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Introduction

Demand for stationary battery storage of up to 47,858 GWh until 2050 (Ram et 

al.)

Sodium-Ion batteries (SiBs) are considered as an alternative to overcome 

some sustainability challenges related to Lithium-Ion batteries (LiB) in 

stationary applications

There are several companies 

(CATL, TIAMAT, Faradion) aiming 

to introduce SiB into markets

Only few studies about sustainability 

Available

M. Ram, D. Bogdanov, A. S. Oyewo, and et al., “Global Energy System based on 100% Renewable Energy

- Power Sector.,” Lappeenranta University of Technology, World Energy Watch Group, Lappeenranta,

Berlin, Nov. 2017.

Jens Peters, Manuel Baumann, Marcel Weil, Stefano Passerini, On the environmental competitiveness of

Sodium-Ion Batteries – Current state of the art in Life Cycle Assessment, 2021, Sodium-Ion Batteries:

Materials, Characterization, and Technology. Ed. Philipp Adelhelm, Magdalena Titirici, Yong Sheng Hu, Wiley

September 2021 (Forthcoming)

https://en.wikipedia.org/wiki/Sodium

https://www.woodmac.com/news/opinion/will-sodium-ion-battery-cells-be-a-game-changer-

for-electric-vehicle-and-energy-storage-markets/
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• SIB are based on essentially the same principle like LIB 

• Sodium instead of lithium in the cathode active material and electrolyte salt 

• Aluminium instead of copper for the current collector

• Use of several cathode materials

Introduction

Goodenough, J.B. How we made the Li-ion rechargeable battery. Nat Electron 1, 204 (2018). 

https://doi.org/10.1038/s41928-018-0048-6

J. F. Peters, A. Peña Cruz, und M. Weil, „Exploring the Economic Potential of Sodium-

Ion Batteries“, Batteries, Bd. 5, Nr. 1, S. 10, März 2019, doi: 10.3390/batteries5010010.
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http://www.renewablesdaily.com/sodium-ion-batteries-are-improving
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Goal and scope

Aim of the work:

Life cycle assessment (LCA) of SIB under consideration of the whole life cycle 

– here focus on the use phase 

Compare Na-Ion alternatives to state of the Art Lithium-Ion Batteries (NMC 

622, LiFP) & analyze required performance to be competitive with the same
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Assessed battery types

Adopted BatPac dimensioning tool by Argonne National Laboratories

Na-based cells

NaNMMT SIB cell Na1.1(Ni0.3Mn0.5Mg0.05Ti0.05)O2

NaMMO Na2/3(Mn0.95Mg0.05)O2

NaNMC Na1.05(Ni0.33Mn0.33-Co0.33)0.95O2

NaPBA; Na2Fe [Fe(CN)6])

NaMVP Na4-MnV(PO4)

Li-based reference cells (benchmark)

LiNMC622

LiFP
http://www.renewablesdaily.com/sodium-ion-batteries-are-improving



ITAS6 28.02.2022 Manuel Baumann 

Assessment Framework

Life cycle Assessment (LCA)

cradle-to-grave approach

Manufacturing

Use phase

End of Life Phase

openLCA 1.10.2 & ecoinvent 3.7.1

Functional unit: 1 kWh of electricity provided by the battery cell over the lifetime 

of the assumed application.

Impact Categories (ILCD)

(i) global warming potential (GWP) i.e., GHG emissions (kg CO2 eq. / kWh)

(ii) abiotic resource depletion potential (ADP)  (kg Sb eq. / kWh)



ITAS7 28.02.2022 Manuel Baumann 

Consideration of use phase
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Battery performance assumptions

In contrast to LiB, SiB are not established, only lab-scale data about performance available

Parametric study, performance in orientation towards LiB technology

Parametrized factors (only one at the time in the detailed analyses):

Efficiency (no differing c-rates, temperatures etc. considered)

Cycle Lifetime (fixed SoC, not changing c-rates etc.)

