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Abstract  Automated vehicles (AVs) are increasingly recognized as having the 
potential to decrease carbon dioxide emissions and petroleum consumption 
through mechanisms such as improved efficiency, better routing, and lower traf-
fic congestion, and by enabling advanced technologies. However, AVs also have 
the potential to increase fuel consumption through effects such as longer distances 
traveled, increased use of transportation by underserved groups, and increased 
travel speeds. Here we collect available estimates for many potential effects and 
use a modified Kaya Identity approach to estimate the overall range of possi-
ble effects. Depending on the specific effects that come to pass, widespread AV 
deployment can lead to dramatic fuel savings, but has the potential for unintended 
consequences.

Keywords  Automation  •  Autonomous  •  Self-driving  •  Energy  •  Petroleum  •  
Platooning  •  Smart routing  •  Electrification  •  Car sharing

An Analysis of Possible Energy Impacts  
of Automated Vehicles

Austin Brown, Jeffrey Gonder and Brittany Repac

G. Meyer and S. Beiker (eds.), Road Vehicle Automation, Lecture Notes in Mobility,  
DOI: 10.1007/978-3-319-05990-7_13, © Springer International Publishing Switzerland 2014

A. Brown (*) 
National Renewable Energy Laboratory,  
901 D St. SW, Suite 930, Washington, DC 20024, USA
e-mail: austin.brown@nrel.gov

J. Gonder 
National Renewable Energy Laboratory,  
15013 Denver West Parkway, Golden, CO 80401, USA
e-mail: jeff.gonder@nrel.gov

B. Repac 
University of Maryland, College Park, MD 20742, USA
e-mail: brepac@umd.edu

The original version of this chapter was revised: Chapter title has been updated. The erratum to 
this chapter is available at https://doi.org/10.1007/978-3-319-05990-7_22

https://doi.org/10.1007/978-3-319-05990-7_22


138 A. Brown et al.

1 � Introduction

Self-driving or fully “automated” vehicles (AVs) have rapidly moved from science 
fiction into the forefront of transportation technology news, with many automakers 
now demonstrating vehicles with some automation capability. Highly or fully auto-
mated vehicles are likely still years away from widespread commercial adoption [1], 
but this recent progress makes it worth considering the potential national impacts of 
widespread implementation. In addition to the expected safety and social benefits, 
widespread adoption of AVs has the potential for significant impacts on transporta-
tion energy use. This chapter makes an initial assessment of the energy impacts of 
AV adoption on a per-vehicle basis and the potential for AVs to change total personal 
vehicle fuel use. While AVs offer numerous potential advantages over conventional 
vehicles (CVs) in energy use, there are also significant factors that could decrease or 
even eliminate the energy benefits under some circumstances. This analysis attempts 
to describe, quantify, and combine many of the possible effects. The nature and mag-
nitude of these effects remain highly uncertain, and further analysis in the coming 
years of each of these effects and the system as a whole will be needed to steer AV 
development in a way that captures the potential energy benefits.

2 � Methods

National-scale modeling of the possible interactions with AVs and the transporta-
tion system of the future is not yet available. AVs have the potential to interact 
with each other, the transportation infrastructure, and the built environment in such 
complex ways that it is likely to take years of dedicated research to have a detailed 
assessment of the possible impacts of the future system.

For this effort, individual and combined impacts are assessed based on a modified 
Kaya Identity [2]. The Kaya Identity is an equation relating factors that determine the 
level of human impact on carbon dioxide (CO2) emissions, which is often applied to 
specific sectors such as transportation. It divides emissions into “factors” of use inten-
sity (UI), energy intensity (EI), and carbon intensity so that each can be examined in 
detail. For this analysis, we modify the identity in two ways. First, populations of AVs 
and CVs are separated by dividing the Kaya components into an AV and a CV term. 
This is so we can track the effect of different parameters as well as the impact of dif-
ferent fractions of AVs. Second, we use liquid fuel demand as the final output rather 
than CO2 to isolate this issue from the CO2 intensity of electricity or other fuels.
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The product comprising the first term in the brackets represents fuel use by AVs 
and the second term by CVs. We refer to factors affecting vehicle miles traveled 
(VMT)/vehicle as “use intensity” (UI); factors affecting Energy/VMT as “energy 
intensity” (EI); and factors affecting Liquids/Energy (e.g., electric vehicles use no 
liquid fuels) as “fuel intensity” (FI). This method was implemented in an Excel 
spreadsheet.

