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The Climate Tech Product Development Process
Conceptual  

product outline
Detailed  

product definition
Market  

introduction

Key  
challenge

• Invent novel 
products

• Match application 
needs

• Timely launch of 
products  

Key benefit  
of our service

• Discovery of 
under-
explored 
ideas

• Make informed 
trade-offs:  
performance / 
safety / costs

• Situational 
awareness to 
accurately dedicate 
resources
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Using ML to Provide Granular Decision-making Support

Experimental 
Design & 
Analysis

Patents, 
News,  

Literature

Technical 
Discussions

We analyze the top 2 domains with the help of our ML framework.

Publicly 
Available Information

Proprietary Information



© b-science.net LLC

 solid & semi-solid 
 electrolytes

 oxides / phosphates

 thin-film (vacuum deposition, 
 e.g. of LiPON)

 eutectic salts

 ion-conducting salt / organic 
 molecules / inert inorganic 
 support material

 polymers

 sulfides

 halides
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Decision visualization - main solid / semi-solid electrolyte classes

Commercial R&D efforts as reflected  
by the patent literature

advantage:  
favorable 
processability 
(costs) 
risk factor:  
low Li-ion 
conductivity  
(power)

advantage:  
limited toxicity 
(safety) 
risk factor:  
intermediate Li-ion 
conductivity  
(power)

advantage:  
micro-scale form  
factors 
risk factor:  
vacuum processes 
(costs)

advantage:  
well-balanced performance 
limitation:  
most materials can be used only in the 
positive electrode (catholyte)

advantage:  
improved 
performance in 
combination with 
other electrolytes 
risk factor:  
low Li-ion 
conductivity  
(power)

advantage:  
high Li-ion 
conductivity (fast 
charge / discharge) 
risk factor:  
high reactivity 
between lithium 
metal & organic 
molecules (safety)

advantage:  
high Li-ion 
conductivity  
(power) 
risk factor:  
toxic H2S gas  
emissions (safety)
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Market entry and time-to-market projections for solid-state / semi-solid battery EVs
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Company Country Year (Prospective) Technology / Partner
Blue Solutions France 2012 Polymer, operation at >60 °C / Hydro Québec
Daimler (and other 
Blue Solutions 
customers)

Germany 2020 Polymer, operation at >60 °C / Blue 
Solutions / Hydro Québec

Dongfeng Motor China Q1/2022 
(cabs)

Oxide or phosphate & polymer / Ganfeng 
Lithium

NIO China Q4/2022 Presumably oxide or phosphate & polymer 
with >10% liquid content / probably WeLion

Vinfast Vietnam 2023-2024 JV with ProLogium (probably phosphate & 
polymer, bipolar cell architecture)

Toyota Japan by 2025 in 
hybrids

Sulfide (possibly mixed with halide) / 
Panasonic

https://www.electrive.com/2021/03/03/actually-we-are-the-pioneer-of-solid-state-battery/
https://www.electrive.com/2021/06/11/mercedes-delivers-first-ecitaro-g-with-solid-state-batteries/
https://www.argusmedia.com/en/news/2238069-chinas-ganfeng-dongfeng-sign-solidstate-battery-deal
https://cnevpost.com/2022/01/23/dongfeng-motor-delivers-first-50-evs-with-solid-state-batteries/
https://cnevpost.com/2022/07/21/nio-reaffirms-150-kwh-solid-state-battery-for-delivery-in-q4/
https://www.prnewswire.com/news-releases/vinfast-and-prologium-launching-jv-to-build-solid-state-ev-battery-pack-in-vietnam-301239388.html
https://www.caranddriver.com/news/a38711469/toyota-solid-state-batteries-2025/
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Company Country Year (Prospective) Technology / Partner
VW Germany 2025-2026 Oxide / QuantumScape
Ford USA 2027-2030 Sulfide / Solid Power
GM USA ? Investment in SES (Li metal with liquid / eutectic 

salt electrolyte), collaboration with Honda 
(sulfide), collaboration with Posco (sulfide or 
polymer), GM China: sulfide or oxide, bipolar 
cells

Chrysler / Stellantis USA / EU ? Evaluation of packs for various solid-state 
battery types

Nissan / Renault / 
Mitsubishi Motors

Japan / 
France

2028 Sulfide (bipolar cells)

BMW Germany 2030 Sulfide / Solid Power
Hyundai Motor / Kia 
Motors

Korea 2030 Sulfide / Samsung, LG and/or SK 
Innovation

Market entry and time-to-market projections for solid-state / semi-solid battery EVs

https://www.electrive.com/2021/06/01/volkswagen-considers-an-ipo-for-their-battery-division/
https://techcrunch.com/2022/06/06/solid-powers-pilot-production-line-brings-road-tripping-solid-state-batteries-closer-to-reality/
https://apnews.com/article/science-technology-business-1a65638a2b0cb538134f5c33048d3fb6
https://techcrunch.com/2021/04/19/general-motors-leads-139-million-investment-into-lithium-metal-battery-developer-ses/
https://www.bloomberg.com/news/articles/2022-04-22/gm-and-honda-in-talks-to-develop-solid-state-ev-batteries
https://cleantechnica.com/2021/12/06/solid-state-ev-battery-plot-thickens-as-gm-inks-deal-with-posco/
https://global.nissannews.com/en/releases/nissan-prototype-production-facility-for-all-solid-state-batteries
https://www.electrive.com/2021/04/19/bmw-aims-for-solid-state-battery-by-2030/
https://pulsenews.co.kr/view.php?year=2021&no=224823
https://pulsenews.co.kr/view.php?year=2021&no=224823
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Potential synergies oxides / polymers  
(patent filings by Fujifilm, Ganfeng Lithium, ProLogium, Qingtao Kunshan, SVOLT, Toshiba, WeLion)

• Chemical stability depends on choice of specific oxide / phosphate electrolyte,  
negative and positive electrode materials and has to be sufficient also for polymer.

