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Abstract  
 

Because of the volume and the stored energy, safety requirements for large Lithium-Ion batteries 
(LIB) are significantly higher than safety requirements for consumer cells and cells for hybrid 
applications. These safety requirements also apply for the recycling process of Lithium-Ion traction 
batteries. An efficient and safe recycling process of LIB is necessary to counteract the scarce 
availability of raw materials. To ensure an efficient and safe recycling process, a safe take back 
process of LIB subject to all EU legislation needs to be developed.  
Goal of this task is the quantification of the risks which occurs during handling, storage and 
transportation of LIB in order to achieve a secure take back of LIB. 
To achieve this goal, two workshops together with the involved partners in this task, Umicore, 
SNAM, EDI-Veolia, Daimler, Renault and Fraunhofer were conducted. In the first Workshop, 
required process steps and their critical aspects were identified and discussed. Different logistic 
options were studied and possible partners involved in the take back process were determined. 
Based on that knowledge a second workshop was hold. The target of this workshop was the 
quantification and minimization of the risks in the take back process of LIB. Therefore a FMEA risk 
analysis, based on a modular 12- staged take back process, which was defined in advance with the 
project partners, was conducted. For the process steps in total 220 functions were identified and 
possible failures for the functions were determined and structured in failures caused by human, 
material, tools, environment and methodology. Altogether 1014 possible failures for the entire 
process were identified. The most safety relevant and risky steps were: removing of the battery from 
the car, diagnosis and packaging. These steps provide the basis for all subsequent process steps 
and in these steps, the most failure causes exist. The modularity of the FMEA analysis allows the 
modification according to any future development in the take back process of batteries and 
therefore creates a baseline and a framework for risk analysis. 
Furthermore checklists for the partners involved in the take back process were developed.  
These checklists offer information whether a partner dealing with LIB is suitable and qualified and 
provides self-control for the actors. 
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1. Summary  
 

1.1 General objectives 

 
This report is dedicated to the identification of logistic options and the development of a save take 
back process of used Li-Ion batteries from customers to recyclers and refurbishers. 
Subtask 6.1.1 is focused on the study of logistics options with respect to the European transport 
legislation and European countries legislations as well.  
Subtask 6.1.2 treats the secure transportation channel in agreement with European legislation for 
handling, storage and transportation requirements in terms of safety.  Based on a general process, 
defined by the partners of the workshop, a FMEA risk analysis about used batteries transportation 
including the case of damaged batteries was conducted. The FMEA methodology provides a 
quantification of risks for the take back of used Li-Ion batteries (LIB). 

 

1.2. Introduction & methodology 

 
An important and new process for developing and testing is the safe take back of used and 
damaged LIB. Used batteries which have to be recycled, refurbished or which are damaged need to 
be removed from the car and delivered to treatment centers. The removal of the battery takes place 
at service providers and the take back process occurs on public European roads.  
The process design must proceed with high care because, in case of damage, LIB may carry a 
huge safety and environmental risk like thermal runaway, leak out of hazardous substances or 
electric current [1]. 
 
Prospective large volumes of batteries will be transported, handled, stored and recycled, therefore a 
suitable logistic model need to be developed which increase the safety of transportation e.g. 
standardized transportation containers, avoidance of interim storage centers, discharging of 
damaged batteries directly in automotive workshops/garage, classification of ready for 
reuse/damaged batteries in the automotive workshop/garage. 
 
The development of a suitable logistic model is at its starting point and must be pushed further 
focusing on process safety. Achieving a higher safety level would for example allow to loosen 
transportation regulations and lead to a significant cost reduction. 
 
The target of this task is the development of a logistic model subject to all EU legislation as a 
baseline for the FMEA risk analysis to identify the risks within the take back process of LIB and 
ensure the safe take back od used and damaged LIB. To accomplish this target following steps 
were undertaken and are the content of this report: 
 

1. Identification of process steps and logistic options within the take back process and 
conclusion of possible parties involved in the take back process of used and damaged LIB in 
collaboration with the partners of the workshop. 

2. Literature Research on EU regulations and laws for storing, transporting and handling of 
used and damaged LIB. 

3. Development of a general, modular logistic model, defined by the partners of the workshop 
and accomplishment of a FMEA risk analysis. 

4. Development of checklists for the identification of suitable partners in the take back process 
which offers information whether a partner, dealing with LIB, is suitable and qualified. 
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1.3. Starting point: state of the art & reference documentation 

 
This task has been developed and worked out together with the Fraunhofer IPA and the involved 
research partners of the ELIBAMA project Umicore AG, SNAM AG, EDI-Veolia, Daimler AG and 
Renault AG which have expert knowledge on the subjects logistic, recycling, battery design, 
hazardous goods and regulations for hazardous goods as soon as FMEA methodology. 
The partners Umicore AG, SNAM AG, EDI, Daimler AG, and Renault AG contributed expert 
knowledge in the field of packaging, handling, transportation and recycling of LIB. Fraunhofer IPA 
supported the project with a methodological competence for the FMEA risk analysis.  
Particular attention in the FMEA was on damaged batteries. 
 

1.4. Work description  

 
The identification of the process steps, the logistic options and the determination of possible parties 
involved in the take back process, have been discussed and implemented during and after the 
“ELIBAMA WP6 Workshop: Logistic Model“ in Stuttgart at the Fraunhofer Institute for Manufacturing 
Engineering. The WS took place on the 13th of March 2012. Participants of the WS were: 
Fraunhofer IPA, SNAM AG, Daimler AG, Renault AG and Umicore AG. This workshop was the 
general basis for the later FMEA risk analysis. 
 
Relating to the legislation and the regulatory situation for handling, dismantling, packaging and 
transportation of LIB, a literature research was conducted. Therefore also the LiBRi and LithoRec 
reports were used. 
 
In a further workshop the FMEA risk analysis was conducted. The FMEA risk analysis was prepared 
by the partners. The validation of the analysis and the risk quantification was done in a two day 
workshop that took place on the 06 th and 07 th of February 2013 at the Fraunhofer IPA in Stuttgart. 
Following experts were represented in this WS: Renault AG, Daimler AG, Umicore AG, SNAM AG, 
and Fraunhofer IPA. The FMEA risk analysis will took into account the diversity of possible 
scenarios in the take back process of LIB and focus therefore on a general process defined by the 
partners of the workshop. The definition of a general process was done in advance to the workshop 
in an online conference on the 19 th of November 2012. After the workshop the FMEA was 
developed further. 
 
Based on the developed expert knowledge, checklists for the identification of suitable partners in 
the take back process were compiled. 
 

1.5. Reference to intermediate reports and/or other deliverables 

 
M1-M24 activities are described in the interim reports. There are no references to other deliverables. 
 

