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Abstract 

The report highlights the important aspects to be considered for designing battery systems for 

different applications. It documents the use case profiles, battery system specifications and battery 

standards.  

Publishable Summary 

This report describes the design basis for the battery systems for different use cases; maritime, heavy 

duty off-road vehicles and stationary applications. The design basis for a battery system is a set of 

critical requirements from the customer: load profile, weight and space considerations, charging 

requirements and lifetime. Along with these from the customer, safety and operational requirements 

from the class societies shall be fulfilled. Typical load profiles from different applications are 

documented and examples of battery system specifications from different suppliers are presented. 

Furthermore, the report documents the standards the battery system needs to comply within different 

market segments. 

The load profiles and design basis described in the document will provide the input to selecting test 

profiles for cell cycling testing in WP6. In addition, it points out the existing solutions available as a 

basis for Battery Management System (BMS) design in the project. 

The real-life reference system configuration definition intended for validation of the multi-scale 

battery management framework in WP4 will be defined as a follow-up of the report. The reference 

system will be documented as an appendix to this report within Q1, 2024.  
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1. Battery systems overview 

This section introduces battery systems for different applications; maritime, heavy-duty vehicles, off-

road machinery, and stationary applications. 

1.1. Battery systems for maritime applications 

Maritime sector can be categorized into several segments depending on the vessel type, operational 

profile, range of distance etc. Table 1 lists the battery systems installation based on vessel type 

delivered by Corvus Energy till August, 2023.  

Car & 

passenger 

ferries 

Cruise & 

yachts 

Offshore & 

subsea 

Tugs/Workboat/ 

Fishing/Research 

Merchant 

vessels 

Port equipment/shore 

stations etc. 

158 42 142 152 78 186 

Table 1: Projects delivered by Corvus Energy in different maritime segments 

Each vessel type has its own requirements and challenges for battery systems installations. One battery 

system would not meet all the maritime requirements. Hence, different types of battery systems are 

needed to suit the different applications. Some applications may tolerate more weight than others, 

some vessels have more space than other types of vessels, and some applications need to charge 

faster, e.g., within few minutes, compared to other applications.  

Understanding the operation of the vessel and its load requirements during the lifetime is one of the 

keys to design and size an optimal battery system. Table 2 shows the benefits of installing and use of 

battery energy storage systems on board different types of maritime vessels. The table shows the 

benefits in terms of reduction in operation and maintenance cost, fuel savings and reduction in CO2 

and NOx emissions.  

 Fully Electric  

Car ferry 

Hybrid  

Car ferry 

Hybrid  

PSV 

Fully 

electric 

Tug 

Hybrid  

Fishing vessel 

Hybrid 

Shuttle tanker 

Operation and 

maintenance cost 

reductions 

80% 35–50 % 35–50 % 80 % 50-75 % 35-50 % 

Fuel saving 100% 15–40 % 15-20 % 100 % 20-25 % 20-25 % 

CO2 emission 

reductions 
95% 15–40 % 15–20 % 95 % 20-25 % 20-25 % 

NOx emission 

reductions 
95% 30–60 % 30–40 % 95 % 30-40 % 30-40 % 

Table 2: Benefits of installing battery systems on board maritime vessels 
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1.2. Heavy duty and off-road applications 

HDV and off-road applications may vary depending on the purpose of the vehicles and machinery. As 

an example, big cargo trucks on local, regional, or long-haul missions, loaders, mining machinery or 

forest harvest machine use cases differ quite a lot.  

Full electric and hybrid solutions create more variation to the use cases. Hybrid solutions can be 

charged with constant speed combustion engines combined with generators, or fuel cells, while work 

continues with vehicles and full electric cargo trucks need to be recharged fast when the driver is on a 

break, off-duty or the during loading or unloading of the truck.  

Road vehicles and off-road vehicles have different kinds of certification needs and requirements. 

