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Research Takeaways
The automotive industry is a major beneﬁciary of the Internet of Things (IoT). IoT technologies are
converging to prompt a leap in the automotive industry towards the development of vehicles that can
access, consume, create, direct, and share information with themselves and a multitude of other
‘things.’
Connected car sales volumes are expected to grow to 76.3 million units by 2025, from 28.5 million units
in 2019, and with a market value of approximately $166 billion.¹

TSG sees China as the biggest connected car market, followed by Europe and the United States. Israel
has also become a major center for connected vehicle R&D, though most developments are so far found in
venture start-ups rather than publicly listed equities.

Connected cars are part of a wider automotive revolution that includes autonomous, electriﬁed, and
shared vehicles. As the auto industry evolves, connected cars will become more important to drive new
technologies and deﬁne the future of mobility.

TSG portfolio companies including Baidu (BIDU), Rockwell Automation (ROK), NXP Semiconductors
(NXPI), Garmin (GRMN), and Telsa (TSLA) are among the leaders in the connected car space. TSG is
exposed to connected car dynamics through our IoT, artiﬁcial intelligence, big data, new energy, and
blockchain Singularity Sectors.

Connected cars should cause a boon for other industries, including entertainment, insurance, and
telecommunications, creating signiﬁcant growth opportunities.

TSG believes that investors may be undervaluing the connected car opportunity today, and that it
could command a market capitalization over $500 billion. This opportunity should continue to expand
as new products and services emerge.

¹Statista, “Connected cars worldwide – statistics & facts,” 15 Sept. 2020 https://www.statista.com/topics/ 1918/connected-cars/
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Introduction
Connectivity has become a key product feature that
is being incorporated into nearly everything. The
Internet of Things (IoT) did not exist as a marketplace
until just a few years ago, but already in 2017 there
were more IoT devices in use around the world than
mobile phones. Tremendous growth is expected in
the coming years, with an estimated 75 billion
connected devices installed worldwide by 2025.²
Many of these devices will be in our cars. The
Singularity Group (TSG) believes one of the most
exciting, challenging, and lucrative areas of the IoT is
the automotive sector. The car is a major component
of most people’s daily lives. An average American
spends 293 hours per year behind the wheel while the
average European commutes 84 minutes a day.³
There is real pressure to make that time more
productive, convenient, safe, and entertaining. This is
where the Internet of Things becomes the Internet of
Cars.
The Internet of Cars is a gamechanger for the IoT
because there are so many connected ‘things.’ The
amount and variety of data that cars can collect and
share is staggering: information on their performance,
driver behavior, the behavior of other drivers, road
and trafﬁc conditions, destinations, safety warnings,
and more. The connected car will be able to track
data on where the driver and passengers like to go,
what they like to do, the kind of music and
restaurants they like, how early they get up, how late
they get to bed – all of which will feed into products
and services we have barely begun to imagine.
The connected car is part of a wider automotive
revolution that includes autonomous, electriﬁed, and
shared vehicles, all of which could have a profound
impact on how we work, live, and interact,
transforming the economy once again. TSG estimates
that connected car networks will increase the value of
global public equity markets over the next decade.
Perhaps more importantly, consumers stand to
beneﬁt from more efﬁcient and safer transportation.

The connected car is also among the clearest
examples of TSG’s investment philosophy. It is an
important
example
of
technological
convergence, bringing together the IoT, big data,
artiﬁcial intelligence (AI), new energy, and
blockchain Singularity Sectors.

1. The loT is growing rapidly
After years of anticipation and steady uptake, the
Internet of Things (IoT) has crossed over into
mainstream business use. The number of
businesses that use IoT technologies has
increased from 13 percent in 2014 to about 61
percent today.⁴ And the worldwide number of
IoT–connected devices is expected to increase
to 75 billion by 2025 from 22 billion in 2018.⁵
This level of uptake is both a result and impetus
of the emerging technologies that underpin the
IoT – sensor technology, processors, artiﬁcial
intelligence,
and
others.
Technological
advancement means that IoT technology has
become easier to implement, opening the door
for a wider variety of industries to beneﬁt from its
applications. TSG believes that a key beneﬁciary
of the IoT is the automotive industry.

