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Introduction 
Nary a day passes without some news about autonomous transportation. Not only have 
technology companies like Google, Uber, and Tesla made autonomous driving their top priority, 
but so have the old-line auto manufacturers in Detroit, and around the globe. With 37,150 deaths 
from motor vehicles on US roads in 2017 alone, the academic and business communities have all 
heralded autonomous driving as a safer and better option for all in the long term. Indeed, the near 
unanimous investment in this technology means that its development will certainly proceed. The 
only questions are when and how. 
 
Today, almost all this investment by the private sector in autonomous driving is based on a 
vehicle to vehicle (V2V) model.  The vehicles (cars, trucks, even underwater submarines) 
communicate with each other and their environments through expensive sensors. These sensors 
are a mix of LiDAR and RADAR sensors that transmit visual and locational data to the car, and 
possibly to other similarly equipped cars. This technology does not come cheap, as a fully 
autonomous car today costs around $230,000 in sensing equipment (not including the cost of the 
vehicle), and these sensors are powerful but imperfect, as the Uber crash in Arizona on March 
18, 2018 proved. 
 
There is an alternate reality which has lurked in the past archives of automotive research for 
twenty years but is just now coming back to life. A vehicle to infrastructure (V2I) regime permits 
communication between the vehicle and smart infrastructure, such as intersections, toll booths, 
bridges, and the roads themselves. V2I is fundamentally based on greater coordination, as the 
infrastructure acts like a central server, collecting data from the cars, and sending the data back 
to the vehicles. Much of this research occurs in universities, which are experimenting with 
navigating vehicles from sensor packs on the roads. V2I promises more visibility and 
coordination among the various vehicles, which could (presumably) lead to fewer accidents. 
 
Though it is not clear why, it seems as though the social tolerance for accident risk from 
autonomous vehicles lies well below the current social norms for human driving. Just think of 
the public backlash that Uber and Tesla faced after their recent crashes, which are inevitable in 
any experimental new technology. V2I can more precisely determine location and situational 
awareness, as current V2V cars use advanced software (like vision-based artificial intelligence) 
to at best estimate the location of other vehicles, while V2I could know those locations more 
precisely since all data passes through infrastructure. 
 
But V2I is not without its problems either. The main reason research around this died twenty 
years ago was a near universal acknowledgement that the political will simply did not exist for 
smart infrastructure of the kind and level necessary for autonomous navigation. V2I inescapably 
injects the government into the economy of driving in an intimate and possibly invasive way. 
V2I centralizes authority, which not only could lead to political rent-seeking, but also to greater 
cybersecurity risk, as decentralized networks like V2V are generally more impervious to cyber-
attacks than concentrating all available power and intelligence into fewer parties. 
 
Despite these problems, V2I has compelling arguments in its favor on both the cost and safety 
margins. It is therefore incumbent for the market-oriented community to have a seat at the table 
as this debate between these two regimes unfolds in the next decade. Importantly, V2I present a 
once-in-a-generation opportunity to privatize America’s roads, one of the last bastions of 



 
 
government control in private life today. With a careful and deliberate privatization plan, 
combined with market-oriented design of the industry surrounding smart infrastructure, V2I 
could be a better, safer, and faster path to our autonomous future. 

Cost 
V2V cars today are expensive by any measure, well above the median price of $25,449 that 
American households currently pay for their automobile. For example, the company 
AutonoumouStuff located in Morton, Illinois, sells autonomous cars to research labs, car 
manufacturers, and academic institutions for experimental purposes. It can outfit a Lincoln sedan 
with LiDARs, RADARs, cameras, a proprietary operating system, positioning kit, and hardware 
in the trunk, all for a price well above $230,000.1 The majority of the cost is in the new 
autonomous-specific electrical sensors and equipment. For example, a LiDAR itself can cost 
anywhere from $8,000 to $100,000, which is the retail price of the Velodyne LiDAR model used 
most often in autonomous vehicles. Radars are cheaper, but each vehicle requires five to six of 
them; each radar can cost approximately $3,600.2 Of course, the cost of LIDARs may fall over 
time, but only at scale, and the scale will occur only if the vehicle costs are low. Thus, there is an 
inherent chicken-and-egg problem, as auto manufacturers can only drive down the cost with high 
production, but consumers will not buy in volume until they know prices will be low. Tesla, in 
fact, faces this precise problem right now with its Model 3 sedan. 
 