1.6. Description of the results  

 
The main results and findings of the report are described in chapter 1-4 of the deliverable below. 
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1. Logistic options 

1.1. Description 
 
This subtask will be focused on the study of logistic options; therefore following points were worked 
out in the “ELIBAMA WP6 Workshop: Logistic Model“: 
 

 Identification of process steps in the take back of used LIB. 

 Consideration of options for the logistic model. 

 Identification of suitable parties involved in the take back process. 
 
The identification of the process steps is the requirement for the general process of the secure take 
back of used LIB, which will form the basis for the FMEA. It is absolutely necessary to develop a 
model that includes different views within the life cycle of the batteries. 
 

1.1.1 Identification of process steps in the take back of used LIB 

 
To be able to identify critical steps between sources and treatment centres, process steps in the 
take back of used LIB were identified. 
Before each process step was examined, definitions to following important terms were set: 
 
Terms and definitions: 
 

 Lithium battery: This term includes the term “Lithium cell” and “Cell blocks”, “Battery 
module”, “Battery packs” or “Battery units”. 

 Battery weight and size definition accepted: 

 Electric vehicles up to max. 500kg (> 15kWh) for planning max. 1000 kg 

 Plug-in hybrid vehicles up to 150kg (5-15 kWh) 

 Hybrid vehicles up to 50kg (1-2 kWh) 

 Size average: 1,00m x 2,00m x 0,50m for planning max. 1,5m x 2,5m x 1,0m 

 ReUse: Is the application of the entire battery for the same purpose (including little repair 
steps without opening the outer casing). 

 Second life: Is the application of the entire battery for another purpose. 

 Refurbishment: Needs an opening of the casing and a recombination of modules/cells to a 
battery/module. 

 New Lithium-Ion-Battery: Newly with quality management produced Battery which was not 
used (e.g. in a car or for tests) and which was not exposed to a damaging event. 

 Used Lithium-Ion-Battery: A used Lithium-Ion-Battery is a battery that can be a battery in 
good order as well as a battery with a malfunction (e.g. quality failures). A used LIB does not 
cause hazard of short circuit, heat, fire or release of hazardous substances. To say a used 
LIB is not defect in the sense of security but in the sense of quality function. 

 Defective Lithium-Ion-Battery/Damaged Lithium-Ion-Battery: This could be a new or 
used LIB but they cause hazard of short circuit, heat, fire or release of hazardous substances.  
o Defective: Battery which has lost a part of its functional integrity (electrical). 
o Damaged: Battery which has lost a part of its physical (and or mechanical) integrity [2, 3]. 

Defective and damaged batteries are classified as “waste”. 
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In legislation no definition of safety levels for batteries is available. Definitions of levels are available 
at “EUCAR Hazard Levels and Description” [4]. 
 
Table 1: Danger levels in battery errors after EUCAR 

 
 
After the definitions have been established, following process steps of the take back of LIB as soon 
as critical aspects in each step were identified. Afterwards suitable parties involved in the take back 
process of LIB and their requirements were mentioned. 
 
Process steps of the take back of LIB: 
 

 Remove battery 

 Collection / transport (1) 

 Interim storage 

 Transport (2) 

 Sorting of batteries 

 Transport (3) 

 Refurbishment (Reuse, ReManufacturing) 

 Recycling 



 

ELIBAMA – European Lithium-Ion Battery Advanced Manufacturing           CONFIDENTIAL 
Deliverable D6.1.1                                                                                               page 7                   

 
 

 Discussion of the process steps (Table 2): 

 
Table 2: Discussion of the process steps in the take back of LIB - “ELIBAMA WP6 Workshop: Logistic Model“ 

Remove battery from car (dismantling) 

Identification of critical aspects in the process step 
Suitable parties involved in the take back process of LIB 

and their requirements 

 
Handling:  
At the moment there is no specification for handling heavy 
batteries 

 no standard hooks or anchor points to ease the 
handling with lifting devices (fork lifts) 

 the “Service-friendly-design” minimizes operations and 
tools to remove the battery from the car (especially for 
service providers) 

Labeling/Declaration: 
A detailed labeling (e.g. bar coded) on the outer side of the 
packaging is a great advantage: 

 traceability of batteries 
 state of health (SOH)  

 defective, damaged etc.  
Furthermore following information could be used in the 
logistics chain to divide and manage the material flow 
(refurbishment, recycling) 

 age of the battery 
 working life of the battery 
 State of charge (SOC) of the battery 

Packaging: 
There is a sender responsibility for the transportation of 
dangerous goods. Before transportation each sender 
needs to check: 

 safety of the battery  
 correct labeling, packaging and announcement of 

dangerous goods 
Dismantling 
There are needs for the education of senders (sources of 
batteries). 
When the battery is cut off the high voltage in the 
dismantling process by disconnecting the battery from the 
connector plug there are security devices inside the battery 
that are cutting of the poles and are avoiding the risks of 
internal short circuits (Renault calls it “plug service”). 
 

 
Parties: Garages and ELV-recyclers:  

 
Requirements - Work on high voltage: 

 A special education for the work on high voltage systems 
is needed. The workers in garages and ELV-recyclers 
need this education (for example high voltage education 
[German association of electro technics and electronics 
(VDE)]. 

Requirements - Desincarceration: 

 For the desincarceration (battery extrication from 
damaged vehicle) special education is needed to ensure 
the safe dismantling and handling of the damaged 
batteries and to avoid risks from improper treatment. 

 Renault identified few specific dismantlers that are 
specially trained to desincarcerate (to extricate the battery 
when non possible at the dealership workshop with 
regular tools and methods) the batteries from accident 
vehicles.  

Conclusion: 
A specific electrical habilitation and the experience with 
damaged batteries will qualify the dismantlers to treat end of 
life vehicles in the right way. Information about removal of LIB 
is given via the International Dismantling Information System 
(IDIS) – like all dismantling information. 
Daimler mentions that the Qualification of Dismantlers usually 
is not done by the vehicle manufacturer. We should be careful 
because of BER (competition law). This should be an internal 
agreement within the contracted parties, as well as the level of 
detail of provided dismantling information. For battery recycling 
facilities it is preferable to get/obtain information on the 
batteries (e.g. cut off poles). Before removing the battery from 
accident vehicles there is a quarantine of two days for the 
vehicle. Today if a battery change is necessary the used/defect 
battery is packaged in the packaging of the new battery, the 
delivery of the new battery takes normally less than two days 
(additional quarantine time before transport). Thomas Kindt 
presented the requirements for the packaging in addition to the 
criteria defined in the packaging class 2. There is also 
information about packaging available in the LIBRI and 
LithoRec projects. A first diagnosis is done at the dealership 
level. A second diagnosis of the battery will be done in another 
place to qualify the battery (defect, damaged, ready for 
refurbishment).The goal is then to classify the hazardous 
goods transportation as a waste or as a product. 
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Collection/Transport 

Identification of critical aspects in the process step 
Suitable parties involved in the take back process of LIB 

and their requirements 

 
Collection 
There can be problems when different battery types, e.g. 
lead acid batteries and LIB, are transported together. 
Transport of different battery type within the same 
transportation device has to be studied. It has to be clear 
what the problem is: 

 Is it the treatment/recycling process? Then a sorting of 
the batteries could solve the problem and a common 
transportation is possible. 

