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Sustainable mobility

Innovation in Electric Vehicle
Technologies

International Renewable Agency (Irena)
Irena Innovation Week
Bonn May 12th 2016 Prof. Dr. Guy Fournier
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Agenda

e Drivers of the new mobility paradigm
e Innovation in individual mobility: new powertrains

e Innovation in mobility services and value added services:

— EV as a part of mobility solutions
— EV as a part of storage solutions
— Innovation in Autonomous EV: the example of robocabs

e Innovation in Developing Countries: Reverse innovation and frugal
economy

e Conclusion
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Drivers of the new mobility paradigm

Current Mobility Paradigm

based on cheap fossil fuel energy, high CO, exhausts, individual mobility (product orientation), linear economy

External costs of mobility
Scarcity of resources

Rising urbanization | 5 ion | Global
(Congestions, Parking

Penury, Land use etc.) Accidents| Warming

¥

» Legislative measures
» Regulative intervention on local,
national, regional or global level

Dependency on Energy

L 2

« Growing environmental
awareness of the
population

« Loss of significance and
image of the car as a
status symbol

1

Technological changes (Digitalization,

> “Low carbon economy” (similar to EU
or in other regions)

2 2

Change of infrastructure
(energy, IT & digital
economy)

Change of standardization
New business opportunities
(e.g. integrated services)

New customer requirements
(e.g. Kuruma Banare etc.)

New offerings (OEM, supplier,
raw materials, third parties, new
parties, customer)

New mobility business models
e.qg. car sharing. car pooling etc.

Towards a positive economy

kuruma banare), changes in society

Social changes (Urbanisation, demography,
weight, production and distribution of energy, IT
open-source, niches vs volume strategy, service

Innovation in battery, fuels, power train, light-
Business model changes (radical innovation,

orientation, cost of usage, mobility on demand etc.)

L 2
New Mobility Paradigm

based on internet, low carbon oriented (low carbon economy), new mobility services (customer oriented,
intermodality), energy and resource efficient (circular economy)
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Drivers of the new mobility paradigm

Current Mobility Paradigm

based on cheap fossil fuel energy, high CO, exhausts, individual mobility (product orientation), linear economy

kuruma banare), changes in society

Towards a positive economy

Social changes (Urbanisation, demography,

Scarcity of resources

Dependency on Energy

External costs of mobility

Rising urbanization
(Congestions, Parking
Penury, Land use etc.)

Pollution
Accidents

Global
Warming

L 2

¥

awareness of the
population

status symbol

Growing environmental

Loss of significance and
image of the car as a

1

+ Legislative measures
« Regulative intervention on local,
national, regional or global level

> “Low carbon economy” (similar to EU
or in other regions)

New customer requirements
(e.g. Kuruma Banare etc.)

New offerings (OEM, supplier,
raw materials, third parties, new
parties, customer)
New mobility business models
e.qg. car sharing, car pooling etc.

L 2

Technological changes (Digitalization,
Innovation in battery, fuels, power train, light-
weight, production and distribution of energy, IT

Change of infrastructure
(energy, IT & digital
economy)
Change of standardization
New business opportunities
(e.g. integrated services)

orientation, cost of usage, mobility on demand etc.)

Business model changes (radical innovation,
open-source, niches vs volume strategy, service

L 2

New Mobility Paradigm

based on internet, low carbon oriented (low carbon economy), new mobility services (customer oriented,
intermodality), energy and resource efficient (circular economy)

Growth is an emerging market phenomenon

Projected total stock of light-duty vehicles by region

Billions of Vehicles
2.5

2000

Source: World Business Council for Sustainable Development (WBCSD) 2004 L4

200

2020

2030

Total

Africa

Latin Arnerica
Middle East
India

Other Asia
China

Former Soviet
QECD Pacific
OECD Europe

2040 2050

Eastemn Europs

Union

OECD Morth America

50 million in the 50s

600 million today

3 billion by 2050
(IMF)

Represents an
incredible 60-fold
increase within a
hundred years

e Production in 2011: 75,6 million

Production in 2012: > 80 million

e Production in 2015: 90 million
© Guy Fournier - Pforzheim University of/Applied Scienges) Debate /4.3.1 Limited availability of natural resources: overview 10
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Drivers of the new mobility paradigm