The V2V approach, even if the cost of such vehicles drops over time, will still rely on the same 
infrastructure America installed in the 1950s. V2I, however, transfers this technology, and, 
therefore, some of the costs, from the vehicle to the infrastructure. Research today suggests that 
the infrastructure can rely on wireless communication to more precisely identify the location of 
the vehicles, rather than vision-based artificial intelligence through LiDARs, which can only 
estimate the location of vehicles. In this sense, V2I could provide situational awareness more 
comprehensively and even at lower cost. Much of the technology in V2V can be redundant, since 
each vehicle needs to carry a full suite of sensors in order for the vehicle to navigate its 
surroundings; in the best case, a V2I model would allow a fairly “dumb” car to still be 
autonomous through a much smarter infrastructure. Pravin Varaiya, a leading expert in 
infrastructure-based sensing technologies, and a co-founder of a startup in Berkeley, California, 
says that intersection can be fully situationally aware for an average cost of $75,000 ($25K-
100K), about the cost of a single LiDAR on a single vehicle. 
 
As an analogy, the shift from V2V to V2I is similar to the shift from personal computing to 
cloud computing. In the digital revolution, computers introduced by Apple and IBM placed 
much of the technology directly in the hands of consumers and businesses. However, the market 
moved more to a client–server model. In the last decade, businesses stopped hosting their own 
data and programs on local machines, and rather moved to a SaaS model by hosting all of it in 
the cloud, such as on Amazon Web Services (AWS). This was efficient, since a single business 
could specialize in operating and maintaining the data, while the end user only focused on 
sending instructions (essentially messages) through a mix of cheap mobile devices. V2I 
essentially achieves the same outcome, with cars acting as clients and the infrastructure as the 
server. 
                                                        
1 Figure does not include cost of vehicle, cost of operating system, or cost of positioning kit 
2 Quach, Katyanna. 2017. Self-driving car devs face 6-month backlog on vital LIDAR kit. (May 18). Available at: 
https://www.theregister.co.uk/2017/05/18/lidar_backlog/ 



 
 
 
The core of V2I’s technology is the roadside unit. This is anything ranging from a sensor pack 
along the road or on a street lamp, or a suite of sensors and cameras at an intersection. For the 
application of long haul trucking, these roadside units can cost six to eight thousand dollars, and 
it may cost 25 to 50 thousand dollars to make an intersection fully situationally aware. These 
costs are split between Dedicated Short-Range Communication (DSRC) devices, cameras, and 
other equipment that communicates from the roadside units to the vehicles. Today, experimental 
research at universities like Texas A&M shows that these roadside units can navigate 
autonomous vehicles successfully. In fact, just two roadside units is sufficient for full navigation 
of an autonomous vehicle. While sensors on the vehicle certainly help, the real innovation in 
these experiments is that the roadside units act as the eyes and ears for the vehicle, sending 
signals to the navigation system and thereby controlling the car. As technology advances, not 
only will the costs of each roadside unit decrease, but they also will have a wider and longer 
range. Each roadside unit costs $5,000 and can navigate over 100 meters. For a thousand-km 
route, this would cost $50 million dollars in roadside infrastructure. Though that seems high, it is 
still far less expensive than embedding all the technology inside the vehicles. 
 
The main technical difference between V2I and V2V is what engineers call the control problem. 
In both regimes, the vehicle must identify its own location, the location of other vehicles, and 
participants on the road. In V2V the cameras are all on the moving vehicle; there are at least two 
vehicles involved in navigation: the subject vehicle that contains the sensors, and the other 
vehicles on the road that the sensors are trying to detect. Because the sensors themselves move 
with the vehicle, it becomes a challenge to precisely pin down location. All of the computations 
become simpler when the sensors sit in a fixed location, such as on the infrastructure. 

Safety 
Nearly all the scientific research on autonomous transportation suggests that the long-term 
equilibrium fatality rate, once the technology is mature and established, will be much lower than 
the equilibrium fatality rate of motor vehicle accidents today. Last year, there were 
approximately 6.8 million motor vehicle accidents on roads in the United States,3 nearly 105 
years after the automobile was first brought to market and 52 years after the instatement of the 
interstate highway system. If sister technologies are any guide, machine-enabled autonomy will 
vastly reduce deaths caused by human driving. 
 
