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Project work plan 

Method for the calculation of recycling efficiencies 1
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Best available techniques and treatment requirements

Criteria for equivalency of recycling operations outside 

the European Union

Preparation and realisation of stakeholder consultation

Meetings and documentation

Work 

Package
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Information collection

• Survey of existing calculation methods for recycling efficiencies

• Survey of existing reporting formats

• Consideration of relevant studies, literature and technical background 

information (BREFs, technical guidelines, etc.)

• Questionnaire survey

• Stakeholder consultation and workshop
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Stakeholder consultation

Dedicated project website

www.bipro.de/batteries-directive

Questionnaire survey

> 100 stakeholders including battery recyclers, collection and recycling 

initiatives, relevant industry associations (EBPA, EUROBAT, EBRA, Recharge, 

ILA), NGOs and Member states (TAC members 2006/66/EC)

Telephone, e-mail contacts and individual meetings

Stakeholder workshop

Presentation and discussion of project results and

consideration of comments for the project outcome

http://www.bipro.de/batteries-directive
http://www.bipro.de/batteries-directive
http://www.bipro.de/batteries-directive
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Outcome of the questionnaire survey

Questionnaires sent out: 112

Questionnaires returned: 32

•Industry Associations: 3

•Battery Recycler: 10

•Collection and Recycling Initiatives: 9

•TAC Members: 10

Additional feedback: 5

Really valuable information. Thank you for contributions!
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Specifications and definitions related to the recycling efficiency

For a common understanding several terms and issues need to be specified 

and discussed.

Required 

recycling 

efficiencies:

§§ 75%, 65%, 50%

Calculation of 

recycling 

efficiencies:

?

• Battery types according to Batteries Directive

• „Recycling efficiency“

• „Battery“, „Battery Pack“, „Recycling“, „By-Product“, „End of waste status“ 

• What are the system boundaries for the recycling process?

• What is the scope for the achievement of the recycling efficiency?

• What are relevant input and output fractions?
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Specifications and definitions (1) Battery types

Battery type Technology

Non rechargeable (primary) Rechargeable (secondary)

Portable General purpose batteries such as
 zinc-carbon (ZnC)
 alkaline manganese (AlMn)
 lithium-oxide (Li)
 button cells (zinc air, silver oxide,

manganese oxide, lithium)
These represent around 75% of

portable battery segment.

 nickel-cadmium (NiCd)
 nickel metal hydride (NiMH)
 lithium-ion (Li-ion)
 lead-acid batteries (PbA)
These represent about 25% of the portable battery

segment.

Industrial  alkaline manganese (AlMn)
 zinc-air (ZnAir)
 lithium-oxide (Li)

 lead-acid (PbA) batteries (Lead acid standby, lead
acid traction; 96% of industrial batteries)

 NiCd batteries (NiCd standby, NiCd motive power;
2% of industrial batteries)

 lithium-ion (Li-ion)
 lithium polymer
 other batteries (e.g. NiMH; 2% of industrial

batteries)

Automotive  lead-acid batteries
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Specifications and definitions (2) Recycling efficiency 

Annex III part B of Directive 2006/66/EC:

“3. Recycling processes shall achieve the following minimum recycling efficiencies:

(a) 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;

(b) 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

(c) recycling of 50 % by average weight of other waste batteries and 

accumulators.”
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Specifications and definitions (3) Battery, Battery Pack 

“battery” or “accumulator” means any source of electrical energy generated by 

direct conversion of chemical energy and consisting of one or more primary battery 

cells (nonrechargeable) or consisting of one or more secondary battery cells

(rechargeable);” (Art 3.1 Dir. 2006/66/EC)

“battery pack” means any set of batteries or accumulators that are connected 

together and/or encapsulated within an outer casing so as to form a complete unit 

that the enduser is not intended to split up or open; (Art 3.2 Dir. 2006/66/EC)

Recycling efficiency refers to the average weight of [...] batteries and accumulators. 

The recycling efficiency is therefore related to battery cells. Components belonging 

to battery packs are not in the scope of the recycling efficiency. 

 Relevant for the recycling efficiency 

are strictly the primary and secondary battery cells.

Is this conclusion in the sense of the intention of the Batteries Directive? To be 

discussed later!
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Specifications and definitions (5) Recycling Batteries Directive

Definition of recycling used in the Batteries Directive 2006/66/EC:

“recycling”means the reprocessing in a production process of waste materials for 

their original purpose or for other purposes, but excluding energy recovery;

Throughout this project

the definition of the Batteries Directive 2006/66/EC is relevant 

(according to preamble 23 Directive 2008/98/EC).

