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O P E N I N G  S TAT E M E N T

The automotive industry suffered significant sales 
losses during the COVID-19 pandemic, and its manufac-
turing supply chain is still recovering. All told, this is 
perhaps the greatest crisis the industry has ever faced. 
At the same time, the pace of innovation in both the 
automotive and mobility sectors has accelerated — and 
new business models have emerged. 

Decarbonization, digitalization, and the 
reshaping of the global supplier and automo-
tive market has disrupted the industry like 
never before, giving rise to a climate of renewed 
innovation. Creating a competitive advantage 
requires businesses to reimagine and/or dif-
ferentiate themselves — adopting new digital 
business models, collaborating with partners in 
redefined ecosystems, leveraging customer data, 
and implementing sustainable practices and 
solutions.

In particular, innovation has been driven by 
a popular demand for more sustainable and 
climate-friendly technologies. Cars have run 
on fossil fuels since their invention and have 
shaped the face of our cities and transport infra-
structure for decades, not to mention our social 
behaviors.

Today, vehicles are not just transitioning to 
electric power; the very nature of car ownership 
is changing. For instance, an ever-increasing 
number of people are turning away from indi-
vidual car–based mobility in urban environments. 
In fact, the “peak car” concept — where private 
car usage is at its peak and now spiraling down-
ward — is in full effect in the Western world, and 
the industry needs to respond robustly to this 
development.

Alternatives to privately-owned vehicles and 
transportation are becoming more widely avail-
able, meeting consumer needs for accessibility, 
convenience, and affordability. Mobility-as-a-
Service (MaaS) platforms, in particular, such as 
on-demand ride services, ride/car sharing, and 
autonomous vehicles (AVs) like robo-taxis not 
only benefit consumers and the environment, 
but are providing opportunities for industry 
newcomers with innovative mobility payment 
systems and apps to facilitate these services.

It is becoming very clear that, with growing pop-
ulations and urbanization around the world, both 
the automotive and mobility sectors must find 
new ways to prevent the collapse of traffic and 
transport ecosystems. Manufacturers and service 
providers should enter into new, cross-industry 
partnerships and be open to changes in business 
models — for example, managing the shift away 
from hardware sales to hardware operation and/
or services.

For mobility and automotive players, this is a 
period of major structural change. Huge invest-
ments in transformation are required, which will 
inevitably coincide with a decline in revenue for 
some players. This will cause some businesses to 
exit while new ones emerge. 

B Y  K L A U S  S C H M I T Z
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I N  T H I S  I S S U E

Cutter Fellow Robert Charette starts us off 
with an in-depth look at the electric vehicle (EV) 
market in the next decade. Currently, automakers 
are focused on dethroning Tesla, which disrupted 
the auto ecosystem with its skateboard battery 
and advanced autonomous driving capabilities. 
Where charging will take place and how the 
world can produce enough EV batteries are major 
considerations in this initial skirmish. But the 
real battle begins around 2025, when EV makers 
shift their focus to production efficiencies and 
lifecycle sustainability as they battle against 
ICE vehicles for market share. Around 2030, the 
winners will emerge into a world of new techno-
logical competitive threats: billions of dollars 
will have been spent on battery technology, 
automated driving capabilities, and alternative 
fuels. Not to mention that convincing families 
to buy two EVs (instead of one EV and one ICE) 
will require designing affordable EVs that meet 
a range of family, work, and leisure needs.

Next, we shift gears to focus on MaaS. Arthur 
D. Little authors Olivier Pilot, Francois-Joseph 
Van Audenhove, and Mickael Tauvel have been 
studying the reasons traditional approaches to 
MaaS have failed (i.e., a failure to take all stake-
holders into account), and they offer a model for 
a mature, value-creating MaaS initiative. It starts 
with digitally enabling organizational authorities 
to manage multi-modal mobility and connect 
users’ digital experience (e.g., account manage-
ment and trip planning) with physical access. As 
the authors suggest, account-based ticketing 
is key to this transition, decoupling a MaaS user 
account from the mobility-access device; simpli-
fying account management; and allowing sophis-
ticated, multi-modal back-end fare rules. They 
also argue for moving beyond the traditional 
plan-book/ticket-pay approach in favor of know-
and-go, in which users know what they need to 
know about their journey when they need to know 
it and can go without worrying about mobility 
access, fare, or journey alternatives.

Our third article takes us back to vehicles, 
this time autonomous ones. Cutter Expert 
San Murugesan says now is the time to examine 
the potential effect of autonomous vehicles 
on climate change so we can take appropriate 
steps before widespread adoption is upon us. 
We need to examine the potential positive and 
negative environmental impacts of AVs, look at 
whether they can help reduce the transport sec-
tor’s carbon emissions, and consider how we can 
minimize their carbon footprint as they become 
mainstream. After explaining the six levels of 
automation as defined by SAE International, 
Murugesan describes several potential AV ben-
efits, including fewer road accidents, making 
elderly populations more mobile, and solving 
the last-mile-delivery dilemma with autono-
mous trucks. After a careful examination of the 
possible environmental impact of AVs, he offers 
recommendations for creating an autonomous 
future that will not only be safer and more con-
venient, but also better for the environment. 

I N N O V A T I O N  H A S 
B E E N  D R I V E N 
B Y  A  P O P U L A R 
D E M A N D  F O R  M O R E 
S U S TA I N A B L E  A N D 
C L I M A T E - F R I E N D LY 
T E C H N O L O G I E S
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Next, returning contributor Ralph Menzano 
takes us on a fascinating journey into the 
world of smartphone-based tolling — a way to 
increase road-based revenue, help cities con-
trol peak-time congestion, and (at long last) 
enforce  high-occupancy vehicle (HOV) lane 
use. Next-gen toll systems not only cost less 
than RFID-based ones, but have the potential to 
reduce the number of cars on the road, replace 
gas-tax revenue lost due to EVs, and provide a 
mountain of information to transit authorities 

to help them better manage traffic. Menzano 
offers a success story from a pilot program in 
Texas, USA; looks at how the US has fared against 
Europe and Asia in tolling; and helps us under-
stand why much of the world is looking to the US 
for leadership in usage-based road pricing for 
light vehicles. 

Our final article is from Cutter Expert Curt Hall, 
who explains how machine vision systems using 
machine learning (ML) and other artificial intel-
ligence techniques are gradually spreading from 
use in large auto manufacturers to being incor-
porated in aftermarket businesses. Increased 
accuracy of ML-based cameras, edge computing 
systems, machine vision startups targeting the 
market, and MaaS are all driving the expan-
sion. One main area of use, Hall explains, is in 
camera-based robotic systems to automate 
basic maintenance operations like tire changing. 
Another area is automated vehicle inspection 
that can be used by repair shops, dealership ser-
vice departments, online vehicle marketplaces 
and auction sites, and auto parts recyclers. 

T H E  C H A N G I N G 
F A C E  O F  T H E 
A U T O M O T I V E 
A N D  M O B I L I T Y 
I N D U S T R I E S  I S 
T H R I L L I N G ,  B U T 
T H E  C H A L L E N G E S 
A R E  M A N Y 
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technology issues. He earned a PhD in IS from the University of Bamberg, Germany. He can 
be reached at experts@cutter.com.

Hall says the trend is just getting under way, 
so we’ll see a steady rise in the use of these 
systems in the near future.

The changing face of the automotive and 
mobility industries is thrilling, but the chal-
lenges are many. To stay in the game, business 
leaders must be willing to invest heavily in R&D 
while keeping in mind fluctuating consumer 
behaviors, emissions compliance, security 
and privacy concerns, supply chain shortages, 
and more.
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One obvious reason is the belief that recent 
elevated gasoline prices represent a long-term 
norm. Perhaps more motivating is the fact that 
automakers other than Tesla are beginning to 
deliver zero- or near-zero-emission vehicles that 
offer compelling performance outside the luxury, 
high-performance sports car market. Ford Motor 
Company’s BEV version of its F-150 pickup truck 
that began delivery this May is a case in point. 
Priced similarly to its F-150 internal combustion 
engine (ICE) version, the best-selling pickup in the 
US for 40 years, the F-150 Lightning represents a 
solidly mainstream customer offering. Ford quickly 
sold out its initial production run of 200,000 and 
now plans to produce at least 150,000 Lightnings 
annually by 2024.

A tidal wave of new EV models will soon be hitting 
the market, offering consumers a wide range of 
choices. At least 30 legacy automakers along with 
EV startups have committed more than US $500 
billion over the next decade to building new EV 
and battery factories for millions of new vehicles.2 
By 2025, around 100 new BEV and PHEV models 
spanning all automotive market segments will be 
available for sale in the US, along with scores of 
HEV models. Hundreds of EV models will be intro-
duced by 2030, along with an increasing number of 
hydrogen fuel cell vehicle (FCV) models. 

With so many EV models becoming available, and 
ICE vehicles still preferred over EVs, the question is 
whether the market can support them all. EVs have 
much slimmer profit margins than their ICE coun-
terparts, making low-volume EV production runs 
unprofitable. Attaining production efficiencies and 
large-volume sales are critically important for an 
EV model’s survivability. With EV sales in 2025 pro-
jected to be around 3.2 million for BEVs and PHEVs 
in the US and about six times larger in the rest of 
the world, clearly not every EV model introduced 
will be a winner.3

The “Age of Electric Vehicles” is finally upon us. Interest in electric vehicles (EVs) is at an 
all-time high. Surveys indicate that more than half of interested car buyers globally are 
seriously considering purchasing a battery electric (BEV), plug-in hybrid electric (PHEV), 
or hybrid electric (HEV) as their next vehicle. Even in the US, where the appeal of owning 
EVs has been lukewarm at best, interest in buying an electric-only vehicle has more than 
tripled, rising from 4% in 2020 to 14% in 2022.1

Author
Robert N. Charette
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Ford CEO Jim Farley says that given the immense 
capital investment needed to produce EVs, the 
ever-increasing costs of the basic materials 
required, and the need for a return on the mas-
sive investments being made, he expects a major 
consolidation of legacy automakers in the next  
few years.4 “The old OEMs [original equipment 
manufacturers] absolutely will get consolidated,” 
he says. “There’ll be some big winners. Some 
people who transition, some won’t.” Farley expects 
many auto suppliers and EV-only startups to begin 
falling by the wayside as well, as they have no ICE 
vehicle revenue to fall back on if their offerings 
stumble.

Some of what Farley predicted is already occurring. 
In the first quarter of 2022, 35 deals involving  
$6.4 billion in US automotive supplier-related 
M&As were announced.5 In June of this year, EV 
startup Electric Last Mile Solutions declared bank-
ruptcy because it could not secure the investment 
needed to complete production of its preorder for 
45,000 EV delivery vans. Last year, the EV startup 
was valued at over $1.4 billion.6 Another startup, 
Canoo, itself valued at $2.4 billion in 2020, says it 
is barely holding on.7 How many of the more than 
80 EV startups will survive to 2025 is an open 
question. However, each one that fails undercuts 
future investment support for the remainder that  
manage to carry on.

Even Ford is experiencing EV-related punishment. 
Introduced in late 2020, its electric Mustang 
Mach-E is no longer profitable because of the 

rising costs of raw materials, even after Ford 
raised its price. Paradoxically, it has become a 
highly popular model, forcing Ford to use it as 
an unintended EV loss leader. Other EV makers 
have had to raise their prices, too, to protect 
profitability. 

The effect of EV price increases on customer 
interest is uncertain. Current US EV buyers are 
generally more affluent than average American 
wage earners, but for EVs to evolve into a mass-
market purchase, they’ll need to be priced below 
the average EV price tag of $65,000 and closer to 
the ICE vehicle average of $46,500.8 Even with high 
petrol prices, ICE vehicles are still more affordable 
to a larger and more diverse demographic of car 
buyers than EVs. 

