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Executive summary 

 Background 

Battery Directive (2006/66/EC) is the principal piece of legislation that deals with all batteries and 
accumulators put on the EU market, and all waste batteries and accumulators arising within EU 
and sets the policy context concerning the exemption of NiCd batteries use in Cordless Power 
Tools (CPTs). 

The Battery Directive aims at setting requirements on batteries and accumulators in order to 
minimise their negative impacts on the environment thus contributing to the protection, 
preservation and improvement of the quality of the environment. To achieve this objective, the 
Directive necessitates specifications on certain batteries containing hazardous materials like 
Cadmium sold in the EU. Article 4(1)(b) of the Directive restricts use of Cadmium (maximum 
0.002% of Cadmium by weight) in portable batteries and accumulators, including those 
incorporated into appliances. However, Article 4(3) of the same Directive exempts portable 
batteries and accumulators intended for use in emergency and alarm systems (including 
emergency lighting), medical equipment, and CPTs from the above restriction. 

Under Article 4(4) of the Batteries Directive, the Commission is required to review the current 
exemption to NiCd batteries for use in CPTs and submit a report to the European Parliament by 
26 September 2010, together, if appropriate, with relevant proposals, with a view to the 
prohibition of Cadmium in batteries and accumulators.  

In order to support a Commission proposal, a comparative Life Cycle Assessment (LCA) of these 
three battery types corresponding to their usage in CPTs is therefore required in order to 
facilitate an impact assessment of potential policy scenarios based on solid technical and 
scientific evidence. 

 Objectives 

The objectives of this study is to conduct a comparative Life-Cycle Assessment (LCA) of NiCd, 
NiMH and Li-ion batteries and chargers used in CPTs and present the corresponding 
environmental stakes and identify the main steps in the life-cycle of the batteries contributing to 
these environmental impacts in the EU context. This information is further used in the study to 
support an impact assessment that assists in identifying and evaluating various policy options to 
reduce the environmental impact and human exposure to cadmium associated with these 
batteries with a potential to withdraw the current exemption in the Batteries Directive 
(2006/66/EC) for cadmium use in batteries for in CPTs. 

 Life-Cycle Assessment (LCA) 

An LCA aims at assessing all quantifiable environmental impacts of a service or product from the 
extraction of the materials required, to the treatment of these materials at the end-of-life stage. 
The environmental impact of batteries used in CPTs can therefore be estimated using LCA. 
Following are the salient features of the LCA carried out during this study: 
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 LCA was carried out for batteries used in cordless power tools (CPT) which include: 
Nickel-Cadmium (NiCd) batteries, Nickel Metal Hydride (NiMH) batteries, Lithium Iron 
Phosphate (LiFePO4) (for the purpose of the LCA, it was decided to retain only the 
main Li-ion technology in terms of current market shares: Lithium Iron Phosphate 
technology). 

 The CPT itself has been excluded from the scope of the LCA as this will not have an 
impact of the comparative assessment and on the conclusions of the analysis. The 
scope of the LCA was {charger and 2 battery packs}. 

 The market for CPTs is split between the professional use (Pro) and the domestic use 
(Do It Yourself – DIY). The data collection focused on the Pro market segment which 
represents a significant market share for this specific application and for which data on 
charging cycles were already available. 

 The functional unit chosen for the LCA is: “1 kWh of energy delivered by the battery to 
the CPT”. 

 Raw data were collected from CPT and battery manufacturers and industry 
associations and inventory data were mainly taken from the Ecoinvent v2.2 database, 
published in 2010. 

 The study is representative of a European context: Production reflects the supply chain 
of CPTs manufactured for the European market. Besides, the composition of the cells 
that have been considered is representative of the ones used in CPTs. Furthermore, 
use phase is also representative of a European context.  

 Conclusions of the Life Cycle Assessment 

This LCA has demonstrated that no clear overall hierarchy between the batteries can be defined. 
A clear conclusion can only be given for a limited number of indicators: LiFePO4 has a lower 
impact for Terrestrial Acidification Potential and Particulate Matter Formation Potential but has 
a higher impact for Freshwater Eutrophication Potential.  

Regarding natural resources, comparative results depend on the time perspective chosen for the 
policy analysis that is based on this LCA: 

 For a mid-term perspective, Metal Depletion Potential (from ReCiPe) should be 
considered. In that case, NiCd appears to have a lower potential impact on 
resource than NiMH and LiFePO4. 

 For a long-term perspective, Abiotic Resource Depletion Potential (from CML) 
should be considered. In that case, NiMH and LiFePO4 appear equal and have a 
lower environmental impact than NiCd. 

Time horizon appears to be a key issue for Human Toxicity Potential and Freshwater Ecotoxicity 
Potential:  

 For a short/mid-term perspective, NiCd and NiMH appear to have a lower potential 
impact than LiFePO4. 
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 For a long-term perspective, NiMH and LiFePO4 appear equal and have a lower 
environmental impact than NiCd. 

 Policy analysis 

 Selection of policy options 

The policy options aim at addressing the current exemption to NiCd batteries for use in CPTs. 
Three policy options were identified as described below: 

 Option 1 – Baseline scenario (no withdrawal of the exemption). The baseline scenario is 
also referred to as a “Business as Usual” (BaU) scenario which is used to explain how 
the current situation would evolve without additional intervention or “no change in 
policy”. The baseline scenario is considered as a possible option and provides the basis 
for comparing policy options. In this option, the present situation would continue, 
meaning there would be no withdrawal of the current exemption in the Battery 
Directive (Article 4 (3)(c)) to the use of NiCd batteries in CPTs. 

 Option 2 – Immediate withdrawal of the exemption (2012/2013). This option would 
immediately (in 2013) withdraw the exemption, restricting the use of Cadmium 
content (by weight of more than 0.002%) in batteries for CPTs. The collection and 
treatment rate of NiCd batteries would follow the rates specified under the Batteries 
Directive. As NiCd batteries for CPTs will not be available anymore starting from 2013, 
they will be replaced by NiMH (20% replacement of NiCd batteries) and Li-ion (80% 
replacement of NiCd batteries) batteries. The time required for the transposition of 
this option by the industry will be 18 months. 

 Option 3 – Delayed withdrawal of the exemption (2016). This option would withdraw 
the exemption in force in 2016 thus banning the use of NiCd batteries in CPTs. The 
collection and treatment rate of NiCd would follow the rates specified under the 
Batteries Directive. From 2016 onwards, the NiCd batteries will be replaced by NiMH 
(20% replacement of NiCd batteries) and Li-ion (80% replacement of NiCd batteries) 
batteries. The time required for the transposition of this option by the industry will be 
18 months. 

 Comparison of Environmental, Economic and Social impacts 

The assessment of environmental impacts of the batteries used in CPTs under the three policy 
options considered only include the impacts of the battery packs (for all the three battery types: 
NiCd, NiMH and Li-ion). The environmental impacts associated with the chargers of these 
battery packs are therefore excluded from the assessment as  the charger is not covered by the 
Battery Directive but by WEEE and RoHS Directives and the objective of current study is only to 
review an exemption under the Battery Directive. 

To allow for a meaningful comparison between the different environmental impacts, each policy 
option’s value for each impact indicator was normalised to its ‘inhabitant equivalent’. This 
process produces a value which is equal to the contribution of that many average Europeans’ 
contribution to given impact indicator. The weighting factors for various environmental impact 
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categories used in study are based on the aggregation scheme provided by DG JRC-IES1 which is 
used to calculate a value for total environmental impact for each policy option. 

Environmental, social, economic and administrative impacts were identified and assessed for 
each of the three policy options separately. Afterwards, the magnitude of these impacts for the 
three policy options was compared. The comparison highlights the advantages and 
disadvantages of the three policy options, across the economic, social, administrative and 
environmental dimensions and it identifies the potential weaknesses and risks of these options.  

The three policy options were compared from the point of view of effectiveness, efficiency and 
coherence, including potential trade-offs between competing objectives. Particular attention 
was paid to cost-effectiveness of different policy options since some of them have budgetary 
implications. 

To compare the three policy options, a semi-quantitative score matrix approach was adopted 
(see Table 1). The level of detail in the analysis depends on the amount of information gathered 
as well as their quality.  

Table 1: Semi-quantitative matrix to compare the policy options 

Legend Likely effect 

+++ Strongly positive impact 

++ Positive impact 

+ Slightly positive 

0 No effect (the baseline) 

- Slightly negative impact 

-- Negative impact 

--- Strongly negative impact 

≈ Marginal/Neutral 

? Uncertain 

Table 2 summarises the possible environmental, economic, social and administrative impact for 
implementation of the three policy options at the MS and industry level. In each cell of the matrix 
a qualitative score was given, hence, forming the basis for identifying the most workable 
approach in an efficient and effective manner. 

 

 

                                                                  
1 As provided in the draft report, ‘Life Cycle Indicators for the Data Centres on Resources, Products and Waste – 
Deliverable A2b’ by Gjalt Huppes and Lauran van Oers; CML-IE, Leiden University. 
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Table 2: Comparison of the three policy options according to economic, environmental and 
social indicators 

                                            Policy Option   

Impact Indicator 

Option 1 Option 2 Option 3 

Economic impact indicators 

Mining companies 

0 

No additional cost or 
turnover loss 

0 

No additional cost or 
turnover loss 

0 

No additional cost or 
turnover loss 

Raw material suppliers 

0 

No additional cost or 
turnover loss 

- 

Small turnover loss (15-
20 million Euros/year) 

to Cadmium salt 
producers 

- 

Small turnover loss (15-
20 million Euros/year) to 
Cadmium salt producers 

Battery cell manufacturers 

0 

No additional cost or 
turnover loss 

0 

No CPT battery 
manufacturing in EU 

0 

No CPT battery 
manufacturing in EU 

Battery pack assemblers 

0 

No additional cost or 
turnover loss 

? 

Nickel-based battery 
pack assemblers 

operations in EU may 
theoretically be 

affected 

? 

Nickel-based battery 
pack assemblers 

operations in EU may 
theoretically be affected 

CPT manufacturers 

0 

No additional cost or 
turnover loss 

-- 

One-time combined 
technical costs for all 

the CPT manufacturers 
in EU is estimated to be 
between  €45.8 to €60 

million 

- 

One-time combined 
technical costs for all the 

CPT manufacturers in 
EU is estimated to be 

€33 million 

Retailers 

0 

No additional cost or 
turnover loss 

0 

Retailers will pass on 
the increase in cost (of 

purchase of 
alternatives to NiCd 

based CPTs) entirely to 
consumers 

0 

Retailers will pass on the 
increase in cost (of 

purchase of alternatives 
to NiCd based CPTs) 

entirely to consumers  

Consumers 

0 

No additional cost 

-- 

Over the period 2013-
2025, an average NiMH 
battery based CPT will 

cost €0.8 more, 
whereas an average Li-

- 

Over the period 2016-
2025, an average NiMH 
battery based CPT will 

cost €0.4 more, whereas 
an average Li-ion battery 
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                                            Policy Option   

Impact Indicator 

Option 1 Option 2 Option 3 

ion battery based CPT 
will cost €2.1 more to 

the consumer than the 
average NiCd-battery 

based CPT 

based CPT will cost €0.9 
more to the consumer 

than the average NiCd-
battery based CPT 

Recyclers 

0 

No additional cost or 
turnover loss 

? 

Up to 2% lower to 60% 
higher recycling cost 
for the recycling of all 
CPT waste batteries 

collected in EU 
compared to Option 1. 
The impact therefore is 

uncertain because of 
this wide range.  

? 

Up to 7% lower to 26% 
higher recycling cost for 
the recycling of all CPT 

waste batteries collected 
in EU compared to 

Option 1. The impact 
therefore is uncertain 
because of this wide 

range.  

Administrative costs (MS) 

0 

No implementation 
costs for MS 
authorities 

≈ 

Marginal or neutral cost 
since Cadmium 

restriction in EU in 
many portable 

batteries is already 
implemented under the 

Battery Directive 

≈ 

Marginal or neutral cost 
since Cadmium 

restriction in EU in many 
portable batteries is 

already implemented 
under the Battery 

Directive 

Environmental impact indicators 

Aggregated environmental impact 

0 

Annual contribution 
of environmental 
impact associated 
with battery use in 

CPTs to overall 
environmental 

impact in EU in the 
range of 0.12% to 

0.13% 

+ 

Environmentally more 
beneficial by 2% to 8% 

each year when 
compared to “Option 1” 

+ 

Environmentally more 
beneficial by 1% to 5% 

each year when 
compared to “Option 1” 

Cadmium emissions to water, ST + 
5% LT 

0 

945 tonnes to 1360 
tonnes of Cadmium 

emissions to water in 
EU related to use of 

batteries in CPTs 
over the period 2010-

2025  

++ 

68% to 74% less 
Cadmium emissions to 
water as compared to 

“Option 1” in EU 
related to use of 

batteries in CPTs over 
the period 2010-2025  

++ 

45% to 51% less 
Cadmium emissions to 
water as compared to 

“Option 1” introduced in 
EU related to use of 

batteries in CPTs over 
the period 2010-2025  

Social impact indicators 
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                                            Policy Option   

Impact Indicator 

Option 1 Option 2 Option 3 

Employment generation (raw 
material suppliers) 

0 

Does not 
increase/decrease 

jobs 

- 

Could lead to some job 
losses (20 to 30) in 

Cadmium salt 
production activity in 

EU 

- 

Could lead to some job 
losses (20 to 30) in 

Cadmium salt 
production activity in EU 

Employment generation (battery 
cell manufacturers) 

0 

Does not 
increase/decrease 

jobs  

0 

Does not 
increase/decrease jobs  

0 

Does not 
increase/decrease jobs  

Employment generation (battery 
pack assemblers) 

0 

Does not 
increase/decrease 

jobs  

? 