Different kinds of charging solutions, for example regenerative charging from breaking or solar panels, 

need to be paid attention to when the technical design is created. Vehicle weight, acceleration and 

speed requirements cause different requirements from electric motors, which also causes different 

kinds of extreme value requirements from batteries. Each vehicle type has its own requirements and 

challenges for battery systems installations.  

As different vehicles are used in different environmental conditions, it needs to be taken into account 

also with battery and battery monitoring system design. Especially temperature conditions but also 

road conditions, vibrations and humidity might cause issues. 

1.3. Stationary applications 

Installing battery energy storage system (BESS) improves the use of renewable energy, offers a backup 

power source, means less dependence on the grid, reduces the carbon footprint, and offers long-term 

cost savings. A BESS collects energy from renewable energy sources, such as wind and/or solar panels 

or from the electricity network and stores the energy using battery storage technology. The batteries 

discharge to release energy when necessary, such as during peak demands, power outages, or grid 

balancing. 

For BESS, there are numerous of applications (use cases) in the electricity grid, including: primary and 

secondary frequency control, smoothing and shifting of intermittent energy sources (PV and wind 

power), overall stability of the electricity grid in the event of a fault and the possibility of removing 

pockets of the electricity grid or restarting the grid after a blackout (grid forming/black start), and 

virtual transmission line applications using a buffer battery at each end to transmit power peaks on 

demand without having to reinforce the lines (grid booster). There are also other downstream 

applications, such as private micro-grids, back-up (UPS), individual domestic kits, etc. It is possible to 

classify Stationary Energy Storage Systems (BESS) applications in: Residential, Power Generation, 

Industrial/Commercial and Off grid as shown in Figure 1.  
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Figure 1: Overview of the most common stationary applications for ESSs based on Li-ion batteries organized into four 
sections: Residential, Industrial & Commercial, Power Generating and Off-Grid. Combinations exist of ESSs performing 

multiple tasks to increases 

2. Design basis of battery systems 

The design basis for a battery system is a set of critical requirements from the customer: load profile, 

weight and space considerations, charging requirements and lifetime. Along with these from the 

customer, safety and operational requirements from the class societies shall be fulfilled. The design 

basis may vary from one market segment to the other and this section documents the design basis 

seen from different applications: maritime, heavy-duty vehicles, Offroad equipment and stationary 

applications.  

2.1 Maritime battery systems 

There are several considerations to take into consideration for designing a battery system for a 

maritime application. The following are some of the important considerations: 

Product certification 

A maritime battery system must have certifications before it can be installed on a maritime vessel. In 

addition, the battery product must be approved from a class society depending on the classification of 

the vessel. A list of battery system standards is documented in section 5.  

Space and weight 

Each project can be different for maritime battery system as vessel type, operating conditions etc. vary 

from vessel to vessel. For fast ferry application, weight and volume are to be balanced where for a 

large cargo vessel, these factors can be relaxed, and cost could be the priority factor. 



                     
                                                                                                                                                               

Page 10 of 29 

Safety 

Safety of battery systems for maritime applications is very critical. It is essential to have thermal 

propagation protection, preferably at the cell level. Protection against ground fault, over and under 

voltages, high current, high temperature, communication failure etc. are to be included and 

operational. All the class societies (for example, DNV, Lloyds Register, Bureau Veritas, ABS, RINA, etc.) 

require the safety requirements in place before a battery system can be installed on a maritime vessel.  

Lifetime 

The design lifetime of a battery energy storage system is usually maximum 10 years. For a given 

operational profile, the performance of the battery system is simulated to make sure that operational 

criteria are met at the end of life; the cell voltage, cell temperature, C-rate, Depth of Discharge (DoD) 

and State of Health (SoH) are maintained within the limits.  

Charge criteria 

For some applications, the charging criteria can be a key factor for sizing the battery system. The time 

available for charging and the corresponding charge C-rate are the important considerations.  