Each potential impact examined in this analysis was translated into one or more 
effects on the terms in the equation above. Where possible, we adapt estimates 
from other sources as they might apply to AVs. Effects are generally assumed to 
be independent for this analysis, so impacts are chain multiplied to combine. In 
reality, system effects are likely to be significant but those interactions are beyond 
the scope of this analysis.

Note that a number of the impact estimates implemented in this analysis were 
identified and coopted from literature not necessarily describing AVs. For exam-
ple, we use a study of eco-driving to estimate the possible benefits from smooth-
ing starts and stops from AVs, assuming that they could be designed to capture 
those benefits at least as well as a human driver. In general, we collected and docu-
mented the maximum plausible impact identified, so the impacts here should be 
viewed as an estimate of the upper bound of each effect. Depending on implemen-
tation or other factors, each impact could be smaller.

This analysis uses 2030 as an example year for reference when determining the 
baseline. This is not intended to be predictive, only as a point for comparison. For 
the baseline, we assume 262 million vehicles, a 38.5-mpg on-road reference new 
light-duty vehicle, and 12,700 miles per vehicle per year [3]. CV values are left 
at baseline for this analysis for clarity; future analysis could examine the relative 
impacts of simultaneous improvements in CVs.

3 � Effects Considered

We surveyed the developing literature on AVs to identify possible effects on 
energy use. Many possible impacts are mentioned in published papers and the 
popular press, but most are not rigorously quantified. Where possible, we have 
identified methods to quantify each potential effect. This set of effects is very 
unlikely to be exhaustive, but this analysis approach can serve as a basis for future 
estimates.

Recently, the US Department of Transportation released a policy statement 
on AVs that defined four levels of automation based on the degree of autonomy 
[4]. Most of the effects identified here require level 3: Limited Self-Driving 
Automation or level 4: Full Self-Driving Automation. Therefore, this study rep-
resents an assessment of the full potential of AVs, not the intermediate benefits of 
partial automation. Note also that AVs could become integrated into the broader 
vehicle population through a variety of approaches such as mixed-use opera-
tion with CVs on existing roadways or segregated operation on dedicated AV 
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infrastructure. This high-level analysis does not endeavor to predict a specific 
implementation path, but consistent with the objective to estimate upper-bound 
effects, the analysis does draw assumptions from scenarios where the effects may 
be greatest. This is particularly true for system-level effects such as traffic flow 
smoothing where the impact would be greatest for AVs on dedicated infrastructure 
rather than AVs mixed in with CVs.

3.1 � Individual Vehicle Effects

Some possible effects of AVs do not require strong system effects and could mani-
fest themselves with only a few AVs on the road and where most AVs are owned 
by individuals. Table 1 summarizes the impacts and the sources used to support 
each assumption. 

3.1.1 � Platooning

Platooning is the proposed and demonstrated method of groups of vehicles trav-
elling close together at high speed. This has the potential to reduce EI resulting 
from aerodynamic drag. Although platooning energy benefits would certainly be 
greatest on a dedicated infrastructure, there could also be ample opportunity for 
groups of two or more AVs to platoon together on mixed-use infrastructure. The 
exact impacts depend strongly on the shape of the vehicles, the number of vehi-
cles, the fraction of time spent on the highway, the following distance between 
vehicles, and the particular algorithms used by the vehicles. AVs have the potential 
to allow safe following at close distances, and as long as there are enough AVs 
to find each other on highways, this could yield significant savings. This analysis 
surveyed three sources [5–7] that each produced similar estimates—approximately 
10 % overall savings potential (or about 20 % savings during the roughly 50 % 
of travel occurring on the highway). Note that while the analysis in this chapter 
focuses on the energy implications for automation of light-duty passenger vehicles 
(the largest fuel-consuming road vehicle segment, accounting for 59 % of trans-
portation fuel use in 2011 [8]), commercial vehicles would also be expected to 
achieve benefits, and in the case of Class 8 tractor-trailers (the largest heavy-duty 
vehicle fuel consumer) the energy savings due to platooning would be particularly 
significant given their high percentage of highway cruising miles.