 Or is it actually the transportation of different battery 
chemistries that causes risks (chemical reactions 
between the components of the batteries)? 

Labeling/Classification of batteries 

 There is no differentiation in legislation for different 
rechargeable LIB chemistries 

 It is necessary to find out where is the critical point for 
legislation and define this security level (EUCAR 
levels are baseline). 

 What is the level that defines the battery as damaged 
battery? 

 

 
Parties:  Service provider (Logistic and Sorting): 
 

Normally transportation is done by logistic service providers 
who are familiar to the legislation for the transportation of 
dangerous goods.  

 The drivers do have a special education and know what 
additional equipment is needed for the transport.  

 They know how and when special permissions are 
necessary (international transport).  

 Documents and permissions for the transport are 
required. 

 Documents for the reception of the batteries at the 
recycling facility and intended recycling are necessary. 

  For the transportation of damaged batteries special 
transportation permission is required for each individual 
transportation step/process. 

Storage 

Identification of critical aspects in the process step 
Suitable parties involved in the take back process of LIB 

and their requirements 

 
Safety aspects: 
For interim storage health, safety and environmental (HSE) 
aspects need to be respected [waste directive (waste key 
160604 + 160605)]. Regarding the legislation on waste 
storage are there differences and why are there 
differences between German and French legislation? This 
needs to be studied. 

 In Germany, special permissions and waste legislation 
need to be respected when quantities above 30 tons 
of dangerous waste and 120 tons of non-dangerous 
waste are stored. The legislation in France and 
Europe needs to be studied. 

 In Germany, a daily through put above 10 tons 
requires special permissions for treatment (recycling 
facilities). 

 Within the defined process interim 
storage means the storing of big 
quantities of batteries in order to 
consolidate the quantities and to reduce 
costs for the next transportation step. 

 

 
Parties:  Garage, Recycling facilities  

 
Requirements for storage: 

 For the storage of batteries legislation must be respected 

 A protection against rain and sun radiation, liquid proof 
shell must be ensured 
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ReUse and Refurbishment 

Identification of critical aspects in the process step 
Suitable parties involved in the take back process of LIB 

and their requirements 

 
Today there are no or very few experiences regarding the 
characteristics of used batteries.  
Even though the battery at its end of life in vehicle 
application still has 80% (common recommendation) of the 
capacity there is no experience on the further 
performance. Problematic aspects for ReUse and 
Refurbishment are: 

 Welded casings are not easy to open. 

 For the fixation of the cells casting methods are 
used – non releasable connection.  

 It is not clear which other application is suitable 
for ReUse of EV batteries – part of task 6.3.2. 

 The warranty of refurbished batteries could 
become a problem, if there is no detailed 
information on the behavior and the 
characteristics of the refurbished batteries (resting 
life time, cycling within non (H)EV applications).  

 The costs of refurbished batteries compared to 
new batteries (other types, LeadAcid) have to be 
studied – part of task 6.3.2. 

 How do refurbished batteries meet the testing 
requirements of UN 38.3? 

 

 
Parties: Recycling facilities, ReUse/ReMan Facility, OEM 
Manufacturer 

 
Requirements for handling  with LIB: 
During the disconnection of the battery the poles are cut off the 
internal high voltage. For diagnosis the battery needs to be 
opened if the origin “plug service” is not in use condition or 
available (specific plugs for each manufacturer). Battery 
systems are tested for the criteria described in UN 38.3. When 
batteries systems are dismantled and divided into different 
modules/cells they lose their test status and need to be 
considered as prototype batteries. For prototype batteries a 
special packaging is necessary and special transportation 
requirements need to be respected – this raises the costs for 
transportation. 

 

1.1.2 Identification of logistic options  

 
Based on the identification of process steps in the take back of LIB, different logistic options were 
identified.  
 
There a many options how a used LIB can be taken back from costumer to recycler. 
 
For example a used LIB can be taken back according to the “One-Step collecting concept”. That 
means that testing and removal of the battery from the car were conducted from garages and ELV 
recyclers. The used batteries were temporarily stored on site, or if there is no storage capacity they 
were stored on a nearby garage. The collection of the used batteries occurs according to the pick-
up principle of one or more recycling facilities. The transport can also be organized by a logistic 
service provider. In the recycling facilities the used batteries will be tested and sorted at first. After 
that the used batteries were stored until they were treated further. Afterwards the batteries will be 
disassembled on site to the cell level. According to need, used batteries and components for re-use 
or further use were refurbished. No longer useable cells, were delivered to the preparation. The 
recycling facilities are operated by disposal service providers. 
 
A used battery can also be taken back according to the Two-Step collecting concept. 
In contrast to the One-Step collecting concept, the used batteries were collected, after their removal, 
immediately by decentralized storage sites, according to the pick-up principle. From there they were 
tested, sorted and stored. Used batteries for re-use or further use were distributed from here. A 
repair is also possible. The used batteries will only be transported to the recycling facility if they 
have to be refurbished there [3]. Figure 1 shows a summary of different logistic model options. 
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Figure 1: Different logistic options 
 

Because of the legal situation, damaged batteries and batteries which no longer can be prepared 
are classified as waste. In none of the models mentioned above, damaged batteries were 
considered. For the take back of damaged batteries, further process steps like “waste storage” and 
“sorting of waste” should be included. Furthermore for damaged batteries, process steps like 
“interim storage”, “sorting” etc. are not feasible for economic reasons. 
Different logistic options are represented below. Figure 2 gives an overview of possible models.  
 

 
 
Figure 2: Different logistic options for damaged batteries 
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1.2. Conclusion and recommendations 

 
A selection of a single logistic option is not useful because of following aspects it is difficult to 
predict which model is the most suitable: 
 

 future development of raw material prices 

 business model for re-use, re-pair, re-manufacturing and second-life of LIB 

 quantities of LIB to be transported 

 transport costs  

 cooperation with partners  
 
Therefore the partners and participants in this task agree that there will not be a selection of one 
logistics model. Instead a general process will be defined which considers all options. This general 
process is applicable independent from future developments. The goal is to agree on the content of 
operations and operators that are forming the process for the take back system of the (H)EV battery. 
A risk protection on a general level is advisable because it can be conducted with all possible future 
developments and is not constructed on a single process. 
 

2. Relevant legislation and regulations for the take back of used 
LIB 

2.1. Description 
 
In this chapter an overview of relevant laws and regulations for transport, storage, package and 
handling of LIB is given.  
  

2.1.1 Relevant laws and regulations 

 
The safety requirements for the transportation of LIB are described in the UN Model Regulations 
(UN Recommendations on the Transport of Dangerous Goods) and in the international Dangerous 
Goods Regulations [5]. 
 