2. The ‘internet of cars’ is changing auto
industry dynamics
IoT technologies are converging to trigger a
monumental leap in the automotive industry
towards the development of a vehicle that can
access, consume, create, direct, and share digital
information with itself and between businesses,
people, organizations, infrastructures, and
‘things,’ including other vehicles. Among these
technologies are:

²Statista, “Internet of Things (IoT) connected devices installed base worldwide from 2015 to 2025.” 27 Nov. 2016 https://www.statista.com/statistics/471264/iotnumber-of-connected-devices-worldwide/
³SDWorx, “More than 20% of Europeans commute at least 90 minutes daily.” 20 Sept. 2018 https://www.sdworx.com/en/press/2018/2018-09-20-more-than20percent-of-europeans-commute-at-least-90-minutes-daily
⁴Kaspersky, “Things just got real: 61% of businesses already use IoT platforms despite security risks.” 3 March 2020
⁵Statista, “Internet of Things (IoT) connected devices installed base worldwide from 2015 to 2025.”
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Over 100 lightweight, high-speed processors
called electronic control units (ECUs),
responsible for controlling speciﬁc functions
(e.g. keyless entry, power windows);
Sensors (radar, LiDAR) that provide real-time
analysis of a car’s environment;
High-speed wireless communication
channels (4G, 5G) for quick and reliable
vehicle-to-vehicle and vehicle-toinfrastructure interactions;
Artiﬁcial intelligence and machine learning
capabilities
The connected car today has as many as 100 million
lines of software code and produces up to 25GB of
data per hour⁶ – more than the latest ﬁghter jet. By
2030, connected cars are expected to have more
than 300 million lines of code.⁷ A fully autonomous
car will generate 40TB of data for eight hours of
driving – roughly 3,000 times more than an average
person over the same period.⁸ Such volumes have
the potential to create a broad array of new digital
service and product possibilities, and to generate
new economic value that we are only beginning to
understand.
While complete connectivity may be a few years
away,
developments
are
already
changing
automotive industry dynamics. The industry is
turning into a connected car ecosystem as
technology players enter the market, incumbents
form new partnerships, and two-tier automotive
suppliers cut in line to offer products and services
directly to original equipment manufacturers (OEMs).
For example, BMW collaborates directly with IBM to
create secure in-car data sharing platforms based on
IBM’s Cloud Foundry and Watson. Over 1 million BMW
owners already use these platforms, securely sharing
their telematics data with automotive software
providers and other stakeholders. Visa (V), too,
collaborates with General Motors and Honda for
automated in-car payments.

A connected Honda car can warn a driver when
her fuel level is low and direct her to the nearest
fuel station. Once the car is at the pump, the app
can calculate the expected cost, and the driver
pays for the fuel without ever having left her
vehicle.
As technologies continue to converge, we predict
that the automotive market will morph in ways
that are becoming less predictable. For example,
when Uber acquired Microsoft Bing’s mapping
assets, it absorbed around 100 Microsoft
employees in the process.⁹ We expect more
partnerships, new market entrants, and new
business models to emerge.

3. Connected car sales growing as share of the
global car market
Connected car sales are increasing as a share of
the global car market. There are an estimated 1
billion cars in use worldwide. In 2019, worldwide
sales of connected cars reached 28.5 million
units. By 2025 worldwide connected car sales
are projected to grow to 76.3 million units with a
market value of approximately $166 billion.¹⁰
TSG believes the driving force behind this
demand is the increased convenience and
safety that connected cars offer. For example,
the Roewe RX5, developed by Chinese ecommerce giant Alibaba (BABA) in partnership
with SAIC Motor Corp., features Alibaba’s YunOS
operating system through which drivers can
connect to digital services like Alipay for parking,
fuel payments, and coffee orders, and
communicate with their smart home devices.
The RX5 is ﬁtted with three LED screens, smart
mirrors, and an intelligent navigation system.
Sales have continued to grow since the car was
introduced in 2016, from 15,000 units sold in
2016 to an estimated 36,000 in 2020.¹¹

