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THEMES AND
KEY TAKEAWAYS
INADAS In CVs

Today, we are seeing vehicle automation
quickly becoming available throughout the
commercial vehicle market with significant
interest and investment by the players.

ADAS functionalities such as adaptive cruise
control (ACC), automatic emergency braking
(AEB) and lane keeping assist (LKA) are
accelerating for commercial vehicles. Truck
platooning is anticipated to be one of the next
technologies to commercialize in this space.

Higher levels of promise to improve driver
safety and commercial fleet efficiency, but
technological challenges and regulatory
barriers still exist.

Themes covered in this scope

Activities of 4 key commercial vehicle
manufacturers in ADAS & higher autonomy
o Tesla
o Daimler Trucks
o Traton
o Volvo Trucks

Activities of 4 key emerging players in
autonomous commercial vehicles
o Embark

TuSimple

()
o Nikola Motors
o Einride

Regulation impacting autonomous commercial
vehicles in the U.S and EU
L] National standard for autonomous
trucking in the U.S
EU Roadmap for Truck Platooning

Future outlook
. Rise in capacity of freight overloads
Focus on safety first with driver assist
Need for clean, power efficient tech
Adoption of next-level platooning
New legal and insurance framework

Key Takeaways

- Players are focusing on Level-4 technologies
that take over on the highways, aiming at
improving safety and gaining greater fuel
efficiency. e.g. from platooning.

Collaborative business models and
investments could accelerate L4-L5 capabilities
in the near future and find use cases in last-mile
delivery, construction and mining areas

Players like Embark plans to skip Level 3 and go
straight to Level 4, while TuSimple has ambitious
plans to scale up Level 4 freight network by 2021
Hydrogen powered autonomous trucks could gain
traction and fuel the freight chain

Currently, no federal regulation on autonomous
trucking technology exists in the U.S. which
raises concerns over the need of design variants
among states

EU is developing platooning technology and
relevant standards for multi-brand platooning

As trucking moves 70% of all goods in the U.S,
automation in trucking has a good potential to
scale the freight delivery operations

Two-truck platooning system aims to reduce the
fuel consumption for lead truck by 4.5% and rear
truck by 10%



https://www.trucks.com/2018/07/13/truck-platooning-improve-safety/

Autonomy in Commercial Vehicles Transportation
Several enabling technologies for ADAS & autonomy are in planning or deployment phase. One of the key automation strategies
here will be the deployment of truck platoons.
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Need for autonomous commercial vehicles
Shortage of truck drivers & enhanced safety requirements are critical for the future of Commercial Trucks. There is need for
ADAS to shift from accident mitigation to prevention. Players will look for more cost-effective solutions in the future.

e Shortage of truck
/ drivers
-

Higher response
) timein critical
— maneuver
High accidents
/" involvement
Need for viable
/; option in logistics
To build more
/“ confidence
° Higher operating
/ costs
—

= |In 2019, the U.S. had a shortfall of nearly 60,000 truck drivers, according to the American
Trucking Associations. An aging workforce, a lack of female and millennial drivers, and
concerns about emissions have increased interest in autonomous and electric vehicles,
said Einride
= 0.1 Sec ishow long an automated system needs to react. A professional truck driver
needs 1.4 SeC, said Volkswagen
= In 2018, nearly 5,000 Americans died in accidents involving commercial trucks. 90%
of road accidents were caused by human error. In the coming years, self-driving trucks will
become safer than human-driven ones, and will therefore begin saving lives Autonomous

Need for

commercial
vehicles

=299% of transport companies in Europe & Asia expect autonomous trucking to be a
viable option within the next five years.

=1in 4 Germans surveyed by Bosch and Innofact say that they have more confidence in
an autonomous truck than in a human driver

= Labor currently accounts for an estimated 35% to 45% of operating costs of road freight
in Europe. The cost savings derived from a switch to driverless trucks are of keen interest

N\

investments in this key strategic technology.” ~ Martin Daum — Member of BOM of Daimler AG for Trucks & Buses

“We are the pioneer for automated trucks. With the formation of our global Autonomous Technology Group, we are taking the next step, underscoring the importance of highly
“wm._automated driving for Daimler Trucks, the industry and society as well. With the new unit, we will maximize the effectiveness of our automated driving efforts and the impact of our
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https://www.trucking.org/ATA Docs/News and Information/Reports Trends and Statistics/ATAs Driver Shortage Report 2019 with cover.pdf
https://www.therobotreport.com/category/robots-platforms/self-driving-vehicles/
https://www.einride.tech/
https://www.volkswagenag.com/en/news/stories/2018/01/autonomous-workhorses.html
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812826
https://www.weforum.org/agenda/2020/03/self-driving-trucks-will-change-the-world-more-than-you-might-think/
https://automotiveindustrydigest.com/latest-fleet-news/autonomous-trucks-will-be-viable-option-in-next-decade-finds-iru-survey/auto-news
https://www.automotiveworld.com/news-releases/bosch-germans-would-increasingly-feel-safer-with-autonomous-self-driving-trucks-on-the-road/
https://www.fleetowner.com/technology/article/21696130/report-driverless-trucks-will-eliminate-millions-of-jobs

VM A 'NDUSTRY

Upcoming Trend

= Trial and roll-out of Level 4 autonomous vehicles, with increase in number of variants offering
specific requirements

= Collaborative business models are gaining traction between players to scale their autonomous
capabilities

= |nvestments will fuel to accelerate Level 4 — Level 5 capabilities in the near future where players will
be seen offering autonomous capabilities in last-mile delivery, construction and mining areas

Commercial

V e h I C I e Below players are selected as they hold the largest share in commercial vehicle sales globally

DATMILER TR/TO

a mR B U P

manufacturers

Commercial

activities Iin mmerc

AP C

h | g h er = Dominant players like Daimler, VW, Volvo are investing heavily in their autonomous technologies in
au to n 0 m y commercial vehic!es segment. Fevy of them have started dedicated bqsiness. units for ACVs .
= Players are focusing on technologies that take over on the highways, improving safety and gaining
greater fuel efficiency
= Several other players are expanding their technological capabilities through collaborative business
models to develop smart and secure solutions for logistics and transport

