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 EU target of 130 g CO2/km (5.6 L/100 km petrol) effective as of 2012, with a moderate phase-
in allowed until 2015

 Long-term EU proposal of 95 g CO2/km (4.1 L/100 km petrol) for 2020; 2025 initial proposal 
68-78 g (2.8 L/100 km petrol) but decision postponed

 In the US, fleets must improve to 93 g CO2/km in 2025 from the 152 g CO2/km threshold in 
2016

Governments around the world are setting ambitious 
targets for light vehicle CO2 emissions
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ICE and the different types of EVs
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In the long-term EV adoption remains uncertain, 
driven by regulation (Europe)
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Evolution of the global electric car stock, 2010-16
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So, is the EV really staying? 

Volkswagen announced the 
planning to launch as many 
as 30 environmental 
friendly models and one 
million EV sales annually 
by 2025. Volkswagen ID 
concept with 600 km 
driving range unveiled in 
Paris (09/2017).

China is considering legislation to 
require automakers to sell a 
specific quota of zero- and low-
emission vehicles. The figure 
would start at 12 percent of 
overall deliveries > 30k units in 
2020 and rise from there in 
successive years (09/2017).
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https://www.ft.com/content/6d471382-b30f-11e7-a398-
73d59db9e399?mhq5j=e5

The Swedish carmaker has
spun out Polestar into a 
separate division to focus on 
high performance electric
cars. On Tuesday, the
company revealed plans for
the first three vehicles under
the name, and details of a 
new all-inclusive pay-
monthly service that it
believes reduces the
“hassle” of car ownership
(17/10/2017)

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiF-JjTh5vQAhVF7hoKHQzrBP4QjRwIBw&url=http://gaadiwaadi.com/volkswagen-id-concept-with-600-km-range-unveiled-271329/&psig=AFQjCNEdqWtBOV07QuX73R6HCs-vcpEixQ&ust=1478759777191903
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 Study: Integrated Fuels and Vehicles Roadmap to 2030 and beyond (2016)

Main hurdles for e-mobility: All Battery related! 
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 As of April 7, 2016, one week after the event, Tesla Motors reported over 325,000 
reservations, more than triple the 107,000 Model S cars Tesla had sold by the end of 
2015.

 Tesla reported the number of net reservations totaled about 373,000 as of 15 May 2016
after about 8,000 customer cancellations and about 4,200 reservations canceled by the 
automaker because these appeared to be duplicates from speculators.

 According to http://model3counter.com/, there are now (October 19th 2017) 554’502 
reservations.

Game Changer
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2017 TESLA MODEL 3
ADVANCED LITHIUM-ION
~700 POUNDS
50 – 75 kWh
~ 220 – 310 Miles
~ $35,000

20/10/2017
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Adoption of technology in the US (1900 to present)

20/10/2017 14SCCER Mobility



||

Comparing Elon Musk's Tesla Model 3 with Henry Ford's iconic Model T
Game Changer:
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Economies of scale, EV battery experience curve
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http://energypost.eu/cheap-can-energy-storage-get-pretty-darn-cheap/
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Batteries make up a 1/3 to 1/2 of the production costs of an electric vehicle
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E-Mobility Market – new Factories required
Scenario with sustainable Growth 

17SCCER Mobility



||

 Currently only approximately 20 percent of its 1-million-square-foot facility is already up and 
running. 

 Its projected capacity for 2018 is 50 GWh/yr of battery packs and its final capacity upon 
completion of entire factory is 150 GWh/yr. This would enable Tesla to produce 1,500,000 cars 
per year (2020 ?)

TESLA’s 150 GWh (?) Battery Factory (Gigafactory)
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Location of proposed Gigafactories in Europe
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Lithium-Ion Battery Megafactories currently being 
build
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 Batteries make up a 1/3 to 1/2 of the production costs of an electric vehicle

Price development of battery cells [EUR/kWh]
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Energy density depends largely on the chemistry of
the electrode materials

22SCCER Mobility
http://www.sciencedirect.com/science/article/pii/S1369702114004118

Energy densities in the market:

1990-1991: 
LCO/C at ca. 100 Wh/kg

2017:
NCA/C-Si at ca. 250 Wh/kg

20/10/2017
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2013 2014 2015 2016
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Strategies to increase Energy Density
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 Resulting Energy Densities on cell level

Both –high Nickel as well as high voltage appropriate 
measures to increase ED

25SCCER MobilitySource: umicore

(NCM)
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 Study: Integrated Fuels and Vehicles Roadmap to 2030 and beyond (2016)

Main hurdles for e-mobility: All Battery related! 
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Ca. 25 % battery capacity loss within 1 -2 years of operation; 

18,588 owners were covered by the settlement. Some brought their 
Leaf vehicles to Nissan to repair the battery to at least 70% capacity 
or, if not possible, get the battery replaced

2012

Source: www.autoevolution.com

Presenter
Presentation Notes

https://www.autoevolution.com/news/nissan-leaf-owners-report-loss-of-battery-capacity-46432.html#
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2017
Source: www.autoevolution.com

Presenter
Presentation Notes
LG Chem cells on GM Bolt
https://www.autoevolution.com/news/2017-chevrolet-bolt-battery-may-degrade-as-much-as-40-over-the-warranty-period-113534.html#
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2012 – 2017+

Source: www.teslarati.com

CEO Elon Musk once referred 
to a battery pack Tesla was 
testing in the lab. He said that 
the company had simulated 
over 500,000 miles (ca. 
800,000 km) on it and that it 
was still operating at over 80% 
of its original capacity.