⁶McKinsey & Company, “The race for cybersecurity: Protecting the connected car in the era of new regulation.” 10 Oct. 2019
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-race-for-cybersecurity-protecting-the-connected-car-in-the-era-of-newregulation
⁷ Ibid.
⁸Intel, “Data is the new oil in the future of automated driving,” 15 Nov. 2016 https://newsroom.intel.com/editorials/krzanich-the-future-of-automated-driving/
⁹Alex Wilhelm, “Uber acquires part of Bing’s mapping assets, will absorb around 100 Microsoft employees,” 29 June 2015
¹⁰Statista, “Connected cars worldwide – statistics & facts,” 15 Sept. 2020
¹¹CEIC, “China automobile: sales: PC: SUV: by Brand: SAIC Motor: Roewe RX5,” March 2021 https://www.ceicdata.com/en/china/automobile-sales-passenger-car-suvby-brand-models/automobile-sales-pc-suv-by-brand-saic-motor-roewe-rx5
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We expect China and other tech-intense locations
like Israel and Europe to play an important role in the
global connected car market as the US market
becomes saturated. Between 2019 and 2023, China
will see the highest CAGR of 30.9%, followed by
Europe (CAGR 24.3%), and the US (19.6% between
2018 and 2023) (Figure 1).¹² Israel has also become a
major center for connected vehicle and mobility R&D,
with an average R&D spend that is almost double the
OECD average.¹³ Many of its developments are today
found in start-ups and not suited for our public equity
portfolio. We expect more Israeli tech IPOs in the
coming one to three years, making the market one to
carefully watch.

Figure 1: China will represent an important
segment of the Internet of Cars market

4. The connected car is part of a wider
automotive revolution
The connected car is part of a wider automotive
revolution that includes autonomous, electriﬁed,
and shared vehicles.
Companies like Uber and Lyft have rung the bell
for a radical shift in the automotive industry,
adding lower prices and digital services to the
convenience of the taxi model. Urban consumers
use solutions like ridesharing, car-sharing, and ehailing. Growth in the autonomous car market,
which is expected to see a value of $37 billion in
2023,¹⁵ will likely see robo-taxis as another
shared mobility use case. The shared mobility
market was estimated at $99 billion in 2019 and
is expected to reach $238 billion by 2026.¹⁶
Shared mobility is part of a vast ecosystem
powered by automotive connectivity. This
includes ﬂeet connectivity to monitor and track
vehicles,
monitor
fuel
levels,
optimize
maintenance,
and
provide
routing
and
navigation. For example OLA, India’s largest
mobility platform and one of the world’s largest
ride-hailing companies, is working with Microsoft
(MSFT) to develop tools to enable predictive
ﬂeet maintenance and enhance navigation
guidance. TSG believes autonomous mobility
systems will also have third-party operators that
will control the car remotely when the system
fails.¹⁷ In the event that an autonomous car
becomes confused by its surroundings, it will
safely pull over on the side of the road and a
teleoperator will direct the car to proceed.

In China, connected car sales have taken a growing
share of the car market. Of 21.2 million passenger
cars sold in 2020, connected cars accounted for
8.2 million units – nearly 40% of total car sales.¹⁴
As the automotive industry continues to evolve,
we predict that connected cars will take a much
larger share of all sales.
¹²Capgemini, Connected Vehicle Trend Radar. The Drive to Add Value: Lessons from China, 2019
¹³McKinsey & Company, “Israel: Hot spot for future mobility technologies,” 18 Sept. 2019 https://www.mckinsey.com/industries/automotive-and-assembly/ourinsights/israel-hot-spot-for-future-mobility-technologies
¹⁴European Automobile Manufacturers Association, Economic and Market Report: EU Automotive Industry, Full-year 2019. May 2020; Counterpoint Research, “5G
connected cars to grab 40% of China market by 2025,” 18 Dec. 2020 https://www.counterpointresearch.com/5g-connected-cars-to-grab-china-market-by-2025/
¹⁵Statista, “Projected size of the global autonomous car market from 2019 to 2023,” 27 April 2021 https://www.statista.com/statistics/428692/projected-size-of-globalautonomous-vehicle-market-by-vehicle-type/
¹⁶Facts & Factors, “Global shared mobility market size & trends will reach to USD 238.03 billion by 2026,” 10 Dec. 2020 https://ﬁnance.yahoo.com/news/global-sharedmobility-market-size-140000520.html
¹⁷Nathaniel Fairﬁeld, Joshua Seth Herbach, and Vadim Furman. “Remote Assistance for Autonomous Vehicles in Predetermined Situations,” Google Inc., assignee. Patent
US20150248131 A1. 3 Sept. 2015 https://patents.google.com/patent/US20150248131A1/en
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We also envision many autonomous vehicle and
shared mobility solutions to be electric. More than 10
million electric cars were on the world’s roads in
2020, with battery-electric vehicles accounting for
two-thirds of new electric car registrations and twothirds of the total stock.¹⁸ China, with 4.5 million
electric cars, has the largest ﬂeet, though in 2020
Europe had the largest annual increase to reach 3.2
million.¹⁹ Numerous factors contributed to this
increase.
Notably,
declining
battery
costs,
government incentives, stricter emission regulations,
and growing consumer acceptance. As these trends
advance, TSG believes Europe’s electric car market
will be the fastest growing.
Automotive data from connected cars will be vital to
enabling the electric car ecosystem. For example,
location intelligence from historical trafﬁc data will
help plan charging station locations based on where
electric car drivers are located, where they tend to
travel, and on which routes their batteries start to
drain. AI-enabled solutions will also use a car’s data
on its state-of-charge and surrounding weather and
road conditions to send the driver reminders to recharge and route recommendations.

