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PVMI: Its Roots in IMVP

The roots of the Program on Vehicle and Mobility Innovations (PVMI) are in 

the International Motor Vehicle Program (IMVP), founded in 1985 at MIT. 

ñIMVP is an international network of faculty, Ph.D. students, and 

researchers delivering knowledge and insight about the global automotive 

industry.ò 

ñIMVP organizes international teams of researchers to do collaborative 

research on topics throughout the automotive value chain.ò 

2

PVMI is the new name and provides the new direction for the IMVP network, 

and Whartonôs Mack Institute of Innovation Management is its new home



ñA Once-in -a Century 
Transformationò
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ÅC: ñConnected carò ïwithin -vehicle network; vehicle-to-vehicle (V2V); 

vehicle-to-infrastructure (V2I); infotainment services

ÅA: Autonomous vehicle ïñdriver assistò (Levels 1 & 2) to ñprimary 

vehicle controlò (Level 3) to ñfull vehicle controlò (Levels 4 and 5)

ÅS: Shared -- New mobility services, w/high asset utilization strategies 

(car-sharing/ ride -hailing) that reduce vehicle ownership

ÅE: Electric vehicles (BEVs) and recharging via electricity (from varied 

sources)

Disruptive Technologies/Business Models: 
What Impact of CASE (separately and together)?



Sponsored by
Wharton Lifelong Learning

Tech and Automotive: March 2021

Many Identify Barriers to Diffusion of EVs

Goal: Achieving cost and performance parity with legacy 

ICEV technology

First, overcome these barriers:

ÅNeed for battery innovations (range, cost, supply chain)

ÅAccess to charging infrastructure

ÅAffordability
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These Barriers Look Different Today Than 
20, 10, 5 or even 3 Years Ago

ÅWeôve moved beyond questions of ñwhetherò & ñchicken and eggò debates

ÅNow the questions are ñwhen and ñhowò -- around a set of still-thorny but more 

tractable problems.  

Å Expanding EV supply and multiple forces affecting EV demand are creating 

favorable conditions for a swarm of innovations

Å Some are highly visible, others behind the scenes, from both private & public sectors

Å Taken as a whole, they yield promising paths for addressing these 

problems
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ÅFor EVs, these innovations are occurring in:

ÅBatteries Ą physical innovations, e.g., new chemistries; new extraction 
approaches; new vehicle integration concepts; deglobalized supply chains; 
circular recycling

ÅCharging Ą electrification for decarbonization; new sources of electricity; 
public policies favoring clean energy; both decentralized and centralized 
grid enhancements; smart grid tools/incentives; multi -mode órefuelingô

ÅAffordability Ą public policy to speed cost parity; used EV and PHEV 
markets; physical innovations tied to vehicle market segments; more multi -
mode mobility options; P2P vehicle sharing; remove ñdirtyò products

Disruptive Technologies Often Only Demonstrate Their 
Biggest Impact After a Swarm of Related Innovations



Battery Innovations



ÅFor EVs, these innovations are occurring in:

ÅBatteries Ą physical innovations, e.g., new chemistries; new extraction 
approaches; new vehicle integration concepts; deglobalized supply chains; 
circular recycling

ÅCharging Ą electrification for decarbonization; new sources of electricity; 
public policies favoring clean energy; multi -mode órefuelingô; both 
decentralized and centralized grid enhancements; smart grid tools/ incentives 

ÅAffordability Ą public policy to speed cost parity; used EV and PHEV markets; 
physical innovations tied to vehicle market segments; more multi -mode 
mobility options; P2P vehicle sharing; remove ñdirtyò products

Disruptive Technologies Often Only Demonstrate Their 
Biggest Impact After a Swarm of Related Innovations
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Headlines On Shortages of EV Battery 
Materials Grow More Alarmed

Å COBALT Ą Scarce, Concentrated (nearly 50% in 

Congo) Where Mining Is Linked to Human Rights 

Abuses

Å NICKEL Ą Scarce, Concentrated (over 50% in 

Australia, Indonesia, South Africa, Russia and 

Canada), New Formulations Use More Nickel

Å GRAPHITE ĄNot Scarce But Concentrated: ñChina 

accounts for about 60% of natural graphite production 

capacity and 90% of the synthetic varietyò (Fortune)