May theoretically affect 
employment in Nickel-

based battery pack 
assembly activity in EU 

however no 
quantification available 

? 

May theoretically affect 
employment in Nickel-

based battery pack 
assembly activity in EU 

however no 
quantification available  

Employment generation (CPT 
manufacturers) 

0 

Does not 
increase/decrease 

jobs  

≈ 

Unlikely to create 
additional jobs 

≈ 

Unlikely to create 
additional jobs 

Employment generation (retailers) 0 

Does not 
increase/decrease 

jobs  

0 

Does not 
increase/decrease jobs  

0 

Does not 
increase/decrease jobs  

Employment generation 
(recyclers) 

0 

Does not 
increase/decrease 

jobs  

? 

May theoretically lead 
to job losses in waste 

NiCd battery recycling 
activity in EU, however, 

this should be 
compensated by job 

gains in NiMH and Li-
ion recycling activity 

however no 
quantification available 

? 

May theoretically lead to 
job losses in waste NiCd 
battery recycling activity 

in EU, however, this 
should be compensated 

by job gains in NiMH and 
Li-ion recycling activity 

however no 
quantification available 

Employment generation (MS 
compliance authorities) 

0 

Does not 
increase/decrease 

jobs  

≈ 

Unlikely to create 
additional jobs 

≈ 

Unlikely to create 
additional jobs 
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 Recommendation for preferred option 

In terms of environmental impacts, Option 1 will lead to 945 tonnes to 1360 tonnes of Cadmium 
emissions to water in the EU over the period 2010-2025 related to use of batteries in CPTs. The 
contribution of annual environmental impact associated with battery use in CPTs to overall 
annual EU environmental impact in Option 1 is in the range of 0.12% to 0.13%.  

Option 2 is environmentally more beneficial by 2% to 8% each year when compared to “Option 
1”. Option 2 also results in 68% to 74% less Cadmium emissions to water as compared to “Option 
1” in the EU over the period 2010-2025 related to use of batteries in CPTs. 

Option 3 is environmentally more beneficial by 1% to 5% each year when compared to “Option 
1”. Option 2 also results in 45% to 51% less Cadmium emissions to water as compared to “Option 
1” in the EU over the period 2010-2025 related to use of batteries in CPTs. 

The economic impact in case of Option 2 is negative for two of the relevant stakeholders (CPT 
manufacturers and consumers), slightly negative for one (raw material suppliers) whereas it is 
uncertain for two (battery pack assemblers and waste CPT battery recyclers) stakeholders. There 
are no cost impacts on three stakeholders (mining companies, battery cell manufacturing 
activities and retailers in EU). It is marginal or neutral for Member State authorities. 

The economic impact in case of Option 3 is slightly negative for three of the relevant 
stakeholders (raw material suppliers, CPT manufacturers and consumers) whereas t is uncertain 
for two (battery pack assemblers and waste CPT battery recyclers) stakeholders. There are no 
cost impacts on three stakeholders (mining companies, battery cell manufacturing activities and 
retailers in EU). It is marginal or neutral for Member State authorities. 

Based on the results of the comparison of impacts (environmental, social and economic) of the 
three policy options presented in the table above, in the opinion of authors of this study, Option 3 
achieves almost the same level of effectiveness as Option 2 but at a higher efficiency (see Table 
3) and is therefore a good candidate for the preferred option. 

Table 3: Assessment of the policy options according to their effectiveness, efficiency and 
coherence 

Option Option 1 Option 2 Option 3 

Effectiveness2 

SO 1 Positive Positive Positive 

SO 2 Negative Positive Positive 

SO 3 Negative Positive Very positive 

SO 4 Negative Positive Positive 

                                                                  
2 “SO” refers to Specific Objective 
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Option Option 1 Option 2 Option 3 

OO3 1 Negative Very positive Very positive 

OO 2 Negative Very positive Very positive 

OO 3 Negative Positive Positive 

Efficiency 

 Negative Positive Very positive 

Coherence 

 Yes Yes Yes 

Conclusion Recommended option 

It is also worth mentioning that the withdrawal of the current exemption to NiCd batteries use in 
CPTs will foster innovation thus creating opportunities for European companies to play a leading 
role in the global context.  

The withdrawal of the current exemption to NiCd batteries use in CPTs however can be more 
efficient should a distinction be made between the DIY and PRO markets. This is so because the 
PRO market benefit from being less sensitive to an increase in price of the CPT as compared to 
DIY market. The resulting innovation in the PRO market will be translated to the DIY market 
naturally once the alternative battery based CPT technology becomes mature and hence more 
price competitive. These arguments can therefore be used to justify the withdrawal of the 
exemption to NiCd batteries use in CPTs meant for the PRO market and an extended phase-out 
of NiCd CPTs for the DIY market. However, it must be noted that a separate regulation of DIY 
and PRO markets is not practical because these markets are interrelated and therefore making it 
almost impossible to monitor the implementation of such a regulation by the Member State 
enforcement agencies. A separate regulation of PRO CPT market may lead to its abuse by certain 
manufacturers (selling the CPT to PRO users which was originally intended for DIY users) and 
PRO users (buying the NiCd based DIY CPT instead) therefore putting other manufacturers 
(abiding by such a regulation) at a disadvantage.  

It is therefore recommended that Option 3 be implemented for both PRO and DIY users alike. 

                                                                  
3 “OO” refers to Operational Objective 



 

 30 | Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries 

 

Report structure 

This document is the final report of the study on “Comparative Life-Cycle Assessment of nickel-
Cadmium (NiCd) batteries used in Cordless Power Tools (CPTs) vs. their alternatives nickel-metal 
hydride (NiMH) and lithium-ion (Li-ion) batteries” commissioned by DG Environment (Service 
Contract 07.0307/2010/573669/ETU/C2). The main objective of this study is to support an impact 
assessment which assists in identifying and evaluating various policy options to reduce the 
environmental impact and human exposure to cadmium associated with these batteries with a 
potential to withdraw the current exemption in the Batteries Directive (2006/66/EC) for cadmium 
use in batteries for in CPTs. It is based on a literature review and stakeholder consultation 
through questionnaires and personalised interviews. 

This report is constituted of two chapters as described below: 

 Chapter 1 provides the results of the LCA carried out for the three battery types) 
Nickel-Cadmium (NiCd) batteries, Nickel Metal Hydride (NiMH) batteries, 
Lithium Iron Phosphate (LiFePO4)). It also presents the comparative assessment 
of the environmental impacts of these three battery types over their whole life 
cycle.  

 Chapter 2 presents the economic, social, and environmental impacts of the various 
policy options to reduce the environmental impact and human exposure to 
cadmium associated with these batteries, while considering the potential to 
withdraw the current exemption in the Batteries Directive for cadmium (NiCd) 
use in batteries used in cordless power tools (CPTs). The findings of this chapter 
form a solid basis to select the most feasible and optimal policy 
recommendations. 
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Chapter 1: Life Cycle Assessment 

1.1 Goal of the study 

1.1.1 Background 

The Battery Directive 2006/66/EC aims at setting requirements on batteries and accumulators in 
order to minimise their negative impacts on the environment. To achieve this objective, the 
Directive necessitates specifications on certain batteries containing hazardous materials like 
cadmium sold in the EU. Under Article 4(4) of the Batteries Directive, the Commission is required 
to review the exemption from the cadmium ban provided for portable batteries and 
accumulators intended for use in Cordless Power Tools (CPTs), with a view to the prohibition of 
cadmium in batteries and accumulators.  

Several studies have contributed to the current review of Article 4(4) carried out by the 
Commission. In 2009, the Swedish Environmental Protection Agency report on ‘Cadmium in 
power tool batteries - The possibility and consequences of a ban’4 stated that it is possible to 
replace NiCd batteries in power tools with lithium-ion (Li-ion) batteries and nickel-metal hydride 
(NiMH) battery technologies. A further study carried out in 2010 by ESWI consortium for the 
Commission analysing a ban on NiCd batteries for CPTs also demonstrated that it is technically 
feasible to replace NiCd batteries used in CPTs by NiMH and Li-ion batteries5. On the other hand, 
this report also concluded that due to a lack of Life Cycle Assessment (LCA) data for these 
battery types, the environmental and health benefits of banning NiCd batteries for CPT 
applications are prone to “high uncertainty”. In order to support a Commission proposal, a 
comparative Life Cycle Assessment (LCA) of these three battery types corresponding to their 
usage in CPTs is therefore required in order to facilitate an impact assessment of potential policy 
scenarios based on solid technical and scientific evidence. 

1.1.2 Intended application 

The objective of this LCA is to compare the environmental impacts of NiCd, NiMH and Li-ion 
batteries and chargers used in Cordless Power Tools (CPTs) and identify the life-cycle phases of 
the batteries contributing mostly to their environmental impacts in the EU context. 

                                                                  
4 Swedish Environment Agency, 2009, Cadmium in power tool batteries: The possibility and consequences of a ban, 
www.naturvardsverket.se/Documents/publikationer/978-91-620-5901-9.pdf 

5 EWSI consortium, 2010, Exemption for the use of cadmium in Portable Batteries and Accumulators intended for the 
use in cordless power tools in the context of the Batteries Directive 2006/66/EC, 
ec.europa.eu/environment/waste/batteries/pdf/cadmium_report.pdf 
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This information is further used in the study to support a policy analysis which assists in 
identifying and evaluating various policy options to reduce the environmental impact and human 
exposure to cadmium associated with these batteries with a potential to withdraw the current 
exemption in the Batteries Directive (2006/66/EC) for cadmium use in batteries for in CPTs. 

1.1.3 Method 

The analysis performed in this chapter is as per the Life Cycle Assessment methodology. 

A Life Cycle Assessment (LCA) aims at assessing the quantifiable environmental impacts of a 
service or product from the extraction of the materials required, to the treatment of these 
materials at the end-of-life stage, i.e. from cradle to grave. 

Figure 1: Simplified representation of LCA 

 

 

The methodology consists in carrying out exhaustive assessments of natural resources 
consumption, energy consumption and emissions into the environment (waste, emissions to air, 
water and ground), for each process studied. 

Firstly, all incoming and outgoing flows (flows of materials and energy, both extracted from the 
environment and released into it) are inventoried for each life-cycle phase. Secondly, they are 
aggregated to quantify environmental impact indicators. LCA is a multi-criteria approach: no 
single environmental score is given: results are presented through several environmental impact 
indicators. 

The LCA methodology allows to compare situations and to identify pollution transfers from one 
type of impact (e.g. global warming) of the natural environment to another (e.g. resource 
depletion), or from one life-cycle stage to another, between two different scenarios for the same 
system, or between two different systems. Thus, LCA can be used in the context of a “design for 
the environment” approach or for support to decision-making. 
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1.1.4 Decision-context 

This LCA study is used as a basis for the environmental evaluation of policy scenarios. This policy 
analysis is used as a decision support (see §1.1.2 page 31). Besides, any decision that will be 
eventually taken by the European Commission based on this study (such as a withdraw of the 
current exemption in the Batteries Directive (2006/66/EC) for cadmium use in batteries for in 
CPTs) is not likely to generate large-scale changes on the background system of this LCA or on 
other systems. Therefore, the decision-context of the present study corresponds to the situation 
of a “micro-level decision support” (or “Situation A”, as defined in the International Reference 
Life Cycle Data System (ILCD) Handbook [14]). 

1.1.5 Target audience 

The primary target audience of the LCA is the European Commission, which is also the 
commissioner of the study. Besides, the European Commission will make the present report 
available to the public on its website for consultation. 

1.1.6 Commissioner of the study and other influential actors 

The study was commissioned by the European Commission (DG ENV) and conducted by BIO 
Intelligence Service6, which is an external and independent consulting firm. 

Data were collected from battery and CPT manufacturers, as well as from industry associations. 

1.1.7 Statement related to the comparative aspect of the 
study 

The study includes comparative assertions which will be disclosed to the public by the European 
Commission. 

 

                                                                  
6 http://www.biois.com 
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1.2 Scope of the study 

1.2.1 Products description 

This LCA aims at quantifying the environmental impacts related to the life-cycle of batteries used 
in Cordless Power Tools (CPTs). Given the vast variety of CPTs currently sold in the EU market, it 
is very important to make a careful choice of an average CPT for the LCA. In consultation with the 
Commission and agreement of the stakeholders, the cordless drill application (as shown in  

Figure 2) was selected. EPTA confirms that cordless drill represents the largest share of CPT 
market in EU. A cordless drill is of interest also because it can be used for any of the three battery 
types (NiCd, NiMH and LiFePO4) considered for the LCA. 

Figure 2: CPT under study (Heavy Duty Hammerdrill/Driver) 

 

 

Besides, the cordless power tool market is split between the professional use (Pro) and the 
domestic use (Do It Yourself – DIY). Data collection primarily focused on the Pro market 
segment, which represents a significant market share (40% of the market in volume and 65% of 
the market in value, in 2008) for this specific application and for which data on charging cycles 
were already available. 

Another methodological choice was required concerning the Li-ion battery chemistry, which 
actually covers a broad range of technologies. Thus, for the purpose of the study, the project 
team decided to retain only the main Li-ion technology in terms of current market share7. Figure 
3 shows the market share of main Li-ion battery chemistries used in power tools. Since Nickel 
Manganese Cobalt (NMC) and Nickel Cobalt Aluminium (NCA) technologies have similar market 
shares, Lithium Iron Phosphate chemistry appears to be the predominant technology in terms of 
market share. Eventually, the battery types considered for the LCA include Nickel-Cadmium 

                                                                  
7 Source: Recharge (International association for the promotion and management of portable rechargeable batteries 
through their life-cycle) 
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(NiCd) batteries, Nickel Metal Hydride (NiMH) batteries and Lithium Iron Phosphate 
(LiFePO4) batteries. 

