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Electrical Energy Storage Setting Technology Indicators for 2020

The 2020 roadmap provides values for  
(1) Energy focused, cost sensitive indicators. 

Other values are available from the KTN Cross-sector 
Battery Systems (CSBS) Innovation Network.
  
Energy focused, cost sensitive
The key strategic drivers are for lower pack level 
costs and better continuous charge acceptance 
whilst maintaining or improving energy density 
levels. This is because a large capacity and faster 
charging are required to meet attribute requirements. 

Power focused, cost sensitive
The key strategic driver for this cluster is transient 
power handling at an affordable price, the 
applications would benefit from increased power 
and energy density but not at the expense of cost. 

Power focused weight sensitive
The key strategic driver for this cluster is power 
handling with minimal weight impact with a range 
of energy density requirements. Cost is less of 
a consideration than volume automotive.

Energy focused, weight and power sensitive
The key strategic drivers are better gravimetric energy 
density and achieving better continuous discharge 
power density for more repeatable performance 
with greater range or reduced vehicle weight. 
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Energy-power spectrum across applications
Propulsion systems are tailored to specific power and energy demands, based on their use case and duty cycle. 
The graph below presents an outline of principle mass-market products.

http://www.ukbatteriesnetwork.org
http://www.ukbatteriesnetwork.org
http://www.ukbatteriesnetwork.org
http://www.ukbatteriesnetwork.org


Technology indicators for energy focused, cost sensitive applications
Technology indicators that industry is likely to achieve in a mass-market competitive environment. All the cost and performance metrics are ambitious, but relate to the same technology. 

Pack  
Indicators  

Transient Discharge 
Power Density (W/kg) 715  825 945 1070 

Charge Acceptance 
(Continuous C Rate) 1.5 2.5 3.5 4

Gravimetric Pack  
Energy Density (Wh/kg) 185 210  240 275

Volumetric Pack  
Energy Density (Wh/l) 470 540 640 720

Pack Cost ($/kWh)  125 97 77 63

2025 20352030

Cell  
Indicators

Transient Discharge 
Power Density (W/kg) 1100 1180 1260 1340

Gravimetric Cell  
Energy Density (Wh/kg) 280 300 320 340

Volumetric Cell  
Energy Density (Wh/l) 720 770 850 900

Cell Cost ($/kWh) 85 70 58 48

2025 203520302020 2020
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Notes:
• Two roadmaps have been created, giving equal weighting to both cell and pack innovations. This reflects that developments in 

both are needed to achieve the future performance indicators. 
• These indicators align with the  Energy focused, cost sensitive category developed by Warwick Manufacturing Group (WMG) 

and the Faraday Battery Challenge as part of the KTN Cross-sector Battery Systems (CSBS) Innovation Network. 
• The lowest costs of the CSBS Innovation Network targets have been adopted for this roadmap. This is to emphasise that low 

costs are prioritised for this technology.
• Assumed cell-to-pack ratios for energy and power density are: 65% for 2020, 70% for 2025 and 75% for 2030 and 80% 2035.
• C-rate has been added this year to reflect that cost effective chemistries, in addition to others, are expected to accept faster 

charging rates in the future. 
• For specific product applications you will need to refer to page 1 on the energy-power map and find your relevant indicators on 

the KTN CSBS Innovation Network targets.

Technology Indicators

http://www.ukbatteriesnetwork.org


Ultra-thin Cu and Al foils for Li-ion (e.g. sub 6 microns)

Reduced CO₂ in manufacturing processes (e.g. electrodes, dry processes)    lower energy footprint

Reduced cost Li-ion cathodes (e.g. LFP)

Separators with reduced thickness and cost, oxidation resistance, heat dissipation

Increased energy density Li-ion cathodes (e.g. NCA, NMC, eLNO, NFA, LMNO)

Higher voltage liquid electrolytes

Reduce cell material wastage / increased yield

New current collector structures (e.g. lattice, functional integration with anode and cathode)

Net zero CO₂ production systems

Ultra low cost cathodes (e.g. manganese rich, Li-S, Na-ion)

Enhanced separator functionality (e.g. phase change, fire suppression)

Localized particle optimization, cathode blending (e.g. colloidal cathodes)

Liquid electrolytes for new chemistries (e.g. Na-ion, Li-S, metal-air)

Cell material reconditioning and reuse (e.g. electrode regeneration or remanufacturing defect material)

Mass manufacture of solid state electrolytes with good conductivity (e.g. sulphides and oxides)

Hybrid and semi-solid state batteries with high ionic conductivity (e.g. gel polymer, PEO)

