation, Lecture Notes in Mobility. Springer, Cham, pp. 137-153.
https://doi.org/10.1007/978-3-319-05990-7_13

Cohen, T., Cavoli, C., 2019. Automated vehicles: exploring possible consequences of government (non)intervention for congestion and accessibility. Transport Reviews 39, 129-151.
https://doi.org/10.1080/01441647.2018.1524401

Creutzig, F., Roy, J., Lamb, W.F., Azevedo, |.M.L., Bruine de Bruin, W., Dalkmann, H., Edelenbosch, O.Y., Geels, F.W., Grubler, A., Hepburn, C., Hertwich, E.G., Khosla, R., Mattauch, L., Minx, J.C., Ramakrishnan,
A., Rao, N.D., Steinberger, J.K., Tavoni, M., Urge-Vorsatz, D., Weber, E.U., 2018. Towards demand-side solutions for mitigating climate change. Nature Climate Change 8, 260-263.
https://doi.org/10.1038/s41558-018-0121-1

Fagnant, D.J., Kockelman, K.M., 2014. The travel and environmental implications of shared autonomous vehicles, using agent-based model scenarios. Transportation Research Part C: Emerging Technologies 40,
1-13. https://doi.org/10.1016/j.trc.2013.12.001

Gelauff, G., Ossokina, I., Teulings, C., 2017. Spatial effects of automated driving: dispersion, concentration or both? - Publication - Netherlands Institute for Transport Policy Analysis (Working paper ?).
Glus, P., Rothman, E., lacobucci, J., 2017. Driverless Future: A Policy Roadmap for City Leaders. Arcadis, HRetA, Sam Schwartz.

Greenblatt, J.B., Saxena, S., 2015. Autonomous taxis could greatly reduce greenhouse-gas emissions of US light-duty vehicles. Nature Climate Change 5, 860—863. https://doi.org/10.1038/nclimate2685
Kim, K.-H., Yook, ong-H., Ko, Y.-S., Kim, D.-H., 2015. An analysis of expected effects of the autonomous vehicles on transport and land use in Korea. Marron Institute of Urban Management.

Milakis, D., Arem, B. van, Wee, B. van, 2017. Policy and society related implications of automated driving: A review of literature and directions for future research. Journal of Intelligent Transportation Systems
21, 324-348. https://doi.org/10.1080/15472450.2017.1291351

Nielsen, T.A.S., Haustein, S., 2018. On sceptics and enthusiasts: What are the expectations towards self-driving cars? Transport Policy 66, 49-55. https://doi.org/10.1016/j.tranpol.2018.03.004
Pakusch, C., Stevens, G., Boden, A., Bossauer, P., 2018. Unintended Effects of Autonomous Driving: A Study on Mobility Preferences in the Future. Sustainability 10, 2404. https://doi.org/10.3390/su10072404
Papa, E., Ferreira, A., 2018. Sustainable Accessibility and the Implementation of Automated Vehicles: Identifying Critical Decisions. Urban Science 2, 5. https://doi.org/10.3390/urbansci2010005

Samadi, S., Grone, M.-C., Schneidewind, U., Luhmann, H.-J., Venjakob, J., Best, B., 2017. Sufficiency in energy scenario studies: Taking the potential benefits of lifestyle changes into account. Technological
Forecasting and Social Change 124, 126—134. https://doi.org/10.1016/j.techfore.2016.09.013

Thakur, P., Kinghorn, R., Grace, R., 2016. Urban form and function in the autonomous era. Presented at the Australasian Transport Research Forum (ATRF), 38th, 2016, Melbourne, Victoria, Australia.

van den Berg, N.J., Hof, A.F., Akeniji, L., Edelenbosch, O.Y., van Sluisveld, M.A.E., Timmer, V.J., van Vuuren, D.P., 2019. Improved modelling of lifestyle changes in Integrated Assessment Models: Cross-
disciplinary insights from methodologies and theories. Energy Strategy Reviews 26, 100420. https://doi.org/10.1016/j.esr.2019.100420

Wadud, Z., MacKenzie, D., Leiby, P., 2016. Help or hindrance? The travel, energy and carbon impacts of highly automated vehicles. Transportation Research Part A: Policy and Practice 86, 1-18.
https://doi.org/lO.1016/j.tra.2015.12.001

Wang, A., Stogios, C., Gai, Y., Vaughan, J., Ozonder, G., Lee, S., Posen, |.D., Miller, E.J., Hatzopoulou, M., 2018. Automated, electric, or both? Investigating the effects of transportation and technology scenarios
on metropolitan greenhouse gas emissions. Sustainable Cities and Society 40, 524—533. https://doi.org/10.1016/j.scs.2018.05.004

Wegener, M., 1994. Operational urban models. State of the Art. Journal of the American Planning Association 60, 17.

Zhang, W., Guhathakurta, S., 2018. Residential Location Choice in the Era of Shared Autonomous Vehicles. Journal of Planning Education and Research 0739456X1877606.
https://doi.org/10.1177/0739456X18776062

Zmud, J.P., Sener, I.N., 2017. Towards an Understanding of the Travel Behavior Impact of Autonomous Vehicles. Transportation Research Procedia, World Conference on Transport Research - WCTR 2016
Shanghai. 10-15 July 2016 25, 2500—-2519. https://doi.org/10.1016/j.trpro.2017.05.281