Figure 3: Market share of Li-ion chemistries used in power tools8 

 

Concerning the cordless drill for the three battery types, a cross-checking of their Bills-Of-
Materials (BOM)9 showed no significant differences, apart from the type of battery packs they 
use. Therefore, the CPT (cordless drill) itself has been excluded from the scope of the study, as 
this will not have an impact on the comparative assessment and the conclusions of the LCA.  

Besides, it is important to note that cordless drills (and CPTs in general) are mostly sold with two 
battery packs and one charger. Having two batteries allows using the tool with one battery while 
the other battery is being charged. 

Finally, the items included in the LCA are (see Figure 4): 

 two battery packs (mainly constituted of cells, connected and assembled in a 
plastic housing); 

 one charger (main body with electronic components and housing, plus an AC cord 
and a plug). 

 

                                                                  
8 Source: Portable Rechargeable Battery Market in Europe 2008-2015 – Avicenne for Recharge, 2010 

9 BOMs provided by the European Power Tool Association (EPTA) 
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Figure 4: Items included in the LCA (Illustrative examples) 

 

Among the three battery types, the components of the pack itself are similar for NiCd and NiMH 
batteries. The main difference of the LiFePO4 pack when compared with NiCd and NiMH packs is 
that it includes electronic components that prevent overload, which is a specific requirement for 
these cells. 

1.2.2 Functions of the products 

The systems under study are batteries used in cordless power tools. The main function of 
portable rechargeable batteries is to deliver electric energy to the power tool without being 
plugged to a power outlet. 

The main characteristics that allow defining the performance of the systems under consideration 
are: 

 the voltage of the battery pack; 

 the current delivered during use; 

 the overall lifespan of the batteries (maximum number of charging cycles)10; 

 the capacity of the battery pack, i.e. its performance in terms of duration of use 
after one charging phase; 

 the capacity decrease throughout the life-cycle (ageing of the batteries). 

The influence of following parameters was not taken into account for the description of the 
system: 

 the ability to perform its main function over a range of external conditions: 

 temperature; 

                                                                  
10 This parameter is not taken into account in the reference scenario, but is treated in the frame of a sensitivity analysis. 
See §1.6.2, page63. 

Two battery packs (including cells) One charger 
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 relative humidity; 

 the ability to be charged more or less rapidly; 

 the overcharge tolerance; 

 the self-discharge rate (when not used). 

1.2.3 Functional Unit 

The main service provided by the system under consideration is the delivery of electrical energy 
to the CPT. In order to allow comparing the environmental impacts of the three batteries, those 
impacts have to be calculated for the same unit of service that they provide: in other words, a 
common reference needs to be defined. According to the ISO standard, this common reference is 
referred to as “Functional Unit” of the environmental assessment. 

In practice, the functional unit is used to scale the inputs and outputs (materials, energy, etc.) of 
each system studied. Consequently, the environmental impacts computed from these flows are 
automatically scaled to the functional unit. 

A widely used energy unit in LCA is the kWh. Therefore, in this LCA, the functional unit chosen is: 

 

 

 

Regarding the duration of the service provided, in the reference scenario, each battery pack was 
considered to provide energy during 82.5 hours (half the lifetime of the CPT). This point is further 
explained in § 1.3.6.1. 

The functional unit is consistent with the goal and scope of the study, as it allows comparing the 
three battery technologies with the same level of service provided. 

1.2.4 Reference flow 

Consequently, the reference flow considered is “1 kWh of electricity delivered to the CPT”. 

1.2.5 Modelling Framework 

As a consequence of being in a decision-context of “micro-level decision support” (see 
§0 page 33), the attributional LCI modelling approach has been systematically used. 

“To deliver 1 kWh of electricity to the CPT” 
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1.2.6 System Boundaries 

1.2.6.1 Life-cycle steps 

The following figure presents the system boundaries considered for this LCA. The whole life-
cycle of the batteries and associated charger have been taken into account. 

Figure 5: System boundaries considered for the three battery types11 

 

 

The life-cycle of batteries has been split into 7 life-cycle steps: 

 “cells” (production of material inputs and cell manufacturing); 

 “pack” (production of material inputs and battery pack manufacturing); 

 “charger” (production of material inputs and charger manufacturing); 

 “use” (electricity consumption to recharge the batteries); 

 “transport”: one single step grouping all transport steps; 

 “end-of-life - batteries” (i.e. landfilling, incineration or material recycling); 

 “end-of-life - charger” (i.e. landfilling, incineration or material recycling). 

                                                                  
11 When presenting the results, all transport steps (purple arrows) are grouped into one single life-cycle step named 
“transport”. 
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1.2.6.2 Inclusions 

For each of the three battery type under consideration, the life cycle includes the following steps: 

 Extraction of raw materials used for cells, packs and chargers; 

 Manufacturing of intermediate products used for cells, packs and chargers; 

 Transport of cells components to the cell manufacturing site; 

 Manufacturing of the cells; 

 Transport of the cells to the battery pack manufacturing site; 

 Manufacturing of the pack components; 

 Transport of the pack components to the battery pack manufacturing site; 

 Transport of the battery pack to the final assembly site; 

 Manufacturing of charger components; 

 Transport of the charger components to the charger manufacturing site; 

 Manufacturing of the charger; 

 Transport of the charger to the final assembly site; 

 Distribution of the battery packs and charger to European end users; 

 Use of the batteries and charger with the CPT by end users; 

 End-of-life of the batteries and charger (including collection, recycling i.e. material 
recovery, landfill and incineration). 

1.2.6.3 Exclusions 

1.2.6.3.1 Individual exclusions 

The following life-cycle steps are not included in the LCA: 

 Extraction of raw materials used in the CPT; 

 Manufacturing of the components used in the CPT; 

 Transport of the CPT components to the CPT manufacturing site; 

 Transport of the CPT to the final assembly site; 



 

 40 | Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries 

 

 Assembly of the CPT, charger and batteries; 

 Distribution of the CPT to European end users; 

 End of life of the CPT (collection and treatment). 

Note: The exclusion of the life cycle steps related to the charger was assessed in a dedicated 
sensitivity analysis (See §1.6.4, page 63). 

1.2.6.3.2 Systematic exclusions 

Environmental impacts related to the following activities are not assessed in this LCA: 

 The construction, maintenance and end-of-life of the infrastructure and capital 
equipment (e.g. buildings, machines, roads and transport vessels). This 
assumption, usually made in LCA studies, is based on the fact that the 
environmental impacts related to infrastructures are negligible compared to the 
impacts of the products, because of the relatively long lifespan of such 
infrastructures and equipments. 

 R&D activities linked to the design and production of the batteries. This choice is 
often made when assessing the impacts of mass-produced consumer goods. 

 Production, transport and disposal of packaging, used for the transportation steps. 
This has been excluded due to a lack of data. However, this does influence the 
comparison of the three battery types because packaging is expected to be 
similar for each one of them. 

1.2.6.4 Elementary flows 

The Life Cycle Inventory (LCI) format of Ecoinvent v2.2 database has been adopted for this LCA: 
all elementary flows included in this version of the database have been taken into account, and 
no supplementary elementary flow has been quantified. Life Cycle Inventory results provided in 
Annex 5, give the exhaustive list of elementary flows quantified in this LCA. These elementary 
flows are of several types: 

 Material inputs from the ecosphere; 

 Energy inputs from the ecosphere; 

 Material and energy outputs to air, water and soil. 
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1.2.7 Cut-off criteria 

Apart from the exclusions explicitly listed above, no cut-off criteria have been considered. 

1.2.8 Data quality requirements 

As this LCA compares the environmental impacts of three systems, the overall quality of the data 
used for the description of the three systems should be similar from one system to another. 

Furthermore, the first iteration of the LCA showed that none of the three batteries had much 
lower or much higher impacts for all indicators. Thus, as a minimum, an overall fair quality is 
required for each battery. 

1.2.9 Environmental impacts considered 

Due to the inherent uncertainty of the model used to translate results from impact categories 
into damage categories, endpoint indicators are less robust than midpoint indicators12. 
Therefore, only impact categories at midpoint level have been considered, in order to ensure a 
good level of robustness of the LCA results. 

Table 4 presents the environmental impact indictors that were assessed in the LCA. 

Table 4: Environmental impact indicators calculated (and LCIA methods used to assess them) 
LCIA method Potential environmental impact indicator Unit 

Global Warming Potential (GWP) kg CO2 eq 
Metal Depletion Potential (MDP) kg Fe eq 
Fossil Depletion Potential (FDP) kg oil eq 
Particulate Matter Formation Potential (PMFP) kg PM10 eq 

Photochemical oxidant formation Potential (POFP) 
kg NMVOC 
eq13 

Terrestrial Acidification Potential (TAP) kg SO2 eq 
Ozone Depletion Potential (ODP) kg CFC-11 eq 
Ionising Radiation Potential (IRP) kg U235 eq 
Freshwater Eutrophication Potential (FEP) kg P eq 

ReCiPe [10] 

Marine Eutrophication Potential (MEP) kg N eq 
CML [9] Abiotic resource depletion potential (ADP) kg Sb eq14 

                                                                  
12 According to ILCD handbook [14]: “In general, on midpoint level a higher number of impact categories is 
differentiated (typically around 10) and the results are more accurate and precise compared to the three Areas of 
Protection at endpoint level that are commonly used for endpoint assessments [Human Health, Natural Environment 
and Natural Resource].” 

13 Non-Methane Volatile Organic Compound 

14 Sb is the chemical symbol of Antimony. 
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LCIA method Potential environmental impact indicator Unit 
Human Toxicity Potential (HTP) cases15 

USEtox [11] 
Freshwater Aquatic Ecotoxicity Potential (FAEP) PAF m3 day16 

 

 Focus on resource depletion 

Two resource depletion indicators have been selected for this LCA: abiotic resource depletion 
(from CML) and metal depletion (from ReCiPe). 

The major difference between both methods is that Abiotic Depletion Potential includes both 
mineral and fossil material depletion while the Metal Depletion Potential only accounts for 
mineral depletion. 

Both aim at assessing the depletion of resources, but in a different manner: 

 Abiotic Resource Depletion uses a “physical” approach, i.e. the assessment of 
resource scarcity is based on the concentration of this resource in the 
environment together with its extraction rate. 

 Metal Depletion uses an “economic” approach, i.e. based on the marginal cost 
generated when a unit of resource is extracted from the earth. 

These two approaches describe two complementary perspectives: the physical availability and 
the economic availability. 

This has a consequence on a major issue of this study: cadmium is not included (or 
characterized, in LCA language) in the Metal Depletion indicator, whereas its scarcity 
according to Abiotic Resource Depletion method is quite high, and approximately four orders 
of magnitude higher than that of nickel. 

The cadmium is essentially produced as a by-product of the zinc industry. Given the current 
cadmium demand, there is no shortage on cadmium. Its “economic availability” is thus high. On 
the other hand, the concentration of cadmium in the environment is relatively low, leading to a 
high level of “physical scarcity”. 

                                                                  
15 Estimated increase in morbidity in the total human population (cases), taking into account cancer and non-cancer 
cases. 

16 Estimate of the potentially affected fraction of species (PAF) integrated over time and volume (PAF m3 day). 
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Figure 6: Illustration of the ranking of selected metals in Metal Depletion and Abiotic 
Resource Depletion 

 

 

Figure 6 presents the relative ranking (in terms of characterisation factors) of a selection of 
metals for the two methods (the scarcest resource of each method is at 1). 

One can interpret this difference in perspective as a difference in which time horizon is 
considered: according to Vieira et al. [17], the economic availability reflects more the short/mid-
term situation, whereas the physical availability, which is not dependent on the demand for 
resources at a given period, reflects more a long-term (50 years) issue. 

Consequently, both indicators were assessed in this LCA, as complementary information 
providers. 

 

 Focus on USEtox 

In case of USEtox characterisation method, the human toxicity and ecotoxicity impacts have 
been quantified both with and without long-term emissions, due to specific issues arising due to 
the landfilling of the waste batteries (this point is further justified in §1.3.7.4.4 page 63). 

Table 5 presents the environmental flow indicators calculated in the LCA. 

Cadmium is 
characterized in Abiotic 
Resource Depletion, but 

not in Metal Depletion 
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Table 5: Flow indicators calculated 
Source Environmental flow indicator Unit 

Ecoinvent data Cumulative Energy Demand MJ 
Natural Land Transformation (NLT) m2 
Urban Land Occupation (ULO) m2y Ecoinvent data 

/ReCiPe [10] 
Agricultural Land Occupation (ALO) m2y 

 

A description of LCIA methods and environmental impact indicators is available in Annex 1. 

Please note that LCIA results are relative expressions and do not predict impacts on category 
endpoints, the exceeding of thresholds, safety margin or risks. 

1.2.10 Issues related to the comparison between product 
systems 

This section describes the methodological points that need special attention because of the 
comparative aspect of the present LCA. 

All elements of the scope definition have been addressed consistently for the three systems: 

 Consistency: 

 The compared system models have been constructed in an 
analogous way: system boundaries, LCI modelling principles and 
method approaches follow the same rules for the three systems. 

 Assumptions: Methodological and data assumptions have been 
made in an analogous way. 

 Data Quality: The achieved completeness, accuracy and precisions 
of the data is sufficiently similar for the compared systems. 

 Excluding identical parts: 

 The identical part of the three systems, i.e. the CPT, has been 
excluded (see §1.2.1 page 34 ). 

 Functional equivalence: 

 The systems have the same primary function. The differences in 
secondary functions are only limited. 

 Functions are considered by stakeholders as sufficiently comparable. 
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 Involvement of interested parties in review 

 A peer review process consisting in a workshop, held by the 
European Commission on July 18th 2011 in Brussels, and to which all 
interested parties and stakeholders were invited to participate. 
Preliminary results were presented during this meeting and 
participants were invited to give their comments on a summary 
report and the presentation of LCA results so that they could be 
included in this version of the report. 