International Regulations (UN): 
 

 Recommendations on the Transport of Dangerous Goods (UN Model Regulations) 

 Recommendations on the Transport of Dangerous Goods (UN Manual of Tests and Criteria) 

 European Agreement concerning the International Carriage of Dangerous Goods by Road 
(ADR) 

 Regulation concerning the International Carriage of Dangerous Goods by Rail (RID) 

 European Agreement concerning the International Carriage of Dangerous Goods by Inland 
Waterways (ADN) 

 International Maritime Dangerous Goods (IMDG) code 

 International Civil Aviation Organization technical instructions (ICAO T.I.) 

 International Air Transport Association Dangerous Goods Regulations (IATA-DGR) 
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The international dangerous goods regulations have the status of international treaties and will be 
transfered by the national legislature into applicable national law. 
In the Federal Republic of Germany for the transport of LIB, in particular following national 
legislation shall be taken into account. 
 
National (Germany): 
 

 Law for the carriage of dangerous goods (GGBefG) 

 Ordinance on the national and international carriage of dangerous goods by road, rail, and 
inland waterways (GGVSEB) 

 Ordinance on the carriage of dangerous goods by ship (GGVSee) 

 Ordinance on exemptions of the provisions on dangerous goods transport (GGAV) 

 

2.1.2 Classification of LIB 

 
In the "International Ordinance on the Transport of Dangerous Goods" lithium cells and batteries 
are  generally classified as dangerous goods.  
Depending on the chemical bond of the lithium, following classification options of the batteries exist. 

 
Table 3: Classification of batteries 

UN Number Shipping labeling/description Definition 

3480 
Lithium-ion batteries (including lithium-ion polymer 

batteries) 

Secondary Lithium-batteries 
(rechargeable) 

3481 
Lithium-ion batteries (including lithium-ion polymer 

batteries) 
packed WITH equipment 

3481 
Lithium-ion batteries (including lithium-ion polymer 

batteries) 
packed IN equipment 

3090 Lithium-metal-batteries 

Primary Lithium-batteries (non-
rechargeable) 

3091 Lithium-metal-batteries packed WITH equipment 

3091 Lithium-metal-batteries packed IN equipment 

 
In this task only LIB for automotive (UN 3480, 3481) were considered. They have much higher 
weight (> 150 kg) and a higher amount of hazardous goods than batteries of daily use (for example 
batteries for mobile phones.) 
LIB are dedicated to the hazard class 9 “Various dangerous materials and products”, if they are 
conform to the special provision 230 (SP 230). Furthermore lithium-ion batteries are classified in the 
packing group II; therefore they are dedicated as hazardous good of medium danger.  
The following table presents an overview of special provisions of ADR. 
 
Table 4: Special provisions of ADR 

UN 
Number 

Shipping 
labeling/description 

Class 
Classification 

Code 
Packing 
group 

Danger 
label 

Special 
provision 

Packaging 

3480 
Lithium-ion battery 

(including lithium-ion 
polymer batteries) 

9 M4 II 9 

188 
230 
310 
348 
636 
656 
661 

P903 
P903a 
P903b 
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Special provisions (SP): 
 
SP 188 applies for the transport of small cells / batteries under simplified conditions (max. 20 Wh for 
cells). SP 230 describes the testing and design requirements for cells / batteries. In the SP 310 the 
transport of prototypes and small production runs (≤ 100 pieces) is regulated. SP 348 states that 
batteries, which were produced after the 31th of December 2011, need to be marked with Watt-hour 
on the outer casing. SP 636 describes the guidelines for the transportation of used cells / batteries 
with a gross weight of max. 500 g. SP 656 is a supplement to SP 188. SP 661 includes the 
requirements for the transport of damaged batteries.  
The transport of LIB by air is subject to higher safety standards as the transport by road, rail or by 
ship.  
 
Packaging instructions for Li-ion Batteries: 

 P 903: Packaging group II, Conditions for batteries in and with equipment, Conditions for 

batteries > 12kg 

 P 903 a: Used batteries with a gross mass > 500g:Packaging group II, Conditions for 

packages ≤ 30kg 

 P 903 b: Used batteries with a gross mass ≤ 500g, only for disposal and for collection with 

other battery types: H2, 4H2 on packaging group II 1A2, 4A on packaging group II with 

add.Req. Conditions for packages ≤ 30kg 

 

2.1.3 Requirements for transportation of LIB 

 
Independent of the transport mode, batteries are only authorised for transportation if they comply 
with the requirements of the Special provision 230 of the UN recommendations.  
 
SP 230 - general requirements: 
 
This term contains each kind of cell / battery that contains Lithium, including Lithium-polymer-or 
Lithium-ion-cells or batteries (UN 3090, 3091, 3480 and 3481). 
 
Transport of Lithium-cells / -batteries is permitted if: 
 

  Cell / battery is consistent with a kind / type that has been tested according to UN-manual 
„Tests and Criteria“, part III subsection 38.3. 

  Cells / batteries are equipped with protection devices against inner overpressure OR 
against forced rupture under normal transport conditions. 

  Cell / battery is equipped with an active device to prevent outer short circuits. 

  Cells connected in parallel or batteries containing parallel connected. 

  Cells are equipped with an active device to prevent dangerous back currents (e.g. diodes, 
fused…). 
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Table 5: Test series according to subsection 38.3 UN-manual of Tests and Criteria 

 
 
Without complete and successful tests a legal transport of batteries from mass production is not 
possible. If all conditions of the SP 230 are met, the LIB may transported by road or ship by 
applying the Packing Instruction P903 ADR/IMDG-Code. 
 
For the packaging of LIB following requirements in road and maritime transport apply: 

o The package have to meet the requirements of Packing Group II. 

o The general packing requirements must be observed. 

o Cells or batteries must be protected against short circuit. 

o Batteries with a resistant, and shock resistant case and a gross mass of 12 kg can also be 

transported in slatted crates or protective enclosures without UN specifications or rather 

unpacked. In this case battery terminals may not be charged with the weight of the items 

stacked above. 

o The general transport regulations, for example labeling the packages, accompanying 

documents, identification of transport units,  must be observed. 
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Transport of prototypes, used batteries and damaged batteries 
 
Prototypes and small production runs 
 
If there is no evidence that the cell or battery type was completely tested according to subsection 
38.3 of the UN-manual, the cell or battery type is classified as prototype. Prototypes may only be 
transported according to the Special Provision 310 ADR/ IMDG-Code. 
 
SP 310 is valid for: 
 

 UN 3090 / UN 3480 Lithium-cells and –batteries 

 Series of production of max. 100Lithium-cells and –batteries 

 Pre-production prototypes of Lithium-cells and –batteries 

 Transportation exclusively for the purpose of testing 
 
Requirements of SP 310: 
 

 Outer package + barrel made of metal, plastic or wallboard+ box made of metal, plastic or 
wood 

 Outer package corresponds to packaging group I (X-coding) 

 Each cell / battery packed individually in an inner packages inside of the outer package 

 Usage of non-flammable, non-conductive padding material 
 
 
Used batteries 
 
The transport of used lithium cells or batteries is exclusively regulated in the regulations of ADR, 
therefore, regulated exclusively for the European road. 
 