Current Mobility Paradigm

based on cheap fossil fuel energy, high CO, exhausts, individual mobility (product orientation), linear economy

Scarcity of resources

Dependency on Energy

External costs of mobility

Rising urbanization

(Congestions, Parking PO'!Utlon Glob?I
Penury, Land use etc.) |Accidents| Warming

L 2

. 2

Growing environmental
awareness of the
population

Loss of significance and
image of the car as a
status symbol

+ Legislative measures
« Regulative intervention on local,
national, regional or global level

1

> “Low carbon economy” (similar to EU
or in other regions)

L 2

Social changes (Urbanisation, demography,
kuruma banare), changes in society
Towards a positive economy

New customer requirements
(e.g. Kuruma Banare etc.)
New offerings (OEM, supplier,
raw materials, third parties, new
parties, customer)

New mobility business models
e.qg. car sharing, car pooling etc.

« Change of infrastructure
(energy, IT & digital
economy)

« Change of standardization

« New business opportunities
(e.g. integrated services)

L 2

Technological changes (Digitalization,
Innovation in battery, fuels, power train, light-
weight, production and distribution of energy, IT
Business model changes (radical innovation,
open-source, niches vs volume strategy, service
orientation, cost of usage, mobility on demand etc.)

New Mobility Paradigm

based on internet, low carbon oriented (low carbon economy), new mobility services (customer oriented,

intermodality), energy and resource efficient (circular economy) "
External costs of passenger transport in 2000
(excluding costs of traffic congestion)
€ pro 1000 tkm
90
80 — 76.0
7w —
60
52.5
50 A —
40 3T |
30 —_—
228
20 _
10 —
0 . I . — )
Car Bus Train Plane

M Accidents ENoise

DAIr pollution O Effects on nature

O'Up- & downstream effects (pdt or disposal)lJ Effects on Towns

CINFRAS CIGlobal warming (worst case) o }G\oba\ warming (difference between worst case and best case)
INFRAS 2004
© Guy Fournier - Pforzheim University of Applied Sciences 13
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Drivers of the new mobility paradigm
Transportation as a driver of external costs

- e Target for the EU to reduce its CO, emissions by 20% until 2020, or 30%
if a broader international agreement is reached

e Cost estimation in Europe:

Global warming

Noise 1,1% GDP
Air pollution

Traffic Congestion 1,1% GDP

e The aim of the EU is to internalise
the external costs of
transportation

e “Greening Transport Package*

Paris March 2014 Costs of air pollution in France: between
886 millions € 1,817 bn € (2015)

© Guy Fournier - Pforzheim University of Applied Sciences 14

Comparison of the Daily Sea Ice

504 ice concentration (%)

9/15/1979| - = +09/07/2014

e Cryersphers Today 3 - The Cryesphers Today

http://igloo.atmos.uiuc.edu/cgi-bin/test/print.sh?fm=09&fd=15&fy=1979&sm=09&sd=07&sy=2014
© Guy Fournier - Pforzheim University of AgpliedsSuiehcesdaries / 4.4.2.3 Effects of global warming 15
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Temperature Anomalies in Europe

The hottest summer since 1500:

2010
2013
2002
2006

2015 will probably

summer since 1500

100 T T T TR F T (T @ 7378 TLA LA A SR T D I L L e 0
- g ]
80 &
L [ | -
I g |1
3 60} S
@ i o ]
3 - g 1
o L & _
2 a0t .
20} |
3 ]_‘_L 1 be the hottest
oL i : | ] i
-2 -1 0 1 z

Barriopedro et al., 2010.

temperature (°C)

© Guy Fournier - Pforzheim University of AgpliedsSwiehcesdaries / 4.4.2.3 Effects of global warming 17
Climate Change
trend without
Greenhouse gases i commitments
(in gigatons CO, equivalent) i
” i When all commitments are kept
-
i
f + 3.6-degree-
HHHH scenario
50
.. The Gap
between expectations and reality
. ‘ i)
1990 2000 |
3 2030
i + 2.0-degree-
2040 scenario
‘ Secnario
needed to keep the 2050 i
. warming below 2 degrees 21 00
Pledges or promises that governments
have made, including in submitted INDCs
(Intended Nationally Determined
Contributions): . .
Pledges end of 2014: + 3° IPPC is working on Die Zeit 27.11. 2014
Pledges end of 2015: + 2,7° a special 1,5° report
climateactiontracker.org
© Guy Fournier - Pforzheim University of Applied Sciences 18
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Drivers of the new mobility paradigm

based on cheap fossil fuel energy, high CO, exhausts, individual mobility (product orientation), linear economy

Current Mobility Paradigm

Social changes (Urbanisation, demography,

kuruma banare), changes in society

Towards a positive economy

Scarcity of resources

Dependency on Energy

External costs of mobility

Rising urbanization
(Congestions, Parking
Penury, Land use etc.)