1.3 Life Cycle Inventory Analysis 

1.3.1 Sources of data 

1.3.1.1 Raw data 

Primary data were collected from industrials as per the following procedure: 

 Personal interviews with representatives of RECHARGE (battery industry 
association), EPTA (European Power Tool Association) and battery recyclers were 
carried out. 

 Dedicated questionnaires were sent to a CPT manufacturer and several battery 
manufacturers. A questionnaire template is provided in Annex 3. 

Concerning the production phase, raw data were collected either from one CPT manufacturer 
(NiCd and NiMH cells) or from one CPT manufacturer and one battery manufacturer (LiFePO4). 
Data were mainly cross-checked with literature data, when possible. 

Concerning data on recycling, the data and assumptions used in the LCA were cross-checked 
through consultation of several recyclers. 

1.3.1.2 Inventory data 

Most background inventories (generic data, also called “secondary data”) were directly taken 
from the Ecoinvent v2.2 database, except: 

 The life-cycle inventory for the production of the LiFePO4 compound, which has 
been recalculated, based on data from Majeau-Bettez et al. [2]; 
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 The life-cycle inventory for the production of LaNi5 (68% Ni / 32% La), which was 
taken from the database of GaBi 4 LCA software17; 

 Inventories for recycling from Ecoinvent v2.2 have been re-calculated for each 
battery type, based on data from ERM [3]. 

1.3.2 Data considered for the production of cells 

This section describes main primary and secondary data used to model the production of the 
battery cells. For confidentiality reasons, primary data are only partially reported. 

1.3.2.1 Main technical characteristics 

Cells studied here are representative of CPT applications, according to data providers. The main 
characteristics of these cells are presented in Table 6. 

Table 6: Main characteristics of the cells 

 NiCd  NiMH  LiFePO4  

Capacity (mAh)  2400 mAh  3200 mAh  2000 mAh  

Voltage (V)  1.2 V  1.2 V  3.3 V  
Depth of 
discharge 100%  100% 85% 

Mass  (g/cell)  51.6 g  58 g  38.3 g 

Mass 
breakdown 

 

1.3.2.2 Bills of materials 

Concerning NiCd and NiMH cells, the mass breakdown and the total weight of the cells are 
directly used. However, in the case of LiFePO4 cells, the mass of the cell for which the bill of 
materials was provided did not match with the mass of the cells included in the LiFePO4 pack, as 
these two data sets come from different sources. Therefore, the mass ratio of the available bill of 
materials was applied to the mass of the cells included in the pack. 

                                                                  
17 http://www.gabi-software.com 
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The bills of materials of the three types of cells are presented in Table 7, Table 8 and Table 9. 

1.3.2.2.1 NiCd Cells 

Table 7: Bill of materials of NiCd cells 

Component  Material  Ecoinvent 2.2 LCI  
Country of 

supplier  

Nickel hydroxide  

• Nickel, 99.5%, at plant/GLO  
• Sulphuric acid, liquid, at plant/RER  
• Electricity, medium voltage, at grid/JP  

See § 1.3.2.3.2 page 50 

Japan  

Cobalt hydroxide  

• Cobalt, at plant/GLO  
• Sulphuric acid, liquid, at plant/RER  
• Electricity, medium voltage, at grid/JP  

See § 1.3.2.3.3 page 50 

Japan  

Nickel steel strip  
• Steel, converter, low-alloyed, at plant/RER  
• Nickel, 99.5%, at plant/GLO  
• Wire drawing, steel/RER(+)  

Japan  

Nickel powder  Nickel, 99.5%, at plant/GLO  UK  

Electrode  

Cadmium hydroxide  

• Cadmium, primary, at plant/GLO  
• Sulphuric acid, liquid, at plant/RER  
• Electricity, medium voltage, at grid/JP  

See §1.3.2.3.4 page 50 

Japan  

Potassium hydroxide  Potassium hydroxide, at regional storage/RER  Japan  Electrolyte:  
Aqueous alkaline 

solution  Water deionized  Water, deionised, at plant/CH  Japan 

Plastic separator  Polyamide  Nylon 6, at plant/RER  Japan  

Steel  
Can  

Nickel  

• Steel, converter, low-alloyed, at plant/RER  
• Nickel, 99.5%, at plant/GLO  
• Sheet rolling, steel/RER(+)  

Japan  

Insulating 
Washer  

Polypropylene  
Polypropylene, granulate, at plant/RER  
Injection moulding/RER(+) 

Japan  

Gasket  Rubber  Japan  

Safety vent  Rubber  
Synthetic rubber, at plant/RER  

Japan  

Safety vent  Steel  Japan  

Current Collector  Steel  

• Steel, converter, low-alloyed, at plant/RER  
• Sheet rolling, steel/RER(+) Japan  

 

 Following specific assumptions concerning the bill of materials of NiCd cells are 
used in the LCA: 

 For the nickel steel strip, the proportion of nickel and steel was not provided. 
Therefore, it was supposed to be the same as for the nickel steel can. 

 In case of processes marked with (+), the electricity mix was adapted in order to 
reflect the situation of the country where the process takes place, i.e. Japan for 
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NiCd cell. This allowed enhancing the technological representativeness of the 
inventory. 

1.3.2.2.2 NiMH cells 

Table 8: Bill of materials of NiMH cells 

Component  Material  Ecoinvent 2.2 LCI  
Country of 

supplier  

Nickel hydroxide  

• Nickel, 99.5%, at plant/GLO  
• Sulphuric acid, liquid, at plant/RER  
• Electricity medium voltage/CN  

See § 1.3.2.3.2 page 50 

China  

Cobalt (II) oxide  Cobalt, at plant/GLO used as proxy  China  
Nickel foam  Nickel, 99.5%, at plant/GLO  China  

Yb2O3  Lanthanum oxide, at plant/CN used as proxy  China  

Polystyrene acrylate  
Styrene-acrylonitrile copolymer, SAN, at 
plant/RER used as proxy  

China 

Cathode  

CMC Carboxymethyl cellulose, powder, at plant/RER  China 

Alliage AB5 (LaNi
5
)  LaNi

5
 (GaBi LCI)  China 

Polystyrene acrylate  
Styrene-acrylonitrile copolymer, SAN, at 
plant/RER used as proxy  

China 

CMC  Carboxymethyl cellulose, powder, at plant/RER  China  

PP Fibers  Polypropylene, granulate, at plant/RER  China  
Carbon  Carbon black, at plant/GLO  China  

PTFE  Tetrafluoroethylene, at plant/RER  China  

Anode  

Nickeled steel  
• Steel, converter, unalloyed, at plant/RER  
• Nickel, 99.5%, at plant/GLO  

China  

KOH  Potassium hydroxide, at regional storage/RER  China  

NaOH  
Sodium hydroxide, 50% in H2O, production mix, 
at plant/RER  

China  

LiOH  Lithium hydroxide, at plant/GLO  China  

Electrolyte:  

Aqueous alkaline 

solution  
Water  Water, deionised, at plant/CH  China  

Plastic separator  Polypropylene / PE  

• 50% Polyethylene, HDPE, granulate, at 
plant/RER  

• 50% Polypropylene, granulate, at plant/RER  
• Injection moulding/RER(+)  

China  

Steel  China  
Can  

Nickel  

• Steel, converter, unalloyed, at plant/RER  
• Nickel, 99.5%, at plant/GLO  
• Sheet rolling, steel/RER(+) 

China  

 

 Following specific assumptions concerning the bill of materials of NiMH cells are 
used in the LCA: 

 For the nickel steel of the anode, the proportion of nickel and steel was not 
specified. Therefore, it was assumed to be the same as for the nickel steel can. 
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For the plastic separator, a 50:50 breakdown between polyethylene and 
polypropylene was considered. 

 In case of processes marked with (+), the electricity mix was adapted in order to 
reflect the situation of the country where the process takes place, i.e. China for 
NiMH cells. This allowed enhancing the technological representativeness of the 
inventory. 

1.3.2.2.3 LiFePO4 cells 
Table 9: Bill of materials of LiFePO4 cells 

Component  Material  Ecoinvent 2.2 LCI  
Country of 

supplier  
Lithium Iron 
Phosphate  

LiFePO
4
 LCI from Majeau-Bettez et al. [2]  

Aluminum foil 
• Aluminium, primary, at plant/RER  
• Sheet rolling, aluminium/RER(+)  

Cathode  

Polyvinylidene 
difluoride binder  

‘Polyvinylfluoride, at plant/US’ used as proxy  

China  

Artificial Graphite  Graphite, battery grade, at plant/CN  

Copper foil 
Copper, primary, at refinery/GLO  

Sheet rolling, copper/RER(+) Anode  

Polyvinylidene 
difluoride  

‘Polyvinylfluoride, at plant/US’ used as proxy  

China  

Lithium 
hexafluorophosphate 

Lithium hexafluorophosphate, at plant/CN  Electrolyte:  
Aqueous alkaline 

solution  Alkylene carbonates  
‘Ethylene carbonate, at plant/CN’ used as 

proxy  

China  

Plastic separator  PE  
• Polyethylene, HDPE, granulate, at 

plant/RER  
• Injection moulding/RER(+) 

China  

Can  Aluminum  
• Aluminium, primary, at plant/RER  
• Sheet rolling, aluminium/RER(+) 

China  

 

 Following specific assumptions concerning the bill of materials of LiFePO4 cells are 
used in the LCA: 

 In case processes marked with (+), the electricity mix was adapted in order to reflect 
the situation of the country where the process takes place, i.e. China for LiFePO4 
cells. This allowed enhancing the technological representativeness of the 
inventory. 
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1.3.2.3 Modelling of specific raw materials 

Some raw materials are not available in the Ecoinvent v2.2 database. The approach used to build 
their LCI is described in the following paragraphs. 

1.3.2.3.1 Production of LaNi5 

The inventory for the production of LaNi5-alloy is not available in the Ecoinvent v2.2 database. 
Therefore, LaNi5 was modelled with a GaBi 4 dataset (April 2007). 

1.3.2.3.2 Production of nickel hydroxide – Ni(OH)2 

Nickel hydroxide occurs as fine green powder (CAS No: 12054-48-7), for which neither LCI nor 
detailed data on the production inputs and outputs are available. Hence, this component was 
modelled as NiOH (CAS No: 11113-74-9), which is an amorphous black powder. The NiOH process 
consists mainly of the electrolytic nickel production, the principle route being: electrolytic nickel 
– nickel sulfate – NiOH. The process of NiOH production was approximated based on the 
following raw data: 

 0.63 kg nickel, 

 1.04 kg sulphuric acid (aq. 96%), 

 2.6 MJ electricity. 

1.3.2.3.3 Production of cobalt hydroxide – Co(OH)2 

Since the LCI for cobalt hydroxide production is not available, its LCI was estimated by adapting 
the data used for nickel hydroxide: nickel was replaced by cobalt in the raw data specified above. 
The amount of cobalt was adapted in order to reflect the mass ratio of cobalt in cobalt hydroxide. 

1.3.2.3.4 Production of cadmium hydroxide – Cd(OH)2 

Since the LCI for cadmium hydroxide production is not available, its LCI was estimated by 
adapting the data used for nickel hydroxide: nickel was replaced by cadmium in the raw data 
specified above. The amount of cadmium was adapted in order to reflect the mass ratio of 
cadmium in cadmium hydroxide. 

1.3.2.3.5 Production of LiFePO4 

The inventory for the production of lithium iron phosphate is not available in the Ecoinvent v2.2 
database. The inventory was taken from Majeau-Bettez et al. [2]. Raw data specified in this 
reference are presented in the following table. 
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Table 10: Inventory for the production of 1 kg of LiFePO4 [2] 
Type Input/Output Amount Unit LCI EcoInvent 2.2 / Flow 
Product Output Lithium Iron Phosphate 1 kg  

Lithium hydroxide 0.46 kg 
Lithium hydroxide, at 
plant/GLO 

Phosphoric acid 0.65 kg 
Phosphoric acid, industrial 
grade, 85% in H2O, at 
plant/RER 

Iron sulphate 1 kg 
Iron sulphate, at 
plant/RER 

Material 
requirements 

Deionised water 46 kg 
Water, deionised, at 
plant/CH 

Energy 
requirements 

Heat, unspecified, in chemical 
plant 

15 MJ 
Heat, unspecific, in 
chemical plant/RER 

Freight rail transport 1.3 tkm 
Transport, freight, 
rail/RER S Transport 

requirements 
Lorry 0.21 tkm 

Transport, lorry 3.5-16t, 
fleet average/RER S 

Infrastructure 
requirements 

Chemical plant, organics 4.0 x 10-10 unit Not included18 

Lithium ion, to water, unspecified 0.10 kg Lithium, ion 
Iron ion, to water, unspecified 1.9 x 10-2 kg Iron, ion 
Phosphate ions, to water, 
unspecified 

3.2 x 10-2 kg Phosphate 
Emissions 

Waste heat 1.5 MJ Heat, waste 

1.3.2.4 Cells manufacturing 

This life cycle step was modelled by taking into account the type and quantity of energy used for 
the manufacturing of cells. For the electricity consumption, the specific production mix of the 
country considered was taken into account, as described in the table below. 

Table 11: Manufacturing data for each type of cells 

 NiCd NiMH LiFePO4 

Energy 
Medium Voltage Electricity 

(Japan) and gas consumption 
Medium Voltage Electricity 

(China) and gas consumption 
Medium Voltage Electricity 

(Japan) 

 

Concerning material losses, due to a lack of homogeneity in the primary data provided, such 
outputs were neglected. 

No production waste or direct emissions to air, water or soil were into account, due to a lack of 
availability of primary data (data collection could not be completed in the timeframe of the 
study). However, emissions of heavy metals in air and water could have a major impact on LCA 
results. Therefore, a sensitivity analysis on these parameters was performed in order to assess 
the variation of the results when taking into account the emissions to air and water of such 
substances (see §1.6.3 page 63). 