But autonomous transportation does induce a different kind of risk: systemic risk. Manual and 
human driving accidents are dispersed among a large population. The accidents themselves are 
independent from each other in a precise statistical sense. A truck driver sliding off the hill in 
Idaho has no impact on a mini-van careening through the snow in Minnesota. But technologies 
behind transportation do not exist in such a scattered and decentralized way. Rather, there will be 
a handful of auto manufacturers deploying a finite number of algorithms to guide transportation. 
It is therefore entirely possible that the truck in Idaho and the mini-van in Minnesota, if they 
were autonomous and following the same basic set of instructions from the computer, would 
behave in exactly the same way, and this is what would lead to both accidents. Thus, the fact 
technology can scale so quickly, making technology companies some of the fastest growing in 
the history of mankind, can be both a blessing and a curse. The ability to scale using the same 
software over a vast number of units could amplify risk, especially downside risk. 
                                                        
3 NHTSA has not released 2017 crash statistics at this time. Number is based on historical extrapolation 



 
 
 
Beyond this, there are unforeseen questions that emerge specific to the autonomous future that 
we embrace. Autonomous cars on the road will not only need to respond to human drivers, but 
also to other autonomous cars. This begs the question of whether Autonomous Car A knows the 
algorithms that drive Autonomous Car B. Should Car A only observe behavior of Car B, as 
human drivers would, or should the car announce their algorithms or protocols to each other in 
advance, so they can better tailor their behavior to one another? This leads into the game theory, 
which studies this strategic behavior between independent parties. 
 
Algorithms must trade off safety and speed by deciding how often to take defensive measures, 
such as applying brakes. The trade off from acting conservatively is longer trip times, and 
possibly more uncomfortable journeys. Manufacturers can decide how to trade off speed and 
safety. Imagine two manufacturers that choose different points along this nexus. For example, 
suppose Tesla has an algorithm that prioritizes speed over safety, and Volvo does the reverse. In 
concrete terms, this could mean that an autonomous Volvo interprets a black ambiguous blob in 
its LiDAR image as a deer in the road with 20% probability and as a human with 80% 
probability, while a Tesla does the reverse. If a Tesla and a Volvo approach each other at high 
speeds, the behavior of one car against the other depends on what each car assumes about the 
other. This is a form of the game of chicken, where it matters what one party’s beliefs are about 
another for the final outcome. 
 
Ultimately, the social tolerance for accident risk is likely lower in an autonomous world than it is 
today.  For whatever reasons, it seems now that the public is fine with the existing accident rate 
when humans drive, but there is massive outrage and finger pointing when a single autonomous 
car crashes, as Tesla and Uber have discovered. If so, then V2I is likely a safer route because it 
allows for the infrastructure to collect more precise information on the location of all vehicles 
and therefore coordinate traffic flow more precisely and with more confidence, which ultimately 
should lead to fewer accidents. While V2I does impose additional risk, such as systemic risk 
from cyber-attacks, it is incumbent on a future V2I system to intelligently decentralize so that 
states and cities have full control over their algorithms and protocols. It would be bad to follow 
the model of national security, where all of the intelligence is concentrated in a few government 
agencies, such as the NSA and the CIA. 
 
It helps to conceive of V2V as a decentralized model as V2I as more centralized. These will both 
have benefits and costs with respect to safety and risks.  V2V gives each vehicle a local 
understanding of its environment, as the vehicle uses its cameras and sensors to visually observe 
its immediate environment. It is possible, though unlikely, that any one vehicle could have a 
complete picture of all vehicles on the road. This would require large amounts of coordination 
between disparate parties, and some vehicles may either lack the ability or desire to 
communicate their location to other vehicles. On the other hand, the very nature of an 
infrastructure-based system is that the infrastructure acts as a central authority, collecting data 
from each vehicle and communicating relevant parts of that back to some or all vehicles. 
 
