
Journal of Science Policy & Governance POLICY MEMO: SMART POLICY FOR SMART VEHICLES 

 

 
www.sciencepolicyjournal.org JSPG, Vol. 18, Issue 1, March 2021 

 

Smart Policy for Smart Vehicles: Regulatory 
revisions to incentivize efficient autonomous 
automobiles 
 

Martin J. Wolf 
Yale Center for Environmental Law and Policy, Yale Law School, and Yale School of the Environment, New 
Haven, CT 
https://doi.org/10.38126/JSPG180116  
Corresponding author: martin.wolf@yale.edu 
Keywords: autonomous vehicles; transportation policy; fuel efficiency; greenhouse gas emissions 
 

Executive Summary: Transportation accounts for nearly 30% of the United States’ annual 
greenhouse gas emissions and is currently the fastest growing source of emissions by 
economic sector. National policies are therefore needed to mitigate the climatic impact of 
vehicular travel. Autonomous vehicle technologies, such as adaptive cruise control and real-
time route optimization, can potentially improve fuel efficiency. However, many emerging 
technologies remain too inefficient to meet federal fuel economy standards set by the U.S. 
Environmental Protection Agency and the National Highway Traffic Safety Administration. 
The current regulatory framework therefore hinders vehicle manufacturers from researching 
and developing greener autonomous technologies. In this analysis, we argue that these federal 
agencies should adopt policies like technology waivers, regulatory credits, environmentally 
preferable purchasing, and educational programs to stimulate the development of more 
efficient autonomous vehicle technologies. These policies would incentivize manufacturers to 
widely develop and deploy fuel-saving technologies that could potentially realize substantial 
reductions in greenhouse gas emissions. 

 
I. A barrier to technological development  
Improving automobile fuel efficiency standards will 
be a crucial step towards mitigating the United States’ 
greenhouse gas emissions. Emissions of greenhouse 
gases, including from the combustion of vehicle fuels 
like gasoline and diesel, contribute to climatic change 
that harms ecosystems and infrastructure vital to the 
economic, public health, and national security 
interests of the Nation. Policies therefore need to 
incentivize the development and deployment of more 
fuel efficient vehicles. Passenger vehicles, including 
sedans, sport utility vehicles, and trucks, account for 
nearly a quarter of the Nation’s carbon dioxide 
emissions and are currently one of the fastest 
growing sources of emissions (U.S. Energy 
Information Administration 2020). Policies therefore 
need to incentivize the development and deployment 
of more fuel efficient vehicles.  
 

Autonomous vehicle technologies (AVTs) provide a 
promising pathway to reduce greenhouse gas 
emissions. Features that optimize navigation, traffic 
flow, and vehicle acceleration not only enhance safety 
and driver comfort, but can also theoretically 
minimize emissions by improving fuel efficiency if 
they are well designed and implemented (Zhu et al. 
2019; U.S. Energy Information Administration 2017; 
Chen et al. 2019). Despite promising developments, 
many AVTs remain inefficient. Sensors, redundant 
safety features, and computers onboard autonomous 
vehicles are energy-intensive (Baxter et al. 2018). 
The increased electrical consumption will lead 
emerging autonomous vehicles to consume more fuel 
per mile driven than ordinary automobiles. Further, 
the enhanced safety features of AVTs may lead 
drivers to travel at greater speeds, potentially 
decreasing fuel economy by 5 to 22% (Taiebat et al. 
2018; Wadud, MacKenzie, and Leiby 2016; Pavlov et 
al. 2000; Brown, Gonder, and Repac 2014). The 
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increased power consumption, aerodynamic drag 
from external sensors, and greater driving speeds 
collectively contribute to increased fuel consumption 
of emerging AVTs (Gawron et al. 2018; Mersky and 
Samaras 2016; Stephens et al. 2016; Alarfaj, Griffin, 
and Samaras 2020). Since many systems are not yet 
mature enough to realize the full fuel efficiency 
benefits of autonomous fleets, vehicle manufacturers 
may therefore see an increase in their corporate-
average fuel economy (CAFE) (National Research 
Council 2015). These efficiency standards, 
promulgated by the Environmental Protection 
Agency (EPA) and the National Highway Traffic 
Safety Administration (NHTSA), permit 
manufacturers to develop less efficient models as 
long as their fleetwide average meets prescribed 
levels. Standards are derived by creating target 
efficiencies for each model based on vehicle size. 
Some models’ actual fuel efficiency can fall below the 
target, so long as a manufacturer’s fleetwide average 
meets the overall CAFE standard. Regulations impose 
a financial penalty on manufacturers if their 
automobiles do not meet CAFE standards. 
Manufacturers must therefore strike a balance 
between implementing currently inefficient AVTs in 
new models and meeting increasing consumer 
demand for larger, gas-guzzling trucks and sport 
utility vehicles. As consumers generally prefer sport 
utility vehicles and trucks over expensive self-driving 
cars, current fuel efficiency standards disincentivize 
manufacturers from implementing AVTs in their 
models (Libby 2020; Winston and Yan 2020). 
 