 

                                                                  
18 Not taken into account in the model, according to scope definition, see §1.2.6.3.2 page 40. 
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1.3.3 Data considered for the production of packs 

This section describes main primary and secondary data used to model the production of the 
battery packs. For confidentiality reasons, primary data are only partially reported. 

1.3.3.1 Technical characteristics 

The packs considered in the study have the following characteristics. 

Table 12: Characteristics of the packs 

 NiCd  NiMH  LiFePO
4
  

Capacity of the battery 
pack  

2400 mAh  3200 mAh  4000 mAh  

Voltage of the battery 
pack  

18 V 19.8 V  

Type (Parallel packs)  1P 2P  

Cells per battery pack  15 in series 12 
(2 x 6 cells in parallel)  

Mass (excluding cells)  194 g 210 g  
Total mass of pack (g)  965 g  1064 g  670 g  
Number of packs sold 
with CPT  2 

Simplified representation 
of the packs architecture 

 

 

NiCd and NiMH packs have similar architecture; the only difference between the two packs is due 
to the differences in weight and capacity of NiCd and NiMH cells. 

Except for the cells, the pack components for the NiCd and NiMH packs have the same 
composition. 

The LiFePO4 pack considered has a different architecture: It is a “2P” pack, i.e. constituted of 2 
packs of six cells each, assembled in parallel. According to the data source, this configuration is 
representative of the current market for LiFePO4 packs. 

Furthermore, the LiFePO4 pack considered includes an electronic system that prevents the 
battery from over-charging (LiFePO4 batteries can indeed be degraded by over-charging). 
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1.3.3.2 Bills of materials 

The bills of materials for the packs are presented in Table 13 (NiCd and NiMH) and Table 14 
(LiFePO4). 

Table 13: Bill of materials of the NiCd/NiMH pack (excl. Cells) 

Component  Material  Ecoinvent 2.2 LCI  
Country of 

supplier  
Case Bottom  ABS Mexico  

Case top  ABS 

• Acrylonitrile-butadiene-styrene 
copolymer, ABS, at plant/RER  

• Injection moulding/RER(+) Mexico  

Terminal 
holder  

Nylon 
• Nylon 6, at plant/RER  
• Injection moulding/RER(+) 

Mexico  

Screw  Low-Carbon steel 
Steel, converter, unalloyed, at 
plant/RER  

USA  

Ni plate 0.15t  Nickel Nickel, 99.5%, at plant/GLO  USA  

Insulation 
plate  

Pulp USA  

Insulation 
plate  

Pulp 

Sulphate pulp, average, at regional 
storage/RER 

USA  

Paper tube  Paper  Core board, at plant/RER  Mexico  

 

 Following specific assumptions concerning the bill of materials of NiCd and NiMH 
packs are used in the LCA: 

 In case of processes marked with (+), the electricity mix was adapted in order to 
reflect the situation of the country where the process takes place, i.e. Mexico. 

Table 14: Bill of materials of the LiFePO4 pack (excl. Cells) 

Component  Material  Ecoinvent 2.2 LCI  
Country 

of 
supplier 

Battery 
housing, CVR 

ABS  
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+)  

Taiwan 

Magnet, hull  Magnet  Steel, converter, unalloyed, at plant/RER (proxy)  China 

Battery 
housing, ASM  

ABS  
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+)   

Taiwan 

Guide, flex 
circuit  

ABS  
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+) 

Taiwan 

Strap, welding  SPTE  
Steel, converter, chromium steel 18/8, at 
plant/RER  

Taiwan 

Support, side  
Polystyrene +  

Polyphenylene oxide 
Polystyrene, general purpose, GPPS, at 
plant/RER  

Taiwan 

Insulation, end 
cells 

Nomex  Nylon 6, at plant/RER as proxy Taiwan 
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Component  Material  Ecoinvent 2.2 LCI  
Country 

of 
supplier  

Foam, paper 
separator 

Nomex  Nylon 6, at plant/RER as proxy Taiwan 

SA, Module Electronic Module  

• Printed wiring board, through-hole, lead-free 
surface, at plant/GLO  

• Integrated circuit, IC, logic type, at plant/GLO  
• Mounting, through-hole technology, Pb-free 

solder/GLO  

Thailand 

Screw + Pin + 
Spring  

Steel  Steel, converter, low-alloyed, at plant/RER  Taiwan 

Gasket  silicone  Silicone product, at plant/RER  Taiwan 

Latch, button ABS  
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+) 

Taiwan 

Labels  Paper  Paper, woodfree, coated/RER  Taiwan 
Pack S/N label  Polyester  Polyester resin, unsaturated, at plant/RER  Taiwan 
Cap, battery 

terminal 
PP  

• Polypropylene, granulate, at plant/RER  
• Injection moulding/RER(+) 

Taiwan 

Canada glue + 
Thermal grease  

rubber  Synthetic rubber, at plant/RER as proxy Taiwan 

Fiberglass 
sleeve, red 

Fiberglass+silicone 
varnish  

Glass fibre, at plant/RER  Taiwan 

Nomex tape Nomex  Nylon 6, at plant/RER as proxy Taiwan 

White tape 
PE film and acrylic 

adhesive  
Polyethylene, HDPE, granulate, at plant/RER  Taiwan 

 

 Following specific assumptions concerning the bill of materials of LiFePO4 packs 
are used in the LCA: 

 For processes marked with (+), the electricity mix was adapted in order to reflect 
the situation of the country where the process takes place, i.e. Taiwan. 

 For the electronic module, as the specific composition was not available, the 
following model was considered: 

 0.5% of the mass is integrated circuit; this mass ratio was calculated 
based on the material composition of the electronic module of the 
LiFePO4 charger. 

 99.5% of the mass is Printed Wiring Board (used to model the 
remaining mass). Through-hole mounting with lead-free solder was 
considered for the printed wiring board. 
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1.3.3.3 Packs manufacturing 

This life cycle step was modelled by only taking into account the type and quantity of energy 
used for the manufacturing of packs. No production waste or direct emissions to air, water or soil 
were taken into account, because of a lack of availability of robust raw data. 

Concerning electricity consumption, the specific production mix of the country considered was 
taken into account. 

Table 15: Manufacturing data for each type of packs 

 NiCd NiMH LiFePO4 

Energy 
Medium Voltage Electricity 

(Mexico) 
Medium Voltage Electricity 

(China) 
Medium Voltage Electricity 

(Taiwan) 

 

Life-cycle inventories for electricity consumption were taken directly from EcoInvent 2.2, except 
the Taiwanese one, which was calculated based on the following electricity production mix19: 

Year Thermal20 Cogen Nuclear Hydro Total 

2009 70% 6% 20,5% 3,5% 100% 

 

The assumption was made that the conversion from electricity production to supply at medium 
voltage (mainly long distance transmission losses21 and SF6 emissions in transformers) was the 
same as in China. 

1.3.4 Data considered for the production of chargers 

This section describes main primary and secondary data used to model the production of 
chargers. For confidentiality reasons, primary data are only partially reported. 

1.3.4.1 Technical characteristics of chargers 

Two types of chargers were considered in the study: 

 one common charger for NiCd and NiMH packs, hereinafter called “NiCd/NiMH 
charger”; 

 one charger for LiFePO4 packs (common for all Li-ion battery types). 

Both types of chargers are considered as “smart chargers”, i.e. they incorporate electronic 
components that monitor the battery during charging. 

                                                                  

19 Source: http://www.taipower.com.tw/TaipowerWeb//upload/files/32/TPC_2009_Annual_Report.pdf 
20 Since the source does not specify the breakdown of “thermal” electricity production into coal, fuel, etc., coal was 
considered for thermal generation (as a conservative assumption). 

21 i.e. 1.31% for Medium Voltage in China (source: EcoInvent) 
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However, for security reasons, LiFePO4 packs (as well as other Li-ion battery technologies) have 
to be recharged with a charger that prevents them from over-charging whereas NiCd and NiMH 
batteries can either be charged with NiCd/NiMH chargers (with less electronics than Li-ion 
chargers) or with Li-ion chargers. Thus, Li-ion chargers can be considered as “universal chargers”, 
meaning that they can charge every type of battery. However, these chargers are not 
systematically sold with CPT + battery packs, because of their higher cost compared to 
NiCd/NiMH chargers.  

Consequently, it is more representative of the current market situation22 to consider that: 

 CPTs using NiCd and NiMH batteries are sold with NiCd/NiMH chargers; 

 CPTs using LiFePO4 batteries are sold with Li-ion chargers. 

Also, it should be noted that the Li-ion charger considered includes more electronic components 
than the NiCd/NiMH charger: the mass ratio of electronic components with respect to the total 
mass of the charger is about 20% for the NiCd/NiMH charger and about 40% for the Li-ion 
charger. 

1.3.4.2 Bills of materials 

The bills of material of the two types of chargers considered in the LCA are presented in Table 16 
(NiCd and NiMH) and Table 17 (LiFePO4). 

Table 16: Bill of materials of the NiCd/NiMH charger 

Component  Material  Ecoinvent 2.2 LCI  
Country of 

supplier  

Case Cover & 
Chassis  

ABS (*) 
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+) 

Thailand  

AC Cord without 
plug  

PVC (*) 
• Polyvinylchloride, at regional storage/RER  
• Injection moulding/RER(+) 

Hong Kong  

Only Plug of AC 
Cord  

ABS (*) 
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+) 

Hong Kong  

Clip PBR 
26.74*18.16*0.65 

NI  
Copper (*) Copper, primary, at refinery/GLO  USA  

Clip PBR 11.3*0.65 
NI  

Copper (*) Copper, primary, at refinery/GLO  USA  

Conductor of AC 
Cord  

Copper (*) Copper, primary, at refinery/GLO  Hong Kong  

Screw & Nut  Steel (*) Steel, converter, low-alloyed, at plant/RER  Thailand  
Electronic 

components  
Diode  

Diode, glass-, through-hole mounting, at 
plant/GLO  

Singapour  

                                                                  
22 Source: CPT manufacturer 
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Component  Material  Ecoinvent 2.2 LCI  
Country of 

supplier  

Printed Wiring 
Board  

• Printed wiring board, through-hole, lead-free 
surface, at plant/GLO  

• Mounting, through-hole technology, Pb-free 
solder/GLO  

Thailand  

Resistor  
Resistor, wirewound, through-hole mounting, at 
plant/GLO  

Singapour  

Capacitor  
Capacitor, electrolyte type, > 2cm height, at 
plant/GLO  

Singapour  

Transistor  
Transistor, wired, big size, through-hole 
mounting, at plant/GLO  

Singapour  

Integrated Circuit  Integrated circuit, IC, logic type, at plant/GLO  Singapour  

Fuse  
Electronic component, unspecified, at 
plant/GLO as proxy 

Singapour  

 

 Following specific assumptions concerning the bill of materials of NiCd/NiMH 
charger are used in the LCA: 

 In case of processes marked with (+), the electricity mix was adapted in order to 
reflect the situation of the country where the process takes place, i.e. Thailand or 
China. 

 Regarding materials marked with (*), no precise nature was provided. 
Assumptions were made by BIO on the following basis: 

 Conductive parts : copper 

 Other metal parts: steel 

 “Hard” plastic: ABS 

 “Soft” plastic: PVC 

 Through-hole mounting with lead-free solder was considered for the printed wiring 
board. 

Table 17: Bill of materials of the LiFePO4 charger 

Component  Material  Ecoinvent 2.2 LCI  
Country of the 

supplier  

Plastic housing  ABS (*)  
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+) 

Thailand  

Plastic of Cables  PVC (*)  
• Polyvinylchloride, at regional storage/RER  
• Injection moulding/RER(+) 

Hong Kong  

Plastic of Plug  ABS (*)  
• Acrylonitrile-butadiene-styrene copolymer, 

ABS, at plant/RER  
• Injection moulding/RER(+) 

Hong Kong  
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Component  Material  Ecoinvent 2.2 LCI  
Country of the 

supplier  

Positive contact 
metal  

Copper (*)  Copper, primary, at refinery/GLO  USA  

Negative contact 
metal  

Copper (*)  Copper, primary, at refinery/GLO  USA  

Metal of cable  Copper (*)  Copper, primary, at refinery/GLO  Hong Kong  

Screw+Nut  Steel (*)  Steel, converter, low-alloyed, at plant/RER  Thailand  
Adhesive  Adhesive   Synthetic rubber, at plant/RER  Thailand  

Solder   Steel (*)  Steel, converter, low-alloyed, at plant/RER  Thailand  

Metal of Plug  Copper  Copper, primary, at refinery/GLO  Hong Kong  

Diode  
Diode, glass-, through-hole mounting, at 
plant/GLO  

Singapour  

Printed Wiring 
Board  

• Printed wiring board, through-hole, lead-
free surface, at plant/GLO  

• Mounting, through-hole technology, Pb-
free solder/GLO   

Hong Kong  

Resistor  
Resistor, wirewound, through-hole mounting, 
at plant/GLO  

Hong Kong  

Capacitor  
Capacitor, electrolyte type, > 2cm height, at 
plant/GLO  

Singapour  

Transistor  
Transistor, wired, big size, through-hole 
mounting, at plant/GLO  

Singapour  

IC  Integrated circuit, IC, logic type, at plant/GLO  Singapour  

Inductor  Inductor, unspecified, at plant/GLO  Hong Kong  

Transformer  Transformer, low voltage use, at plant/GLO  Thailand  
FET (Field-effect 

transistor)  
Transistor, wired, small size, through-hole 
mounting, at plant/GLO  

Singapour  

Led  Light emitting diode, LED, at plant/GLO  Hong Kong  

Electronic 
components  

Fuse  
Electronic component, unspecified, at 
plant/GLO  

Singapour  

 

 Following specific assumptions concerning the bill of materials of LiFePO4 charger 
are used in the LCA: 

 For processes marked with (+), the electricity mix was adapted in order to reflect 
the situation of the country where the process takes place, i.e. Thailand or China. 