Used batteries and cells with a gross mass ≤ 500g have to be transported according to the 
packaging instruction 903 b in conjunction with SP 636. 
 
Used batteries with a gross mass > 500g have to be transported according to the the packaging 
instruction P 903a of the ADR. 
 
According to packaging instructions P903a following requirements have to be met: 
 

 The package have to meet the requirements of Packing Group II. 

 The general packing requirements must be observed. 

 Cells or batteries must be protected against short circuit. 

 Packages without UN specification are allowed if:  
o Packaging instructions of sector 4.1.1 and 4.1.3 ADR/IMDG-Code are fulfilled 
o Cells or batteries are protected against short circuit 
o Packages are  ≤ 30kg 

 
Deviating from road transport neither UN recommendations nor the IMDG Code contain specific 
regulations for the transport of used batteries. 
In the international maritime transport, the transport of used cells and batteries is exclusively 
allowed if the conditions for “new batteries” are fulfilled. 
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Damaged batteries 

 
When damaged, LIB in particular present greater demands on the safety of the collection system. 
According to SP 661/ADR, the transport of such goods is only possible subject to an individual 
agreement with the responsible competent authorities because damaged LIB can present an 
increased safety risk. 
LIB are considered to be defective or damaged when any of the following conditions apply: 
 

 Batteries are identified by the manufacturer as being defective for safety reasons 

 Batteries with damaged or considerably deformed cases  

 Leaking or venting batteries 

 Batteries with faults that cannot be diagnosed prior to carriage to a place of analysis 

 Defective cells have been identified by the battery management system (BMS) 

 Temperature changes (measurable increase in temperature when switched off; heat tinting 
on metal parts; melted or deformed plastic parts) 
 

Today, there is no specific transport regulation for damaged and defective batteries. 
 
The estimated major hazards are evolution of heat and fire during transport. So, the main required 
measure is to protect the battery from external fire and to confine internal fire within the packaging. 
 
According to Multilateral Agreement M228 (RECHARGE "Packaging requirements for damaged & 
defective lithium batteries"31/10/2012) following instructions are given (see figure 3):  
 

 Put battery in an aluminium foil bag, and wrap this into noncombustible absorbent 
cushioning material - attach battery strongly to pallet 

 Outer packing should be a strong box made of polywood, plastic or metal 
 Between inner and outer packaging : 40mm insulating, non-combustible material 

 
 
 

 

 
Figure 3: Packaging of damaged LIB (EBRA "transport regulation issues"21/06/2012) 
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2.1.3 Requirements for storage of LIB 

 
GDV has issued an information sheet for damage prevention. When LIB are stored and handled 
correctly, no risks should be expected. However, technical defects or an improper handling can lead 
to an uncontrolled and accelerated release of the chemically stored energy of the battery. This is 
done regularly as thermal energy, inevitably leading to fire. 
 
Therefore following conditions necessarily must be avoided: 
 

 mechanical damage (risk of an  internal short circuit) 

 thermal loads (risk of an  internal short circuit) 
 
Every business owner is obliged to conduct a risk assessment1 in which occurring risks of the 
storage has to be estimated.  
 
Basically following safety regulations must be observed for storage: 
 

 compliance with instruction requirements of the manufacturer 

 preventing of external short circuits (Protection against short-circuit of battery terminals, for 
example by using pole caps) 

 proper disposal of damaged products. Disposal instructions are done by the manufacturer 
(for example safety data sheet) 

 avoidance of high storage temperatures, rain and solar radiation 

 avoidance of mixed storage of substances which poses risks (flammable substances, gases 
etc.) 

 training courses for employees for the correct use with LIB 

 When storing large stocks of LIB, a separate storage in a fire protective area must be 
available (for example container, safety cabinets) 

 
For storing high-voltage LIB, following safety rules are recommended by GDV: 
 

 On current information no firm knowledge, in order to adequately  protective measures, is 
available  

 If batteries have to be stored, a contact with the property insurer is recommended. A safety 
data sheet and a risk assessment are required at least. 

 Following protective measures are considered: 
o separate storage (or for example storage in three levels) 
o quantity limitation (the store offers a storage capacity for EOL chemical storage batteries, 

including the use of Total 50t with a daily capacity of up to 1t) 
o spatial separation with safety distance  
o oxygen reduction system /inertgas extinguishing systems 
o special extinguishing systems (if foreseen from the manufacturer) 

 
Damaged LIB 
 

 For the storage for defective batteries, no firm knowledge in order to adequately  protective 
measures, is available. 

 
 

                                                 
1
 § 5 German occupational safety and health act  and § 3 Industrial Safety Regulation 
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2.1.4 Requirements for handling of LIB 

 

For handling with high-voltage LIB following standards and regulations apply [6]: 

 

Statutes, regulations, technical rules: 

 

 German occupational safety and health act 

 German ordinance on industrial safety and health 

 TRBS technical rules for industrial safety and health2 

 

Occupational safety and health regulations, rules and informative documents: 

 

 Accident prevention regulations: 

o "Governing principles of prevention" (BGV/GUV-V A1) 

o "Electrical installations and equipment" (BGV/GUV-V A3) 

 Informative documents 

o "Governing skilled electrical persons" (BGI 548) 

o "Governing the erection and operation of electrical test systems" (BGI 891) 

 

Standards/VDE provisions 

 

 DIN EN 60529 (VDE 0470-1): "Degrees of protection provided by enclosures (IP code)" 

 DIN VDE 0682-401: "Voltage detectors Part 3: Two-pole low-voltage type" 

 DIN VDE 0105-100: "Operation of electrical installations" 

 DIN VDE 1000-10: "Requirements for persons working in a field of electrical engineering" 

 DIN VDE 0100-600: "Low voltage electrical installations - Part 6: Verification" 

 ISO 6469-3: "Electrically propelled road vehicles - Safety specifications"  

 DIN EN 61140 (VDE 0140-1): Part 3: "Protection of persons against electric shock." Common 

aspects for installation and equipment. 

 DIN EN 50191 (VDE 0104): "Installation and operation of electrical test equipment" 

 Federal ECE Rule 100: Regulation No 100 of the Economic Commission for Europe of the 

United Nations (UN/ECE) - Uniform provisions concerning the approval of vehicles with regard 

to specific requirements for the electric power train. 

                                                 
2
 http://www.arbeitssicherheit.de/de/html/library/document/5775990,26/drucken 
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2.1.5 Following information for the qualification for work on high-voltage systems is 
described in GUV-I 8686 [7]: 

 

1. Electrical work on high voltage systems of vehicles 

 

The electrical work can only be started if protection measures against electric shock, short circuits 

and arc faults. Further details of the electrical risks are described in « electricians" (BGI 548). 