FutureBridge




Summary of OEMs activities in commercial vehicles

With L2 capabilities at present, plans to trial & roll-out L4 with focus on safety and increase number of autonomous variants

Parameters selected for
competitive analysis

ADAS
functionality

Number of
CV models
offering L2

Safety
aspects

Collaborative
business
models

Future

Outlook

Plans to offer
‘Autopilot’ capabilities
in Semi trucks in 2021

1 — Semi, which is
offered in two variants
of 300 & 500 miles
range

Emergency call
services, forward
collision warning,
emergency braking

2 PEPSICO
Walmart

SYSCO cammmrz-

Plans of
commercialization of
Semi trucks by 2021,
with 1,00,000 trucks to
be produced in a year

Offers L2 capabilities
with Active Drive
Assist & Detroit
Assurance 5.0

Total 3 models which
includes Freightliner
Inspiration Truck, New
Actros, Fuso Super
Great Trucks

Active Brake Assist 5,
Sideguard Assist,
Proximity control
assist, Crosswind

assist

TORC yY
—
— PLATFORM
AT&T '

Ambitious plans to
roll-out Mercedes-
Benz future truck
2025, with L4
capabilities

@ TR/.TON

Commercial
Vehicles

Offers L3 capabilities
in Australia mine.
Testing of L4 vehicles
on the German
Autobahn

Total 3 models which
includes MAN, Scania
& Caminhdes e
Onibus

MAN aFAS Driverless
safety vehicle

NZLYISETAR

S&Tero

Solid investment plans
of €1B in R&D by
2025, aiming for L5
capabilities by 2022

e r o U P

9

® ¢ « ¢

>

/\

VOLVO
8 /

Offers L2 capabilities
with Active drive assist
platform. L4 testing for
Vera in geo-fence
area

Total 3 models which
includes Vera, FMX
trucks, VNL 670 O

model tractors

Active drive assist
platform VADA 2.0,
with driver awareness
support

LY oros S

BRENNRY KALK > ’

sKANSKA FedEx

Roll-out of full Self-

driving EMX trucks in
the future, 0
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https://www.ccjdigital.com/volvo-readies-rollout-of-updated-adas-suite/
https://www.volvotrucks.com/en-en/about-us/automation.html
https://www.automotiveworld.com/news-releases/daimler-trucks-north-america-partners-with-platform-science-to-deliver-advanced-on-vehicle-software-solutions/
https://www.automotiveworld.com/news-releases/daimler-trucks-north-america-partners-with-platform-science-to-deliver-advanced-on-vehicle-software-solutions/
https://www.ttnews.com/articles/volkswagen-offers-buy-rest-navistar-29-billion
https://www.ttnews.com/articles/volkswagen-offers-buy-rest-navistar-29-billion
https://traton.com/en/newsroom/press_releases/press_release_18092018_2.html
https://traton.com/en/newsroom/press_releases/press_release_18092018_2.html

OEM activities in commercial vehicles (1/4) : Tesla
Semi’s production is delayed until 2021. Tesla plans to commercialize with autopilot functionality and offer at least 500 mile range

Source : Tesla

Image: Driver Cabin view of Tesla Semi

Tesla Semi Autopilot

Semi will use a range of cameras and sensors
to help the computer systems onboard the
truck to monitor its surroundings >>

Image: Tesla Semi

Tesla Semi comes with an ‘Autopilot’
function to help provide assistance with
semi-autonomous and safety for truckers

2021

Lane Keep Assist Forward collision warning

Emergency braking Emergency services call

Not exhaustive list

Active steering assist

Orders received for Tesla Semi

125 @ 40 Ok

100 < pePSico 15 Walmart

50 Sysco 10

Commercialization

Variant Name Semi

100,000

trucks to be produced in
a year

Future plans

r—=7 7/ 4
= i ———
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In whole numbers

Tesla

Daimler Volkswagen

Cost vs range of Tesla Semi

$150,000
$180,000
$200,000

Company claims

$200,000

Saving the operator fuel costs of over a
two-year period >>

$1.26

Total cost per mile of Tesla Semi as
compared to a diesel truck of $1.51 >>

<2 KwH

Per mile less energy consumption

300 mile range
500 mile range

Limited edition
‘Founders series’ model

Volvo INDUSTRY

Press Release

Tesla Semi Production is delayed
until 2021 - electric truck now 2
years late >>

ectrek
Range of Tesla Semi

500 miles at maximum load at highway speed
is what Musk has promised, saying that 80 %
of routes are less than 250 miles anyway --
which means trucks can go out and back
without charging >>

( ) FutureBridge Analysis

D

Number of CV models offering L2 @

D

Collaborative business models .

ADAS functionality

Safety aspects

Future Outlook
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https://www.zdnet.com/article/what-is-the-tesla-semi-everything-you-need-to-know-about-teslas-semi-autonomous-electric-truck/
https://electrek.co/2020/04/29/tesla-semi-production-delay-2021-electric-truck/
https://www.zdnet.com/article/what-is-the-tesla-semi-everything-you-need-to-know-about-teslas-semi-autonomous-electric-truck/
https://www.zdnet.com/article/tesla-semi-the-big-questions-about-costs-benefits-ahead-of-trucking-disruption/
https://www.zdnet.com/article/what-is-the-tesla-semi-everything-you-need-to-know-about-teslas-semi-autonomous-electric-truck/
https://www.zdnet.com/article/what-is-the-tesla-semi-everything-you-need-to-know-about-teslas-semi-autonomous-electric-truck/
https://www.zdnet.com/article/what-is-the-tesla-semi-everything-you-need-to-know-about-teslas-semi-autonomous-electric-truck/
https://www.tesla.com/semi

Tesla Daimler Volkswagen

OEM activities in commercial vehicles (2/4) : Daimler
With collaborative business models, increase in investments, Daimler aims to roll-out L4 autonomous capabilities in the near future