Pollution
Accidents

Global
Warming

L 2

. 2

Growing environmental
awareness of the
population

Loss of significance and
image of the car as a

1

status symbol

=N

Legislative measures

Regulative intervention on local,
national, regional or global level

“Low carbon economy” (similar to EU
or in other regions)

New customer requirements
(e.g. Kuruma Banare etc.)

New offerings (OEM, supplier,
raw materials, third parties, new
parties, customer)

New mobility business models
e.qg. car sharing, car pooling etc.

Technological changes (Digitalization,
Innovation in battery, fuels, power train, light-
weight, production and distribution of energy, IT

L 2

economy)

Change of infrastructure
(energy, IT & digital

Change of standardization
New business opportunities
(e.g. integrated services)

orientation, cost of usage, mobility on demand etc.)

Business model changes (radical innovation,
open-source, niches vs volume strategy, service

L 2

based on internet, low carbon oriented (low carbon economy), new mobility services (customer oriented,

New Mobility Paradigm

intermodality), energy and resource efficient (circular economy)

24

Grams CO, per kilometer, normalized to NEDC

\‘\‘.‘:‘

by 2040 are necessary to keep global warming below 2 degrees

(estimation based on real emissi

on, not on NEDC)

NEDC: New European Driving Cycle

© Guy Fournier - Pforzheim University of Applied Sciences

025

Source: based on ICCT 2015

Comparison of global CO, regulations for new
passenger cars

(uajeAinba aujjoseB) siajawoly 00l 1ad s1a11

ICE powertrain
optimization is
unlikely to be
enough to meet
European CO,
emission limits of
95 g/km by 2020

By 2017 the new
world standard
WLTP (Worldwide
harmonized Light
vehicles Test
Procedures) will
take the place of
the updated NEDC

26
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Drivers of the new mobility paradigm

Current Mobility Paradigm

based on cheap fossil fuel energy, high CO, exhausts, individual mobility (product orientation), linear economy

External costs of mobility

Scarcity of resources

Rising urbanization

(Congestions, Parking PO'!UtIOn Glob?I
Penury, Land use etc.) |Accidents| Warming

¥

+ Legislative measures
« Regulative intervention on local,
national, regional or global level

Dependency on Energy

L 2

« Growing environmental
awareness of the
population

« Loss of significance and
image of the car as a
status symbol

1

Technological changes (Digitalization,

> “Low carbon economy” (similar to EU
or in other regions)

L 2

Change of infrastructure
(energy, IT & digital
economy)

Change of standardization
New business opportunities
(e.g. integrated services)

L 2
New Mobility Paradigm

based on internet, low carbon oriented (low carbon economy), new mobility services (customer oriented,
intermodality), energy and resource efficient (circular economy)

New customer requirements
(e.g. Kuruma Banare etc.)

New offerings (OEM, supplier,
raw materials, third parties, new
parties, customer)

New mobility business models
e.qg. car sharing, car pooling etc.

kuruma banare), changes in society

Towards a positive economy

Social changes (Urbanisation, demography,
Innovation in battery, fuels, power train, light-
weight, production and distribution of energy, IT
Business model changes (radical innovation,
open-source, niches vs volume strategy, service
orientation, cost of usage, mobility on demand etc.)

