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….or how to build an electric car in 30 minutes!
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1.0 Definition eDrive and Components
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2.0 Boundary Conditions Vehicle – Dimensions and Requirements
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HV Batterie

E/E-Box

2200-2100 (Basis Tesla Model 3)

1500-1400
Basis 

Tesla Model 3
(fix: ~1450)

H=120 (Basis Tesla Model 3)
-> flat cars:   110…120
-> high cars: 130…140 (SUVs)

H=320-330 

350-
400

Modularity important:
▪ Basis: > 60Ah cells (pouch, 

prismatic)
▪ Which is the right module size?
▪ Which is the right electrical

connection (series/parallel)?

Two hights seems to be
cristallized

Energy requirement:
50 – 75 – 100 kWh

Peak power requirement:
90 – 200 kW

Driving Direction

Dimensions derived from Tesla Model 3 (D-Segment = Mid Size Low, e.g. VW Passat, BMW 3er, Audi A4, Mercedes C-class)

Area for
Charging components, 
DC/DC, E/E-Battery

HV-
plug
frontmotor

Shunt 
DC-

Shunt 
DC+ and Fuse

HV-plug
main motor

12V-
connector

DC/AC-
plug

-> variable based on car segment (Compact, Mid Size L/H, SUV)
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Range [WLTP and Real]

Lifetime 

Costs

Fast Charging

Safety • battery as „castor“          less vehicle structure
• Battery as „egg carton“         vehicle is battery housing

• cont. power        
• peak power        
• peak torque

Power eATS
(4x2/4x4)  

• energy density battery [Wh/ltr., Wh/kg]
• efficiency eATS         
• winter/summer-performance         
• weight battery/eATS 

• 400V vs. 800V
• cooling efficiency @ 250 kW         iR cell minimal 

• Battery 100 €/kWh 
• eATS          7-8 €/kWp
• TCO important! 
• integration HV-components
• fail-safe-concepts (service)

• calendar, cycle life

• fast charging influence (2…2,5C)
20% fading after 10 years (depence on fch)

30% fading after 15 years (depence on fch)

3.0 Key Requirements eDrive
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4.0 Component Technologies and Trends: E/E-Box-Integration
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…seems to be a trend, but service-
ability is necessary!
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E/E-Box from Model 3 - Source: http://electrek.co

e.g. Delphi 
Technologies 
or BoschSouce: Bosch
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Battery

50 kWh
75 kWh

100 kWh
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400 V driving/charging; 400V auxilaries 800 V driving/charging; 800V auxilaries

Typ2/Combo2 Typ2/Combo2

• Additional DC/DC converter (galvanic seperated) is necessary in order to charge at 400V and 800V stations.
• AC-charging unit in the case of 800V is more expensive. 
• 800V components are available.
• Quintessence: Smaller vehicles will stay at 400V. Upper car classes/sport cars/SUVs will have 800V. 800V-modularity over all vehicle

sizes is not possible! => 2 kits for 400 V and 800V! 

Future eDrive-Technologies with Focus on Battery Design Options

4.0 Component Technologies and Trends: High Voltage Level
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• Current limitation of a E/E- architecture is 500 A.
• Fast charging > 200 kW therefore needs the step from 400V to 800V.
• Weight reduction potential of 800V topology in the case of batteries > 70 kWh is not neglectable.
• Actual cooling of the battery during fast charging is the limiting factor (< 2C).
• Charging Infrastructure up to 350 kW, but heat dissipation, battery degradation Heat dissipation for 250 kW charging of a 100 

kWh-battery @ 800V, 1,0 mOhm is about 37 kW! => possible for some minutes
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Weight reduction potential Fast charging > 200 kW needs 800 V
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4.0 Component Technologies and Trends: Fast Charging

Example: 100 kWh battery
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Radial Flow (Focus)

Axial Flow (YASA P400 R)

Efficiency

Power Density

Costs Motor

Motor Level

System Level

Costs System

Available Space

e.g. Tesla MS e.g. tramse.g. Renault-ZOE, i3, smartIVe.g. Hybrids, Mercedes EQ, Tesla M3, VW ID-Next