Desired outcome 
(cell level)

Material 
requirements

Material 
components

Adjustable material 
characteristics

Sufficient ion 
conductivity

Crystalline oxide or phosphate Polymer

Crystallinity Chemical 
composition

Particle size 
distribution

Surface 
characteristics

Chemical 
stability

Thin electrolyte 
layer

High energy 
density

Low 
density

Prevent short 
circuits

Fast charge / 
discharge

Filling of  
defects

High cycling 
stability
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Decision tree - negative electrode materials selection  
(EV applications)

 negative electrode 
 materials

 Si-based

 SiO  (X ≈ 1)

 LTO

 lithium metal

 graphite

advantage:  
high gravimetric 
energy density 
risk factor:  
Li dendrite 
formation  
(short circuits)

advantage:  
no volume change  
(favorable cycling 
stability) 
disadvantage:  
comparably low 
energy density

advantage:  
high volumetric 
energy density 
risk factor:  
crack formation 
(longevity)

advantage:  
established in current 
commercial high energy 
cells (with graphite) 
risk factor:  
undesired parasitic 
reactions (longevity)

advantage:  
established in current 
commercial cells 
disadvantage:  
limited energy density
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• Toyota: formation of vertical pores during first charge under high pressure.


• Tesla: holds IP to key components that could serve as basis for implementation of semi-

solid or solid cells based on low-cost Si negative electrode, with dry electrode 

processing.
9

Prospects for comparably low-cost, Si negative electrodes in  
solid-state Li-ion batteries - Toyota Motor / Panasonic

集電箔: collector foil
Link to key patent:  
Espacenet / Google

https://www.b-science.net/PatentAccess/PatentMonitoring/PLL?country=WO&number=2022131301&kind=A1&categoryID=1032
https://www.b-science.net/PatentAccess/PatentMonitoring/PLGG?country=WO&number=2022131301&kind=A1&categoryID=1032
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Decision tree - positive electrode materials selection  
(EV applications)

 positive 
 electrode 
 materials

 metal fluorides (e.g. FeF )

 NMC, NMCA, NCA
 (layered oxides
 based on Ni, Mn, Co, Al)

 LFMP (lithium iron manganese 
 phosphate)

 LFP 
 (lithium iron phosphate)

 Mn-containing spinels

 LRLO (Li-rich Ni-containing
 layered oxides)

advantage:  
high energy density 
risk factor:  
low technology 
readiness level (TRL)

advantage:  
current commercial 
use (varying 
performance / cost 
points) 
risk factor:  
high nickel content

advantage:  
high Mn content  
(low raw materials costs) 
risk factor:  
Mn leaching, high voltage 
(longevity)

advantage:  
high energy density 
risk factor:  
limited cycling stability  
(longevity)

advantage:  
safety, longevity and costs 
disadvantage:  
limited energy density

advantage:  
improved energy density vs. LFP, 
costs, safety 
risk factor: Mn leaching (longevity)
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BYD - LFMP (Lithium Iron Manganese Phosphate)

10 - core: a LiMn0.75Fe0.25PO4 core


21 - interlayer: titanium oxide


22 - outer layer: carbon

• This material exhibits a specific capacity of 163 mAh/g and a median voltage of 
3.72 V vs. Li+/Li (LFP: ca. 160 mAh/g, 3.2 V vs. Li+/Li).


• Use of solid-state electrolyte might reduce Mn-leaching and improve longevity.

https://www.b-science.net/PatentAccess/PatentMonitoring/PLL?country=CN&number=114256448&kind=A&categoryID=1016
https://www.b-science.net/PatentAccess/PatentMonitoring/PLGG?country=CN&number=114256448&kind=A&categoryID=1016
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Other key players that  
target bipolar cells: 
• ProLogium 
• GM 
• Toyota 
• Panasonic

Bipolar cells - Nissan / Renault

• Solid electrolytes potentially allow for implementation of stacked cells with 
> 40 V voltage ➔ could allow for energy density / cost savings at pack level.

https://www.b-science.net/PatentAccess/PatentMonitoring/PLF?country=JP&number=2021072262&kind=A&categoryID=1032
https://www.b-science.net/PatentAccess/PatentMonitoring/PLH?country=JP&number=2021072262&kind=A&categoryID=1032
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(Solid-state) Sodium-ion Batteries

• Prospects: Na-ion battery cells have reached similar energy 
density (160 Wh/kg) as LFP Li-ion batteries, with favorable raw 
material costs, power, safety.


• Time to market launch: upscaling pursued by CATL (China, 
commercial production in 2023, i.e. close to market launch) 
and Reliance (India, with Faradion, UK).

https://cen.acs.org/materials/energy-storage/Reliance-buys-sodium-ion-battery/100/web/2022/01
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(Solid-state) Sodium-ion Batteries

• Key risk factor (as long as there is no cost advantage): 
identification of unique selling proposition vs. LFP cells.


• Solid-state electrolytes: early stage (lab or pre-pilot, e.g. 
LiNa, might allow for increased energy density at  
reduced raw material costs).

https://www.lina.energy/
https://www.lina.energy/
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Thanks for your attention! 
 

Pirmin Ulmann 
pirmin@b-science.net

Disclaimer: We are committed to listen to and provide high quality services to the energy storage 
community, but we cannot guarantee that our services are free of errors or interruptions. All warranties 
and liabilities on the part of b-science.net GmbH (LLC) and its affiliates are excluded. Please check the 
Terms & Conditions and the Privacy Policy, which apply to this document.
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