Source : Daimler

DATMILER

g

Image: Fuso Super Great Trucks

ADAS Availability

-

Fovin

Image: New Actros

Image: Freightliner Inspiration Truck

Sensor Suite >> Daimler’s journey to L4 autonomous driving

License received 2015
Variant Name Semi L2 2 WiII invest more than € 500M (>$57QM) to bring
§ highly automated trucks to the road in a decade >
Current ADAS functionality — L2
o X ™ 2 Daimler buys Torc Robotics stake for self-driving
Active Drive Assist Lane Keeping Assist _:_ 7“ : — 7': oz ';" trucks >
Detroit Assurance 5.0 Platooning
*List not exhaustive E Established Autonomous Technology Group >
s
Current Safety functionality — L2 _
m Long range radar 2 Daimler brings driverless truck tests to public
Active brake assist 5 Proximity Control Assist 100 m — Stereo camera :§-, roads in Virginia >

Sideguard assist Crosswind assist

Industry Pulse | Q2 2020

**List not exhaustive

70m - short range radar

**Details not exhaustive
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Volvo

Press Release

Daimler rolls back autonomous taxi
plan, focuses on trucks >>

Transport Topics

Future Plans - L4

V2V communication Highway Pilot

V2| communication

Ambitious Plans to roll-out Mercedes-
Benz Future Truck 2025

( ) FutureBridge Analysis

D

Number of CV models offering L2 0

9

Collaborative business models O

9

FutureBridge

ADAS functionality

Safety aspects

Future Outlook


https://www.ttnews.com/articles/daimler-rolls-back-autonomous-taxi-plan-focuses-trucks
https://www.daimler.com/innovation/case/autonomous/automated-driving-daimler-trucks.html
https://www.daimler.com/products/trucks/mercedes-benz/new-actros.html
https://www.daimler.com/products/trucks/mercedes-benz/new-actros.html
https://www.daimler.com/innovation/case/autonomous/highway-pilot-2.html
https://www.daimler.com/innovation/case/autonomous/automated-driving-daimler-trucks.html
https://www.ttnews.com/articles/daimler-trucks-creates-autonomous-technology-group
https://www.daimler.com/innovation/case/autonomous/automated-driving-daimler-trucks.html
https://www.daimler.com/innovation/case/autonomous/automated-driving-daimler-trucks.html#gallery-lightbox-1087859
https://www.reuters.com/article/us-daimler-torc-autonomous/daimler-buys-torc-robotics-stake-in-self-driving-trucks-push-idUSKCN1RA1I3
https://www.daimler.com/innovation/case/autonomous/highway-pilot-2.html
https://www.daimler.com/innovation/case/autonomous/highway-pilot-2.html
https://www.daimler.com/innovation/case/autonomous/highway-pilot-2.html
https://www.daimler.com/innovation/case/autonomous/highway-pilot-2.html
https://www.mercedes-benz.com/en/innovation/autonomous/the-long-haul-truck-of-the-future/
https://roadstars.mercedes-benz.com/en_GB/events/2014/july/future-truck-2025.html
https://roadstars.mercedes-benz.com/en_GB/events/2014/july/future-truck-2025.html
https://roadstars.mercedes-benz.com/en_GB/events/2014/july/future-truck-2025.html
https://media.daimler.com/marsMediaSite/en/instance/ko.xhtml?rs=1&ls=L2VuL2luc3RhbmNlL2tvLnhodG1sP29pZD05MjY2MTU2JnJlbElkPTYwODI5JmZyb21PaWQ9OTI2NjE1NiZib3JkZXJzPXRydWUmcmVzdWx0SW5mb1R5cGVJZD00MDYyNiZ2aWV3VHlwZT1saXN0JnNvcnREZWZpbml0aW9uPVBVQkxJU0hFRF9BVC0yJnRodW1iU2NhbGVJbmRleD0wJnJvd0NvdW50c0luZGV4PTUmZnJvbUluZm9UeXBlSWQ9NDA2Mjg!&oid=9918575
https://media.daimler.com/marsMediaSite/en/instance/ko.xhtml?rs=1&ls=L2VuL2luc3RhbmNlL2tvLnhodG1sP29pZD05MjY2MTU2JnJlbElkPTYwODI5JmZyb21PaWQ9OTI2NjE1NiZib3JkZXJzPXRydWUmcmVzdWx0SW5mb1R5cGVJZD00MDYyNiZ2aWV3VHlwZT1saXN0JnNvcnREZWZpbml0aW9uPVBVQkxJU0hFRF9BVC0yJnRodW1iU2NhbGVJbmRleD0wJnJvd0NvdW50c0luZGV4PTUmZnJvbUluZm9UeXBlSWQ9NDA2Mjg!&oid=9918575
https://venturebeat.com/2019/09/09/daimler-brings-driverless-truck-tests-to-public-roads-in-virginia/
https://www.daimler.com/innovation/case/autonomous/automated-driving-daimler-trucks.html#gallery-lightbox-1087859

Tesla

OEM activities in commercial vehicles (3/4) : Volkswagen

Daimler Volkswagen Volvo INDUSTRY
INE‘\DEP.

Traton Group has ambitious plans to roll-out L5 autonomous technologies by 2022 with plans of €1B in R&D by 2025

Source : Traton Group

L3

L4
LS

Autonomous level

Image: Scania Truck Image: Caminh&es Onibus

Image: MAN Truck

Press Release

operation of aautonomous truck in

an Australian mine >> Ford, VW signs agreements for joint

ventures on commercial vehicles,
autonomous driving >>

pusINesswire

ABERKSHIRE HATHAWAY COMPANY

Testing autonomous safety vehicles
on the German Autobahn >>

By 2022 >>

Commercial . .
. : — . . o Collaborative business models
Vehicles _ Commercial vehicle deliveries 2019 >>
Brands 3 NAVISTA R VW Traton unit submits
T p / - T p /‘To N 242 , OOO + 40/ il buyout offer for Navistar >>
\To N Countries served 17 e r o s ! O .
a R o ou P P— vehicles SOLG[‘O To develop smart & secure
Revenue by 2025 €40B* “estimate — solution for transport logistics
TRATON SE is a subsidiary of To localize a MAN heavy-
. d kin Ch
Volkswagen AG and a leading J, | | 8 uty truck in China 2=
commercial vehicle manufacturer e, @ FutureBridge Analysis
with its brands \ @ SCANIA ‘
= ‘l»\\f‘_ALq{ 1 / Caminhdes ) .
£ \ ;@xmm Onibus ADAS functionality O
rascral Caminhides 104,000 +204 99,500 30 41,900 o
vehicles 0 vehicles +357 vehicles +15%
Futu re p|ans Number of CV models offering L2 O
Safety aspects O
€1B 1,00,000 Merger IPO OTA updates