Before beginning of the work, a zero-potential status has to be ensured. 

 

This is done by observing the five safety rules : 

 Disconnect 

 Protect against reconnection 

 Declare absence of voltage (use of suitable tools (special DIN VDE 0682-40 approved 

tools)) 

 Earthing and short-circuiting 

 Cover or enclose neighbouring parts under voltage 

 

2. Responsibility 

 

The contractor is obliged to ensure that only qualified staff works on high-voltage systems. 

Furthermore he has to create work instructions, organize the electrotechnical department and 

define tasks and competences. What kind of work on high-voltage systems an employee is 

permitted to do, depends on the education and qualification and is defined in BGI/GUV-I 8686. 

For example an electrically instructed person may only carry out such work on high-voltage systems 

in which he was trained by an electrically qualified person. The electrically qualified person has to 

inform the electrically instructed person about potential hazards of improper behavior and the 

required safety devices and protective measures. 

An electrically qualified person is allowed to bear the responsibility in the field of work and carry out 

electrotechnical work in which he adduced a specialized education and knowledge of the relevant 

provisions. Furthermore the electrically qualified person has a supervisory responsibility. 

 

Requirements for persons performing electrotechnical work, are set in different regulations and VDE 

requirements, particularly in: 

 German occupational safety and health act 

 "Electrical installations and equipment" (BGV/GUV-V A3) 

 DIN VDE 1000-10: "Requirements for persons working in a field of electrical engineering" 
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3. Risk assessment: 

 

The contractor has to ensure the health and safety of the employees according to the occupational 

safety and health act. Therefore a risk assessment is necessary. It is the requirement for the 

development of operational health and safety measures. 

The risk assessment consists of: 

 a systematic identification and evaluation of relevant risks 

 derivation of suitable measures 

 

A risk could arise from inadequate qualifications and training of employees. 

 

Damaged LIB: 

 

On current information no firm knowledge, in order to work on damaged high-voltage batteries is 

available 

 

2.2 Conclusion and recommendations 

 
There is an extensive legislation which is available for all areas (handling, storage and 
transportation of LIB). Provisions are applicable for the whole take back of LIB. An appropriate risk 
protection could facilitate costly approval procedures. 
Investigations and appropriate measures could increase the safety and reduce transport costs. 
 
At present, for damaged batteries, no regulation for transportation, storage and handling exists. 
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3. Process definition and risk analysis (FMEA) 

3.1. Description 
 
To ensure the safety of the take back of used LIB a FMEA is necessary to analyse and minimise the 
risks of the take back of used LIB. The aim in this workshop was to apply the method of the FMEA 
and adapt it to the general process of used LIB.  
 
 

3.1.1 Process definition 

 
Goal was the development of a universal, modular take back process which is able to represent all 
logistic options. This process is the baseline for the risk analysis (FMEA).  
A universal, modular process offers a baseline for all possible future developments. The main focus 
in the process definition was on damaged batteries. 
The result is a 12- staged process which was jointly defined in the workshop by all project 
participants. Table 6 shows each process step and its associated functions. “Functions” means the 
corresponding activities in the process step. For example in the process step “Remove Battery” the 
associated function can be disassembling the battery from a car, handling of the batteries, storage 
of the battery (unpacked), packaging/labelling of the battery and then storage the battery.  
Based on this general process, the FMEA was conducted. Therefore the programme  APIS IQ-RM-
X 6 was used. 
 
 
Table 6: General process of the take back of LIB 

Process step n.1 n.2 n.3 n.4 n.5 n.5 

1 Remove 
battery 

Disassembling 
from car 

handling diagnosis 
Packaging / 

labeling 
storage 

Documents / 
permissions 

1.1 Remove 
battery from 
damaged Car 

Disassembling 
from car 

handling diagnosis 
Packaging / 

labeling 
storage 

Documents / 
permissions 

2 Transport Loading Cargo securing Transport Unloading   

2.1 Transport 
of damaged 

battery 
Loading Cargo securing Transport Unloading   

3 Interim 
storage 

handling storage 
Documents / 
permissions 

   

4 Transport Loading Cargo securing Transport Unloading   

5 Sorting of 
batteries 

handling unpacking sorting 
Packaging / 

labeling 
storing 

Documents / 
permissions 

6 Transport Loading Cargo securing Transport Unloading   

7.1 ReUse      
Documents / 
permissions 

7.2 Refurbish handling unpacking diagnosis 

Disassembling 
for ReMan 
(battery) 

Packaging / 
labeling of cells / 

modules 

Documents / 
permissions 
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Process step n.1 n.2 n.3 n.4 n.5 n.5 

8 Transport Loading Cargo securing Transport Unloading   

9 Interim 
storage to sort 

and collect 
waste and/or 

cells 

handling unpacking sorting 
Packaging / 

labeling 
storing 

Documents / 
permissions 

10 Transport Loading Cargo securing Transport Unloading   

11 Recycling handling storage     

 

3.1.2 Risk Analysis/FMEA 

 
Initial Situation 

 
The FMEA analysis was prepared by Fraunhofer IPA. Especially the structural, the functional and 

the failure analysis were prepared in advance as well as the failure net. 

The basis of the FMEA structure is the general process. The process is described with ten process 

steps (the further two process steps “Remove battery from damaged car” and “transport of 

damaged batteries” were subsequently defined in the workshop), as shown in figure 4 

 

 
 
Figure 4: process description as part of the FMEA structural analysis 
 
For each process step corresponding process functions (tasks in each step) have been defined.  
To the respective process functions, failures and failure functions were assigned. For structuring the 
failures and failure functions in each process function, two methods were discussed: 
 

 Time sequence: sequential analysis of the actions 

 Classification in the “5 M” method: each process step is described by its possible influences, 
structured in human, material, tools, environment and method 
 

Here the “5 M” method was chosen to better allocate the failures to the “causer”. For example the 
battery was defined as “Material” and all possible failures and malfunctions emanating from the 
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battery were identified and performed. Similarly the consideration for human failures, methodical 
failures, failures because of environmental influences or machines was conducted. 
Figure 5 presents an overview of each process step, described by its possible influences. 
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Figure 5: Detailed process description and influences 
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Based on the structural analysis, the functional structure was developed. Here all functions over all 
process steps were identified: 

 For the 10 process steps in total 220 functions were identified and possible failures for the 
functions were determined and structured in failures caused by human, material, tools, 
environment, methodology:.  

 In total 1014 possible failures for the entire process were identified  
 

Finally the failure net was developed. It links failure causes to failures and failure consequences.  
Figure 6 is an example for the failure net of one single failure  
(Process step 1: Function: Remove battery from car: Failure: Damage battery) 
 

 
Figure 6: failure net of a failure on the process level 
 
Workshop 
 

 Introduction and short presentation of the agenda and planned methodology 

 Introduction of the FMEA-methodology and presentation of the prepared process structure for 

the FMEA. 