As the automotive industry evolves, connected
cars will become more important to drive new
technologies and deﬁne the future of mobility. All
industry developments will be intertwined with
others to some extent, but none more than
connectivity.
5. The Singularity Group is poised to capture the
‘internet of cars’
TSG believes the present value of the connected
car opportunity is much larger than investors
appreciate. Connected car players like Amazon
(AMZN), Baidu (BIDU), T-Mobile (TMUS), and
Rockwell Automation (ROK) share a market valued
at roughly $166 billion today. TSG thinks that when
accounting for the potential cash ﬂows from
electric and autonomous connected car products
and services, the market could be valued over
$500 billion. This opportunity should also
continue to expand as new products and services
emerge.

Figure 2: Five-year annualized return for select TSG Internet of Cars companies

¹⁸International Energy Agency, “Trends and developments in electric vehicle markets” in Global EV Outlook 20201
https://www.iea.org/reports/global-ev-outlook-2021/trends-and-developments-in-electric-vehicle-markets
¹⁹Ibid.
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We have exposure to this growth opportunity via our
IoT, big data, AI, new energy, and blockchain
Singularity Sectors. Among notable connected car
players in the Singularity Fund portfolio, along with
those mentioned above, are:

NXP Semiconductors (NXPI; Singularity
Score: 69): NXPI provides solutions for
vehicle-to-everything (V2X) communications for active safety system and
intelligent transport (ITS) systems. NXPI’s
connectivity solutions also enable
secure digital key and car access
capabilities. NXPI has integrated Amazon
Web Services edge and cloud services in
its S32G vehicle network processor to
centralize access to vehicle-wide data
that can work securely with the cloud.

Garmin (GRMN; Singularity Score: 100):
GRMN designs a broad range of
connected car solutions that include
infotainment systems, intelligent navigation, smart cameras, vehicle sensors,
and keyless entry via its wearables.
GRMN has partnered with Nuance
Communications
(NUAN),²⁰
Amazon
(AMZN), and Google for its voice assisted
solutions.

Google (GOOGL; Singularity Score 87):
GOOGL has broad ambitions in the
connected car market. It has developed
its own automotive operating system,
Android Automotive, for use in vehicle
dashboards with Google apps and services built-in. Google Cloud inte-grations
also enable infotainment systems and
data analytics. Google has recently
partnered with Ford to develop new
data-based services.

Google (GOOGL; Singularity Score 87):
GOOGL has broad ambitions in the
connected car market. It has developed its own automotive operating
system, Android Automotive, for use in
vehicle dashboards with Google apps
and services built-in. Google Cloud
integrations also enable infotainment
systems and data analytics. Google
has recently partnered with Ford to
develop new data-based services.

Tesla (TSLA; Singularity Score: 85):
TSLA has reimagined the car as a shell
around the software and applications
inside, creating a ‘smartphone on
wheels’ that can easily be adapted and
updated over-the-air. For example, the
Tesla Model S is connected to the Tesla
Cloud over a 4G link. Each car regularly
calls home, providing Tesla engineers
with extensive information regarding
car performance.