Traton Group plans R&D
expenditure within the
next five years >>

VW plans IPO of its Traton
truck unit >>

In 2020, Traton aims
merger of MAN & Scania
into a single company >>

Number of networked
vehicles of Traton group
by 2025 >>

Industry Pulse | Q2 2020 | @ -stong Capavility

9

Collaborative business models O

FutureBridge

In 2020, MAN will be putting
vehicles capable of over-
the-air updates on the road
>>

Future Outlook
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https://traton.com/en/newsroom/press_releases/press_release_15012020.html
https://www.businesswire.com/news/home/20200610005368/en/Ford-Volkswagen-Sign-Agreements-Joint-Projects-Commercial
https://www.automotiveworld.com/news-releases/traton-group-plans-rd-expenditures-of-more-than-e1-billion-within-the-next-five-years/
https://www.automotiveworld.com/news-releases/traton-group-plans-rd-expenditures-of-more-than-e1-billion-within-the-next-five-years/
https://auto.economictimes.indiatimes.com/news/commercial-vehicle/mhcv/traton-aims-merger-of-man-se-and-scania-into-a-single-company/74414139
https://traton.com/en/innovation/innovation-stories/fit-for-the-future.html
https://in.reuters.com/article/volkswagen-traton-ipo/volkswagen-plans-summer-ipo-of-its-traton-truck-unit-idINKCN1SK0CX
https://traton.com/en.html
https://traton.com/en.html
https://traton.com/en.html
https://traton.com/en/newsroom/current-topics/Scania-and-Rio-Tinto-trialling-autonomous-truck-.html
https://uploads.volkswagen-newsroom.com/system/production/uploaded_files/12257/file/0dc5ca2adc4696e2597a4da0e84e6223792d50c0/Tradepress_autonom.pdf?1530379397
https://traton.com/en/company.html
https://www.ttnews.com/articles/volkswagen-offers-buy-rest-navistar-29-billion
https://www.ttnews.com/articles/volkswagen-offers-buy-rest-navistar-29-billion
https://www.ttnews.com/articles/volkswagen-offers-buy-rest-navistar-29-billion
https://traton.com/en/newsroom/press_releases/press_release_18092018_2.html
https://traton.com/en/newsroom/press_releases/press_release_18092018_2.html
https://www.volkswagen-newsroom.com/en/press-releases/traton-group-and-solera-launch-strategic-partnership-to-shape-the-digital-world-in-transportation-and-logistics-4210
https://www.volkswagen-newsroom.com/en/press-releases/traton-and-chinese-sinotruk-significantly-expand-strategic-partnership-4207

—
- Tesla
.

OEM activities in commercial vehicles (4/4) : Volvo

Daimler

Volkswagen

Volvo

It is exploring autonomous solution in long distance transport, mining with its VADA 2.0 platform & has plans to add more AD

functionalities S
ADAS Availability

>

/\

VOLVO
U/

Image: Vera truck Image: FMX truck

Different autonomous transport solutions

LY oros

BRANNGY KALK

Current ADAS offering

*not exhaustive **List not exhaustive

2019

Vera will form part of an integrated solution
to transport goods from a logistics center to a
port terminal in Gothenburg, Sweden >>

Platooning

2019

<3

NVIDIA

Forward collision warning

Autonomous Volvo FH trucks will be used in
commercial operation to transport limestone
along 5 km stretch >>

2019

AEB

2 NORSK
& MINERAL

Lane departure warning In the Electric Site project, material handling

in a quarry was automated and electrified.
The result was a safer working environment
and a reduction of operator costs by 40%
and of CO2 emissions by 98 % >>

SKANSKA

*Future updates
—

2018

Highway departure warning
©

o = FedEx
Active drive assist platform N

VADA 2.0

—————————————————————————————————————————————————— *_ist motexhaustive =
10 !
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Image: VNL 670 model tractors

Collaborative business models

**List not exhaustive

To develop the decision
making system of

autonomous commercial
vehicles & machines >>

To provide commercial
autonomous solution
transporting limestone from
an open pit mine to a
nearby port >>

Used (ADAS) technology
to conduct on-highway
truck platooning as part of
ongoing research
collaboration >>

A FutureBridge Initiative. Copyright © 2020 by FutureBridge

Press Release

Volvo Trucks electric and
autonomous Vera gets its first job
The pilot program for Vera will take place
in Gothenburg, Sweden >>

RrROoRD[SsHoWw

Volvo Autonomous Solutions

Volvo Autonomous Solutions will constitute
a new business area as of January 1, 2020.
Its financial results will be reported as part
of the Truck segment >>

FutureBridge Analysis

ADAS functionality O

Number of CV models offering L2 0

Safety aspects O

Collaborative business models ‘

Future Outlook O
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https://www.cnet.com/roadshow/news/volvo-trucks-project-vera-drayage-pilot-program/
https://www.volvogroup.com/en-en/news/2019/jun/news-3340185.html
https://www.volvogroup.com/en-en/news/2018/nov/news-3126261.html
https://www.volvogroup.com/en-en/news/2019/oct/news-3448625.html
https://www.volvogroup.com/en-en/news/2018/nov/news-3128073.html
https://www.volvogroup.com/en-en/news/2018/nov/news-3128073.html
https://www.volvogroup.com/en-en/news/2019/oct/news-3448625.html
https://www.volvogroup.com/en-en/news/2019/jun/news-3336083.html
https://www.volvogroup.com/en-en/news/2018/jun/news-2971141.html

Emerging
player’s

activities in

autonomous

commercial
vehicles

MOBILITY INDUSTRY

Upcoming Trend

= Players are inching towards L2 to L4 autonomous technologies and plan to offer highway pilot
offerings in the near future, some are in the planning while others are in deployment stage

= Hydrogen powered autonomous trucks could gain traction and fuel the freight chain, as it is gaining
interest from many OEMs and thus emerging players could provide breakthrough technologies