Next gen. anodes for new chemistries (e.g. Li metal anodes, hard carbon for Na-ion)

High energy and power density cathodes (e.g. Li-S, multi-valent chemistries, novel cathode materials and structures)

2025 2030 2035 2040 …

Pilot cell materials recycling

Safer and more sustainable cell material substitutions

Reduce wet processes and use of solvents

Solvent replacements for NMP (e.g. N-Acetyl-P and water )

Collector surface preparation (e.g. Plasma, laser)

Enhanced power dense Li-ion anodes (e.g. LTO)

Enhanced energy dense Li-ion anodes (e.g. graphite, Si blends)

High volume, high efficiency cell materials recovery

Adoption of more abundant / less critical materials

Dry manufacturing processes (no solvents)

New binder functionality (e.g. hybrid, self-healing)

Hybrid current collectors (e.g. metal alloys, metal coated polymers)

Maximum power dense Li-ion anodes (e.g. Nb oxides)

Maximum energy dense Li-ion anodes (e.g. 100% Si)

Separator materials with enhanced ion conductivity and current density (e.g. PVDF, alumina)

High powered Li-ion cathodes (e.g. nano-phosphates, thinner cathodes, smaller particle sizes)

Circular economy established for all cell materials

LCA focussed value chain

Binderless electrodes and electrolytes
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Electrical Energy Storage Cell Materials and Manufacturing Roadmap

Transition: 
Transitions do not mean a  
phase out from market but  
a change of R&D emphasis 

Dotted line bar:  
Market Mature – technology has reached 
maturity. Likely to remain in mass market 
until it fades out where it’s superseded

Dark bar:  
Technology is in a mass market 
application. Significant innovation 
is expected in this time frame

This roadmap represents a snapshot-in-time view of the 
global automotive industry propulsion technology forecast 
for mass market adoption. Specific application-tailored 
technologies will vary from region to region.

2020



Reduced CO2 emissions of module and pack assembly, energy-efficient production

Reduced energy usage methods for cold climates

Net zero CO2 production systems

Thermal energy storage to maintain battery temperature in cold climates

2020 2025 2030 2035 2040 …

Design for disassembly

Cell-to-pack batteries (e.g. module deletion)

BMS upgrades using historic data

400V architectures

Multi-material cooling plates

Real-time, in-line test and validation

High volume cell / module joining techniques

Lightweight battery carriers

Optimisation of existing thermal interface / joining materials

Active thermal management (integrated, cost effective systems)

Reducing cost and weight bus bars

Techniques for material recovery (e.g. mechanical disassembly, processing)

Cell-to-chassis batteries

BMS capable of physics-based SoH and SoC cell tracking

Widespread adoption of 800V architectures

Health passport integrated in cells and modules (e.g. RFID)

Pack designs to enable end-of-life management and flexible 2nd life usage

New thermal-rejection materials for high power cells and methods for passive cooling

Accelerated test and validation for mass market

Novel electrical connections

Lightweight, multi-material pack structures (inc. polymers)

Rationalisation and integration of thermal materials

Submerged cooling for high volume

Net-shape, multi-material bus bars with enhanced conductivity

Next generation contactors / connectors (e.g. solid state)

Telemetry enabled BMS architectures. Off-line updates to vehicle and live monitoring

Methods for detecting, preventing and suppressing fire propagation / providing containment

Packs integrated into full vehicle thermal management

New cell formats and features (e.g. Tabless, in-situ instrumentation, thermal flow and improved joining)

Consolidated cell formats for high volume manufacture

Circular economy established for module and pack

Structural batteries (e.g. as part of body structure)

AI enabled BMS using self-updating algorithms, in-situ data

Novel 1200V architectures

Resilient battery modules and packs, reduced failures

LCA focussed module / pack value chain
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Thermal
(i.e. cooling, heating and  

thermal materials including 
 thermal propagation)

Mechanical
(i.e. Structures)

Pack Integration  
and Manufacturing

Electrical
Distribution System

(including BMS  
hardware and software)

Transition: 
Transitions do not mean a  
phase out from market but  
a change of R&D emphasis 

Dotted line bar:  
Market Mature – technology has reached 
maturity. Likely to remain in mass market 
until it fades out where it’s superseded

Dark bar:  
Technology is in a mass market 
application. Significant innovation 
is expected in this time frame

This roadmap represents a snapshot-in-time view of the 
global automotive industry propulsion technology forecast 
for mass market adoption. Specific application-tailored 
technologies will vary from region to region.
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Electrical Energy Storage Modules and Pack Roadmap
Technology indicators for  
2020-2035 can be seen on page 2