We expect connected car players to proliferate
across our related Singularity Sectors quite
rapidly. We are at the cusp of a substantial
transformation of the global automotive industry at the center of which is connectivity. Such
a transformation will prove substantial for
investors who have anticipated it well.

²⁰As of April 2021, Nuance has been acquired by Microsoft for $19.7 billion.
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Table 1: Select TSG ‘Internet of Cars’ portfolio companies (mentioned in report)

¹Bloomberg Ticker
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6. Connected cars could have far-reaching impacts
Given connected safety features, TSG believes
insurance premiums will shrink. Insurance companies
like UnitedHealth Group (UNH), Ping An Insurance
(PNGAY), and Zurich Insurance Group (ZURN) could
enjoy a windfall in the form of lower claims. Further,
with more data collection on driver behavior and
usage, accidents should be easier to predict, allowing
insurers to dynamically adjust their rates.
Connected cars may be a boon for other industries
as well. By 2030, vehicle passengers can be expected
to consume more than 52 billion hours of media
content annually, more than double today’s
estimated consumption.²¹ This suggests that
connected cars could add billions in advertising and
subscription revenues to the global entertainment
industry, a $2.1 trillion industry today.²² TSG expects
streaming and connected services to have a
profound impact on the global telecommunications
industry, causing massive increases in data usage.
This could see signiﬁcant growth for telecom
companies like T-Mobile (TMUS), Verizon (VZ), China
Tower (CHWRF), and ZTE Corp. (ZTCOF).
The data that cars collect also should impact urban
landscapes. City planners can use the information
to assess journey times, trafﬁc bottlenecks, fuel and
charging
station
availability,
and
popular
destinations. They can also make real-time
adjustments like recalibrating trafﬁc lights to ease
congestion or use ﬂexible parking to ﬂatten spikes in
parking. For example, the city of San Diego has
partnered with General Electric (GE) to embed
3,200 sensors in streetlights.²³ The sensors measure
carbon emissions, parking spaces, and trafﬁc ﬂows
through connections with cars and other vehicles
that move throughout the city. The effort is
expected to save the city $2.5 million in electricity
per year, with additional reductions in maintenance
costs and improved safety.²⁴ It is also expected to
advance efforts to make San Diego ‘America’s
cleanest city’ by 2035.

At the core of all of this is security. As cars
become more connected, they join the
cybersecurity ecosystem while introducing their
own unique attack vectors. Safety-critical
subsystems require real-time deterministic
security approaches currently not supplied by IT
security mitigations. This presents a massive
growth opportunity for technology players and
automakers that are able to develop successful
solutions. Cybersecurity companies like Palo Alto
Networks (PANW) and Cloudﬂare (NET) are also
becoming engaged in this space. The automotive
cybersecurity market is expected to advance at a
CAGR of 21.4% to reach $5.5 billion by 2025. ²⁵
Conclusion
Automotive IoT could be a major economic
transformation, changing the way cities are
developed, services delivered, and content
consumed. TSG views our IoT, AI, big data, new
energy, and blockchain Singularity Sectors as key
drivers of this transformation. We also see players
like NXP Semiconductors, Google, Garmin as
leaders in the connected car space. These
companies supply critical connectivity inputs.
Google is also advancing in the autonomous
vehicle segment with its commercial entity,
Waymo.
The impact of connected cars will also extend
beyond the driving experience. The car was once a
symbol of independence and status. Soon it will
become an appliance – a mobile device – and our
daily lives, our cities, and our economic structures
will be changed forever.

²¹Deloitte, “Experiencing the future of mobility: Opportunities for the media & entertainment industry,” 17 Aug. 2017
https://www2.deloitte.com/us/en/insights/focus/future-of-mobility/opportunities-for-media-and-entertainment-industry.html
²²Statista, “Value of the global entertainment and media market from 2011 to 2024,” 23 Oct. 2020 https://www.statista.com/statistics/237749/value-of-theglobal-entertainment-and-media-market/
²³Bruce Watson, “From light to bright: San Diego is building the world’s largest municipal Internet of Things,” General Electric, 10 Oct. 2017
https://www.ge.com/news/reports/light-bright-san-diego-leads-way-future-smart-cities
²⁴Ibid.
²⁵Million Insights, Automotive Cyber Security, cited in PRNewswire 16 Feb. 2021 https://prn.to/3v61qwb
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