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1. Task 1: Scope, standardisation and legislation

AIM OF TASK 1

The aim of this Task 1 was to analyse the scope, definitions, standards and assessment
methods as well as other legislation of relevance to the product group and to assess their
suitability for classifying and defining products for the purposes of analysing Ecodesign and
Energy Label requirements.

SUMMARY OF TASK 1

The proposed scope for this study and subsequent tasks 3 to 6 is ‘high energy rechargeable
batteries of high specific energy with solid lithium cathode chemistries for e-mobility and
stationary energy storage (if any)’. Herein batteries are either a pack or a system as defined
within this study and in line with the international standards. This does not include power
electronics neither heat or cool supply systems for thermal management which can be part of
what the study defined as a battery application system. The rationale for this scope definition
is included in this task report and it took also into account the Task 2 market data. Herein a
high volume in total mass of e-mobility lithium batteries are expected to enter the market and
therefore also a significant impact could be expected from Ecodesign policy measures, which
will be discussed in Task 7. Similar batteries for grid energy storage will also be looked at,
especially from the point of view of second life applications. Independent from the proposed
scope this Task 1 report introduces the broader range of batteries and their applications on
the market.

More details, product categories, applicable regulation, standards and definitions are given in
this task report and its annex on standards.

The current version is a reviewed and updated task report based on the first stakeholder
meeting held on 20 December 2018 and the comments received on the draft report, amongst
others the proposed scope was updated taking into account the various comments received.

Be aware that in parallel to this study the EC hosts a website that provides the latest
information for the related regulation making process and that information included in
this report can be outdated, therefore please consult also:

https://ec.europa.eu/info/law/better-regulation/initiatives/ares-2018-5951053_en

1.1 General Introduction to the study

The general aim of this study is to support developing of a new Ecodesign Regulation for
batteries! [1], [2], which means; to set the performance and sustainability criteria that batteries
will have to comply to be placed on the EU market. This may eventually be a different
regulation using the analyses performed during the complete study.

This study follows the Methodology for Ecodesign of Energy-related products (MEErP)?, as
established in 2011. It was developed to allow evaluating whether and to which extent various
energy-related products fulfil certain criteria according to Article 15 and Annex | and/or Il of

1 http://europa.eu/rapid/press-release_IP-18-6114 en.htm
2 http://ec.europa.eu/growth/industry/sustainability/ecodesign_nl
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the Ecodesign Directive that make them eligible for implementing measures. This
methodology requires to carry out 7 tasks, ranging from product definition to policy scenario
analysis; they are:

The tasks in the MEErP entail:
e Task 1 — Scope (definitions, standards and legislation);
o Task 2 — Markets (volumes and prices);
o Task 3 — Users (product demand side);
e Task 4 — Technologies (product supply side, includes both BAT and BNAT);
e Task 5 — Environment & Economics (Base case LCA & LCC);
o Task 6 — Design options;
e Task 7 — Scenarios (Policy, scenario, impact and sensitivity analysis).

This means that specific issues on market, use, technologies, etc. will be discussed in more
detail in later tasks and not in Task 1 neither its introduction.

1.2 Preliminary definitions for Task 1

In the following list a set of preliminary definitions and terminology related to batteries is
presented. It is useful for the reading of subsequent introductory section on batteries and
therefore has been provided preceding this. This is not an exhaustive list but contains basic
concepts that are needed in order to understand how a battery can be included in an electric
application. The definitions are based on different international standards and regulations like
from 1SO, IEC, UN. The definitions are written as they have been defined in the standards
indicating for each the standard from where they have been taken from. When they are not
found in existing standards, the study team will provide its own draft definition. Furthermore,
these concepts are implemented in the creation of a functional product and unit defining the
boundaries of the system that will be considered in this study. In Figure 1 a schematic
representation of the battery pack and system can be observed.

1.2.1 Storage

Electrochemical cell: Electrochemical system capable of storing in chemical form the electric
energy received and which can give it back by reconversion, i.e. a secondary cell (IEC 60896-
21) [3].

Secondary rechargeable cell: Basic manufactured unit providing a source of electrical
energy by direct conversion of chemical energy, that consists of electrodes, separators,
electrolyte, container and terminals, and that is (IEC 62133) [4], [5]. Cell or battery which is
designed to be electrically recharged (IEC 62281) [6]

Primary cell: Any kind of electrochemical cell in which the electrochemical reaction of interest
is not reversible (IEC 60730-1) [7]

Flow cell: Secondary cell characterized by the spatial separation of the electrode from the
fluid volumes which contain active materials (IEC 61427-2) [8].

Battery: Two or more cells fitted with devices necessary for use, for example case, terminals,
marking and protective devices (IEC 61427-2) [8].
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Electrochemical battery: An electrochemical system capable of storing in chemical form the
electric energy received and which can give it back by conversion (IEC 60050) [9]

Battery with internal storage: Electrochemical batteries that have the active materials in the
cells to store the energy; they are in the agreed scope of this study. (Definition from the study)

Flow battery or battery with external storage: Two or more flow cells electrically connected
in series and including all components for their use as an electrochemical energy storage
system (IEC 61427-2) [10]

Battery lithium cell (secondary): Secondary cell where electrical energy is derived from the
insertion/extraction reactions of lithium ions between the negative electrode and positive
electrode. The lithium ion cell has an electrolyte that typically consists of a lithium salt and
organic solvent compound in liquid, gel or solid form and has a metal or a laminated casing. It
is not ready for use in an application because it is not yet fitted with its final housing, terminal
arrangement and electronic control device. (IEC 62620) [11]

Ceramic battery: Battery with internal storage characterised by liquid electrodes separated
by a solid ceramic electrolyte. They are typically operated around 300°C with sodium-ion
passing through a beta-alumina ceramic (definition from the study)

Solid State battery: Battery that is incorporated with solid electrodes and solid electrolytes
(definition from the study)

Accumulator: A device that receive, store and releases energy. This energy can be thermal,
mechanical or electrical. It is very common to define an accumulator as a battery. The main
difference is that an accumulator is always rechargeable while a battery can be also non-
rechargeable (definition from the study)

Note: an overview of more battery technologies is included in a later section.

1.2.2 Battery hierarchy

Cell block: Group of cells connected together in parallel configuration with or without
protective devices (e.g. fusesthermal sensors) and monitoring circuitry. It is not ready for use
in an application because it is not yet fitted with its final housing, terminal arrangement and
electronic control device. (IEC 62620) [11]

Battery Module: Group of cells connected together either in a series and/or parallel
configuration with or without protective devices (e.g. fuse or PTC) and monitoring circuitry.
(IEC 62620) [11].

Battery Pack: Energy storage device, which is comprised of one or more cells or modules
electrically connected. It may incorporate a protective housing and be provided with terminals
or another interconnection arrangement. It may include protective devices and control and
monitoring, which provides information (e.g. cell voltage) to a battery system. (IEC 62620)
[11].

Battery System: System which incorporates one or more cells, modules, or battery packs. It
has a battery management unit to cut off in case of overcharging, over current, and
overheating. It may have cooling or heating units. (IEC 62620) [11]. Completely functional
energy storage system consisting of the pack(s) and necessary ancillary subsystems for
physical support, thermal management and electronic control with the thermal management
system and protective circuit module respectively [12].
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Note: additional definitions about the battery hierarchy is provided in section 1.5

1.2.3 Additional battery components

Battery Management System: Electronic system associated with a battery, which monitors
and/or manages its state, calculated secondary data, reports that data and/or controls its
environment to influence the battery’s safety, performance and/or lifetime. The function of the
BMS can be assigned to the battery pack or to equipment that uses the battery. (IEC 62620)
[11].

Cell electronics: Electronic device that collects and possibly monitors thermal and electric
data of cells or cell assemblies and contains electronics for cell balancing. (ISO 8713) [13]

Protective devices: Devices such as fuses, diodes or other electric or electronic current
limiters designed to interrupt the current flow, block the current flow in one direction or limit
the current flow in an electrical circuit. (IEC 62281) [6].

Power electronics: The field of electronics which deals with the conversion or switching of
electric power with or without control of that power (IEC 60050) [9].

1.2.4 Battery metrology

Gravimetric energy density: Amount of stored energy related to the battery cell, module,
pack or system weight expressed in Wh/kg. (ISO 12405) [14]-[16].

Volumetric energy density: Amount of stored energy related to the battery cell, module, pack
or system volume expressed in Wh/l. (ISO 12405) [14]-[16].

Battery Management Cooling Connected battery cells & modules

System system
Battery \ /

housing

.‘.}‘:’."“‘“ R S e
’ | N r
| ] [ l l l I ‘
1

Electrodes Battery cell Battery module Battery pack Battery System

Figure 1: Schematic summary of the key components of a battery pack after [17].

1.2.5 Sustainable, resource-efficient production and consumption

It is needed to establish appropriate definitions and metrics for sustainable and resource
efficient production.

The MEErP methodology? already defined some parameters that will be further explained in
subsequent Tasks 3-5. They include amongst other definitions on lifetime, warranty,
recoverability of material/product, recyclability of material/product, Recyclability Recoverability

3 https://publications.europa.eu/en/publication-detail/-/publication/7c3d958d-42cc-4af7-985c-
2a3347b66fa8
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and Reusability (RRR) rates (1ISO 22628, IEC 62635), reparability of component/product and
reusability of component/product.

Apart from the existing MEErP methodology (2013), new definitions on circular economy
aspects are also work in progress within a new CEN standardization committee (CEN CLC
JTC 10). This means that new terminology and definitions can be expected in future. It is a
reply to the EU standardization mandate/543 on Ecodesign requirements on material
efficiency aspects for energy-related products. Herein in particular the proposed standard
prEN 45555 aims to define general methods for assessing the recyclability and recoverability
of energy related products, it is not available (see Annex on Standards).

1.3 Introduction to rechargeable electrochemical battery
technologies

The following sections provide a brief introduction to rechargeable electrochemical batteries
with internal storage. A comparison of the most common battery technologies found in the
market is included, comparing their operational characteristics to each other and the type of
electrical application wherein they are commonly incorporated. This is followed by a list of
existing definitions of the different components of a battery and their surrounding systems are
established. This provides the basis in defining the boundaries, functional unit and parameters
of a battery system that is commonly found in electric applications. Finally, the scope of the
study is based on the analyses performed for the development of an Ecodesign and Energy
label strategy for rechargeable electrochemical batteries with internal storage.

1.3.1 Introduction to electrochemical batteries

A battery is an electrochemical system that can convert chemical energy into electrical energy
to power and/or conserve energy for different electrical applications [14], [18]-[22]. This can
be single battery cells attached directly to an application or battery cells that are included in
modules and packs which are connected to different external power electronics depending on
the application. The exact definition of the system will be given in section 1.8 These
applications can range from electrical devices as electric watches to portable computers (i.e.
laptop), vehicles (i.e. e-bikes, electrical vehicles, buses) to stationary applications such as
uninterruptible power supply (UPS), grid support and to store PV energy for self-consumption
optimisation.

The first electrochemical battery was developed by Italian physicist Alessandro Volta in 1800
and was made of a stack of copper and zinc plates separated by brine-soaked paper disks. In
1836 a British chemist created the first battery that could power up electrical telegraph
networks consisting of a copper pot filled with copper sulphate solution [1], [23]. Rechargeable
Nickel-Cadmium batteries were invented in 1899 by Swedish scientist Waldemar Jungner
combining nickel and cadmium electrodes under a solution of potassium hydroxide. Following
multiple developments in battery technology during the 1970s M. Stanley Whittingham
proposed the first lithium battery (main type of battery for electrical and electronic devices)
composed of titanium sulphide and lithium metal as electrodes [2]. While in 1989 the first
Nickel-Metal hydride batteries and became commercially available.

A main distinction for batteries is made by primary and secondary batteries. A primary battery
cannot be recharged and the chemical energy that was initially stored can be turned into
electrical power only once. On the contrary a secondary battery can be recharged for multiple
uses providing electrical energy over a longer lifetime compared to a primary battery.
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A Dbattery cell is composed of two electrodes and its current collector called the anode
(negative) and cathode (positive), a separator separating the electrodes and the electrolyte
allowing the ions to move [17]. In Figure 2 an example of a structure of a battery cell can be
observed.

Cell housing

Cathode \r

Separator

Anode 4:

Aluminum

Copper

Cell housing

Figure 2: Exemplary structure of a battery cell [17]

The current collectors connect the electrodes to the battery poles. When a battery cell is being
discharged electrical energy is provided from the battery to the application attached. Electrons
are moving from the anode through the external electrical circuit of the application towards the
cathode due to the difference in potential between both electrodes. Inside the battery, through
the separator, the current flows as ions. The electrons and ions are combined by
electrochemical reactions. The opposite flow of electrons is occurring when a battery is being
charged. A higher voltage than the cell possesses under rest is applied, forcing the reverse
electrochemical reaction and restoring the energy that is available in the battery cell.

When a battery is fully charged it is denoted as 100% State of Charge (SOC). On the contrary
when a battery is fully discharged this is denoted as 0% SOC. This occurs when for a certain
current the minimum allowed voltage is attained. The exact definition when a cell is fully
charged depends on the cell chemistry. For Li-ion, a cell is fully charged when the current falls
below a certain threshold while the potential is maintained at maximum allowed voltage. For
lead acid batteries, often a series of charge currents is applied coupled to a duration after
being fully charged, maintaining the voltage of the battery stable to account for the full capacity
and compensating for self-discharge. For Nickel-metal hydride (NiMH), a cell is fully charged
when the cell voltage starts to decrease. A complete discharge and charge procedure defines
one operational cycle of the battery system. This should be theoretically from 100% to 0% but
in many electrical applications a complete operational cycle is usually performed between an
optimized SOC smaller range (e.g. Li-ion battery in electric vehicle) to degrade the battery at
a slower rate.

Due to the energetic electric losses during charging, discharging and storage and since the
discharge voltage is lower than the charge voltage, the battery cell efficiency is not 100%. It is
also possible that more current is needed to charge a cell than can be discharged. This further
lowers the efficiency. Furthermore, it should be understood that as the battery is a chemical
system, different degradation mechanisms may take place during use and storage. These are
affecting the capacity and internal resistance, degrading the energy and power output of the
system [24]-[27]. The coulombic efficiency which is the electric efficiency of the battery for a
specified charge/discharge procedure will be above 99+% for most its lifetime for Li-ion
batteries. This will be further be investigated in Task 3 and 4 of this study.

A typical lithium-ion battery has the three basic functional components like discussed
previously for a general cell. These are namely the anode, cathode and electrolyte (Figure 3).
There is a thin separator between the electrodes usually made of a micro perforated plastic
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foil that allows Li-ions to pass through. Anodes are typically made of graphite pasted on a
current collector from copper. The cathode active material is either a layered oxide or a
phosphate of spinel type. The different chemistries of the cathode are indicated in Figure 4.
The electrolyte is a mixture of organic carbonates containing complexes of lithium ions.
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Figure 3: Typical working schematic of Lithium batteries [28]

During the charging process, lithium ions intercalate from the cathode to anode. Intercalation
means that the Li-ions are adsorbed in the host material without significantly changing the
structure. During the charging process Li-ions and electrons settle themselves between the
the graphite layers. During discharge, the process is reversed where the lithium ions go from
the anode to cathode and the electron flow direction is also reversed. This is also an
intercalation process: the Li-ions settle themselves within the cathodic material, without
forming a chemical reaction or an alloying, what would have essentially changed the structure.

1.4 Main product categories of batteries

1.4.1 Rechargeable electrochemical batteries classified according to
their chemistry

In Table 1 the most common battery chemistries existing in today’s market are compared
detailing the advantage that each technology has over the others [29]. Inspecting the different
battery technologies, it is observed that each has specific advantages. The lead-acid battery,
although it represents one of the lowest in terms of specific power and energy density, has the
advantage that its price remains lower with respect to the other technologies for the same
energy content. Furthermore, Europe is strong in the manufacturing of lead-acid batteries.
Lead-acid batteries are easily recyclable. The lead components of the battery are smelted and
refined to be used to make new batteries, in a closed-loop system. Another important
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advantage of lead-acid battery is their cold cranking ability at temperatures as low as -30°C.
This is one of the areas where until recently Li-lon batteries had not yet reached parity and
one of the reasons why they are still not widely considered for automotive battery applications
(i.e. SLI batteries). The presence of cadmium (Cd) in portable batteries is banned through the
Batteries Directive (2006/66/EC) due to toxic properties, i.e. nickel cadmium portable batteries
are banned for most applications. Although the Batteries Directive provides a few exemptions:
portable Ni-Cd batteries are granted for example for emergency batteries. The advantage of
the ickel-cadmium technology is that it can be operated in a wide range of temperatures
without losing substantially its energy and power characteristics. Due to these intrinsic
characteristics, the Ni-Cd technology is the preferred solution for very demanding industrial
power back-up solutions. Industrial Ni-Cd batteries have also high recycling efficiency. The
nickel-metal hydride on the contrary shows a greater specific energy and power to respect to
the lead-acid or nickel-cadmium but still cannot reach the levels of a lithium-ion battery. The
main advantage of this technology is its volumetric energy density and a long lifetime if used
in a restrained SOC window, i.e. not fully depleting nor fully charging the battery but staying
within e.g. 10%-90% SOC. Finally, the lithium-ion battery technology provides the higher
energy and power densities in terms of weight and volume. They have a higher cell voltage
and a lower self-discharge rate making them a perfect match for e-mobility (high power, high
energy), ICT (high volumetric energy density) and stationary (long lifetime and low self-
discharge) applications.
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Table 1: Comparison of battery technologies advantages to respect to each other after [29]

Advantage of...

Lithium-ion

e Self discharge rate
o Reliability

e Self discharge rate

e \/oltage output
e Self discharge rate

Lead acid Nickel cadmium Nickel metal hydride
.On Cylindrical - prismatic Pouch
e Energy density . . . e Gravimetric energy density e Gravimetric energy density
L . e Operating temperature ° Grawmet.nc energy denslty o Volumetric energy density o Volumetric energy density
ead acid e Volumetric energy density

e \/oltage output
e Design characteristics

Nickel cadmium

e Higher cyclability
e \oltage output
® Price

e Gravimetric energy density
e \Volumetric energy density

e Gravimetric energy density
o Volumetric energy density
e \/oltage output

e Self discharge rate

e Gravimetric energy density
o Volumetric energy density
e \/oltage output

e Design characteristics

Nickel metal hydride

e Higher cyclability
e \/oltage output
e Price

e Operating temperature
e Higher cyclability

e Self discharge rate

e Price

e Energy density

e Operating temperature
o Higher cyclability

e \/oltage output

e Self discharge rate

e Gravimetric energy density
o Volumetric energy density
e Operating temperature

e Design characteristics

e Self discharge rate

Lithium-ion

Cylindrical - prismatic

e Price
e Safety
e Recyclability

e Operating temperature
e Higher cyclability

e Price

e Safety

e Price

e Safety

e Discharge rate
e Recyclability

e Gravimetric energy density
o Volumetric energy density
e Safety

e Design characteristics

Pouch

e Price
o Safety
e Recyclability

e Recyclability

e Operating temperature
e Higher cyclability
ePrice

e \Volumetric energy density
e Higher cyclability
e Price

e Operating temperature
e Higher cyclability
e Price

Absolute advantages

e Higher Cyclability
e Price

e Operating temperature
e Price

e \olumetric energy density

e Gravimetric energy density
e \/olumetric energy density
e Voltage output

e Self discharge rate

e Energy density

e Design characteristics
e Voltage output

e Self discharge rate

23




Preparatory study on Ecodesign and Energy Labelling of batteries

Chemistriesl Negative Electrode Postive Electrode Chemistries
Anode Cathode
Electrolyte ™
LiCq, LiCy, Graphite NMC ™ LiNi,Mn,Co,0, Lithium Nickel Manganese Cobalt Oxide (NMC)
Li, TisOp LTO LiSO4CF, Lmo LiMn,O,  Lithium Manganese Oxide (LMO)
Li,Si Silicon/Carbon LiBF, Lco™ LiCoO, Lithium Cobalt Oxide (LCO)
Li,,Sn Tin/Cobalt Alloy | |LiC (SO,CFy), LNMO ™ LiMn,¢NiysO, Lithium Manganese Nickel Oxide (LNMO)
Hard Carbon LiPFs™ LFP” LiFePO,  Lithium Iron Phosphate (LFP)
NCA™ LiNi,Co,Al,O, Lithium Nickel Cobalt Aluminum Oxide (NCA)
Graphite **
Silicon

= Generally combined with graphite anode material
**  Can be combined with LTO or graphite anode material

Figure 4: Different types of lithium-ion chemistries [30]-[32]

As illustrated in Figure 4, different types of lithium-ion batteries exist. The materials used in
battery cells play a substantial role in the characteristics and performance. In the following list
the most common types of lithium-ion cells are denoted. They are mostly designated by the
cathode material or anode material (for LTO chemistry), being:

e Lithium-ion Cobalt Oxide (LCO)

e Lithium-ion Nickel Manganese Cobalt Oxide (NMC)
e Lithium-lon Phosphate (LFP)

e Lithium-lon Titanite Oxide (LTO)

e Lithium-lon Manganese Oxide (LMO)

e Lithium-lon Manganese Nickel Oxide (LMNO)

o Lithium Nickel Cobalt Aluminium (NCA)

e Lithium Metal Polymer (LMP)

In Figure 5 the composition of commonly found materials of a lithium battery system in a mobile
application can be also observed [33].
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Steel Electronics
Plastics 57% 27%
3.8%

Volatile Aluminum
Components 18.0 %
83%

Aluminum

58%
Plastics
5.7%
Graphite Cables
82% 23%
Aluminum
52%
Plastics
Co 15%
- Steel
3.3%
Oxygen Aluminum

Li 55%

Mn
48% Co N .

28% 349 31%
Figure 5: Composition of different materials of a lithium battery system in an mobile
application [33]

Li-ion cells are constructed in different forms (Figure 6). Cylindrical cells, being the most widely
used formats, are made by winding long strips of electrode into a “jelly roll” configuration. This
is encapsulated in a can commonly made of aluminium. In a typical prismatic cell, the cell is
created by stacking in a layered approach or winding the electrodes into flat wraps. The casing
is a hard structure out of metal or thick plastic. Pouch cells as the name goes, are stacked
electrodes typically enclosed in a foil. This is a comparatively weaker structure.