46

Drivers of the new mobility paradigm:
Kuruma Banare (Egﬁn) New car sales and ownership in Japan

(i millions) - &

e Japan: .
— Between 2001 and 2005 the Japanese Mewv car sales 6
population not possesing vehicles raised (in millions) ™
from 21,3 to 32,1 % n 5,4 millions in 2013

80 —!4
—  From 20 to 50y., more important than a car: _
* Internet (74 %) o0
* Mobile (56 %) 0

Car Cwnership
(as of March 31 each year)

— Other reasons (Jama):

* Growing urbanisation (congestion)
Local public transportation .
Regulation & taxes 68 70

20

e A similar development can be
observed in Germany and France

I NINLY,

© Guy Fournier - Pforzheim University of Applied Sciences
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Drivers of the new mobility paradigm

Current Mobility Paradigm

based on cheap fossil fuel energy, high CO, exhausts, individual mobility (product orientation), linear economy

External costs of mobility
Scarcity of resources

Rising urbanization .
(Congestions, Parking Pol!utlon G|0b?|
Penury, Land use etc.) |Accidents| Warming

. 2

+ Legislative measures
« Regulative intervention on local,
national, regional or global level

Dependency on Energy

L 2

Growing environmental
awareness of the

population
Loss of significance and _

image of the car as a
status symbol

> “Low carbon economy” (similar to EU
or in other regions)

L 2

Change of infrastructure
(energy, IT & digital
economy)

Change of standardization
New business opportunities
(e.g. integrated services)

L 2
New Mobility Paradigm

low carbon oriented (low carbon economy), new mobility services (customer oriented, intermodality), energy
and resource efficient (circular economy)

« New customer requirements
(e.g. Kuruma Banare etc.)

« New offerings
(OEM, supplier, raw materials)

« New mobility business models
(e.g. car sharing, car pooling
sharing economy)

kuruma banare), changes in society
Towards a positive economy

Social changes (Urbanisation, demography,
fuels, power train, light-weight, production and

distribution of energy, IT infrastructure etc.)
orientation, cost of usage, mobility on demand etc.)

Technological changes (Innovation in battery,
Business model changes (radical innovation,
open-source, niches vs volume strategy, service

The Internet of Things and Services — Networking
people, objects and systems

Customer centricity

and customer

> e @ contact become
-.. Smart Grid """""" | e?s.lerlthrt.)ugh the
[ i, ] nanec ey, digitalisation of the
:I economy

Stmart Buiding . W

. A

W |
© Guy Fournier - Pforzheim University of Applied Sciences T 55
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Agenda

Drivers of the new mobility paradigm
e Innovation in individual mobility: new powertrains

e Innovation in mobility services and value added services:

— EV as a part of mobility solutions
— EV as a part of storage solutions
— Innovation in Autonomous EV: the example of robocabs

e Innovation in Developing Countries: Reverse innovation and frugal
economy

e Conclusion

© Guy Fournier - Pforzheim University of Applied Sciences

86

Range with one hectare (10,000 m?) cultivated
area

Electric
Vehicle

Solar Energy

ICE
2.Gen A
Biofuel

BtL (Biomass-to-Liquid) ;3“ L "'“;
Rape Oil 233""-"""; +ATH o'y

|oethanol 22 400 km -+ 14 400 krn‘ﬂ gean 12020
*but not unti

Car fuel consumption: Petrol 7.4 II100 km, Diesel 6.1 1/100 km

* Biomethane of byproducts (colza cake, draff, straw)

1280 000 kWh per hectare (Central Germany, 2008), 15 kWh/ 100
km per vehicle

Algae Fuel
» 3. Gen Biofuel

ICE iesel 23 300 km +17 600 km'q
1.Gen 4 % # «huge amount of oil
Biofuel *100x oil / ha/ p.a. than soya

7 800 000 km™*

Source: Fachagentur Nachwachsende Rohstoffe e.V. 2008 ; Fournier 2009

Solar Energy: 330-fold range compared to Rape Oil or Biodiesel, 115-fold to BtL

© Guy Fournier - Pforzheim University of Applied Sciences
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Biodiesel: cure worse than the disease: Fossil
diesel emissions vs first-generation biodiesel

—f}_‘;’ 250 e =
Fossil diesel Rapeseed Soy Palm Biodiesel average
1.0% 12X 2% I 1.8x%

Globiom forecasts these biediesels will account
=== TRANSPORT & W @transen fora/3 of the botal BU biofuels market in 2020
= ENVIROMMENT @& transportenvirenmant.org Source: Lifecycle analysis by TAE based on Globlom study (2016)