Federal agencies should therefore overhaul 
regulations to incentivize the development and 
deployment of AVTs that demonstrate a high 
likelihood of increasing fuel efficiency as they mature. 
The EPA and the NHTSA should adopt policies like 
technology waivers, regulatory credits, and 
environmentally-preferable purchasing mandates to 
stimulate the development of more efficient AVTs. 
These policies would reward manufacturers for 
optimizing their smart vehicles’ efficiency, ultimately 
realizing emissions reductions of greenhouse gases 
and other detrimental air pollutants in the future.  
 
II. Technology waivers incentivize development 
Current federal regulations can hinder the 
development and deployment of AVTs. By penalizing 
manufacturers for introducing features that increase 
fuel consumption, CAFE standards can disincentivize 

the implementation of emerging AVTs since these 
technologies remain inefficient (Mersky and Samaras 
2016). The EPA and NHTSA should temporarily 
exclude or modify the regulation of autonomous 
vehicles’ emissions to promote the development of 
greener AVTs. Technology waivers granted by these 
administrative agencies could reward good-faith 
efforts to increase AVT fuel efficiency by excluding 
vehicles equipped with experimental technology 
until the technology matures. Similar temporary 
technology waivers are authorized under the Clean 
Air Act (CAA) to encourage the use and development 
of innovative systems that reduce emissions of air 
pollutants (Clean Air Act (CAA) §111(j)(1)(A), 
§111(j)(2)). These waivers have successfully fostered 
innovative technologies that advance long-term 
reductions in emissions (Caldart and Ashford 1999; 
Clean Air Act Advisory Committee 2010). Federal 
courts have further ruled that waivers may be 
compulsory to allow regulated manufacturers time to 
demonstrate potential emissions reductions 
technologies (Monsanto Company v. Environmental 
Protection Agency, 19 F.3d 1201, 7th Cir. 1994). 
Technology waivers are therefore a viable policy 
choice to incentivize more fuel-efficient AVTs. 
 
For instance, measurements indicate that AVT-
equipped models can use more energy than ordinary 
models due to the electrical consumption of on-board 
sensors and computers (Gawron et al. 2018). Further, 
protruding sensors can increase the aerodynamic 
drag of vehicles, thereby decreasing fuel efficiency. 
Recent estimates suggest rooftop detection and 
ranging sensors can increase drag by between 15 and 
40%, depending on sensor geometry and vehicle 
speed (Mohan et al. 2020). Producing these models 
lowers the corporate average fuel economy under 
current policies, penalizing manufacturers who 
include AVTs in their vehicles. Since electrified 
vehicles do not contribute to CAFE calculations, 
current policies negatively impact manufacturers 
that implement AVTs in gasoline or diesel powered 
vehicles, including several domestically-produced 
brands like Chrysler, Subaru, Cadillac, and Ford. 
Agencies could instead stimulate companies to 
develop more efficient technologies by excluding or 
modifying the contributions of AVT-models towards 
fuel economy calculations. Research indicates, for 
example, that emerging AVTs’ electrical consumption 
can lead to a 3 to 20% decrease in fuel efficiency 
resulting from increased electrical consumption 
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(Gawron et al. 2018). Early-generation autonomous 
vehicles may therefore be less fuel-efficient than 
standard automobiles. However, this fuel 
consumption could theoretically be more than offset 
by fuel efficiency gains realized from matured AVT 
technology that advance eco-driving behavior like 
platooning, resulting in a net 9% reduction in fuel 
consumption and greenhouse gas emissions (Gawron 
et al. 2018). The EPA and NHTSA should exempt the 
efficiency difference between emerging and mature 
AVTs from fuel economy calculations to incentivize 
the development of existing AVTs into more efficient 
technologies. The long-term benefits of these 
technology waivers could be substantial. Research 
suggests that AVTs can theoretically improve fuel 
economy by 5 to 33% if sensors are optimally 
designed to mitigate inefficient braking and 
acceleration (Thew 2007). Further analyses indicate 
that matured AVT technologies, like adaptive cruise 
control, may realize a fuel efficiency increase of up to 
25% in certain traffic patterns (Lang, Schmied, and 
Del Re 2014). 
 