Of course, centralization of information into the government has additional risks. Cybersecurity 
risk is much greater with V2I, as a lone hacker could dismantle infrastructure systems across 
multiple roads simultaneously with a single attack. For example, were all the infrastructure 
algorithms held within a single central server, then an attack on that server could lead to 
catastrophic consequences, especially if the infrastructure controls navigation. To remedy this, 



 
 
the V2I system must adopt a form of extreme decentralization in its implementation. The federal 
department of transportation (DOT) should certainly not serve as a single information hub for all 
state-level V2I systems. Rather, the federal authorities could simply provide guidance and 
general protocols, while the states handle specific implementation and even delegate this to 
cities. This is similar to how speed limits are set today: they vary state-to-state, but that does not 
markedly affect driving behavior, as drivers adjust once they travel into another state. 

Regulation 
Today, federal car safety regulation has been based on a thick book of rules called the Federal 
Motor Vehicle Safety Standards (FMVSS). These regulations, developed over decades, establish 
detailed performance requirements for every safety-related part of a car, including brakes, tires, 
headlights, mirrors, airbags, and more. Before a car can be introduced into the market, the 
manufacturer must certify that the vehicle meets all of the requirements in the current version of 
the FMVSS. A carmaker must certify that the brakes can stop the car within a certain number of 
feet, that airbags can deploy safely with passengers of various heights, that the tires can run for 
many hours without overheating, and so forth. 
 
Federal regulations do not say much about how companies develop and test cars before bringing 
them to market. The federal government regulates emissions, braking distances, and seatbelts, 
but regulations on the individual driver are left to the states. In the era of autonomous vehicles, 
however, the driver and the vehicle are now one and the same. In the past, development and 
testing was generally conducted on private test tracks where these activities posed no danger to 
the public. Car companies would then provide the government with documentation that the car 
met the standards in the FMVSS before putting them on the market. But that approach does not 
work for driverless cars; while companies are able to conduct some testing of driverless cars on a 
closed course, it is impossible to reproduce the full range of real-world situations in a private 
facility. Therefore, at some point, carmakers need to put self-driving cars on public roads for 
testing purposes before a manufacturer is able to clearly demonstrate that they’re safe. 
 
The most effective way to maintain the progress of research and get driverless cars on the road 
has been for federal officials to enact legislation which carves out broad exemptions from the 
FMVSS for driverless cars. In some states, executive orders have been issued to ensure the 
allowance of autonomous vehicle testing and/or operation. The changes in law occurring across 
the nation vary from state to state, but advance the industry overall. 
 
State regulations concerning autonomous vehicle testing on public roads vary widely. States such 
as California and New York are strict, requiring companies to apply for a license to test vehicles 
on the road. For example, only General Motors is licensed to test in New York, and Uber did not 
renew its license in California after the crash in Tempe, Arizona, on March 18, 2018. At the 
other extreme, states such as Virginia and Florida are more open to autonomous testing. No 
company needs a license to operate autonomous vehicles in Florida. Virginia Tech and Ford 
have already collaborated to test platooning on express lanes in Virginia. In the middle of these 
extremes, states like Ohio allow autonomous vehicle testing on public roads while requiring that 
the manufacturer operate the vehicle. This regulation can hurt research – for example, it would 
prohibit faculty at Ohio State University in Mechanical Engineering from operating an 
autonomous car. 
 



 
 
Predictably, states with the most restrictions on autonomous testing generally repel companies, 
as those companies will naturally choose to work in states where they do not require a license. 
Because the industry is in its infancy, much of the industrial development around autonomous 
transportation will then move to states where testing is unrestricted. Yet California exists as the 
exception to this trend, since companies such as Apple, Waymo, and Cruise have set up their 
autonomous vehicle testing within the Golden State. 
 
However, California is simply one exception to a strong general trend. In most cases, less 
regulation leads to more testing. For example, in Texas, autonomous vehicle companies have 
virtually free reign to conduct testing in all conditions, anywhere in the state. Specifically, Texas 
Senate Bill 2205 (effective September 1, 2017) prohibits local governments from regulating self-
driving vehicles in any fashion. Companies are free to conduct tests on both private and public 
roads, whether with platoons of trucks or single vehicles. They are also allowed to conduct tests 
without a driver present in the car, which is prohibited in several other states. This autonomous 
vehicle-friendly legislation has encouraged companies like Drive.ai to test their driverless 
vehicles on public roads in Texas. 
 
