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PCS Cost PCS Cost
Nominal DC Normalized (Normalized $/kW $kW
Technology Voltage Voltage Voltage)™ (Year 2018) (Year 2025)
Li-ion 1221 1.63 0.82 288 211
Sodium metal halide 750 1 1 350 211
Sodium sulfur 750 1 1 350 211
Zine-hybrid cathode 750 1 1 350 211
Lead acid 750 1 1 350 211
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Battery Chemistry Wh/L Reference Notes

Redox flow battery 12.5 UET (2018)

Li-ion BESS 80 Research Interfaces (2018)

Li-ion BESS 90-130™  Research Interfaces (2018)

Na-S 40 Gotschall & Eguchi (2009)

Sodium halide 65 LCE Energy (2011) Large-scale system Wh/L assumed

to be 60% of the 9.6 kWh module

Lead acid Chino system 16 Rodrigues (1990) Large-scale system Wh/L. assumed

to be 60% of the 30-kWh module
Zinc-hybrid cathode 17 EoS (2018b)
(a) Use 100 Wh/L for Li-ion BESS.
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(L/Wh C&C Cost $/kWh, C&C Cost $/kWh,
Chemistry L/Wh Normalized normalized)"** Year 2018 Year 2025
Li-ion 0.12 0.53 101 96
Sodium halide 0.19 0.61 115 110
Na-S 0.31 0.70 133 127
Lead acid 0.78 0.93 176 167
Zinc-hybrid cathode 0.73 0.91 173 164
Redox flow battery 1 1 190 180
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Manufacturing
Readiness
Level Description
MRL 1 Basic manufacturing implications identified
MRL 2 Manufacturing concepts identified
MRL 3 Manufacturing proof of concept developed
MRL 4 Capability to produce the technology in a laboratory environment
MRL 5 Capability to produce prototype components in a production relevant environment
MRL 6 Capability to produce a prototype system or subsystem in a production relevant environment
MRL 7 Capability to produce systems, subsystems, or components in a production representative
environment
MRL 8 Pilot line capability demonstrated; ready to begin low rate initial production
MRL 9 Low rate production demonstrated; capability in place to begin full rate production

MRL 10 Full rate production demonstrated and lean production practices in place
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Technology
Readiness Level Description
TRL 1 Basic principles observed and reported
TRL 2 Technology concept and/or application formulated
TRL 3 Analytical and experimental critical function and/or characteristic proof of concept
TRL 4 Component and/or system validation in laboratory environment
TRL 5 Laboratory scale, similar system validation in relevant environment
TRL 6 Engineering/pilot scale; similar (prototypical) system validation in relevant environment
TRL 7 Full scale; similar (prototypical) system demonstrated in relevant environment
TRL § Actual system completed and qualified through test and demonstration.
TRL 9 Actual system operated over the full range of expected mission conditions.
54 FH
i[1] Energy Storage Technology and Cost Characterization Report, PNNL-28866,
July 2019.
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