3.1.2 � Efficient Driving

This effect represents the energy savings from improved vehicle operation of AVs 
relative to the average human driver. It is well documented that smoother starts and 
stops can improve fuel economy of otherwise identical vehicles. To estimate the size 
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of this effect, we reference recent eco-driving analyses that identify potential fuel 
savings for aggressive drivers as high as 20–30 % [9, 10]. The fuel savings for driv-
ers who are not at the most aggressive end of the spectrum would be significantly 
less, but considering AVs’ ability to constantly maintain eco-driving vigilance, we 
assume an upper bound of 15  % for the potential widespread improvement in EI 
(even absent specific traffic-smoothing assumptions).

Table 1   Summary of vehicle effects

Effect Approach
Effect estimate  
and reference source

(a) Platooning: close  
following at high  
speed to reduce drag

Use estimates of overall 
savings potential from 
literature

−10 % EI [5–8]

(b) Efficient driving: smooth  
start stop, some stop 
elimination

Use estimates of eco-driving 
potential

−15 % EI [9, 10]

(c) Efficient routing: traffic  
avoidance and most  
efficient route selection

Example cases from Buffalo, 
NY and from collaborative 
Chevy Volt project

−5 % EI [11, 12]

(d) Travel by underserved  
populations: (youth,  
disabled, and elderly)

Estimate the additional miles 
if all people over 16 had 
the VMT of the highest 
demographic

+40 % UI [13, 14]

(e) Efficient driving (additional): 
full stop elimination and trip 
smoothing

Use upper bound of efficiency 
improvement from smooth 
travel

−30 % EI (additional to 
previous estimate to give 
−40 % total) [9, 16]

(f) Faster travel: possible due  
to safe highway operation

Estimate impact on fuel 
economy from aerody-
namic drag at 100 mph

+30 % EI [17, 18]

(g) More travel: due to faster  
travel and reduced traffic, 
people may live farther from 
destinations or travel more

Assume the current time spent 
travelling remains the same 
(so miles increase with 
speed)

+50 % UI [19]

(h) Lighter vehicles and  
powertrain/vehicle size  
optimization: Very few  
crashes and smoothed  
driving could enable light  
vehicles with small  
powertrains for many  
duty cycles

Assume weight could be 
reduced ~75 % and each 
10 % reduction = 6–8 %  
EI reduction; Alternately 
compare average modern 
vehicle fuel economy to  
that of the 1994 Geo Metro

−50 % EI [20–25]

(i) Less time looking for  
parking: from fewer  
vehicles and self parking

Assume it cuts the wasted  
fuel in half

−4 % UI [26]

(j) Higher occupancy:  
facilitated by IT,  
automated carpooling

Use the upper bound estimates 
for “dynamic ridesharing”

−12 % UI [27]

(k) Electrification: deployed  
vehicle could be matched  
to user trip need

Estimate the share of vehicle 
trips that could be met with 
a 40 mi electrified range

−75 % FI (as a −100 % 
FI to 75 % of vehicles) 
[13, 28]
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3.1.3 � Efficient Routing

Smart routing to the most energy efficient route has the potential to save energy in 
addition to efficient operation. This could be due to avoidance of traffic, use of a 
shorter but modestly slower route, or selection of a route with fewer stops. Of the 
few quantitative efficient routing impact estimates found in our literature review, 
one case study in the Buffalo, NY area estimated up to 20 % total reduction in EI 
as possible [11]. However, this estimate really represented a potential system-level 
impact of re-routing some vehicles in order to improve the operating efficiency for 
all vehicles on the traffic network. Another recent study of efficient routing for a 
plug-in electrified vehicle (PEV) identified up to 5 % overall energy savings [12], 
taking into account times when the default route already represented the most effi-
cient route, and not taking into account traffic flow impacts from all vehicles simul-
taneously optimizing system-level routing efficiency. Because system-level traffic 
smoothing impacts will be separately considered, 5 % was taken as the widespread 
upper bound EI improvement for this analysis. Note that CVs using global posi-
tioning system (GPS)-connected navigation systems and real-time traffic informa-
tion could also advise their drivers of the most efficient routing decisions; however, 
this by itself arguably represents one step down the vehicle automation and con-
nectivity continuum. Widespread realization of the maximum efficient routing ben-
efit for every trip would also most realistically be achieved by AVs.