The current regulatory landscape for autonomous driving today is actually fine. States are 
experimenting with different levels of regulation, just as they should. In any early industry, it is 
impossible to know what the right rules should be, let alone the social tolerance for accidents. 
The federal government is providing non-binding guidance, an appropriate policy in this current 
environment of uncertainty. It would be much worse for the federal government to propose 
specific rules this early, lest they choose the wrong rule. Competition between the states will 
allow auto-manufacturers to locate to the state that best suits their experimental program. Given 
the high visibility of this area, the manufacturers face strong reputational incentives to avoid a 
race to the bottom. Look at what happened to Uber, which virtually shut down its autonomous 
program (at least in Arizona and California) after the crash that made headlines in March 2018. 
 
Critics of regulatory competition will always claim that this leads to a patchwork quilt of 
different standards, but variation in regulation has served other markets, like the insurance 
industry, for decades. For now, and the foreseeable future, it makes sense for the federal 
government to take a backseat and let competition and experimentation across states allow for 
the best level of regulation to emerge over time. 
 
Of course, a natural question is how the government becomes involved with V2I. Indeed, this is 
the main reason that research and policy on this stalled two decades ago, as the academic and 
think tank community lost confidence in the public sector’s ability to implement V2I at scale. 
Indeed, V2I seems at first glance like a full employment act for the Department of 
Transportation. But while V2I does require government action, a careful plan for privatization 
can create entirely new industries and firms, with the toll booth operators of the future that will 
build the sensor packs to guide the autonomous vehicles. More than this, V2I presents a unique 
opportunity to fully privatize one of the most important public goods that the government still 
retains: our roads. 

Privatization 
The growing prevalence of public–private partnerships to privatize roads and toll booths suggests 
that there is already political appetite for privatizing smart infrastructure. Ultimately, 
infrastructure-enabled autonomous driving would simply create the next generation of toll booths 



 
 
and highway sensors. Rather than existing E-ZPass systems that exclusively send communication 
in one direction (from the vehicle to the infrastructure), smart infrastructure of the future will 
communicate in both directions. While this is technologically more advanced, it is not 
conceptually different. Prizes and initial funding already deployed for smart infrastructure in 
cities such as Phoenix could profitably be used for this purpose. 
 
Realistically, wiring all roads in the U.S. for full usage of autonomous cars would be costly, but 
it is more likely that high-density urban areas and special, dedicated routes on interstate 
highways (for example, long-haul trucking) may be the early prototypes. These are natural cases 
for privatization, as private companies can develop, install, and manage this infrastructure in the 
same way that they already do now. This will likely create entirely new industries and firms, as 
the toll booth operators of the future will work more closely with auto manufacturers and deploy 
a higher level of technology than the RFID sensors of today. 
 
The privatization process is a negotiation between the state government, the federal government, 
and the contractors. Usually, the state grants the municipality the right of first refusal, giving the 
city the choice of building the infrastructure or contracting it out. If they choose to contract out, 
the state takes control and sends the project out for bidding, where private companies submit 
proposals and bids. The state then reviews the bids and includes financing options. The bid is 
essentially the price that a successful contractor pays for the exclusive rights to use the road for a 
fixed horizon, such as fifty years. These bids are large sums, often in the billions of dollars; the 
contractor therefore seeks financing, often from the federal government.  In that case, the federal 
government loans the contractor money for the project, which the contractor must pay back over 
time, primarily through tolls (sometimes, these contracts stipulate revenue sharing of the tolls 
themselves). 
 
Problems arise most commonly when the contractor accepts the bid and goes bankrupt, either 
during the construction or shortly afterwards. This occurs because of the winner’s curse, as the 
contractor who wins the bid overestimates the revenue that he could generate from the road or 
underestimates the cost to construct the road. Either way, in the case of default the ownership of 
the road returns to the federal government. This essentially amounts to a federal appropriation of 
what formerly was state property.4 
 
As you can imagine, this process is highly political, and any decision by the government requires 
some agreement between the political left and right. Broadly speaking, Democrats oppose 
privatization and Republicans support it, though there are always exceptions to the rule. For 
example, a Republican governor once tried to privatize the Ohio Turnpike in 2012, ultimately 
deciding to finance it with state bonds due to political pressure.5 The public backlash against 
privatization can be fierce, as the public sometimes interprets large bids as bribes that the 
contractors are paying the government, which will eventually result in higher toll charges.6 This 
makes no economic sense, as high bids will result in revenue for the federal government that 
                                                        