Figure 6: Types of lithium-ion cells : Cylindrical (left), Prismatic hard (centre) and Pouch type
(right) [34]

In Table 2 a list of different energy storage systems characteristics including electrochemical
batteries is presented. Flow batteries store energy outside the battery. Rechargeability is
provided by two chemical components dissolved in liquids that can be stored in two separate
storage vessels apart from the battery anode and cathode. They are referred hereafter as
batteries with external storage and they are not in the scope of this study. Batteries with
internal storage have solid active materials as electrodes that stores the energy. They are in
the proposed scope of this study.
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The energy output that a battery can deliver, depends on multiple internal and external factors.
The useable capacity of a battery strongly depends on the load profile of the application. When
a high current is drawn from the battery a lower amount of energy can be extracted from it in
comparison to a low current rate. There are two reasons. The voltage drop created by the
current increases with the current. Since the energy is a multiplication of voltage, current and
discharge time, this leads automatically to a lower energy output. Moreover, the lowest allowed
voltage is quicker attained, reducing the discharge time more than linearly. Secondly, the
energy output of the battery is directly affected by the ambient temperature at which the battery
is operated [35]. At high temperatures the chemical molecules (e.g. ions) in the battery have
a greater kinetic energy leading to a lower voltage drop. While this provides a higher energy
output of the system, it increases the degradation mechanisms of the battery, reducing the
lifetime that it can be operated efficiently and safely. At low temperatures the kinetic energy of
chemical molecules is restricted thus raising the voltage drop. As a consequence, the energy
output of the system is negatively affected. Therefore, it is important to operate batteries at
temperatures that are adequate to efficiently provide the energy required but also restrict the
degradation mechanisms. In applications such as destined for e-mobility, grid support or grid
and home storage, the temperature of the batteries is directly monitored and managed for
optimum performance.

A more detailed technical analysis will be included in Task 4.

Table 2: Energy storage systems main characteristics (own expert assumptions)

] . Primary - Internal - [Wh/kg] (range)
Energy Storage Technology Electro-chemical Secondary | Extemal Storage @ cell level
NG Craphite or sec int 200-300
High-energy LIB (NCA/Graphite, NMC/Graphite) p
Mid-energy LIB (LFP, LMO/Graphite) LFP, LMO/Graphite sec int 140-200
High power LIB (LFP, NCA or NMC/Graphite, thin l\'l-l\;g'/(';‘CAh‘?tr sec int 140-200
electrode) rapnite
Heavy duty LIB, high power (NMC, NCA, LFP / LTO) | NMC, NCA, LFP / LTO sec int 80-120
Long-life / cycle life LIB (e.g. NMC/LTO) NMC/LTO sec int 80-120
Ultra-high cycle life LIB (e.g. LFP/LTO) LFP/ILTO sec int 70-100
Lithium metal polymer LMP/Carbon sec int 100-265
Lead-acid PbO2 / Pb sec int 30-45
Lead-acid sealed PbO2/ Pb sec int 30-45
NiCd Cd / NiO2H sec int 40-60
NiMH M / Ni(OH), sec int 60-120
Li-primary numerous / Li-metal pri int 250-700
Zn-primary Zn/C, air pri int 100-450
Flywheel storage system N/A sec ext 100 - 130
Compressed air storage N/A sec ext 20-83
Pumped hydro storage N/A sec ext Unknown
Redox flow numerous sec ext 25-50
Molten salt batteries Na-S or Na-NiCl2 sec int 130-230
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1.4.2 Categories and definitions found in Eurostat PRODCOM codes

The EU's industrial production statistics are compiled in the Prodcom (PRODuction
COMmunautaire) survey and also in the Europroms database, which includes external trade
statistics. The economic activities surveyed by Prodcom are classified according to the
Statistical Classification of Economic Activity (NACE). The statistics for production under each
economic activity are in turn reported by each member state according to Statistical
Classification of Products by Activity (CPA) codes. The link between the NACE and CPA
codes is illustrated in Figure 7.

The main indicators of the production sold during the calendar year are collected and
published both in monetary units (EUR) and physical units of production (kg, m?, number of
items, etc.). Data is provided, where available at member state level, for:

¢ the physical volume of production sold during the survey period,
o the value of production sold during the survey period,

e the physical volume of actual production during the survey period, including any
production which is incorporated into the manufacture of other products from the same
undertaking.

These statistics provide an outlook on the volume of imports, as well as enabling the actual
and apparent production to be estimated based on the balance of EU sales and trade.

Economic

Activities Products Goods
World level ISIC  ----- CPC @ e HS e SITC
l j l
EU level NACE it CPA —» PRODCOM <=--- CN
National National National National
level versions —* versions ™ versionsof
of NACE of CPA PRODCOM

l Is the reference classification. Classifications are linked by the structure
) - = &% 2 | » 1 : 1
H Is the reference classification. Classifications are linked by conversion table

i Classifications are linked by conversion tables

Figure 7: Overview of the revised EU system of integrated statistical classifications. Source:
Eurostat (2017)

In Table 3 the Prodcom codes related with battery technologies are listed. In this study the
technologies that would be considered are under the 27.20.23 code “Nickel-cadmium, nickel-
metal hydride, lithium-ion, lithium polymer, nickel-iron and other electric accumulators”.
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Table 3: Prodcom categories and codes

Code Prodcom categories

27.20 Manufacture of batteries and
accumulators

27.20.11 Primary cells and primary
batteries

27.20.12 Parts of primary cells and
primary batteries

27.20.21 Lead-acid accumulators for
starting piston engines
27.20.22 Lead-acid accumulators,
excluding for starting piston
engines

27.20.23 Nickel-cadmium, nickel metal
hydride, lithium-ion, lithium
polymer, nickel-iron and
other electric accumulators

27.20.24 Parts of electric accumulators
including separators

The conclusion is that the official Prodcom codes provide little disaggregation of battery
products and therefore they cannot be further used in this study for defining the scope in
Task 1 neither to source market data in Task 2.

1.4.3 Categories and definitions of battery categories according to the
Battery Directive

The Batteries Directive (2006/66/EC) discriminates three battery types according to its
application. These are separated in industrial, automotive and portable applications, defined
as:

e ‘automotive battery or accumulator’ means any battery or accumulator used for
automotive starter, lighting or ignition power;

¢ ‘industrial battery or accumulator’ means any battery or accumulator designed for
exclusively industrial or professional uses or used in any type of electric vehicle;

e ‘portable battery or accumulator’ means any battery, button cell, battery pack or
accumulator that (a) is sealed; and (b) can be hand-carried; and (c) is neither an
industrial battery or accumulator nor an automotive battery or accumulator;

In the context of this study accumulators are not of interest but have been included in the
definitions through the Battery Directive. Thus, accumulators have been incorporated in the
battery definition. Furthermore, the Batteries Directive details what kind of batteries can be
considered industrial or portable batteries stating that:

1) Examples of industrial batteries and accumulators include batteries and accumulators
used for emergency or back-up power supply in hospitals, airports or offices, batteries
and accumulators used in trains or aircraft and batteries and accumulators used on
offshore oil rigs or in lighthouses. Examples also include batteries and accumulators
designed exclusively for hand-held payment terminals in shops and restaurants, bar
code readers in shops, professional video equipment for TV channels and professional
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studios, miners' lamps and diving lamps attached to mining and diving helmets for
professionals, back up batteries and accumulators for electric doors to prevent them
from blocking or crushing people, batteries and accumulators used for instrumentation
or in various types of measurement and instrumentation equipment and batteries and
accumulators used in connection with solar panel, photo-voltaic, and other
renewable energy applications. Industrial batteries and accumulators also include
batteries and accumulators used in electrical vehicles, such as electric cars,
wheelchairs, bicycles, airport vehicles and automatic transport vehicles. In addition to
this non-exhaustive list of examples, any battery or accumulator that is not sealed and
not automotive should be considered industrial.

2) Examples of portable batteries and accumulators, which are all-sealed batteries and
accumulators that an average person could carry by hand without difficulty and that
are neither automotive batteries or accumulators nor industrial batteries or
accumulators, include single cell batteries (such as AA and AAA batteries) and
batteries and accumulators used by consumers or professionals in mobile telephones,
portable computers, cordless power tools, toys and household appliances such as
electric toothbrushes, razors and hand-held vacuum cleaners (including similar
equipment used in schools, shops, restaurants, airports, offices or hospitals) and any
battery or accumulator that consumers may use for normal household applications.

Taking into consideration these definitions and examples the batteries that are considered in
this study are ‘industrial batteries’ including energy storage systems for stationary application
and batteries for mobile applications according to the current Directive (2006/66/EC).

For more details see section 1.10.4.

144 Application categories of batteries and relation to battery
chemistries

Batteries are used in a multitude of applications such as e-mobility, ICT, computer
applications, various consumer electronics, Cordless Power Tools (CPT), Uninterruptable
Power Supplies (UPS) and various electrical Energy Storage Systems (ESS), see Table 4.
Such applications can have different criteria or priorities related to capacity, specific weight,
efficiency, self-discharge, cycle life, etc. As indicated in Table 4 the potential applications and
their typical user requirements will be further investigated in later Tasks 3 and 4. Based on our
own investigations on battery properties for different technologies they can be linked as
suitable candidate to different applications. In Table 4 a list of electrical applications is given.
For each application different characteristics based on the importance of low specific weight,
efficiency, self-discharge and cycle is provided. It is mainly observed that the energy storage
that can be implemented in most of the electric applications is based on lithium-ion
technologies. Road-based electric vehicles such as electric buses can have a maximum of
550 kWh under current applications. While electric vehicles can have a minimum of 5 kwWh to
20 kWh for plug-in hybrid electric vehicles, 0.9 kWh to 2 kWh for hybrid electric vehicles and
20 kWh to 100 kWh for battery electric vehicles. This could change in the future as newer
applications based on advance technologies come into the market. Other applications such
as drones and airplanes can reach a battery system capacity of 900 kwWh and a minimum of
1*10°kWh for electronics and electronic consumer applications.

A more detailed analysis of user requirements and their typical parameters will be in Task 3.
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Table 4: Typical electric applications characteristics and the type of battery technologies that can be integrated.

Most typical applications (see Task 2 on market)

E-mobility applications other Energy Storage Systems
Typical application Drones/ | Scooter UPS Residential Grid
parameters Vehicle | Vehicle | Vehicle | Buses | Trucks | Rail Airplanes | / E- Forklift / Consumer (server, | Energy Grid Energy
(See Task 3on use) | (BEV) (PHEV) | (HEV) (BEV) | (BEV) | (BNAT) | (BNAT) bikes industrial | ICT electronics | CPT lift, ..) Storage support | storage
importance of low . . . . . . . . . . .
specific weight high high high high high medium | high high low medium | medium high low low low low
'mgf?igg:;eyo‘( high high high high | high | high high high high medium | medium | medium | low high high high
Impoc;itggﬁzrggse”- medium | medium | medium | low low low low medium | low high high high high medium low medium
importance of long . . . very . . . . . . . . . very .
cycle life high high high high high high high high high medium | medium medium | low high high high
Typical electrochemical battery technologies
(See Task 4 on Technologies)
High-energy LIB
(NCA/Graphite or X X X X X X X X X X X X X X
NMC/Graphite)
Mid-energy LIB (LFP, X X X x X X X . . . " X "
LMO/Graphite)
High power LIB (LFP,
NCA or X X X X
NMC/Graphite, thin
electrode)
Heavy duty LIB, high
power (NMC, NCA, X X X X X X
LFP /LTO)
Long-life / cycle life X
LIB (e.g. NMC/LTO)
Ultra-high cycle life X
LIB (e.g. LFP/LTO)
Lithium Metal Polymer X X X X X
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Most typical applications (see Task 2 on market)

E-mobility applications other Energy Storage Systems
Typical application Drones/ | Scooter UPS Residential Grid
parameters Vehicle | Vehicle | Vehicle | Buses | Trucks | Rail Airplanes | / E- Forklift / Consumer (server, | Energy Grid Energy
(See Task 3on use) | (BEV) | (PHEV) | (HEV) | (BEV) | (BEV) | (BNAT) | (BNAT) bikes industrial | ICT | electronics | CPT | lift, ..) Storage support | storage
Lead-acid X X X X
Lead-acid sealed X X X X
NiCd
NiMH X X X X
Li-primary
Zn-primary

acronyms for electric
vehicles (EV):

BEV = Battery Electric Vehicle, PHEV = Plug-in Electrical Vehicle, HEV = Hybrid Electric Vehicle
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1.5 Definition of a battery system and a battery application
system for use in this study

In this section the system boundary of a battery system found in different electrical applications
is defined. These definitions are important for defining the scope in this Task 1 or market data
in Task 2 or the use phase in later Task 3. In the proposed definitions hereafter, we follow the
terminology of the IEC standards, see 1.2. Note that in Task 3 however new ‘MEErP system
scope boundaries’ might be defined for further analysis in Tasks 5 to 7 according to the MEErP
Methodology, see 15.

A graphical representation of the battery system and overarching battery application system
definition proposed for use in this study is included in Figure 8. According to this
representation, the main components of the battery system can be separated into the following
items:

e Battery cell

e Battery module

e Battery pack

e Battery Management System (BMS)
e Cooling/Heating

o Battery system

e Battery application system

Connecting two or more battery cells through their terminals in a parallel and/or series
configuration constitutes a battery module. By placing battery cells in series, the total voltage
output is the sum of the cell voltage of the cells connected in series while the current passing
through each is the same for all battery cells. By connecting battery cells in parallel the voltage
level remains the same and the current passing through is the sum of the current output of
each cell. Through these configurations additional control over the voltage, current and
available capacity of each battery module can be achieved. Each battery module is normally
fitted with measurement sensors such as one or more temperature sensors and a control unit
wire communicating with the Battery Management System (especially necessary in case of Li-
ion chemistry). Through these the BMS can monitor the temperature and electrical behaviour
of each battery module and cell.

A battery pack is then formed by connecting the battery modules in series and/or parallel
configurations. A battery pack can be incorporated in a protective housing and can be fitted
with the terminals connecting the pack to the application if no other voltage or power regulation
is needed. The electrical and thermal sensors included inside the battery pack through the
battery modules can communicate with the BMS to control the electrical and thermal
performance of each battery pack. The electrical supervision of the battery pack is performed
through the Protection Circuit Module (PCM) and the thermal control is performed through the
Thermal Management System (TMS).

The battery pack is then placed inside a battery system. A battery system can be incorporated
with multiple battery packs if necessary, which are supervised by the BMS. The battery system
can be also integrated with a temperature control system (cooling/heating) that can be used
to adjust the temperature of the battery packs. Depending on the type of application (e.g. e-
mobility or stationary application) the battery system is connected to different current or
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voltage control systems called power electronics. For example, in electric vehicle applications
it is possible to find systems such as DC/DC converters and DC links. These systems are not
directly included in the boundaries of the investigated system that will be used in this study.
However, the boundaries and focus of the system can be extended depending on the type of
application attached to the battery system. These can be introduced between the application
and the battery system. By incorporating the power electronics, it is possible to take into
consideration the indirect energy losses due to their energy efficiency characteristics. The
indirect energy losses can be taken into account during Task 3, where the use phase of the
battery system will be modelled.

Furthermore, depending on the application multiple battery systems composed on one or more
battery packs can be combined and attached to it to form a battery application system. This is
the case mainly with stationary applications where a high capacity and energy is required for
grid energy storage.
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Figure 8: Representation of the battery system components and their system boundaries, forming finally the battery application system.
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1.6 Definition of the primary functional parameter and unit
Hereafter is explained what is called the “functional unit” for batteries in the scope of this study.

In standard 1SO 14040 on life cycle assessment (LCA) the functional unit is defined as “the
guantified performance of a product system for use as a reference unit in life cycle assessment
study”. According to the MEErP, the primary purpose of the functional unit is to provide a
calculation reference to which environmental impacts (such as energy use), costs, etc. can be
related and to allow for comparison between functionally equal battery systems. This is
especially important in later Task 6 to consider improvement options. Further product
segmentations will be introduced in this study to allow appropriate equal comparison and
therefore secondary functional parameters can be added. Note that an Ecodesign preparatory
study is always built on a single functional unit and a corresponding product group to allow a
consistent analysis according the MEErP in Tasks 3 to 6. As a consequence, considering
different applications with different requirements and functional unit is not an option, it would
require different studies. This issue has already been addressed within the work done to
elaborate a harmonized Product Environmental Footprint (PEF) in Europe*. In the pilot phase
(2012-2016) batteries have been analysed for both ‘High Specific Energy Rechargeable
Batteries for Mobile Applications’ and ‘Uninterruptible Power Supply (UPS)’. This study
contract asked for building on the PEF study and to consider e-mobility and therefore it is
obvious to build on what the PEF for mobile applications defined as functional unit.

The PEF for ‘High Specific Energy Rechargeable Batteries for Mobile Applications’ is
proposed as ‘functional unit (FU)’ of ‘1 kWh (kilowatt-hour) of the total output energy
delivered over the service life by the battery system (measured in kWh)’.

Herein the energy consumption during the use phase of the battery takes into account losses
linked to the battery but also the power electronics during charge, discharge and storage.
Therefore, the PEF used the delta approach® or main-function approach to take the power
electronics losses into account. The delta approach intends to model energy use impact of
one product, in this case the battery, with taking into account the indirect losses of another
product, in this case the charger. This means that the excess consumption of the charger shall
be allocated to the product responsible for the additional consumption which is the battery.

This PEF pilot study for batteries for mobile applications used ‘1 kWh'’ instead of ‘total kWh of
a battery system’ in the definition of the functional unit for Life Cycle Analysis (LCA). The
rationale for this is easy to understand. The consequence is that a real battery system, which
can deliver several kWh storage over its lifetime will have to be downscaled to a virtual 1 kWh
battery system. For example, a battery storage system providing 2000 kWh of output energy
over its service life will be downscaled to 0.05 % (1 kwh/2000 kwh).This might sound complex
but the benefit of this rescaling is that life cycle cost (LCC) becomes equivalent to Levelized
Cost of Electricity storage (LCOE) (€/kWh) and the calculated impact is per kWh (e.g. CO-
eg/kwh), which are common metrics to compare energy production and storage solutions.
This will become clear in Task 5 and 6 on LCC and LCA.

The PEF study also documented for the proper understanding of their impact modelling some
key aspects of their functional unit, see Table 5. This study also defined the reference flow
being the amount of product needed to fulfil the defined function and shall be measured in kg

4 http://ec.europa.eu/environment/eussd/smgp/PEFCR_OEFSR_en.htm
5 http://ec.europa.eu/environment/eussd/smgp/pdf/OEFSR_guidance_v6.3.pdf
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of battery per kwh of the total energy required by the application over its service life. Which is
an important parameter to quantify the environmental impact from batteries.

For the sake of compatibility and harmonization of data this study proposes to use the same
functional unit as the PEF for high specific energy rechargeable batteries for mobile
applications.

Table 5: Key aspects of the functional unit for batteries (source: PEF pilot phase®)

What? Electrical energy, measured in Wh or kWh (current and voltage during a
unit of time).

How much? | 1 kWh of the total energy delivered over service life (quantity of Wh,
obtained from the number of cycles multiplied by the amount of delivered
energy over each cycle).

How well? | Maximum specific energy (measured in Wh/kg). Specific product standards
and technical properties of the high specific energy rechargeable batteries
PEF shall be declared in the PED documentation.

How long? | The amount of cumulative energy delivered over service life of the high
specific energy rechargeable batteries (quantity of Wh, obtained from the
number of cycles multiplied by the amount of delivered energy over each
cycle). The time required to deliver this total energy is not a significant
parameter of the service.

Note that the PEF study for UPS® has defined a different functional unit: “To ensure the supply
of power without interruption to equipment with load of 100 watts for a period of 1 year,
including a backup time of 5 minutes during a power shortage’. This can be explained because
for UPS other battery selection criteria matter, see Table 4 and Table 6. Moreover, these
products have already been studied in a previous Ecodesign study ‘Lot 27 UPS’. Hence,
because UPS batteries have already been studied and have another functional unit it is
recommended to exclude them from the scope of this study, see also 39. Also, electrical grid
Energy Storage Systems (ESS) can sometimes have the same functional unit as previously
defined, however the name ESS is sometimes also used to refer to grid ancillary, which has a
different functional unit, e.g. maintain the grid power balancing.

Table 6: Comparing application criteria between BEV and UPS applications

. R UPS
Typical application parameters Passenger car (server, lift
(See Task 3 on use) (BEV) . N

light, etc)
Importance of low specific weight high low
Importance of efficiency high low
Importance of self-discharge medium high
Importance of long cycle life high low

6 http://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm
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1.7 The basic secondary product performance parameters

This section lists some of the basic secondary parameters that are required to describe and
characterize the identified product on a functional level. These are important parameters that
are mainly provided and defined based on European and International standards and UN
manuals. There are some definitions that have been included and are required by the PEF but
have not been found to be defined in any standard or regulation. When they are not found on
existing standards the study team will provide its own draft definition. Note however that when
deemed necessary additional parameters will added in subsequent tasks.

Capacity: Total number of ampere-hours that can be withdrawn from a fully charged battery
under specified conditions. (ISO 12405) [14]-[16]. Strictly the ampere-hours is used in the
standards, but this parameter can b also be expressed in ampere-hour or kilowatt-hour (Ah or
KWh).

Rated capacity: Capacity value of a cell, module, pack or system determined under specified
conditions and declared by the manufacturer. (IEC 61960) [36]. This parameter is expressed
in ampere-hour (Ah).

Current rate or C-rate: the current that corresponds to the declared capacity by the
manufacturer [37]. This parameter is expressed in amperes. For portable and industrial
applications this has been defined to be at C/5 [11], [36], for BEV it is defined at C/3 [16], [21]
and C/1 for HEV applications [16], [21].

State of Charge (SOC): Available capacity in a cell, module, pack or system expressed as a
percentage of rated capacity. (IEC 62660) [19], [20], [38], [39]. This parameter is expressed
in percentage (%)

Depth of Discharge (DOD): Percentage of rated capacity discharged from a cell, module,
pack or system battery. (IEC 62281) [6] This parameter is expressed in percentage (%).

End of Life (EoL): Condition that determines the moment a battery cell, module or pack does
not anymore reach a specified performance in its first designated application based on the
degradation of its capacity or internal resistance increase. This condition has been set to 80%
for electric vehicle application and 60% for portable applications of the initial capacity. (Study
team's own definition, not found in any standards so far) [36], [38]. for electric vehicle
application (condition B in the cycle life tests in IEC-62660-1) and 60% for portable
applications of the rated capacity (in table 5 of IEC 61960, using the accelerated method).
(IEC 61960, IEC 62660) [36], [38].