Inflation is only one of the many risks and uncer-
tainties legacy and emerging automakers making 
the transition to EVs face. The effects on the auto 
supply chain from the ongoing computer chip 
shortage and the Ukraine conflict are two in a long 
list that characterizes a dynamic and highly com-
petitive EV risk environment. Making it even more 
fraught is that many of the risks, like the ability  
of the electric grid to support EV charging, are 
outside the direct control of the auto industry. 

Winning, or more likely, not losing, in this complex 
risk ecology will require an automaker to survive 
the flood tide of EV introductions over the next 
three years and stay alive until the EV market 
becomes more predictable — likely around 2030.

B A T T L E G R O U N D  
2 0 2 3 – 2 0 2 5 :  T H E  F I R S T 
G R E A T  S H A K E O U T

Nearly every automaker seems to have one objec-
tive: topple Tesla in 2025. Ford is making moves 
to increase capacity in its attempts to dethrone 
Tesla in EV sales in the US by 2025.9 Mary Barra, 
GM’s chief executive, is bolder, promising that GM 
will sell more EVs than Tesla in the US that year.10 
Herbert Diess, the outgoing CEO of the Volkswagen 
(VW) Group, believes the German automaker could 
sell more EVs than Tesla worldwide by 2025.11 
Stellantis, BMW, and Hyundai, among others, are 
also planning to entice potential Tesla buyers 
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away. Chinese auto manufacturers will have a lot to 
say about who will be the EV market share leader 
as well. Tesla, meanwhile, hopes to produce upward 
of 4 million EVs globally by 2025, a number that 
may be hard for its competitors to match.12 

Why is everyone gunning for Tesla? Because, as 
VW’s Diess has acknowledged, “Tesla sets the new 
benchmarks” for automakers to measure them-
selves against.13 Tesla proved to a highly skeptical 
automotive industry that EVs with acceptable 
range, high performance, increased safety, and 
strong consumer appeal could be produced and 
sold. More importantly, Tesla proved such a vehicle 
could be made profitably. 

Tesla permanently disrupted the entire automo-
tive ecosystem with its novel “skateboard” battery 
design, innovative software-defined system archi-
tecture, provision of over-the-air (OTA) updates 
to its vehicles for both recall fixes and function-
ality increases, and advanced autonomous driving 
capability. Tesla also led the way by creating a 
strategic infrastructure to support its vehicles’ 

production and support, including building its own 
giga-battery factories and EV charging station 
network.

Tesla’s disruptive power can be seen in its July 
2022 market capitalization, which is equal to the 
eight top global automakers’ capitalizations com-
bined.14 Tesla’s success has strongly influenced 
policy makers around the world and encouraged 
them to move aggressively to ban the sales of ICE 
vehicles in the next 15 years or less. Tesla, being 
an EV-only manufacturer, only benefits from these 
policies, unlike legacy automakers that must both 
produce new EVs and continue to support legacy 
ICE vehicles. 

Both legacy and EV entrants are moving as quickly 
as they can to duplicate Tesla’s recipe for success 
in one form or another. Most have moved to some 
form of skateboard battery pack design and are 
trying to create a software-defined EV. Doing so 
means bringing in new skill sets in both battery 
and computing technologies; the latter is proving 
especially difficult. Tesla’s competitors are also 
trying to secure adequate supplies of batteries, 
either by building their own factories or part-
nering with battery providers. GM, for instance, 
is spending $2.6 billion to build a battery plant 
in Lansing, Michigan, USA, one of four it’s con-
structing in the US.15 

Securing raw materials and refining capacity are 
major obstacles to producing enough batteries. 
Stellantis CEO Carlos Tavares says he expects an 
EV battery shortage to emerge in 2024 or 2025 and 
predicts a shortage of raw materials for batteries 
by 2027 or 2028.16 There are a limited number of 
mines and refineries to produce the minerals EVs 
need, a mere handful of which are in the US. EVs 
use about six times more minerals than ICE vehi-
cles. Even Tesla is worried about not having enough 
batteries to support its future production plans.

Another issue out of the direct control of auto-
makers is the assurance that all EVs produced can 
be charged. Although the majority of EV charging 
will take place at home, a network of fast chargers 
will be needed to give consumers confidence that 
EVs can be quickly charged on long trips. Tesla 
has created a network of 1,300 charging stations, 
which it will soon open to other EV models, and 

A M P L I F Y
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automakers like Ford and GM are trying to create 
their own networks of chargers. Moreover, the US 
government is investing $5 billion to help create 
500,000 charging ports along major highways, 
but that network will not be complete before 
2028. If the public believes there are not enough 
EV chargers available to support the estimated 7 
million EVs on the road by 2025, a Massachusetts 
Institute of Technology (MIT) study indicates that 
EV sales could rapid ly drop off soon afterward.17 

Tesla is certainly the one to beat in 2025, but the 
company does have some vulnerabilities. CEO Elon 
Musk has long promised an affordable EV for the 
mass market, but that does not look like it will 
happen soon. The company’s promised Cybertruck, 
which was supposed to come out last year, may be 
offered in late 2023 but with a much higher price 
than the originally advertised $39,000. Tesla will 
also face stiff competition in the EV luxury class 
market it has thus far owned. Luxury class vehicles 
are highly profitable, which is why nearly every 
legacy automaker, and many EV startups, will have 
some type of offering in this category by 2025.

In addition, Tesla’s software reliability is beginning 
to be questioned. Poor software and electronics 
reliability is a major consumer turnoff, and it’s a 
core reason 25% of BEV owners purchase ICE vehi-
cles for their next car.18 A “saving grace” for Tesla 
may be that nearly every EV being introduced by 
Tesla’s competitors is having software problems, 
too. For example, VW is delaying several new EV 
models because of vexing software issues. Indeed, 

EVs are rated as having the lowest reliability of all 
vehicle types, in large part due to poor-performing 
software features and electronics. Sales may stall 
if EVs gain a reputation for unreliability.

A wild card in the mix is whether or not the 2025 
predictions of EV sales for the US and globally 
are accurate. These projections are much higher 
than those made last year, which were themselves 
raised from years previous. More interesting is that 
even a cursory look into the number of EV sales 
that established brands and startups are publicly 
announcing for 2025 exceeds this upwardly revised 
projected demand.

However, both automaker EV plans and analysts’ 
EV sales projections are based on the assumption 
that there will be major governmental incentives 
and/or rebates to EV buyers. With these incentives 
looking constrained, at least in the US, and ICE 
vehicles still retaining their price advantages, EV 
sales may not be nearly as robust as the current 
predictions.

If this happens, automaker investments in bat-
tery and manufacturing plants (“cash furnaces,” 
as Musk calls them) will become major financial 
burdens, especially to EV startups. This happened 
in China, where numerous EV factories were built 
to meet a demand that never materialized.19 In that 
case, consolidation and bankruptcies may be even 
more severe than Ford’s Farley predicts.

The more imbalances among the various factors 
affecting production and supply, the greater the 
knock-on effects, placing both legacy automakers 
and EV startups in precarious competitive and 
financial positions. The EV shakedown cruise in  
the next three years will indicate who will be 
strong enough financially to go to the next  
round of competition.

B A T T L E G R O U N D  2 0 2 5 –
2 0 3 0 :  S T AY I N G  A L I V E

“We are in the Darwinian world,” says Stellantis’s 
Tavares.20 Given the expected raw material 
resource constraints, “The guys who survive are 
the guys that adapt,” he says.
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Adaptation will especially be needed between 
2025 and 2030. Whereas 2023–2025 will be an 
EV-versus-ICE fight for market share, this period 
will see the competitive shift to a bruising 
EV-versus-EV market share knife fight. A new 
tsunami of EV model introductions is expected 
during this period. Stellantis alone promises to 
introduce at least 75 BEV models worldwide, with 
25 BEV models for North America. Toyota promises 
at least 30 BEV models globally, and Nissan plans 
another 15 BEV models. These will join the hun-
dreds already on the market by then.

One can expect this period to be competitively 
brutal, much more so than the initial EV shakeout 
period, even if one generously assumes that the 
EV raw material/refining/chip-shortage issues 
are reduced, EV production and demand generally 
become balanced, EV charging and battery range 
become minor issues, EV incentives are available, 
and EV price parity with ICE vehicles is achieved. 
If any one of these assumptions, let alone several, 
does not hold, the competitive environment will be 
even fiercer.

The 2025–2030 period will shift the focus to 
production efficiencies and lifecycle sustaina-
bility, improved software-driven capability and 
services, customer service, and pricing and prof-
itability. Lowering EV prices will be a high priority. 
Ford’s Farley thinks they can be reduced to around 
$25,000, which he predicts will spark a “huge price 
war,” not only among EVs but remaining ICE vehicle 
models on the market.21

This can be done, Farley believes, with increased 
production efficiencies made possible by the sim-
pler designs and fewer parts EVs need in compar-
ison to ICE vehicles. There will also be significant 
manufacturing and supply chain learning curve 
gains, along with major cost savings from reducing 
unnecessary personnel management overhead 
related to ICE vehicle production. 

The focus on EV software will be strong during this 
period and will focus on the 3Ps: performance, per-
formance, performance. Automakers are looking 
at a software-as-a-service model, in which certain 
EV features and capabilities would be paid for by 

subscription. For example, VW is proposing that 
self-driving capabilities could be paid on an hourly 
rate. Automakers think they can make billions of 
dollars in EV software subscriptions. Of course, 
that would require rock-solid, invisible perfor-
mance — a world away from today’s EV software. 

Another focus area will be improving customer 
service to maintain owner loyalty. EV repairs, espe-
cially after accidents, will come to the fore during 
this period. Whether or not there will be enough 
EV-trained mechanics to support EV volumes 
and model varieties (including different battery 
systems and motors) is a legitimate concern. 
Automakers acknowledge that this area must be 
addressed to prevent alienating future customers. 

Social issues are also a major emphasis for auto-
makers. As government deadlines to eliminate  
ICE vehicles grow nearer, political pressure on 
automakers to move away from them will increase. 
This will push legacy automakers to decide which 
ICE vehicles will no longer be sold and the date 
after which they will not be supported. These 
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decisions will have a major impact on ICE owners 
and their support network, from dealers to 
mechanics to parts suppliers. If a legacy auto-
maker is not careful about how it makes these 
decisions, it risks losing future EV customers to 
other brands.

Finally, automakers will need to ensure that the 
millions of used EV batteries are either being recy-
cled or repurposed as batteries for the grid. They 
will also have to ensure EV owners can replace 
EV batteries at an acceptable price. Recycling/
replacement of EV batteries promise to be major 
environmental and consumer issues that auto-
makers will need to confront by 2027 at the latest.  

2 0 3 0  &  B E Y O N D

Surviving into the early 2030s will not be easy for 
today’s legacy automakers and EV-only startups. 
Those that do are likely to face new technological 
competitive threats. Billions of dollars are being 
poured into battery technology, automated driving 
capabilities, and alternative fuels such as hydrogen 
FCVs. Breakthroughs in any of these areas could 
radically change the competitive landscape. 

Another challenge will be convincing families 
to buy two EVs rather than an EV for short trips 
and an ICE vehicle for longer ones. Overcoming 
this challenge will mean designing and making 
affordable EVs that meet a wide range of family, 
work, and leisure needs. 

Furthermore, a critical issue during this period will 
be disposing of tens of millions of ICE vehicles in 
a sustainable and economically feasible manner. 
Abandoned service stations may also become an 
environmental concern.