Energy density

Analyze which performance is required to be competitive with LiBs

Implies, that detailed analyses

are required when better data

is available

Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries

under a full life cycle perspective – a cell-chemistry specific modelling approach. 2021. Sustainable energy & fuels. 

doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Simplified application case

Generic consideration of the use phase 

difficult

Simplified case (e.g. “load shifting”)

Two scenarios:

(i) electricity from grid 

(ii) electricity from PV systems

Cells exchanged in case of insufficient 

cycle or calendric lifetime

The periphery has been neglected here 

(out of scope)

Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries

under a full life cycle perspective – a cell-chemistry specific modelling approach. 2021. Sustainable energy & fuels. 

doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Simplified application case

Any use case can be considered in the

model, which is available for download

DOI/10.5281/zenodo.4742246
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Results

Manufacturing phase (cradle-

to-gate)
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Manufacturing phase (cradle-to-gate)

No use-phase and end-of-life

Impacts very different depending on 

impact category

GWP: High for SiB, due to lower 

energy density (more active material 

required for the same capacity)

ADP:  Higher for Li-based and NaNMC

impacts due to copper, cobalt and 

nickel contained in theells. SiB perform 

better

Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries

under a full life cycle perspective – a cell-chemistry specific modelling approach. 2021. Sustainable energy & fuels. 

doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Results

End of Life 



ITAS14 28.02.2022 Manuel Baumann 

EOL-Phase

Advanced Hydrometallurgical recycling, assuming closed loop 

recycling, significant reductions of impacts

Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries under a full life cycle perspective – a cell-chemistry specific modelling

approach. 2021. Sustainable energy & fuels. doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Results

Entire Life cycle
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Efficiency and battery lifetime (use phase) 
<x<fb

Difference of GWP significantly

higher in the scenarios
recycling does not change „order“

recycling impacts in particular Li-

base batteries (copper, cobalt) 

Max values

Min values

Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries

under a full life cycle perspective – a cell-chemistry specific modelling approach. 2021. Sustainable energy & fuels. 

doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Sensitivity (Use Phase)

Entire Life cycle

Sensitivity Analysis
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Role of energy density (use phase) 
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Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries

under a full life cycle perspective – a cell-chemistry specific modelling approach. 2021. Sustainable energy & fuels. 

doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Cycle Life Time
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Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries

under a full life cycle perspective – a cell-chemistry specific modelling approach. 2021. Sustainable energy & fuels. 

doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Efficiency

high efficiencies would be required for the SIB in 

order to equal the LiNMC in terms of 

environmental impacts. 

Worse

Equal

Better

Performance

ReferenceReference

Target

Achieved

Peters, J. F.; Baumann, M.; Binder, J. R.; Weil, M. On the environmental competitiveness of sodium-ion batteries

under a full life cycle perspective – a cell-chemistry specific modelling approach. 2021. Sustainable energy & fuels. 

doi:10.1039/d1se01292d

https://publikationen.bibliothek.kit.edu/1000140023
https://doi.org/10.1039/d1se01292d
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Conclusion

Study gives first tendencies for SiB cells in early development stages

SiB close to or even better than that of their LIB counterparts (NaMMO and 

NaNMMT)

SIB, if unable to achieve higher energy densities, a high cycle life is the key for 

unlocking their potential

Use case plays a significant role for overall impacts (here simplified)

In any case, detailed analyses are required if better performance data is 

available

For future works:

Publication, dimensioning tool and results openly available
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Conclusions

Underlying data available
openly on Zenodo:

• Excel-based cell dimensioning tool, 
allows for incorporating also other 
cell chemistries

• Numeric results and graphics

• Life cycle inventory data
for import and direct re-use
in openLCA
(requires ecoinvent 3.7.1)

• DOI/10.5281/zenodo.4742246

22

https://zenodo.org/badge/DOI/10.5281/zenodo.4742246.svg
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Thank you for your attention!

Manuel Baumann

Manuel.baumann@kit.edu

ITAS
Institute for Technology Analysis and 

System Analysis

Karlstraße 11, Karlsruhe

Germany

http://www.itas.kit.edu/
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