Standard Identification and Drive Cycle Definition for
Battery Systems of Non-Common Applications: Off-road,
Marine and Stationary
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Abstract. Lithium-ion batteries are being used everywhere in a great variety of
applications. There are some mayor applications such as the ones related to road
transportation which have consolidated and well-known standards and regula-
tions to guide battery designers. Nonetheless, the design standards and regula-
tions of battery systems for non-common applications such as off-road vehicles,
maritime type vessels or stationary applications are either generic from road
transportation applications or simply unknown. Consequently, a study of stand-
ards for non-common three use cases has been performed. The performed study
collects and classifies the most interesting standards that will guide battery sys-
tem and sub-system designers on the development of battery systems for off-
road use cases, marine use cases and stationary use cases. In addition to this,
representative electric power profiles for each of these three non-common use
cases are presented as alternatives to the well-stablished standardized driving
cycles. As result, a list of standards that will guide battery system and sub-
system designers have been provided along with a driving cycle that captures
properly the characteristics electrical stresses of each of these non-common ap-
plications.

Keywords: Standards, Battery system design, Off-road, Marine, Stationary.


mailto:marrinda@cidetec.es*
mailto:mlarranaga@cidetec.es

1 Introduction

The battery systems based on lithium-ion batteries (LIB) are expanding. Day by day,
the number of applications that integrate LIB increases. The most common applica-
tions have been used to define generic regulations that assist in defining the design
specifications of the battery systems of these common application such as the UN
Manual of Tests and Criteria Section 38.3 that focuses of the shipment safety of bat-
tery systems [1], the UN regulation No. 10 that focuses on electromagnetic compati-
bility of the electronic components of the battery systems [2], and the UN regulation
No. 100 Rev.3 that focuses on the specific requirements (safety, electric, thermal and
mechanical) for the battery system in a electric vehicle context [3]. Nonetheless, there
is no widely recognized, fully homogenized or standardized specification transformed
in regulation exclusively for battery systems used in non-common applications such
as the 3 applications evaluated in BATSS European project: off-road (an excavator),
marine (a leisure boat 90ft), and stationary (a mobile energy storage system) [4].

The availability of a homogenized specification for battery systems in off-road ex-
cavators is limited. The market currently relies on bespoke, application-specific de-
signs and evolving best practices rather than a unified standard. As consequence,
several industry players and projects have developed their own tailored battery system
specifications and solutions reflecting the unique demands of off-road applications
like excavators instead of following available standards [5], [6].

Similarly, there is no single homogenized and universally standardized specifica-
tion exclusively for battery systems used in marine applications. However, several
key frameworks, guidelines, and modular standardized systems exist that collectively
address the requirements for marine battery systems with a focus on safety, reliability,
certification, and configurability [7], [8].

Stationary battery systems are essential for energy storage in grid support, tele-
communications, uninterruptible power supplies (UPS), and integration with renewa-
ble energy sources which benefit from several well-established, recognized standards
that ensure safety, reliability, and performance in fixed installations [9], [10].

The authors made efforts to map out the standardization landscape focusing on
three non-common LIB applications: off-road, marine and stationary applications.
This paper provides a list of interesting standards to design battery systems for these
three applications as well as a representative electric power profile for each of these
applications. This paper will assist greatly with any system or component manufac-
turer of LIB that would like to certify or design their product for these three non-
common applications. Besides, this paper contributes to the definition of representa-
tive electric power profiles for an excavator, a leisure boat and a mobile energy stor-
age system.

2 Non-common applications

The present study examines the standardization of systems and components for lithi-
um-ion batteries (LIB) developed for three specialized applications explored in the



BATSS European project: off-road (excavator), marine (90ft leisure boat), and sta-
tionary (mobile energy storage system). Each application features stringent require-
ments defined by the end user.

2.1  Marine application

The battery pack is designed for a leisure maritime boat of 90 feet. The design must
focus on providing a cycle life above 3500 cycles, fast charging capability above 2C
and 700V voltage platform with a volumetric energy density of at least 230 Wh/L.

2.2 Off-road

The battery pack is designed for heavy-duty off-road excavators. The design must
focus on providing a volumetric energy density of at least 215 Wh/L, a charging ca-
pability above 1C, 400V platform and a cycle life around 2500 cycles.