Full cycle: Means one sequence of fully charging and fully discharging a rechargeable cell,
module or pack. (UN Manual of Tests and Criteria) [40]. This parameter is expressed as an
absolute value (-).

Specified duty cycle: One or multiply sequences of charging or discharging a battery to a
specified state of charge and discharging to a specified depth of discharge under a specified
load. The charge and discharge may follow a dynamic profile. This cycle can either be defined
by the cell manufacturer or the battery system manufacturer and is typically related to
conditions the battery would normally be operated in (study team's own definition, not found
in any standards so far). This parameter is expressed as an absolute value (%).

Cycle life: The total amount of specified duty cycles a battery cell, module or pack can perform
until it reaches its End of Life condition related to its capacity degradation or power loss (study
team's own definition, not found in any standards so far). This parameter is expressed as an
absolute value (%).
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Calendar-life or shelf-life: The time a battery cell, module or pack can be stored under
specified conditions (temperature) until it reaches its end of life condition (study team's own
definition, not found in any standards so far). This parameter is expressed in days (-).

Nominal voltage: Suitable approximate value (mean value between 0% and 100% DOD) of
the voltage during discharge at a specified current density used to designate or identify the
voltage of a cell or a battery. (IEC 62620) [11]. This parameter is expressed in Volts (V).

Voltage limits: Maximum and minimum cut-off voltage limits for safe operation of a battery
cell. These limits are also implemented to achieve a complete charge and discharge that leads
to the rated capacity under a specified current rate. This parameter is expressed in Volts (V).

Internal resistance: The resistance within the battery, generally different for charging and
discharging, also dependent of the battery state of charge and state of health. As internal
resistance increases, the battery efficiency decreases, and thermal stability is reduced as
more of the charging/discharging energy is converted into heat. [41]. This parameter is
expressed in Ohms (Q).

Open circuit voltage (OCV): Means the voltage across the terminals of a cell or battery when
no external current is flowing. (UN Manual of Tests and Criteria) [40]. The OCV depends on
the state of charge current rate and state of health of a battery. This parameter is expressed
in Volts (V).

Specific energy / Gravimetric energy density: Amount of stored energy related to the
battery cell, module, pack or system weight expressed in Wh/kg. (ISO 12405) [14]-{16].

Specific power / Gravimetric power density: Amount of retrievable constant power over a
specified time relative to the battery cell, module, pack or system weight expressed in W/kg
(study team's own definition, not found in any standards so far).

Volumetric Energy density: Amount of stored energy related to the battery cell, module, pack
or system volume expressed in Wh/l. (ISO 12405) [14]-[16].

Volumetric Power density: Amount of retrievable constant power over a specified time
relative to the battery cell, module, pack or system volume expressed in W/I. (Study team's
own definition, not found in any standards so far)

Coulombic efficiency: Efficiency of the battery, based on electricity (in coulomb) for a
specified charge/discharge procedure, expressed by output electricity divided by input
electricity. (ISO 11955) [42]. This parameter is expressed in percentage (%).

Energy efficiency: Ratio of the amount of energy provided by a battery during discharge and
the amount of energy needed to re-charge the battery to its initial state of charge. This may
cover a sequence of charge and discharge rates with a net discharge or charge effect. The
storage efficiency on cell level is given by the voltage difference between charge and
discharge potential of the cell and its coulomb efficiency. On module, pack or system level,
power demand by electronics and supporting infrastructure can also impact the storage
efficiency (study team's own definition, not found in any standards so far). This parameter is
expressed in percentage (%).

Note that for this study also definitions on reparability, dismantlability, etc. might be needed,
they are under development in proposal for new EN standards from CEN CLC JCT10 and
preliminary definitions ware already included before in 1.2.5. For the work ongoing see the
Annex on standards complementary to this report. Related definitions will be added in later
tasks when needed.
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1.8 Discussion of the proposed scope of this study

The study aimed at building on the PEF pilot’ results and therefore on ‘High Specific Energy
Rechargeable Batteries for Mobile Applications’ with high capacity, see also section 1.6 on
the PEF and functional unit. In order to have a consistent and expected significant scope the
study team agreed to electrochemical batteries with internal storage and solid electrodes
only®® and the further scoping and focusing explained hereafter. Note that also Tasks 2-5 can
according to the MEErP reconsider or reduce the scope for Tasks 6-7 based on their findings.
For more information in forecasted market volumes of batteries please read Task 2, it provided
the rationale for excluding some applications.

In order to define the scope of the remainder of this study, the following topics were taken into
consideration:

o the aim to build on the PEF study for mobile applications and to have a clear single
functional unit and a corresponding product group to perform a consistent analysis
according the MEErP in Tasks 3 to 6. Considering different applications with different
requirements is therefore not an option, it would require different studies.

¢ Uninterruptable Power Supply systems (UPS) (stationary batteries) were already part
of a completed Ecodesign Study (Lot 27). Moreover, UPSs have a complete different
functional unit, i.e. provide back-up power during occasional power interrupts, which
would lead to an inconsistent study in Tasks 3-6. Therefore, the PEF study for UPS
and ‘High Specific Energy Rechargeable Batteries for Mobile Applications’ had a
different and incompatible functional unit compared to UPS.

¢ Industrial back-up batteries (usually, but not always, stationary) are used in for
example nuclear power plants, high speed trains, airplanes, offshore platforms, etc.
can have each very different requirements (duration of back-up, service life, ability to
withstand temperature, shock and vibrations, ability to perform additional services). A
unique functional unit would not adequately cover all these segments. Developing use-
specific functional units would require a considerable amount of resources, which are
not available, and likely would never adequately capture evolving needs.

e Smaller mobile battery systems were also part of previous Ecodesign studies:
Computers and servers (Lot 3) and portable machine tools (Lot 5). Moreover, portable
batteries are another category in the battery directive.

e The largest volume of lithium batteries (LiB) is expected for EV applications, see Task
2. According to the MEETrP this will therefore also define the base cases or reference
systems for impact modelling. Hence accordingly the conclusion for Task 3 to 6 will be
to focus on EV E-mobility applications.

o Electric bicycles are complex to model in Task 3 because they have hybrid
human/electric power and as explained before referring to Task 2, the total EU mass
of batteries sold will be relatively low. Hence, they are not relevant for Tasks 3 to 6.

7 http://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm

8 Batteries with external storage are excluded from the scope because the expected niche market (see
Task 2) for this application and lack of time to investigate this into detail in this study.

9 Batteries with liquid electrodes like ceramic batteries are excluded from the scope because they are
not used in electric vehicles and their ecodesign and recycling is much less challenging due to the used
materials
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e We are aware that other industry/agricultural mobile applications exist and might use
also use similar rechargeable batteries (forklifts, garden machinery, mobile floor
cleaning tools, etc.). However, here again the Task 3-6 modelling could be very
complex and accurate data unavailable today and a relative lower volume to EV is
expected, for which they will be excluded from Tasks 3-6.

¢ Note that despite some the proposed focus for Tasks 2-6 content and work, the policy
process can be extended where deemed useful in a later stage of policy making
following this preparatory study.

e Taking into consideration that the same LiB batteries can render a useful service as
an Energy Storage System (ESS) combined with photovoltaic (PV) modules which are
in the scope of the Ecodesign Study on photovoltaic Systems'®. Herein smaller
consumers could benefit from further Ecodesign requirements (if any). Also, second
life application of EV batteries for ESS could be an option to reduce the carbon
footprint, however this still needs to be confirmed if it is technical and economical
feasible.

¢ Intheir feedback on the draft Task 1 and the first stakeholder meeting several industry
federations urged to focus on e-mobility applications because requirements among
industrial batteries can be extremely different and each battery technology currently
available on the market (lead, lithium, sodium and nickel) can be best suited to serve
specific market segments thanks to their different features. This can also be concluded
from the introduction in section 1.4.1.

e Taking into account that grid support (mainly ancillary service) and energy storage
(mainly photovoltaic energy) function can be very dependent on the local grid
circumstances which is not harmonized in the EU (metering intervals, feed in tariffs,
grid ancillary services and power reserve market, weather conditions, grid congestion
issues, etc.). Therefore, the study will only look at the similar energy storage function
but cannot go into the various details of for example grid support (primary reserve,
etc.).

Considering all this, the scope herein is: ’High energy rechargeable batteries of high
specific energy with solid lithium cathode chemistries for e-mobility and stationary
energy storage (if any). Herein batteries are either a pack or a system as defined within
this study and in line with the international standards. This does not include power
electronics neither heat nor cool supply systems for thermal management which can
be part of what the study defined as a battery application system.’

More in detail:

High specific energy is hereby defined by a gravimetric energy density typically above 100
Wh/kg at cell level, this means that several battery technologies are excluded based on this
criterium, see Table 4. This is also an elegant and technical way to exclude some types of
UPS batteries which have different functional unit and for which weight is of lower importance,
see recommendation in section 1.6.

10 http://susproc.jrc.ec.europa.eu/solar_photovoltaics/index.html
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High capacity means that a total battery system capacity between 2 and 1000 kWh. Note
that as defined in section 1.5 the ‘battery application system’ can be a multiple of the ‘battery
system capacity’, e.g. as is the case in large modular energy storage systems for grid support.
See also Task 2-3 for market and user data, it appears that few systems above 1000 kwWh can
be expected due to typical energy use of cars (about 20 kWh/100 km) and houses (about 3500
kWh/year). Battery applications such as grid energy storage that require above 1000 kWh are
composed of parallel or multiple smaller systems (<1000 kWh) due to transport and weight
constraints. Below 2 kWh is expected a smaller market volume (e.g. cycles), see Task 2, and
also ICT (Lot 3) and portable machine tools (Lot 5) having small capacity batteries were
already part of previous Ecodesign studies. Below 2 kWh are also the portable batteries which
are a separate category in the Batteries Directive(2006/66/EC), see 1.4.3.

Despite this proposed limitation of the scope in Tasks 2-6, in Task 7 it can be investigated
of policy measures can be extended to a broader scope if the expected impact is
unanimously positive.

As a consequence of these energy density and battery system capacity limits, are reducing
the scope of this study but have lithium-ion technologies included. Given the time
constraints in this study this will allow to build on the results from the PEF study for e-mobility
available for lithium-ion technology and for which a significant market is expected in the
upcoming years (see Task 2).

A battery system and battery application system were previously defined, see 1.5.

As a consequence, the batteries in the proposed scope are according to the definitions of the
current Batteries Directive(2006/66/EC) part of the ‘the industrial batteries’. Herein ‘industrial
batteries’ are defined as any battery designed for exclusively industrial or professional uses
or used in any type of electric vehicle. For more information see section 1.1.12 regarding the
Battery Directive.

The proposed scope for this study is thus rechargeable industrial batteries
(2006/66/EC) with a high specific density (>100 Wh/kg) and high capacity (2 to
1000 kwh).

1.9 Test standards and/or methods

The general objective of this task is to describe test standards related to the product categories
described within the scope of this study. Standards are documents drawn up by consensus
and approved by a recognised standardisation body. A test standard describes a method of
testing in which no pre-given result is required when performing the test.

The content of this section has been published as a separate annex report due the the
extension of the descriptions?®.

11 Preparatory Study on Ecodesign and Energy Labelling of rechargeable electrochemical batteries with
internal storage under FWC ENER/C3/2015-619-Lot 1. TASK 1 Scope. Annex: Analysis of available
relevant performance standards & methods in relation to Ecodesign Regulation for batteries and
identification of gaps. January 2019.
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Complementary to the Annex information in related standards can be also be found in:
https://www.batterystandards.info/*?, the public document of the MAT4BAT project Deliverable
5a ‘List of relevant regulations and standards’ [43] and the JRC technical report on ‘Standards
for the performance assessment of electric vehicles batteries’ [12].

1.10 Existing legislation

According to the MEErP methodology, EU legislation, Member State legislation and third
country legislation relevant to the product group should be screened and analysed.

The most interesting battery regulations can be summarized in the following list:
e Regulation on CE marking
¢ Regulations on transport of batteries
e European battery directive
o Directive on restrictions of hazardous substances (RoHS)

¢ Regulation on the Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH)

o The battery capacity labelling regulation

e The UNECE vehicle regulation

e Ecodesign Directive (ED)

e The Energy Labelling Regulations (ELR)

e The Framework Directive on type-approval for motor vehicles

e The End of Life of Vehicles (ELV) Directive

o The Waste of Electrical and Electronic Equipment (WEEE) Directive

1.10.1 Regulation on CE marking

Regulation (EC) No 765/2008 * on CE marking creates the premise of the internal European
Union market. It established the legal basis for accreditation and market surveillance and
consolidated the meaning of the CE marking. Therefore, it is of relevance for battery
manufacturers. Amongst others it defines the responsibilities of the manufacturer, i.e.:

e carry out the applicable conformity assessment or have it carried out, for example
verify compliance with applicable European Directives;

e draw up the required technical documentation;
e draw up the EU Declaration of Conformity (EU DoC);

e accompany the product with instructions and safety information;

12 This website is dedicated in supporting a way through standards on rechargeable batteries and
system integration

13 REGULATION (EC) No 765/2008 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 9
July 2008 setting out the requirements for accreditation and market surveillance relating to the
marketing of products and repealing Regulation (EEC) No 339/93
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e gsatisfy the following traceability requirements:

o Keep the technical documentation and the EU Declaration of Conformity for 10
years after the product has been placed on the market or for the period specified
in the relevant Union harmonisation act.

o Ensure that the product bears a type, batch or serial number or other element
allowing its identification.

¢ Indicate the following three elements: his (1) hame, (2) registered trade name or
registered trade mark and (3) a single contact postal address on the product or
when not possible because of the size or physical characteristics of the products
on its packaging and/or on the accompanying documentation.

¢ affix the conformity marking (CE marking and where relevant other markings) to the
product in accordance with the applicable legislation, e.g. the collection symbol for
batteries (see the Batteries Directive below).

e ensure that procedures are in place for series production to remain in conformity.
o Where relevant, certify the product and/or the quality system.

This is applicable to all battery products and devices that use batteries. When a device with
an original battery is converted with for example a Li-ion battery retrofit kit the full CE marking
procedure needs to be redone including new technical documentation, EU DoC, serial
number, etc. A complete guide on the implementation of EU product rules is given in the Blue
Guide: Commission notice 2016/C 272/01*.

1.10.2 European Agreement concerning the international carriage of
dangerous goods by road (ADR)

The transport of dangerous goods and articles in Europe is arranged in the ADR by UNECE
(ECE/TRANS/257). Batteries fall under class 8 (corrosive products) or, for lithium and Li-ion
batteries under class 9 (miscellaneous). For lithium (ion) batteries a specific section exists
(82.2.9.1.7) with exigencies to these batteries:

e Lithium cells and batteries have to pass ‘Manual of Tests and Criteria, part lll, sub
section 38.3’.

e Cells and batteries must have a safety venting device or being designed that no violent
rupture can occur.

e Each cell and battery are equipped with an effective means preventing external short
circuit.

e Each battery with cells or strings of cells in parallel are equipped with an effective
means preventing a dangerous current in the opposite direction, e.g. by diodes or
fuses.

e Cells and batteries must be manufactured under a production quality management
system.

Table A in the ADR prescribes the needed marking, the special provisions and the packaging
possibilities. Chapter 6 prescribes the packaging tests and pass criteria.

14 https://ec.europa.eu/growth/content/%E2%80%98blue-guide%E2%80%99-implementation-eu-
product-rules-0 fi
15 https://www.unece.org/fileadmin/DAM/trans/danger/publi/adr/adr2017/ADR2017E web.pdf
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For lithium batteries a distinct category is made for damaged or defective cells or batteries,
defined as that they do not conform to the type tested according to the provisions of the Manual
of Tests and Criteria.

1.10.3 Manual of Tests and Criteria, part Ill, subsection 38.3

All lithium (ion) batteries that are transported, irrespective of the transport way, have to fulfil
the UN38.3 regulation by the United Nations [40]. It prescribes 8 test methods and test criteria
that battery cells and batteries have to fulfil before delivery.

The international organisations for the transport modes have their own regulation for the
transport of dangerous goods being:

o ICAO: Dangerous goods (DGR), and Li-ion by airplane

¢ UNECE: Dangerous goods by road: European Agreement concerning the International
Carriage of Dangerous Goods by Road, ADR

e UNECE: European Agreement concerning the International Carriage of Dangerous
Goods by Inland Waterways, ADN

¢ IMO: Dangerous goods by ship: International Maritime Dangerous Goods Code, IMDG

o CIT: Dangerous goods by train: Regulation concerning the International Carriage of
Dangerous Goods by Rail, RID.

1.104 European battery directive

Directive 2006/66/EC is the main European regulation on batteries. The primary objective is
to minimise the negative impact of batteries on the environment. It advocates a high collection
and recycling rate for waste batteries and accumulators in the European member states to
achieve a high level of environmental protection and material recovery throughout the
Community.

Producers have to finance the costs of collecting, treating and recycling all collected batteries
minus the profit made by selling the materials recovered.

Note that the Batteries Directive is currently under review?®,

1.104.1 Scope
The Batteries Directive discriminates three battery applications:
o Portable battery: any battery, button cell, battery pack or accumulator that:
e is sealed;
e can be hand-carried; and
e is neither an industrial battery or accumulator nor an automotive battery.

e automotive battery or accumulator: any battery or accumulator used for automotive
starter, lighting or ignition power;

16 https://ec.europa.eu/info/consultations/public-consultation-evaluation-batteries-directive_en
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e industrial battery or accumulator: any battery or accumulator designed for exclusively
industrial or professional uses or used in any type of electric vehicle.

1.10.4.2 Labelling

The directive prescribes an additional label to the CE marking. All batteries, accumulators and
battery packs are required to be marked with the separate collection symbol (crossed-out
wheeled bin) either on the battery or its packaging depending on size. In if the battery contains
more heavy metals than prescribed (see below), their chemical symbols have to be added.

Figure 9: Obligatory labelling for batteries

1.10.4.3 Heavy metals

Batteries are not allowed to contain more than 0.0005% of mercury by weight; and portable
batteries not more than 0.002% of cadmium by weight. Exceptions are emergency and alarm
systems, emergency lighting and medical equipment.

If batteries contain more than 0.0005% mercury, more than 0.002% cadmium or more than
0.004% lead, they must be marked below the crossed-out dustbin sign with the chemical
symbol for the metal concerned: Hg, Cd or Pb.

1.10.4.4 Collection rates for portable equipment
EU member states should achieve the following minimum collection rates:

o 25 9% by 26 September 2012;
o 45 % by 26 September 2016.

1.10.4.5 Disposal

The EU member states shall prohibit the disposal in landfills or by incineration of waste
industrial and automotive batteries. However, residues of any batteries and accumulators that
have undergone both treatment and recycling may be disposed of in landfills or by incineration.

1.10.4.6 Treatment

Treatment has minimally to include removal of all fluids and acids. Treatment and any storage,
including temporary storage, at treatment facilities shall take place in sites with impermeable
surfaces and suitable weatherproof covering or in suitable containers.

1.10.4.7 Recycling

Recycling processes must achieve the following minimum recycling efficiencies:
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e recycling of 65% by average weight of lead-acid batteries and accumulators, including
recycling of the lead content to the highest degree that is technically feasible while
avoiding excessive costs;

o recycling of 75% by average weight of nickel-cadmium batteries and accumulators,
including recycling of the cadmium content to the highest degree that is technically
feasible while avoiding excessive costs; and

o recycling of 50% by average weight of other waste batteries and accumulators.

This means that Li rechargeable batteries must be recycled for at least 50% by average
weight.

According to EC regulation 493/2012 the recycling process stops at the production of output
fractions. Herein ‘output fraction’(Art. 2 (5)) means the mass of materials that are produced
from the input fraction as a result of the recycling process, as defined in an Annex (1) without
undergoing further treatment, that have ceased to be waste or that will be used for their original
purpose or for other purposes, but excluding energy recovery. The mass of the output fractions
concerns the dry matter of the elements or compounds expressed in tons per calendar year.

The elements that are incorporated in the alloys, CO, emission and/or slags can be included
in the recycling efficiency. This concerns mostly oxygen. Carbon can also be used as a
reducing agent and therefore CO, emission from the battery recycling can be accounted as
recycled if it has been used as a reducing agent. An independent scientific authority must
certify and publish the recycling efficiency for these cases. The percentage of oxygen and
carbon in the output materials are indicated as a percentage. The total recycling rate can be
expressed e.g. as 60% from which 20% as functional recycling in alloys and 15% O in the
slags.

The recycled materials of batteries include metal alloys and slag that can be used further
without extra treatment. A possible plastic fraction can be partly recycled and partly thermally
valorised. The light fraction due to the separator material that may be formed during the
recycling process can be disposed for final treatment. If black mass is formed out of the
electrolyte substances, then it can be used in hydro metallurgic processes and/or thermal
processes.

Closely related EU legislation on hazardous waste are:

e Council Directive 67/548/EEC'" on classification, packaging and labelling of
dangerous substances determines the substances that are considered dangerous
and give provisions on classification, packaging and labelling

e Directive 2000/53/EC on end-of-life vehicles®®. It prohibits the use of mercury, lead,
cadmium and hexavalent chromium in vehicle materials and components. It has

17 Council Directive 67/548/EEC of 27 June 1967 on the approximation of laws, requlations
and administrative provisions relating to the classification, packaging and labelling of
dangerous substances.

18 Directive 2000/53/EC of the European Parliament and of the Council of 18 September
2000 on end-of life vehicles
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no additional clauses for battery materials. Batteries must be removed for
depollution of end-of-life vehicles.

e Directive 2012/19/EU on Waste Electrical and Electronic Equipment (WEEE)*°. It
sets recycling rates for this type of equipment, including selective treatment of
batteries included in electrical and electronic equipment.

Note that related to recycling the European Commission has defined a list of Critical Raw
Materials®*® (CRM). Raw materials are crucial to Europe’s economy and access to certain raw
materials is a growing concern within the EU and across the globe. To address this challenge,
the European Commission has created a list of critical raw materials (CRMs) for the EU, see
Table 7, which is subject to a regularly review and update.

Table 7 2017 list of Critical Raw Materials

2017 CRMs (27)

Antimony | Fluorspar |LREEs Phosphorus
Baryte Gallium Magnesium Scandium
Beryllium Germanium | Natural graphite | Silicon metal
Bismuth Hafnium Natural rubber | Tantalum
Borate Helium Niobium Tungsten
Cobalt HREEs PGMs Vanadium
Coking coal | Indium Phosphate rock

*HREEs=heavy rare earth elements, LREEs=light rare earth elements, PGMs=platinum group
metals

1.10.4.8 Member state implementation

Most of the EU members states have national legislation for implementing the Batteries
Directive (2006/66/EC). It is related with the chemical restrictions, recycling and collection of
batteries and accumulators found in different electrical applications. Table 6 shows a list of
the different legislations implemented in specific member states.