Transport & Environment 2016

© Guy Fournier - Pforzheim University of Applied Sciences 90

(EU- CO,. emission tax)

Emissions (g CO, / km)

200
#BEV (Cdal) *
Gasoline Engine
150 & Hybrid (Gasoline)
Hybrid (Diesel)
100 Sl i
V (EU-Mix) # Biodiesel
(Rapeseed)
50
Ethanol
. BEV (Wind) P jomass (BTL) € (Wheat)
20 40 Eh\ 80 100 120 140
-50
BEV: Battery Electric Vehicle
FCV: Fuel Cell Vehicle (H,)
-100 EU-Mix: Electricity from EU power plant facilities ‘
Biogas (Manure)

-150

Drivers for the future mobility E

CO, and energy efficiency of power trains (Well-to-Wheel)

Energy Consumption WTW (kWh / 100 km) EU-Energy consumtion tax

Source: based on data from Concawe, Eucar, JCR 2007; Daimler Optiresource tool

© Guy Fournier - Pforzheim University of Applied Sciences 101
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Global Electric Vehicles and Plug-in Hybrid

market landscape (2011-2015)

World Market: From 50 000 to

200,000
180,000 565 000 Units (Ev’s and
160,000 PHEV) (2011 — 2015), less
140,000 than 1 % of the global market
120,000
100,000
80,000
60,000
40,000
20,000
0 |
© c ©
a 8
. g
In 2015 §
2011 . 2012 2013 2014 2015

Source: Avere France

© Guy Fournier - Pforzheim University of Applied Sciences

China is in 2015 the biggest
(38% of Global market sales)
and fastest growing market
(+ 245% between 2014 and
2015

Western Europe is the
second biggest market with
33% of Global market sales

US market represents 20% of
global sales

But: Global automobile
production is 90,68 Million

Obstacles to the diffusion of EV’s are range, costs and availability

of charging stations 4,;

Battery: key success factor for

EV and Hybrid

Acceleration

Specific Power (W/kg)

Ragone Diagram

()

1250 . .
& ) Available Battery technologies: e Limit of weight
Joa Gene fobion 1w Vehicle application and range (Li-ion
batteries):
T00D B eeiiereeieerrreeerie e oanrs s s e srnnreaernessnrenarny energy density of
Post Lithium-ion technologies: Vehicle gasoline or diesel
Ni—'-“\ application, Market=2025 is 100 times
750 higher in
Li-S Generation IV comparison to a
Li-air Generation IV Li-ion battery
500
e Limit of price (Li-
Lead ion)
250
................................................................ hd Limit Of Lithium
Carbonate and
o' 200" 400 600" 800" 1000’ Cobalt
Specific Energy (Wh/kg)
e
Range Source: Fraunhofer 2012

© Guy Fournier - Pforzheim University of Applied Sciences
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2014 US$ per kWh

Battery: key success factor for
EV and Hybrid

2,000 -
1900 - 95% COFI: mterva: whole industry Tesla model 3 in jUSt
95% int ket lead
1,800 -CUV-'I interval marke! -EE ers 3 weeks: 300.000
1,700 + x Publications, reports and journals  + d 1 000 f
1,600 X News items with expert statements @ pre-orders, $ O
1'500 Log fit of news, reports, and journals: 12 + 6% decline = reservation deposit
1,400 Additional cost estimates without clear method X included
1300 Market leader, Nissan Motors, Leaf @
1200 Market leader, Tesla Motors, Model S ©
1100 Other battery electric vehicles @
1.000 Log fit of market leaders only; 8 + 8% decling == =
'900 Log fit of all estimates: 14 £ 6% decling e
800 Future costs estimated in publications
700 <US$150 per kWh goal for commercialization
600 Tesla is now leader
igg A Goal of Tesla with the model S in
Bl A USA and Germany in
200 z i, comparison with
100 ~ class S from Daimler
0 1
2005 2010 2015 2020 2025 2030

Year
Figure 1| Cost of Li-ion battery packs in BEV. Data are from multiple types of sources and trace both reported cost for the industry and costs for
market-leading manufactures. If costs reach US$150 per kWh this is commanly considered as the paint of commercialization of BEV.

© Guy Fournier - Pforzheim University of Applied Sciences Nykvist and Nilsson (2015)

Expected Rise of Electric Vehicles

By 2022 electric vehicles will cost the same as their internal-
combustion counterparts. That's the point of liftoff for sales.