2.3  Stationary

The battery pack is designed for a mobile energy storage system. The design is cus-
tomized to allocate the designed battery packs for the off-road application. The appli-
cation must focus on providing a 650V platform, volumetric energy density of at least
170 Wh/L, a charging capability above 1C and a cycle life around 3500 cycles.

3 Dynamic profiles

The definition of each application’s electric power profile for common-use of non-
common applications is challenging.

The flatness of the sea leads to quite constant common-use electric power profiles
on marine applications. In this context, a whole common-use mission profile has been
developed based on the final user operation definition, see Fig. 1. The power profile
consists of combinations of cruise speed consumption, slow motion consumption near
or inside the port, constant energy consumption at anchored moments and charge
events from the grid and from diesel engines.

1. Full electric -> Navigation in full electric to get out of the port: duration 45 min.
. Cruising speed -> Diesel engines charge the batteries: duration 1h-3h.

. Full electric-> Full electric navigation in restricted area: duration 45 min.

. Cruising speed -> Diesel engines charge the batteries. duration 1h-3h.

. Enjoy time -> Ship is moored and powered only by battery: duration 6h-12h.

. Cruising speed -> Diesel engines charge the batteries: duration 1h-3h.

. Full electric -> Navigation in full electric to get into the port and mooring opera-
tion: duration 45 min.

8. Charge -> Shore connection for recharging: duration 12 h.
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Fig. 1. Marine use case electric profile.

The representative electric power profile for the off-road application gathers the exca-
vator dynamic energy consumption provided by a manufacturer of electric excavators,
see Fig. 2. The power profile consists of the reduced traction movements of the exca-
vator and continuous movement of the excavator shovel.
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Fig. 2. Off-road use case electric profile.

The representative electric power profile for the stationary application shows the use
of a typical mobile energy storage system facilitated by a manufacturer of mobile
energy storage systems, see Fig. 3. The typical profile over several hours has low
requirements in terms of power mainly ranging between 4 to 10kW, meaning C-rates
between <0.1 up to <0.2C.
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Fig. 3. Stationary use case electric profile.

4 Design standards

The standard selection for the off-road, marine and stationary applications is present-
ed in this section. First of all, mention that the generic UN regulations (38.3, 10 and
100) are taken into account as reference. The standard selection is complementary to
these three UN regulations where more specific considerations are provided to these
generic regulations.

The complementary standards for the three evaluated applications are gathered in
Table 1. The table contains the numbers of the identified standards. Each standard is
classified, firstly, based on the system or component that is related to, such as the
battery system or lithium-ion battery (LIB), the electrical and electronic components
(E/E), the internet of things (IoT) device, the DC/DC, or the switch or contactor. Sec-
ondly, the standard is classified based on the field of action such as the safety design
aspects, the electric/electronic design aspects, the thermal design aspects or the me-
chanical design aspects. Finally, the applications affected by the norm are specified.

4.1 Safety

The generic safety standards that speak about safety requirements for secondary lithi-
um cells (EN IEC 62619, IEC 62620, EN IEC 63056) are guidelines for any lithium-
ion battery system designer. In addition to these, the generic safety standards regard-
ing the design of electronic components and sub-systems that are integrated into bat-
tery systems (EN 61508-(1 to 7), EN IEC 62443-(3 and 4)) are mandatory to follow in
any use case; and if implemented an IoT, the ISO/IEC 27400 should be added to the
list.

As for specific standards that describe properly the specific characteristics of each
of the evaluated non-common use cases, there are generalized safety standards for



Table 1. Standard list for off-road, marine and stationary applications.