 Energy recovery is not recycling



11

Specifications and definitions (6) Recycling

Recycling

(considering all 

process steps of 

recycling)

Products

Other input 

materials

Materials

Substances

Waste for disposal

Emissions

Waste 

batteries

Products, materials, 

substances used for 

energy recovery

Recycled 

fraction from 

batteries*

Illustration of the term “Recycling” in the sense of the revised Waste Framework 

Directive against the background of the Batteries Directive

* Regarding the recycling of batteries, only the share originating from batteries 

contributes to the recycling efficiency in the sense of the Batteries Directive

INPUT PROCESS OUTPUT
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Specifications and definitions (7) Recycling output fractions

The term “products”includes by-products in the sense of Article 5 of Directive 

2008/98/EC.

The term “materials”includes waste materials that have ceased to be waste in 

the sense of Article 6 of Directive 2008/98/EC.

The term “substance”is understood as any chemical element and its compounds 

in the sense of article 2.1 of Directive 2008/01/EC (IPPC directive).

The term “waste for disposal”is understood according to the definitions of 

Directive 2008/98/EC (see article 3.1 and 3.19). Annex I to the Directive sets out a 

non-exhaustive list of disposal operations.

The term “emissions”is understood as the direct or indirect release of 

substances from individual or diffuse sources in into the air, water or land.
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Specifications and definitions (8) System boundaries

Recycling

(considering all 

process steps of 

recycling)

Products

Other input 

materials

Materials

Substances

Waste for disposal

Emissions

Waste 

batteries

Products, materials, 

substances used for 

energy recovery

Recycled 

fraction from 

batteries

• Whole process of recycling starting from operational battery cells at the end of 

the lifetime to the different fractions that result from battery cell recycling and that 

originate from the battery cell input

• Not relevant whether carried out at a single recycling plant or at several sites or 

in a single country or in several countries

• System boundaries: waste battery cells entering and output fractions leaving the 

process
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Specifications and definitions (9) Input system boundary

• Recycling starts when treatment is terminated.

• Treatment includes e.g. storage, handling, sorting or dismantling of battery 

packs, braking of battery packs and separation of all those fractions that are not 

part of the battery cell. 

• Conversely, separation of fractions belonging to the battery cell and all other 

activities aiming at the recycling of the battery cells should be considered as 

being part of the recycling process.

• Removal of fluids and acids?

Treatment*: all activities for

- sorting

- preparation of recycling

- preparation of disposal

collection

storage

sorting

Recycling

- activities related to the cell

- production of metals, metal

compounds and other recyclates

Handover to the 

recycling facility

Start of the 

recycling process

* 2006/66/EC, Article 3.10: “treatment” means any activity carried out on waste batteries and accumulators after 

they have been handed over to a facility for sorting, preparation for recycling or preparation for disposal. 
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Specifications and definitions (9) Input system boundary

Question: Is the removal of fluids and acids treatment or recycling?

• (A) Wording of the Batteries Directive, Annex III, Part A on treatment includes the 

removal of all fluids and acids  Treatment

• (B) The recycling efficiency is related to the battery and more specifically to the 

battery cell. Relevant for the recycling efficiency are therefore the primary and 

secondary battery cells. A battery cell converts chemical energy directly to 

electrical energy. At least in wet batteries, this is only possible if the cell contains 

electrolyte. The electrolyte can be regarded as being component of the battery 

cell. The removal of fluids and acids means removal of components of the battery 

cell.  Recycling

How to decide? To be discussed later.
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Specifications and definitions (10) Output system boundary

Output fractions which can be accounted for recycling (depending on their actual use):

• the output fraction is a product

• the output fraction is a by-product (Article 5 Directive 2008/98/EC) 

• the output fraction ends its waste status (Article 6 Directive 2008/98/EC)

Output fractions which can not be accounted for recycling: 

• the output fraction is a waste for disposal (Directive 2008/98/EC)

• the output fraction is a direct or indirect release of substances from individual

or diffuse sources into the air, water or land.

Recycling

Start of the 

recycling process

End of the 

recycling process

Further activities

sale

disposal

other
Property of output fraction:

- is a product or by-product

- has ended its waste status

- is a waste for disposal

- is an emission

Specific criteria are available in Directive 2008/98/EC
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Specifications and definitions (11) Conclusion system boundaries

Usual steps related to battery recycling:

(Step 1) Dismantling or breaking of battery packs, separation and treatment of 

fractions belonging to the battery pack

(Step 2) Separation and treatment of fractions belonging to the battery cell.

(Step 3) Production of metals, metal compounds and other recycled output fractions

 Step 1 is considered not being part of the recycling process

 Steps 2 and 3 are considered being the battery recycling process in the sense of 

Directive 2006/66/EC

Whether the removal of fluids and acids is to be allocated to step 1 or 2 needs to 

be  specified 
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Specifications and definitions (12) System boundaries case by case

Limited number of dedicated processes in the battery recycling industry in the EU.