Short circuit current 

Quantification of short circuit current for a given system configuration is necessary. This information 

is used to have proper short circuit protections in the overall system. 

Type of operation 

For fully electric vessels with battery energy storage systems as the main source of energy source, 

there are additional considerations one needs to account for. For example, there should always be 

enough energy available to safely return to a port. To meet the criteria, missing a charge at a port, 

severe weather conditions etc. are to be considered while sizing the battery system. 

Another example is the Dynamic Positioning (DP) operation for offshore vessels. If the battery system 

is designed to support the DP operation, it has serious implications in the designing and sizing phase 

of the battery system. 

 Battery room requirements 

The battery room must meet certain requirements to have the battery system installed: 

• Battery room temperature should be maintained within the specified range, usually 15-20°C 

• The battery system shall be installed in a salt free environment with humidity less than 60% 

and free from significant dust. 

• General safety and risk analysis in case of ground fault, fire and thermal run-away scenarios 

2.2 Heavy duty vehicles and Off-road machinery applications 

Things to consider when creating battery designs for HDV and off-road usage. 

Safety 

Safety is paramount, especially since HDVs and off-road vehicles often operate in potentially hazardous 

conditions and harsh environments. The battery design should include features to prevent 

overheating, short circuits, and other failures. 
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Vehicle use case and electric motor requirements 

Vehicle use cases and electric motor requirements for heavy-duty vehicles (HDV) and off-road 

applications vary based on the specific needs of these vehicles. It is typical that many HDV’s and off-

road vehicles operate at a high utilization rate with continuous operations in shifts, where mandatory 

breaks and loading/unloading events may be used for fast charging without affecting the production 

process. HDVs typically require high torque and power output to handle heavy loads and challenging 

terrains. They may also benefit from features such as regenerative braking and extended operating 

range. Off-road vehicles, on the other hand, require motors with strong overload capacity, fast starting 

speed, and the ability to handle rough terrains. 

Different kind of charging options for the system 

• Standard AC Uses alternating current (AC) from standard electrical outlets or slightly more 

powerful chargers. Slow charging where the power is usually limited to a maximum of a few 

kW’s by the capacity of the on-board charger. 

• Fast DC Charging: Direct current (DC) fast chargers provide much quicker charging times based 

on e.g. CCS protocol with manual or automatic interfaces. Currently the charging powers 

typically reach to 200-300 kW with potential to be elevated up to 500 kW. This can enable 

charging times between 15 minutes and 2 hours depending on the size of the battery. 

• Ultra-Fast DC Charging: these are even more powerful than standard DC fast chargers, 

providing extremely rapid charging. These type of chargers use Megawatt Charging System 

(MCS) protocols or similar and can reach to 1-2 MW charging power and beyond and enable 

charging times of 30 minutes or less of large HDV batteries. 

• Battery Swap Systems: Some vehicles are designed with swappable battery packs for instant 

recharging. 

Certifications for vehicle type and area where vehicle is used 

For heavy-duty vehicles (HDVs) and off-road vehicles, there are a variety of certifications and 

regulations that might apply, depending on the vehicle type and the geographic area where the vehicle 

is used. These certifications ensure safety, environmental compliance, and suitability for specific 

applications. 

System mechanical limitations 

The mechanical limitations of battery systems in heavy-duty and off-road vehicles revolve around 

balancing durability and robustness with size, weight, and flexibility requirements. These systems must 

be designed to withstand extreme operational conditions while maintaining safety, efficiency, and 

practicality. 

Lifetime, maintenance, and recycling 

The lifetime, maintenance, and recycling of battery systems in heavy-duty vehicles (HDVs) and off-road 

applications are critical aspects of the overall sustainability and cost-effectiveness of these vehicles. 

Lifetime: 

• Lifespan: Typically, the batteries in HDVs are expected to last several years, but the exact 
lifespan depends on factors like usage patterns, battery chemistry, and thermal management. 
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Measured in charge-discharge cycles, with larger, well-managed batteries often offering 
thousands of cycles before significant degradation. 