C O N C L U S I O N

The next five to seven years are going to be the 
most interesting — and fraught — transition of the 
automotive industry in 125 years. Historians will be 
writing books about the winners and losers during 
this period, including the mistakes made and the 
fortunes created. By 2030, the EV market should be 
becoming mature, and most of the problems will 
(we hope) be worked out. It will be a precarious ride, 
but it is one we all must take.
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The concept of Mobility as a Service (MaaS) that 
emerged nearly 10 years ago has the potential 
to shift mobility in the right direction. A digital 
channel letting users plan, book, and pay for mul-
tiple types of mobility services could offer access 
so convenient and beneficial that it would trigger 
the demise of the private car. But even in places 
where MaaS was deployed in the most innovative 
way, this hasn’t happened to the expected extent.

In our 2021 Arthur D. Little (ADL) report on the 
promise of MaaS, we wrote:

 Several more years and multiple further attempts at 
defining appropriate market models, enabling regula-
tions, and value propositions will however be required to 
test and learn what are the required ingredients — and 
the order in which they need to be added to the mix — 
for the MaaS concept to be able to deliver on its prom-
ises. Successful design and deployment of MaaS should 
be considered as a journey requiring a comprehensive 
approach, including strategic, technical, regulatory, and 
change considerations.1

In this article, we will go through some of those 
key considerations and shed some light on crucial 
technical implications.

T R A D I T I O N A L  M A A S 
A P P R O A C H E S  H A V E  
F A I L E D

MaaS has historically been driven by business- 
to-consumer (B2C) actors, public transport opera-
tors (PTOs), and transport organization authorities 
(OAs). B2C actors were user experience–focused 
but lacked the necessary foundation to enact their 
vision, while PTOs were often driven by the need to 
ensure the enduring relevance of public transport 
alongside the emergence of new types of mobility 
service providers (MSPs).

Both approaches focused on a partial view of the 
puzzle. Consequently, an outright failure to con-
sider the needs and constraints of all involved 
stakeholders (mobility users, OAs, MSPs, and 
actors in the wider mobility ecosystem) led to 
most MaaS deployments implementing partial 
use cases. In the absence of robust coordination 
between stakeholders, they ended up imple-
menting whatever was technologically achievable 
for their use cases, usually leading to under-
whelming user experiences because of limited 
ecosystem integration and collaboration.

Figure 12 shows a useful model to understand 
the levels of integration required for a mature, 
value-creating MaaS initiative that enables 
seamless experiences and robust management. 
Certainly, this doesn’t mean technology cannot 
help address mobility challenges and opportuni-
ties, but it must do so in the context of a coherent, 
end-to-end, user experience–driven approach. This 
requires some key actions:

The recent succession of global crises shows us why it is so important to become more 
sustainable, adaptable, and resilient. For cities, regions, and even countries, mobility 
has a fundamental role to play in achieving those objectives.

Authors
Olivier Pilot, Francois-Joseph Van Audenhove,  
and Mickael Tauvel

A  F A I L U R E  T O 
C O N S I D E R  T H E 
N E E D S  A N D 
C O N S T R A I N T S 
O F  A L L  I N V O L V E D 
S TA K E H O L D E R S 
L E D  T O  M O S T  M A A S 
D E P L O Y M E N T S 
I M P L E M E N T I N G 
P A R T I A L  U S E  C A S E S 

A M P L I F Y

1 7© 20 2 2  A R T H U R  D .  L I T T L E

T E C H N O L O G Y  A S  E N A B L E R  O F  T H E  M A A S  P R O M I S E



1. Supporting end-to-end mobility supply man-
agement from planning to real-time operation, 
going beyond just presenting travel options to 
helping organize all mobility supply in line with 
demand and wider societal goals.

2. Universally addressing the digital/physical 
interface to mobility, typically linked to the 
way mobility is accessed and charged, to stop 
breaking user experiences along physical silos, 
especially since the mobility landscape con-
stantly shifts.

3. Enabling a proactive, multi-modal mobility 
experience that goes beyond a broker model 
(i.e., one that juxtaposes independent MSP offer-
ings). Most journeys aren’t explicitly planned by 
users, and delivered journey options and fares 
should be integrated based on a desired outcome, 
not MSP silos. 

Importantly, all items above need much higher 
levels of standardization and data and services 
exchange to allow market solutions to scale. This 
is an area where technology can digitize the nec-
essary collaboration between ecosystem actors to 
help reach high levels of MaaS integration.

D I G I T A L LY  E N A B L I N G 
O R G A N I Z A T I O N 
A U T H O R I T I E S  T O  M A N A G E 
M U LT I - M O D A L  M O B I L I T Y

From the OA viewpoint, MaaS needs to expand 
beyond trying to simplify end-user access to 
mobility supply into a space where such supply 
can also be managed, in line with demand and 
overarching mobility ambitions. Several limitations 
will need to be overcome, including the following:

 – Many current MaaS deployments either display 
mobility options users don’t need or are unable 
to display options users would need because they 
aren’t available. Simplifying access to mobility is 
most useful when the supply matches user needs. 

Integration of societal goals
(policies, incentives, PP governance, etc.)

Integration of service offer
(bundling/subscription, contracts, etc.)

Integration of booking & payment
(single trip, find, book & pay)

Integration of information
(multimodal travel planner, price info)

No integration
(single separate services)

4

3

2

1

0
Figure 1. Integration levels for MaaS (source: Sochor et. al)
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 – If behavioral change aligned with declared soci-
etal goals is a key objective for MaaS, then OAs 
must increase their understanding of end-to-end 
mobility needs and coordinate the supply in a way 
that reinforces those goals. This cannot be left to 
MSPs and free market principles only.

 – There is no cross-mode collaboration similar to 
the one that has been used between public trans-
port authorities (PTAs) and PTOs over the last 
several decades. An updated model incorporating 
everything from planning to operation is needed 
across all modes.

 – OAs must frame data-sharing regulations across 
the mobility ecosystem, ideally based on a set of 
converging global practices and standards coor-
dinated between cities, regions, and countries 
worldwide, enabled at the speed of digital.

From a technical perspective, the key enabler is 
the digitization of new data-sharing regulations 
between actors in a local mobility ecosystem. This 
will drive a new set of technical capabilities for 
OAs in the mobility management space, helping 
them make supply-and-demand balancing deci-
sions aligned with stated societal goals:

 – Mobility modeling and planning. Historical 
movement and usage data from MSPs, including 
new modes such as micro-mobility, should be 
collected with existing data, covering the assets, 
supply, and usage of mass transit, road networks, 
parking, and private car (and, soon, self-driving 
vehicles). Leveraging artificial intelligence (AI) 
will complement classic modeling approaches 
to paint a more accurate picture of mobility 
flows and patterns. If combined with carefully 
collected mobility event data (see next section 
on integrated mobility access), it can also be 
used to more accurately segment mobility users 
according to their behavior and potential attrac-
tion to MaaS.

 – Tactical planning. A new type of collaboration 
on tactical supply/demand alignment (similar to 
what typically takes place between an OA and 
mass transit operators on things like timetables) 
should happen for new mobility modes, poten-
tially with “softer” alignment mechanisms (e.g., 
trip-based subsidies to incent shared mobility). 
Such collaboration should be digitized to help the 
production and maintenance of a master mobility 
transport plan.3

 – Operational window. Pushing for near-real-
time exchange of supply and usage data from all 
MSPs should be a top OA objective. This should 
also extend to the exchange of dynamic mobility 
regulation, covering everything from capacity 
requests (e.g., the maximum number of scooters 
allowed in an area) to speed limits and parking 
constraints. When combined with supply and 
usage data from MSPs, this will open up the 
ability to monitor and control the enforcement 
of mobility regulations.

A D D R E S S I N G  T H E 
F R I C T I O N  B E T W E E N 
D I G I T A L  &  P H Y S I C A L 
A C C E S S  T O  M O B I L I T Y

There’s a lack of continuity between the digital 
experience of users (to manage their accounts, 
plan trips, etc.) and physical access to mobility. 

L A D O T - L E V E R A G E D 
S T A N D A R D I Z A T I O N 
I N  M I C R O - M O B I L I T Y  
D A T A  S H A R I N G
In 2016, California’s Los Angeles Department 
of Transportation (LADOT) became a pioneer 
in OA-led data-sharing regulation when 
it announced its intention to ask mobility 
providers to share data that would enable 
it to optimize safety, efficiency, and pas-
senger experience.1 The result was the 
creation of the Mobility Data Specification 
(MDS).2 Thanks to this, the city was able to 
better understand interchanges between 
micro-mobility and mass transit, reduce 
excess scooters in specific areas, and 
enforce parking rules for them.3 The specifi-
cation has continued to expand in scope and 
has been adopted by many OAs since.

1 Carey, Christopher. “How Los Angeles 
Took Control of Its Mobility Data.” Cities 
Today, 1 July 2020. 

2 ”About MDS.” Open Mobility Foundation, 
accessed August 2022. 

3 ”Use Cases: How & Why Cities Use MDS.”  
Open Mobility Foundation, 9 December 
2021. 

A M P L I F Y

© 20 2 2  A R T H U R  D .  L I T T L E 1 9

https://cities-today.com/how-los-angeles-took-control-of-its-mobility-data/
https://cities-today.com/how-los-angeles-took-control-of-its-mobility-data/
https://www.openmobilityfoundation.org/about-mds/
https://www.openmobilityfoundation.org/use-cases-how-why-cities-use-mds/


This is the area where most users experience 
friction in MaaS. In the worst cases, the user’s 
experience breaks along MSP lines, with the use of 
deep links into multiple apps and accounts. In the 
best cases, mobility access and even payment are 
digitally integrated for some MSPs but fares are 
not, leading to a broker model in which the user 
accesses a variety of separate offerings. These 
issues have a few underlying causes:

 – New MSPs mean new ways to physically access 
mobility (e.g., vehicles) using mechanisms like 
near-field communication (NFC), Bluetooth, or 
QR codes. These cannot be centrally imposed if 
we want to remain flexible to new MSPs. 

 – User accounts are usually split between MSP lines, 
forcing users to register individually with MSPs 
and link their accounts.

 – Apart from the workaround of implementing 
“all you can eat” subscriptions, fares are not 
simplified or integrated across mobility modes. 
The complexity of MSPs’ offerings is made visible 
to the user, with multi-modal journeys incurring 
a financial penalty. Features like needs-based 
mobility subscriptions, multi-modal daily or 
weekly caps, and trip discounts aren’t possible. 
This means fares cannot be effectively used to 
drive sought-after behavioral change.

 – In some cases, the issues above still exist even 
between legacy mass transit PTOs.

From a technical standpoint, moving to a careful 
implementation of account-based ticketing (ABT) 
coordinated by the OA is a sensible step to support 
this transition:

 – ABT decouples a MaaS user account, man-
aged on the back end, from the mobility-access 
device. Devices simply become a token to identify 
the account, increasing choice and allowing the 
integration of MSP-specific access and mobility 
events. 

 – ABT can define universal, sophisticated, 
multi-modal, back-end fare rules based on 
transactions received from various mobility 
modes. This allows MaaS operators to implement 
integrated multi-modal fare management (e.g., a 
micro-mobility leg is less expensive when com-
bined with a mass transit ride in a single journey), 
as well as mobility offerings that go beyond a list 
of competing offerings from MSPs. Combined 
with sophisticated compensation rules and 
clearing, this can drive a simpler experience  
and a behavioral nudge.

 – ABT can simplify mobility account manage-
ment for users, offering MaaS accounts that 
cover the integrated mobility offerings users have 
subscribed to and allowing invoicing and charging 
for all mobility usage.

 – ABT provides a new data source to trace end-
to-end journeys across all modes. However, care 
must be taken when collecting and using this 
data (see sidebar “Things to Keep in Mind When 
Implementing ABT”).