Å LITHIUM Ą Not Scarce, Supply Lags Demand 

Considerably, Price Up Dramatically (400 -600% 

increase since January 2022), Surface Mining Method 

Has Negative Environmental Impacts

LITHIUM PRODUCTION AND RESERVES BY COUNTRY (USGS 2019)

Dominant battery chemistry is NMC 
(Nickel Manganese Cobalt) with Lithium 
(Li-ion in all chemistries for now) ςand 
Graphite for anodes
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ÅLooking beyond cells

ÅChemistry variants

ÅPackaging innovations

ÅPlatform flexibility

ÅBattery management software (BMS)

Meanwhile, A Swarm of Physical Innovations in 
Batteries and Their Components ïPlus Software
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Looking Beyond Cells

Innovations in cell design and manufacturing 
continue but: 

Battery chemistries are now important strategically

Innovations in combining cells into modules and 
packs offer alternate paths to improvement

OEMs developing packaging innovations, battery 
platforms to support broad product portfolios

All are boosting vertical integration for batteries*

Employment impact: 2/3 of OEMs build battery 
modules and packs in their own plants*

9Ǿƻƭǳǘƛƻƴ ƻŦ tŀƴŀǎƻƴƛŎΩǎ ŎŜƭƭǎ ŦƻǊ ¢Ŝǎƭŀ

*Source: Alochet, MacDuffie, & Midler, 2022

Different cell designs are put into 
battery modules and packs of 
different shapes
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Different Battery Chemistries Offer 
Tradeoffs - and Supply Chain Solutions 

LFP NMCLMO, LMNO

LG Chemôs new formulation: from 6-2-2- to 8 -1-1

2025 -30

Many chemistries that avoid or 
reduce need for cobalt (especially) 

and nickel
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Packaging Innovations Are Crucial to 
Support New Battery Chemistries

Å Battery makers are eliminating modules in cell -

to-pack designs

ÅOEMs are experimenting with packing cells 

directly into the chassis (cell-to-chassis)

Å Both save weight, processing steps, and increase 

power density, helping support new battery 

chemistries

ÅGreat way to avoid the ñweight spiralò

Cell-to-chassis integrates battery into structure 

.¸5Ωǎ ŎŜƭƭ-to-pack design (no modules)



Cell -to -Chassis = Structure with a 
Double Function

ÅAnalogy that Tesla uses: Like using 
airplane wings to hold fuel

ÅFirst step: Design the fuel tanks in 
the shape of the wings

ÅAnalogous step: Design the 
chassis with a battery pack-
shaped cavity

ÅNext innovation: New glues that 
add structural strength to 
adhesive bonds that keep cells 
and plates together

ά¢ƘŜ ǳƭǘƛƳŀǘŜ ōŀǘǘŜǊȅ ǇŀŎƪ ǿƻǳƭŘ ōŜ ƻƴŜ ǘƘŀǘ Ŏƻƴǎƛǎǘǎ ƻŦ 
100 percent active material. That is,everypart of the 
ōŀǘǘŜǊȅ ǇŀŎƪ ǎǘƻǊŜǎ ŀƴŘ ǊŜƭŜŀǎŜǎ ŜƴŜǊƎȅΣέ Euan McTurk

LeapmotorC01 sedan
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Battery Platforms Offer Flexibility to 
Support Broad Product Portfolio
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Cell -to -Chassis and Configurable Platforms 
Solve Some Problems and Create Others

ÅReplacing faulty cells will be far more difficult w/cell-to-chassis

ÅIŘƛƻǎȅƴŎǊŀǘƛŎ ǇŀŎƪ ǎƘŀǇŜǎ ǿƻƴΩǘ Ŧƛǘ ƛƴ ƻǘƘŜǊ ƳƻŘŜƭǎĄ

Loss of scale economies? Less repair or replacement flexibility? 

Å[ƛƳƛǘǎ ǊŀƴƎŜ ƻŦ άsecond-ƭƛŦŜέ ŀǇǇƭƛŎŀǘƛƻƴǎ when the car is scrapped

ÅLarger battery sizes in cell-to-pack and cell-to-chassis designs may 

limit them to grid-storage applications
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Battery Management System (BMS): ñDNA of EVsò

Monitors parameters of individual cells 

and overall battery pack

Controls charging and discharging rates 

and timing

Regulates thermal conditions (affects 

safety and efficiency)

Evaluates overall capability, over time and 

in different operating conditions

Enacts different driving modes 

(performance; eco; towing)
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LeapmotorôsñIntelligent Power Systemò