4 Schmitt, Angie. 2016. Private Toll Road Backed By $430 Million in Federal Funds Goes Bust. (October 18). 
Available at: www.usa.streetsblog.org/2016/10/18/private-toll-road-backed-by-430-million-in-federal-funds-goes-
bust/ 
5 Armon, Rick. 2012. Kasich decides against leasing Ohio Turnpike. (December 14). Available at: 
https://www.ohio.com/akron/news/kasich-decides-against-leasing-ohio-turnpike 
6 NHTSA USDOT. Policy Issues in U.S. Transportation Public-Private partnerships: Lessons from Australia. (July 
2010). 2-3. 



 
 
could be used to offset its expenditures, thereby lowering taxes. In 2016, Columbus, Ohio, was 
one of seven cities to win the Smart City Challenge for smart infrastructure, securing $40 million 
from the federal government to build infrastructure for connected cars. This shows that there is 
already political appetite for infrastructure-enabled driving and opens the window for future 
investments of this kind.7 
 
Smart infrastructure presents an extraordinary opportunity to further advance the privatization of 
public infrastructure. At its core, smart infrastructure belongs in the private sector because of its 
highly technical and advanced nature – while the government can claim to have some 
competence in laying asphalt, it is hard to believe that it could wire a traffic light to become fully 
situationally aware using the latest sensors. Most advanced technology on the roads today, like 
E-ZPass, was developed privately (in fact, E-ZPass was developed by a farmer who needed a 
way to count the number of cows leaving his barn every morning). E-ZPass uses a basic RFID 
technology that sends a signal from the vehicle to the intersection, and it is a primitive example 
of the kind of technology that could drive autonomous cars in the future. The main difference is 
that the information would flow from the intersection back to the car, which as of yet is not 
happening. 
 
The economics of infrastructure-enabled autonomy will shift the technology from the vehicle to 
the infrastructure. Under a fully privatized plan, these costs would not be borne by tax payers, 
but rather by the consumers who use the infrastructure. Because congestion pricing allows the 
price mechanism to allocate resources to its highest value, those consumers who value the road 
the most will bear more of the cost. This is a more efficient way of distributing the cost than 
embedding all the technology in the vehicle, which loads all of the costs onto the single driver 
who purchases the vehicle, rather than on the driver who uses the roads the most. Congestion and 
variable pricing allow a more refined and granular way of allocating those costs based on their 
highest and best use, and much of the efficiency gains lie therein. 
 
There are three general types of congestion pricing systems in use today: a cordon area around a 
city center, with charges for being inside an area; a city center toll ring, with toll collection 
surrounding the city; and corridor or single facility congestion pricing, where access to a lane or 
a facility is priced. Washington, D.C.’s metro charges its users varying amounts depending on 
the time of day and distance they travel. Variably priced lanes are used on I-15 in San Diego, 
California. In these lanes, prices rise and fall based on traffic conditions, similar to high 
occupancy vehicle (HOV) lanes used all over the US. HOV lanes in California have caused the 
number of carpools to increase by 50 percent between 1998 and 2006. New York City has 
proposed cordon pricing around its core, with fees charged to certain types of vehicles during 
weekdays. The cordon pricing proposed in New York is expected to relieve congested traffic at 
the core of New York City and promote bus and shuttle use. 
 
In 2007, Stockholm introduced a cordon around its city center with charges to leave or enter the 
zone. Prices vary depending on the time of day. During the initial trial period, there was a 22 
percent drop in vehicle trips and a nine percent increase in bus ridership. Annual profit from this 
system is 500 million SEK ($70M). In 1975, Singapore established a cordon around its central 

                                                        
7 USDOT. 2016. U.S. Department of Transportation Announces Columbus as Winner of Unprecedented $40 
Million Smart City Challenge. (June 23). Available at: https://www.transportation.gov/briefing-room/us-department-
transportation-announces-columbus-winner-unprecedented-40-million-smart 



 
 
business area. Singapore switched to electronic road pricing in 1998. Vehicles entering the area 
have declined by 44 percent, with car entries declining by 73 percent. High Occupancy Vehicle 
(4+) use increased by 11 percent and bus share increased by 13 percent. Revenues generated by 
this system were about S$6.8 million, roughly 11 times operational costs. Both of these examples 
use a cordon area for their congestion pricing. In these cases, a cordon area is an area that has set 
limits. These limits usually encircle an area of high traffic congestion. Vehicles, with a few 
exceptions for buses and shuttles, must pay a fee to pass the cordoned area. 
 