B Projected annual sales Cumulative sales

500 million vehicles Electric vehicles would

account for 35% of all

new vehicle sales.
400 K‘.,.
300 ]

[ |
200 [ | |
N
|
100 m —
- B -
e
o R

LI B B B B | B B . T T T T T 1 LI —
2015'16 17 18 "19 '20 '21 '22 '23 '24 '25 '26 '27 '28 '29 '30 '31 '32 '33 '34 '35 '36 '37 '38 '39 40

Bloomberg @

Sources: Data compiled by Bloomberg New Energy Finance, Marklines

© Guy Fournier - Pforzheim University of Applied Sciences
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Drivers of the new mobility paradigm

e Innovation in individual mobility: new powertrains

e Innovation in mobility services and value added services:

— EV as a part of mobility solutions
— EV as a part of storage solutions
— Innovation in Autonomous EV: the example of robocabs

e Innovation in Developing Countries: Reverse innovation and frugal
economy

e Conclusion

© Guy Fournier - Pforzheim University of Applied Sciences
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Multimodal Mobility in La Rochelle: customer
centric mobility services

L'agglomération rochelaise invente
tous vos déplacements a la carte

®

_ .
#* o00e

Yélomabile

PO®

Covoiturage

Nowrveaust tanfs

plus

o Parc relais
e

Communayté =
J'Agglomération de ==‘
La Rochelle =

— B Nowsletors Yisn Tendances

http://www.yelo-larochelle.fr/
© Guy Fournier - Pforzheim University of Applied Sciences
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Multimodal Mobility: customer centric, cost and
resource efficient mobility services; storage services

Multimodal and intermodal mobility (e.g. Moovel, Multicity, Captain train etc.)

[ | I 1 1 1 I 1 1 1

lowering transaction costs, customer orientation, customer choosing different transport modes (multimodal) and combining transport modes (intermodal)

Walking  Micro- Bicycle  Motor- Car Taxi Bus Train Ship Plane
Mobility bike

f I DR WX

use (2,6% + 0,5% sit- Looking for
ting in congestion) Parking (0,8%) (96%)

Increasing the productive use of assets

l | l

* Long distance car pooling « Shared Parking + Taxi sharing B T
Bike (blablacar) (Parkopedia, « private car drivers H
sharing « Short distance car pooling (Karos) Parkda, Zenpark, hiring-dbe H l l
« Casual carpooling, slugging (ad  OnePark, Ampido, = Autonomous Taxis ™
hoc carpool networks, sluglines) 3 (Robocabs) T
= Peer to peer car réntar (arivy | Sailing boat sharing Flilght, Plane
= Car sharing, one-way point- i (Boaterfly, sharing (Wingly,
to-point rentals (car 2 go ...) 1 ClickandBoat, skypool,
Utonomous veRic! | Sailsharing, gﬁav"“ll )
- ' mBoat areplane;
Growing asset value, lowering vehicle ownership V26, V2B, \EH____/ 3 SamBoat)
© Guy Fournier - Pforzheim University of Applied Sciences 158

EV as a storage solution: V2G

e Meet the individual needs to ensure mobility
e Can be used as quasi-stationary energy storage devices

e Electric vehicles can also be used for intelligent load and power management

@ @) @ O @ O @ O @ O @ O
Spot market | Capacity Primary | +Secondary l - Secondary ! + Tertiary I - Tertiary ‘
market Control Control Control ~ | Control Control
\ J\
Y Y

Whole sale market Control reserve market

e ., Profits / Losses can vary from

5‘-_ -350 to +570 €/alvehicle and
more depending on the market

_/,__\\ In Germany

<

Vehicke aggregator

In GW

Higm Midday Evening . .
© Guy Fournier - Pforzheim University of Applied Sciences @ Energy price [€/kWh] © Power price [€/kW] 161
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EV as a storage solution: V2G
Evaluation of the V2G potential in Germany (Energy Market and Capacity Market)