3.1.4 � Travel by Underserved Populations

The young, disabled, and elderly travel less per capita than other groups. AVs have 
the potential to serve these populations by allowing use of a vehicle without need-
ing to provide direct operation. It is not known exactly how many people would 
choose to travel more if given the chance to do so without needing to operate the 
vehicle, and we did not identify any published estimates for use here. Instead, we 
examined data from the 2009 National Highway Transportation Survey [13] and 
the 2003 “Freedom to Travel” study [14]. As expected, travel varies significantly 
by age, with a peak at age 40 and is lowest during childhood and old age (Fig. 1). 
In principle, if all segments traveled as much as the 40-year-old segment then the 
miles of travel distribution would rise upward to align with the population distri-
bution shown in Fig.  1. That method would yield an increase in miles of 70 %, 
but would seem to overstate extra travel even for this upper bound analysis. We 
instead estimate that increased travel under this effect could reach up to 40  %, 
which corresponds with each population segment from age 16 to 85 traveling as 
much as the top decile. 

Additionally, the 19 % of Americans who are disabled individuals [15] leave the 
home less frequently, are less likely to travel by car, and take fewer long distance 
trips, resulting in fewer miles per person [14]. If AVs allow disabled individuals to 
make the same length and number of car trips, their per-capita VMT could increase 
by more than 50 %. Because we do not have the data to address interactions with 
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the age-based approach discussed above, we do not include this as a separate factor 
and instead take the 40 % estimate to include increased travel by disabled individu-
als. It should be emphasized that providing better transportation services to these 
populations would yield significant social benefits, which should not be overlooked 
or ignored when considering energy impacts (see “Other Effects”).

3.2 � System Effects

Widespread AV use may make private ownership less necessary, with users instead 
summoning a shared-use vehicle for their immediate need. Widespread adoption 
without vehicle sharing is also possible and would represent a subset of these 
effects. The effects noted below become possible as penetrations increase so the 
majority of vehicles on the road are automated. The previously reviewed individ-
ual vehicle effects are also assumed to persist at high penetration levels.

3.2.1 � Efficient Driving (Additional)

This category of impact is the additional efficient driving made possible by sys-
tem effects if most or all vehicles are automated. This could manifest, for exam-
ple, as no stopping required at intersections due to smart intersection control 
[16]. Savings here are assumed to be from complete elimination of traffic-related 
stopping and starting, which has been estimated to yield up to a 40 % reduction 
in EI [9]. This is not cumulative with the previous 15 % savings number identi-
fied above, so we reduce this effect to 30 % (to give a cumulative roughly 40 % 
reduction when chain multiplied). A question for future work is how much of the 
5 % savings estimated for smart routing could still be counted separately as this 

Fig. 1   Relative travel by 
segments of the population
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estimate includes traffic avoidance as well as distance tradeoffs. This outer-bound 
impact assessment will continue to treat it as a separate effect.

3.2.2 � Faster Travel

Due to increased safety of AVs, significantly faster travel may be viable on high-
ways. Faster travel is known to increase air resistance energy loss with the square of 
velocity. Because of this, drag losses could become very significant at high speeds. 
To estimate the possible impact, we extrapolate from observations over multiple 
years on the speed-limitless German Autobahn [17] and assume 100-mph travel on 
highways becomes legal and routine due to automation. A study for fueleconomy.
gov that measured the impact of speed increases in 10-mph increments to 80 mph 
reported that each 10-mph increase results in a 13.9 % increase in energy use [18]. 
In practice, precisely estimating the increased energy use out to 100  mph would 
require detailed assumptions about vehicle aerodynamic improvements that may 
occur in conjunction with such regular high-speed operation, as well as the effi-
ciency profile for the evolved powertrain in the AV. For this high-level analysis, we 
take rough extrapolation of the results in [18] as sufficient, and assume the combina-
tion of increased highway energy use with the fraction of driving miles occurring on 
the highway (around half currently) could result in a 30 % aggregate increase in EI.