- - - 0 +

- - 0 0

++ + 0 -

++ + 0 0

++ + 0 -

- + ++ ++

Axial vs. Radial Flow:
Trend is PSM radial flow. 
• Length shorter
• Diameter axial > radial:

Integration at main motor
at rear-axis is a problem
with load ground

4.0 Component Technologies and Trends: E-Motor

Environment due to magnets
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Source: Infineon
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4.0 Component Technologies and Trends: Inverter

Source: Infineon

• IGBT die-size shrinks from year to year. 
• Junction temperature increased => Compensation by

increasing the efficiency!
• Next-Gen technology will be SiC based. Model 3 has it

implemented yet! => less conduction/switching losses!
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Focus
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4.0 Component Technologies and Trends: Integration of electric power system
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5.0 Cell Technology and HV-Battery: Chemistry Options for Passenger Cars

Future eDrive-Technologies with Focus on Battery Design Options

NCM 

Energy Density

Safety

Cathode Options Anode Options 

NCA

NCA cathode active materials 
for lithium-ion batteries have been 
commercially 
available for almost 20 years. 

Various grades available:
from 80-90mol% nickel
(normally ~ 9% Co, 5%Al) 

• Highenergy capacity
• High energy density
• Good Stability

• Cycling
• Temperature

• C-rate capability
• Less safety

Carbon + Si-Particles

SC HCGraphite
natural or synthetic

Si-Nanonet

Si/Si-Compounds

Si-Nanowires

Li-Metal LTO

Risk of Dendrites Less Energy/High Power-
Density 

• NCA/Graphite Si doped is the choice of select for 2170 cells (Model 3).
• 622/Graphite Si doped works well in large flat cells. 811 is the target (and hope) in the next years. But: stability less, moisture in the

production more critical , end of voltage is lower (4.15 V vs. 4.3 V) in comparison to 622. ZERO Co not in sight!
• Hope is to make a jump on the anode: Si-compound (e.g. SilaNanotechnologies)     

15.10.2019
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5.0 Cell Technology and HV-Battery: Mechanical Options and Cooling for Passenger Cars

Future eDrive-Technologies with Focus on Battery Design Options

Influence of Cell in Module-Formates on…

Packaging, Modularity (also PHEV)

Costs: Production-Material Cell/Module [€kWh]

Costs: Production-Invest Cell/Module  

specific Energy- & Power
weight related

specific Energy- & Power 
volume related

Cooling: jacket cooling vs. bottom cooling

Safety*: NCA in many small cans vs. 811 in large cells

Lifetime incl. Fast Charging (NCA vs. 611)

Fail Safe and Robustness

Cylindrical Cell
2170 (NCA) and jacket cooling

Prismatic Cell
> 60 Ah (NCM) and bottom cooling

• There is not a best cell-in-module-concept. Every concept has its strength and its weakness.
• Modules based on prismatic cells are actually the best compromise. To get a cell competition a one-module-concept is needed. 
• Best cost concepts are based on large flat cells, but cooling is not efficient! New cooling concepts are the key at ideal cell designs!   

Source: grabcad.com                            Source: P3 Automotive

Pouch Cell
> 60 Ah(NCM) and bottom cooling

Terminals
above
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*Further existing challenge: thermal propagation
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5.0 Cell Technology and HV-Battery: Energy Densities Cells, Module and System

NCA
(2170 design)

2030
Next Gen?

Flat and large cells
(> 60 Ah)

• Li-Ion battery system has in 2025 further low gravimetric densities: max. 200 Wh/kg! Solid state batteries won´t help (higher specific
cell weight will be compensated by simpler system).  

• Volumetric density system level @ 2025: max. 330 Wh/ltr. 
• Volumetric density module level @ 2025: max. 500 Wh/ltr. 