= Driverless commercial vehicles in closed geo-fenced areas is gaining interest. Plans in the future to
scale up in open-highways

”’ mSImP"?. ’ \ PIIKDL/\ einride

EMBARK

What do we see happening

= Focus on inching towards L4 from directly L2, currently few of them are offering platooning
capabilities while others are planning to offer

= Players have ambitious plans to scale their autonomous freight network to multiple regions

= Roll-out of new electric and hydrogen powered autonomous trucks with region specific requirements

= Testing of driverless commercial vehicles in geo-fenced area, with no space for driver cabin

FutureBridge



Summary of Emerging Players
Advancement from L2 to L4, robust sensor capabilities, collaborative business models will help to accelerate for higher autonomy

simple

Parameters selected for
competitive analysis

ADAS
functionality

Sensor suite
information

Collaborative
business
models

Funding

Future
Outlook

12 Industry Pulse | Q2 2020 |
L

W

Offers Level 2
capabilities as of now

5 — Camera
3 — Radar
2 - LIiDAR

amazon

$117M as last
reported in Sep’19

Plans to scale to
Level 4 and offer
ADAS functionalities
like Highway Pilot

Offers Autonomous
Freight Network
allowing for L4
shipments

<=200m LiDAR
<=300m Radar
<=1,000m HD Camera

P ©®

$298M as last
reported in Sep’19

Have ambitious plans
for expansion to 3
more regions in U.S
by 2021 for
autonomous deliveries

NIKOLA

Offers 2 semi-
autonomous variants
Nikola Two in U.S &
Nikola Tre in Europe

Several HD cameras
combined with radar,
sonar, computing
software & hardware
to provide 360° views

IVECO

$462M as last
reported in Sep’19

In 2021, to roll out of
its Nikola Tre Class 8
truck. In 2023, launch
of the Nikola Two
Class 8 FCEV

¢ ¢ o o @

: A FutureBridge Initiative. Copyright © 2020 by FutureBridge

einride

Capable of Level 4,the
Einride Pod has no

driver’s cab, but can
be remote controlled

by a human operator

5 — 77 Ghz Radar
1 - object & lane

detection camera

4 — scanning LIiDAR

4 — cameras for remote
assistance

?A*Lvl .
J

EUROPEAN FARTNERS

$32M as last reported

in Sep’19 @

Plans to roll-out full
autonomous fleet by
2022-2023 in the U.S
& EU

FutureBridge


https://www.einride.tech/news/oatly-and-einride-sustainable-transport-sweden-electric-trucks
https://www.einride.tech/news/oatly-and-einride-sustainable-transport-sweden-electric-trucks
https://www.einride.tech/press/sustainable-freight-lidl-einride-to-electrify-transport-sweden
https://www.einride.tech/press/sustainable-freight-lidl-einride-to-electrify-transport-sweden
https://www.einride.tech/press/coca-cola-european-partners-teams-up-with-einride-for-sustainable-transport
https://www.einride.tech/press/coca-cola-european-partners-teams-up-with-einride-for-sustainable-transport

Embark Trucks TuSimple

Emerging Player (1/4) : Embark Trucks
Focus on inching towards L4 from directly L2, plans to offer highway pilot autonomous capabilities in the near future

Source : Embark Trucks

W

EMBARK

Image: Embark trucks

Funding* $117M
g *Funding details as on Sep’19 L2
B Q Fleet size 13 trucks
O o) *Numbers by 2019 end
// = \\ Test miles 2,400+
L *Indicated in 2018

Embark is building self-driving truck technology to make roads safer and
transportation more efficient >>

| Embark Trucks completed a coast-to-coast test drive of its self-driving
semis

Collaborative Partners** Sensor Suite >>

Embark integrates its self-driving systems
into Peterbilt semis, rather than building its
own vehicles completely from scratch >>

Camera
Radar
LIDAR
**Collaborative partners list not exhaustive

5

Amazon is using self-driving trucks
developed by Embark to haul some cargo on
the 1-10 interstate highway >>

Nikola Motors

Einride

ADAS offering
Adaptive Cruise Control

Blind spot detection
Lane Keep assist
Intelligent park assist
Platooning

Traffic Jam assist
Highway Pilot

MOBILITY

INDUSTRY

INSIDER

Automatic emergency braking

*offered as of now

*planned for future with no release date

( ) FutureBridge Analysis

ADAS functionality
Sensor suite information

Collaborative business
models

Funding

Future Outlook

A FutureBridge Initiative. Copyright © 2020 by FutureBridge
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https://embarktrucks.com/safety.html
https://www.cnbc.com/2018/02/06/embark-trucks-self-driving-truck-drives-los-angeles-to-jacksonville.html
https://www.cnbc.com/2018/02/06/embark-trucks-self-driving-truck-drives-los-angeles-to-jacksonville.html
https://www.cnbc.com/2019/01/30/amazon-is-hauling-cargo-in-self-driving-trucks-developed-by-embark.html
https://www.cnbc.com/2019/01/30/amazon-is-hauling-cargo-in-self-driving-trucks-developed-by-embark.html
https://www.crunchbase.com/organization/embark-trucks#section-lists-featuring-this-company
https://www.forbes.com/sites/alanohnsman/2019/09/25/self-driving-startup-embark-raises-70-million-opens-freight-hubs-for-robot-big-rigs/#5f53f1a7653a
https://www.cnbc.com/2018/02/06/embark-trucks-self-driving-truck-drives-los-angeles-to-jacksonville.html
https://embarktrucks.com/safety.html

INDUSTRY

Embark Trucks TuSimple Nikola Motors Einride

Emerging Player (2/4) : TuSimple
It has ambitious plans to scale to three more regions in the U.S and widen its L4 autonomous freight network by 2021

Source : TuSimple

simple

University of California San Diego study in its findings showed

% . that autonomous trucks operated by self-driving
o= startup TuSimple reduce fuel consumption of heavy-duty
- trucks by at least 10% and up to 20% >>
TuSimple’s Autonomous Freight Network 298M ) )
allowing for L4 autonomous shipments $ Total Funding Amount received