Smart infrastructure of the future provides limitless opportunity for more advanced congestion 
pricing, which can unlock enormous efficiencies in transportation. Congestion pricing today 
mostly operates at the level of highway tolls, but if infrastructure engages with navigation in 
autonomous vehicles of the future, then pricing mechanisms can be more rapid, granular, and 
tailored to traffic patterns, environmental conditions, time of day, usage, vehicle type, or even 
attributes of the driver, such as historical accident risk. 
 
As the market for virtual currency develops, micropayments between infrastructure and vehicles 
could truly put the roads to their most efficient use. The digital revolution has led machines to 
price user behavior dynamically, precisely, and rapidly throughout the consumer internet. For 
example, Google runs the largest auction in the world and bots at eBay bid continually in these 
auctions whose parameters are determined algorithmically at Google. There is no reason why 
such technology could not lie inside our infrastructure to route traffic, maximize efficient usage, 
and lower accident risk. 

Conclusion 
Smart infrastructure for autonomous driving presents several advantages over our current model 
of developing smart cars on dumb roads. Infrastructure can better coordinate traffic flow and 
more precisely know the locations of all vehicles on the road. As technology matures, it will 
allow new and more refined forms of congestion pricing that can optimize road usage. As a 
society, we will need to think hard about designing a system that is sufficiently decentralized to 
address cyber security risk and other forms of hacking. While I presented the choice between 
V2I and V2V as stark, realistically, the future will lie somewhere in between these two extremes. 
Today we are at one end with all investment by the private sector flowing into the vehicles. But 
preliminary research shows that even a modicum of investment into the infrastructure can lower 
overall costs, increase safety, and shift technology exclusively from the vehicles towards the 
roads. 
 
Perhaps the biggest risk of smart infrastructure is political capture and misuse. Indeed, 
advocating for an infrastructure plan sounds like the Full Employment Act of the Department of 
Transportation. But the recent history of privatizing high-tech infrastructure suggests that the 
government is in no position to develop these technologies itself. Rather, advocating for smart 
infrastructure will actually increase the level of privatization of our private roads as toll booths 
today are mostly private. This leads us to the somewhat counterintuitive result that a smart 
infrastructure plan can actually lead to less involvement of the government in our lives than 
occurs today. As dumb roads become smart, the ownership will shift from public control to 
private investment. 
 
It is possible that even proposing an infrastructure plan opens the door to a government takeover 
of the transportation system. If so, then there is a legitimate argument for keeping our 



 
 
infrastructure simple despite the scientific evidence to the contrary. Ultimately, this will be a 
political calculation and not an economic one. If the market-oriented community can rally around 
a clear and compelling privatization plan, then smart infrastructure could be the best chance we 
have for removing the government from that last bastion of control in our daily lives: our roads. 
 
Word count: 5438 



 
 

Bibliography 
 
Federal Highway Administration USDOT. 2017. Lessons Learned From International 
Experience in Congestion Pricing. (February 1). Available at: 
https://ops.fhwa.dot.gov/publications/fhwahop08047/02summ.htm 
 
Pettinger, Tejvan. 2016. Pros and Cons of a Congestion Charge. (November 7). Available at: 
https://www.economicshelp.org/blog/143/transport/how-effective-is-a-congestion-charge/ 
 
Swedish Road Administration. 2009. “Betalstationen - så fungerar den.” (January 30). Available 
at: https://ops.fhwa.dot.gov/congestionpricing/resources/examples_us.htm 
 
Transportation Research Board. 2011. TRB Report 686, “Road Pricing: Public Perceptions and 
Program Development”. Available at: 
https://ops.fhwa.dot.gov/publications/fhwahop12030/ch1.htm 
 
Washington Metropolitan Area Transit Authority. 2018. Available at: https://www.wmata.com/ 


