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TECHNOLOGY

Comparison of Different Engines

4

CONVENTIDNAL ENGINE

Powertrain is drrsen by
& gas ar diesed #ngine

Example:
Golf VI TSI

PARALLEL HYBRID

Combustion engine and
electric motor dediver
parallel power

Exarmple:
Honda Clvic Hybrid

PLUG N HYBRID

Battery can be
recharged via onboard
engine and plugging into
a power grid

Example:
Chrysler Pacifica

KR
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SERIES HYBRID

Combustion engine
drives an electric
generatar whach both
charges a battery and
powars an electric mobor

Exarmple:
BMW (3

ELECTRIC-VEHICLE
BATTERY

Elzctric mobar draws ifs
energy fram an
accwmulatar, which can
only be -:'.‘l"l.ir'EElﬂ vig a
power grid

Example:
Missan Leaf

:

FUEL GELL

A hydrogen-powered fuel
cell generates energy 10
power the on-bosrd
aleciric rmator

Exarmple:
Toyota Miral



TECHNOLOGY

Electric Vehicle

BATTERY : -

Energy is
recuperated through
regenerative braking
POWER CONTROL UMNIT - - E and downhill driving
ELECTRIC MOTOR BLU /
An electric motor N
only runs when the I'/I:Ij\ y GHARGING
vehicle is moving | $ | STATION/

\ ] /' POWER GRID



TECHNOLOGY

Plug-in Hybrid /f-__\\\ CHARGING
|3 | sTaTion/

BATTERY "\ﬂ H;‘ POWER GRID
POWER CONTROL UINIT i} T
‘ A~ I L™ Nox
ELECTRIC MOTOR \ E l
| AT
TANK | 'ﬁ'lé | GAS
GENERATOR \‘%-dj
& combustion en-

gine combined with a
generator increases
the vehicle's range

COMBUSTION ENGINE




TECHNOLOGY

Range

| OFTEN EXPERIENCE
RANGE ANXIETY

22% AGREE

Range can vary greatly due to driving
style and environmental influences,

such as temperature,

Additional combustion engines (hybrid)
or fuel cells can increase range.

Interchangeable battery systems are
suited for use with forklifts and other
similar industrial vehicles.

Interchangeable batteries for cars proved to be
difficult to handle, as battery lifetimes vary much, and
batteries are expensive

« Although 80% cheaper than 8-10 years ago

Examples of EPA
Ranges
iUnited 5tates
Environmental
Protection Agency)
for Electric Vehicles
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The charging problem | |
AC Charging DC Charging
3.6-11kW 50 kW

= Batteries need Direct Current (DC) for charging

= The electric grid delivers Alternating Current (AC)

- An AC/DC converter is needed — part of a ,,charger” ’f Charger
)

= On board charger integrated in the vehicles
= Small, light, cheap, long lasting — but slow (10-20 kW)
= Takes hours to charge at home or at work — but we have time

= Charge points at home are no chargers, but smart sockets

= External charger does the AC/DC conversion

= Heavier, larger, more complex, more expensive — but much faster (350 kw)
= Takes 15-20 minutes to charge to 80%

= Still much slower than refueling an ICEV (1-2 minutes)
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INFRASTRUCTURE

Charging Station Map

Charging station maps have become

increasingly important for route planning.

They provide EV drivers with information
about ...

charging station locations.
operational status and number of stations.

types of ports available at each location.
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Private electric vehicle slow chargers by country, 2019

6.5 million private chargers

Other: 13%

Netherlands: 4%

China: 37%
Norway: 5%

France: 5%

Germany: 5%

United Kingdom: 4%

Japan: 3%

United States: 24%

Publicly accessible electric vehicle slow chargers by country, 2019

598 thousand publicly accessible slow chargers

Other: 12%

Netherlands: 8%

Norway: 1%

France: 5%
China: 52%

Germany: 3%

United Kingdom: 4%

United States: 11%

Japan: 4%

Publicly accessible electric vehicle fast chargers by country, 2019

264 thousand publicly accessible fast chargers

Other: 5%

Norway: 2%

Germany: 1%

United Kingdom: 2%

United States: 5%
Japan: 3%

China: 82%



From hardly visibile electric charging stations

To clearly visible, solar powered
charging stations
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SE— Solar energy is generated
e cEEEe - by the solar panels

The generated
electricity is sent to the

charging points
/ ”

By
%)

}
U g

» The production of renewable energ :J-‘_, ' 1ergy need of the electric
vehicles R R

» Charging infrastructures are made clearly
among consumers

» The electric car becomes truy « green »

» The association with solar power - free, unlimited, renewable - further improves
electric vehicles’ positive image

he electric cars are
charged with « green »
electricity

\r‘Wh‘iCh’sfren“g‘thens their awareness
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The e-bikes are locked, and