19 Directive 2012/19/EU of the European Parliament and of the Council of 4 July 2012 on
waste electrical and electronic equipment (WEEE)

20 http://ec.europa.eu/growth/sectors/raw-materials/specific-interest/critical_nl
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Table 8: Member state legislation on batteries and accumulators [45].

Austria

Regulation of the Federal Minister for Agriculture and Forestry on prevention of
waste, and the collection and treatment of end-of-life batteries and
accumulators

Belgium

Flemish regulations on waste prevention and waste management VLAREA
Arréte royal relative aux piles et accumulateurs ainsi qu’aux déchets de piles et
d’accumulateurs

Bulgaria

Ordinance on the requirements for placing on the market batteries and
accumulators and treatment and transportation of waste batteries and
accumulators

Cyprus

The regulations on solid and hazardous wastes (batteries or accumulators)

Czech Republic

Act No. 185/2001, on waste and amending some other laws (Directive
2006/66/EC)

Denmark Executive order on batteries and accumulators and waste batteries and
accumulators

Estonia Handling requirements for used batteries and accumulators

Finland Decree on batteries and accumulators

France Decree on the placing on the market of batteries and accumulators and on the
disposal of waste batteries and accumulators and amending the environmental
code

Germany The introduction to circulation, recovery and environmentally-friendly disposal
of batteries and accumulators

Greece Decree on waste management from batteries and accumulators

Hungary Government regulation No. 181/20098 on the take-back of batteries and
accumulators

Ireland Waste management (batteries and accumulators) regulations 2008 (S.l. No 268
of 2008)

Italy Recepimento della direttiva 2006/66/CE del parlemento europeo e del cosiglio
del 6 settembre 2006, elativa a pille e accumulatori e ai rifiuti di pile e
accumulatori e che abroga la direttiva 91/157/CEE

Latvia Waste management law

Lithuania Law on waste management of the republic of Lithuania

Luxembourg Loi du 19 décembre 2008 relative aux piles et accumulateurs ainsi qu’aux
déchets de piles et d’'accumulateurs

Malta Batteries and accumulators regulations, 2011

Netherlands

Besluit van 4 juli 2008, houdende regels met betrekking tot de mededeling
inzake het afvalbeheer en het gebruik van bepaalde gevaarlijke stoffen in
batterijen en accu’s (Besluit beheer batterijen en accu’s 2008)

Norway Regulation on changes to regulation on recycling processing of waste (Waste
regulation)

Poland The law of 2007 on batteries and accumulators as well as waste batteries and
accumulators

Portugal Decree law 6/2009 transposing the battery directive

Romania Government decision draft on batteries and accumulators, and waste batteries
and accumulators (April 2008)

Slovakia Slovakian law — Directive 2006/66/EC on batteries and accumulators and waste
batteries and accumulators

Slovenia Decree on batteries and accumulators and waste batteries and accumulators

Spain Royal decree 106/2008 of 1 February 2008, on batteries and accumulators and
environmental waste management

Sweden Proposal for implementation of Directive 2006/66/EC of the European

Parliament and of the Council, of 6 September 2006, on batteries and
accumulators, and waste batteries and accumulators

United Kingdom

Document on the Implementation of the Batteries and Accumulators and Waste
Batteries and Accumulators Directive (2006/66/EC) — Waste Battery Collection
and Recycling Provisions
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1.10.5 Directive on the Restriction of Hazardous Substance (RoHS)

The RoHS recast Directive 2011/65/EU?! restricts the use of hazardous substances in
electrical and electronic equipment. The objective of these schemes is to increase the
recycling and/or re-use of such products. It also requires heavy metals such as lead, mercury,
cadmium, and hexavalent chromium and flame retardants such as polybrominated biphenyls
(PBB) or polybrominated diphenyl ethers (PBDE) to be substituted by safer alternatives.
Batteries are currently not in the scope of this directive; however it might apply to some parts
of a battery system such as the battery management system.

1.10.6 Regulation on capacity labelling of portable secondary and
automotive batteries

The Commission Regulation 1103/2010 on rules as regards capacity labelling of portable
secondary (rechargeable) and automotive batteries and accumulators pertains the capacity
marking requirements of portable rechargeable batteries including specific requirements
related to its minimum size and location. The capacity label shall include both the numeral and
its units expressed in Ah or mAh. The capacity label is a marking, which has to appear either
on the battery label, the battery casing and/or the packaging. The capacity of portable
secondary (rechargeable) batteries and accumulators shall be determined on the basis of
IEC/EN 61951-1, IEC/EN 61951-2, IEC/EN 60622, IEC/EN 61960 and IEC/EN 61056-1
standards depending on chemical substances contained therein.

Battery standards may contain additional labelling prescriptions about the used battery
materials, the power capability and e.g. recycling issues.

1.10.7 UNECE Electric vehicle regulation

The Economic Commission for Europe of the United Nations (UNECE) has developed the
regulation UNECE R100, Battery electric vehicle safety, within committee ECE/TRANS/WP.29
[46]. It concerns safety requirements for road vehicles with an electric power train and a
maximum design speed exceeding 25 km/h. This regulation comprises safety tests regarding
vibration, thermal shock, mechanical shock, fire resistance and charge protection. It is
applicable to complete battery systems and battery packs [47].

Today electric vehicles must specify the battery capacity often only indirectly in a driving range,
which is related to standard driving cycles.

Under the UNECE vehicle regulation two driving profiles to assess the CO; emissions of
vehicles have been developed. These are the New European Driving Cycle (NEDC -
E/ECE/324/Rev.2/Add.100/Rev.3) [48] and the Worldwide Harmonised Light Vehicle Test
Procedure (WLTP - ECE/TRANS/WP.29/GRPE/2018/19) driving profiles [49]. While these
driving profiles have been mainly developed for the assessment of tail pipe emissions of
conventional vehicles they can be also be implemented in the context of Electric Vehicles.
Electric Vehicle manufactures are implementing these driving cycles to inform the consumer
of the total driving range that these vehicles can deliver. These driving cycles are not being
executed to establish the capacity of individual batteries but the driving range that a battery
system of an Electric Vehicle can deliver all the energy stored is consumed.

Furthermore under the UNECE regulation additional safety aspect have to be considered in
relation to Electric Vehicles in UN R100.02 [48]. It aims to protect against electric shock and

21 Title here as from previous examples...
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therefore: direct contact in connectors and during service of the vehicle, indirect contact and
isolation resistance. The UNECE regulation provides also safety in terms of accumulation of
gas, functional safety and determination of hydrogen emissions. It will be transposed in the
future by the regulation GTR 20 encompassing ECE/TRANS/180/Add.20 [50] and
ECE/TRANS/180/Add.20/Appendix | [51].

1.10.8 Regulation on the Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH)

Regulation (EC) No 1907/2006 on the Registration, Evaluation, Authorisation and Restriction
of Chemicals (REACH)?? is regulating the use of chemicals in Europe [52]. REACH addresses
the production and use of chemical substances and their potential impacts on human health
and the environment. It requires all companies manufacturing or importing chemical
substances into the European Union in quantities of one ton or more per year to register these
substances with the European Chemicals Agency (ECHA). The ECHA databases contain over
120000 unigue substances/entries at the start of 2016 [53].

One of the obligations is to inform customers about the ‘Substances of Very High Concern’
(SVHC) that are listed on the ‘Candidate List’ and contained in products in concentrations
higher than 0.1% weight by weight per article. These materials may be found in batteries,
probably as an electrolyte solvent. A further obligation for these substances is to inform the
customer, if necessary, about how to safely use the product. The authorisation procedure aims
to assure that the risks from Substances of Very High Concern are properly controlled and
that these substances are progressively replaced by suitable alternatives while ensuring the
good functioning of the EU internal market.

The Candidate List of substances of very high concern for Authorisation [54] contains at least
two substances known for use in Li-ion batteries:

o 1,2-dimethoxyethane or ethylene glycol dimethyl ether (EGDME, CsH1002) [55]:
electrolyte solvent, very persistent and very bio-accumulative (vPvB)

e 1,3-propanesultone or 1,2-oxathiolane, 2,2-dioxide (CsHsO3S) [56]: electrolyte fluid in
lithium ion batteries, carcinogenic

According to the REACH regulation batteries are identified as articles with no intended release
of the substances they contain. Battery producers are users of chemicals [57]. Providing a
Safety Data Sheet is not mandatory for articles and users of chemicals [58].

1.10.9 The European Ecodesign Directive (2009/125/EC) and its
implementing regulations

The Ecodesign Directive provides consistent EU-wide rules for improving the environmental
performance of products, such as household appliances, information and communication
technologies The Directive sets out minimum mandatory requirements for the energy
efficiency of these products and/or on providing information.

Important content related to battery applications: In Article 1 on ‘Subject-matter and scope’ it
says that it ‘This Directive shall not apply to means of transport for persons or goods’.
Therefore, it does for example exclude Electrical Vehicles as a product itself and products that

22
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are exclusively used for cars, such as tyre labels that have their own Regulation (EC) No
1222/2009 and also batteries which are exclusively for vehicles. This is a legal matter but
could pose challenges to convert the outcomes of this study into policy based on the
Ecodesign Directive. Note however that due to the Vehicle-to-Grid (V2G) technology, EV
batteries might also be used as electricity storage for buildings and have a therefore different
nature than the solely transport-related one.

So far two EU Ecodesign Regulations are currently in preparation that may cover battery
systems:

Commission Regulation (EU) No 617/2013 with regard to Ecodesign requirements for
computers and computer servers includes requirements on the extraction and replacement
of batteries. The review may include requirements on battery durability (proxy of indication on
number of loading cycles that batteries can withstand). A review study of the ecodesign
requirements for this product group has been completed in July 2018 [59].

Potential Commission Regulation and/or Voluntary Initiative within the framework of
the Ecodesign Directive 2009/125/EC with regard to Uninterruptible Power Supplies
(UPS): The status is that a preparatory study has been carried out (Lot 27: Uninterruptible
power supplies). The proposed measures are based on UPS efficiency with a material
resource bonus, hence taking battery efficiency and materials into account. So far there is no
Ecodesign Directive implementing measure yet. However, a voluntary agreement (not under
the Ecodesign Ddirective) has been in place for abut ten years, namely the Code of Conduct
for AC Uninterruptible Power Systems [60].

Note that parallel to this study an Ecodesign Study on Photovoltaic systems is ongoing??, that
also includes battery storage.

It is the purpose of this study to consider further Implementing Measures (IM) for batteries
within the framework of the Ecodesign Directive.

1.10.10 The EU Energy Labelling Framework Regulation (2017/1369)

This EU Regulation sets a framework for energy labelling, simplifying and updating the energy
efficiency labelling requirements for products sold in the EU.

Important content related to battery applications:

¢ In their recitals it says that ‘As the energy consumption of means of transport for
persons or goods is directly and indirectly regulated by other Union law and policies, it
is appropriate to continue to exempt them from the scope of this Regulation, ...'

¢ In Article 1 on ‘Subject-matter and scope’ it says that it ‘does not apply to: (a) second-
hand products, unless they are imported from a third country; (b) means of transport
for persons or goods’.

As a conclusion, it does for example exclude Electrical Vehicles as a product itself. It is
however unclear whether or not this also applies to components for vehicles such as batteries.
This is a legal matter, which goes beyond the scope of this study.

23 http://susproc.jrc.ec.europa.eu/solar_photovoltaics/index.html
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1.10.11 The framework Directive on type-approval for motor and other
vehicles

The technical harmonisation of motor vehicles in the EU is based on the Whole Vehicle Type-
Approval System (WVTA)?*. Under the WVTA, a manufacturer can obtain certification for a
vehicle type in one EU country and market it EU-wide without further tests.

It is based on:

e A framework Directive on type-approval for motor vehicles motor vehicles
(2007/46/EC)

e Regulation (EU) 2018/858 on the approval and market surveillance of motor vehicles
and their trailers, and of systems, components and separate technical units intended
for such vehicles, amending previous regulation

¢ Regulation for two and three-wheeled vehicles and quadricycles (168/2013/EU)
e Regulation for non-road mobile machinery emissions (Regulation (EU) 2016/1628)

Within WVTA the concept of type approval of components is used which might be relevant to
this study:

A ‘whole vehicle’ is made up of large numbers of components and systems, each of which
must conform to corresponding requirements. Suppliers of relevant parts however must
ensure that their products meet those requirements. Type approval makes a distinction
between ‘components for vehicles’ - such as lighting components, glazing, rear view mirrors,
etc - and ‘systems for vehicles’, which determine compliance of many components together,
such as for braking, steering, crash performance and emissions.

1.10.12 The End of Life of Vehicles (ELV) Directive

Directive 2000/53/EC on end-of life vehicles aims at making dismantling and recycling of ELVs
more environmentally friendly. It sets clear quantified targets for reuse, recycling and recovery
of the ELVs and their components. It also pushes producers to manufacture new vehicles
without hazardous substances (in particular lead, mercury, cadmium and hexavalent
chromium), thus promoting the reuse, recyclability and recovery of waste vehicles.

The Commission has an obligation to review the ELV Directive by 31 December 2020.

1.10.13 The Waste of Electrical and Electronic Equipment (WEEE) Directive
Directive 2012/19/EU (WEEE) was issued in 2012 as a recast of Directive 2002/96/EC.

The aim of this directive is expressed by its article 1: ‘This Directive lays down measures to
protect the environment and human health by preventing or reducing the adverse impacts of
the generation and management of waste from electrical and electronic equipment (WEEE)
and by reducing overall impacts of resource use and improving the efficiency of such use.’

The directive puts the responsibility for handling of WEEE on the producers of such equipment.
They shall finance the collection and treatment of their WEEE in a harmonised way that avoids
false competition. Producers will shift payments to the consumers under the principle that the
'polluter pays’, avoiding costs for the general taxpayer.

24 http://ec.europa.eu/growth/sectors/automotive/technical-harmonisation/eu_en
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In WEEE:

o Annex VII requires that batteries have to be removed from any separately collected
WEEE. For specific treatment reference is made to the Batteries Directive.

e Annex VIl requires that batteries in sites for treatment of WEEE are stored in
appropriate containers.

¢ In its recitals reference is made to the batteries directive that contains more specific
requirements for batteries.

1.10.14 Directive on harmonisation of laws on Low Voltage equipment
(LVD)

Directive 2014/35/EU regarding Low Voltage electrical equipment (LVD) was issued in
February 2014 and repeals the existing directive 2006/95/EC with effect from April 2016. The
purpose of this Directive is to ensure that electrical equipment on the market fulfils the
requirements providing for a high level of protection of health and safety of persons, and of
domestic animals and property, while guaranteeing the functioning of the internal market. The
Directive applies to electrical equipment designed for use with a voltage rating between 50
and 1000 V for alternating current and between 75 and 1500 V for direct current. These voltage
ratings refer to the voltage of the electrical input or output, not to voltages that may appear
inside the equipment. For electrical equipment within its scope, the directive covers all health
and safety risks, thus ensuring that electrical equipment will be used safely and in applications
for which it was made. For most electrical equipment, the health aspects of emissions of
electromagnetic fields are also under the domain of the Low Voltage Directive.

1.10.15 Regulation (EU) No 333/2014 to reduce car CO2 emissions

Regulation (EU) No 333/2014 amending Regulation (EC) No 443/2009 sets targets to reduce
CO; emissions from new passenger cars by 2021. By 2021, phased in from 2020, the fleet
average to be achieved by all new cars is 95 grams of CO- per kilometre. This means a fuel
consumption of around 4.1 /100 km of petrol or 3.6 /100 km of diesel. Emission limits are set
according to the mass of vehicle, using a limit value curve. There are penalty payments for
excess emissions. Manufacturers can group together and act jointly to meet the emissions
target. The cars Regulation gives manufacturers additional incentives to produce vehicles with
extremely low emissions (below 50 g/km). Super-credits will also apply in the second stage of
emission reductions, from 2020 to 2022.

The European Commission is currently working on a proposal for setting targets after 2020:
https://ec.europa.eu/clima/policies/transport/vehicles/proposal_en.

The proposed framework combines CO; targets for 2025 and 2030 with a technology-neutral
incentive mechanism for zero- and low-emission vehicles in order to give the market a clear
signal for investment in clean vehicles. Herein are defined:

e zero-emission vehicles such as battery electric or fuel cell vehicles

e |ow-emission vehicles having tailpipe emissions of less than 50 g CO, per km — these
are mainly plug-in hybrid vehicles equipped with both a conventional and an electric
engine

Important herein worth noting that for defining CO. emissions only exhaust emissions are
taken into account, based on how data is reported according to the worldwide harmonized
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light vehicles test procedure (WLTP) or previously the New (1997) European Driving Cycle
(NEDC).

The CO; targets of this regulation are based on measurements at the tailpipe to evaluate the
in-use emissions performance. This is the so-called ‘tank to-wheel’ approach, rather than a
well-to-wheel or life-cycle analysis approach. These other approaches look further along the
emissions chain, e.g. energy involved in producing the fuel/energy used, energy from making
the vehicle or its end-of-life treatment. Nevertheless, these are important issues for this study,
so far CO emissions from electric vehicles (EV) were not taken into account as there is no
consistent methodology in use for such an approach. Hence in the current approach electric
vehicles have attributed 0 g CO2/kWh, in other words it is currently CO, emission targets at
the tail-pipe used in Regulation (EU) No 33/2014 and not the CO2-eq GWP targets from life-
cycle analysis (LCA).

Hence, this Regulation does not take into account indirect CO, emissions that will be modelled
later on in this study.

1.10.16 The car labelling Directive (Directive 1999/94/EC)

The aim is to help drivers choose new cars with low fuel consumption, EU countries are
required to ensure that relevant information is provided to consumers, including a label
showing a car's fuel efficiency and CO; emissions. It is complementary to the Regulation (EU)
No 333/2014 to reduce car CO; emissions, see 1.10.15.

Here again the CO; label is based on measurements at the tailpipe to evaluate the in-use
emissions performance or the so-called ‘tank to-wheel’ approach, rather than a well-to-wheel
or life-cycle analysis approach. Therefore, electric vehicles have attributed 0 g CO2/kWh, in
other words it is currently based on CO; emission at the tail-pipe but not the CO.-eq GWP
targets from life-cycle analysis (LCA).

1.10.17 Weight and dimension limits in road transportation

In Europe regular road transport must comply with certain rules regarding to weights and
dimensions for road safety reasons and to avoid damaging roads, bridges and tunnels. This
is implemented through the Directive (EU) 2015/719 for the indirect impact on the maximum
weight and size laying down for certain road vehicles the maximum authorised dimensions
and the maximum authorised weights. This directive limits regular road transport to 40 tonnes
(incl. trailer), 2.6-meter width, 4-meter height (incl. trailer) and 12-meter length. As an indirect
consequence, in Europe battery application systems as defined in this task for use in
applications that require large storage capacity such as grid support are unlikely to become
larger. For large storage application most likely a set of parallel battery systems will be
installed.

1.10.18 Relevant examples of legislation outside the EU

Looking at the international landscape, different countries have implemented legislation
dealing with the recycling and collection of battery materials. This can be related to chemical
restrictions (mercury, nickel etc.) during manufacturing of batteries and procedures that have
to be followed for the recycling of the battery materials. In Annex A of IEC 60086-6 ED1
Primary batteries - Part 6 Guidance on environmental aspects a list of found international
legislations has been included.
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Table 9: International legislation related to the recycling and restrictions of chemicals in
batteries

Restriction of the Use of Certain Hazardous Substances in Electrical and
669 Electronic Products (China RoHS 2)
China A national standard: Recycling Of Traction Battery Used In Electric
Vehicle-dismantling -specification (GB/T 33598-2017)".
Manufacturers are responsible for recycling and must set up a traceability
systems?® and have a maintenance network
Taiwan Waste Disposal Act
Act on Preventing Environmental Pollution of Mercury
Japan
Act on the Promotion of Effective Utilization of Resources
Enforcement Decree of the Act on the promotion of saving and recycling
Republic of of 726 resources
Korea ELECTRICAL APPLIANCES AND CONSUMER PRODUCTS SAFETY
CONTROL 735 ACT
Singapore Environmental Protection and Management Act
Vietnam Decision No.16/2015/QD-TTg of the Prime Minister
Brazil CONAMA resolution No.401 of Nov.4, 2008
. Resolution 1297/2010 - Secondary batteries of following HS code and
Colombia : .
primary batteries
Israel Environmental Treatment of Electrical and Electronic Equipment and
Batteries Law, 854 5772-2012
Canada Products Containing Mercury Regulations (SOR/2014-254)
Regulation respecting the recovery and reclamation of products by
Quebec :
enterprises
British Recycling Regulation, B.C. Reg. 449/2004, Environmental Management
Columbia Act
Manitoba Regulation 16/2010, Household Hazardous Material and Prescribed
Material 872 Stewardship Regulation
Mercury-Containing and Rechargeable Battery Management Act
USA
New York State Rechargeable Battery Law
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1.10.19 Summary and conclusion on legislation for batteries in the scope
of this study

The main findings of this review are that the outcomes of this study could:

e Result in Implementing Measures in the framework of the Ecodesign Directive
(2009/125/EC), but might require an amendment because means of transport are
exempted

e Provide useful input for a future review of the Car Labelling Directive (D1999/94/EC)
in the case that full life cycle emissions should be considered instead of tail pipe
emissions.

e Define a label for the Energy Labelling Regulation (EU) 2017/1369 for a battery as
standalone product, but might require some amendments because means of transport
are currently exempted or without amendment for batteries that are not exclusively for
mobility.

e Contribute to the review and impact of the Battery Directive (2006/66/EC).

1.11 Other initiatives

Hereafter is a selection of other government supported initiatives that could be relevant for the
study.

1.11.1 Product Environmental Footprint

The European Commission services are working on building the single market for green
products and therefore also the life cycle environmental performance of products and
organisations?®,

There are two methods to measure environmental performance throughout the lifecycle, the
Product Environmental Footprint (PEF) and the Organisation Environmental Footprint (OEF).

Two pilot studies were done?’ related to batteries, one on ‘Batteries and accumulators’ and
another on ‘Uninterruptible Power Supply’.

They will provide useful data to this study.