Battery recyclers have provided simplified flow charts showing the relevant inputs 

and output fractions and a short textual description of the treatment and recycling 

process steps the output fractions and their fate.

On the basis of this information and considering the system boundaries the relevant 

input and output fractions can be identified on a case by case analysis to the 

categories (a) product, by-product, material or substance which has ended its waste 

status, (b) waste for disposal and (c) emission.

 Pragmatic and transparent way to support a uniform application of the calculation 

method for the recycling efficiencies
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Specifications and definitions (13) System boundaries example

Process: Vacuum Thermal Recycling (VTR)

Battery type: NiCd-consumer batteries

Treatment Batteries are sorted after delivery, due to extract
impurities and to distinguish between single cells
and battery packs;
Batteries are treated in an impact mill to separate
plastic and electronic components and to
generate a fraction of pure battery cells.

Recycling Batteries are charged to a vacuum treatment
furnace. In a sealed system, batteries are heated
up to appr. 850ÁC. Water from electrolyte is
distillated and condensed within the vacuum
system. Cd (OH)2 is reduced and evaporated
within the vacuum system. After cooling, the
remaining NiFe-product and Cd-metall can be
taken out.

Products NiFe-secondary product  stainless steel
industry
Cadmium metal non-ferrous industry
Plastics (PE) plastic recycling industry
Waste water waste water treatment facility

Waste Micro electronic components energy recovery
Mixed plastics energy recovery

Emissions CO/CO2 atmosphere after active carbon filter
H2O atmosphere after active carbon filter

input NiCd 

batteries

treatment Sorting impurities

Pre-treatment 

(draining, plastic 

removal, etc)

recycling 

output 

products

- plastic

- electronic 

components

- electrolyte

output waste 

/ emissions

NiFe metal Cadmium 

metal

Single cells

- waste water

- CO / CO2

thermal treatment
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Specifications and definitions (14) System boundaries example

Proc
ess

Batter
y type

Input activity Output

products % fate waste % fate emissio
ns

% fate

VTR NiCd

Batt.
and
packs

batteri
es and
packs

Treatment
(sorting,
draining,
plastic
removal)

Plastics (PE) Plastic 
recycling 
industry

Mixed
Plastic

Energy
recovery

Micro 
electro
nic 
compo
nents

Energy
recovery

Impuriti
es

?

electrol
yte

?

Single
cells
100%

Recycling
(vacuum
thermal
treatment)

NiFe sec.
products

Stainless 
steel 
industry

Waste

water

Release
after WWT

CO / 
CO2

atmosph
ere

Cadmium
metal

Non-ferrous 
industry

H2O atmosp

here
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Specifications and definitions (15) Black-box approach

Step b

Step a

Step n

Step é

Waste battery 

cells

Output of

Waste for disposal

Emissions

Products, Materials 

and Substances 

used for energy 

recovery

Output of

Products, Materials 

and Substances 

originating from 

batteries

Other

input
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Specifications and definitions (16) Individual process step approach

Step b

Step a

Step n

Step é

Waste battery 

cells

Output of

Waste for disposal

Emissions

Products, Materials 

and Substances 

used for energy 

recovery

Output of

Products, Materials 

and Substances 

originating from 

batteries

Other

input

Carbon

CO2
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Recycled 

output

Not recycled 

output

Black box

Input

Recycled 

output

Not recycled 

output

Recycled 

output

Individual steps

Input

Specifications and definitions (17) Black box or individual step approach?

• Scope of the Batteries Directive: weight 

ratio recycled output fractions and input 

fractions of the whole process

• Relevant is the property of the output of 

the whole recycling process; Emissions 

and waste for disposal are not recycled

• Saving of resources is a useful LCA 

aspect but is not relevant here 

 Black-box approach

Both approaches: Mass balance at element level of input and output weights

• Use of recycled output fractions for 

their original or for other purposes 

(definition of recycling)

• Consequently recycled output fractions 

can be used for recycling processes 

and can be accounted for the recycling 

efficiency

• Saving of resources

 Individual step approach

To be discussed
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Thank you for your attention!

Points for discussion

• Are the battery cells in the focus of the recycling efficiency? (chart 9)

Is this conclusion in the sense of the Batteries Directive? Contradictory? E.g. to

• Article 11: MS shall ensure that manufacturers design appliances in such a way 

that waste batteries and accumulators can be readily removed

• Article 12.1.b: all identifiable batteries and accumulators collected… 

…undergo treatment and recycling through schemes…

• Article 3.17: „collection rate‟ means…  …the percentage obtained by dividing the 

weight of waste portable batteries and accumulators collected…   …by the 

average weight of portable batteries and accumulators that producers either sell 

directly to end-users or deliver… 

• Is the removal of fluids and acids part of the recycling process? (charts 14/15)

• Black-Box approach or individual step approach? (charts 21/22/23)

• Other issues?