• 2020 Li-Ion:
x 1.5 more energy density as in 2005 

• 2025-2030 Li-Ion:
x 2.0..2.5 more energy density as in 2005. Between 2027…30 
Li-Ion technology based on liquid electrolyte reaches satiation:

• Flat Cells @ 2025 (> 70Ah): max. 625 Wh/ltr. ; 300 Wh/kg
• Flat Cells @ 2030 (> 70Ah): open (safety and life!)

• Perspective for energy densities modul @ 2025:
• 450…500 Wh/ltr.
• 210…230 Wh/kg

• Perspective for energy densities battery system @ 2025:
• 300…330 Wh/ltr.
• 180…200 Wh/kg

15.10.2019
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@ 2025

• C/D-low segment @ 2025: 500 km range @ 150 Wh/km with 83 kWh-Battery and weight of 417 kg => maximum for this car segment
• Best-case/worst case consideration: WLTP-low, 23°C ~120 Wh/km and real range at highway 110km/h, 10°C ~266 Wh/km
• Efficiency is the new currency of the electric vehicle: Design @ 120 Wh/km leeds to 67 kWh and 333 kg battery weight!  

@ 2015

Real range [km] 15-20 kWh/100 km 

125 Wh/kg;90%DoD

→ Batt. [kg]

20-25 kWh/100 km

125 Wh/kg;90%DoD

→ Batt. [kg]

15-20 kWh/100 km

200 Wh/kg; 90%DoD

→ Batt. [kg]

20-25 kWh/100 km

200 Wh/kg;90%DoD

→ Batt. [kg]

100 133 / 178 178 / 222 84 / 111 111 / 139

200 267 / 356 356 / 444 167 / 222 222 / 278

300 400 / 533 533 / 667 250 / 333 333 / 417

400 533 / 711 711 / 889 333 / 444 444 / 555

500 667 / 889 889 / 1111 417 / 555 555 / 694

600 800 / 1067 1067 / 1333 500 / 667 667 / 834

700 933 / 1244 1244 / 1556 583 / 778 778 / 972

800 1067 / 1422 1422 / 1778 667 / 889 889 / 1111

900 1200 / 1600 1600 / 2000 750 / 1000 1000 / 1250

1000 1333 / 1778 1778 / 2222 834 / 1111 1111 / 1389

C/D-low
segment

5.0 Cell Technology and HV-Battery: Implication on Vehicle Level
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Design options are based on the vehicle and eDrive requirements (slides 4 and 5):

▪ Modular energy content
• Net [kWh]: 50 75 100

90% usable (5% use-cycle and 5% lifetime factor) 

• Gross [kWh]: ~55 ~83 ~110

▪ U = const.
• 400 V 2p 3p 4p
• 800 V 1p x 2p

▪ Cells per modul 12, 24, 36,…

▪ Footprint cell = const., 2 hights of Modules (for flat cars and for high cars, SUVs, [mm])

▪ Technology freedom (pouch, prismatic). Energy density module: 500 Wh/ltr.

▪ Frame dimensions battery* (see slide 5, [mm]): 1750 x 1450 (gross)        1500 x 1250 (net for
module)

cells in parallel on modul level

~90 ->   Battery 110…120
~110 -> Battery 130…140

5.0 Cell Technology and HV-Battery: Requirements at the Modul Design and max. Energy 

Flat car
High car, SUV

169 ltr. => 85 kWh
206 ltr. => 103 kWh

*C/D-low car segment

15.10.2019



400V-Architecture Modules for 55/83 kWh

8 / 12  

Cells per
Module
2p/3p

12

24 79

36
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Capacity cell flat cars [Ah] Capacity cell high cars [Ah] 

7824

8/12

Best choice regarding costs, safety, battery dimensions

• Option 1: From the point of modularity 400 V with 24 cells/module and 78Ah / 95Ah are the best choice for C/D car segment.
• Option 1: 800V with 55 kWh or 67 kWh as fast charging alternative is possible! Less battery capacity and costs, but fast charging!
• Option 2: Pure 800V module kit over a broad range of vehicles does not make sense! 800V is meaningful as basis for sports cars.   