1.11.2 Nordic Swan ecolabelling for primary batteries

The Nordic Swan is a voluntary official ecolabel in Denmark, Norway, Sweden and Iceland.
For batteries it focuses on portable primary batteries. Since the market for primary batteries is
extensive and since they have differences in environmental and quality properties, the Nordic
Ecolabelling is capable to differentiate and to determine the best ones in terms of
environmental and quality properties.

The ecolabel prescribes much lower maximum values for toxic metals than the Batteries
Directive does. It bans the use of PVC. Clear information on the possible application type must
be given and the ecolabel discerns 3 discharge power levels.

26 http://ec.europa.eu/environment/eussd/smgp/policy_footprint.htm
27 http://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm#pef
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1.11.3 Nordic Swan ecolabelling for rechargeable batteries and portable
chargers

The Nordic Swan Ecolabel focuses on capacity and durability of batteries to ensure long
battery life thereby reducing the resource consumption. At the same time, batteries and
portable chargers must meet recognized quality and safety standards.

The requirements include:
e Threshold values for heavy metals in batteries.
e No use of PVC and a number of flame-retardants in plastic.

e CSR policy to ensure responsible use and sourcing of limited raw materials and
“conflict free” minerals.

e Electrical-, safety- and quality testing of batteries/cells, portable- and battery chargers.

e Nickel metal hydride (NiMH) batteries and cells must be fully charged when leaving the
production site.

e Recyclable design of the portable charger.

1.11.4 Green Public Procurement in the EU

In 2008, the European Commission adopted a Communication on GPP (COM400, 2008),
which, as part of the Sustainable Production and Consumption Action Plan, introduced a
number of measures aimed at supporting GPP implementation?® across the EU. Its key
features are:

e EU GPP criteria
o Helpdesk

e Studies aimed at monitoring GPP implementation
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ABBREVIATIONS

Abbreviations Descriptions

ADR European Agreement Concerning the International Carriage of Dangerous
Goods by Road

AND European Agreement concerning the International Carriage of Dangerous
Goods by Inland Waterways

BEV Battery Electric Vehicle

BMS Battery Management System

Cd Cadmium

CE European Conformity

CIT International Rail Transport Committee

CPA Statistical Classification of Products by Activity
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CRM Critical Raw Materials
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HEV Hybrid Electric Vehicle
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HREEs Heavy rare earth elements

IATA International Air Transport Association

ICT Information and Communications Technology
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IM Implementing Measure

IMDG International Maritime Dangerous Goods Code

IMO International Maritime Organization

ISO International Organization for Standardization

JRC Joint Research Centre

LCA Life Cycle Assessment

LCl Life Cycle Inventory, which is the data collection and modelling part of an
LCA

LCIA Life Cycle Impact Assessment. In the LCIA, the environmental impact of the
LCA model is analysed

LCO Lithium-ion Cobalt Oxide
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LiB Lithium ion Battery
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LvVD Low Voltage Directive

MEErP Methodology for Ecodesign of Energy related Products

NACE Statistical Classification of Economic Activity
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PCM Protection Circuit Module
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PHEV Plug-in Hybrid Electric Vehicle
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PV Photovoltaic
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chemicals

RID International Carriage of Dangerous Goods by Rail
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UN United Nations
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General introduction of this annex

The general objective of this annex is to dentify gaps in the available relevant standards in relation to
Ecodesign Regulation for batteries. If important gaps exist to obtain critical ecodesign parameters,
then transitional measurement methods need to be developed. The test standards are related to the
product categories described within the scope of this study, being high energy rechargeable batteries
of high specific energy with lithium chemistries for e-mobility and stationary energy storage (see
Task 1 “Scope”). Standards are documents drawn up by consensus and approved by a recognised
standardisation body. A test standard describes a method of testing in which no pre-given result is

required when performing the test.

This task is done in cooperation with JRC and is included as a separate annex to Task 1 (scope).

The standards that have been analysed in detail are:

IEC 62660-1:2018

SO 12405-4:2018

DOE-INL/EXT-15-
34184 (2015)
DOE-INL/EXT-07-
12536 (2008)
SAE J1798:2008

ISO/DIS 18243: 2017

IEC 62620: 2014
IEC 61427-2: 2015
IEC 62984-3-2:2017

BVES Effizienzleitfaden
(2017)

ANSI/CAN/UL
1974:2018

Nordic Swan Ecolabel
(2018)

IEC 60086-6 (2017)
IEC/TS 62933-4 (2017)

IEC 63218 (under dev.)

Secondary lithium-ion cells for the propulsion of electrical road
vehicles - Performance Testing.

Electrically propelled road vehicles --Test specification for
lithium-ion traction battery packs and systems -- Part 4:
Performance testing

U.S. DOE Battery Test Manual for Electric Vehicles

Battery test manual for plug-in hybrid electric vehicles

Recommended Practice for Performance Rating of Electric
Vehicle Battery Modules

Electrically propelled mopeds and motorcycles -- Test
specification and safety requirements for lithium-ion battery
system

Secondary lithium cells and batteries for use in industrial
applications

Secondary cells and batteries for renewable energy storage Part
2 On grid applications

High Temperature Secondary Batteries — Part 3: Sodium-based
batteries — Section 2: Performance requirements and tests

BVES Effizienzleitfaden

Standard for evaluation for repurposing batteries

About Nordic Swan Ecolabelled Rechargeable batteries and
portable chargers

Primary batteries: Guidance on environmental aspects

Electrical Energy Storage (EES) Systems - Guidance on
environmental issues

Secondary Li-ion, Ni-Cd, and Ni-MH cells and batteries for
portable applications - Guidance on environmental aspects

A summary of the contents concerning test methods are given in this annex with help of tables. These
standards are about performance testing as needed for ecodesign regulation. Safety tests have been
kept out of the scope.
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Complementary detailed information about the standards included in this annex and concerns with
them can also be found on/in:

https://www.batterystandards.info/ ?,

the public document of the MAT4BAT project Deliverable 5.1 ‘List of relevant regulations and
standards’ [1],

the JRC technical report on ‘Standards for the performance assessment of electric vehicles
batteries’ [2],

the testing document ‘White Paper on Test methods for improved battery cell understanding’
that was developed by a cooperation between European battery projects [3],

the JRC report ‘Putting science into standards - Driving towards decarbonisation of transport:
safety, performance, second life and recycling of automotive batteries for e-vehicles’, 2016
(4],

the JRC technical report ‘Sustainability assessment of second life application of automotive
batteries (SASLAB)’, 2018. [5],

and of course in the respective standards.

These documents also give information on battery safety and safety tests, what is less the subject of
ecodesign.

After this general introduction, this annex covers the following sections:

Section 1 gives the summary of the identified gaps of relevant battery standards.

Section 2 starts with a short introduction on standards and standardisation bodies followed
sub-sections with lists of battery standards per standardisation committee.

Section 3 provides a more detailed overview including descriptions of relevant standards by
subject, being: measurement and testing, electric vehicle applications, other applications,
environment related topics, reuse of batteries, and functioning during use phase.

! This website is dedicated in supporting your way through standards on rechargeable batteries and system

integration.
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1. Identified gaps of relevant battery standards

This section summarises the identified gaps of relevant standards in relation to Ecodesign Regulation
for batteries. The structure of this summary follows the structure of the tasks considered within the
Methodology for Ecodesign of Energy-related products (MEErP). The gaps come from the analysis on
standards in chapter 3 and from gaps given in the above mentioned reports, as far as they relate to
ecodesign issues.

For defining the scope, related to Task 1:

e |t can be concluded that all definitions for the scope can be done according to IEC/ISO
standards, except Calendar life, Specific power / Gravimetric power density and Volumetric
Power density.

Concerning performance metrics on product life time and efficiency related to Task 3:

e The performance metrics such as energy content and internal resistance are defined in the
standards. However, in each standard and for each application (even within one standard
since it can cover several applications) the exact methodology is dissimilar. Also, several
methodologies can be given for the same metrics. This means that the capacity (in Ah) can
be based one.g. a1l h,5 h or 8 h discharge period or even on a discharge with a specific
current profile. Resistance values may be derived from a pulse test, a jump in discharge
current, but also from an AC signal.

e Most standards have test clauses to express the capacity in Ah. This unit is prescribed by the
European regulation 1103/2010 on capacity labelling of portable secondary and automotive
batteries (i.e. starter battery, not electric vehicle battery). Few standards prescribe the
determination of energy content expressed in kWh, like the proposed functional unit,
especially for standards outside automotive.

e The energy involved in heat and cooling of the battery system is not determined in
standards.

e The capacity tests in the standards ignore that cells can be charged at several current rates.
This is, however, of interest for e.g. quick charging and regenerative braking. It must be
noted that charging is mostly not allowed in the same temperature range as discharging if
no active heating is present (i.e. only above 0°C).

e The heating and cooling of the battery is within the study’s system boundary. However, the
needed energy is outside the boundary and will be an arbitrary value. It must be noted that
the test standards do not measure this value, what could have been used as a reference.

e For cycle life tests (repeated imposition of a test profile on the battery expressed in current
or power) many profiles exist. 14 have been identified in the relevant standards. Each
application has a profile and dissimilar standards may have a different profile. The profiles
found are always a simplification of real profiles like the battery would undergo during e.g. a
WLTP test.

e Most cycle life tests are applied at 25°C but also one at 30 and one at 45°C. One test
standard mentions that the cooling system has to be switched on. The reason for the testing
temperatures are not given in the standards. [2]

e Cycle life tests do not take into account temperature profiles, like a series of temperature in
weekly consecution such as -10°C, 25 and 45°C. Dissimilar charging and discharging
temperatures are not considered. Cycle life tests are not combined with calendar life tests.
Few standards incorporate calendar life examination anyway. [2]

11



EUROPEAN COMMISSION

The influence of mechanical stresses like vibrations and shocks, so mechanical ageing, is not
considered in the relevant standards. [4]

In European battery development projects often an ageing test programme is performed
with a swarm of test conditions being a combination of calendar life testing and cycle life
tests with simple profiles. These conditions allow to derive the ageing behaviour
comprehensively and goes therefore beyond single use cases. This generic approach is not
found in current test standards. [3] [4]

Several standards give end of life criteria, defining when the battery is not useful anymore.
This is mostly related to the specific, application dependent, test cycle: if the profile imposed
as cycle life test cannot be performed anymore since the battery voltage hits upper and or
lower limit almost immediately, or e.g. that the battery becomes too hot during the cycling,
then this is considered as an end of life state.

No clear definition of SOH exists and it is differently used over applications and
manufacturers. Battery degradation is a combination of phenomena as capacity fade, power
fade, efficiency reduction, rise in cooling demand and negative incidents. A more elaborate
approach to tackle SOH is therefore needed. Even if SOH only refers to capacity fade then
still the calculation method has to be clarified since the nominal capacity can be taken or the
capacity related to the needed power. [4]

The indicators for SOH should be openly available from the BMS [4]. Alternatively, a
traceability and tracking system for battery packs must be conceived.

End of life (EOL) information: the BMS has currently no prescribed role in it, although it could
give information on remaining capacity, actual power capability (being limited by either the
battery resistance or the battery cooling capability) and negative events that happened. This
information is of interest for the possibility to repair modules in a battery system and for
repurposing batteries to a second life application. The standard ANSI/CAN/UL1974 provides a
list with information that a BMS should provide to understand the battery health.

The standard ANSI/CAN/UL1974 on repurposing of batteries introduces the calendar
expiration date. A battery should not be used longer than this date. This date must be
provided by the manufacturer. Current battery standards do not require this information. It
must be stated that the battery life is much dependent on the use conditions such as the total
time being at 100% SOC. Unlike primary batteries such a date is currently not given on
secondary batteries.

SOH determination by advanced techniques like electrochemical impedance measurement
can be treated in standards as additional indicators [4].

For material efficiency aspects (life time, repair, recycling, ...), related to Task 4/5:

There are no voted standards currently and work is in progress within CEN/CLC/JTC 10—
'Energy-related products-Material Efficiency Aspects for Ecodesign’.

For carrying out environmental life cycle assessments (LCA), related to Tasks 5/6:

There are two ISO standards for drafting LCA studies (ISO 14040 and I1SO 14044). However,
they leave LCA practitioners with an array of choices that can affect the execution and
results of an LCA. A tighter framework is available throuht the CEN/TC 350 EN 15804
standardand through the Product Environmental Footprint (PEF) methodology . However,
the first mentioned is specifically for the construction sector, and the latter is not a standard
but a harmonised European method. Nevertheless, there is a standard under development
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that can possibly fill the gap for batteries: prEN 50693 ‘Method for quantitative eco design
via life cycle assessment and environmental declarations through product category rules for
EEE’.

Unified guidelines or harmonized approaches for performing LCA do not exist and different
analyses may yield conflicting results when second use applications are considered, due to
variability in assumptions, scope of the application and scenarios (e.g. considerations for
recycling, costs and energy involved in manufacturing) [4].

Most software and databases are proprietary which could hamper to include LCA results
such as a carbon footprint in EC Regulation. The following LCA methods and tool are not
standards but can be interesting in order to overcome proprietary issues:

o openLCAis an open source and free software for LCA. It is developed and hosted by
GreenDelta, an independent sustainability consulting and software company in
Berlin, Germany. It is sustained by a network of partners, contributors, supporters
and a user community. openLCA can offer free databases for use in openLCA and
other datasets can be directly imported in case the datasets are in EcoSpold or ILCD
format (common LCA dataset formats). It is highly likely that there are no LiB
datasets in openLCA.

o There is a lack of test cases and/or standards to test whether LCA software is
calculating correctly. Within the LCA community it is a well-known problem that
using a different LCA software can lead to different results even when calculating
the same model and using the same dataset.

o The Life Cycle Data Network is hosted by the EC/JRC and aims to provide a globally
usable infrastructure for the publication of quality assured LCA dataset (i.e. LCI
datasets and LCIA method datasets) (http://eplca.jrc.ec.europa.eu/). It aspires to
include the Environmental Footprint (EF) datasets for representative products and a
benchmark (http://eplca.jrc.ec.europa.eu/EF-node/). So far, the datasets for LiB are
not publicly available yet.

o The GREET model of Argonne National Lab is a model for “Greenhouse gases,
Regulated Emissions, and Energy use in Transportation”. It is available in excel
format and .NET format. The aim is to get a full life cycle carbon emission impact
estimate from well to wheels for fuels and raw material mining to vehicle disposal
for automobiles (https://greet.es.anl.gov/). It includes recent carbon footprint data
for LiB. This public domain model is available free of charge for anyone to use.

For re-sales and repurposing of batteries:

For a profitable second use of batteries, additional costs as for testing, disassembly and
retrofitting need to be minimised [4]. The original battery design and the BMS have a high
impact on this. Since a BMS designed for an EV application would probably not be suitable for
a second use application, the possibility of uploading adapted firmware must be considered.
These issues are not in nowadays standards. Test methods to assess battery reliability, safety
and performance at the end of first life use are absent. Criteria and guidelines to determine
the suitability for a relevant second use can be developed. Standardised interfaces for
hardware and software, including connectors, would support this minimised cost approach
[4].

Use information on the first life application, beyond the remaining capacity, is necessary.
The standard ANSI/CAN/UL1974 identifies the information need. This information is

13


http://eplca.jrc.ec.europa.eu/
http://eplca.jrc.ec.europa.eu/EF-node/
https://greet.es.anl.gov/

EUROPEAN COMMISSION

however probably not reachable, partly since it is not stored, partly since a BMS is probably
not accessible by third-parties. Open BMS information that includes sufficient use history
information can help. A traceability system of battery packs can lead to a similar
functionality.

For repurposing and recycling activity, standardised battery module sizes and pack sizes can
help. Size standardisation is currently only at cell level (ISO/PAS 19295: 2016;
DIN 91252:2016).

For recycling of batteries:

Explicit information and guidance on battery recycling is lacking in current standards.

Little information is available on the material contents of batteries by labelling standards with
IEC 62902 being the most important one. The argument is that it should not be too visible
which Li-ion battery has most value for recycling. However, a database or traceability system
can fulfil this information gap.

Standards that define battery marking including the principal active materials (i.e IEC 62620,
IEC 61960) need to anticipate new active materials like a silicon based anode.

Harmonised calculation methods for the recycling efficiency to avoid data misinterpretation
is welcomed. This should include environmental aspects like waste styreams, incineration with
energy recovery and final landfilling or elimination. [4]

Harmonised quantification of key indicators as CO, footprint, recycling percentage, toxicity
and recycling cost is needed [4].
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2. Overview of relevant standards according to their standardization
bodies
2.1. Introduction to standards and standardization bodies

Standards are not written by a government, but by standardisation organisations. These can be public
and private. Typically, they refer to product performance or quality assurance. Standards are
voluntarily, except if a specific standard is prescribed in a national regulation, which occurs rarely. If
standards exist for a certain product group, it is recommendable to investigate if a product complies
with it. Standards give a raised confidence if it the standard is about product design and safety.
Standards can also lead to better insight in the performance of products by prescribing performance
tests.

In Europe a special category of standards exists: the harmonised standards. These are commissioned
by the European Commission to comply with specific directives, like the machine directive, gas
appliances directive and of course the Ecodesign directive. The General product safety directive
2001/95/EC % encourages explicitly to use harmonised standards, since products designed accordingly
are assumed to be safe.

The harmonised standards are made by the European Committee for Standardization (CEN) and the
European Committee for Electrotechnical Standardization (CENELEC). Often CEN and CENELEC take
over standards by the International Electrotechnical Committee (IEC) and the International Standards
Organisation (ISO) and add clauses to bring the standards in accordance with the European rules on
e.g. environmental protection, safety and consumer protection. The complete list of harmonised
standards is can be found online3. The use of these standards remains voluntary, but manufacturers
then have an obligation to prove that their products meet the essential requirements written in each
applicable directive.

Standards are made with dissimilar aims and can mix several objectives. These can be:
- design

- performance tests

- safety design

- safety tests

- environmental protection

- classification

- guidance

- recommendation.

A standard can thus be found that guides the battery user in the different types of batteries and
installation methods. A standard can explain how to design a battery installation, probably stressing
safety aspects whereas other standards can prescribe performance tests and safety tests and often
refer to standards with test methods that work out specific test conditions.

Closely related to batteries are standards that involve:

2 https://eur-lex.europa.eu/legal-content/NL/TXT/PDF
3 https://ec.europa.eu/growth/single-market/european-standards/harmonised-standards en
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- functional safety

- test methods.

Standards can cover different life cycle stages being:
- design

- production

- transport

- installation

- use

- return.

Standardisation on batteries is much broader than the legislation and many bodies are developing
standards. The worldwide standardisation organisations that include battery standardisation are:

- International Electrotechnical Commission, IEC
- International Standardisation Organisation, ISO

At European level the European Committee for Electrotechnical Standardization, CENELEC, is involved
regarding batteries.

At national level there are also active organisations (e.g. China® Japan Electric Vehicle Association
Standards (Japan), VDE (Germany), DIN (Germany), ANSI (United States of America)).

Also, commercial organisations and associations develop standards on batteries (e.g. Underwriters
Laboratory, UL, Telcordia, SAE, DNV GL, Ellicert, BATSO).

For standards on batteries for electric vehicle standards a work division has been made between IEC,
ISO, CEN and CENELEC. IECTC 21 and SC21A develop standards from cell to pack level. ISO TC22 works
on system level. This is visible for example in ISO 14205 series ‘Electrically propelled road vehicles —
Test specification for lithium-ion traction battery packs and systems’. In the scope it states that ISO
12405 specifies test procedures for lithium-ion battery packs and systems which are connected to the
electric propulsion system of electrically propelled vehicles. For the specifications for battery cells, the
series refer to IEC 62660-1 to 3 ‘Secondary lithium-ion cells for the propulsion of electric road vehicles’.

At European level there are two counter parts. For IEC TC21 and SC21A, there is committee (CENELEC)
CLC/TC21. This committee has as objectives: to implement IEC/TC 21/SC 21A documents into CENELEC
standards; to prepare Product Standards, general requirements and methods of testing included; to
prepare Safety Standards and associated Codes of Practice; to consider Environmental Requirements
(EC Rules) for the products.

The counterpart for 1ISO TC 22 is CEN/TC301 ‘Road vehicles’. It is very explicit on their relation:
“Preparation of road vehicle European Standards answering essentially to European mandates. Since
the automotive industry is acting globally, the international level (ISO/TC 22 Road vehicles) shall have
top priority for any other standardization projects.”

4 http://www.eu-china-standards.cn
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2.2. Standards from IEC committees on batteries

An overview of well-known standards and relevant for the Ecodesign preparatory study that are
published under each per committee is given here. Additional information on standards under
development by the committees is also given.

2.2.1. IEC TC21 Secondary cells and batteries

The scope of this committee is to provide standards for all secondary cells and batteries related to
product, safety, testing, and safe application.

e |EC 61427 series - Batteries for renewable energy storage

They contain:

— Part 1: Photovoltaic off-grid application
— Part 2: On-grid applications

e |EC 62485 series - Safety requirements for secondary batteries and battery installations (with parts
for Li-ion, lead-acid, ...)

They contain:

— Part 1: General safety information

— Part 2: Stationary batteries

— Part 3: Traction batteries (planned, no document)

— Part 4: Valve-regulated lead-acid batteries for use in portable appliances (planned, no
document)

— Part 5: Safe operation of stationary lithium-ion batteries

— Part 6: Safe operation of lithium-ion batteries in traction applications

e |EC/EN 60952 series - Aircraft batteries

e |EC/EN 60896 series - Stationary lead-acid batteries

e |EC/EN 60254-1 - Lead-acid traction batteries

e |EC/EN 61056 series - General purpose lead-acid batteries (valve-regulated types)

e |EC61982 series Secondary batteries (except lithium) for the propulsion of electric road
vehicles

They contain:

— Performance and endurance tests (no part number)
— Part 4: Safety requirements of nickel-metal hydride cells and modules

e |EC 62660 series - Secondary lithium-ion cells for the propulsion of electric road vehicles
They contain:

— Part 1: Performance testing
— Part 2: Reliability and abuse testing for lithium- ion cells
— Part 3: Safety requirements

e |EC 62932 series - Flow battery systems for stationary applications
e |EC 62984 series - High Temperature Batteries
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— Part 1: General aspects, definitions and tests
— Part 2: Safety requirements and tests of cells and batteries
— Part 3: Sodium-based batteries — Performance requirements and tests

e |EC 61429 - Marking of secondary cells and batteries with the international recycling symbol ISO
7000-1135. (This standard applies to lead-acid batteries (Pb) and nickel-cadmium batteries (Ni-

Cd).)

e |EC 62902 - Marking symbols for secondary batteries for the identification of their chemistry. (This
standard applies to lead acid (Pb), nickel cadmium (Ni-Cd), nickel metal hydride (Ni-MH), lithium
ion (Li-ion), secondary lithium metal (Li-metal).)