T H I N G S  T O  K E E P  I N  M I N D 
W H E N  I M P L E M E N T I N G  A B T
Although the concept of ABT provides a 
practical pathway to MaaS enablement, 
benefits such as user experience, flexibility, 
and total cost of ownership (TCO) can be 
drastically reduced if care is not given to 
the following:

 – Open-loop EMV (contactless bankcard) 
cannot be the only access mechanism. 
It is critical to run a hybrid system with 
OA-issued cards to: (1) support complex 
fares (and discounts) targeted at spe-
cific groups; and (2) cover the needs of 
the entire user population, regardless 
of whether they’re banked or unbanked, 
residents or visitors. 

 – ABT implies transferring more data than 
the user might be aware of (or willing to 
share), like a record of all of the user’s 
mobility events. This is particularly an issue 
in open-loop scenarios that don’t require 
preregistration. Data privacy, anonymi-
zation, and minimization must be front 
of mind.

 – Better separation of concerns should 
be enforceable in the future. In ABT, one 
organization often ends up assuming many 
roles, which not only prevents deployment 
when no obvious coordination entity exists, 
but also stifles innovation if one does and 
micromanages. Open standards should 
be considered to avoid this — including 
secure device authentication, user account 
identification programs, and mobility event 
representation — as well as to help avoid 
vendor lock-in.
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 – With ABT, there is also an option to offer an 
EMV (contactless bank card or mobile wallet) 
as an already-in-your-pocket mobility access 
method doubling as a payment method.

Beyond ABT, solutions aiming to replace a cen-
trally managed repository of mobility events (e.g., 
bookings, mobility usage events) with a distrib-
uted general ledger are appearing (e.g., FairsFair4). 
This promising approach would give users control 
over their data and digital identities and natively 
enforce privacy. This would also foster trust and 
data transparency for collaboration between 
parties that can process data they have access 
to for the purposes agreed with users (e.g., fare 
calculation).

As for already-in-your-pocket identification 
tokens, continuous progress in personal dig-
ital wallets and sovereign digital identities (e.g., 
eIDAS5) means that the advantage of open loop– 
based systems might be attainable soon without 
the need to mix concerns between identification 
and payment.

G O I N G  B E Y O N D  A 
G L O R I F I E D  J O U R N E Y 
P L A N N E R  &  M O B I L I T Y 
M A R K E T P L A C E

Most people think of an app when they think of 
MaaS. It is, of course, bigger than this, but a dedi-
cated user interface is still an important piece of 
the puzzle. Unfortunately, most MaaS apps take a 
traditional plan-book/ticket-pay approach, limiting 
their potential:

 – Multi-modal journey planning is not always fully 
dynamic, often failing to consider a real-time 
supply of unscheduled mobility modes. Many 
MaaS journey planners still rely on set rules for 
combining modes and only then look for options 
to fulfill journey legs.

 – More fundamentally, there is also an assumed 
proactivity of users for planning and booking 
mobility, even though that’s only one way people 
consume mobility. Many journeys are recurring, 
and ways to complete them become quickly 
known by the users, rendering the need for 
proactive planning far less useful; users tend 
not to plan journeys they know.

 – Use cases are too focused on single trips by 
individuals and fail to consider the various con-
texts within which mobility needs emerge. For 
example, return journeys, access to private vehi-
cles, traveling with a group or family, and traveling 
for leisure versus business purposes all impact 
the relevance of journey options. Your Saturday 
morning family trip to the mall should probably 
not involve e-scooters!

 – In a similar way, there is an excessive focus on 
MSP-specific advance booking, often caused by 
a lack of proper integration with MSPs’ back ends 
and mobility access events. This reinforces a mar-
ketplace and broker-style user experience with a 
nonintegrated juxtaposition of mobility options 
and fares.

 – MaaS applications often provide a limited way to 
interact with users to promote behavior change 
during disruptions. They are usually limited to 
providing information on such disruptions out-
side the context of a future or current journey, 
leaving the user to plan their own alternative 
arrangements.

To respond to these challenges from the user 
interface point of view, we should move away 
from a plan-book/ticket–pay model in favor of a 
know-and-go one:

 – When users explicitly plan a journey, it’s impor-
tant to ensure that the journey-planning engine 
is truly multi-modal, considering real-time 
options alongside expected location and status 
of all available mobility to put together the best 
journey.

U N F O R T U N A T E LY, 
M O S T  M A A S 
A P P S  TA K E  A 
T R A D I T I O N A L 
P L A N - B O O K /
T I C K E T- P AY 
A P P R O A C H , 
L I M I T I N G  T H E I R 
P O T E N T I A L
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 – For other journeys, the services powering the 
MaaS user experience need to be better at pre-
dicting a user’s mobility needs and the context 
from captured usage and preferences data (and 
possibly agenda or event data), in compliance 
with applicable user data privacy regulations. AI 
is key in this scenario to identify mobility needs, 
especially recurring ones before they happen, 
and to proactively propose options that consider 
real-time supply conditions. Real-time journey 
tracking should also be implemented to provide 
appropriate support within a started journey 
(planned or not), especially during disruptions.

 – Options provided by journey planners, prompted 
by users or not, need to align to rules set by OAs to 
regulate mobility. There must be a way for them to 
decide when and what options to present to users, 
depending on considerations other than supply. 
Adding a loyalty management element to the 
equation can strengthen this ability, especially 

when fully integrated multi-modal fares 
and offerings cannot yet be achieved via ABT.

 – MaaS applications and services should master 
end-to-end multi-modal journey orders and 
coordinate just-in-time bookings across various 
mobility services as required, an essential step 
toward providing users with journey assurance. 
MaaS services need to more closely resemble 
e-commerce apps in which an order includes 
multiple items with appropriate replacements  
or cancellations when something goes wrong. 

When integrated into a MaaS user interface and 
combined with seamless access and charging 
across mobilities, these actions can enable users 
to know what they need to know when they need 
to know it, and go without worrying about mobility 
access, fares, or journey alternatives when 
required.
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P U S H I N G  F O R  F U R T H E R 
S T A N D A R D I Z A T I O N  
O F  M O B I L I T Y  D A T A  
&  S E R V I C E S

There is, however, a key underlying enabler to the 
capabilities discussed above: data. Whether it’s 
to understand historical access or supply, pre-
dict how and where new types of mobility should 
be deployed, share mobility access events that 
are used to calculate fares or integrate with 
MSPs’ own ticketing and booking systems, pre-
dict a recurrent mobility need, or provide real-
time advice on a current journey, significantly 
wider data exchanges and service integration 
are required. 

Here are the categories that must be addressed by 
advanced data-sharing regulations, ideally framed 
and enabled by enhanced OAs:

 – Mobility infrastructure data exchanges. These 
cover the data managed by the OA relating to 
mass transit networks, stations and mobility 
hubs, road networks and infrastructure, and 
traffic and parking data, whether historical 
or real time. NeTEx and General Transit Feed 
Specification (GTFS)/GTFS-Flex (guided scheduled 
and on-demand transport), DATEX II (traffic), and 
APDS (parking) are all good standards to consider.

 – MaaS and MSP data and services exchanges 
(public and private). These cover data provided 
by MSPs regarding their routes and schedules for 
mass transit and guided transport in general (note 
that MSPs include PTOs), as well as real-time and 
historical status of vehicles, fleet capacity and 
deployment information, and telemetry. Data 
regulation information must also be covered here. 
Services such as ticketing, booking, and direct 
vehicle commands (e.g., unlock/lock) should be 
provided by MSPs. NeTEx and SIRI, GTFS, GTFS-
Flex, GTFS-Realtime, GTFS-Fares v2, MDS (shared 
mobility), and Transport Operator Mobility-as-a-
Service Provider Working Group (TOMP-WG) are all 
standards to consider.

 – Urban planning and events data exchanges. 
These cover information on public spaces as well 
as points of interests. Such a data exchange could 
(and should) expand to many new classes of points 
of interest, including businesses and venues 
(think Google Maps) and events planned across 
a geography to help plan mobility accordingly.

Accelerated global coordination will be needed 
to further the standardization movement to help 
MSPs mutualize their investments across geogra-
phies and help solution providers provide advanced 
solutions that benefit from deeper data and ser-
vices integration. Such standardization will foster 
innovation in the MaaS space.

Many encouraging initiatives already exist. Some 
focus on developing specific standards families, 
like MobilityData for the GTFS/General Bikeshare 
Feed Specification (GBFS) family of standards 
or the Open Mobility Foundation for MDS. Other 
initiatives aim to create cohesive bundles of data 
and services standards that can be used to enable 
MaaS, including the Data4PT initiative6 for mass 
transit data and the NAPCORE project,7 focused on 
harmonizing data standards for National Access 
Points in the EU. In the Netherlands, the CDS-M 
Working Group covers more ground and more spe-
cifically centers on defining a coherent group of 
standards that enable MaaS.8

Lastly, OAs need to enable data and service 
exchange hubs that digitize the related data-
sharing regulations and facilitate secure 
exchanges between all involved parties of the 
mobility ecosystem. They need to implement clear 
data governance enforced by technical capabili-
ties, such as data and services catalogs and strict 
privacy-aware access-control mechanisms.
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D I G I T A L LY  E N A B L I N G 
M O B I L I T Y  G O E S  
B E Y O N D  M A A S

The seamless mobility experience and expected 
behavioral shifts that are at the core of the MaaS 
promise can only be delivered if MaaS is consid-
ered within the context of a new organization and 
the integration of the mobility ecosystems and 
systems supporting them. We can see the seeds 
of that change in a few places where meaningful 
MaaS initiatives have been implemented, but there 
is still a long way to go.

OAs are in a natural position to act as facilita-
tors to regulate and orchestrate such ecosys-
tems. This includes initiating new capabilities (in 
multi-modal mobility planning and management, 
integrated ticketing and fare management, and 
— if they decide to — MaaS user interfaces), as 

well as data- and services-sharing regulations 
and hubs that enable open, privacy-conscious 
exchanges between actors. And another type of 
effort, regarding the definition and expansion of 
standards to cover all aspects of services and data 
that should be exchanged in a modern multi-modal 
MaaS scenario, also needs to accelerate — this 
time at a global level. 

To conclude, let’s remember that the starting 
point to successful MaaS must be an offer that is 
attractively priced, accessible, and sustainable 
based on the needs and goals of users, society, and 
businesses. This requires the creation of a mobility 
ecosystem in which all actors, private and public 
alike, benefit. Such an ecosystem should be framed 
by regulations codifying the way it has agreed to 
collaborate; only then can it reach success, with 
the meaningful contribution of technology.
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Electric vehicles, solar-powered cars, connected 
vehicles, autonomous driving technology, and 
ride-sharing services are contributing to this 
disruption.2 Moreover, there are related disrup-
tions in areas like auto insurance, vehicle regis-
tration, and driving regulations.3 Research from 
CB Insights indicates that driverless cars are likely 
to transform 33 industries, including healthcare, 
food delivery, and hotels.4 We are just beginning to 
see the types of opportunities these changes may 
bring and the issues they may create, as indicated 
by detailed, interactive maps available from the  
World Economic Forum.5,6 

As they transition from science fiction to the 
forefront of transportation technology news, 
autonomous vehicles (AVs) like driverless cars, 
vans, buses, trucks, and tractors are becoming our 
reality. There are still some hurdles, but we’ll see 
a significant increase in AV design and production 
over the next five years.7 This will drive change 
far beyond the auto industry and its allied busi-
nesses, affecting our lives and movements and 
causing unexpected changes in employment and 
social norms. AVs offer enough benefits that they 
represent an unstoppable trend that will reshape 
our world.