The EPA and NHTSA should rely on their experience 
with other technology waivers when implementing 
exceptions to the CAFE standards. For instance, 
similar waivers are extensively used to stimulate 
innovation for new pollution sources under the CAA. 
Under §111(j), the EPA may grant flexibility in 
meeting emissions standards if a new technology 
demonstrates the potential to increase efficiency 
once fully developed (Clean Air Act (CAA) 
§111(j)(1)(A); Foster and Brenner 2013). These 
provisions have enhanced the technology-forcing 
nature of the CAA (Randle 1979). Under previous 
administrations, for example, the EPA considered 
technology waivers as potential policy tools to spur 
the innovation of carbon capture technologies at 
fossil fuel-fired power plants (Congressional 
Research Service 2010). The CAA also expressly 
permits the EPA to grant technology waivers for 
nitrogen oxide emissions from automobiles, a policy 
design that has spurred research into improved 
catalytic converters (Clean Air Act (CAA) 
§202(b)(1)(B)), e.g., Heimrich 1997). These existing 
policies demonstrate technology waivers for 
autonomous vehicles are well within the capabilities 
of the EPA and NHTSA to incentivize more efficient 
AVTs. 
 

 

III. Emissions credits reward implementation 
Administrative agencies could further use 
greenhouse gas emissions credits to reward 
manufactures for implementing promising AVTs in 
their vehicles. Recent changes to CAFE regulations 
now enable manufacturers who do not meet 
prescribed CAFE standards to purchase emissions 
credits awarded to other manufacturers whose fuel 
economy is below CAFE standards (Leard and 
McConnell 2017). As with similar cap and trade 
policies enacted under the CAA, this new emissions 
credit market incentivizes manufacturers to develop 
more efficient technologies before their competitors 
so that they can sell their credits at a profit (Rubin, 
Leiby, and Greene 2009; Chan et al. 2012). To keep 
financial incentives to innovate high, regulators must 
ensure emissions limitations are stringent enough to 
force some manufacturers to purchase credits 
(McAllister 2009).  
 
The research and development of autonomous 
vehicles demands substantial capital investment that 
can delay the innovation of more efficient 
technologies. Estimates suggest manufacturers spent 
over $50 billion on the research and development of 
AVTs in 2016 alone (Kerry and Karsten 2017). The 
EPA and NHTSA could reward manufacturers making 
good-faith efforts to develop cleaner technologies 
with emissions credits. Firms could then decide to 
use, bank, loan, or sell credits as they see fit (75 
Federal Register 25324 2010). In the absence of 
demand in the CAFE market, manufacturers may be 
able to sell emissions credits in the international 
voluntary carbon offset market as long as the credits 
can demonstrate additionality (McFarland 2010). An 
emissions credit program would therefore provide 
manufacturers greater regulatory freedom and 
economic incentive to innovate AVTs than technology 
waivers alone. 
 
Consider, for example, the use of autonomous 
navigation that enables self-driving vehicles to avoid 
congested areas. Route optimization can reduce fuel 
consumption by up to 10% (Gilman et al. 2020). 
Regardless of whether fuel efficiency gains motivated 
manufacturers to implement autonomous navigation 
features, carbon offset credits should be awarded for 
technologies that successfully reduce emissions. A 
leader of autonomous navigation, Tesla Inc., 
manufactures exclusively electric vehicles. Carbon 
efficiency and emissions credits granted for energy 
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savings would therefore offer Tesla—or any other 
manufacturer of smart electric vehicles—a 
compelling incentive to improve autonomous 
navigation technologies. Indeed, the emissions credit 
market is already a significant source of revenue for 
Tesla. In the first two quarters of 2020, it earned 
nearly $800 million from selling emissions credits to 
other manufacturers, like Chrysler and General 
Motors (Tesla Inc. 2020a, 2020b; Beresford 2020). 
Tesla could potentially realize significant revenue 
from selling emissions credits awarded for 
implementing AVTs. For instance, assuming a 40 
mile-per-gallon (mpg) CAFE standard and an 
emissions credit price of $100 per mpg per vehicle, 
Tesla could have earned approximately $190 million 
in 2020 by selling credits awarded for the 
implementation of fully-autonomous navigation and 
route optimization technology (Leard and McConnell 
2017, 2020; Gilman et al. 2020; Tesla Inc. 2021). This 
revenue could then be invested in research, 
stimulating even more development in greener AVTs. 
Regulatory credits would therefore reduce emissions 
by incentivizing the application of successful 
technologies, especially by producers of electric 
vehicles. 
 