3.2.3 � More Travel

There are several reasons travel per person might increase under an AV scenario. 
First, due to faster highway travel (above) and reduced traffic, time spent driv-
ing could decrease. Schaefer et al. observed that people on average are willing to 
spend a very consistent amount of time travelling across a wide variety of societies 
[19]. Therefore, if travel were faster overall, people might live farther from their 
destinations or travel to more. This is the method we use, estimating the increase 
in VMT per person that would keep the time travelling constant, an increase of 
approximately 50 %. Another consideration (not included as an additional factor 
here) is that travelers might not mind time in the vehicle as much because they 
could engage in other tasks due to automation. One subject for future study would 
be to see if this reduced “cost” for time while traveling in an AV might take away 
from other modes (such as long-distance rail or air travel) and therefore have a 
somewhat counteracting decrease in energy use for those sectors.

3.2.4 � Lighter Vehicles and Powertrain/Vehicle Size Optimization

A fleet composed predominately of AVs could also allow vehicles to be dramati-
cally lightweighted and have more efficiency-optimized powertrains. This is par-
tially because collision safety features might be obviated and partially because, in a 
shared-use model, the vehicle used could be matched to the duty cycle required.
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In a future fleet where vehicle collisions are virtually unknown, there would 
no longer be a need for large-framed vehicles for collision-safety purposes. This 
could allow a large portion of the weight of the vehicle to be reduced. It should be 
noted, however, that widespread lightweighting to this extreme would take a long 
time to occur due to the chicken-vs.-egg problem of reluctance to reduce AV size 
as long as they interact with heavier and less safe CVs on shared roadways.

As an example of vehicle size optimization for duty cycle matching, most driv-
ing could be served with a small, “Smart Car”-like vehicle, with larger vehicles 
being reserved for rarer trips with high cargo needs or more occupants. A shared 
use scenario with AVs summoned as needed could thus avoid inefficient commut-
ing by a single passenger in large fuel consuming vehicles. Powertrain optimiza-
tion/size reduction (and corresponding efficiency improvements) could also occur 
as an evolutionary response to drive profile smoothing from widespread AV use. 
CVs typically have power capabilities far in excess of their average power require-
ments to satisfy occasional high-power demands, such as from hard accelerations 
(needed for freeway passing of other CVs, and for viscerally satisfying the human 
driver/owner). AVs that permit passengers to devote their attention to other diver-
sions may not need such excess power capability.

These two factors—safety-enabled lightweighting and smart rightsizing—will 
interact in complex ways. There are obviously limits to the total downsizing possi-
ble even if both of these effects are fully realized. The two could also have positive 
interactions, as when vehicles shed weight their power requirements would like-
wise diminish, and the smaller powertrain would itself weigh less, further reducing 
its power requirements.

Here we use two methods to estimate a potential energy impact. First, we 
take the Burns et al. reported possibility (primarily based on the safety effect) of 
a 75 % lighter fleet [20]. Several references cite a 6–8 % EI reduction for each 
10 % reduction in weight [21–23], which would result in a roughly 50 % improve-
ment overall. Recognizing the uncertainty from such an extended extrapolation we 
also consider an alternative method to estimate the relative efficiency improvement 
for AVs with low acceleration power requirements. For this method we observe 
that the sales-weighted average fuel economy of modern light-duty vehicles [24] 
is roughly half that of the 47-mpg 1994 Geo Metro [25], and therefore estimate 
that the significant energy savings impact of powertrain/vehicle size optimization 
could reach 50 %. Because the interactions between safety-enabled lightweighting 
and smart rightsizing are challenging to determine in advance, here we just use 
50 % as an overall potential impact.

3.2.5 � Less Time Looking for Parking

Americans use a significant amount of time and energy during city driving search-
ing for parking. AVs could seamlessly integrate into a smart transportation system 
and either find open parking or drop off the occupants without the need to park. 
The Texas Transportation Institute reported that the fuel wasted is 19 gallons per 
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person per year. If we assume that amount could be cut in half by AVs (which 
would still need to park somewhere, but would not need to search), that would be 
a 4 % reduction in UI.

3.2.6 � Higher Occupancy

AVs have the potential to increase vehicle occupancy in some cases. In a shared-
use model, multiple options could be available to a user, including a cheaper trip 
that involves sharing the vehicle with other users, similar to the airport shuttle 
model of transit. How many users would opt for this is highly uncertain. Here we 
assume AVs allow the higher end of potential impact of “dynamic ridesharing” as 
reviewed by the Transportation Energy Futures study, which includes accounting 
for trip characteristics [27]. That is a 12 % reduction in UI.