 For materials marked with (*), no precise nature was provided. Assumptions were 
made by BIO on the following basis: 

 Conductive part : copper 

 Other metal part: steel 

 Hard plastic: ABS 
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 Soft plastic: PVC 

 Through-hole mounting with lead-free solder is considered for the printed wiring 
board. 

1.3.4.3 Chargers manufacturing 

This life cycle step was modelled by only taking into account the type and quantity of energy 
used for the manufacturing of chargers. No production waste or direct emissions to air, water or 
soil was taken into account, because of a lack of availability of robust raw data. 

For the electricity consumption, the specific production mix of the country considered was taken 
into account. 

Table 18: Manufacturing data for each type of charger 

 NiCd NiMH LiFePO4 

Energy 
Medium Voltage Electricity 

(Thailand) 
Medium Voltage Electricity 

(Thailand) 
Medium Voltage Electricity 

(Thailand) 

 

The following electricity production mix was considered for Thailand23. 

 

Table 19: Electricity production mix considered for manufacturing processes in Thailand 

Year Natural Gas 
Coal & 
Lignite 

Oil 
Hydro 

Electricity 
Imported & 

Others 
Total 

2010 72.1% 18.2% 0.4% 3.3% 6.1% 100% 

The assumption was made that the conversion from electricity production to supply at medium 
voltage (mainly long distance transmission losses24 and SF6 emissions in transformers) was the 
same as in China. 

1.3.5 Transport 

1.3.5.1 Upstream transport 

The upstream transports include all transport steps that occur prior to the final assembly with 
CPT, i.e. from first level suppliers to cells, packs and charger manufacturers. The different 
transportation steps were taken into account by using the life-cycle inventories described in the 
following table. 

                                                                  

23Source: http://www.eppo.go.th/info/5electricity_stat.htm (excluding independent producers) 
24 i.e. 1.31% for Medium Voltage in China (source: EcoInvent) 
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Table 20: Life cycle inventories for transportation 
Type of transport EcoInvent 2.2 LCI 
Truck Transport, lorry 20-28t, fleet average/CH 
Boat Transport, transoceanic freight ship/OCE 
Train Transport, freight, rail/RER 
Plane Transport, aircraft, freight, intercontinental/RER 

1.3.5.2 Distribution to end-users 

The packs and chargers are transported to the final assembly site, where they are assembled and 
packaged together with the CPTs prior to being shipped to the end-users. 

Table 21: Distances considered for distribution to end-users 
NiCd NiMH and LiFePO4 

Origin-Destination 
Truck 
(km) 

Boat 
(km) 

Truck (km) 

Final Assembly site (Mexico) – Harbour 511   
Harbour –- Rotterdam  9652  
Rotterdam – Distribution Center (Belgium) 200   
Final Assembly site (Czech Republic)– 
Distribution Center (Belgium) 

  780 

Distribution Center (Belgium) – European 
end-users 

1500  1500 

 

Concerning the transportation from distribution centres to European end-users, the same 
assumption as in [1] has been adopted: 1500 km by truck. 

For the distribution step, the weight of CPT is not considered; only the weight of the battery 
packs and charger are accounted for. 

1.3.5.3 Transport to disposal facilities 

See §1.3.7.2 page 63  

1.3.6 Use phase 

The data for the use phase was provided by EPTA, RECHARGE and CPT manufacturers. 

1.3.6.1 Use patterns 

For a cordless drill application, intensity during use ranges from 10 to 35 A. An average intensity 
usage of 20 A was considered in this LCA. 

The CPT was assumed to have a lifespan of 165 hours of use [1]. In the reference scenario, 
batteries were expected to have a useful lifespan of 82.5 hours of use, for the following reasons: 

 For the three battery types, it was verified that the theoretical lifespan of the 
battery (800 cycles) exceeds half of the lifespan of the CPT (See §1.3.6.5, page 63) 
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 Since the market share of CPTs sold without batteries is small compared to the 
market share of CPTs sold together with battery packs25, it has been considered 
that users cease to use the CPT and the two batteries at the same time, which 
means 82.5 hours of use for each battery. In other words, they discard the CPT, 
the batteries and the charger at the same time. 

This means that batteries are no more used after 82.5 hours of operation (each) and thus do not 
reach the end of their theoretical lifespan (800 cycles), as illustrated in the following figure. 

Figure 7: Considered lifespan for the three battery types 

 

The calculations for the number of cycles are presented in § 1.3.6.5, page 63. 

In addition to this reference scenario, a sensitivity analysis has been carried out, where the 
batteries are considered to be used until the end of their theoretical lifespan (800 cycles). See 
page 63 for more details. 

1.3.6.2 Depth of discharge 

Some batteries cannot be fully charged and/or fully discharged, meaning that in practice, their 
full nominal capacity cannot be exploited at each charging cycle. The Depth of Discharge (DoD) 
of a battery corresponds to its state of discharge, expressed in percentage of its nominal 
capacity: 

 A DoD of 0% corresponds to a fully charged battery; 

 A DoD of 100% corresponds to a fully discharged battery. 

In this LCA, the DoD simply refers to the percentage of the nominal capacity of a battery that can 
be used in practice: 

                                                                  
25 Source: EPTA 
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 For NiCd and NiMH, a DoD of 100% was considered. 

 For LiFePO4, a DoD of 85% was considered, as the battery charge/discharge is 
operated within the limits of 95% of its nominal capacity (when charged) to 10% 
of nominal capacity (when discharged). 

1.3.6.3 Capacity fade 

Rechargeable batteries can be subject to a capacity fade throughout their life-cycle. This 
phenomenon has different causes depending on the battery chemistry considered. 

 NiCd and NiMH batteries 

Regarding NiCd and NiMH batteries, capacity fade is mainly due to the so-called “memory 
effect”: when these batteries are not fully charged/discharged, they tend to “forget” the 
remaining available capacity after a certain number of cycles, leading to a permanent capacity 
loss. 

However, since the LCA model used in this study does not consider partial charging/discharging 
cycles, no capacity fade has been considered for NiCd and NiMH batteries. 

 LiFePO4 batteries 

Li-ion batteries are not subject to the memory effect and can thus be partially discharged 
throughout their lifespan without losing capacity. However, Li-ion batteries are subject to a 
capacity fade throughout their lifespan, due to various electrochemical mechanisms occurring 
during charging/discharging cycles (see Error! Reference source not found., Error! Reference 
source not found., Error! Reference source not found., Error! Reference source not found., 
Error! Reference source not found. and Error! Reference source not found. for more details), as 
illustrated in Figure 8. 

Figure 8: Illustration of the capacity fade of a Li-ion battery Error! Reference source not found. 
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Consequently, a linear capacity fade (from 100% to 75% of the nominal capacity) was 
considered26 for the first 800 cycles of the LiFePO4 batteries. 

 Inclusion in the LCA model 

Figure 9 presents the model considered in the study, which is the following: 

 A constant capacity for NiCd and NiMH batteries; 

 A linear capacity fade from 100% down to 75% at 800th charging cycle for LiFePO4. 

Figure 9: Capacity evolution considered in the study 

 

1.3.6.4 Charging parameters 

The European electricity27 mix was considered for the electricity consumption during charging. 
Table 22 presents the charging parameters that have been considered for the three battery 
technologies. These parameters are averages by battery technology. 

Table 22: Simplified modelling of the charging phase for the three battery technologies 

Phase Current drawn (A) Duration of phase (h) Voltage (V) 

NiCd     

Active charging phase 1 2.6 0.917 21.2 
Active charging phase 2 1.3 0.33 21.6 

Maintenance charging28 0.25 0.753 21.5 

NiMH     

Active charging phase 1 3.47 0.917 21.2 
Active charging phase 2 1.73 0.33 21.6 

Maintenance charging 0.33 0.753 21.5 

LiFePO4    

                                                                  
26 Source for capacity fade values: CPT manufacturer 

27 EcoInvent dataset: Electricity, low voltage, production RER, at grid/RER 

28 Maintenance charging: the battery is fully charged but still plugged. 
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Active charging phase 1 6 0.666 21.6 
Active charging phase 2 3 0.166 21.6 

Maintenance charging 0 1.166 0 

NiCd charging parameters were taken from [1]. Charging parameters for NiMH batteries were 
considered similar to those of NiCd batteries. The current drawn during the charging phase (in 
grey cells in the above table) has been scaled in order to match the NiMH battery capacity. 

A CPT manufacturer provided charging parameters for LiFePO4 batteries. The specificity of the 
LiFePO4 battery is that the maintenance charging equals to zero, i.e. there is no current drawn 
while the battery is plugged and fully charged. This is due to the presence of an electronic system 
(included in the charger) that prevents the battery from over-charging (LiFePO4 batteries can 
indeed be degraded by over-charging). 

However, it is worth mentioning that the benefit of a lower consumption during the charging 
phase of LiFePO4 batteries is compensated by their lower depth of discharge 
(see § 1.3.6.2 page 61), leading to an overall similar charging efficiency29 for the three battery 
technologies, as shown in Table 23. 

Table 23: Charging efficiency29 per battery type 

 NiCd NiMH LiFePO4 

Charging efficiency 0.68 0.68 0.69 

Note that this model is theoretical since it is based on the assumption that batteries are fully30 
charged and discharged at each cycle. However, in practice, batteries are not systematically used 
until they are completely discharged (or charged to the maximum). No sensitivity analysis could 
be performed on this specific issue, as there is no data available for “partial” charging cycles. 

1.3.6.5 Number of cycles and functional units per battery pack 

The following section presents the calculations made to assess the number of cycles that are 
required in order to fulfil the function during 82.5 hours per battery (165h for two batteries). 
Since two batteries are sold with the CPT, and given the intensity usage retained in this study 
(20 A), the calculation of the number of cycles is the following: 

NiCd batteries 

A 2.4 Ah nominal capacity, 100% Depth of Discharge and no capacity fade are considered. 
Consequently: 

 688 cycles/battery 

NiMH batteries 

A 3.2 Ah nominal capacity, 100% Depth of Discharge and no capacity fade are considered. 
Consequently: 

                                                                  
29 Charging efficiency = Energy delivered to the battery / Energy consumed during charging 

30 At the full useful capacity, i.e. considering the nominal capacity and depth of discharge. 
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 516 cycles/battery 

LiFePO4 batteries 

A 4 Ah nominal capacity, 85% Depth of Discharge and a linear capacity fade are considered. 
Consequently: 

 Capacity at first cycle: . This corresponds to a 10.2 minutes 

autonomy at 20A. 

 Capacity at 800th cycle: . This corresponds to a 7.65 

minutes autonomy at 20A. 

Thus, autonomy (in minutes) at cycle “ “ can be written as: 

 

then, the cumulated duration of use at cycle “ “ is obtained by integrating this function, as 

follows: 

 

Finally, the number of cycles that is necessary to fulfil a service duration of 82.5 hours (or 4950 
minutes) per battery is the solution of the previous equation with D = 4950. 

This equation has 2 solutions, which are 5871 and 529, the latter being the only relevant one. 
Thus, 529 cycles per LiFePO4 battery are required to fulfil a service duration of 82.5 hours. 

Consequently, the total number of functional units provided by each battery pack can be 
calculated. These values are reported in the following table. 

Table 24: total number of FUs provided by each battery during its whole 
lifespan (82.5 hours of use) 

NiCd NiMH LiFePO4 

29.7 FU 29.7 FU 32.7 FU 

1.3.6.6 Electricity mix considered for the use phase 

The electricity production mix considered for the use phase was taken from the EcoInvent v2.2 
database. Table 25 shows the breakdown of electricity production per energy source. 

Table 25: Electricity production mix considered for Europe 

Year Thermal Nuclear 
Hydro (excl. 

Pump 
storage) 

Other 
renewable 

sources 

Waste 
incineration 

Pumped-
storage 

hydroelec. 
Total 

2004 50.7% 29.2% 14.4% 3.3% 1.2% 1.1% 100% 
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1.3.7 End-of-life 

End-of-life covers all different processes that occur after the user throws the CPT away together 
with its two battery packs and charger. 

Critical issues regarding the modelling of the end-of-life phase are the breakdown of the different 
disposal routes (landfill, incineration, recycling), and the specification of the material and energy 
inputs as well as the emissions of substances in the environment for each type of disposal route. 
The following sub-sections present how these issues were tackled in this LCA. 

1.3.7.1 How to assess the collection rate? 

This section describes the breakdown of the different end-of-life routes that was chosen for each 
battery type. This breakdown corresponds to the ratio of products that are either recycled or 
treated as Municipal Solid Waste (MSW), i.e. incinerated or landfilled. The key parameter that 
allows assessing the breakdown between the three possible disposal routes is the collection rate.  

The collection rate can have different significations depending on its calculation method. The 
following sections summarise the main methodological issues regarding the assessment of the 
collection rate in the context of LCA. 

1.3.7.1.1 Hoarding effect 

A particular issue concerning the end-of-life of CPTs and batteries is the so-called “hoarding 
effect”, i.e. the fact that end-users often keep the CPTs for a long time at home or workplace (10 
to 20 years as an order of magnitude) before sending them to the recycling chain or to MSW 
(landfilling or incineration). 

Thus, when the batteries are no longer used, a fraction is collected or sent to MSW, while the rest 
of them are hoarded for a certain time before being sent to different disposal routes. In other 
words, the hoarding effect postpones the moment at which the batteries enter the waste 
treatment flow, as illustrated in Figure 10. 