Image: TuSimple trucks

e e 40 Currently operating in Phoenix, Tucson, El Paso
As on Mar, 2020 Future plans of expansion Futu reBridge An alysis
Contracted customers 19 - San Antonio 2021 ADAS functionality

Autonomous trip each 2 Houston 2021 o ,
week s AS on Mar. 2020 Sensor suite information
’ Dallas 2021
Sensor Suite >> Collaborative P " Collaborative business O
olla oratlve artners **list not exhaustive mOde|S
— - =3
<—200m L| DAR ‘.;7, TuSimple expands autonomous trucking Funding O
_ © program with UPS >>
<=300m Radar N Future Outlook
g - uture Outloo
<= ] TuSimple, ZF partner to develop and 0
1 ! Ooom H D Camera § produce autonomous truck technologies >>

Industry Pulse | Q22020 | @ -stong Capavility (O =No capability
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https://www.tusimple.com/technology/
https://www.tusimple.com/technology/
https://www.futurecar.com/3863/Self-Driving-Truck-Startup-TuSimple-Announced-Partnership-with-Auto-Supplier-ZF-for-the-Production-of-Autonomous-Trucks
https://www.futurecar.com/3863/Self-Driving-Truck-Startup-TuSimple-Announced-Partnership-with-Auto-Supplier-ZF-for-the-Production-of-Autonomous-Trucks
https://www.futurecar.com/3863/Self-Driving-Truck-Startup-TuSimple-Announced-Partnership-with-Auto-Supplier-ZF-for-the-Production-of-Autonomous-Trucks
https://www.freightwaves.com/news/study-finds-tusimple-trucks-10-more-efficient
https://www.ttnews.com/articles/tusimple-expands-autonomous-trucking-program-ups
https://www.cnet.com/roadshow/news/tusimple-zf-autonomous-truck-technology-partnership/

Embark Trucks TuSimple Nikola Motors Einride INDUSTRY

INSIDER

Emerging Player (3/4) : Nikola Motors
Ambitious plans to roll-out new electric & hydrogen powered autonomous trucks by 2021- 2023 with region-specific requirements

Source : Nikola Motors

NIKOLA

)TOR COM

ADAS Availability Press Release

Can Electric Truck Company Nikola Become the
Next Tesla After Going Public?

Phoenix-based Nikola goes public, possibly worth $11

= B billion or more >> m
NIKOLAfTWO NIKOLANfTRE THE
The fully-electric and hydrogen fuel The fully-electric and hydrogen fuel Total Funding Amount
cell electric day cab semi-truck. cell electric cabover semi-truck.
Available in North America >> Available in Europe and North f i
America >> $ $ 462M

Image: Nikola trucks

] As on Sept, 2019
Nikola offers both pure electric Electric battery heavy trucks Upto 300 miles . .
FutureBridge Analysis

and also hydrogen electric

powertrains to cover class 8 in Hydrogen fuel cell trucks Upto 750 miles . .
transportation ADAS functionality O
Orders for FCEV semi-trucks 14.000 +
Future Plans >> . L .
Refiling hydrogen powered trucks 20 minutes Sensor suite information O
i The company expects to
generate revenue with the Sensor Suite >> i i Collaborative business
roll out of its Nikola Tre == Collaborative business model -
Class 8 truck ; ;
Several HD cameras combined with > 4
radar, sonar, computing software & IVECO ( FPT Funding
2023 Launch of the Nikola Two hardware to provide 360° views pm——
Class 8 FCEV (fuel cell EV) CNH Industrial brands Iveco & FPT
| together with Nikola announce Nikola Tre Future Outlook 0
S@Y Nikola has nearly $14 billion in pre-orders, which give production in ULM, Germany >>
- some insights into how big the market for hydrogen- weList not exhaustive
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https://nikolamotor.com/two
https://nikolamotor.com/tre
https://www.thedrive.com/news/33808/can-electric-truck-company-nikola-become-the-next-tesla-after-going-public
https://www.thedrive.com/news/33808/can-electric-truck-company-nikola-become-the-next-tesla-after-going-public
https://www.thedrive.com/news/33808/can-electric-truck-company-nikola-become-the-next-tesla-after-going-public
https://www.fool.com/investing/2020/05/24/5-high-growth-small-company-stocks-i-bought-in-may.aspx
https://m.futurecar.com/3960/Hydrogen-&amp;-Electric-Truck-Startup-Nikola-Motor-Co-Debuts-on-the-Nasdaq-After-Merger-with-VectoIQ
https://m.futurecar.com/3960/Hydrogen-&amp;-Electric-Truck-Startup-Nikola-Motor-Co-Debuts-on-the-Nasdaq-After-Merger-with-VectoIQ
https://nikolamotor.com/press_releases/cnh-industrial-brands-iveco-and-fpt-together-with-nikola-motor-company-announce-future-nikola-tre-production-in-ulm-germany-72
https://nikolamotor.com/motor
https://www.futurecar.com/3142/Nikola-Motors-Reveals-its-Latest-Hydrogen-Electric-Vehicles-at-Nikola-World-2019
https://www.futurecar.com/3142/Nikola-Motors-Reveals-its-Latest-Hydrogen-Electric-Vehicles-at-Nikola-World-2019

— Embark Trucks TuSimple Nikola Motors Einride INDUSTRY

Emerging Player (4/4) : Einride
Capable of L4, without no space for the driver on the board and has ambitious plans to offer full self-driving by 2022-2023

Source : Einride

- I ADAS Availability Press Release
Y einride m mm —————

| “A new type of vehicle being
tested by Swedish start-up

Einride and it could soon disrupt

the transportation industry” >>

@The Washington Post
$32 M Total Funding Amount received

As on Oct, 2019

E/NRIDE

Image: Enride trucks

Capable of Level 4 self-driving, the
Einride Pod has no driver’s cab, but can

Image: Enride Pod

be remote controlled by a human In 2019, the Pod became one of the first all-electric, self-driving transport vehicle
operator >> . . ) . A - .
Loogfderie on a public road in Sweden. There is no space for the driver on the FutureBridge Analysis
B - _ . :
y 2022 - 2023 ADAS functionality 0
Full autonomous fleets operating in EU & the U.S Technical Specification Sensor Suite >>
) Loading 15-18 pallets Sensor suite information 0
200 et Sz EEEEEEE 5 o o s
1 24 Miles it can travel autonomously Range per 130 — 180 km ) ) Collaborative business 0
with Nvidia Drive Al platform charge 1 Object and lane detection camera models
**Collaborative partners list not exhaustive GrOSS vehicle 26 tonnes .
. . : N Funding
Collaborative business model weight 4 Scanning LiDAR sensors
THE SRIGINAL . Payload 16 tonnes
.ATI_Y! (W% Separate cameras for remote Future Outlook ‘
EUROPEAN PARTNERS Automated Yes 4 operator assistance