STANDARDS SYSTEM FIELD APPLICATION
EN IEC 62619 LIB Safety Three applications
IEC 62620 LIB Safety Three applications
EN IEC 63056 LIB Safety Three applications
EN 61508-(1 to 7) E/E Safety Three applications
EN IEC 62443-(3 and 4) E/E Safety Three Applications
ISO/IEC 27400 IoT device Safety Three applications
EN IEC 60664-1 E/E Electric Three applications
EN 61000-6 E/E Electric Three applications
IEC 60749-34 DC/DC & Switch Electric Three applications
ISO 21782-4 DC/DC Electric Three applications
IEC 60068-2-30 Any system Thermal Three applications
EN 60529 E/E Mechanical Three applications
EN 60068-2-27:2009 Any system Mechanical Three applications
EN ISO 8846 E/E Safety Off-road & Marine
ENISO 16315 LIB Safety Off-road & Marine
EN ISO 23625 LIB Safety Marine
ISO 23799 E/E Safety Marine
CISPR 16-2-(1 and 3) E/E Electric Marine
ISO 20653 E/E Mechanical Marine
CEN ISO/TR 22100-4 E/E Safety Off-road
ISO 16750-4:2023
(updated 1SO 12405-2) E/E Thermal Off-road
ISO 16750-3:2023 E/E Mechanical Off-road
EN 60721-3-5 LIB Mechanical Off-road
VDE-AR-E 2510-50 LIB Safety Stationary

non-common transportation use cases (EN ISO 8846, EN ISO 16315). Nonetheless,
these have still room for improvement to gather all the specific safety needs of the
non-common transport (marine and off-road) applications. The marine application has
specific safety standards related to the batteries themselves and cybersecurity to be
kept with the rest of the systems in a ship (EN ISO 23625, ISO 23799). The off-road
application has specific standards to speak about cybersecurity to assure a safety op-
eration all the system lifespan (CEN ISO/TR 22100-4). For the stationary use cases,
the safety characteristics of non-mobile, building type systems are collected in VDE-
AR-E 2510-50.

4.2 Electric

There are generic electric related standards (EN IEC 60664-1, EN 61000-6) speaking
about insulation and electromagnetic compatibility, common for any electronic device
development. There are some specifically speaking of the DC/DC aspects (IEC
60749-34, ISO 21782-4), that are common for any use case.

As for the specific standards in terms of electric aspects, the generic ones are
enough to describe stationary and off-road use cases. Nonetheless, the marine applica-




tion is more complex due to the radio communications. The standards CISPR 16-2-(1
and 3) focus on how to measure radio interferences in a ship.

4.3 Thermal

There is a generic standard, the IEC 60068-2-30, that defines procedures for testing
the resistance of systems and sub-systems to cyclic humid heat conditions.

As for non-common use cases, the ISO 16750-4:2023 (updated ISO 12405-2) de-
fines the requirements of the tests and environmental conditions that the sub-systems
and systems can be exposed in off-road applications.

The fact is that there is not a universal battery thermal management system
(BTMYS) that can be used in any battery system, and there are few standards to assist
on the design of a BTMS, indifferent to the use case.

4.4 Mechanical

There are generic mechanical standards for battery systems and electronic compo-
nents in any use case (EN ISO 8846, EN 60068-2-27:2009).

As for stationary use cases, they are expected not to require mechanical require-
ments apart from the structural ones. Therefore, generic ones are considered enough.
Marine and off-road use cases, on the other hand, have specific needs. Marine use
cases have specific needs regarding the IP (ISO 20653) due to the possibility of being
exposed to water. Off-road use cases have specific needs regarding the heavy me-
chanical vibrations and harsh environmental operative conditions they experience.
There are some standards speaking about it (ISO 16750-3:2023, EN 60721-3-5), but
still there is a need to further work on it.

5 Conclusions

The design process of battery components and systems for uncommon applications
suffer from a lack of regulation. This paper gathers intel on the standardization land-
scape of battery system design standards for marine, off-road and stationary applica-
tions, providing a detailed list of standards and a representative electric power profile
for a specific use case of these three types of applications: an excavator for the off-
road application, a hybrid leisure boat for the marine application and a mobile energy
storage system for the stationary application.

The generated standard list shows that there are several universal standards to de-
sign the different components and systems inside a battery system for the evaluated
applications. The generated list also shows that there are some specific standards ad-
dressing specific requirements of these uncommon applications, however there is still
need of further standardization for uncommon applications in terms of mechanical
and thermal aspects. This paper aims to assist with regulation definition by identifying
the already available standards that can respond to the specific requirements of these
three uncommon applications and show potential standardization activity.
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