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▶ EU target of 130 g CO2/km effective as of 2012, with a moderate phase-in 
allowed until 2015

▶ Long-term EU proposal of 95 g CO2/km for 2020; 2025 initial proposal 68-78 
g 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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In the long-term EV adoption remains uncertain, 
driven by regulation (Europe)
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Main hurdles for e-mobility: All Battery related! 

Source: Roland Berger, Integrated fuels and vehicles to 2030 and beyond, 2016

8



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Price development of battery cells [EUR/kWh]

Batteries make up a third of the cost of an electric vehicle
As battery cell costs continue to fall, demand for EV’s will rise
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Li-Ion Technology Roadmap 18650 & 21700
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Source: BMZ, 2016
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Source: IDTechEX, Advanced and Post Lithium-ion Batteries 2016-2026: Technologies, Markets, Forecasts , 2015

Advanced and Post Lithium-ion
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▶ 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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Source: Tesla Motors JB Straubel – CTO, co-founder 2015 EIA Conference June 15, 2015 Washington, D.C.
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▶ Tesla suggests that it will put up half of the $5 billion investment, 
with Panasonic investing on the order of $1-1.5 billion, but 
unconfirmed reports from Japan suggest that Panasonic only 
committed to about $200M in 2017

▶ Pack cost much below $200/kWh is unlikely before 2020, which 
brings the cost of the proposed 70 kWh pack for a 240 mile D class 
EV to $14’000 (or higher). 

▶ If 50 GWh are indeed installed and utilized, initial assessments shows 
that pack pricing for the 2025 time scale could be as low as 
$167/kWh, $8,400 for a 50 kWh battery and $11’700 for a 70 kWh 
pack

▶ Other automotive and utility customers for the factory are possible 
but far from assured

▶ The chosen site outside Reno, Nevada offer lower labor and utility 
cost than Japan sites and short supply lines to the Fremont Tesla car 
factory

Tesla’s 150 GWh Gigafactory - Synopsis
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Source: Copyright 2014 Total Battery Consulting, Inc



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Game Changer

2017 TESLA MODEL 3
ADVANCED LITHIUM‐ION
Est. ~700 POUNDS
Est. ~75 kWh
Est. ~ 215 Miles
Est. ~ $35,000

▶ 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 (June 2017) 538’632 
reservations.
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Adoption of technology in the US (1900 to 
present)

15



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Game Changer
Comparing Elon Musk's Tesla vehicles with Henry Ford's iconic Model T
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2017
Source: www.autoevolution.com
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2012 – 2016+

Source: www.teslarati.com
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Range of E-Vehicles priced under USD 50’000
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Range: energy consumption in kWh/100km

Source: «Mazdas Weg zu effizienteren Verbrennungsmotoren», MTZ 05/2016
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Range, what consumers want

▶ 28% Don’t Need >130 Miles of 
Range

▶ 55% Don’t Need >190 Miles of 
Range

▶ 75% Don’t Need >220 Miles of 
Range

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

Source: “Electric Cars: What Early Adopters And First Followers Want”, CleanTechnica; 2016
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Range: how much consumers are willing to pay

▶ 43% Don’t Need >130 Miles of 
Range (before 28%)

▶ 60% Don’t Need >190 Miles of 
Range (before 55%)

▶ 70% Don’t Need >220 Miles of 
Range (before 75%)

▶ Additional 150 Miles (241km) 
for 25’000 USD equals a price 
of 489 USD/kWh based on 
average consumption of 
21.2kWh/100km1

1 Assuming 100% DOD
Source: “Electric Cars: What Early Adopters And First Followers Want”, CleanTechnica; 2016
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Implications for charging infrastructure:
Basic belief from interviews and pilot results: In the first years, home 
charging will dominate 
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Game Changer: CASE

Connected, Autonomous, Shared & Service and Electric Drive

20XX
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New Players

▶ 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

20XX
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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

Winners Losers

▶ Semi And Fully Autonomous Car 
Adopters 

▶ Component Suppliers And 
Sensor Manufacturers 

▶ Rental & Ride Sharing 
Companies

▶ Traditional Auto Manufacturers 
▶ Taxi Services And Professional 

Drivers 
▶ Auto Insurance Companies 
▶ Auto Service Industry 
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CO2-Emissions from Electric Vehicles
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Goal

25 % Enhancement

CO2‐emissions from electricity production [kg/kWh] 
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Source: «Mazdas Weg zu effizienteren Verbrennungsmotoren», MTZ 05/2016
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Global electricity mix in 2011and in 2050

Source: IEA, Technology Roadmap Solar photovoltaic energy, 2014
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▶ The development in battery technology and the scaling up of 
production capacities make tomorrows EV’s cost competitive.

▶ 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.

▶ Range is for most users no longer an issue; with long range batteries 
electric vehicles should reach over 350km (220 Miles) within 5 years

▶ 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 a lot needs to change – particularly around 
regulation and technology improvements.

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

Summary
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Questions?
Dr. Alejandro Santis: alejandro.santis@bfh.ch
BFH-CSEM Energy Storage Research Centre: www.bfh.ch/energy
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