Figure 10: Representation of decoupling induced by the hoarding effect 
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This study focuses on the PRO segment. Hoarding is likely to be of less importance in the PRO 
segment than in the DIY segment. However, it is still an issue of significant importance. 

1.3.7.1.2 Definitions of the collection rate 

Firstly, the “collection rate” should be understood as “collection rate for recycling”. Three main 
approaches can be considered when assessing the collection rate. 

 LCA approach 

In the LCA perspective, the collection rate should describe the probable fate of the battery under 
consideration, i.e. sold in a given year: what is the probability for it to be collected at its end-of-
life? 

 

Figure 11: Quantities considered in the “LCA approach” (in blue boxes) 

 

With this approach, the collection rate could be assessed as follows: 

, 

where “i” is the calendar life-time of any battery sold at year “n”. 

Assessing this collection rate would require hoarding rates of CPTs over the last two decades, at 
EU level. However, this data is not available. Therefore, this approach is not applicable in 
practice. 

Thus, a complementary perspective is adopted: the collection rate is described as the ratio of the 
total weight of batteries collected in a given year by a reference quantity, which can either be: 

  the total weight of batteries available for collection in the given year: this situation 
is referred to as the “waste-to-waste” approach; 

 or the total weight of sales: this situation is referred to as the “waste-to-sales” 
approach. 

 Waste-to-waste approach 
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In the waste-to-waste approach, the reference quantity is the sum of the total weights of 
batteries that are “available for collection”, i.e. either collected or put in MSW stream. 

 

 

Figure 12: Quantities considered in the “waste-to-waste" approach (in blue boxes) 

 

To assess the reference quantity as described by the above equation, data on sales, and hoarding 
rates of CPTs over the last two decades would be necessary at EU level. However, this data is 
hardly available. Therefore, the collection rate for the “waste-to-waste” approach can 
alternatively be assessed by using the sum (in weight) of batteries collected at year n and 
batteries appearing in MSW stream (i.e. landfilled or incinerated) during the year n as the 
reference quantity.  

 Waste-to-sales approach 

In the waste-to-sales approach, the reference quantity is the total weight of batteries sold in the 
current year: 

 

The reference quantity may also be the average sales of the previous years (e.g. three years in 
the Battery directive), but the overall approach remains the same. 

Due to the hoarding effect, in the situation of an evolving market, the collection waste stream 
and sales at a given year are completely decorrelated, i.e. batteries collected and sold in a given 
year are not the same units (as shown in Figure 13). Consequently, this approach is not coherent 
with the product’s perspective that one should have in the frame of an LCA. 
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Figure 13: Quantities considered in the “Waste-to-sales" approach (in blue and red boxes) 

 

 Comparison between the three approaches 

Table 26: Advantages and drawbacks of collection rate calculation approaches 

 “LCA” approach “Waste-to-waste” approach “Waste-to-sales” approach 

Advantage(s) 
Actual description of the fate of a 

given battery 

More realistic view of the fate of a 
given battery compared to “waste-to-

sales” 

Same approach as the Battery /WEEE 
Directives 

Sales volumes at EU-level are available 

Drawback(s) Not applicable at EU-level for CPTs 
Lack of data at EU-level on the 

quantities of spent portable 
rechargeable batteries in MSW 

The quantities of sold batteries are not 
correlated to the quantity of waste 

batteries, due to the hoarding effect 

1.3.7.1.3 Definition of the reference scenario: WEEE collection rate 

Even though CPTs are out of the LCA scope, the fact that the batteries under study are used 
together with such tools has to be considered when determining the collection rate. 

Indeed, discarded CPTs are considered to be waste of electrical and electronic equipment 
(WEEE), and thus collected as such. Since batteries were supposed to be discarded 
simultaneously with the CPT, the collection rate of spent batteries was calculated with a waste-
to-sales approach and based on sales and collected quantities of category 6 WEEE. 

This category, named “Electrical & electronic tools”, includes, but is not limited to: 

 Drills; 

 Saws; 

 Sewing machines; 
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 Equipment for turning, milling, sanding, grinding, sawing, cutting, shearing, 
drilling, making holes, punching, folding, bending or similar processing of wood, 
metal and other materials; 

 Tools for riveting, nailing or screwing or removing rivets, nails, screws or similar 
uses; 

 Tools for welding, soldering or similar use; 

 Equipment for spraying, spreading, dispersing or other treatment of liquid or 
gaseous substances by other means; 

 Tools for mowing or other gardening activities. 

Note that large-scale stationary industrial tools are specifically excluded from this category. This 
category includes a wider range of tools than CPTs only. 

Based on the following quantities of WEEE category 6, at EU27+3 level [16]: 

 quantities of tools collected during the last available year (i.e. 2008); 

 quantities of tools put on the market during the same year (i.e. 2008), 

the collection rate of batteries used in CPTs could be calculated as: 

, 

which led to (in tons)31: 

 

The use of this collection rate for the LCA carries the following limitations: 

 the collection rate of category 6 WEEE is considered to be applicable to CPTs 
specifically; 

 the collection rate of CPTs is considered to be applicable to  their batteries 
specifically. 

Therefore, the value of 10% shall be considered as a conservative working assumption. A 
sensitivity analysis on “alternative” collection rates is presented in §1.6.1 page 63. 

The share of batteries that are not collected (90%) is split between landfilling (75.5% of the 
quantity that is not collected) and incineration with energy recovery (24.5%) [8]. 

Table 27 presents the end-of-life routes considered in the reference scenario. 

                                                                  
31 Source: Eurostat on WEEE http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/data/wastestreams/weee 
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Table 27: End-of-life routes for each battery type for the reference scenario 

End-of-life route NiCd NiMH LiFePO4 
(32) 

Separate collection, sorting and recycling 10% 
Pyrometallurgical process 10% 10% 5% 
Hydrometallurgical process - - 5% 

Municipal solid waste 90% 
Landfill 68% 
Incineration with energy recovery 22% 

1.3.7.2 Transport to disposal facilities 

Table 28: Transport distances for the end-of-life 

Origin - Destination van <3,5t truck 16t truck 28t unit 

from collection Bin to storage site 160     km 
from storage site to sorting plant   400   km 
from sorting plant to recycling site     1250 km 
from consumer to landfill or incineration site   100   km 

Data were taken from ERM [3]. 

1.3.7.3 Sorting 

Collected batteries are sent to a sorting plant prior to their recycling. In order to take into account 
the environmental impacts related the operation of the sorting plant, raw data from ERM [3], 
were used, as presented in Table 29. 

Table 29: Data used for the sorting of 1 tonne of batteries 

Type Input/Output Quantity Unit LCI Ecoinvent 2.2 / Flow 

Tap water 0.47 kg Tap water, at user/RER Material 
requirements Diesel 0.17 L Diesel, at regional storage/RER 
Energy 
requirements 

Electricity (Medium Voltage) 2.4 kWh 
Electricity, medium voltage, 
production RER, at grid/RER 

Wastewater 
Wastewater to sewage 
treatment works 

0.47 kg 
Treatment, sewage, to wastewater 
treatment, class 3/CH 

Nitrogen oxides 0.0039 kg Nitrogen oxides 
PM10 0.00025 kg Particulates, < 10 µm 
Carbon monoxide 0.0024 kg Carbon monoxide, fossil 

NMVOC 0.00077 kg 
NMVOC, non-methane volatile 
organic compounds, unspecified 
origin 

Sulfur dioxide 0.00029 kg Sulfur dioxide 

Emissions to 
air 

Carbon dioxide 0.46 kg Carbon dioxide, fossil 

 

                                                                  
32 Both pyrometallurgical and hydrometallurgical processes are used for the recycling of LiFePO4 batteries [3]. A 50:50 
split between the two process types has been considered. 
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1.3.7.4 Recycling, incineration and landfill 

1.3.7.4.1 Recycling of batteries 

The inventories for recycling processes were taken from ERM [3]. 

For NiCd and NiMH pyrometallurgical processes, the quantity of recovered materials was 
adapted from ERM [3], in order to match the specific compositions of these batteries. 

For LiFePO4, ERM inventories [3] describe the recycling of the different Lithium-based batteries: 
the flow of lithium-based batteries is treated as a whole by recyclers, and thus it is difficult to 
identify which impacts are specific to LiFePO4 batteries. A 50:50 split between 
hydrometallurgical and pyrometallurgical processes has been considered. Moreover, these 
inventories were adapted from ERM [3] so that the nature and quantity of recovered materials 
reflect the specific composition of LiFePO4 batteries. 

The recovered fraction of materials is assumed to replace virgin materials. Therefore, the impacts 
of recycling were calculated by subtracting the impacts of the production of the corresponding 
virgin material from the impacts of the recycling process itself. Since the production of secondary 
(recycled) material often generates fewer impacts than the production of virgin (primary) 
material, environmental benefits can be generated by recycling, as illustrated in Table 30. 

Table 30: Qualitative description of the environmental benefits of recycling 

 Case 1 Case 2 

Environmental impacts of production of recycled 
(secondary) material (1) 

low high 

Environmental impacts of production of virgin 
(primary) material (2) high low 

Impact Balance for recycling: (1) – (2) Impacts < 0 Impacts > 0 

  
Environmental 

benefits 

 
Environmental 

burdens 

 

The allocation of the environmental benefits of recycling of the metallic parts in the batteries was 
made based on the recommendation of the French environmental labelling framework [5]: as the 
demand for secondary (recycled) metal is considered to be higher than the supply of old scrap 
metal, the benefits of recycling are allocated to the product that provides the materials to be 
recycled, i.e. the batteries. 
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Table 31: Efficiencies considered for the recovery of materials during recycling 

 NiCd  NiMH  LiFePO
4 

 

Recovered metals  
Pyrometallurgical 

process  
Pyrometallurgical 

process  
Pyrometallurgical 

process  
Hydrometallurgical 

process  

Cadmium  90%    

Nickel-iron  95%    

Nickel-cobalt-iron   100%    

Iron   100% 100% 

Aluminium    100% 100% 

Copper    100% 100% 

Source  ERM [3] ERM [3] RECHARGE RECHARGE 

% of recovered material 
57% of the pack 

= 77% of the cells  
59% of the pack 

= 73% of the cells  
32% of the pack 

= 45%33 of the cells  

 

Some recyclers have the capability to recycle both batteries and printed wiring boards: they may 
feed their printed wiring board in oven with the dismantled electronics of the pack. However, 
since it is not the case for most battery recyclers, it was assumed that the electronic part of the 
LiFePO4 battery pack is landfilled. 

1.3.7.4.2 Recycling of chargers 

The following data were considered for the recycling of chargers: 

 Consumption of 0.066 kWh of electricity34 per kg of charger. This value is taken 
from the EcoInvent dataset ‘Shredding, electrical and electronic scrap/GLO’; 

 recovery of the metal fraction (avoided impacts): 

 Copper (100% of the copper content); 

 Steel (100% of the copper content); 

 Treatment in MSW for the remaining fraction (75.5% landfill and 24.5% 
incineration with energy recovery). 

                                                                  
33 This recycling efficiency calculation concerns LiFePO4 cells only and not Li-Ion cells in general. It has to be mentioned 
that from the battery directive point of view, the 50% target for the recycling efficiency concerns Li-Ion batteries as a 
whole. Thus, the target can be reached when considering all Li-Ion batteries. 

34 Electricity, low voltage, production RER, at grid/RER 
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1.3.7.4.3 Incineration 

The incineration of batteries in a Municipal Solid Waste Incinerator (MSWI) generates 
environmental impacts, notably through emissions of substances to air, and also through 
emissions to water after the landfilling of incineration residues. These impacts were assessed 
with the dedicated EcoInvent tool, which allows modelling the incineration of a product based on 
its precise composition. 

Besides, most MSWI in EU recover the energy produced by the combustion of waste: this energy 
recovery avoids thermal and electrical energy production by conventional sources. This was 
taken into account in this LCA. As for the benefits of recycling of metals, related environmental 
benefits were fully allocated to the batteries. Avoided environmental impacts were assessed 
using the following data: 

 the theoretical lower heating value (LHV) provided by the EcoInvent tool for each 
type of waste; 

 The split between thermal and electrical energy recovery based on incineration 
processes available in the EcoInvent v2.2 database: 2/3 of the energy are 
recovered as thermal energy and 1/3 as electrical energy; 

 MSWI efficiencies taken from incineration processes available in the EcoInvent 
v2.2 database: 

 a 13% efficiency for electrical generation; 

 a 25.6% efficiency for thermal energy generation. 

Table 32: Data considered for incineration with energy recovery 

Type of recovered energy Split 
Efficiency of the 
energy production 

EcoInvent v2.2 LCI 

Electric energy 1/3 13% Electricity, production mix/RER 
Thermal energy 2/3 25.6% Heat, natural gas, at industrial furnace >100kW/RER 

1.3.7.4.4 Landfilling 

The landfilling of batteries in a sanitary landfill generates environmental impacts, notably 
through emissions of leachate to water bodies. These impacts were assessed with the dedicated 
EcoInvent tool, which allows modelling the landfilling of a product based on its precise 
composition. 

 Long-term emissions of heavy metals from landfills 

Through leachate, metals contained in batteries are slowly released in the environment over 
thousands of years. In a short-term perspective, e.g. less than 100 years in the case of a landfill, 
the battery mostly behaves like inert waste, meaning that metals contained in the cells remain 
‘locked’ inside their housing. However, from a long-term (LT) perspective, a fraction of metals 
contained in the battery will eventually end-up in the environment. 
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The environmental impact assessment of these long-term emissions of metals from landfills 
carries several limitations, as illustrated in the figure below: 

1) There is a high level of uncertainty on the ratio of metals contained in the battery that will 
eventually be released in the environment. Some identified chemical mechanisms have a stabilising 
effect on metals in landfills. 

2) With its focus on the emitted mass only, LCA is poorly equipped to handle the dilution in time of 
emissions, i.e. to make the difference between emissions slowly occurring over thousands of years 
and other emissions occurring in the life-cycle, within days. 