Currently, the key stakeholders in this market  
are autonomous vehicle system developers; 
private-use, commercial service, and industry 
service vehicle manufacturers; and users such 
as car owners, rental car companies, transport 
companies (bus/shuttle), Mobility-as-a-Service 
providers, delivery-service providers, and trucking 
and logistics companies.8

Although widespread commercial and personal 
adoption of AVs is still a few years away, now is 
the time to examine their potential effect on 
climate change so we can take appropriate tech-
nical, policy, regulatory, and behavior modification 
measures. The key questions are: 

 – What environmental impacts will AVs have, both 
positive and negative? 

 – Will AVs help reduce the transport sector’s overall 
carbon emissions and address today’s climate 
crisis? 

 – What can we do to minimize the carbon footprint 
of AVs as they develop and become mainstream?

These questions are difficult to answer holistically 
and pragmatically because they involve several 
interdependent factors. Some factors are currently 
unknown and may remain so until AVs become 
mainstream. For example, we may see positive 
impacts from more efficient driving, better use 
of shared AVs, eco-friendly smart traffic signals, 
vehicle platooning, and reduced time hunting for 
parking in city centers. 

There may be negative impacts from changes 
in driving patterns as well. For example, we may 
see an increase in vehicle miles traveled because 
AVs make travel easier and more relaxing (or 
productive), which could raise greenhouse gas 
(GHG) emissions. Thus, we must consider AVs’ 
environmental impact throughout their entire 
lifecycle, including manufacturing and Scope 
3 emissions.9 Further muddying the waters are 
contradictory qualitative anecdotal claims based 

“We can’t simply dismiss the idea that autonomous vehicles 
are going to be a big part of our transportation system.“ 

— Ted Wheeler, mayor of Portland, Oregon, USA1

Transport is integral to business, the economy, and our daily lives. It is currently under-
going significant structural reforms as it moves toward digitalization and decarboniza-
tion and is poised for new norms. The automotive sector, a major transport segment, is 
already seeing major disruptions that impact stakeholders. 

Author
by San Murugesan
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on narrow perspectives, rather than holistic ones. 
Nevertheless, we must attempt to examine AVs’ 
environmental impact and make an educated 
assessment based on realistic assumptions. 

This article begins with a brief overview of AVs, 
particularly driverless cars and trucks, then 
presents a comprehensive view of the environ-
mental impact of the AV ecosystem with new 
insights on this complex topic. It also looks at 
current and near-future trends and offers some 
recommendations.

A  B R I E F  O V E R V I E W  O F  A V S

In automation, robotics, and other domains, the 
term “autonomous” describes self-governing 
systems. Specifically, an autonomous system is a 
machine or system capable of “performing a series 
of operations where the sequence is determined by 
the outcome of the previous operation or by refer-
ence to external circumstances that are monitored 
and measured within the system itself.”10 Such a 
system must be able to sense the environment it 
operates within and interact with that environ-
ment. A system is autonomous if it can attain a 
set of goals under a set of uncertainties without 
human or external intervention.11 

Key features of an autonomous system are 
self-operation/governance without human or 
external intervention, independence, a wide oper-
ating range, adaptation to uncertainty, and the 
ability to achieve set goals. Various types of sen-
sors, the Internet of Things, high-speed commu-
nication networks (including 4G and 5G), artificial 
intelligence and machine learning, data analytics, 
augmented/virtual reality, high-performance 
processors, nanotechnologies, and smart signage 
are all coming together to extend the scope and 
range of operations of autonomous systems.

Overall, an AV is capable of sensing its environ-
ment and moving safely with little or no human 
input. To perceive their surroundings, AVs syn-
thesize data from a variety of sensors, including 
cameras, radar, LiDAR, sonar, GPS, odometry, 
and inertial measurement units.12 Complex algo-
rithms interpret sensory information to control 
and manage driving and to identify appropriate 
navigation paths and obstacles.13,14

6  L E V E L S  O F  A U T O M A T I O N

SAE International, formerly named the Society of 
Automotive Engineers, defines six levels of driving 
automation:

 – Level 0 (no driving automation). Most vehicles 
on the road today are at this level. 

 – Level 1 (driver assistance). Vehicles at this level 
offer driver assistance like cruise control and 
steering. Adaptive cruise control, in which the 
vehicle keeps a safe distance behind the car in 
the front, qualifies as Level 1 because the human 
driver still monitors and controls steering and the 
other driving functions. 

 – Level 2 (partial driving automation). An AV 
at this level has an advanced driver assistance 
system (ADAS) that may include pedestrian 
detection, lane-departure warning/correction, 
automatic emergency braking, and blind-spot 
detection.15 A human is in the driver’s seat and can 
take control of the car at any time. 

 – Level 3 (conditional driving automation). These 
vehicles can detect objects in the surrounding 
environment and make informed decisions, such 
as accelerating past a slow-moving vehicle. They 
require human oversight and have an override 
option. The driver must remain alert and be ready 
to take control if there is a problem or danger. 

 – Level 4 (high driving automation). These vehi-
cles can intervene autonomously if something 
goes wrong or there is a system failure. Cars at 
this level do not require human interaction in 
most circumstances, as the autonomous system 
can intervene in the event of a system failure. 
However, the human driver has the option to 
manually override. Level 4 vehicles can operate 
in self-driving mode.

A N  A V  I S  C A P A B L E 
O F  S E N S I N G  I T S 
E N V I R O N M E N T  A N D 
M O V I N G  S A F E LY 
W I T H  L I T T L E  O R 
N O  H U M A N  I N P U T 
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 – Level 5 (full driving automation). Vehicles at 
this level are fully autonomous and do not require 
human attention. These vehicles won’t have 
steering wheels or acceleration/braking pedals 
and will be capable of any action an experienced 
human driver would take. Fully autonomous cars 
are undergoing testing in several countries.

These automation levels are the gold standard for 
industry benchmarking and have been adopted 
by the US Department of Transportation (DOT). 
Several companies, including many startups, are 
competing to get a slice of the fully autonomous 
future. 

A V  B E N E F I T S

The principal benefits of AVs are convenience, 
comfort, and safety, but there are a number of 
less apparent benefits. For example, according to a 
study from the World Economic Forum, self-driving 
vehicle technology could create a 40% improve-
ment in fuel economy and lower auto emissions.16 

Self-driving cars could result in fewer road acci-
dents: there is no risk of drunk driving or driver 
fatigue, and these cars are expected to make fewer 
mistakes than humans. They also let people use 
travel/commute time for work, entertainment, or 
creative pursuits.17 

Self-driving vehicles could make elderly popu-
lations more mobile, an important advance as 
the world’s population ages. Similarly, AVs would 
enable people who can’t drive a vehicle because 
of physical or psychological conditions to have an 
independent means of transportation. 

If, as expected, AVs lower the cost of transporta-
tion, AVs would improve mobility for those at the 
low end of the income scale. Some researchers 
estimate this form of transportation could cost 
around 50% less than current vehicles.18

AVs could help during health crises like pandemics 
as well, transporting people while maintaining 
isolation and sterilization.

Plus, autonomous trucks have the potential to 
address the global supply chain crisis19 and opti-
mize last-mile delivery,20 the most labor-intensive 
and costly stage of delivery. 

E N V I R O N M E N T A L  I M P A C T

Carbon dioxide (CO2) and nitrogen dioxide emis-
sions from automobiles have a major impact on 
the environment and must be reduced. According 
to the US Environmental Protection Agency (EPA), 
a typical passenger vehicle emits nearly 4.6 
metric tons of CO2 a year,21 and the World Health 
Organization estimates that 7 million people are 
killed annually by outdoor air pollution.22

By 2050, urban mobility systems will consume 
five times more of the planet’s bio capacities (the 
ability of a natural area to generate resources 
while absorbing waste) than they did in 1990, 
according to Arthur D. Little.23

Clearly, to create a model for safe, clean, 
affordable mobility that can support the needs 
of a growing population, we must reduce the 
overall carbon footprint of transport vehicles. 
The circular economy is driving the automotive 
industry to make environmentally friendly vehicles, 
addressing their environmental impact along their 
entire lifecycle (production, use, recycling/reuse, 
and battery/other parts disposal).

The rise of AVs will have a profound effect on the 
environment, but whether it’s for better or worse 
will depend on technological and policy choices, 
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energy sources, adoption levels, and usage levels. 
In fact, the effect of AV adoption on consumer 
travel patterns may have a greater influence on 
environmental impact than technical attributes. 

AVs could reduce energy consumption in transpor-
tation by as much as 90% or increase it by more 
than 250%, according to a study by the US National 
Renewable Energy Laboratory.24 That difference 
matters: more than a quarter of GHG emissions 
come from the transportation sector, according to 
the EPA.25 

By eliminating the erratic acceleration and braking 
common to human drivers, AV technology might 
reduce energy consumption. With more AVs on the 
road, traffic flows should smooth out, resulting in 
less energy-consuming, stop-and-go traffic (not to 
mention less time spent in traffic jams).

Self-driving vehicles, especially heavy trucks, can 
communicate with each other and form highway 
platoons. The vehicle at the front of the pla-
toon controls the speed and movement of the 
platoon; the following vehicles snap together 
in a single-file line behind the first vehicle and 
drive themselves safely in close proximity on the 
highway. The combined aerodynamics of the pla-
toon require less energy to travel along highways.26

By making shared-use vehicles more convenient, 
AVs could make private ownership less necessary, 
with users simply summoning a shared-use vehicle 
any time they need one. 

In estimating the environmental impact of AVs, 
we should consider: 

 – More efficient driving (less fuel/energy con-
sumption) facilitated by AVs that minimize 
frequent stops and eliminate aggressive driving 
(i.e., speeding, rapid acceleration, and sudden 
breaking). Efficient driving can reduce gas 
mileage by 15%-30% at highway speeds and 
10%-40% in stop-and-go traffic.27 

 – Autonomous cars can safely travel faster than 
human-driven vehicles because they respond 
much more quickly than even the best human 
drivers. However, due to aerodynamic drag, 
fuel efficiency declines rapidly at speeds over 
50 mph.28  

 – An overall increase of travel due to faster travel, 
reduced traffic, and/or more relaxing or produc-
tive travel time.

 – An increase in the popularity of lighter, more 
fuel-efficient vehicles because accidents are 
less frequent.

 – Less fuel wasted hunting for parking in city 
centers.

 – Higher occupancy from automated carpooling.

AVs bring the following secondary environmental 
benefits: 

 – Embodied-energy benefit. In a shared-use 
model, there would be fewer total vehicles, 
leading to lower energy for manufacturing and 
raw material use. 

 – Land-use benefit. With fewer, smaller vehicles 
on the road, cities could repurpose land currently 
used for parking and transportation. 

 – Safety benefit. AVs could bring less need for 
repairs from auto accidents and fewer vehicle 
replacements.

 – Interaction with mass transit. AVs could solve 
the first- and last-mile problem and lower labor 
costs for transit.29

The AV environmental impact will, in the end, 
depend on adoption patterns. Cost, reliability, 
safety, on-road performance, insurance premiums, 
policy offerings, requirements, supporting trans-
port infrastructure, and local regulations will all 
influence AV adoption at scale, and it’s not yet 
clear which of these forces will dominate.  
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Thorough, pragmatic examination and estimation 
of the environmental impact of AVs in the next five 
to 10 years will be complex, as it involves a number 
of factors, some of which are interdependent 
(see Table 1). At present, we don’t have suitable 
comprehensive models containing a quantita-
tive value of determinants. Further studies will 
be required to gain a better understanding of 
the disruptive forces of AVs, including how they 
will be adopted and used, as these patterns may 
ultimately dictate the environmental impacts of 
AVs. To model potential AV adoption scenarios and 
environmental impacts, we need better integra-
tion of engineering, social science, and planning 
disciplines.