IV. Leveraging federal purchasing power 
The immense purchasing power of the federal 

government can also spur private sector development of 

emerging technologies. The EPA should therefore 

leverage federal purchasing power to support 

manufacturers of smart vehicles and thereby promote the 

development of more efficient AVTs. The 

Environmentally Preferable Purchasing Program, 

founded by the Clinton Administration (58 Federal 

Register 203 1993) and largely continued during 

subsequent administrations, identifies and recommends 

products that federal agencies can purchase to lessen 

their environmental footprint. The EPA manages the 

Program, documenting and assisting agency efforts to 

implement greener purchasing strategies. For instance, 

the EPA provides guidance on federal purchases of 

greener vehicles (EPA 2020). A second mandate to foster 

technological innovation is given by the National 

Technology Transfer and Advancement Act. This Act, 

which is often used in conjunction with the 

Environmentally Preferable Purchasing Program, states 

that the Federal Government should use its authority and 

resources to help United States business to speed the 

development of new products and processes (15 U.S.C. 

§3701 2). 

 

Together, these delineate an imperative to use federal 

purchasing power to advance new technologies that 

demonstrate reasonable potential to reduce emissions, 

even if the technologies are not yet mature enough to 

currently realize efficiency gains (White 2004; Russel 

2017). By encouraging federal purchasing of vehicles 

equipped with AVTs, the EPA can also fulfill its 

obligations under the Pollution Prevention Act to 

promote technologies that reduce emissions at the source 

(42 U.S.C. §13101 et seq.). The EPA should therefore 

adopt a policy to recommend the purchase of 

automobiles equipped with AVTs to strengthen the 

incentives for manufacturers that develop this 

technology. Similarly, the NHTSA could foster 

substantial reductions in greenhouse gas emissions by 

promoting the use of autonomous taxis and rideshare 

vehicles in its roadway safety protocols (Greenblatt and 

Saxena 2015). In addition to promoting AVTs in 

passenger vehicles, NHSTA should also use its 

convening power to foster innovations in autonomous 

trucking. These features would not only reduce 

emissions from the trucking sector, but would also 

potentially increase highway safety by routing trucks 

through less congested areas (Nasri, Bektaş, and Laporte 

2018). 

 

Manufacturers currently face demand-side disincentives 

to develop and implement AVTs because consumers are 

generally unwilling or unable to pay a premium for the 

technology (Nunes and Hernandez 2019; National 

Research Council 2015). Federal purchasing power 

could offset this demand gap, guaranteeing companies a 

market for their smart vehicles while simultaneously 

reducing the carbon footprint of agency operations. For 

example, the Smithsonian Institution has reduced the 

number of vehicles in its fleet by 18% and curtailed fuel 

consumption by 44% by purchasing cars that recommend 

optimized routes and driver performance (Seidel and Ye 

2012). In expanding the telematics market demand, the 

Smithsonian has invested in the development of greener 

technologies while demonstrating the economic benefits 

of adopting existing AVTs (Yilin Zhao 2002). The EPA 

should similarly use its authority under the 

Environmentally Preferable Purchasing Program to 

assist other agencies in adopting AVTs. This would both 

reduce agencies’ environmental impacts and stimulate 

further technological innovation. 

 

V. Conclusion—the potential of greener AVTs 
The widespread adoption of AVTs is not without 

potential pitfalls. For instance, total commuting mileage 

may increase due to the ease and comfort of autonomous 

http://www.sciencepolicyjournal.org/


Journal of Science Policy & Governance POLICY MEMO: SMART POLICY FOR SMART VEHICLES 

 

 
www.sciencepolicyjournal.org JSPG, Vol. 18, Issue 1, March 2021 

transportation (Wadud, MacKenzie, and Leiby 2016). 
Increased mileage may therefore offset some of the 

emissions reductions resulting from increased fuel 

efficiency if autonomous vehicles are not electrified and 

coupled to a clean energy grid. Nevertheless, the 

implementation of AVTs may realize up to a 60% 

decrease in fuel consumption if autonomous vehicles are 

more fully developed and widely deployed (Stephens et 

al. 2016). The potential for AVTs to mitigate the climatic 

impact of vehicle emissions is therefore considerable. 

 

The EPA and NHSTA should adopt several policies to 

incentivize the development of more efficient AVTs that 

reduce the greenhouse gas emissions of vehicular travel. 

These strategies include leveraging technology waivers, 

regulatory credits, and federal purchasing power. The 

combination of smart regulations and smart technology 

promises great reductions in the transportation sector’s 

greenhouse gas emissions. More fuel-efficient 

technologies will not only yield large climatic benefits, 

but also save consumers money and make the Nation less 

dependent on foreign fossil fuels (Executive Office of the 

President 2010).  
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