2.2.2.

IEC SC21A Batteries with alkaline and other non-acid electrolytes

IEC SC21A prepares standards regarding product and test specifications for all secondary cells and
batteries of sealed and vented designs containing alkaline or other non-acid electrolytes, being lithium

batteries.

IEC/EN 62133 series

IEC 62620
IEC 62619

IEC 61960 series
IEC/EN 61951 series
IEC/EN 60622

IEC/EN 60623
Under development

Under development

Under development

Under development

2.2.3.

Safety requirements for portable sealed secondary cells, and for batteries
made from them, for use in portable applications.

Secondary lithium cells and batteries for use in industrial applications
Safety requirements for secondary lithium cells and batteries for use in
industrial applications

Secondary lithium cells and batteries for portable applications

Portable sealed rechargeable single cells (NiCd, NiMH)

Sealed nickel-cadmium prismatic rechargeable single cells

Vented nickel-cadmium prismatic rechargeable single cells

Secondary lithium-ion, nickel cadmium, and nickel metal hydride cells and
batteries for portable applications — Guidance on environmental aspects (IEC
63218)

Safety requirements for secondary lithium cells and batteries for use in
electrical energy storage systems (IEC 63056)

Secondary lithium batteries for use in road vehicles not for the propulsion
(IEC 63118)

Safety requirements for secondary lithium batteries for use in road vehicles
not for the propulsion (IEC 63057)

IEC TC35 Primary cells and batteries

They are out of scope for rechargeable Li-ion batteries, except their transport standard:

IEC/EN 62281

Safety of primary and secondary lithium cells and batteries during transport

It is almost a copy of UN38.3 except small differences in test preparations. A
comparison is found in the table on safety tests on BatteryStandards.info:
https://www.batterystandards.info/sites/batterystandards.info/files/safety tests d

etailed.pdf .
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IEC 60086 series Primary batteries
Interesting can be Part 6: Guidance on environmental aspects.
2.2.4. IEC TC120 Electric energy storage (EES) systems

This committee works on standardisation in the field of grid integrated EES Systems. It focusses on
system aspects on EES Systems rather than energy storage devices.

IEC 62933-1
IEC 62933-2

IEC 62933-3
IEC/TS 62933-4
IEC/TS 62933-5

Electrical Energy Storage (EES) systems - Terminology

Electric Energy Storage (EES) systems - Unit parameters and testing methods
of electrical energy storage (EES) system - Part 1: General specification
Planning and installation of electrical energy storage systems

Electrical Energy Storage (EES) Systems - Guidance on environmental issues
Safety considerations related to the integrated electrical energy storage
(EES) systems

2.2.5. IEC TC69 Electric road vehicles and electric industrial trucks

The scope of this committee is on the preparation of international standards for road vehicles, totally
or partly electrically propelled from self-contained power sources, and for electric industrial trucks.

IEC 62576 Electric double-layer capacitors for use in hybrid electric vehicles - Test
methods for electrical characteristics

IEC 61851 series Electric vehicle conductive charging system; under development are
communication protocols

IEC 61980 series Electric vehicle wireless power transfer (WPT) systems

IECTS 62763 Pilot function through a control pilot circuit using PWM (pulse width
modulation) and a control pilot wire

IEC 62840 series Electric vehicle battery swap system

2.2.6. IEC TC113 Nanotechnology standardization for electrical and electronic

products and systems

IEC TC113 works on standardisation of the technologies relevant to electrotechnical products and
systems in the field of nanotechnology.

IEC TS 62607 series
IEC 62565 series

IEC/TS 62876 series
ISO/TS 80004 series

Nanomanufacturing - Key control characteristics
Nanomanufacturing - Material specifications
Nanotechnology - Reliability

Nanotechnologies - Vocabulary

Concerning battery materials, some standards on nano-enabled energy storage are:

IECTS 62607-4 series
It concerns:

Nanomanufacturing - Key control characteristics

— Part 4-1: Cathode nanomaterials for nano-enabled electrical energy storage - Electrochemical

characterisation, 2-electrode cell method

— Part 4-2: Physical characterization of nanomaterials, density measurement
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Part 4-3: Nano-enabled electrical energy storage - Contact and coating resistivity measurements for
nanomaterials

Part 4-4 Thermal Characterization of Nanomaterials, Nail Penetration Method

Part 4-5 Cathode nanomaterials - Electrochemical characterisation, 3-electrode cell method

Part 4-6: Nano-enabled electrical energy storage devices - Determination of carbon content for nano
electrode materials, infrared absorption method

Part 4-7: Nano-enabled electrical energy storage - Determination of magnetic impurities in anode
nanomaterials, ICP-OES method

Under development Nanomanufacturing — Part 4-8 Nano-enabled electrical energy storage
devices - water content for electrode nanomaterials by Karl Fischer Method
(NWP IEC TS 62607-4-8)

2.2.7. Other battery related IEC standards

IEC 60364-5-57 ED1 Low-voltage installations - Part 5 Selection and erection of equipment - Clause
57 Erection of stationary secondary batteries

2.2.8. IEC TC 111 Environmental standardization for electrical and electronic
products and systems

This committee prepares the necessary guidelines, basic and horizontal standards, including technical
reports, in the environmental area, in close cooperation with product committees of IEC. It liaises
ISO/TC 207 (mentioned later).

IEC 62430 Environmentally Conscious Design (ECD) - Principles, requirements and guidance
2.3. Standards from ISO committees
2.3.1. ISO TC22 Road vehicles

This committee has several subcommittees dealing with the application of batteries in electric
drivetrains.

SC 37 Electrically propelled vehicles

ISO 12405 series Electrically propelled road vehicles -- Test specification for lithium-ion
traction battery packs and systems
They contain:
— (Part 1: High-power applications: obsolete and replaced by part 4 in 2018)
— (Part 2: High-energy applications: obsolete and replaced by part 4 in 2018)
— Part 3: Safety performance requirements
— Part 4: Performance testing

ISO 6469 series Electrically propelled road vehicles -- Safety specifications

ISO/TR 8713 Electrically propelled road vehicle — Vocabulary

ISO/IEC PAS 16898 Electrically propelled road vehicles - Dimensions and designation of
secondary lithium-ion cells

ISO 18300 Electrically propelled road vehicles -- Specifications for lithium-ion battery

systems combined with lead acid battery or capacitor
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ISO/PAS 19295:2016 Electrically propelled road vehicles -- Specification of voltage sub-classes for
voltage class B

ISO 20762 Electrically propelled road vehicles — Determination of power for propulsion
of hybrid electric vehicles
Under development ISO/DIS 21782 series Electrically propelled road vehicles -- Test specification

for electric propulsion components.
They contain:

Part 1: General

Part 2: Performance testing of motor system

Part 3: Performance testing of motor and inverter

Part 6: Operating load testing of motor and inverter

Under development ISO/DIS 19363 Electrically propelled road vehicles -- Magnetic field wireless
power transfer -- Safety and interoperability requirements

Under development ISO/DIS 21498 Electrically propelled road vehicles -- Electrical tests for
voltage class B components

SC 38 Motorcycles and mopeds

ISO 13064-1:2012 Battery-electric mopeds and motorcycles -- Performance -- Part 1: Reference
energy consumption and range
ISO 18243 Electrically propelled mopeds and motorcycles — tests and safety

requirements Li-ion battery systems
Under development ISO/AW! 23280 Electrically propelled mopeds and motorcycles -- Test
method for performance measurement of traction motor system

SC 32 Electrical and electronic components and general system aspects

ISO 19453 series Road vehicles — Environmental conditions and testing for electrical and
electronic equipment for drive system of electric propulsion vehicles
They contain:
— Part 1: General
— Part 2: Electrical loads
— Part 3: Mechanical loads
— Part 4: Climatic loads
— Part 5: Chemical loads

Under development ISO 19453 Road vehicles — Environmental conditions and testing for
electrical and electronic equipment for drive system of electric propulsion
vehicles:

Part 6: Traction battery packs and systems

2.3.2. ISO TC207 Environmental management

This committee works on standardisation in the field of environmental management systems and tools
in support of sustainable development. It has several working groups and subcommittees including
Life cycle assessment.
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SC 5 Life cycle assessment

— ISO 14040:2006: Environmental management — Life cycle assessment — Principles and
framework

— ISO 14044:2006: Environmental management — Life cycle assessment — Requirements and

guidelines
2.4. Specific standards from CEN and CENELEC committees
2.4.1. CENELEC CLC/TC21X Secondary cells and batteries

This committee has as objectives: to implement IEC/TC 21/SC 21A documents into CENELEC standards;
to prepare Product Standards, general requirements and methods of testing included; to prepare
Safety Standards and associated Codes of Practice; to consider Environmental Requirements (EC
Rules) for the products.

EN 50604-1:2016 Secondary lithium batteries for light EV (electric vehicle) applications - Part
1: General safety requirements and test methods

EN 50272 series Safety requirements for secondary batteries and battery installations.
Note: this standard will be replaced by IEC 62485 series.

EN 50342 series Lead-acid starter batteries

2.4.2. CEN/TC301 Road vehicles

This committee is involved in the preparation of road vehicle European Standards answering
essentially to European mandates. As counterpart for ISO TC 22 that committee has priority for any
other standardization projects.

EN 1987 series Electrically propelled road vehicles - Specific requirements for safety
For batteries is of interest:

— Part 1: on board energy storage

2.4.3. CENELEC CLC/TC111x Environment

CLC/TC111x deals with environmental aspects for electrical and electronic products and systems. It
enhances CENELEC's environmental links with the European legal framework, particularly in the
context of standardization aspects of EU environmental regulations and directives. It assists product
committees in the elaboration of environmental requirements of product standards.

prEN 50693 Method for quantitative eco design via life cycle assessment and environmental
declarations through product category rules for EEE (under development)

FprEN 50614 Requirements for the preparing for re-use of waste electrical and electronic
equipment (under development)
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244. CEN-CENELEC Joint Technical Committee 10 on Energy-related products —
Material Efficiency Aspects for Ecodesign

CEN/CLC/JTC 10 is a Joint Technical Committee between CEN and CENELEC in response to the EU
Standardization Mandate/543 for Material Efficiency aspects. All standards are in development. They
will have numbers EN 4555X.They must be horizontal and generic: not product specific. These
standards could serve as a voluntary reference point when designing all kinds of products.

CLC/prTR 45550 Definitions related to material efficiency (under drafting)

CLC/prTR 45551 Guide on how to use generic material efficiency standards when writing
energy related product specific standardization deliverables (under drafting)

prEN 45552 General method for the assessment of the durability of energy-related
products (under drafting)

prEN 45553 General method for the assessment of the ability to re-manufacture energy
related products (under drafting)

prEN 45554 General methods for the assessment of the ability to repair, reuse and
upgrade energy related products (under drafting)

prEN 45555 General methods for assessing the recyclability and recoverability of energy
related products (under approval)

prEN 45556 General method for assessing the proportion of re-used components in an
energy related product (under approval)

prEN 45557 General method for assessing the proportion of recycled content in an energy
related product (under approval)

prEN 45558 General method to declare the use of critical raw materials in energy related
products (under approval)

prEN 45559 Methods for providing information relating to material efficiency aspects of
energy related products (under approval)

2.5. Standards from national bodies

E_VDE-AR-E_2510-50

E_VDE-AR-E_2510-2

Sicherheitsanférderungen Stationdre Li-ionspeicher

Safety requirements for stationary battery energy storage systems with
lithium batteries

Stationdre_Speicher_ans_NS-Netz
About the safe connection of batteries to the low voltage grid

DIN 91252 Electrically propelled road vehicles - Battery systems - Design specifications
for Lithium-lon battery cells (this standard specifies cell formats)

2.6. Standards from private and governmental bodies

UL 1642 UL Standard for Safety of Lithium Batteries

UL 2580 Batteries for Use in Electric Vehicles

UL 2271 Batteries For Use In Light Electric Vehicle (LEV) Applications
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UL 1973

ANSI/CAN/UL 1974
SAE 2288

SAE J2344

SAE J2289

SAE J2464

SAE J2929

SAE J2950

SAE J2997
SAE J2758

Ellicert Batteries

BATSO 01

BATSO 02
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Batteries For Use In Electric Vehicles

Batteries for Use in Stationary, Vehicle Auxiliary Power and Light
Electric Rail (LER) Applications (the scope of UL 1973 includes batteries
for use as auxiliary power in recreational vehicles and for temporary
energy storage system applications that are mobile but used as
stationary energy storage.)

Standard for evaluation for repurposing batteries

Life Cycle Testing of Electric Vehicle Battery Modules
Guidelines for Electric Vehicle Safety

Electric-Drive Battery Pack System Functional Guidelines

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

Safety Standard for Electric and Hybrid Vehicle Propulsion Battery
Systems Utilizing Lithium-based Rechargeable Cells

Recommended Practices (RP) for Shipping Transport and Handling of
Automotive-Type Battery System - Lithium lon

Standards for battery secondary use (under development)

Determination of the maximum available power from a rechargeable
energy storage system of hybrid electric vehicle (under development)

Certification scheme for battery cells and packs for rechargeable
electric and hybrid vehicles — General requirements relating to
certification — Application to Lithium based elements

Manual for evaluation of energy systems for Light Electric Vehicle (LEV)
- Secondary Lithium Batteries

Manual for evaluation of energy systems — Secondary Lithium Batteries
(stationary applications)

BVES Effizienzleitfaden fiir PV-Speichersysteme V1.0.4 (2017)

DOE-INL/EXT-15-34184
DOE-INL/EXT-07-12536

From ‘Bundersverband Energiespeicher’ in Germany. It provides test
methods to determine the energy efficiency of home solar storage
systems. It discerns the efficiency and energy losses of the inverter(s)
and the battery separately.

Battery test manual for electric vehicles

Battery test manual for plug-in electric vehicles.
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Nordic Swan Ecolabel Primary Batteries

The Nordic Swan is a voluntary official ecolabel in the Scandinavian
countries, Denmark and Iceland.

Nordic Swan ecolabelling for rechargeable batteries and portable chargers
The Nordic Swan Ecolabel focuses on capacity and durability of
batteries. Batteries and portable chargers must meet recognized quality
and safety standards.

Recharge PEFCR Product environmental footprint category rules for high specific energy
rechargeable batteries for mobile applications.
Note: a PEFCR is a guideline based on the harmonised PEF method.
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3. Overview of relevant standards per topic

3.1. Measurement and test standards

The assessment of the performance of batteries has been dealt with by multiple international
organizations, as elaborated in the previous chapter. Depending on the type of application specialized
standards have been developed. Although different standards have been created it is commonly found
that the same type of testing topics are applied on the battery with different test conditions. This can
involve the prescribed current to discharge a battery or the current profile and depth of discharge in
a cycle-life test. The testing method independently of the application can be separated into four main
categories. These are related with the:

— Characterization tests: electrical and energy performance of the system under different load
profiles. For the Ecodesign preparatory study this is of main importance.

— Ageing tests: the behaviour of the system throughout the lifetime that it is being operated.
For the Ecodesign preparatory study this is of main importance.

— Safety/Abuse tests: assessment of the safety of the system under different stress conditions
for safe utilization and transportation of the system. For the Ecodesign preparatory study this
is of low importance.

— Material testing: characterization of the materials incorporated in the system. This category
is found in environmentally related standards, on the determination of heavy metals for
instance, and are found as individual standards by IEC TC113 on nanotechnology.

3.2. Relevant standards for EV application

The characterization tests and ageing tests are mainly being implemented in the context of Electric
Vehicle applications. In the following list the main international standards dealing with the assessment
of the electrical performance of high specific energy batteries in Electric Vehicle applications are listed:

— |EC 62260-1:2010: Secondary lithium-ion cells for the propulsion of electric road vehicles;

— |EC 61982:2012: Secondary batteries (except lithium) for the propulsion of electric road
vehicles - Performance and endurance tests

— ISO 12405-4:2018: Electrically propelled road vehicles -- Test specification for lithium-ion
traction battery packs and systems -- Part 4: Performance testing;

— DOE-INL/EXT-15-34184: Battery test manual for electric vehicles;
— DOE-INL/EXT-07-12536: Battery test manual for plug-in electric vehicles;
— SAE 2288 Life Cycle Testing of Electric Vehicle Battery Modules;

— SAE J1798:2008: Recommended Practice for Performance Rating of Electric Vehicle Battery
Modules.

A summary of the different test procedures that are included in these standards is dealt with in section
3.6, specifically by Table 1.

3.3. Relevant standards for other applications
e |EC 61427-2 Batteries for renewable energy storage Part 2 On-grid
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This standard contains endurance tests for the following applications:
o frequency-regulation service
o load-following service
o peak-power shaving service
o photovoltaic energy storage, time-shift service
It also describes methods to determine battery properties and electrical performance, being:
o energy content at +25 °C ambient temperature
o energy efficiency during endurance tests at +25 °C ambient temperature
o energy efficiency during endurance tests at the minimum and maximum ambient temperature
o waste heat generated during endurance tests at the maximum ambient temperature

o energy requirements during periods of idle state at +25 °C ambient temperature

e |EC62620 Secondary lithium cells and batteries for use in industrial applications
This standard is applicable for industrially used batteries. This covers a broad range of applications:

o Stationary applications: telecom, uninterruptible power supplies (UPS), electrical energy
storage system, utility switching, emergency power and similar applications.

o Motive applications: fork-lift truck, golf cart, AGV, railway, and marine, excluding road
vehicles.

It contains performance tests:

o Discharge performance at +25 °C (rated capacity)

o Discharge performance at low temperature

o High rate permissible current

o Charge (capacity) retention and recovery

o Cell and battery internal resistance: AC and DC resistance
It contains two endurance tests:

o Endurance in cycles

o Endurance in storage at constant voltage (permanent charge life)
This standard discerns 4 battery categories:

o High energy (S; <C/8)

o Energy (E; <C/2)

o Medium rate discharge (M; <3.5C)

o High rate (H; >3.5C)

e |EC62933-2 Electric Energy Storage (EES) systems - Unit parameters and testing methods
of electrical energy storage (EES) system - Part 1: General specification
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This standard is applicable on the following stationary applications: Frequency regulation, Fluctuation
reduction, Voltage regulation, Peak shaving / Peak shifting, Back-up power. It prescribes performance
tests for them.

It covers also test methods for the following unit parameters:
o Actual energy capacity
o Input and output power rating
o Round trip energy efficiency
o Expected service life
o System response
o Auxiliary power consumption
o Self-discharge of EESS
o Voltage range

o Frequency range

e |EC62984-3-2:2017 High Temperature Secondary Batteries — Part 3: Sodium-based
batteries — Section 2: Performance requirements and tests

e [SO/DIS 18243 Electrically propelled mopeds and motorcycles -- Test specification and safety
requirements for lithium-ion battery system

e SO 13064-1:2012 Battery-electric mopeds and motorcycles -- Performance -- Part 1: Reference
energy consumption and range

The contents relevant for ecodesign of these standards (except the last one) are covered by Table 2
in section 3.6.

3.4. Environment related standards
3.4.1. Battery specific
IEC 63218 Secondary Lithium ion, Nickel Cadmium, and Nickel Metal Hydride cells and

batteries for portable applications - Guidance on environmental aspects
(under development).

It describes environmental aspects of batteries and restriction of
environmental hazardous materials, especially heavy metals. It also contains
an environmental impact assessment and it identifies product environmental
aspects. Annex A of the standard gives an overview of battery specific laws
and regulations worldwide.

IEC/TS 62933-4 Electrical Energy Storage (EES) Systems - Guidance on environmental issues.
It describes three aspects to identify environmental issues, namely life-cycle
thinking, system aspects with respect to environment and storage technology
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independency. It also gives environmental guidelines on substance leakage,
vibration, earth leakage current, weather conditions and life form invasion.

IEC 61429 Marking of secondary cells and batteries with the international recycling
symbol I1SO 7000-1135.
This symbol must be added on batteries.

IEC 62902 Marking symbols for secondary batteries for the identification of their
chemistry).
For Pb, NiCd, NiMH, Li-ion and Li-metal a marking by colour code is developed.
Also, the ISO 7000-1135 recycling symbol must be added if no other recycling
symbol is applied on the battery.

IEC 60086-6 Primary batteries - Part 6 Guidance on environmental aspects
It sets requirements on heavy metal contents for Hg, Pb and Cd. It sets
hazardous waste criteria based on toxicity, ignitability, reactivity and
corrosivity. It gives an environmental assessment based on reduction, reuse,
recycle, raw material use, manufacturing and disposal. As annex it provides
on overview on battery specific laws and regulations worldwide.

Nordic Swan Ecolabel Primary Batteries The Nordic Swan is a voluntary official ecolabel in the
Scandinavian countries, Denmark and Iceland. For batteries it focuses on
portable primary batteries. Since the market for primary batteries is extensive
and since they have differences in environmental and quality properties, the
Nordic Ecolabelling is capable to differentiate and to determine the best ones
in terms of environmental and quality properties.
The ecolabel prescribes much lower maximum values for toxic metals than
the Battery Directive does. It bans the use of PVC. Clear information on the
possible application type must be given and the ecolabel discerns 3 drain
(discharge) levels.

Nordic Swan ecolabelling for rechargeable batteries and portable chargers
The Nordic Swan Ecolabel focuses on capacity and durability of batteries to
ensure long battery life thereby reducing the resource consumption. At the
same time, batteries and portable chargers must meet recognized quality and
safety standards. The requirements include:

e  Threshold values for heavy metals in batteries.
o No use of PVC and a number of flame-retardants in plastic.

o CSR policy to ensure responsible use and sourcing of limited raw
materials and “conflict free” minerals.

o Electrical-, safety- and quality testing of batteries/cells, portable and
battery chargers.

. Nickel Metal Hydride (NiMH) batteries and cells must be fully charged
when leaving the production site.

. Recyclable design of the portable charger.

3.4.2. Material efficiency

As stated in the Mandate M/543 [6]: 'horizontal and generic, not product specific, European standards
on material efficiency aspects could serve as a voluntary reference point when designing all kinds of
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products beyond the scope of Directive 2009/125/EC and its implementing measures'. This activity
was taken by CEN and CENELEC as part of the Joint TC 10: CEN/CLC/JTC 10—'Energy-related products-
Material Efficiency Aspects for Ecodesign’. The list of standards under preparation (foreseen to be
published in 2019) is given in section 2.4.4.