• Degrading Factors: Includes deep discharging, high temperatures, rapid charging and 
discharging, and prolonged storage at high states of charge. 

• Capacity Fade: Over time, batteries will gradually lose their ability to hold a full charge, 
affecting the vehicle's range. 

Maintenance: 

• Regular Monitoring: Includes checking state of charge (SoC), state of health (SoH), and overall 
battery performance. 

• Thermal Management: Ensuring the cooling system is functioning correctly to prevent 
overheating. 

• Software Updates: Regular updates to the Battery Management System (BMS) can optimize 
performance and extend battery life. 

• Physical Inspections: Checking for signs of damage, corrosion, or loose connections, especially 
in off-road vehicles that face harsh conditions. 

• Balancing and Calibration: Periodic balancing of the cells to ensure uniformity and recalibrating 
the SoC and SoH measurements. 

Recycling: 

• End-of-Life Handling: As batteries reach their end of life, it's important to recycle them 
properly to recover valuable materials like lithium, cobalt, and nickel. 

• Recycling Challenges: Involves safely handling and dismantling batteries, which is complex due 
to the different chemistries and designs. 

• Second-Life Applications: Before recycling, some batteries can be repurposed for less 
demanding applications, like stationary energy storage. 

• Developing Recycling Infrastructure: Efforts are ongoing to improve and expand battery 
recycling facilities to handle the increasing volume of spent EV batteries. 

• Regulatory Compliance: Adhering to local and international regulations regarding the disposal 
and recycling of batteries. 

 

2.3 Stationary applications 

 
The Table 2, presents the main requirements for energy storage (BESS) for stationary applications:  
 
Table 2: Some criteria for stationary applications (BESS)  
 

Application Energy 

density and 

Power 

Minimal number 

of cycles of 

charge and 

discharge 

Lifetime Safety Price Charge 

/discharge Rate 

Battery Energy 

Stationary 

Storage (BESS) 

Medium  2000-7000 15-25 

years 

Low risk Low 

price 

Slow to medium 

but it depends 

on the system 

 
The main considerations when choosing a BESS are summarized in the following topics. 
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Safety 

Since Battery Energy Storage Systems (BESS) for stationary applications are quite big systems, safety is 
crucial. The battery design must include features to prevent from electrical, chemical, or 
environmental hazards: 

• The battery must be protected from overcharge, overvoltage and short-circuits coming from 

the battery itself or from external sources. The system must also include isolating devices to 

perform corrective and preventive maintenance. The first line of defense against these hazards 

must be the BMS. It must constantly ensure that all cells and modules are operating in safe 

ranges of current, voltage, power, state of charge and temperature. 

• The design of the storage system must include a fire detection system as well as a fire 

suppression system. The systems must include visual and audible alarms that can be detected 

from outside the plant. In case of fire, the system must also be able to mitigate the risk of 

explosion and protect from it. 

• The system must be protected from seismic risk, lightning and any animal or insect. It must 

also include a venting and air conditioning system performing hygrothermal regulation. 

Lifetime & Performances 

The battery integrator must ensure a lifetime of at least 15 years of operation (based on EDF business 

case). The terms and conditions of this lifetime must be clearly stated in a warranty contract. The 

performance of the battery must be stated in the document as well: power range, state of health, 

efficiency, response time and the number of cycles per day, per depth of discharge (DoD), per 

temperature and per C-rate (current). However, the C-rate is not key in stationary usage since they are 

low compared to the capacity of the battery. 

Operating Modes 

The battery system must be able to perform different kind of services to the grid: 

• In grid-following, the system mode must be able to receive active and reactive power setpoints 
coming from the energy management system (EMS) within 300 Milliseconds. 