3.3 � Vehicle Electrification

PEVs are inherently well suited for automation thanks to their drive-by-wire con-
trols and electric actuation systems. Likewise, AVs may be more amenable to elec-
trification than CVs, because a vehicle can be dispatched to meet a user’s specific 
need, only serving trips within range (consistent with the duty cycle matching dis-
cussion in the above section on powertrain/vehicle size optimization). AVs would 
also reduce or eliminate PEV infrastructure challenges since they would be aware 
of the availability and location of charging options. Lastly, because upfront cost is 
currently a barrier to PEVs, distributing that cost over many users can increase the 
relative competitiveness of PEVs as an option for many trips. While the potential 
more travel/on-demand AV system effects could cause range limitation issues to 
persist, it is conceivable that vehicle recharging could be coordinated in between 
scheduled trips. Having greater driving miles would also increase the importance 
of operating cost considerations, as well as the potential for lower cost fuels (such 
as electricity, even with occasional liquid fuel range extension) to pay back an ini-
tial vehicle purchase price premium.

While vehicle electrification could certainly happen anyway, the above argu-
ments explain why AVs may make broad PEV penetration more likely. The key 
factor here is estimating the fraction of vehicles that could easily be electrified 
under an AV scenario. Absent a large number of additional assumptions, we gener-
ate our high-level estimate from an analysis based on NHTS data of the number 
of trips by length. We assume that vehicles satisfying trips of fewer than 40 miles 
could be replaced by electric vehicles. This would allow 75 % of the fleet to be 
electric vehicles, resulting in a 75  % decrease in FI. This is only the petroleum 
FI; the electricity would need to be produced and the method of production could 
affect the total energy and carbon intensity of the vehicle fleet. Those factors are 
beyond the scope of this chapter.
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3.4 � Summary of Effects

Figure 2 highlights the potential for the above effects to vary from large increases 
in fuel use to large savings, depending on the scale and interaction of the various 
factors. Figure 3 illustrates the range of combined impacts when organized by inten-
sity factor (UI, EI, and FI). Above the axis are the combined potential effects to 
increase energy use in that factor. Below the axis are the combined potential effects 
to decrease energy use. This illustration suggests that AVs would probably make us 
drive more miles but in a more efficient way and potentially on alternative fuels. 

To further estimate the range of possible net impacts, we combined the effects 
above into several simple scenarios, summarized in Table  2 and illustrated in 
Fig. 4. There is a potential for fuel use increase of up to +173 % (more than dou-
bling of energy use) if only service demand and speed increases occur. This could 
potentially happen if AVs expand access and increase safety and speed, but are not 
designed to operate more efficiently, be electrified, or to be lighter weight. 

There is also a potential for a fuel use reduction of up to 96 % if all the pos-
sible savings are captured and there are no corresponding energy use increases. 
This could potentially happen if AVs are designed with energy-saving features as 
a central design parameter, but access to AVs does not for whatever reason lead 
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to service demand increase or higher highway speeds. This might mean missing 
many of the non-energy social benefits (see below) that could accompany AVs.

If all effects are combined to the maximum potential identified in Table  1 
and Fig. 2, we would still expect significant savings. This is because the service 
demand effects are overwhelmed by the decreases from efficiency and electrifica-
tion. This scenario has the potential to yield large energy savings while also cap-
turing many of the social benefits of increased transportation service and speed. 
However, it remains highly uncertain which of these effects will manifest them-
selves, and to what degree.

4 � Other Effects

AVs would have many potential effects not covered here because they have non-
energy impacts or the energy impacts cannot be reflected with the Kaya identity 
approach. Some include:

4.1 � Faster Fleet Turnover

Even at the peak usage time, only 12 % of vehicles are on the road, so in a shared-
use model with many AVs there could be many fewer total vehicles at a given 
time. Because these vehicles would be driven much more, manufacturing energy 
may not be significantly affected. However, with a faster vehicle turnover new 
technology could be rolled out faster.

Table 2   Description  
of scenarios

Scenario  
number Name Active effects

1 All identified potential  
fuel use increases

d, f, g

2 All identified potential  
fuel savings

a, b, c, e, h, i, j, k

3 All effects All

Fig. 4   Scenario impacts
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4.2 � Air Quality

More efficient use of fuel and the transition to electric vehicles could also improve 
air quality because less fuel combusted in the vehicle means fewer tailpipe emis-
sions. A smart transportation system could also implement other air quality poli-
cies such as charging extra for pollution-causing trips on poor air quality days.