The generated = #  and charged with « green »

the station’s batteries




INFRASTRUCTURE

Roaming Platform System

PAYMENT USING
¥ an app
v abank card

v standardized access and
billing throughout Europe

ROAMING CUSTOMER
CONTRACT CONTRACT

CHARGE POINT
OPERATOR

PROVIDER
CHARGE POINT
MANAGEMENT
SYSTEM

CUSTOMER
MANAGEMENT
SYSTEM

ROAMING
PLATFORM




ECONOMY

Mew Registrations & Inventory 2018

B China
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Total cars worldwide: ~ 800 million (2019) — doubling every 20 years

Percentage of electric cars: ~ 1% (2019)

* Only 17.000 electric cars worldwide in 2010.



Electric cars worldwide

2010 20M 2012 2013 2014 2015 2016 2017 2018 2019

BEV (Battery Electric Vehicle)

PHEV (Plug-in Hybrid Electric Vehicle
ICEV (Internal Combustion Engine Vehicle) IEA. All Rights Reser

@ ChinaBEV @ ChinaPHEV © EuropeBEV @ Europe PHEV United States BEV ~ © United StatesPHEV @ OtherBEV @& Other PHEV @ World BEV



Share of electric cars
Who Leads the Charge Towards Electric Mobility?

Largest markets in terms of plug-in electric passenger car sales/registrations in 2018

%

Norway e . 72,689

usS

Germany . 67,658
UK S . 59,947
Japan @ . 52,013

France | § . 45,623

@ @ @ * including plug-in hybrids and light trucks

@statistaCharts Sources: ACEA, CAAM, InsideEVs, BEA, JAMA

of passenger
car sales

4.4%
21%
49.1%
2:0%
2.5%
1:2%

21%

statista%a

China Bets on Electric Cars

Projected percent composition of passenger
vehicles in China over the next two decades

® Internal combustion Electric @ Fuel cell

=
2% @ %3 1%

2040

20% 22N

98%

80%

Source: Bloomberg

SJO1C statista %a
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Electric buses worldwide

New electric bus registrations in China, 2015-2019 New electric bus registrations by country/region, 2015-2019
thousand thousand
150 25
125 5
100
15
75
1
50
0.5
25 il
0 _ 1 I
0 | India Europe South North Others
China America America
IEA. All Rights Reserved IEA. All Rigl

@ 2005 © 2016 2017 o 2018 © 2019 @ 2015 « 2016 2017 o 2018 © 2019



Electric buses: Helsinki (Finland) vs. Shenzhen (China)

Helsinki Schenzen

- Population: 1.5 million (Helsinki region) - Population: 12 million

] i O/n"
- Electric buses %: 3.4 (in 2020) Electric buses %: 100 (by 2017 already)

- To be extended to 30% by 2025 » Electric buses #: 17,000
- Electric buses #: 48 = Charging: 1700 terminals at 104 stations

= Charging: 33 terminals at 2 stations
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Electric bikes/scooters

= 350 million electric two/three-wheelers

= 25% of two/three wheelers worldwide (as opposed to 1% for cars)

= Most of them in China — ban on ICE scooters in many Chinese cities

Global motorcycle sales by technology - eMob

u BEV
¥ ICE_gasoline

Thousand vehicles

2000 2010 2020 2030 2040 2050

Toyota iRoad 44 OKOS ViROS
5 @DMETMIT
April 15, 2020 Intelligent Transportation Systems 20 N ii? fr,A




ECONOMY

Costs

Energy Costs

The cost per kilometer driven with an
electric car is significantly lower than
with a combustion engine car

~20-25 Ft/km for an ICEV
~6 Ft/km for an EV

Purchase Costs

Electric cars are significantly
more expensive to buy

Reasons: Low praduction valume and
expensive accumulator production

Repair and Maintenance Costs

Thanks to a simpler design and
fe'wer wearing parts, the repair and
maintenance costs for an electric
car are significantly lower

Total Costs

In terms of total costs, many of the
electric cars available on the market are
cheaper than conventional vehicles

- If driven 15-20,000 km/year



ADVANTAGES AND ISSUES

E-Maobility Advantages

Results are signifcantly better —— EMISSIONLFE- 0~ . NODRIVING £V wil ot e affcted

tham those of vehicles with .
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Ev owners have the R 4 High tarques even at startup

potential to save GOSTS O ;
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Of Energy costs
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through state subsidees