Based on the prepared FMEA described above the validation of the FMEA and the quantification of 

the risks was done partly.  
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From the identified 1014 failures, 241 were quantified and discussed during the workshop.  

15 failures were identified as not possible. And finally for 24 failures the quantification was not 

possible by the participants of the workshop. These failures should be quantified by asking experts 

for the specific topics. Figure 7 summarizes those results in a chart. 

 

 
Figure 7: workshop results on quantification of risks 
 

Based on the prepared criteria for severity of failure consequences, the probability of occurrence (A) 

and the probability for detection of failures (E) were quantified for the mentioned 241 failures. 

According to their risk priority numbers (RPZ) they were classified as: 

-49 were severe (red)  

-53 were critical (yellow) 

-139 were not critical (green) 

The results are summed up in figure 8: 

 

Figure 8: workshop results on quantification of risks 
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Conditions for quantification: 
 
Failures with marginal consequences were fade out. This allows a primary consideration of safety 
risks which consists mainly of damages to people, environment and goods. Based on the “VDA 
Band 4 QS“ the automotive industry sets following failure sequences:  
 

 Injury of an employee:  Importance = 10 

 Environmental pollution: Importance = 9 

 Damage of goods: Importance = 8 
 
Violations of laws were also valued highly: 
 

 Violation of law: Importance = 9 
 
Documentation difficulties are only moderate failure consequences, anyway they were treated as a 
violation of law by legislature. 
 

 Confirmation of the recycling process difficult or impossible: Importance = 9 
 
An interruption in the supply chain is also considered as a severe failure sequence: 
 

 Interruption in the supply chain: Importance = 7 
 
Even determined: No measure for discovery E = 10 
 
The quantification of the occurence (A) is even problematic because no experience with the 
process, no numbers of batteries and therefore no reliable numbers exist. 
 
The most safety relevant and risky steps were: removing of the battery from the car, diagnosis and 

packaging. These steps provide the basis for all subsequent process steps and in this steps, the 

most failure causes exist. A failure quantification of these steps was not feasible because of 

significant differences in the process itself, the specific applied tools, differences in battery design, 

in the packaging and in the education levels of the workers. To get valid, meaningful data on this 

process step a user specific individual FMEA analysis is recommended by different car 

manufacturers and dismantlers. In this workshop especially the risks for the process step “transport” 

could be analyzed and evaluated with a risk priority number (RPZ). 
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3.2. Conclusion and recommendations 
 
Because of the detail level and the range of the FMEA, a universal consideration of the whole 
process is not possible. A general and manufacturer independent statement of the risks and the 
measures for the risk minimization can´t be made because of the differences in battery design, 
packaging, dismantling process, dismantling utilities, car design, loading devices and qualification 
level of the employees. 
A FMEA should be conducted by individual partners and it´s specific process steps. This would 
allow a detailed analysis of the process and an individual development of measures for the risk 
minimization. The modularity of the FMEA analysis allows the modification according to any future 
development in the take back process of batteries and therefore creates a baseline and a 
framework for risk analysis. 
In most cases the determined RPZ was very high. This can be explained by the described 
methodology above. It is advisable to use an alternative methodology which is able to regard the 
severity of the importance of the failure sequence more detailed. 
For the probability of occurrence it is advisable to use experiences from other dangerous goods or 
products and therefore to derive appropriate numbers and probabilities. 
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4. Checklist for the identification of suitable partners in the take 
back process 

4.1. Description 

  
ELV Recyclers/Garages, Storage, Logistic Service Provider, Sorting facilities, Recycling facilities 
and Refurbisher have to meet the legal requirements and therefore ensure a safe take back of used 
LIB. 
The following checklists describe the requirements for the partners in the take back process of used 
LIB.  

4.1.1 Checklist – Employee Qualifications 

 
For ELV Recyclers/Garages;  Storage, Sorting facilities as soon as Recycling facilities and 
Refurbisher following requirements for the qualification of employees need to be fulfilled: 
 
Table 7: Requirements for Employee Qualifications - ELV Recyclers/Garages; Storage, Sorting facilities, 
Recycling facilities and Refurbisher 

Criteria/Requirements Comments

Electrically qualified person (EUP):

Do the workers have a special education for the work on high 

voltage systems described in BGI/GUV-I 868

German occupational safety and health act

 "Electrical installations and equipment" (BGV/GUV-V A3)

 DIN VDE 1000-10: "Requirements for persons working in a field 

of electrical engineering"

Is there an electrically qualified person with supervisory 

responsibility?

Are there specialists for hazardous materials (Chemist, safety 

officer for hazardous materials)

Battery extrication from damaged vehicle:

Do the workers have a special education for battery extrication 

from damaged accident vehicle?

Are there regular safety training courses in particular by 

qualified electricians with an appropriate training certificate?

Training courses

Requirements fulfilled 

1. Employee qualifications

Handling/dismantling of LIB:

Requirements according to follwing regulations and VDE requirements for persons 

performing electrotechnical work are fulfilled?

Responsibility

Damaged batteries

Yes No

Yes No

Yes No

Yes No

Yes

Yes

No

No

Yes No

Yes Yes
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Furthermore for Logistic Service provider following requirements for the qualification of 
employees need to be fulfilled: 
 
Table 8: Requirements for Employee Qualifications – Logistic Service Provider 

Criteria/Requirements Comments

The drivers do have a special education and know what 

additional equipment is needed for the transport of high-

voltage LIB?

For the transportation of damaged batteries a special 

transportation permission is required?

The drivers know how and when special permissions are 

necessary (for example for the international transport)

Are there regular safety training courses for transportation of 

high-voltage LIB

Requirements fulfilled 

1. Employee qualifications

Education

Yes No

Yes No

Yes No

Yes No
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4.1.2 Checklist- Safety measures 

 

For ELV Recyclers/Garages;  Storage, Sorting facilities as soon as Recycling facilities and 
Refurbisher following requirements for safety measures need to be fulfilled: 
 
Table 9: Requirements for Safety measures - ELV Recyclers/Garages; Storage, Sorting facilities, Recycling 
facilities and Refurbisher 

2. Safety measures

German occupational safety and health act

German ordinance on industrial safety and health

TRBS technical rules for industrial safety and health 

"Governing principles of prevention" (BGV/GUV-V A1)

"Electrical installations and equipment" (BGV/GUV-V A3)

DIN EN 61140 (VDE 0140-1) Part 3: "Protection of persons against 

electric shock." Common aspects for installation and 

equipment.

Protection measures against electric shock, short circuits and 

arc faults according to BGI 548?

Protective gloves compliant with for example:

- European standards: EN 60 903

- International standards: CEI 60 903

Work clothes at HV Battery systems/Flame retardant workwear

Face protection/shield compliant with for example

- EN 166: Personal eye protection

- EN 170: Personal eye protection, ultraviolet filter

Is there a fire protection plan ?