• In grid-forming mode, the system must be able to generate the voltage waveform. The 
expected features of the system are the following: 

o Isochronous regulation, 
o Droop regulation, 
o Black start. 

• The system must be able to supply the load within a wide range of voltage on the DC bus. 

• The system must be able to supply the load between 46 Hz and 52 Hz. 
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3. Use cases and load-profiles 

This section provides an overview of typical load profiles deemed representative for different 

applications. The load profiles are documented with charge and discharge sequences with details of 

DoD, C-rate, power, duration, and number of times per day. The profiles are plotted for a maximum 

duration of one day depending on the duration of the profile.  

3.1 Maritime applications 

Profile 1 

    Profile 1 

Charge 1 DOD 25 

  # times per day 8 

  C-rate 0.7 

  Typical power (kW) 7000 

  Duration (s) 1286 

Discharge 1 DOD (%) 25 

  # times per day 8 

  C-rate 0.25 

  Typical power (kW) 2500 

  Duration (s) 3600 
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Profile 2 

    Profile 2 

Charge 1 DOD 30 

  # times per day 8 

  C-rate 2 

  Typical power (kW) 20000 

  Duration (s) 540 

Discharge 1 DOD (%) 30 

  # times per day 8 

  C-rate 0.9 

  Typical power (kW) 9000 

  Duration (s) 1200 
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Profile 3 

    Profile 3 

Charge 1 DOD 60 

  # times per day 1 

  C-rate 0.7 

  Typical power (kW) 7000 

  Duration (s) 3086 

Charge 2 DOD 47 

  # times per day 1 

  C-rate 1 

  Typical power (kW) 10000 

  Duration (s) 1680 

Discharge 1 DOD (%) 0.6 

  # times per day 30 

  C-rate 1 

  Typical power (kW) 10000 

  Duration (s) 20 

Discharge 2 DOD (%) 60 

  # times per day 1 

  C-rate 0.1 

  Typical power (kW) 1000 

  Duration 21600 

Discharge 3 DOD (%) 30 

  # times per day 1 

  C-rate 0.1 

  Typical power (kW) 1000 

  Duration 10800 
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Profile 4 

  
Profile 4 

Charge 1 DOD 55 

  # times per day 4 

  C-rate 2 

  Typical power (kW) 20000 

  Duration (s) 990 

Discharge 1 DOD (%) 55 

  # times per day 4 

  C-rate 0.5 

  Typical power (kW) 5000 

  Duration (s) 3960 
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3.2 Heavy duty vehicles 

Profile 1 

    Profile 1 

Charge 1 DOD 80 

  # times per day 3 

  C-rate 2 

  Typical power (kW) 1400 

  Duration (s) 1530 

Charge 2 DOD 80 

  # times per day 1 

  C-rate 0.2 

  Typical power (kW) 140 

  Duration (s) 14850 

Discharge 1 DOD (%) 80 

  # times per day 4 

  C-rate 0.25 

  Typical power (kW) 175 

  Duration (s) 12150 
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Profile 2 

    Profile 2 

Charge 1 DOD 75 

  # times per day 1 

  C-rate 0.125 

  Typical power (kW) 125 

  Duration (s) 21600 

Charge 2 DOD 50 

  # times per day 1 

  C-rate 1 

  Typical power (kW) 1000 

  Duration (s) 1860 

Discharge 1 DOD (%) 60 

  # times per day 1 

  C-rate 0.075 

  Typical power (kW) 75 

  Duration (s) 28800 

Discharge 2 DOD (%) 67 

  # times per day 1 

  C-rate 0.075 

  Typical power (kW) 75 

  Duration 32000 
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3.3 Off-road machinery 

Profile 1 

    Profile 1 

Charge 1 DOD 80 

  # times per day 50 

  C-rate 4 

  Typical power (kW) 42 

  Duration (s) 1400 

Discharge 1 DOD (%) 30 

  # times per day 50 

  C-rate 4 

  Typical power (kW) 24 

  Duration (s) 2450 
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3.4 Stationary applications 