T R E N D S ,  C O N C L U S I O N S  
&  R E C O M M E N D A T I O N S

Despite current technical challenges and con-
cerns, AVs are on track to reshape our world. 
Governments are eager to be seen as winning the 
technology race in this sector.30 Manufacturers are 
planning to introduce a variety of AVs, including 
cars, trucks, tractors, ships, flying cars, and robo-
taxis (a driverless car or shuttle bus that can be 
ordered to your location), and even flying motor-
cycles. Unfortunately, laws and regulations are 
lagging AV development rather than leading it.

The rise of AVs is being facilitated by both market 
push (from large industry players and startups) 
and market pull (from industrial and individual 
users). For example, Millennials are more inclined 
to use AVs than Baby Boomers, especially when 
they create opportunities for on-demand mobility 
or ride sharing. On the industry side, autonomous 
trucks offer the potential for longer operating 
hours with reduced labor and fuel costs. The 
resulting cost reductions could trickle down to 
logistics companies and retailers.

Further research will be needed to fully under-
stand the implications of AV adoption on emis-
sions and environment, roads and intersection 
capacity, driver and public behavior, and land use, 
among others. We also need more holistic simu-
lation models to understand the implications of 
a future where AVs are prevalent. Further studies 
are needed to determine how to solve current AV 
deployment challenges.  

Nevertheless, we must be cognizant of the chal-
lenges inherent in deploying AVs at scale and the 
transport infrastructure that will be required, 
including smart roads and compatible signage. 
Deploying AVs en masse in an environmentally 
friendly manner will be a huge undertaking. 

 

POSITIVE FACTORS NEGATIVE FACTORS 

• Improved efficiency of vehicles and smoother 
traffic flow  

• Low-carbon emissions from electric, hybrid, 
and other eco-friendly vehicles 

• Greater popularity of lighter, more fuel-
efficient  vehicles due to reduced collision risk 

• Lower emissions from AV platooning  

• More efficient parking in city centers 

• Increased ride sharing and on-demand mobility, 
leading to fewer vehicles on the road 

• Reduced traffic congestion due to optimized 
traffic flow and enhanced vehicle operation   

• Higher-speed and/or longer-distance 
travel, leading to increased emissions 

• Increased commuting radius 

• Increased private-vehicle use in 
underserved populations due to lower costs 

• Increased long-distance luxury travel 

• Increased car ownership due to faster 
and/or less taxing travel 

 

 Table 1. Factors determining the environmental impact of AVs
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There are reasons to believe that AVs will help 
reduce transportation’s carbon footprint. At 
present, experts (including those in the auto-
motive industry) are uncertain about the overall 
environmental impact of AVs and driverless driving. 
We’re hopeful that, on balance, the environmental 
benefits will outweigh the detrimental factors; of 
course, only time will tell. 

Let’s work toward realizing an autonomous future 
that will not only be more convenient, safer, and 
efficient, but also better for the environment. 

 I’m really looking forward to a time when generations 
after us look back and say how ridiculous it was that 
humans were driving cars. 

— Sebastian Thrun, CEO, Kitty Hawk Corporation; 
founder, Google’s self-driving car team31
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In the US, today’s electronic tolls involve a 
vehicle-mounted transponder, introduced in the 
1990s, that uses radio frequency identification 
(RFID) to communicate with antennas in the toll 
lane. If you are a subscriber, the system reads 
your account information, charges the toll to 
your account, and lifts the gate so your vehicle 
can pass. Archways with invisible gates are slowly 
replacing gated tolls in many areas in the US. 
According to the International Bridge, Tunnel, and 
Turnpike Association (IBTTA), 37 million Americans 
currently have this type of RFID transponder.2

Electronic tolls made it considerably easier to 
create a toll road, and at first, only positive news 
was associated with the systems. A few years 
later in the US, reports began appearing of mon-
umental amounts of uncollected tolls. Some US 
states connected their electronic toll system with 
their department of motor vehicles (DMV) system 
so registrations and/or license renewals could 
be withheld until in-state toll debts were satis-
fied. Debts from out-of-state drivers were (and 
are) much harder to collect. Indeed, several New 
England states signed reciprocity agreements so 
that travelers with unpaid tolls in a participating 
state face DMV issues in their home state. Other 
states, such as Georgia, use collection agencies 
to pursue toll violators, with varying degrees of 
success.3

Electronic tolls also facilitate congestion pricing: 
raising or lowering a toll charge based on time of 
day (e.g., rush hour), day of the week (weekdays 
vs. weekends), or unusual circumstances. Both 
Singapore and London have successfully imple-
mented congestion pricing models; adoption in  
the US has thus far been lackluster.4 

Electronic toll systems have a key role to play 
in high-occupancy vehicle (HOV) lanes. Created 
to encourage carpooling (vehicles with two or 
more passengers), HOV lanes have the poten-
tial to reduce the number of cars on the road 
— decreasing emissions and reducing commute 
times. However, enforcing HOV-lane usage has 
proven difficult. According to one transportation 
research study, about 80% of the cars in HOV lanes 
in the US are single-occupancy vehicles.5 Some 
violators are caught on camera and fined, while 
others are chased by police, but most get away 
with the violation. This encourages many drivers to 
chance it, feeling that the faster commute and/or 
reduced toll are worth the risk. 

In the US, new legislation is bringing HOV mon-
itoring and toll discounting front and center for 
many states. The Infrastructure Investment and 
Jobs Act (IIJA), passed in November 2021, requires 
HOV monitoring for all new road construction 
— with “toll facilities on the Interstate System 
constructed or converted after the date of enact-
ment to allow high occupancy vehicles, transit, and 
paratransit vehicles to use the facility at a dis-
counted rate or without charge unless the public 
authority determines that the number of such 
discounted vehicles would reduce the travel time 
reliability of the facility.”6

In other words, IIJA allows states to impose tolls 
on interstate highway sections running through 
their state only if they allow for HOV lanes and 
provide toll discounts for those using the lanes.

Tolling has been a part of US highway maintenance programs since the American 
Revolution.1 Things have changed quite a bit since Pennsylvania’s Philadelphia and 
Lancaster Turnpike opened, and new technology promises to advance tolling even 
further.

Author
Ralph Menzano
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Fortunately, new smartphone technology is 
available to facilitate electronic toll collection, 
congestion pricing, and HOV monitoring and dis-
counts. Because this solves a multitude of tolling 
issues, these systems likely will begin replacing 
RFID systems in many countries and some US 
states in the next few years.

Two states in particular, Louisiana and Texas, have 
implemented smartphone-based HOV monitoring 
using the GoCarma app from Carma Technology. 
The cloud app enables road-user charging (no toll 
booths or arches needed) and verifies occupancy 
for HOV lanes. Carma is funded by SOS Ventures, 
a global top-five venture capital firm. 

In an interview for this article, Carma’s cofounder 
and Chief Business Officer Paul Steinberg said the 
company believes smartphones “offer the unique 
potential for making road pricing more impactful, 
dynamic, and transparent.” He said the technology 
is designed to help state departments of trans-
portation comply with new HOV requirements in 
the IIJA legislation, adding that the hands-free 
GoCarma app helps road users automatically 
qualify for HOV benefits. The company won the 
2021 Toll Excellence award for Private Sector 
Innovation from IBTTA for its North Central Texas 
implementation. 

8  B E N E F I T S  O F 
S M A R T P H O N E 
T O L L  S Y S T E M S

In the US, there are eight main benefits to smart-
phone toll systems: (1) IIJA compliance, (2) lower 
infrastructure costs, (3) improved revenue collec-
tion, (4) emissions reduction, (5) congestion-pricing 
and driver-reward enablement, (6) improvements in 
road safety from vehicle reduction, (7) the poten-
tial to replace gas-tax revenue, and (8) improved 
traffic-pattern data collection. 

Specifically, these systems eliminate the need for 
transponders, RFID antennas, toll plazas, and toll 
arches and are estimated to cost about a third of 
RFID-based toll systems. The only infrastructure 
required for smartphone systems is a pole arching 
over the lane and the software.

Once implemented, smartphone toll systems have 
the potential to dramatically increase toll revenue 
by reducing uncollected toll debt and raising toll 
prices during peak traffic periods in metropolitan 
areas and highly trafficked areas (e.g., vacation 
destinations on a summer Friday). 

Smartphone tolling systems also have the poten-
tial to help countries finally realize the air quality 
improvements inherent in the concept of HOV 
lanes. They also eliminate the need for local 
policing. Cities and states could take their systems 
a step further, offering toll discounts to drivers 
that use the HOV lane a certain number of days 
per month or avoid peak-period driving on certain 
roads. 

According to the National Highway Traffic Safety 
Administration (NHTSA), US roads saw more than 
42,000 fatalities in 2021, a 10.5% increase from 
the 38,824 fatalities in 2020 and “the largest 
annual percentage increase in the Fatality Analysis 
Reporting System’s history.”7 The rationale behind 
the IIJA is that combining tolling and congestion 
pricing with HOV lanes will lead to fewer cars on 
the road, making roads safer and thus saving lives.
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Smartphone tolling also has the potential to 
replace gas-tax revenue from increased use of 
electric vehicles (EVs). Hybrids and EVs have 
already reduced gas-tax revenues in some areas, 
and auto manufacturers are gearing up to greatly 
increase EV production.8 Increasing the number of 
smartphone-based tolls in a geographic area and/
or raising prices during peak periods can ensure EV 
owners are seen as paying their fair share toward 
maintaining the roads they travel. Tolls can also be 
directed to ongoing maintenance on the highway 
where they are located — another move toward 
fairness.9 

Finally, state and local governments and tolling 
authorities can receive a treasure trove of informa-
tion about the vehicles traveling their roads, lane 
utilization, and the time needed to travel certain 
distances during peak and off-peak periods.

C A S E  I N  P O I N T:  N O R T H 
C E N T R A L  T E X A S ,  U S

The project for which IBTTA gave Carma 
Technology an innovation award came after the 
North Central Texas Council of Governments 
(NCTCOG) evaluated a plethora of cameras, 
in-vehicle transponders, and roadside enforcement 
systems and found them lacking. The organization 
turned to the GoCarma smartphone app because 
it required neither driver interaction nor roadside 
enforcement and implemented it in the Dallas-
Fort Worth area, the fourth-largest metropolitan 
region in the US. Drivers with the app receive a 50% 
toll discount if they carpool during rush hour. 

The program began with three federally funded 
pilots and was then integrated with the North 
Texas Tollway Authority’s (NTTA’s) regional elec-
tronic tolling systems. According to Carma rep-
resentatives, more than 40,000 people use the 
system today, and more than 1.25 million HOV 
discounted toll transactions have taken place. 
HOV lane violators receive a series of escalating 
warnings, and violation rates in the area have 
fallen from 60% to less than 2%. GoCarma pro-
vides a free Occupant Pass for passengers without 
smartphones, such as children.

U S  T O L L I N G  V S .  
E U R O P E  &  A S I A

There are 32 countries and hundreds of cities 
around the world that use electronic toll collec-
tion to support their roadways.10 The Singapore 
and London congestion-pricing implementations 
are perhaps the most famous. All these collection 
systems started with either the video capture of 
license plates and/or traditional RFID transponder 
recognition methods. 