ñWe integrate our electric motors, gearboxes and MCUs into our proprietary electric 

drive system, Heracles. We expect to mass-produce a more advanced oil -cooling electric 

drive system, PanGu, which features an industry -leading maximum efficiency up to 

94.6%. We develop our own battery pack and battery management technologies. With 

the delivery of the C01 in the third quarter of 2022, we expect to become the worldôs first 

pure-play EV company to apply cell -to-chassis (ñCTCò) technology in mass production.ò

ÅVertical integration of the entire e-drive train; battery pack and BMS; 
and now cell-to-chassis
ÅThis is the same approach being taken by most incumbent OEMs and 

de novo EV startups
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Nearly all OEMs (incumbent ICEV and 
de novo BEV), buy cells.

In contrast, 2/3 of OEMs make battery 
modules and packs at or near EV 
assembly plants

These assembly jobs can be done by 
existing workers, after training 

1/3 ally with one battery partner

OEMs do Battery Management System 
(BMS) on their own or write specs for 
software specialist

 Design Perimeter 

Automakers Cell Module Battery pack BMS 

BMW Buy Make Make ? 

BYD Make Make Make Make 

Daimler Buy and Ally Make Make Ally-to-make 

Ford USA Buy Make Make Ally-to-make 

Ford Europe 
Ally with an 

automaker 

Ally with an 

automaker 

Ally with an 

automaker 

Ally with an 

automaker 

Geely ï Geometry 

pure EV brand 

Ally with a battery 

maker 

Ally with a battery 

maker 

Ally with a battery 

maker 
? 

GM USA Ally Make Make Ally-to-make 

GM China Buy  Buy Buy Buy 

Honda but USA 
Ally with a battery 

maker  

Ally with a battery 

maker 

Ally with a battery 

maker 

Ally with a battery 

maker 

Honda USA 
Ally with an 

automaker 

Ally with an 

automaker 

Ally with an 

automaker 

Ally with an 

automaker 

Hozon 
Ally with a battery 

maker 

Ally with a battery 

maker 

Ally with a battery 

maker 

Ally with a battery 

maker 

Hyundai / Kya Buy 

Make (through 

Mobis, a wholly-

owned subsidiary)  

Make (through 

Mobis, a wholly-

owned subsidiary) 

Make (through 

Mobis, a wholly-

owned subsidiary) 

Lucid Motors Buy Make Make Make 

NIO Ally None Ally-to-make Ally-to-make 

Nissan but China 
Ally with a battery 

maker  

Ally with a battery 

maker 

Ally with a battery 

maker 
? 

Nissan China Buy Buy Buy ? 

Renault Group 

Europe 
Buy and Ally Make Make Ally-to-make 

Renault Group 

China 
Buy  Buy Buy Ally-to-make 

SAIC ï MG brand 
Ally with a battery 

maker 

Ally with a battery 

maker 

Ally with a battery 

maker 

Ally with a battery 

maker 

Stellantis Buy and Ally Make Make Ally-to-make 

Tesla USA Ally  Make Make 
Ally-to-make 

Tesla China Buy Make Make 

Toyota 
Ally with battery 

makers 

Ally with battery 

makers 

Ally with battery 

makers 

Ally with battery 

makers 

VW 
Buy, Ally and Ally 

to Make 
Make Make Ally-to-make 

Xpeng Buy and Ally Make Make ? 

 

Who Does What in 
Battery Manufacturing
(Alochet , MacDuffie, & Midler, 2022)
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Taken As a Whole: LFP Can Replace NMC

LFP (Lithium Ferro -Phosphate) was applied first in scooters and smallEVs.

ñThe big Chinese battery makers (BYD,CATL and Lishenðeach one larger by itself than any 

other battery company thatôs not in China) -- have been making LFP cells for 10years.ò*

For a time, displaced by NMC (Nickel Manganese Cobalt) ïbut no longer. 

LFP Advantages: Cheaper (non-scarce) materials, more recharging cycles, much safer (no fires), 

low toxicity

LFP Disadvantage of lower energy density at cell level can be offset by: 

Packaging innovations (cell-to-pack; cell-to-chassis) that boost energy density

BMS adjustments (less acceleration speed, slower HVAC temperature adjustments, less range) that 
reduce energy demand

* Lou Schick, director of investments at Clean Energy Ventures



Shortage of Raw Materials Not Easily Solvedé