The stationary use case described below is an extract from a microgrid, in France, managed by one of 
EDF’s subsidiary companies. In this stationary usage, BESS is used to smoothen the photovoltaic 
production in a microgrid where the BESS is in grid-forming mode and the PV plant is the only way of 
production of electricity. Its design consists of:  

- A 4h hour BESS: 1 MW / 4 MWh, 
- And PV powerplant: 1.1 MWp. 
- Maximum C-rate: C/4, 
- SoC_min/SoC_max: 5%/95% 

This day is particularly interesting in a sense that PV generation is either null, either below the 
microgrid’s load consumption, either above the load consumption and charging the battery or even 
clipped by the EMS because the battery reached it maximum state of charge (SoC). 

The BESS is then discharged during the night and charged during the day. Depending on the day, it is 
likely that the battery is not fully charged so the BMS must ensure that the cells and the battery 
modules are balanced in various conditions of state of charge, voltage and current. 
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4. Battery systems specifications 

4.1. Maritime products  

  ORCA Blue Whale Dolphin Energy NxtGen 

Performance 
Specifications       

C-Rate - Peak 
(Discharge / 
Charge)  

Project Specific 
Values 1C / 1C for 20 minutes 1.1C / 1.0C for 10 seconds 

C-Rate - 
Continuous 
(Discharge / 
Charge)  Up to 3C / Up to 3C 0.7C / 0.7C 0.5 C / 0.5C 

System 
Specifications       

Single 
Module Size / 
Increments  5.6 kWh / 50 VDC 44.35 kWh / 80 VDC 8.2 kWh / 50 VDC 

Single Pack 
Range  

38-136 kWh / 350-
1200 VDC 

301-4967 kWh / 560 - 
1120 VDC 33-197 kWh / 130-1205 VDC 

Max 
Gravimetric 
Density  

77 Wh/kg | 13 
kg/kWh per pack 

105 Wh/kg | 9.6 
kg/kWh  168 Wh/kg | 5.96 kg/kWh 

Max 
Volumetric 
Density  88 Wh/l per pack 58 Wh/l 212.5 Wh/l 

Example 
Packs 

Vertical Pack - 124 
kWh  

Example Pack - 6 
strings (14 
modules/string) Example Pack - 24 Modules 

Energy  
124 kWh (249 kWh 
for Tall Pack) 3726 kWh 197 kWh 

Voltage  

Max: 1100 VDC | 
Nom: 980 VDC | Min: 
800 VDC 

Max: 1226 VDC | 
Nom: 1109 VDC | Min: 
840 VDC 

Max: 1205 VDC | Nom: 1046 
VDC | Min: 864 VDC 

Dimensions 

Height: 2241 mm | 
Width: 865 mm | 
Depth: 738 mm | 
1628 kg 

Height: 2755 mm | 
Width: 5560 mm | 
Length 10 047 mm 

Height: 2775 mm | Width: 500 
mm | Depth: 666 mm | 1163 kg 

Example 
System  8 Vertical Packs 

4 packs of 6 Strings 
(14 modules/string) 30 Strings 

Energy  992 kWh 14 902 kWh 3941 kWh 

Voltage  

Max: 1100 VDC | 
Nom: 980 VDC | Min: 
800 VDC 

Max: 1226 VDC | 
Nom: 1109 VDC | Min: 
840 VDC 

Max: 797 VDC | Nom: 697 VDC 
| Min: 576 VDC 

Dimensions 

Height: 2241 mm | 
Width: 6920 mm | 
Depth: 738 mm 

Height: 2755 mm I 
Width: 5560 mm I 
Length: 10 047 mm 

Height: 1975 mm | Width: 3980 
mm | Depth: 4026 mm 
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Safety 
Specifications       

Thermal 
Runaway  

Anti-Propagation 
Passive cell-level 
thermal runaway 
isolation with exhaust 
gas system 