350 -
. 1 1 1 1 1 1
250 ] L L L S I L
’ : : T | !
so4 S % """"" % ””””””” b e
w . No market ! ! I I I
E 50 A ~yetin 1 % """""" ,’% """"" e 1=ZE """ @'% """ e
8 50 - Germany 1 ... (S S W — S——
1) . 1 1 1 1 1
@D gz ~Noanalysis , e R T R
S 150 possible ! 1 1 : :
>~ 750 - . R e e L R
8 will | i ‘ k |
i 350 4 I influence L Vo L o
8 N the other | : ! I| |
R~ 450 - _ markets I L b ] o
__ | I | l |
-5B0 - o= e pommmmmmmm s Jrmmmmmmmmmmmmm R e
650 © @@ 0 @ 0o e 0 @ O , @ O
Spot market | Capacity Primary | +Secondary | - Secondary | + Tertiary - Tertiary
\ market Control Control Control Control Control
Y Y
Whole sale market Control reserve market

@ Energy price [€/kWh] O Power price [€/kW]  [] Battery size: 20 kWh Battery size: 30 kWh
Cost of Batteries: 250 €/kWh (Basis 2020); costs of inverter, telematics etc.: 425 € p vehicle ; Capital costs: 7%, 10 years
© Guy Fournier - Pforzheim University of Applied Sciences 163

Autonomous EV: the example of robocabs
(autonomous taxis) in New York

100 % Autonomous, Driverless and Electric transport vehicle, Google autonomous vehicle Daimler autonomous vehicle
Navya in Singapur (2015) at NTU

- Reducing greenhouse Gas (GHG) emissions by 87-94% (in comparison with
conventionally driven vehicles in 2014) is possible by 2030

- Replacement of New York’s 13,000 yellow cabs with 9,000 self-driving ones
could lower costs per mile by 87% and reduce the waiting time by 15% due to:

- fewer taxis,
- less empty miles and
- reduced labor costs of the driver

- Google, Uber, Daimler, Navya etc. are working on autonomous vehicles
© Guy Fournier - Pforzheim University of Applied Sciences 173
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Agenda

Drivers of the new mobility paradigm

e Innovation in individual mobility: new powertrains

e Innovation in mobility services and value added services:

— EV as a part of mobility solutions
— EV as a part of storage solutions
— Innovation in Autonomous EV: the example of robocabs

e Innovation in Developing Countries: Reverse innovation and frugal
economy

e Conclusion
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Saving resources and energy: Frugal economy
and Reverse Innovation (covindarsjan

What is jugaad innovation?

Jugaad is a Hindi word that roughly translates as
“overcoming harsh constraints by improvising an effective
solution using limited resources”. A such jugaad innovation
is a frugal and flexible approach to innovation that is
dominant in India. In the West it’s often called “Do It
Yourself” (D-I-Y) innovation.

“Think Frugal, Be Flexible, Generate Breakthrough Growth.”

Created by Notalie Z. Wang for Jugacd Inevation, LLC.

Indian Frugal Engineering with experience from Renault and
Nissan:

- 97% localized

- most fuel-efficient petrol car in India: 25,17 kmpl
(international business times sept. 29th 2015)

Mini-SUV , Kwid*“ for the indian market (2015) _ Price' 4200 - 5500 EUI'O
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Agenda

Drivers of the new mobility paradigm

e Innovation in individual mobility: new powertrains

e Innovation in mobility services and value added services:

— Using surpluses of renewables for storage and mobility
— Autonomous EV: Robocabs

e Innovation in Developing Countries: Reverse innovation and frugal
economy

e Conclusion
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Conclusion:

The current mobility paradigm based on cheap fossil fuel energy, high CO,
emissions and individual mobility brings our economical, social and
environmental systems on their limits

Innovation in:

— New powertrains (EV) will improve their range and be cheaper in the future
than ICE vehicles to satisfy individual mobility

— Added value services can satisfy customer centric multimodal mobility,
integrate renewables and bring huge opportunities to save resources and
energy

— Developing countries, so called Jugaad or reverse innovation, can help to
satisfy mobility needs in a frugal economy ;

h

To conclude: k|

Innovation can save energy and resources, limit pollution and satisfy o ¥

mobility needs in a more sustainable world #
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Conclusion:

“The best way to predict the future is to create it“
Peter F. Drucker

Thank you for your
attention!

Prof. Dr. Guy Fournier
Pforzheim University, Germany

guy.fournier@hs-pforzheim.de (0
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