*Collaborative partners list not exhaustive i .
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https://www.einride.tech/pod
https://www.washingtonpost.com/news/on-small-business/wp/2017/04/14/will-driverless-trucks-pass-these-guys-by/
https://www.einride.tech/pod
https://www.einride.tech/news/oatly-and-einride-sustainable-transport-sweden-electric-trucks
https://www.einride.tech/news/oatly-and-einride-sustainable-transport-sweden-electric-trucks
https://www.avl.com/documents/4053291/0/The+Future+of+Transport+-+Einride
https://techcrunch.com/2018/03/28/einrides-autonomous-trucks-will-be-nvidia-powered-and-deliveries-start-this-fall/
https://techcrunch.com/2018/03/28/einrides-autonomous-trucks-will-be-nvidia-powered-and-deliveries-start-this-fall/
https://www.einride.tech/press/sustainable-freight-lidl-einride-to-electrify-transport-sweden
https://www.einride.tech/press/sustainable-freight-lidl-einride-to-electrify-transport-sweden
https://www.einride.tech/press/coca-cola-european-partners-teams-up-with-einride-for-sustainable-transport
https://www.einride.tech/press/coca-cola-european-partners-teams-up-with-einride-for-sustainable-transport
https://www.einride.tech/
https://www.crunchbase.com/organization/einride#section-funding-rounds

Upcoming Trend

= Rise of zero-emission commercial vehicles and autonomous driving could accelerate the state’s role
in trucking technology development

= Multi-brand platooning with communication with infrastructure and other road users should be
possible to drive across Europe on motorways

Regulation

Impacting

commercial
vehicles

What do we see happening

» Currently, no federal standard on autonomous trucking technology exists in the U.S, so every state
varies in its acceptance of autonomous trucking technology

» California is becoming as preferred choice for the players for testing and developing higher
automated driving technology for heavy-duty trucks

* EU is developing platooning technology and relevant standards for multi-brand platooning

FutureBridge



National Standards for Autonomous Trucking in the U.S

Every state in the U.S follows different approach for autonomous trucking, while California has become the preferred choice of

testing by the players

III"
IV

F————
-
T

!

Currently there is no
national standard.
Every state uses a

different approach.

Allows autonomous testing on public roads

Proposing legislation for AVs

Failed or reversed legislation

Testing being performed in state by government approval

California Becomes Epicenter of Emerging Truck Technology

Electric and Automated Trucks in California

» Currently, no federal standard on autonomous trucking technology exists in the
U.S, so every state varies in its acceptance of autonomous trucking technology

» Several states have no proposed legislation, meanwhile states like Nevada,
California, Texas, and Arizona are hotbeds for testing automated trucks

18 Industry Pulse | Q2 2020

and of : Proterra is i
electric truck and bus components at two factories.
Hayward: Motiv Power Systems is buildin: < = = = = _=p=  g=
SR iic pawortrali Gorpansis 9 Major zero-emission trucking initiatives
Lancaster: BYD builds electric trucks and buses Funding split between California’s cap and trade program and participants.

1
at its factory here. i
North Hollywood: Xos is building electric |
armored trucks and delivery vans. |

Palo Alto: Tesla is developing an electric Class 8
tractor that will have autonomous technology.

i

@ carson: $11 million to deploy 21 battery-electric Class 8 trucks at
four Anheuser-Busch distribution facilities, and to commission
solar generation at its facility here. :

@ Chino: $11 million to deploy four fuel cell hybrid electric delivery
vans for UPS. $

€ carson and{Z) Chino: Additionally, the South Coast Air Quality
Management District provided $16 million in funding for Pepske Truck
Leasing in Carson and NFI in Chino to deploy the 30-vehicle
Fr Electric Fleet. :

€3 Inland Empire region: $31 million to deploy 23 Class 8 Volvo battery-
electric trucks and 24 zero-emission forklifts, chargers and
(D] other equipment.

) Modesto: $31 million to replace 59 diesel trucks operated by Frito-Lay
with zero-emission models from Tesla, Peterbilt and others.

@ Reedley: $7 million to deploy five battery-electric Class 7 trucks with
all-electric refrigeration units. i

@ san Pedro: $82 million to deploy 10 Toyota and Kenworth fiel cell
Class 8 trucks and build two new large-capacity hydrogen fueling
stations in Wilmington and Ontario.

oy ©
Automated
truck development
o Chino, Ontario and Rancho Cucamonga: Freight handler

NFI plans to retrofit Kalmar Ottawa electric yard tractors to
run autonomously at its facilities.

Plus.aiis an ous driving system for
heavy-duty trucks.
0 Mountain View: Waymo is working on an autonomous driving system for ¢ e
delivery vans and Class 8 trucks. D’ ﬁn
Mountain View: Peloton Technology is testing and developing a truck
platooning system. 3

(%) Palo ARo: Tesla is developing a Class 8 tractor that will have many of the
same driving as its

e San Diego: TuSimple is working toward commercializing its Level 4
automated driving system. e

@) Sunnyvale: Paccar is working on self-driving trucks and other technologies

at its innovation center here. Mexica

A FutureBridge Initiative. Copyright © 2020 by FutureBridge ~ FutureBridge




INDUSTRY
EU Roadmap for Truck Platooning

This roadmap provides an overview of the steps that are necessary to implement multi-brand platooning (up to SAE level 2)
before 2025 STEP1 STEP 2 STEP 3 STEP 4

. . Mono-brand platooning: Multi-brand platooning (upto . . Full autonomous trucks
Platooni ng Step—By—Step Introduction trucks from the same SAE level 2) with the driver D”V?’ of a trailer truck (starting with driver in
brand form a platoon still ready to intervene can rest the lead truck)