Passive cell-level 
thermal runaway 
isolation with exhaust 
gas system 

Passive cell-level thermal 
runaway isolation 

Fire 
Suppression  

Per SOLAS, class and 
Corvus 
recommendation 

Per SOLAS, class and 
Corvus 
recommendation 

Per SOLAS, class and Corvus 
recommendation 

Disconnect 
Circuit  

Hardware-based fail-
safe-for over-
temperature and 
over-voltage 

Hardware-based fail-
safe for over-
temperature and 
over-voltage 

Hardware-based fail-safe for 
over-temperature and over-
voltage 

Short Circuit 
Protection  

Fuses included on 
pack level 

Fuses included on the 
module and string 
level Fuses included on cell level 

Emergency 
Stop Circuit  Hard-wired Hard-wired Hard-wired 

Ground fault 
Detection  Integrated Integrated Integrated 

Disconnect 
switchgear 
rating  Full load Full load Full load 

General 
Specifications       

Class 
Compliance  

DNV GL, Lloyds 
Register, Bureau 
Veritas, ABS, RINA 

DNV, Lloyds Register, 
Bureau Veritas, ABS 

DNV GL, Lloyds Register, Bureau 
Veritas* (*Project Approval) 

Type 
Approval  

DNV GL, Bureau 
Veritas, ABS, RINA Pending Pending 

Ingress 
Protection  System: IP44 System: IP44 IP55 

Cooling  Forced air Forced air Forced air 

Vibration and 
Shock  

UNT38.3, DNV 2.4, 
IEC 60068-2-6 

UNT38.3, DNVGL-CG-
0339, IEC 60068-2-6 UNT38.3, DNV 2.4 

EMC  
IEC 61000-4, IEC 
60945-9, CISPR16-2-1 

IEC 61000-4, CISPR16-
2-1 DNV-CG-0339 
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4.2. Heavy Duty Vehicles and Off-road machinery product 

  HDV & Offroad 

General Specifications   

Class Compliance UNECE road vehicle type approval 

Type Approval Traficom(Finland), KBA(Germany),... 

Ingress Protection IP6k9k 

Cooling Liquid 

Vibration and shock UNT38.3, ISO16750-3, ECER100-3 

EMC 

IEC 61000-4-2, IEC 61000-4-3, IEC 61000-4-4, IEC 
61000-4-5, IEC 61000-4-6, IEC 61000-4-8, IEC 
61000-6-7, IEC 61000-4-29, ISO 7637-2, ISO 11452-
1/2/4, CISPR25, CISPR32, ISO 10605, ISO 16750-2, 

Safety Specifications   

Thermal Runaway anti-propagation ECER100-3, UL2580, IEC62619 

Fire Detection   

Fire suppression recommended 
No fire outside of battery (1 hour observation / 
UL2580) 

Disconnect circuit Dual pole disconnection 

Short Circuit protection Fuse or pyrofuse on pack level 

Emergency stop circuit ISO13850 

Ground fault detection Integrated isolation resistance monitoring 

Disconnect Switchgear Rating 
Full load and high impedance short circuit interrupt 
capability 

Clearance and creepage requirements 
Clearance 5,0mm | Creepage 12,0mm (800VDC / 
CTI >= 600) 

Performance Specifications   

C-Rate - Peak (Discharge / Charge) Project Specific Values 

C-Rate - Continuous (Discharge / Charge) up to 2C/2C in Full EV applications 

Systems specifications   

Single Module Size / Increments Project Specific Values 

Single Pack Range 40-100 kWh / 350-800 VDC 

Max Gravimetric Density - Pack >100 Wh/kg 

Max Volumetric Density - Pack >200 Wh/l 
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4.3. Stationary systems product 