4.3 � Economic Benefits

In shared-vehicle scenarios, a vehicle’s capital cost would be spread over many 
users, resulting in lower transportation costs. Lower fuel use could also save driv-
ers money spent at refueling stations. Shared AVs could also lower vehicle insur-
ance, vehicle registration fees, parking permits, and other costs that coincide with 
private ownership. Reducing these necessary payments could be particularly 
attractive to portions of the populations that prefer carpooling to common desti-
nations, live in apartments with inadequate available parking spaces, drive infre-
quently, or cannot currently afford transportation service.

4.4 � Social Benefits of Transportation Access

In the energy impacts section, we report that addition of travelers could increase 
energy use. However, this would be as a result of significant expanded valuable 
transportation services and higher equity as transportation is available to more 
people. People of all ages and health conditions would have more convenient 
access to transportation than prior unprivileged options. Diverse benefits range 
from transporting children to school and extracurricular activities to transporting 
elderly citizens to health appointments and social engagements.

4.5 � Land Use Benefits

With smaller and possibly fewer vehicles on the road, cities could repurpose land 
from parking and potentially in transportation corridors. Less use of land could 
minimize traffic congestion and therefore decrease travel time. More steady flows 
of traffic and less frequent instances of humans sitting in non-moving vehicles 
could also reduce fuel normally wasted from idling and lessen the concentration of 
tailpipe greenhouse emissions. Alternatively, parking or road space could be repur-
posed into private development or shared-use spaces such as parks.
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4.6 � Safety Benefits

Benefits would include less loss of life and injury as well as fewer vehicle replace-
ments before the end of its usable life. Vehicle automation technology could con-
sistently evade common vehicle accidents that are due to human error in judgment. 
The technology has the potential to be more reliable and would be less affected 
by distractions, including sleep deprivation, anxiety, consumption of alcohol, and 
uncooperative passengers. Communication between programmed autonomous 
vehicles (“V2V”) could be a component of automation and can enhance the ability 
to avoid vehicle collisions because they would have consistent and precise spatial 
awareness, even beyond line-of-sight.

4.7 � Interaction with Mass Transit

AVs could solve the “first and last mile” problem and lower labor costs for tran-
sit, but could also make transit less competitive. The “first and last mile” prob-
lem would be resolved by adding an additional paratransit mode of transportation 
to and from mass transit hubs that would have otherwise been inconvenient or 
required expensive parking. If automation could be expanded to buses and rail, 
lowering labor costs for transit would decrease costs in the transit sector and 
improve its competitiveness. However, the adoption of AVs may decrease the 
number of mass transit users since AVs could, if inexpensive, compete for tran-
sit users. Alternately, the lines between shared and individual transit could simply 
blur through implementation of an on-demand AV scenario with discounts offered 
for ride-sharing.

5 � Future Analysis Needs

Additional analysis is needed to address several key remaining gaps. First, the 
literature would benefit from revisiting many of the factors described here with 
a specific look towards AVs. Second, the range of possible effects identified here 
highlights the critical importance of assessing system effects and interactions 
between effects to help distinguish the likelihood of various outcomes. Lastly, and 
potentially most importantly, there is a need for evaluation of the specific imple-
mentation decisions that will define where in this range of possible effects we 
end up. This may require ongoing analysis as AVs are deployed in test markets to 
measure effects. Each of these would require, or at least benefit from, the develop-
ment of transportation system models that can incorporate AVs in various imple-
mentations and at many geographic scales.
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6 � Conclusion

The potential safety and social benefits of AVs are rapidly becoming widely recog-
nized, but possible effects on energy use are often minimized or ignored. We find 
that AVs have the potential to make dramatic impacts on transportation energy use 
by individuals. Most possible effects on energy intensity may enable liquid fuel 
savings, but many effects on use intensity could counteract this or even lead to 
increases in fuel use, depending on the specific scenario. Our estimates of possible 
impacts range from more than 90 % fuel savings (if only energy benefits occur) 
to more than 150 % increase in energy use (if only energy increases are consid-
ered). At this very early stage, further investigation is recommended to improve 
understanding of the various effects identified in this chapter, but consideration of 
energy impacts will clearly be important when developing and implementing AV 
deployment strategies.
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