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Project Scientific Abstract 

The main mission for EPISODE is to develop a non-lithium battery technology based on abundant 

available low-cost materials, with attractive energy density and power metrics (close to that of LFP-

based Li-ion batteries counterparts), that are durable (> 15 years and > 5,000 cycles), have a high 

round-trip efficiency (>95%), are non-toxic, non-critical, intrinsically safe and recyclable. A further 

aspect of this mission is that the production processes for the anode, cathode, electrolyte solutions 

and binders as well as cell production will be sustainable, energy-efficient and demonstrated at 

industrial mass manufacturing scale. Combining all of this leads to a non-lithium modular battery 

system with favourable CAPEX (< 150 €/kW storage capacity), OPEX (approx. 0.03 €/kWh/cycle) and 

carbon footprint (<100kgCO2eq/kWh), enabling energy storage applications, ranging from domestic 

installations (multiple units of 6.2 kWh/unit to be demonstrated in the project with projections 

towards large utility installations of multiple MWh. As a consequence, this will establish a European-

based, globally competitive battery supply- and value chain that supports economic prosperity and the 

net-zero transition. The integrated material-manufacturing and sustainability assessment approach in 

EPISODE will transform the existing (Li) battery manufacturing process into a sustainable one to meet 

the future needs of the sustainable and resilient EU battery industry. 

Public summary 
The Episode project develops sustainable sodium-ion (Na-ion) batteries using abundant, low-cost 

materials, with performance comparable to LFP-based lithium-ion cells. The technology is safe, non-

toxic, recyclable, highly efficient (>95% round-trip), and durable (>15 years, >5,000 cycles). 

The project also focuses on energy-efficient manufacturing of all battery components, validated at 

industrial scale. The modular battery system aims for competitive CAPEX (<150 €/kW), low OPEX (~0.03 

€/kWh/cycle), and a carbon footprint below 100 kg CO₂eq/kWh, supporting applications from 

residential units to multi-MWh utility installations. 

Technical specifications include cell-level energy, internal resistance, voltage and temperature limits, 

charging and discharging performance, self-discharge, cycle life, and capacity retention under storage. 

These targets ensure reliable, high-performance, and sustainable Na-ion batteries, establishing a 

competitive European battery value chain. 
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1 Introduction  
The primary mission of the Episode project is to develop sodium-ion (Na-ion) battery technology based 

on abundant, low-cost materials, delivering energy density and power performance comparable to 

LFP-based lithium-ion (Li-ion) batteries. Alongside being inherently safe and recyclable, Episode’s 

technology is non-toxic, stable (>15 years lifespan and >5,000 cycles), and highly efficient (round-trip 

efficiency >95%). 

 

The project also focuses on creating sustainable, energy-efficient production processes for the anode, 

cathode, electrolyte solutions, and the complete battery system. These processes will be validated at 

industrial mass-manufacturing scale. As a result, Episode will deliver a modular Na-ion battery system 

with highly competitive metrics: CAPEX (<150 €/kW storage capacity), OPEX (~0.03 €/kWh/cycle), and 

a carbon footprint below 100 kg CO₂eq/kWh. This will enable versatile energy storage applications, 

from domestic units (6.2 kWh per module) to large-scale utility installations in the multi-MWh range. 

 

Ultimately, the Episode project will establish a European-based, globally competitive battery supply 

and value chain, strengthening Europe’s economic independence and supporting the net-zero 

transition. By integrating materials manufacturing with sustainability assessments, Episode will help 

transform and enhance existing Li-ion battery processes to meet the future demands of a sustainable 

and resilient EU battery industry. 

1.1 Structure of this document 
This document is divided into three main sections. Chapter 2 outlines the cell performance 

requirements, with a particular focus on calendar aging. Chapter 3 describes the internal cell 

specifications. Finally, Chapter 4 addresses the testing protocols, including safety testing procedures. 
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2 Cell requirement and calendar aging 
This chapter defines the performance requirements at the cell level, as well as the expected calendar 

aging performance for the final application. These specifications are the outcome of discussions among 

the WP1 partners. 

2.1 Cell requirement 
Table 2.1 presents the expected cell-level performance in terms of energy, internal resistance, and 

operating limits with respect to voltage and temperature. The dimensions are given in centimetres. 

The energy target is specified for defined temperature and charge-rate conditions, while the internal 

resistance is measured at room temperature and at 50% state of charge. 