  Stationary System 

General Specifications   

EMC IEC 61000-4 

Safety Specifications   

Thermal Runaway anti-propagation   

Enclosure hygrothermal regulation 
HVAC: EN 378 
Refrigerant fluid: GWP < 150 

Fire Detection NFPA/EN 54 

Fire suppression recommended NFPA/EN 54 

Fire propagation 

Walls and ceiling: A2 s1 d0 (EUROCLASSE M0) 
floor: A2fl s1 (EUROCLASSE M0) 
NF-EN 13501-1 

Fire Alarms EN 54: audible and visual alarms 

Mitigate of prevent from explosion 
Prevention: NFPA 69 
Mitigation: NFPA 68 

Short Circuit protection 
System must be protected against overload and short circuit 
(Surge Protection Device) 

Ground fault detection Insulation Monitoring Device 

Maintenance System must include insulation devices  

Performance Specifications   

C-Rate - Peak (Discharge / Charge) up to 1C / up to 1C 

C-Rate - Continuous (Discharge / 
Charge) up to 1C / up to 1C 
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5. Battery standards 

The table below lists different cell level standards: 

IEC 62619 

Safety requirements for secondary lithium cells and batteries, for use in 
industrial applications 
Marine classes also reference this standard for cell level requirements 

IEC 62133 
Safety Requirements for Portable Sealed Secondary Cells, And For 
Batteries Made From Them, For Use In Portable Applications 

UN38.3 (Aligned with 
IEC 62281) 

 
 
Safety of primary and secondary lithium cells and batteries during 
transport 

IEC 62620 

Secondary cells and batteries containing alkaline or other non-acid 
electrolytes – Secondary lithium cells and batteries for use in industrial 
applications 

IEC 61427-2 
Secondary cells and batteries for renewable energy storage – General 
requirements and methods of test – Part 2: On-grid applications 

Table 3: Battery cell standards 
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The table below battery system standards: 

IEC 62619 

Safety requirements for secondary lithium cells and batteries, for use in 
industrial applications 
Marine classes also reference this standard for cell level requirements 

IEC 62133 
Safety Requirements for Portable Sealed Secondary Cells, And For 
Batteries Made From Them, For Use In Portable Applications 

UL 2580 Batteries for Use in Electric Vehicle 

UL 2054 Household and Commercial Batteries 

UL 2271 Batteries for Use in Light Electric Vehicle Applications 

UL 1973 
Batteries for Use in Stationary, Vehicle Auxiliary Power and Light 
Electric Rail Applications 

UL 1974 Evaluation for Repurposing Batteries 

JIS C 8715-2 Secondary Lithium Cells and Batteries for Use in Industrial Applications 

UL 1989 Standby Batteries 

BATSO 01 
Manual for Evaluation of Energy Systems for Light Electric Vehicle - 
Secondary Lithium Batteries 

ISO 6469-1 
Safety requirements for rechargeable energy storage systems (RESS) of 
electrically propelled road vehicles for the protection of persons 

SAE J 2464 
Electric and Hybrid Electric Vehicle Rechargeable Energy Storage 
System (RESS) Safety and Abuse Testing 

SAE J 2929 
Electric and Hybrid Vehicle Propulsion Battery System Safety Standard - 
Lithium-based Rechargeable Cells 

ECE R100.02 
An important European requirement for the approval of road electric 
vehicles 

2009/125/EC Eco-design Directive  

2012/493/EU 
Calculation of recycling efficiencies of the recycling processes of waste 
batteries and accumulators 

IEC 62933-1:2018 defines terms applicable to electrical energy storage (EES) 

IEC 62933-2-1:2017 Unit parameters and testing methods - General specification 

IEC TS 62933-3-1:2018 
Planning and performance assessment of electrical energy storage 
systems - General specification 

NFPA 855 Installation of Stationary Energy Storage Systems 

IEC 62919 
Content management - Monitoring and management of personal digital 
content 

UL 9540 Standard for Energy Storage Systems and Equipment 
Table 4: Battery system standards 

 
 

 