* Multi-brand platooning

Enabling technolo Mono-brand platooning e Ll
g9 ay * Communication with infrastructure & other road users
TECHNOLOGY European Truck Manufacturers take part in various test cases involving

glee:]c;%r;l;gtgg?l!lgnge Efu rr]tlr:(;:;\rllzlopmem logistics operators to examine platoons in real-life conditions
technological feasibility technology, testing and develop the business case for truck platooning
of (monobrand) and verification
platooning and provided projects by truck

Truck manufacturers | assessment of manufacturers

develop and introduce | remaining barriers Development of multi-brand platooning technology (H2020 research project funded by the EU), as

well as standardization of communication protocols

TIMELINE 2016 2018 2019 2021
POLICY
Review, adaptation and development of the required regulatory
Reaul e framework, as well as harmonizing it, at various levels:
egulatory kick off: National authorities and « UNECE i i i
Declaration of the EU support and « EU framework Market introduction of this
Amsterdam facilitate cross border o NE(arel frlife Evs technology will require
testing across Europe permission to drive
Regulatorl_y chanlges platoons on motorways
and enabling pQ Icy across the EU, without
measures required Development of market incentives, such as toll needing any specific
for platooning and tax reductions, CO2 bonuses or flexibility in exemptions
driving time, to stimulate the uptake of truck
platooning
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https://www.acea.be/uploads/publications/Platooning_roadmap.pdf

MOBILITY INDUSTRY

Upcoming Trend

= Significant rise in capacity of freight loads is expected by 2028, which will further accelerate the need
of automation in the trucking industry

= Need for clean, power efficient freight technologies is gaining interest among the players

= Advancements in ADAS functionalities like automated steering function can be a possibility

= Adoption of standard legal and insurance framework will help to accelerate the testing and faster
commercialization of autonomous trucks

A trsEtiook

iIn commercial

vehicles

What do we see happening

=  Trucking moves close to 70% of all goods in the U.S, regions in U.S like California are becoming the
epicenter for autonomous trucking technology

» The latest safety systems for commercial trucks already provide collision mitigation, adaptive cruise
control and lane-departure warnings. In the years ahead, automated steering functions also will
become available

= Trials of two-truck platooning system is on rise which aims to reduce significant fuel consumption

FutureBridge



Future Outlook: Activities in autonomous commercial vehicle segment
With increased capacity in freight loads, focus will be on safety along with power efficient technologies which will ride next

generation of platooning

Future Outlook

P

Rises in capacity of .

freight loads

The American Trucking Association projects that 20.7 billion tons of
freight will be moved by trucks by 2028, a 36% increase from what was
projected for 2017

8

Focus on Safety first
with Driver-Assist

In the years ahead, automated steering functions will become
available. ADAS could be applied to virtually any on-road application
without requiring any changes to fleet’s existing business models.

= As trucking moves 70% of all goods in the U.S,
automation in trucking has a good potential to scale the
freight delivery operations

1
= Qver time, the evolution of ADAS could potentially give E
rise to highway pilot systems that may allow the driver to:
relinquish control of the vehicle |

1

1

N

Need for clean, power
efficient technologies

By 2030, hydrogen and fuel cells could fuel approximately 3.0 million
to 4.0 million delivery trucks and vans globally

oy )

Adoption of next-level
platooning

Driverless trucks could hit the road as part of a truck platoon led by a
manned truck. In this scenario, a single driver would operate the lead
truck while one or more unmanned trucks automatically follow. This
model would enable a single driver to “drive” two or three trucks at once

@ :

Requirement of new
legal & insurance

The entire industry supply chain needs to evolve to meet technical and
legal requirements. Platooning, for example, will require fast
communication between other vehicles and infrastructure, which in turn
will need much closer co-operation between OEMs, Tier 1 suppliers and
government

framework
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= The powertrain of a hydrogen-powered truck would only |
weigh about 1.8 to 2.1 tons. This weight benefit of the,
hydrogen truck would enable it to carry more and i
heavier loads or reduce the consumption needed to run |
— the truck !

= Two-truck platooning system aims to reduce the fuel
consumption for lead truck by 4.5% and rear truck by
10%

1
= Key questions will get addressed by a revised legal |
framework for (OEMs, suppliers, drivers), ethical |
concerns, and criteria that can be used to determine if |
the vehicle meets required safety standards |

A FutureBridge Initiative. Copyright © 2020 by FutureBridge ~ FutureBridge


https://www.hg.org/legal-articles/transportation-law-self-driving-trucks-and-robotrucks-arriving-in-the-2020s-52175
https://hydrogencouncil.com/wp-content/uploads/2018/10/Hydrogen-Council-Hydrogen-Meets-Digital-2018.pdf
https://www.trucks.com/2018/07/13/truck-platooning-improve-safety/
https://spark.adobe.com/page/xmbALqRyKlY0P/

. North America
55 Madison Ave, Suite 400
Other deliverables to read e s
USA
T:+1 212 835 1590

Europe
This is a semi-annual coverage of industry activities.....stay tuned...releasing last week of July 328-334 Graadt van Roggenweg
4th Floor, Utrecht, 3531 AH
What’s inside? Netherlands

1. Emerging trends in the autonomous driving area for last 6 months T: +31 30 298 2108
2. Competition assessment & breakthrough technologies for cruise, park, and safety features
3. What self-driving cars are doing in midst of Covid-19 & its post-pandemic impact
4

Regulation governing the AD and ambitious plans of players to roll-out full self-driving ggi;:r?cgiyngaizm

capabilities London EC4A 1BL
United Kingdom
T: +44 207 406 7548
=>>
Asia Pacific
What’s inside ? Millennium Business Park

= Key activities in collaborative business models to accelerate Level 4 automated driving ﬁiﬁ}%jﬁ%ﬁmgg jﬁ)’ Mahape

= Release of AV TEST program by NHTSA to bring transparency to autonomous vehicle testing India
= |IHS study stating self-driving vehicles could struggle to eliminate most crashes T: +91 22 6772 5700

Do you want to learn more?
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