One of the reasons for the relative lack of Ecodesign requirements related to material efficiency in the
implementing measures adopted so far is the absence of adequate metrics. The aim of this new
workgroup is to:

Define parameters and methods relevant for assessing durability, upgradability and ability to
repair, re-use and re-manufacture of products;

Address the ability to access/remove certain components, consumables or assemblies from
products to facilitate repair or remanufacture or reuse;

Address reusability/recyclability/recoverability indexes or criteria;

Address the ability to access/remove certain components or assemblies from products to
facilitate their extraction at the end-of-life for ease of treatment and recycling;

Establish a method to assess the proportion of re-used components and/or recycled materials
in products;

Address the use and recyclability of Critical Raw Materials to the EU, listed by the European
Commission; and

Address the documentation and/or marking regarding information relating to material
efficiency of the product taking into account the intended audience.

Proposed standards and status can be found on the CEN server®.

5

https://standards.cen.eu/dyn/www/f?p=204:22:0::::FSP_ ORG ID,FSP LANG 1D:2240017,25&cs=1D4156C3D6

79EE526A476E8463ACFAA98
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3.4.3. Life Cycle Assessment (LCA) standards and methodologies
ISO standards

The following two I1SO standards are available that provide a general (conceptual) methodological
framework for LCA:

— ISO 14040:2006: Environmental management — Life cycle assessment — Principles and
framework

— 1SO 14044:2006: Environmental management — Life cycle assessment — Requirements and
guidelines

These ISO standards prescribe the steps in which an LCA must be performed. However, they also leave
LCA practitioners with an array of choices that can affect the execution and results of an LCA.

CENELEC standard (under development)
The following standard is under development:

— prEN 50693 Method for quantitative eco design via life cycle assessment and
environmental declarations through product category rules for EEE (under development)

CEN standards

Within the construction sector, voluntary horizontal standardised methods are developed under the
responsibility of CEN/TC 350 for the assessment of the sustainability aspects of new and existing
construction works and to draft environmental product declarations (EPDs) of construction products.
Compared to the two ISO standards, the EN standard prescribe a tighter framework for executing an
LCA. The specific standard regarding LCA of construction products is:

— EN 15804:2012+A1:2013: Sustainability of construction works — Environmental production
declarations — core rules for the production category of construction products

In some European countries (e.g. Belgium, the Netherlands, and Germany) there are national annexes
and/or product category rules applicable to the EN 15804 standard with additional country-specific
rules for drafting EPDs in case a manufacturer wants to register their EPD(s) in the national EPD
database.

PEF methodology

In addition to the above-mentioned standards, the Product Environmental Footprint was developed
by the Institute for Environment and Sustainability (IES) of the Joint Research Centre (JRC), a
Directorate General of the EC upon mandate of the EC Directorate General Environment (DG ENV).
The PEF is a harmonised methodology for the calculation of the environmental performance of
products (i.e. goods and/or services, not within a specific sector) from a life cycle perspective. The PEF
methodology is published as:

— European Commission (2013). ANNEX Il Product Environmental Footprint (PEF) Guide, in:
2013/179/EU: Commission Recommendation of 9 April 2013 on the use of common methods
to measure and communicate the life cycle environmental performance of products and
organisations. Official Journal of the European Union, L 124, Volume 56, 4 May 20136,

6 http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32013H0179
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Note: the PEF Guide is not a standard, but a common method of which the pilot phase was finished in
2018 based on those tests the EC is currently exploring how to use the PEF methods in policies.

During the pilot phase, stakeholders of several product groups had the possibility to sign up and to
follow the development of Product Environmental Footprint Category Rules (PEFCRs). One of these
product groups was the product group of ‘Rechargeable batteries’. The association Recharge chaired
the Technical Secretariat of the batteries PEF pilot. The final PEFCR for “high specific energy
rechargeable batteries for mobile applications” was published in February 2018’. The PEFCR is
applicable for rechargeable single cells or/and batteries used in the following equipment or vehicle:

— E-mobility (e.g., e-bikes, ELV, PHEV, cars, bus/trucks), excluding charging unit,

— Information & Communication Technologies (e.g., tablets and phones, computers, cameras,
games), including charging unit,

— cordless power tools (e.g., drills, electric screwdrivers), including charging unit.

Alignment EN standards and PEF

Regarding the CEN/TC 350 standards, DG Environment and DG Growth drafted a first proposal for an
amendment of Mandate M/350 on 5 October 2015. The amendment aims to solve, or at least reduce
to the maximum extent possible, the differences between the requirements included in the CEN/TC
350 standards and those included in the PEF methodology, in order to align the CEN/TC 350 standards
and the PEF as much as possible. The amendment of the CEN/TC 350 standards, the EN 15804 in
particular, is still going on (1/2019).

LCA software, models and datasets

Ecodesign EcoReport 2014

This project needs to introduce data regarding lithium-ion batteries for an efficient and correct
environmental LCA study for the ecodesign and ecolabelling of these systems. Currently the Ecodesign
EcoReport 2014 Excel-based tool is used to calculate the environmental impacts in MEErP format. The
EcoReport tool is suitable for not too complex products that can be modelled with the standard
materials in the EcoReport, but not for complex products like batteries that are composed of complex
chemistries and substances. Another limitation of the EcoReport is that it was developed from 2011
to 2014 and it includes outdated data to calculate the environmental impact.

openLCA software

There are more up-to-date and flexible (but also more complex) software on the market for LCA
calculations. openLCA is a free and open source LCA software that can be used for modelling and
calculating LCAs, like PEF 2. It is developed and hosted by GreenDelta, an independent sustainability
consulting and software company in Berlin, Germany. It is sustained by a network of partners,
contributors and a user community. openLCA can offer free databases for use in openLCA and other
datasets can be directly imported in case the datasets are in EcoSpold or ILCD format (common LCA
dataset formats). It is highly likely that there are no LiB datasets in openLCA.

Note: this is not a standard but can be seen as an open harmonised method for LCA calculations. It
would likely be too complex and would lack the needed flexibility for a standard.

7 http://ec.europa.eu/environment/eussd/smgp/pdf/PEFCR Batteries.pdf

8 https://www.openlca.org/project/pef/
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Using LCA software

An identified gap regarding LCA standards and software is the lack of test cases and/or standards to
test whether LCA software is calculating correctly. Within the LCA community it is a well-known
problem that using a different LCA software can lead to different results even when calculating the
same model and using the same dataset.

The EC/JRC Life Cycle Data Network data sets

Note: This is not a standard, this open data network with harmonized sets of data is a more flexible
approach that can benefit from frequent updates.

The Life Cycle Data Network is hosted by the EC/JRC and aims to provide a globally usable
infrastructure for the publication of quality assured LCA dataset (i.e. LCl datasets and LCIA method
datasets)®. It aims to include the Environmental Footprint (EF) datasets for Representative products
and a Benchmark . So far, the datasets for LiB are not publicly available yet.

The GREET model of Argonne National Lab

Note: This is not a national standard but a public supported and available method.

The GREET model stands for “Greenhouse gases, Regulated Emissions, and Energy use in
Transportation” model. It is available in excel format and .NET format. The aim is to get a full life cycle
carbon emission impact estimate from well to wheels for fuels and raw material mining to vehicle
disposal for automobiles 1!

For a given vehicle and fuel system, GREET separately calculates the following:

e Consumption of total resources (energy in non-renewable and renewable sources), fossil fuels
(petroleum, natural gas, and coal together), petroleum, coal, natural gas and water.

e Emissions of CO2-equivalent greenhouse gases - primarily carbon dioxide (CO2), methane
(CHA4), and nitrous oxide (N20).

e Emissions of seven criteria pollutants: volatile organic compounds (VOCs), carbon monoxide
(CO), nitrogen oxide (NOx), particulate matter with size smaller than 10 micron (PM10),
particulate matter with size smaller than 2.5 micron (PM2.5), black carbon (BC), and sulphur
oxides (SOx).

It includes recent carbon footprint data for LiB. This public domain model is available free of charge
for anyone to use. It is sponsored by the U.S. Department of Energy's Office of Energy Efficiency and
Renewable Energy (EERE).

3.5. Standards on reuse of batteries

e SAEJ2758 Determination of the maximum available power from a rechargeable energy storage
system of hybrid electric vehicle (under development).

This standard started in 2012 but no information is found about it.

% http://eplca.jrc.ec.europa.eu/

10 http://eplca.jrc.ec.europa.eu/EF-node/

1 https://greet.es.anl.gov/
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e ANSI/CAN/UL 1974:2018 Standard for evaluation for repurposing batteries

This standard covers the sorting and grading process of battery packs, modules and cells and
electrochemical capacitors that were originally and used and configured for other purposes, such as
electric vehicle propulsion, and that are intended for a repurposed use application.

A basic requirement is that the cells, modules and auxiliary equipment must fulfil the requirements of
the envisaged application as given in standards. Also, the battery should not be used longer than the
calendar expiration date. This date must be provided by the manufacturer. The history of the battery
has to be tracked with emphasis on previous misuse situations and on information coming from the
BMS on the battery’s state of health. The battery must be visually, also including disassembly, without
damage, unless it is minor.

The standard prescribes a routine test analysis comprising:
— Incoming open circuit voltage (OCV) measurement;
— Incoming high voltage isolation check;
— Capacity check;
— Internal resistance check;
— Check of BMS controls and protection components;
— Discharge/charge cycle test;
— Self-discharge.

The repurposing manufacturer shall have a system for grading cells, modules and battery
packs/systems for repurposing. This must ensure that the new battery combination is balanced and
appropriately matched to prevent performance and safety problems in the final assembly.

Finally, marking including mention of ‘UL1974" must be provided.

3.6. Standards on functioning during use phase

An ecodesign study needs to know the behaviour of its subject during use phase. Therefore, test
methods must exist for parameters like nominal capacity, energy, internal resistance and ageing
behaviour. Since one standard can give several test methods for the same parameter there can exist
the nominal capacity and additional capacities as function of C-rate and temperature. This holds for
other parameters as well. It is not necessarily about a test method, but it can also involve a criterion
like the end of life criterion and information agreements like information that is given to determine
the state of health, marking of a battery and BMS communication.

The parameters that should be found in standards are:
— nominal capacity and the corresponding C.-rate, including the reference temperature
— Other capacities
— Energy
— Other energies
— Charge method
— Quick charge

— Power
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— Other power

— Internal resistance

— Energy efficiency

— Additional energy efficiency

— Self-discharge at storage

— Charge retention for transport
— Non-load loss

— Energy for heating and cooling
— Cycle life test

— Calendar life test

— Efficiency of life test

— SOH definition(s)

— EOL criterion / lifetime

— EOL information

— Calendar expiration date

— Marking method

— BMS prescriptions

— BMS communication

Apart from these topics, it must be clear what application(s) a standard envisages and for what battery
(sub)type it is directed (also called ‘chemistry’). Most standards can be used from cell level up to
system level and not necessarily only for Li-ion. Some standards only direct themselves at cell level for
a certain application. This means that already at cell level performance criteria can be given.

An analysis of the above topics for the identified standards with performance tests is given in Table 1
(on page 40) and Table 2 (on page 42). Per topic and standard a short description of each test clause
is given, if the topic is covered. Table 1 focusses on automotive standards and Table 2 on other
applications.

In Table 1 the following standards are given:

e |EC62660-1: 2018 Secondary lithium-ion cells for the propulsion of electrical road
vehicles - Performance Testing.

e SO 12405-4:2018 Electrically propelled road vehicles --Test specification for lithium-ion
traction battery packs and systems -- Part 4: Performance testing

e DOE-INL/EXT-15-34184 (2015) U.S. DOE Battery Test Manual for Electric Vehicles
e DOE-INL/EXT-07-12536 (2008) Battery test manual for plug-in hybrid electric vehicles

e SAE J1798:2008 Recommended Practice for Performance Rating of Electric Vehicle
Battery Modules

In Table 2 are given:
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e [SO/DIS 18243:2017  Electrically propelled mopeds and motorcycles -- Test specification
and safety requirements for lithium-ion battery system

e |EC62620: 2014 Secondary lithium cells and batteries for use in industrial applications

e |EC61427-2:2015 Secondary cells and batteries for renewable energy storage Part 2 On
grid applications

e |EC62984-3-2:2017 High Temperature Secondary Batteries — Part 3: Sodium-based
batteries — Section 2: Performance requirements and tests

e BVES Effizienzleitfaden (2017) BVES Effizienzleitfaden
e ANSI/CAN/UL 1974:2018 Standard for evaluation for repurposing batteries

The performance metrics such as energy content, internal resistance and cycle life test are defined in
the standards as can be seen from Table 1 and Table 2. However, in each standard and for each
application (even within one standard since it can cover several applications) the exact methodology
is dissimilar. Also, several methodologies can be given for the same metrics.

Several standards give end of life criteria. This is mostly related to the specific test cycle: that it
cannot be performed anymore within the allowed voltage limits or e.g. that the battery becomes too
hot. In test manuals from the US Department of Energy application specific end of life criteria are
given. These are copied in Figure 1 and Figure 2.

Standard IEC 61427-2 On-grid applications prescribes test profiles for its 4 applications. This is
interesting for application-based criteria. The cycles are reproduced in Figure 3. However, no End of
Life criteria are given. The battery is considered at the end of life when the user does not accept the
behaviour anymore. Real tests results according to these profiles are not available.
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Conclusions that can be drawn are:

Concerning performance metrics on product life time and efficiency related to Task 3:

The performance metrics such as energy content and internal resistance are defined in the
standards. However, in each standard and for each application (even within one standard
since it can cover several applications) the exact methodology is dissimilar. Also, several
methodologies can be given for the same metrics. This means that the capacity (in Ah) can
be based one.g. a1 h,5 h or 8 h discharge period or even on a discharge with a specific
current profile. Resistance values may be derived from a pulse test, a jump in discharge
current, but also from an AC signal.

Most standards have test clauses to express the capacity in Ah. This unit is prescribed by the
European regulation 1103/2010 on capacity labelling of portable secondary and automotive
batteries (i.e. starter battery, not electric vehicle battery). Few standards prescribe the
determination of energy content expressed in kWh, like the proposed functional unit,
especially for standards outside automotive.

The energy involved in heat and cooling of the battery system is not determined in
standards.

The capacity tests in the standards ignore that cells can be charged at several current rates.
This is, however, of interest for e.g. quick charging and regenerative braking. It must be
noted that charging is mostly not allowed in the same temperature range as discharging if
no active heating is present (i.e. only above 0°C).

The heating & cooling of the battery is within the study’s system boundary. However, the
needed energy is outside the boundary and will be an arbitrary value. It must be noted that
the test standards do not measure this value, what could be used as a reference.

For cycle life tests (repeated imposition of a test profile on the battery expressed in current
or power) many profiles exist. 14 have been identified in the relevant standards. Each
application has a profile and dissimilar standards may have a different profile. The profiles
found are always a simplification of real profiles like the battery would undergo during e.g. a
WLTP test.

In European battery development projects often an ageing test programme is performed
with a swarm of test conditions being a combination of calendar life testing and cycle life
tests with simple profiles. These conditions allow to derive the ageing behaviour
comprehensively and goes therefore beyond single use cases. This generic approach is not
found in current test standards. [3] [4]

Several standards give end of life criteria, defining when the battery is not useful anymore.
This is mostly related to the specific, application dependent, test cycle: if the profile imposed
as cycle life test cannot be performed anymore since the battery voltage hits upper and or
lower limit almost immediately, or e.g. that the battery becomes too hot during the cycling,
then this is considered as an end of life state.

The following topics appear to be empty:
o Charge method (only the charge method by the manufacturer)
o Quick charge (except IEC 62984-3-2 for high temp. sodium batteries)
o Energy for heating and cooling

o Efficiency of life test
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o SOH definition(s)

o EOL information (except IEC 62620 prescribes to write the cycle life test result in the
battery marking)

o Calendar expiration date

o Marking method (except IEC 62620)
o BMS prescriptions

o BMS communication

No clear definition of SOH exists and it is differently used over applications and
manufacturers. Battery degradation is a combination of phenomena as capacity fade, power
fade, efficiency reduction, rise in cooling demand and negative incidents. A more elaborate
approach to tackle SOH is therefore needed. Even if SOH only refers to capacity fade then
still the calculation method has to be clarified since the nominal capacity can be taken or the
capacity related to the needed power. [4] The tables show that this topic is empty.

EOL information: the BMS has currently no prescribed role in it, although it could give
information on remaining capacity, actual power capability (being limited by either the battery
resistance or the battery cooling capability) and negative events that happened. This
information is of interest for the possibility to repair modules in a battery system and for
repurposing batteries to a second life application. The standard ANSI/CAN/UL1974 provides a
list with information that a BMS should provide to understand the battery health.

The indicators for SOH should be openly available from the BMS [4]. Alternatively, a
traceability and tracking system for battery packs must be conceived.

The standard ANSI/CAN/UL1974 on repurposing of batteries introduces the calendar
expiration date. A battery should not be used longer than this date. This date must be
provided by the manufacturer. Current battery standards do not require this information. It
must be stated that the battery life is much dependent on the use conditions such as the total
time being at 100% SOC.

SOH determination by advanced techniques like electrochemical impedance measurement
can be treated in standards as additional indicators [4].

For re-sales and repurposing of batteries:

For a profitable second use of batteries, additional costs as for testing, disassembly and
retrofitting need to be minimised [4]. The original battery design and the BMS have a high
impact on this. Since a BMS designed for an EV application would probably not be suitable for
a second use application, the possibility of uploading adapted firmware must be considered.
These issues are not in nowadays standards. Test methods to assess battery reliability, safety
and performance at the end of first life use are absent. Criteria and guidelines to determine
the suitability for a relevant second use can be developed. Standardised interfaces for
hardware and software, including connectors, would support this minimised cost approach
[4].

Use information on the first life application, beyond the remaining capacity, is necessary.
The standard ANSI/CAN/UL1974 identifies the information need. This information is
however probably not reachable, partly since it is not stored, partly since a BMS is probably

38



EUROPEAN COMMISSION

not accessible by third-parties. Open BMS information that includes sufficient use history
information can help.

For repurposing and recycling activity, standardised battery module sizes and pack sizes can
help. Size standardisation is currently only at cell level (ISO/PAS 19295: 2016; DIN
91252:2016).
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Table 1: Test conditions and criteria on information necessary for ecodesign in relevant standards for EV application.

EV application

Reference IEC 62660-1:2010 ISO 12405-4:2018 DOE-INL/EXT-15- DOE-INL/EXT-07-12536 SAE J1798:2008
34184(2015) (2008)

Title Secondary lithium-ion cells for the Electrically  propelled  road U.S. DOE Battery Test Manual Battery test manual for plug-in  Recommended Practice for
propulsion  of  electrical road vehicles --Test specification for Electric Vehicles hybrid electric vehicles Performance  Rating  of
vehicles - Performance Testing. for lithium-ion traction battery Electric Vehicle Battery

packs and systems -- Part 4: Modules
Performance testing

Refined application Cells for the propulsion of BEV  Cells for the propulsion of HEV HEV & FCV BEV & PHEV BEV PHEV BEV

Chemistry . Li-ion " Li-ion " ~ Generic cell to system level Generic

Level (cell, module, pack, Cell " Pack, system " cell to system level module

system)

C -rate method (incl. temp.)

1/3 I, at 0, 25, 45°C; additional
tests possible and proposed

11.at0, 25, 45°C; additional
tests possible and proposed

1C, 10C and max. discharge
at -18, 0, 25, 40°C.

C/3, 1C, 2C and max.
discharge at -18, -10, 0, 25,
40°C.

1C, C/2, C/3 at 45, 25, 0
and -20°C.

nominal capacity

Other'c'apacities

(No, manufacturer value)

See Cn-}éie method, éﬁd
Dynamic discharge capacity at
25 and 45°C.

(No, manufacturer value)

Séé C ,-rate méthod.

1C (1 hour discharge capacit 1C (1 hour discharge capacity)

See C'nr-rate method:

C 3, including check that the
capacity deviates <10%

_from rated capacity.

Discharge at highest
possible rate from (HPPC)
pulse test; discharge with
10kW (or scaled if a battery
size factor is applied). Both
at 30°C

Ffém C ,-rate rﬁethod;
Dynamic discharge at
25°C

Energy
Other energies
Charge method

Quick charge

Other power

131,at 25°C XUpg

As declared by manufacturer

10s pulses at maximum allowed

discharge rate followed by
maximum allowed charge rate;

SOC: 80, 50, 20%; Temp.: 25°C.
For 50% SOC also at 40, 0 and-

20°C.

If maximum pulse rate is not
given: 10s pulses, both for
discharge and charge. Rates:
1/3,1,2and 5 I; SOC: 80, 50,
20%; Temp.: 40, 25, 0,-20°C

If maximum pulse rate is not
given: 10s pulses, both for
discharge and charge. Rates:

1/3,1,5and 10 I; SOC: 80, 50,

20%; Temp.: 40, 25, 0,-20°C

As declared by
manufacturer

18s discharge and 10s
charge pulses at max.
possible current; 80, 65, 50,
35, 20% SOC; 40, 25, 0, -10
and -18°C

1C, 2C and max.current.

18s discharge pulse at max.
possible current followed by
102s at 3/4 of previous
current and 20s charge
pulse at the latter current;
90, 70, 50, 35, 20% SOC;
40, 25, 0, -10, -18 and -

Charging procedure by
manufacturer including a
default rest period.

3.2C or defined by
manufacturer for 15 min. to
reach at least 80% SOC.
30s discharge pulse at max.
allowed current and 10s
harge pulse at 3/4 of this
power from 90 to 10% SOC
at 30°C (Hybrid Pulse
Power Capability test).

Previous pulse test at 52, 0, -
10, -20 and -30°C.
Discharge pulse with 1C

and with 3/4 of max.allowed
current, at 30°C; peak
power test: no rests periods
between pulses.

10s discharge pulse at max.
allowed current and 10s
charge pulse at 3/4 of this
power from 90 to 10% SOC
at 30°C (Hybrid Pulse
Power Capability test).

Previous pulse test at
temperatures between 52 -
30°C, mainly to test thermal
management.

By manufacturer

Peak power pulses over
90% DoD at 25°C

Internal resistance

Slope of voltage-current
characteristic from 10s pulse at
max. pulse discharge current

From pulses

From pulses

From pulses

From pulses
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ISO 12405-4:2018

DOE-INL/EXT-15-
34184(2015)

DOE-INL/EXT-07-12536
(2008)

SAE J1798:2008

Energy efficiency

Charge-discharge (1/3 |,) cycle

with SOC window 0-100% at

Charge-discharge (1 I) cycle
with SOC window 0-100% at

Based on a series of pulses Based on fast charge rates

at 65, 50 and 35% SOC at

within requirements by

From pulses: based on 100
efficiency test profiles.