 

Table 2-1 Cell performance requirement 

Cell requirements 

Parameter Description Requirements Note 

Cell format Dimensions 19x18 25x19.5 before degassing 

Energy 
1C, 25°C > 120 Wh/kg 100% SOC 

1C, 5°C  75~80% SOC 

Ri (Internal resistance) 50%,SOC,RT < 1.5 mOhm  

Operation limits 
T (Min)-T(Max) 5°C to 60°C  

U (Min)-U(Max) 2 V to 4.1 V  
 

Table 2.2 summarizes the cell charging performance across different temperature ranges. The charging 

performance is expressed as a minimum charge rate (C-rate) for each temperature. In addition, the 

requirement for charge capacity over the temperature range is specified as a percentage of the initial 

cell capacity. 

 

Table 2-2 Temperature performance requirement 

Temperature requirement 

charge performance   

45 - 60°C  (Min)0.5C 

30 - 45°C  (Min)0.5C 

15 - 30°C  (Min)0.5C 

5 - 15°C  (Min)0.33C 

Capacity 

5°C ≥90% 

25°C ≥100% 

45°C ≥100% 

60°C ≥95% 

 

Table 2-3 presents several KPIs related to discharge rate, self-discharge, and cell cycle life. For 

continuous discharge, the KPI is expressed as a percentage of the initial capacity as a function of the 

discharge rate. For pulse discharge, the maximum pulse duration is specified according to the discharge 

rate. The self-discharge requirement is less than 0.1 mV per day for a cell at 100% state of charge and 

25 °C over 30 days. In terms of cycle life, the capacity target is 70% of the initial capacity, with a lifetime 
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goal of 5,000 cycles at 25 °C under conditions of 0.5C charge and 0.5C discharge at 100% depth of 

discharge. 

 

Table 2-3  Cell performance requirement 

Performance requirement 

Rate discharge capability 

1C (100%) Standard discharge current 

3C (90%) Max continuous discharge current 

10C (30s) Max pulse discharge current  

15C (3s) Max pulse discharge current 

Self discharge rate  100% SOC, 25°C, 30 days <0.1 mV/day 

Target Capacity  1C, 25°C, 100% DoD 70% remaining 

Number of full cycles 

0.5C/0.5D, 25°C, 100% 

DoD 5000 

 

2.2 Calendar aging requirements 
Table 2-4 presents the requirements for capacity retention and recovery under different storage 

conditions. The targets are expressed as a percentage of the initial capacity. 

 

Table 2-4 Calendar aging requirements 

Calendar aging 

Very High (60°C for 7 days)  
Retention Rate ≥90% 

Recovery Rate  ≥98% 

High (45C° for 7 days) 
Retention Rate ≥92% 

Recovery Rate  ≥99% 

RT (25°C for 180 days) 
Retention Rate ≥95% 

Recovery Rate  ≥98% 
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3 Inside The Cell requirement 
This chapter presents the internal cell KPIs for the various components, along with an estimated 

mass balance for each key component. 

 

Table 3-1 focuses on the specific requirements for the cathode and anode, including reversible 

capacity, active material percentage, loading, and porosity. It also provides information on key 

components, such as the thickness of the current collectors. 

 

Table 3-1  Inside the cell requirement 

Parameter Requirements 

Reversible capacity of anode 250 mAh/g 

Reversible capacity of cathode 140 mAh/g 

Cut off upper voltage 4.1V 

Cut off lower voltage 2 V 

Irreversible capacity 85% 

Balancing N/P 1.1/1 

Loading positive active materials 93-97% 

Loading negative active materials 95,50% 

Loading cathode 200 g/m2 

Loading anode 112-125 g/m2 

Thickness Al 15-16 µm 

Thickness Cu N/A 

Porosity anode 30,00% 

Porosity cathode 35,00% 
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4 Testing protocols and safety protocols 
This chapter presents the testing protocols used to characterize cathode and anode performance 

during the optimization phase. It also describes the testing protocols applied at the cell level. 

 

4.1 Cathode, anode testing protocols and electrolyte characterization 
In Li-ion batteries, cathode and anode performance is typically assessed using half-cell testing. 

However, for Na-ion batteries, half-cell performance testing of the anode is not feasible with the final 

carbonate-based electrolyte. Therefore, during the project, anode materials and optimized anode 

formulations will be characterized in full cells together with the cathode. For the cathode, there are 

no specific limitations, and half-cell testing can be used for material characterization. 

Table 4-1 presents the testing protocols for cathode half-cells and anode full cells in coin-cell format. 

The electrolyte volume used for the tests is 100 µL. 