Measures for fire fighting

Metal fire extinguisher

Fire Alarm system (remote monitoring)

Air exchange rates

Escape and rescue routes

Fire protection classes, etc …

Safety equipment available?

Safety measures are in compliance with follwing regualtions?

Compliance of accident prevention rules?

Yes No

Yes

Yes

Yes

No

No

No

Yes

Yes

No

No

Yes No

Yes

Yes

Yes

No

No

No

Yes No

Yes No

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No
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Furthermore for Logistic Service provider following requirements for safety measures need to be 
fulfilled: 

 
Table 10: Requirements for Safety measures – Logistic Service Provider 

2. Safety measures

§ 5 German occupational safety and health act

§ 3 Industrial Safety Regulation

Documents and permissions for the transport are required

Suitable transport vehicles and transport container ( according 

to ADR) are available

Movable container

Trolleys or carts

Spreader

Lifting equipment (battery-specific)

Conditions for transportation

Protection against high temperatures

Protection against solar radiation

Protection against rain

Avoidance of mixed storage of substances which poses risks 

(flammable substances, gases etc.)

Preventing of external short circuits (Protection against short-

circuit of battery terminals, for example by using pole caps)

A safe handling during the transportation of of batteries over long distances  can be guaranteed and 

follwing equipment is available?

Following conditions for transportation are met:

Safety equipment is available?

Risk assessment 

A risk assemessment of the storage of LIB according to following laws and regulations is conducted?

Yes NoYes

Yes

No

No

Yes No

Yes No

Yes

Yes

No

No

Yes

Yes

No

No

Yes

Yes

No

No

Yes No

Yes

Yes

No

No
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4.1.3 Checklist - Installation and Tools 

 
For ELV Recyclers/Garages,  Sorting facilities as soon as Recycling facilities and 
Refurbisher following requirements for Installation and Tools need to be fulfilled: 
 
Table 11: Requirements for Installation and Tools - ELV Recyclers/Garages, Sorting facilities, Recycling 
facilities and Refurbisher 

3. Installation/Tools

DIN VDE 0682-401: "Voltage detectors Part 3: Two-pole low-

voltage type"

DIN VDE 0105-100: "Operation of electrical installations"

DIN EN 50191 (VDE 0104): "Installation and operation of 

electrical test equipment"

DIN VDE 0100-600: "Low voltage electrical installations - Part 6: 

Verification"

Removal/Refitting kit for traction battery

Tool who allows the removal/refitting of the traction battery

Lift table

Tool of unblocking of the locks of the traction battery

Mobile crane

Lifting kit of traction battery

Electrical insulating blanquet

Are there suitable tools for the dismantling of batteries from 

damaged accident vehicles?

Are there suitable devices, and (measurement) tools for dismantling of LIB? 

Operation of electrical installations and equipment is compliant according to following 

regualtions?

Yes NoYes

Yes

Yes

Yes

Yes

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

 
 



 

ELIBAMA – European Lithium-Ion Battery Advanced Manufacturing           CONFIDENTIAL 
Deliverable D6.1.1                                                                                               page 34                   

  

4.1.4 Checklist – Storage 

For ELV Recyclers/Garages,  Storage, Sorting facilities as soon as Recycling facilities and 
Refurbisher following requirements for storage need to be fulfilled: 

 
Table 12: Requirements for Storage - ELV Recyclers/Garages, Storage, Sorting facilities, Recycling facilities 
and Refurbisher 

4. Storage

§ 5 German occupational safety and health act

§ 3 Industrial Safety Regulation

Protection against high temperatures

Protection against solar radiation

Protection against rain

Avoidance of mixed storage of substances which poses risks 

(flammable substances, gases etc.)

Preventing of external short circuits (Protection against short-

circuit of battery terminals, for example by using pole caps)

When storing large stocks of LIB, a separate storage in a fire 

protective area must is available (for example container, safety 

cabinets)

Compliance with instruction requirements of the manufacturer

For storing high-voltage LIB, following safety rules are fulfilled

If batteries have to be stored, a contact with the property 

insurer is recommended?

A safety data sheet is available?

Separate storage 

Quantity limitation (the store offers a storage capacity for EOL 

chemical storage batteries, including the use of Total 50t with a 

daily capacity of up to 1t)

Spatial separation with safety distance 

Oxygen reduction system /inertgas extinguishing systems

A risk assemessment of the storage of LIB according to following laws and regulations is conducted?

Risk assessment 

Following storage conditions are met:

Storage conditions

Safety rules

Following protective measures are considered:

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

Yes

Yes

No

No

Yes No

Yes

Yes

No

No

Yes No

Yes

Yes

Yes

Yes

No

No

No

No
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4.1.5 Checklist – Packaging/Labelling 

 
For ELV Recyclers/Garages and Recycling facilities following requirements for assessment of 
transportability of LIB need to be fulfilled: 
 
Table 13: Assessment of transportability of LIB - ELV Recyclers/Garages, Recycling facilities and Refurbisher 

5. Assessment of transportability of LIB

Are there standardised system reading devices or (BMS) 

reading devices?

Are there test procedures for defect and damaged batteries?

Age of the battery

Working life of the battery

State of charge (SOC)

State of Health (SOH) 

Packaging/Declaration

Compliance with packing instruction according to ADR

(P 903, 903 a,903b)

Conditions according to UN requiremtns are fulfilled (SP 188; SP 

230; SP 310; SP 348; SP 636; SP 656; SP 188 or SP 661)

Packaging of damaged battereis is compliant according to 

Multilateral Agreement M228 (RECHARGE "Packaging 

requirements for damaged & defective lithium 

batteries"31/10/2012)

Sender name and address (battery producer)

Description of the waste

European classification of hazards (Class 9 for Li-battery). 

Classification as "dangerous goods" hazard class 9 according to 

International Ordinance on the Transport of Dangerous Goods

Danger levels in battery errors are classified after EUCAR

UN Code

Receiver name and address

Following requirements for the information on labeling of packaging standards are fulfilled?

Battery control/Traceability

Before transportation following diagnostic data were evaluated?

National and international regualtions are obeserved?

Yes No

Yes NoYes

Yes No

Yes

Yes

Yes

Yes

No

No

No

No

Yes NoYes

Yes

No

No

Yes NoYes

Yes

Yes

Yes No

No

No

Yes

Yes

No

No

 
 

4.2 Conclusion and recommendations 
 
The checklists offer information whether a partner dealing with LIB is suitable and qualified.  
Those make an identification of partners easier and provide self-control for the actors. 
Nevertheless a process validation supported by a FMEA for the actor is advisable. A FMEA delivers 
a higher detail level and the development of measures to minimize the risks. 
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5. Implementation on other WP  
 
No implementation on other WP is foreseen. 
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