Presenter
Presentation Notes
https://www.teslarati.com/how-long-will-tesla-battery-last-degradation/
https://electrek.co/2016/11/01/tesla-battery-degradation/
https://www.tesla.com/de_DE/models

CEO Elon Musk once referred to a battery pack Tesla was testing in the lab. He said that the company had simulated over 500,000 miles on it and that it was still operating at over 80% of its original capacity.
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 Study: Integrated Fuels and Vehicles Roadmap to 2030 and beyond (2016)

Main hurdles for e-mobility: All Battery related! 
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Range of E-Vehicles priced under USD 50’000
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 28% Don’t Need >209 km of Range

 55% Don’t Need >306 km of Range

 75% Don’t Need >354 km of Range

Among non-owners, 45% responded 
that they needed 354 or more km of 
range on a single charge.

Range, what consumers want
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 43% Don’t Need >209 km of Range 
(before 28%)

 60% Don’t Need >306 km of Range 
(before 55%)

 70% Don’t Need >354 km of Range 
(before 75%)

The felt “need” for more range appears 
to be price sensitive.

Range, what consumers want
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Source: “Electric Cars: What Early Adopters And First Followers Want”, CleanTechnica; 2016
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 Study: Integrated Fuels and Vehicles Roadmap to 2030 and beyond (2016)

Main hurdles for e-mobility: All Battery related! 
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 Basic belief from interviews and pilot results: In the first years, home 
charging will dominate 

Implications for charging infrastructure
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DC-charging stations: CCS, Tesla and CHAdeMO
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https://ccs-map.eu/ https://www.tesla.com/supercharger http://chademo-map.com/
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DC-charging stations: CCS, Tesla and CHAdeMO
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http://chademo-map.com/
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26.7 km
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Game Changer: CASE
Connected, Autonomous, Shared & Service and Electric Drive
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 The Apple Car effort, known as Project 
Titan, now employs over a thousand 
engineers

 The Google self-driving cars have 
clocked more than 1.1 million miles 
since 2009

 Teslas 'gigafactory' has the potential to 
not only serve Tesla’s growing demand 
for lithium-ion batteries, but also to be 
a major source for the entire electric 
car and off-the-grid power industries.

 Uber CEO Travis Kalanick has long 
envisioned a future where his 
company’s cars operate autonomously 
and is now deploying a test vehicle in 
Pittsburgh

New players and business models
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 The long-term vision of the self-driving car involves moving from an ownership model to a 
service model, in which large numbers of people simply call cars whenever they want them. 
The new business model from Google favors the Robo-Taxi model, where car rides will be 
provided on demand. Google also wants to dominate the market for providing maps and 
software for the self-driving car. 

From ownership to mobility as a service

20/10/2017 40SCCER Mobility

Winners Losers

▶ Semi And Fully Autonomous Car 
Adopters 

▶ Component Suppliers And Sensor 
Manufacturers 

▶ Rental & Ride Sharing Companies
▶ Public transport system (last mile)

▶ Traditional Auto Manufacturers 
▶ Taxi Services And Professional 

Drivers 
▶ Auto Insurance Companies (?)
▶ Auto Service Industry 
▶ Public transport system (?)
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 Electric Vehicle sales and production numbers continue to increase aggressively over the next 
years but will reach 35% of all new sales only in 2040.

 The development in battery technology and the scaling up of production capacities make 
tomorrows EV’s cost competitive.

 All along the value chain of battery production material innovations and large investments 
will be required. Europe is lagging but there are some interesting initiatives.

 Range is for most users no longer an issue; it’s limitations will gradually be compensated by 
more and high power charging infrastructure. The question is not if? but when?

 An increasing renewable energy production makes EVs an ideal solution to reduce CO2
emissions. 

 Connected Autonomous Shared Electric (CASE) vehicles will reshape mobility behavior as well 
as the mobility industry

 Analysts have predicted that the autonomous car technology will be sufficiently reliable for 
mass-market use by the middle of the next decade. But before then a lot needs to change –
particularly around regulation.

Conclusions
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25 research groups at 10 institutes

28 industry partners
ABB Turbosystems AG  Bcomp Ltd.  Bombardier  BRUSA Elektronik AG  Bucher-Schörling AG Carrosserie HESS AG 
CTI National Network Carbon Composites Schweiz  Designwerk GmbH  ESRI Schweiz AG  FPT Motorenforschung AG 
FVV Forschungsvereinigung Verbrennungskraft-maschinen   Kistler Instrumente AG  Kummler & Matter AG  LEM SA 
Liebherr Machines SA myStromer AG  SBB AG  St. Gallisch-Appenzellische Kraftwerke AG  Swiss Center for Electronic 
and Microtechnic Volkswagen AG Verkehrsverbund Luzern VV Kyburz Switzerland AG Kummler & Matter AG Dow 
Europe GmbHAdaptricity AG

Partners
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Q&A

Dr. Alejandro Santis,  Bern University of Applied Sciences, SCCER Mobility
SCCER School, Engelberg, Friday October 20th 2017
alejandro.santis@bfh.ch www.bfh.ch/energy
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