 

Table 4-1  Testing protocols for cathode and anode 

Formation 

x cycles @25 or 45°C 
Voltage (V) Current rate 

Charge 3.95/4.1 0.1C 

Discharge 2 0.1C 

Following Cycles 

all @ 25°C 
Voltage Current rate 

Charge 3.95/4.1 
CC step 0.2C 

CV Step I < 0.05C 

Discharge 2 0.2C 

 

4.2 Electrolyte characterization 
 

The electrochemical anodic stability of Na-ion electrolytes can be investigated using linear sweep 

voltammetry (LSV) at a scan rate of 0.1 mV s⁻¹, preferably in Swagelok-type three-electrode cells with 

sodium metal as both the counter and reference electrodes, and carbon-based electrode as the 

working electrode, which allows for the determination of a realistic anodic electrolyte stability 

window, often underestimated when using Ni or Pt electrodes. The same configuration can also be 

used for cyclic voltammetry (CV) measurements at lower potential ranges, to assess reductive 

decomposition of the electrolytes. Voltammograms can be recorded using instruments such as a 

VersaSTAT MC (Princeton Applied Research-AMETEK) potentiostat or a VSP/MP3 (Biologic) system.  

 

The sodium/electrolyte interfacial stability can be evaluated via EIS on symmetrical Na//Na cells, using 

a 10 mV signal amplitude over a 500 kHz to 200 mHz frequency range. Impedance spectra should be 

analyzed via nonlinear least-squares (NLLS) fitting, and fit reliability confirmed by chi-square (χ²) values 

below 10⁻⁴. The equivalent circuit for Nyquist plots can be modeled as Ra(RiQi)nQb, where R 

represents resistance and Q a constant phase element (CPE). 
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4.3 Full cell testing protocols 
 

Galvanostatic cycling tests of full cells will be performed using a Battery Test System. Cells will be 

electrochemically activated through four galvanostatic formation cycles at C/5 within the voltage range 

recommended by the vendor. Subsequent cycling should be conducted at 1C within the voltage range 

(4.0±0.05V -1.5±0.05V) for at least 1,000 cycles. Rate capability tests should include 10 cycles at C/10, 

C/5, C/3, C/2, 1C, and 2C, returning to 1C for at least 1,000 additional cycles to repeat the rate 

capability assessment. 

4.4 Safety protocols 
Safety tests are only meaningful when performed on the complete cell, including the anode, cathode, 

electrolyte, and separator, under realistic operating conditions. Tests respect the norms UN 38.3 and 

IEC 62619:2022, adapted for sodium-ion batteries or edit if required. Tests such as overcharge, fast 

discharge rates, and storage at different SOCs and temperatures will be examined. In addition, 

complemented by gas chromatographic for composition analyses.  
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5 Conclusion and Recommendation 
In summary, the Episode project establishes a comprehensive framework for the development, 

characterization, and testing of high-performance sodium-ion (Na-ion) batteries. It defines clear KPIs 

for cell components, including cathode and anode propertiess, and internal performance metrics, 

ensuring that all work packages align with the final cell objectives. The project specifies detailed 

electrochemical testing protocols—including linear sweep and cyclic voltammetry, galvanostatic 

cycling, and impedance spectroscopy—adapted to Na-ion systems, as well as rigorous safety testing 

procedures in line with UN 38.3 and IEC 62619:2022 standards. By integrating performance 

optimization, industrial-scale upscaling, and circularity considerations, Episode provides a robust 

strategy for producing reliable, efficient, and sustainable Na-ion battery systems. These efforts 

collectively support the creation of a competitive European battery value chain, enabling versatile 

applications from residential storage to large-scale utility installations, while contributing to energy 

transition and net-zero goals. 
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6 Risks and interconnections 

6.1 Risks/problems encountered 
 

Risk No. What is the risk Probability of 

risk 

occurrence1 

Effect of 

risk1 

Solutions to overcome the 

risk 

WP1.1 Energy density too low 2 2 Change the electrode 

composition to increase the 

active material content. 

WP1.2 Cycle life KPI not achievable 1 1 Manage the cycle life 

changing the upper cut off 

voltage.  
1) Probability risk will occur: 1 = high, 2 = medium, 3 = Low 

6.2 Interconnections with other deliverables 
This deliverable impacts all other work packages by defining the KPIs for the cells to be delivered at 

the end of the project. WP2 must optimize their formulations to meet the internal cell KPIs. WP3 will 

then upscale the optimized formulations from WP2. WP4, responsible for module design, is directly 

affected by cell performance and must design modules to meet the requirements of the final 

application. Finally, WP5, in charge of circularity, will use the cell KPIs for their modeling activities. 
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