GreenHouse Gas (GHG) emission comparison

Net and avoided well-to-wheel GHG emissions from the global electric vehicle

_TO- fleet, 2019
WELL-TO-TANK (WtT) (ANE [0 VLHEE L
(Ttw)
Ei= alp=== = S
I v
i b g Mt CO2-eq
0 o]
0 0]
0 0
i 80 100
I 0
1 Ll
O O
50
WELL-TO-WHEEL (WtW) - 0
WTW emissions comparison £
c-segm vehicle - WLTP
160
140 <100
120
£ 100 -150
.
™ 80
L |
8 60
40 IEA. All Rig
0 @ Electric LDVs ® Electric buses Electric trucks ® Electric two/three-wheelers
Petrol Diesel PHEV (Petral) BEV (14,5 kWh/100km) CNG . . .
L Equivalent ICE LDVs Equivalent ICE buses @ Equivalent ICE trucks

. mWTW ® Equivalent ICE two/three-wheelers Avoided CO2 em&&ions



ADVANTAGES AND ISSUES

E-Maobility Issues

An accumulator's lifetime
and capacity depends on
many factors

An EV cannot yet match the
mileage of a gas-pawered ——
of diesel vehick

it is diffcult for the consumer
to determine the best cotion
far his/her nesds.

ENERGY STORAGE

RANGE —(®)

VARIETY OF
OPTIONS

—®

E.

(o ——

CHARGING
STATIONS

TIMES

CHARGING

The network of charging
points i not yet large
enough ta meet demand

The charging tirne far
accurmalators daes nal
vel match refueling time

Lo guantities and the costly
praduction af accurmulators
efisure a high purchase price



Electric cars in smart cities Norway to ‘completely ban petrol

powered cars by 2025’

What an amazingly awesome country’, Elon Musk tweeted in response to the plan

. . 118K
O Incentives to support the spread of electric cars 00®™":
O Lower registration fees and taxes

No drive-in restrictions (e.g., London downtown, Germany)
Free parking (e.g., in Budapest) NEWS

. . Home | US Election | Coronavirus ' Video | World | UK | Business | Tech Science | Stories A Entertainment & Arts
Free Charglng (JUSt aS a temporary measure) World Africa Asia Australia Europe Latin America Middle East US & Canada |
Free use of HOV lanes

France set to ban sale of petrol and
diesel vehicles by 2040

(I I Iy

®6July 2017

U Bans on traditional cars (ICEVS)

Q0 No ICEVs sold in Norway after 2025 @ T
0 No ICEVs sold in California after 2035

TOP STORIES MEDIA

GERMANY CORONAVIRUS WORLD BUSINESS SCIENCE ENVIRONMENT CULTURE SPORTS

TOP STORIES ' BUSINESS
Date
BUSINESS
Author
California to ban sale of new gas-powered -
cars by 2035
As wildfires rage, California's governor has issued an executive order banning the sale of Print
new cars powered by fossil fuels within 15 years. But the White House wants to stop the Pariiialiik I
move before a trend is set.

) INDEPENDENT  ton wies e tisn et oo 5oy



OUTLOOK

Vehicle-to-Grid (V2G)

ADVANTAGES:

car owner becomes an energy trader
decarbonization of the transport sector

performs load control tasks

improved integration of wind
energy into the electricity mix

IDEA:

Electric cars function as part of an
intelligent energy system by feeding
electricity back into the grid when
the grid load is high

V2G Unit

PROBLEM:

The lifespan of most batteries depends

on charging cycles. V2G has a negative
impact on battery longevity

Electric Vehicle

AC/DC

Bi-Directional -
Irverter

e [PEU

+PCU|"




Electric cars in smart cities — research issues

[ Historical V2G Historical load 5 s

| information Database demand database Rolling prediction
|

|

F
Cham.fng denignd of newcomer Contr a.’ signal

O Intelligent route planning, charger reservation } module
. . . = FA-CD predictor ] [ Load demand forecast ]
O Dynamically changing traffic data i r Forecasting information N
. . . - ol E Y Rolling V2G behaviors management
Q Dynamically changing charger avaiability T
o « EW Siaius g oad stabili P
Q Dynamically changing demand 305 G0 pate cp - (et H“;
0 Optimization of EV car sharing fleets B - Neowent eomaraas " 2P coumting algenitim 2
. . . z + Historical behavior of ¥
O Allocation of cars taking into account charge levels 15 (_eactiEv ) V2G optimal scheduling scheme )

O Gathering cars with depleted batteries
O Placement of charging stations

O Vehicle-to-grid optimization User information colcin
U Discharge energy from EV battery to the grid, to lower peak demand
U Transform night-time energy from the suburbs into day-time energy in the city
O Take into account mobility, battery-degradation, grid power fluctuation level
O V2G scheduling a large-scale, multi objective optimization problem — hard to find a global optimum

2 |ieie

EV Smart charger