5.0 Cell Technology and HV-Battery: The Modul Kit

400V-Architecture Modules for 67/101 kWh

8 / 12  

Cells per
Module
2p/3p

12

24 79

36

9524

8/12

Capacity cell flat cars [Ah] Capacity cell high cars [Ah] 

800V-Architecture Modules for 83 kWh

8 / 12  

Cells per
Module

1p

12

24

36

11812

16

Best choice regarding costs, safety, battery dimensions

800V-Architecture Modules for 101 kWh

8 / 12  

Cells per
Module

1p

12

24

36

14412

16

Option 1

Option 2
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• 12 cell modules in 4p3s connection. Two cell technologies in one module design.
• 36 modules lead to max. 459 V and 95 kWh gross energy. But high integration effort: two layer battery and 432 cells => costs!
• 3p4s => 27 modules (71 kWh) ; 2p6s => 18 modules (47 kWh). 800V possible with 2p6s and 95 kWh!      

5.0 Cell Technology and HV-Battery: module design using the example of Audi e-tron

Source: Audi AG, 9/18

12 Zellen 60Ah (4p3s)
prismatic cells

12 Zellen 60Ah (4p3s)
pouch cells

Source: Audi AG, 9/18

36 modules leads to 108s (= maximum of 400V architecture)

15.10.2019
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5.0 Cell Technology and HV-Battery: post Li-Ion technologies

• It is expected, that Li-Ion technology with liquid electrolytes is the dominating battery technology until 2030!
• Li-SolidStateBatteries/Li-S are in the focus of research. Good results on coin cells promise not a breakthrough on cell levels > 60Ah.     

Li-Sulfur

Li-air ? -> the hydrogen fuel cell will
beat this option before! 

Li-SSB -> the hope or holy grail
• Polymer technology

(Bollere, Hydro-Quebec, former Bosch)
• Thin layer technology

(Apple, Excellatrion, Cymbet,Sakti3,…)
• Oxid-based technology

(QuantumScape, muRata-Sony, Ohara, 
Prologium)

• Sulfide based technology
(Samsung, LG, Panasonic, Hitachi,    
Toyota, CATL,…)

2,4 V

1,8 V

2,0 V

AbscheidereaktionLösungs-
reaktion

2Li+nS→Li2Sn

n≥4

Li2Sn+(2n-2)Li→Li2S

n≥4

Dissolution
Reaction

Deposition
Reaction
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100 €/kWh for EV-(high energy) batteries seem achievable on system level around 2025. Risks are existing:

• Cell manufacturing becomes more and more an (only) refinement of raw materials

• Cell manufacturing becomes more and more efficient

• Modularity and kits of battery systems are important for the OEMs. To reduce complexity is actual the hardest challenge in the industry!

• Mining access will thus be the enabler for big players

• Co/Ni-risks are existing in 2024/2025. 

• Other risk: neutral CO2-balance for manufacturing of cells and systems => higher costs!

500 km-range @ 150 Wh/km consumption for C/D-low segment car needs an 83 kWh battery with 417 kg @ 2025

• 500km-WLTP-ranges @ 2025 between 115-120 Wh/km (VW ID.3 2020 ~ 126 Wh/km*). Leads to batteries with 67 kWh and 333 kg weight.

• Challenge: Same selling prize as the diesel car with the same extras and a high range/low weight. Actual situation is:

• D-low segment - Tesla Model 3 in Germany (2019): WLTP-Range = 560 km, Real Test Range (ADAC) = 425 km,  56.000 € with 75 kWh-battery.

• C-segment - VW ID.3 (2020): WLTP-Range = 330 km, 30.000 € with 48 kWh-battery and with 77 kWh WLTP-range of 550 km (Price ?). 

Second life (stationary) will develop to an additional after sales market. Actual higher costs for the “modules”. Further more 

noteworthly recyculation of batteries > 2027.

Li-Ion technology with liquid electrolyte unifies unique properties staying next decade, for plug-in applications best choice

6.0 Summary and Outlook

Future eDrive-Technologies with Focus on Battery Design Options15.10.2019

*based on first information and DoD of 90%