Singapore is considered a global leader in road-
pricing innovation, having pioneered cordon pricing 
in 1975 and electronic congestion pricing in 1998. 
In 2023, the country will introduce location-based 
road pricing for all vehicles, not just those for 
transporting heavy goods. The requirement for all 
vehicles, including motorcycles, to be equipped 
with a dedicated, on-board unit will result in vehi-
cles eventually being charged only on the basis of 
the distance covered by them on a congested road. 
This next-generation usage-based approach is 
expected to go live in 2025.11  

Europe is going even further by requiring truck 
fleets to have new technology. Emmett Murphy, 
Carma’s chief product officer, told me: “A transition 
from legacy roadside road pricing technologies 
has long been evident in other countries, pri-
marily in relation to tolling heavy goods vehicles. 
In 2001, Switzerland introduced a distance-based 
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fee for trucks traveling on Swiss motorways. 
Germany, Europe’s most important transit country, 
soon followed. Today, 11 European countries have 
embraced satellite/global navigation satellite 
system [GNSS]-based distance charging, replacing 
roadside electronic toll collection. Vehicles are 
typically equipped with dedicated [GNSS-enabled] 
on-board units. This year alone, three European 
countries [Slovakia, Lithuania, and Switzerland] 
are tendering nationwide satellite-based tolling 
systems.”

Murphy explained that the pervasive adoption 
of smartphones among the public (evident in 
Europe, especially Poland, and, now, the US) 
has been coupled with a significant increase in 
smartphone capabilities, including improvements 
in GPS accuracy, battery strength, and privacy 
controls. “An efficient use of proximity-detection 
technologies, both in-vehicle using Bluetooth, 
and ex-vehicle using cellular vehicle-to-anything 

communications, will make it possible for a smart-
phone-based road pricing platform to replace 
roadside [electronic toll collection],” he said.

Nevertheless, much of the world seems to be 
looking at the US for leadership in smart and 
usage-based road pricing for light vehicles. 
Although urban congestion zones have not yet 
taken off in the US, dynamic pricing on congested 
highway zones is common in many states. Pricing 
on these corridors adjusts according to time of 
day, traffic flow, vehicle class, clean air vehicle 
status, and/or vehicle occupancy status. 

By combining its experience in dynamic pricing 
along congested corridors with its leadership in 
usage-based pricing technologies, the US is well 
positioned to become a global leader in smart, 
impactful, infrastructure-light road pricing.

3 8
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Today, auto aftermarket product and service 
providers are turning to advanced machine vision 
systems employing machine learning (ML) and 
other artificial intelligence (AI) techniques to 
automate various operations. Examples include 
automating basic maintenance and repair activi-
ties like tire inspection and replacement (in con-
junction with robotics technology) and automating 
the vehicle inspection and repair order–generation 
processes.

Companies are also using machine vision to assess 
and present the status of a used vehicle to cus-
tomers of online auto resale marketplaces and 
auctions as well as to identify and classify parts 
on salvage vehicles to optimize auto recycling 
operations.

W H A T ’ S  D R I V I N G  
T H I S  T R E N D ?

Various technical and industry developments are 
driving the use of AI-powered computer vision and 
imaging in the automotive aftermarket and online 
resale marketplaces, including:

 – Increased accuracy of ML-based camera systems

 – Availability of cloud and edge computing systems, 
including service-based offerings

 – Machine vision startups targeting the auto 
aftermarket

 – Partnerships between large automakers and 
machine vision startups

 – Mobility as a service (MaaS)

I N C R E A S E D  A C C U R A C Y  O F 
M A C H I N E  V I S I O N  S Y S T E M S

By employing deep learning neural networks that 
have been trained on millions of vehicle images 
(including various examples of damages), the 
accuracy of the algorithms used by computer 
vision systems has increased considerably over 
the past five years. Camera-based computer 
vision systems can now identify, classify, and pre-
cisely locate multiple types of defects in a single 
image. This includes damaged parts like bumpers, 
fenders, and grilles; fluid leaks; corrosion; and even 
underinflated or worn-out tires.

The auto industry helped pioneer the use of machine vision systems to automate various 
vehicle manufacturing processes. Today, the technology has evolved to the point where 
it’s spreading beyond vehicle manufacturing into automotive aftermarkets. This repre-
sents a significant development in the evolution and application of machine vision tech-
nology, as well as the use of the technology in the automotive market in general.
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Curt Hall
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C L O U D - B A S E D  S Y S T E M S  
&  E D G E  C O M P U T I N G

The availability of computer vision applications 
in the form of cloud-based solutions and the use 
of edge computing are helping accelerate tech-
nology use. The former makes the technology more 
accessible to repair shops, dealers, fleet opera-
tors, and other aftermarket businesses. The latter 
helps reduce the latency associated with image 
processing and analysis. For example, models can 
run autonomously on or near the edge, including 
on self-contained, high-resolution, smart camera 
components installed in the workshop areas 
of service centers. Additionally, camera-based 
vehicle inspection systems are now integrated 
with car dealership management systems, online 
auto selling/auction platforms, and other appli-
cations, making their use even more appealing for 
aftermarket applications.

M A C H I N E  V I S I O N  S T A R T U P S

Vendors now offer advanced machine vision 
systems, including solutions targeted at auto 
aftermarket uses. Such products are available as 

self-contained components for easier installa-
tion and integration into existing operations at 
repair shops, dealers, fleet operators, and online 
marketplaces. 

B I G  A U T O  &  S T A R T U P S

Partnerships involving machine vision startups 
and the large automakers are on the rise, mainly 
in an effort to expand the use of the technology 
into aftermarket operations. Examples include 
computer vision–based vehicle inspection systems 
from UVeye and Tractable (discussed further in the 
auto inspection section).

M A A S

In the not-too-distant future, the rise of 
on-demand, personalized transportation ser-
vices — MaaS — in the form of ride sharing and car 
sharing and (perhaps most importantly) in combi-
nation with autonomous vehicles will require fleet 
operators to quickly service vehicles to get them 
back on the road. This is expected to lead to signif-
icant disruptions in the auto servicing industry, in 
which automation will play a major role.

Figure 1. RoboTire automated robotic tire-changing system (source: RoboTire)4 2

A M P L I F Y

V O L .  3 5 ,  N O .  8



A U T O M A T E D  V E H I C L E 
M A I N T E N A N C E  S Y S T E M S

Automakers have used systems combining machine 
vision and robotics to automate key manufacturing 
operations for decades. Adoption of the tech-
nology to automate aftermarket operations has 
been slow, but service shops are starting to use 
camera-based robotic systems to automate basic 
repair and maintenance operations. 

For example, tire changing is one of the most 
common and time-consuming vehicle maintenance 
jobs. RoboTire, a Detroit, Michigan, USA–based 
robotics and automation company, has developed 
a robotic tire-changing system (see Figure 1).1 
Using high-definition cameras, ML, and advanced 
robotics, the system automates much of the tire-
changing process. The robot can remove lug nuts, 
lift off old tires, and install new tires and wheel 
assemblies with limited human assistance.

Using a combination of high-definition cameras, 
ML, and pressure-sensitive sensors, the system 
accurately identifies the placement of lug nuts 
for removal and reinsertion, tightening them to 
the desired degree during remounting.2 Cameras 
and sensors prevent the robot from coming into 
contact with the body of the vehicle it is servicing. 
The company claims the system can change four 
tires on a passenger vehicle in approximately 
25 minutes, a job that takes about an hour when 
performed manually.3 Tire pressure monitoring and 
tire balancing must still be performed by human 
mechanics.

RoboTire’s sophisticated camera system can 
identify issues such as stripped/damaged lug 
nuts or corroded hubs and alert a mechanic to the 
problem. In addition, the robot is programmed to 
allow time for mechanics to complete their visual 
safety inspections, including the need to clean the 
wheel hubs, if necessary.

Automated robotic tire-changing systems bring 
several benefits to auto repair providers and 
fleet operators. They can increase the number 
of customers a shop can service and enable the 
completion of more work with fewer staff. Freeing 
up mechanics lets them focus on more complex 
services and repairs, helping get vehicles serviced 
and back on the road sooner, which translates into 
a better customer experience. Robotic systems 
also lessen the possibility of injuries to workers 
related to manually lifting and mounting heavy 
tires and wheels.

Of course, any time robots need to operate around 
people, their use becomes considerably more com-
plicated due to human-machine interaction: auto 
repair shops are busy environments with many 
safety hazards. To mitigate this issue, RoboTire 
uses sensors, cameras, and an ML component to 
interpret and adapt to the environment within 
which it’s functioning — including in response to 
humans in its immediate vicinity.

Discount Tire, an independent tire and wheels 
retailer, has installed and is operating a RoboTire 
system in its Fountain Hills, Arizona, USA, store. It 
will be interesting to see if Discount Tire deploys 
the system in any of its other 1,100 store locations.

RoboTire has indicated it is looking at developing 
robotic systems to automate other vehicle mainte-
nance operations, such as brakes, oil changes, and 
battery replacements.4

A N Y  T I M E  R O B O T S 
N E E D  T O  O P E R A T E 
A R O U N D  P E O P L E , 
T H E I R  U S E 
B E C O M E S  M O R E 
C O M P L I C A T E D 
D U E  T O  H U M A N -
M A C H I N E 
I N T E R A C T I O N

A M P L I F Y

© 20 2 2  A R T H U R  D .  L I T T L E 4 3



A U T O M A T E D  V E H I C L E 
I N S P E C T I O N  I N  T H E 
A F T E R M A R K E T

Machine vision has been a staple of auto manufac-
turing in automating quality-control processes, 
enabling quick and accurate identification of 
defects in paint finishes, body welds, and improp-
erly aligned parts as vehicles proceed along the 
production line.

Today, dealer service centers and independent 
repair shops are using machine vision systems to 
automate the vehicle inspection process for var-
ious aftermarket uses, including:

 – Maintenance and servicing

 – Online used car marketplaces and auctions

 – Vehicle-salvaging and parts-recycling operations

Tel Aviv, Israel–based UVeye offers a drive-through, 
ML-based vehicle inspection system designed 
to automate service department operations for 
dealerships, fleet operators, car rentals, used car 
marketplaces, and repair shops (see Figure 2).5

The system features comprehensive vehicle 
inspection capabilities, including an underbody 
scanner for detecting problems like frame damage, 
oil leaks, and rust. The system’s tire inspection 
function can identify the brand of tire on a vehicle 
and its specifications and status, including air 
pressure, tread depth, and sidewall damage, 
even if a vehicle’s tires are mismatched. External 
inspection capabilities provide a 360-degree exte-
rior scan of a vehicle’s parts, including bumpers, 
door locks, grilles, mirrors, and windows.

In a key development, UVeye’s vehicle inspec-
tion system is now integrated with CDK Global’s 

Figure 2. UVeye’s machine vision–based automated vehicle inspection system (source: UVeye)4 4
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Fortellis Automotive Commerce Exchange appli-
cation, a popular platform that connects auto 
dealers, manufacturers, developers, and lenders.6 
The combined system offers an integrated plat-
form for automating the vehicle repair process 
— from initial vehicle inspection to repair order 
generation.

UVeye says it takes about 15 minutes for a vehicle 
to pass through its vehicle inspection system and 
have a repair order generated, about 45 minutes 
less than the same process performed manually. 
As a customer’s vehicle drives through a UVeye 
inspection lane (which takes just a few seconds), 
a service writer using a tablet can view a series 
of photos and a list of problems detected by the 
system. Serious problems (e.g., a worn tire, a dam-
aged muffler, or a fluid leak) are flagged in red on 
the service advisor’s screen. Customers are shown 
photos of the issues and work with the service 
advisor to determine which repairs to carry out. On 
approval, the system auto-generates a repair order 
(including an estimate) based on information from 
the inspection report.

A number of US dealerships are using this system. 
In March 2022, Volvo Car USA initiated a program 
to use UVeye’s camera-based inspection system 
at select dealers.7 Volvo says it gives retailers the 
ability to quickly and cost effectively evaluate 
trade-ins and to examine the condition of cus-
tomers’ cars as they come in for servicing.