Additional energy efficiency

Charge-discharge cycle with
SN anind,

N_700/4 2. N-QN0/4 at

Charge-discharge (1 |) cycle

Self discharge at storage

Store cell at 100% SOC and
45°C for 42 days, repeated 3
times.

Store cell at 50% SOC and 45°C
for 42 days, repeated 3 times.

30 days at initially 50% SOC
and 30°C.

Partly discharged battery at
30°C for a period that
should cover 5% capacity

30 days at 100% SOC
and at 45 and 25°C

Charge retention for transport

Store cell at 50% SOC and 45°C

for 28 days.

30 days at initially 50%
SOC. All battery system
terminals disconnected. At
45°C.

Non-load loss

30 days at initially 80%
SOC; BCU powered by
auxiliary device. This is
energy is reported. At 25
and 40°C.

30 days at initially 100%
SOC; BCU powered by
auxiliary device. This is
energy is reported. At 25°C
and 40°C.

Energy for heating&cooling

Cycle life test

Repeated Dynamic discharge
tests for 28 days, repeated 6
times.

Repeated discharge rich and
charge rich profiles between 30
and 80% SOC and 45°C for six
months.

Repeated discharge rich
and charge rich profiles
between 30 and 80% SOC
at 25°C. Systems only!
Cooling must operate.

Repeated Dynamic
discharge tests between 20
(or other agreed limit) and
100% SOC. Systems only!
Cooling must operate.

Repeated Dynamic stress
test at 30°C. Increased
temperature allowed.

Repeated Charge-Depleting
Cycle Life Test Profile and
Charge-sustaining Cycle
Life Test Profile; different for
minimum and maximum
PHEV battery.

Calender life test

3 or up to 7 temperatures.
Highest one such that
battery does not age within
2 years. SOC at most
challenging level. A daily
calendar life test profile is
applied.

3 or up to 7 temperatures.
Highest one such that
battery does not age within
2 years. SOC at most
challenging level. A daily
calendar life test profile is
applied.

Efficiency of life test

SOH definition(s)

EOL criterion / lifetime

80% of initial capacity;
temperature too high

80% of initial capacity.

Cycle life test conditions
cannot be maintained; the
parameter checks are not
possible anymore; or in
accordance with
manufacturer.

Dynamic stress test cycle
cannot be performed within
voltage limits, intended to be
over 1000 DST cycles, 15
years, specific energy and
power requirements.

Cycle life test conditions
cannot be maintained; the
parameter checks are not
possible anymore; or in
accordance with
manufacturer. 300,000
cycles are intended for
charge-sustaining mode and
5000 cycles for charge-
depleting mode.

EOL information

Battery expiration date

Marking method

BMS prescriptions

BMS communication
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Table 2: Test conditions and criteria on information necessary for ecodesign in relevant standards for other applications.

Motorcycle Industrial On-grid Repurposing
Reference ISO/DIS 18243: 2017 IEC 62620: 2014 IEC 61427-2: 2015 |IEC 62984-3-2:2017 BVES Effizienz- ANSI/CAN/UL 1974
leitfaden (2017) (2018 )
Title Electrically propelled mopeds Secondary lithium cells Secondary cells and High  Temperature  secondary BVES Effizienzleitfaden Standard for evaluation

and motorcycles -- Test
specification and safety
requirements for lithium-ion
battery system

and batteries for use in
industrial applications

batteries for
renewable energy
storage Part 2 On
grid applications

Batteries — Part 3: Sodium-based
batteries — Section 2: Performance
requirements and tests

for repurposing batteries

Refined application Moped and motorcycle High energy (S; <C/8) Energy (E; <C/2) Medium rate High rate (H; >3.5C) Frequency Load-following Peak-power PV energy Stationary (& on-board (except PV energy storage All applications but
discharge (M; regulation service service shaving service  storage / time propulsion)) with 2nd life batteries
<3.5C) shift service

Chemistry Li-ion Li-ion N " " Generic " " " Na-based Generic Generic

Level (cell, module, pack, pack and system Cell up to system " " " pack, system

system)

C ,-rate method (incl. temp.) C/3, 1C, 2C and maximum 1/n1,at 25°C. 1/51,at 25°C. 1/51,and 1l,at 1/51,and 1l,and 5 C g and max. allowed discharge According to standard
allowed rate at at 40, 25, 0 25°C. lat 25°C. rate of 2nd life application
and <=-10°C.

nominal capacity C 3 or defined by Ch Cs Cs Cs Cg (8 hour discharge) According to standard
manufacturer of 2nd life application

Other capacities By C ,-rate method. By C ,-rate method. By C ,-rate By C ,-rate method. By C,-rate method. By C ,-rate method.

Also at 10, 0, -10 and - method. Also at 1|, capacity >95% 5l capacity >90%
20°C, until capacity is 10,0,-10and - ¢ capacity. Also  Cs capacity. Also
<70% of rated one. 20°C, until

capacity is <70%
of rated one.

at 10, 0,-10 and -
20°C, until capacity
is <70% of rated
one.

at 10, 0, -10 and -
20°C, until capacity
is <70% of rated
one.

Energy

Other energies

By C method

Constant power
discharge according
to repurposing
manufacturer

Charge method As recommended by As declared by Csg As declared by
manufacturer, but within manufacturer repurposing
8h. manufacturer

Quick charge Yes up to allowed voltage

Power 18s discharge pulse at 5s discharge pulse 5s discharge pulse

max.possible rate followed
by 102s pulse at 3/4 rate
and 20s charge pulse at
latter rate. 90 to 20% SOC;
40, 25, 0 and -10°C.

of min.6l, at
100%S0OC.

of min.201, at
100%SO0C.

Other power

Internal resistance

From pulses.

1kHz AC resistance;
DC resistance by jump
in current at 50%SOC.

From step in current
specified by
repurposing
manufacturer at 90
and 20% SOC
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Motorcycle Industrial On-grid Repurposing
Reference ISO/DIS 18243 IEC 62620 IEC 61427-2 IEC 62984-3-2:2017 BVES ANSI/CAN/UL 1974
Effizienzleitfaden
Energy efficiency Yes, including energy loss for Yes
auxiliaries
Additional energy efficiency
Self discharge at storage 28 daysat25°Cand ,, " " 1day

initially 100% SOC.

Charge retention for transport 30 days at initially 50%
SOC. All battery system
terminals disconnected. At
45°C.

Non-load loss 30 days at initially 100%
SOC; BCU powered by
auxiliary device. This is
energy is reported. At 25°C

and 40°C.
Energy for heating&cooling
Cycle life test 1C discharges down to 500 cycles with 1/n I, 500 cycles with ,, " Specific cycleat  ,, " " 300 cycles; max. 3% capacity
voltage limit by and 25°C. 1/5 | and 25°C. 25, min. and max. loss
manufacturer at 25°C. ambient temp.
Calender life test 90 days at
max.voltage for
standby applications.
Efficiency of life test Yes, at min. and " " "
max. ambient temp.
SOH definition(s)
EOL criterion / lifetime 80% of initial capacity. Capacity > 60% after ,, " " As acceptable " " "
500 cycles. Capacity
>85% for standby
applications.
EOL information In marking " " "
Battery expiration date
Marking method Yes Yes, with repurposed

capacity

BMS prescriptions

BMS communication

Prescription of beeded
parameters from BMS
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End of Life Characteristics at 30°C

Units System Level Cell Level

Peak Discharge Power Density (30 sec) WL 1000 1500
Peak Specific Discharge Power (30 sec) Wikg 470 700
Peak Specific Regen Power (10 sec) Wikg 200 300
Available Energy Density (@ C/3 Discharge Rate WhL 500 750
Available Specific Energy (@ C/3 Discharge Rate Wh' kg 235 350
Available Energy (@ C/3 Discharge Rate kWh 45 N/A
Calendar Life Years 5 15
DST Cycle Life Cycles 1000 1000
Selling Price (@ 100K units S/kWh 125 100
Operating Environment °c -30 to +52 -30 to +52
Normal Recharge Time Hours = 7 Hours, J1772 <7 Hours, J1772
High Rate Charge Minutes | 80% ASOC in 15 min | 80% ASQC in 15 min
Maximum Operating Voltage v 420 N/A
Minimum Operating Voltage v 220 N/A
Peak Current (30 sec) A 400 400

=70% Available =70% Availahle
Unassisted Operating at Low Temperature %o Dﬁrtlﬁl'f‘ge{i:;:a " Dilclﬁl_’g:gg_‘(t:“

-20°C -20°C

Survival Temperature Range, 24 hr °oC -40 to +66 -40 to +66
Maximum Self-Discharge % /month =1 <1

NOTES
i Values correspond to End-of-Life (EOL)

ii.  The targets correspond to commercialization goals in FY 2020

Figure 1: End of life criteria as defined in DOE-INL/EXT-15-34184(2015) U.S. DOE Battery Test Manual for

Electric Vehicles.

Characteristics at EOL (End-of-Life) Unit Minimum PHEYV Maximum PHEV
Battery Battery

Reference Equivalent Electric Range miles 10 40
Peak Discharge Pulse Power (2 sec /10 kW 50/45 46/38
sec) !
Peak Regen Pulse Power (10 sec) kW 30 25
Max. Current (10 sec pulse) A 300 300
Available Energy for CD (Charge- .
Depleting) Mode. 10-kW Rate kWh 34 116
Available Energy for CS (Charge- ;
Sustaining) Mode, 10-kW Rate * kKWh 0.5 0.3
Minimum Round-trip Energy Efficiency o
(CS 50 Wh profile) & 0 "
Cold cranking power at -30°C, 2 sec, 3 KW 7 7
Pulses
CD Life / Discharge Throughput CyclessMWh 5,000 /17 5,000 / 58
CS HEV Cycle Life, 50 Wh Profile Cycles 300,000 300,000
Calendar Life, 35°C year 15 15
Maximum System Weight kg 60 120
Maximum System Volume Liter 40 80
Maximum Operating Voltage Vde 400 400
Minimum Operating Voltage Vde >(.55 x Vmax * >(.55 x Vmax?
Maximum Self-discharge Wh/day 50 50
g’g}i‘émm System Recharge Rate at KW 14 (120V/15A) * | 1.4 (120V/154)*
Unassisted Operating & Charging
Temperature Range
52°C >100% Available Power o

0°C  >50% Available Power ¢ 3010 +52 3010 +52
-10°C >30% Available Power
-30°C >10% Available Power
Survival Temperature Range °C -46 to +66 -46 to +66
Max]mu_m System Production Price (@ $ S1.700 53.400|
100K units/yr

Figure 2: End of life criteria as defined in DOE-INL/EXT-07-12536 (2008) Battery test manual for plug-in hybrid
electric vehicles.
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Figure 6 — Frequency regulation service test routine profile (6.2) — Profile a during cycling with constant power discharge and charge pulses
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Figure 3: Test profiles for the 4 applications in IEC 61427-2 On-grid applications. Variants in profiles with
different SOC stabilisation methods are not given here.
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3.7. Ecodesign topics outside use phase

Performance prescriptions during the use phase are only one aspect of the information that ecodesign
needs and on which it can put criteria. A limited list is given in Table 3 for the following standards:

e Nordic Swan Ecolabel (2018) About Nordic Swan Ecolabelled Rechargeable batteries and
portable chargers

e |EC60086-6(2017) Primary batteries: Guidance on environmental aspects
e |IEC/TS62933-4(2017) Electrical Energy Storage (EES) Systems - Guidance on environmental issues

e |EC 63218 (under dev.) Secondary Li-ion, Ni-Cd, and Ni-MH cells and batteries for portable
applications - Guidance on environmental aspects

The performance test standards as given in the previous tables do not cover these topics.

Gaps for the recycling phase can be derived with help of the table.

e Explicit information and guidance on battery recycling is lacking in current standards.

e Little information is available on the material contents of batteries by labelling standards with
IEC 62902 being the most important one. The argument is that it should not be too visible which Li-
ion battery has most value for recycling. However, a database or traceability system can fulfil this
information gap.

e Standards that define battery marking including the principal active materials (i.e 1EC 62620,
IEC 61960) need to anticipate new active materials like a silicon based anode.

e Harmonised calculation methods for the recycling efficiency to avoid data misinterpretation is
welcomed. This should include environmental aspects like waste styreams, incineration with energy
recovery and final landfilling or elimination. [4]

e Harmonised quantification of key indicators as CO, footprint, recycling percentage, toxicity and
recycling cost is needed [4].
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Other topics that are needed for an ecodesign study.

Category Topic Standard / label

Reference Nordic Swan Ecolabel (2018) IEC 60086-6 (2017) IEC/TS 62933-4 (2017) IEC 63218 (under dev.)

Title About Nordic Swan Ecolabelled Primary batteries: Guidance on Electrical Energy Storage (EES) Secondary Li-ion, Ni-Cd, and Ni-
Rechargeable batteries and portable environmental aspects Systems - Guidance on MH cells and batteries for portable
chargers environmental issues applications - Guidance on

environmental aspects
Aplication Portable Portable primary cells and batteries Electrical energy storage systems Portable
Level Cell up to pack, including charger Cell up to pack System Cell up to pack

Circular economy Recycle recommendations

Design with ability to separate parts
and materials.

Disposal recommendations

By marking (collection) on battery
and by information on packaging
including identification of recyclable
parts. Prevent short-circuits.

By marking (collection) on battery
including identification Li-ion type.
In countries without collection
programmes, volantary and co-
regulated stewardship programes
are encouraged. Prevent short-
circuits.

Di; I dations

Minimum technical compatibility with
recycling schemes
Requil for

Recycling info

Identification of recyclable parts,
being electronics and safety
devices.

Minimum open data BMS

Carbon footprint data to be used in
applications

LCA

LCA according to ISO 14040.

LCA according to ISO 14040.

PEF Energy & material resources production

yes

'EOL: collection rate

EOL: recycling rate

50% by weight.

EOL: credits to battery composition

_Energy & material resources EOL

Energy loss over lifetime

Waste streams in cycle life stages

Environment (ecolabel) Fit for purpose

Determine if rechargeable cells have
an environmental advantage.

NiCd remains necessary for low
temperatures and emergency
equipment.

Environmental analysis

Assessment needed on reduction,
reuse and recycling of materials in
design phase, of the manufacturing
and of the packaging.

Life cycle thinking; system to
environment including leakage,
vibration and earth leakage
current; environment to system
causing malfunction.

Design phase analysis: avoiding
inseparable composite materials;
minimising number of different
materials used; using standardised
parts. Assessment needed on
reduction, reuse and recycling of
materials in design phase, of the
manufacturing and of the
packaging.

Energy efficiency requirement
Power management

350 cycles for most type of primary
battery alternatives. Over 700 for

others cells and over 525 for batteries.

Limit on hazardous substances

Yes, low, defined amount of mercury,
cadmium and lead; arsenic;
Requirements on plastic and flame
retardants.

Yes, low, defined amount of
mercury, cadmium and lead.
Exception for button ZnAgO cells
and button Zn-air cells.

Restriction of substances of very high
concern

Yes, low, defined amount of
mercury, cadmium (except NiCd)
and lead.

Check on regulations on banned
substances.

Avoid batteries with restricted
substances.

Durability testing for extended lifetime

Minimum battery life criterion

60% of initial capacity.

Repairability
Recyclability
Minimum use of
criterion

recycled material

ourcing of conflict-free minerals

Labour condition and human
criterion

right

yes

User instructions

Yes, on transportation, storage,
recycling, and disposal.

Use instructions with environmental

advice

Yes on recycle and disposal.

Use of critical

yes, restricti

Hazardous waste

Check battery waste on toxicity,
ignitability, reactivity and corrosivity
by prescribed methods.

Marking

Yes, collection symbol

Yes, collection symbol and symbol
acc.to IEC 62902. Add Li-ion type
to symbol (Cobalt, Manganese,
Nickel, Iron).
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2. Task 2: Markets

The objective of Task 2 is to present an economic and market analysis on batteries and battery
components (particularly LIB) according to the definition presented in 1.2.1. The aims are:

* to provide basic economic information on batteries (according to the definition provided in
1.2.1) (subtask 2.1);

+ to provide market size and cost inputs for the EU-wide environmental impact assessment
of the product group (subtask 2.2);

+ to provide insight into the latest market trends to help assess the impact of potential
Ecodesign measures with regard to market structures and ongoing trends in product
design (subtask 2.3, also relevant for the impact analyses in Task 3); and finally,

* to provide a practical data set of prices and rates to be used for Life Cycle Cost (LCC)
calculations (subtask 2.4).

2.1. Definitions
In the following, several definitions and categories are used:

e Abbreviations for vehicles: combustion powered vehicles (ICE), vehicles utilizing a
traction battery (XEV) full electric vehicles (BEV), plugin hybrid electric vehicles
(PHEV), hybrid vehicles without option for external charging (HEV), hybrid vehicles
making use of a fuel cell as range extender (FCEV).

e Abbreviations for battery markets: Traction batteries, also for auxiliary functions in
industrial applications (motive); consumer, computing and communication applications
(3C); stationary applications (ESS).

o Market, sales or other volumes in units of battery capacity (kwh, MWh or GWh) or in
units of number of battery systems (thousand units: k#, million units: mio#).

e Sales or new installations: Volume (number of units) of battery systems or capacity
(GWh) put into operation for the first time (e.g. new vehicles or new storage systems).

¢ Replacements: Replacement batteries (e.g. packs or cells) for systems already in use
(GWh).

Decommissions: Decommissioned batteries (GWh) resulting either from decommissioned
systems at their end of life (vehicles, stationary systems) or from broken and replaced
batteries.

2.2. Generic economic data

In the MEErP, generic economic data refers to data that is available in official EU statistics
(e.g. PRODCOM) and the aim is to identify and report the ‘EU apparent consumption’ which
is defined as ‘EU production + EU import — EU export’. Additionally, the average value of each
product is verified. The information required for this subtask should be derived from official EU
statistics so as to be coherent with official data used in EU industry and trade policy.

2.2.1. Approach to subtask 2

PRODCOM data is publicly available and is a direct source of market information. PRODCOM
data does not give any direct information about the total number of installed batteries in use
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in the EU28 member countries. The data might also not account for batteries imported to or
exported from the EU as sub-unit of other products (e.g. batteries in cell phones).

2.2.1.1. Secondary batteries related PRODCOM categories

Several categories on batteries exist within the NACE2 classification (see Table 1), however
there is no category for LIB cells, modules or packs. LIB based secondary batteries are
included in the composite category 2702300 along with all other, not Pb-based secondary
battery technologies.

27201100 Primary cells and primary batteries

27201200 Parts of primary cells and primary batteries (excluding battery carbons, for
rechargeable batteries)

27202100 Lead-acid accumulators for starting piston engines
27202200 Lead-acid accumulators, excluding for starting piston engines
27202300 Nickel-cadmium, nickel metal hydride, lithium-ion, lithium polymer,

nickel-iron and other electric accumulators

27202400 Parts of electric accumulators including separators

Table 1: PRODCOM categories related to batteries [1].

2.2.2. Results of the PRODCOM analysis

The PRODCOM category 27202300 Nickel-cadmium, nickel metal hydride, lithium-ion, lithium
polymer, nickel-iron and other electric accumulators is analyzed in more detail for the years
1995, 2000, 2005, 2010, 2015 and 2017 based on Eurostat PRODCOM data obtained online
in September 2018 [2].

Figure 1 shows the development of production, import and export volumes in Euro for
PRODCOM category 27202300 in the time from 1995 to 2017. The data shows an increase
of market volume in all three categories. Since several battery technologies are aggregated in
this PRODCOM category, values specific for LIB cannot obtained from this data. Due to the
development of the different battery technologies, it is likely that the market values in the 1990s
and early 2000s can mainly be attributed to NiMH, NiCd and other technologies. The growth
experienced since 2010 in all three market categories is likely to be a result of the development
in the LIB market, which can be considered to be the dominant submarket under the battery
technologies aggregated under 27202300 today (see and compare section 2.4.3 with a global
analysis of different battery technologies).
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EU Production, Import and Export (€)
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Figure 1: EU production, import and export summarized in PRODCOM category 27202300:
Nickel-cadmium, nickel metal hydride, lithium-ion, lithium polymer, nickel-iron and other
electric accumulators [2].

Note that no production volumes in terms of units or kWh are available from Eurostat.

The value of batteries integrated into applications or sold as end products in Europe can be
assessed by considering the EU consumption value (EU sales and trade), which results from
the sum of production and import minus export values (see Figure 2). After a plateau like
market behavior between 2000 and 2010, a steep increase of the EU consumption value can
be observed. The 2017 value adds up to about 4 billion Euro. Assuming that the majority share
of this value can be attributed to LIB with a market price of 300 to 500 €/kWh (assumed mix
of higher priced consumer cells and lower priced automotive cells), the value corresponds to
a capacity of 8 to 13 GWh. In consideration of its estimated character, this number is in
accordance with the data presented in section 2.3.5 (based on a bottom up estimation of the
capacity demand by passenger electric vehicles (XEV) and home storage ESS (energy storage
systems) markets; 3C (consumer, computing, communication) markets are not considered).
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EU sales and trade (PROD+IMP-EXP)VAL (€)
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Figure 2. EU sales and trade (PROD+IMP-EXP) summarized in PRODCOM category
27202300 Nickel-cadmium, nickel metal hydride, lithium-ion, lithium polymer, nickel-iron and
other electric accumulators [2].

Hence it can be assumed, that the data presented in the PRODCOM database meets the right
order of magnitude. Due to the aggregation of battery technologies, the consumption value of
LIB alone can however not be assessed by this data. Furthermore, the large price spread for
LIB and the dynamic development of prices does not allow to reliably conclude on the demand
of battery capacity (GWh). An assessment of market development and installed LIB stock in
Europe is given in section 2.3 and 2.4 based on other data sources.

2.3. Market and stock data
2.3.1. General objective of subtask 2.2 and discussion of useful data
sources

The objective is to compile market and stock data in physical units for the EU, for each of the
product categories defined in Task 1.1, combined with a forecast 2020-2050. Therefore, the
following parameters need to be identified:

¢ Market and installed stock assessment in units of number of systems (battery systems
for XEV, battery systems for ESS) and corresponding battery capacity (MWh or GWh).

e Replacement cycles and lifetime data. This data is assumed to be strongly application
dependent. At present, there is no comprehensive data available.

2.3.1.1. Useful data sources

Sev