Volvo hopes to expand use of the system to more 
of its 280+ independent US retail locations. Volvo 
has been involved with UVeye since 2019, when it 
became a strategic investor in the company and 
installed UVeye’s body inspection technology on 
its assembly lines to support its manufacturing 
quality assurance program.

In June 2022, UVeye received an investment from 
the capital venture arm of General Motors to help 
fund the vehicle inspection technology.8 UVeye 
is also working with GM to explore expanding 
UVeye’s system to GM dealerships. The two com-
panies are undertaking other vehicle inspection 
projects, including those involving used car auc-
tions, fleet operations, and auto dealership sales. 
In the future, UVeye plans to incorporate electric 
vehicle and autonomous driving platforms into its 
inspection system. 

Visual AI company Tractable offers machine vision 
inspection solutions for insurance agencies, auto 
service departments, and others.9 Tractable’s 
vehicle inspection platform uses ML and image 
classification to conduct a pixel-by-pixel assess-
ment of a photo of a car. It can determine vehicle 
damage down to the individual part level, classify 
the condition or the degree/severity of damage, 
and generate a detailed estimate, which can 
include a certainty score.

In March 2022, Tractable teamed with Black Widow 
to integrate its AI visual inspection system with 
Black Widow’s 4K imaging system.10 Black Widow is 
an eight-camera, drive-through system designed 
to capture high-definition vehicle images that are 
auto-assembled into a 360-degree virtual tour of 
the inside and outside of a vehicle. These images 
can be edited and published to online vehicle mar-
ketplaces and auction sites.

Tractable’s system applies ML-based analytics 
to images captured by Black Widow to detect 
external damage and generate a vehicle condition 
report that includes estimated repair costs. This 
enables auctions and dealerships to more accu-
rately and consistently assess each vehicle and 
make better decisions during the vehicle remar-
keting and merchandising process. Additional ben-
efits include improving the customer experience 
by offering a more comprehensive and transparent 
view of the vehicle being considered for purchase.

D E A L E R  S E R V I C E 
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Tractable’s systems are also being used to auto-
mate parts recycling — specifically, the processes 
involved in identifying suitable parts on salvaged 
vehicles and ensuring those parts can be recycled 
and reused. The system can also help repair shops 
source needed parts.

LKQ North America is using the Tractable system 
to accelerate and optimize its auto parts recycling 
and distribution operations for procuring salvaged 
vehicles.11 Tractable’s algorithms visually analyze 
and classify images of parts on salvaged vehicles 
that come up for sale, allowing LKQ to assess the 
damage of a body part on a particular vehicle and 
determine which parts can be resold. Tractable 
then matches the salvaged parts to the needs of 
repair shops and notifies them about availability.

C O N C L U S I O N

Machine vision is one of the most successful 
commercial applications of AI. This is particularly 
true when it comes to the auto industry, where it 
is used extensively to automate manufacturing 
operations. The technology has now evolved to the 
point where companies are increasingly applying 
machine vision to the aftermarket, most notice-
ably for automated inspection applications and, 
to a lesser extent, in combination with robotics 
systems for automating basic servicing tasks. This 
trend is just getting under way, but we’re likely 
to see the use of machine vision systems in auto 
aftermarkets increase steadily in the near future.

4 6

A M P L I F Y

V O L .  3 5 ,  N O .  8



Curt Hall is a Cutter Expert and a member of Arthur D. 
Little’s AMP open consulting network. He has extensive 
experience as an IT analyst covering technology and appli-
cation development trends, markets, software, and ser-
vices. Mr. Hall’s expertise includes artificial intelligence 
(AI), machine learning (ML), intelligent process automation 
(IPA), natural language processing (NLP) and conversational 
computing, blockchain for business, and customer experi-
ence (CX) management. He also focuses on the Internet of 
Things, including platforms, architectures, and use cases; 
big data platforms and use cases; and business intelligence 
(BI), predictive modeling, and other analytic practices. Mr. 
Hall’s research also includes mobile and social technologies 
in the enterprise as well as mobile BI and collaboration. He 
has conducted extensive research on how all these technol-
ogies are applied to develop new advisory, decision support, 
customer engagement, process automation, and other 
enterprise applications.

Mr. Hall is a frequent contributor to Cutter’s research deliv-
erables as well as Cutter’s Amplify journal. He served as 
Editor of numerous Cutter journals, including Intelligent 
Software Strategies, Data Management Strategies, and 
Business Intelligence Advisor. His recent studies exam-
ining the enterprise adoption of key emerging technol-
ogies and practices delivered four series of in-depth, 
survey-based Cutter research: “AI & Machine Learning 
in the Enterprise,” “Blockchain Rising,” “CX Management 
in the Enterprise,” and “IPA in the Enterprise.” Mr. Hall 
also coauthored, with Paul Harmon, Intelligent Software 
Systems Development: An IS Manager’s Guide and contrib-
uted to James Martin and James Odell’s Object-Oriented 
Methods: Pragmatic Considerations. His work has appeared 
in various technical journals and IT publications, including 
as a contributing author to PricewaterhouseCoopers 
Technology Forecast Yearbooks. Mr. Hall can be reached 
at experts@cutter.com.

About the author

R E F E R E N C E S

1 “Next Generation Tire Changing System.” 
RoboTire, 2022. 

2 Hope, Graham. “Robotic Tire Changing System 
Cuts Install Time.” IoT World Today, 10 August 
2022. 

3 RoboTire. “System Overview — Extended 
Length.” YouTube, 29 October 2020. 

4 “RoboTire.” Y Combinator, accessed August 
2022. 

5 ”Automotive Solutions.” UVeye, accessed 
August 2022. 

6 ”CDK on Fortellis: Powering Automotive 
Innovation and Collaboration Through APIs 
and Apps.” CDK Global, accessed August 2022.

7 “Volvo Car USA Looks to Improve Customer 
Satisfaction and Business Efficiencies with 
New Automated Vehicle-Inspection Technology 
from UVEye.” Press release, Volvo Car USA, 
10 March 2022. 

8 ”UVeye Enters into Strategic Collaboration with 
General Motors to Expand Technology to Global 
Dealerships.” Cision PR Newswire, 22 June 2022.

9 See my Cutter article on the insurance solution: 
Hall, Curt. “Computer Vision and Imaging in 
the Insurance Sector.” Cutter Consortium 
Technology Advisor, 29 June 2021.

10 “Tractable and Black Widow Collaborate 
to Offer Enhanced Imaging Solution with 
Detailed Vehicle Condition Insights.” Tractable, 
22 March 2022. 

11 ”LKQ North America Partners with Tractable 
to Accelerate Auto Parts Recycling and 
Distribution with Artificial Intelligence.” 
Tractable, 29 June 2021. 

A M P L I F Y

© 20 2 2  A R T H U R  D .  L I T T L E 4 7

https://www.robotire.com/
https://www.iotworldtoday.com/2022/08/10/robotic-tire-changing-system-cuts-install-time/
https://www.iotworldtoday.com/2022/08/10/robotic-tire-changing-system-cuts-install-time/
https://www.youtube.com/watch?v=66GTwZwg6gw&t=2s
https://www.youtube.com/watch?v=66GTwZwg6gw&t=2s
https://www.ycombinator.com/companies/robotire
https://www.uveye.com/smart-mobility/?utm_term=vehicle%20inspection%20system&utm_campaign=Search+Automotive&utm_source=adwords&utm_medium=ppc&hsa_acc=4042161880&hsa_cam=10705412393&hsa_grp=105990337616&hsa_ad=475459496305&hsa_src=g&hsa_tgt=kwd-310286558370&hsa_kw=vehicle%20inspection%20system&hsa_mt=p&hsa_net=adwords&hsa_ver=3&gclid=Cj0KCQjwguGYBhDRARIsAHgRm49wDCpSM1EA9YpJMLdxVUO7aaQzJEukx9jWOihfPzSwWh9046VJZ2YaAk6CEALw_wcB
http://www.cdkglobal.com/cdk-fortellis
http://www.cdkglobal.com/cdk-fortellis
http://www.cdkglobal.com/cdk-fortellis
https://www.media.volvocars.com/us/en-us/media/pressreleases/296779/volvo-car-usa-looks-to-improve-customer-satisfaction-and-business-efficiencies-with-new-automated-ve
https://www.media.volvocars.com/us/en-us/media/pressreleases/296779/volvo-car-usa-looks-to-improve-customer-satisfaction-and-business-efficiencies-with-new-automated-ve
https://www.media.volvocars.com/us/en-us/media/pressreleases/296779/volvo-car-usa-looks-to-improve-customer-satisfaction-and-business-efficiencies-with-new-automated-ve
https://www.media.volvocars.com/us/en-us/media/pressreleases/296779/volvo-car-usa-looks-to-improve-customer-satisfaction-and-business-efficiencies-with-new-automated-ve
 https://www.prnewswire.com/news-releases/uveye-enters-into-strategic-collaboration-with-general-motors-to-expand-technology-to-global-dealerships-301573213.html
 https://www.prnewswire.com/news-releases/uveye-enters-into-strategic-collaboration-with-general-motors-to-expand-technology-to-global-dealerships-301573213.html
 https://www.prnewswire.com/news-releases/uveye-enters-into-strategic-collaboration-with-general-motors-to-expand-technology-to-global-dealerships-301573213.html
https://www.cutter.com/article/computer-visioning-and-imaging-insurance-sector

https://www.cutter.com/article/computer-visioning-and-imaging-insurance-sector

https://tractable.ai/en/resources/tractable-and-black-widow-collaborate-to-offer-enhanced-imaging-solution-with-detailed-vehicle-condition-insights
https://tractable.ai/en/resources/tractable-and-black-widow-collaborate-to-offer-enhanced-imaging-solution-with-detailed-vehicle-condition-insights
https://tractable.ai/en/resources/tractable-and-black-widow-collaborate-to-offer-enhanced-imaging-solution-with-detailed-vehicle-condition-insights
https://tractable.ai/en/resources/lkq-north-america-partners-with-tractable-to-accelerate-auto-parts-recycling-and-distribution-with-artificial-intelligence
https://tractable.ai/en/resources/lkq-north-america-partners-with-tractable-to-accelerate-auto-parts-recycling-and-distribution-with-artificial-intelligence


For more content, 
visit www.cutter.com

Cutter Consortium, an Arthur D. Little community, is 
dedicated to helping organizations leverage emerging 
technologies and the latest business management 
thinking to achieve competitive advantage and mission 
success through our global research network. Cutter 
helps clients address the spectrum of challenges 
disruption brings, from implementing new business 
models to creating a culture of innovation, and helps 
organizations adopt cutting-edge leadership  
practices, respond to the social and commercial 
requirements for sustainability, and create the  
sought-after workplaces that a new order demands.

Since 1986, Cutter has pushed the thinking in the field it 
addresses by fostering debate and collaboration among 
its global community of thought leaders. Coupled 
with its famously objective “no ties to vendors” policy, 
Cutter’s Access to the Experts approach delivers  
cutting-edge, objective information and innovative 
solutions to its community worldwide.

Amplify is published monthly by Cutter Consortium,  
an Arthur D. Little community, 37 Broadway Suite, 
Arlington, MA 02474-5552, USA

Founding Editor: Ed Yourdon 
Publisher: Karen Fine Coburn 
Group Publisher: Christine Generali 
Production Manager: Linda Dias 
Editors: Jennifer Flaxman, Tara K. Meads

© 2022 Arthur D. Little. All rights reserved. For further 
information, please visit www.adlittle.com.

Anticipate, Innovate, Transform

http://www.cutter.com
http://www.adlittle.com
https://www.cutter.com/journals/amplify