3) Moreover, the USEtox method used to assess toxicity impacts proposes only “interim” 
characterisation factors for metals, meaning that they still bear a high level of uncertainty. 

Figure 14: Limitations to the assessment of the toxicity of emissions from landfill 

 

 

Therefore, Human toxicity and freshwater ecotoxicity were assessed both excluding and 
including long-term emissions: the so-called “short-term perspective” means that only short-
term emissions are considered (long-term emissions are excluded), and the so-called “long-term 
perspective” means that both short-term and long-term emissions are included.  

This allows assessing impacts when 100% of the metallic content of batteries is leached (with 
LT)35 and when few metals are leached (without LT). An intermediate situation has also been 
considered, where 5% of the metals are eventually leached to the environment (i.e. in the long-
term). This corresponds to the assumption made in the ERM study [3]. 

Table 33 summarises the different indicators considered, with different levels of inclusion of long-
term emissions in the model. 

                                                                  
35 The full release of metals to the environment should be considered as a maximum potential release and not to the 
actual released quantity. 



 

 76 | Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries 

 

Table 33: Inclusion of long-term emissions for USEtox indicators 

 Potential environmental impact indicator 
Short-term 
emissions 

Long-term emissions 

Human Toxicity Potential 100% 100% Long-term 
perspective Freshwater Aquatic Ecotoxicity Potential 100% 100% 

Human Toxicity Potential 5% LT 100% 5% Intermediate 
perspective Freshwater Aquatic Ecotoxicity Potential 5% LT 100% 5% 

Human Toxicity Potential without LT 100% 0% Short-term 
perspective Freshwater Aquatic Ecotoxicity Potential without LT 100% 0% 

1.3.8 Data quality 

The assessment of the quality of data used in the present LCA is presented in detail in § 1.4.4, as 
this assessment also includes the relative contribution of the life-cycle steps to the 
environmental impacts. 

1.3.9 Summary of the main differences between the three 
battery technologies 

The following table summarizes the main characteristics of the three batteries considered. These 
differences should be kept in mind when interpreting the results. 
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Table 34: Summary of the main characteristics of the three battery types 

 NiCd NiMH LiFePO
4
 

   
15 x 51.6 g 15 x 58 g 12 x 38.3 g  

Cells 

1.2 V  -  2400 mAh 1.2 V  -  3200 mAh 3.3 V  -  2000 mAh 

1P – 1 pack of 15 cells in series 2P – 2 packs of 6 cells in parallel 

Same pack for NiCd and NiMH – No electronic components Contains electronic components 

194 g (excluding cells) 210 g (excluding cells) 

965 g (with cells) 1064 g (with cells) 670 g (with cells) 

Pack 

18 V  -  2400 mAh 18 V  -  3200 mAh 19.8 V  -  4000 mAh 

Charger Same charger for NiCd and NiMH (contains about 20% of electronic 
components in mass) 

contains about 40% electronic 
components in mass) 

Depth of 
discharge 

100% of the nominal capacity is used 
85% of the nominal capacity is 

used 

1.48 kWh/FU 1.44 kWh/FU 
No maintenance charging 

Batteries stop being used after 165 h of use of the CPT 

Theroretical lifespan: 800 cycles 
Use phase 

No capacity fade considered 25% capacity fade at 800th cycle 

Collection 
rate 

10% (based on cat.6 WEEE collection rate for 2008) 

Recycling 
Recovery of cadmium, nickel and 

iron 
(57% of the pack = 77% of the cells)

Recovery of nickel, cobalt and iron
(59% of the pack = 73% of the cells)

Recovery of iron, copper and 
aluminium 

(32% of the pack = 45% of the cells)
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1.4 Life Cycle Impact Assessment – Results per 
battery type 

NB: Results presented here are based on circumstances and assumptions that were considered during 
the study. If these facts, circumstances and assumptions come to change, results may differ. 

It is strongly recommended to consider results from a global perspective, by keeping in mind 
assumptions that have been made rather than specific conclusions out of context. 

1.4.0 Preamble: Environmental Indicators selection 

In the frame of the present LCA, a full set of flow indicators and environmental impact indicators 
was assessed, covering all relevant environmental issues related to the life-cycle of the batteries. 
They have been separated into two groups: 

 Indicators that are analysed in detail in this section; 

 Other indicators considered to be of only secondary importance. 

 Indicators analysed in detail 

They have been selected because they correspond to the major environmental stakes related to 
the life-cycle of batteries and/or because they discriminate the environmental stakes related to 
one battery from the others. 

Table 35 presents these indicators and their corresponding LCA methods. 

Table 35: Environmental impact indicators analysed (and LCIA methods used to assess them) 
LCIA method Potential environmental impact indicator Unit 

Global Warming Potential (GWP) kg CO2 eq 
Photochemical oxidant formation Potential (POFP) kg NMVOC eq36 
Terrestrial Acidification Potential (TAP) kg SO2 eq 
Metal Depletion Potential (MDP) kg Fe eq 
Particulate Matter Formation Potential (PMFP) kg PM10 eq 

ReCiPe [10] 

Freshwater Eutrophication Potential (FEP) kg P eq 
CML [9] Abiotic resource depletion potential (ADP) kg Sb eq37 

Human Toxicity Potential (HTP) cases38 
USEtox [11] 

Freshwater Aquatic Ecotoxicity Potential (FAEP) PAF m3 day39 

                                                                  
36 Non-Methane Volatile Organic Compound 

37 Sb is the chemical symbol of Antimony. 

38 Estimated increase in morbidity in the total human population (cases), taking into account cancer and non-cancer 
cases. 

39 Estimate of the potentially affected fraction of species (PAF) integrated over time and volume (PAF m3 day). 
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Table 36 presents the flow indicator analysed in the report. 
Table 36: Flow indicator analysed 

Source Flow indicator Unit 
Ecoinvent data Cumulative Energy Demand (CED) MJ 

 

 Other indicators 

For these indicators, it was verified that LCA results for the three battery types do not differ 
significantly. Results for these flow indicators and environmental impact indicators are reported 
in Annex 2. Table 37 (resp. Table 38) presents those environmental impact indicators (resp. Flow 
indicators). 

Table 37: Additional environmental impact indicators reported in Annex 2 (and LCIA methods 
used to assess them) 

LCIA method Potential environmental impact indicator Unit 
Ozone Depletion Potential (ODP) kg CFC-11 eq 
Ionising Radiation Potential (IRP) kg U235 eq 
Marine Eutrophication Potential (MEP) kg N eq 

ReCiPe [10] 

Fossil Depletion Potential (FDP) kg oil eq 

 

Table 38: Additional flow indicators reported in Annex 2 
Source Potential environmental impact indicator Unit 

Natural Land Transformation (NLT) m2 
Urban Land Occupation (ULO) m2y Ecoinvent data 

/ReCiPe [10] 
Agricultural Land Occupation (ALO) m2y 

 

A description of LCIA methods and environmental impact indicators is available in Annex 1. 

Before analyzing these impacts in a comparative way, the three following paragraphs aim at 
interpreting the results for the three battery technologies separately, in order to better 
understand which are the life cycle steps contributing the most to the overall environmental 
impacts of each battery type, and what are the main sources of impact, for each environmental 
impact indicator. 

For that, the following figures present the breakdown of the environmental impacts of the three 
battery types per life-cycle step, for one Functional Unit (“to deliver 1 kWh of electricity to the 
CPT”). 

As presented in §1.2 page 34, the life cycle is split between: cells (production of materials inputs 
and manufacturing), pack (production of materials inputs and manufacturing), charger 
(production of materials inputs and manufacturing), transports (supplies, distribution and 
transports to disposal facilities), end-of-life of the batteries (cells+pack), and end-of-life of the 
charger. 
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1.4.1 LCA results for NiCd battery 

1.4.1.1 Overall results per indicator 

Table 39 presents the total of the potential environmental impacts of NiCd battery over its whole 
life-cycle, as defined in § 1.2 page 34. 

Table 39: Total environmental impacts of the NiCd battery for 1 Functional Unit 

Potential impact indicator Unit NiCd 

Global Warming Potential (GWP) kg CO2 eq 1.2 

Cumulative Energy Demand (CED) MJ 25 

Metal Depletion Potential (MDP) kg Fe eq 0.33 

Abiotic resource depletion potential (ADP) kg Sb eq 0.064 

Photochemical oxidant formation Potential (POFP) 
kg NMVOC-
eq 

0.0038 

Terrestrial Acidification Potential (TAP) kg SO2 eq 0.012 

Particulate Matter Formation Potential (PMFP) kg PM10 eq 0.0031 

Freshwater Eutrophication Potential (FEP) kg P eq 0.0034 

Human Toxicity Potential (HTP) with LT emissions cases 3.7E-06 

Freshwater Aquatic Ecotoxicity Potential (FAEP) with LT emissions PAF.m3.day 91 

Human Toxicity Potential (HTP) 5% long-term emissions cases 3.0E-07 
Freshwater Aquatic Ecotoxicity Potential (FAEP) 5% long-term 
emissions 

PAF.m3.day 5.0 

Human Toxicity Potential (HTP) without long-term emissions cases 1.2E-07 
Freshwater Aquatic Ecotoxicity Potential (FAEP) without long-
term emissions 

PAF.m3.day 0.42 

1.4.1.2 Breakdown per life cycle step 

Figure 15 presents the breakdown of the each environmental impact per life cycle step of NiCd 
battery, as defined in §1.2 page 34. 
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Figure 15: Breakdown of the environmental impacts of the NiCd battery 

 

Firstly, it is worth noticing that the breakdown of the environmental impacts varies significantly 
from one indicator to another: there is no life-cycle step emerging as a major contributor to all 
environmental impacts. Secondly, this breakdown allows identifying environmental “hotspots” 
of NiCd batteries: 

 It can be noticed that the pack (production of materials inputs and manufacturing) 
as well as transport have a low contribution to all impacts: for all indicators, the 
contribution of each of these two steps is lower than 5%, except the contribution 
of the transport to photochemical oxidant formation potential (11%). 

 The cells (production of materials inputs and manufacturing) contribute 
significantly to resource depletion (i.e. this step is responsible for 97% of abiotic 
resources depletion potential, and 35% of metal depletion potential), to 
terrestrial acidification potential (66%) and particulate matter formation 
potential (58%). 
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 The use phase significantly contributes to cumulative energy demand (72%), global 
warming potential (68%) and to freshwater eutrophication potential (62%). It 
should already be noted that use phase is electricity consumption only, so the 
environmental impacts related to that phase are those of electricity production (a 
European electricity mix was considered, which contains about 50% fossil fuels). 

 The end-of-life of the batteries contributes mainly to human toxicity (47% and 
76%) and freshwater ecotoxicity (67 and 73%) potentials with 5% and 100% long-
term emissions respectively. For all other indicators, the end-of-life of the battery 
either neutral or beneficial for the environment (from 0% to -9%) due to the 
recycled fraction of batteries, except for freshwater aquatic ecotoxicity potential 
without long-term emissions (2%). 

 The charger (production of materials inputs and manufacturing) has a significant 
contribution to the metal depletion potential (67%) and to human toxicity (44%) 
and ecotoxicity (39%) potentials without LT. 

 The end-of-life of the charger is not a major contributor to the impacts of NiCd 
batteries. It contributes mainly to the freshwater ecotoxicity potentials (14 and 
16%) with 5% and 100% of long-term emissions respectively. For all other 
indicators, the end-of-life of the charger is either neutral or beneficial for the 
environment (from 0% to -3%). 

1.4.1.3 Flow contribution analysis 

Table 40 presents elementary flows of the Life-Cycle Inventory (LCI) that contribute the most to 
each environmental impact, for life-cycle steps contributing at least to 20% of the impact. This 
analysis allows identifying the main sources of impact over the life-cycle of the battery. 
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Table 40: flow contribution analysis for NiCd – main flow contributions to each life-cycle step (grey cells correspond to life-cycle step with a 
contribution of less than 20% to the impact considered) 

Potential impact indicator Unit Cells Pack Charger Transport Use End of life batteries End of life charger 

Global Warming Potential (GWP) kg CO2 eq.     CO2 to air   

Cumulative Energy Demand (CED) MJ     
Uranium, in ground 

Coal, brown, in ground 
Coal, hard, unspecified, in ground 

  

Metal Depletion Potential (MDP) kg Fe eq. 
Nickel, 1.13% in sulfide, Ni 0.76% 
and Cu 0.76% in crude ore, in 
ground 

 
Tin, 79% in cassiterite, 0.1% in crude 

ore, in ground 
    

Abiotic resource depletion potential 
(ADP) 

kg Sb eq. Cadmium, 0.30% in sulfide, Cd 
0.18%, Pb, Zn, Ag, In, in ground 

      

Photochemical oxidant formation 
Potential (POFP) 

kg NMVOC-
eq 

SO2, to air     NOx to air   

Terrestrial Acidification Potential 
(TAP) 

kg SO2 eq. SO2, to air     SO2 to air   

Particulate Matter Formation 
Potential (PMFP) 

kg PM10 eq SO2, to air low pop.       

Freshwater Eutrophication Potential 
(FEP) 

kg P eq Phosphate, to water    Phosphate, to water   

Human Toxicity Potential (HTP) with 
LT emissions 

cases      
Cadmium, ion, to groundwater, 

long-term 
 

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) with LT emissions 

PAF.m3.day      
Cadmium, ion and 

 Nickel, ion to groundwater, long-
term 

 

Human Toxicity Potential (HTP) 5% 
long-term emissions 

cases   
Lead, arsenic, cadmium, zinc to air (low 

pop.) 
  

Cadmium, ion, to groundwater, 
long-term 

 

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) 5% long-term 
emissions 

PAF.m3.day      
Cadmium, ion and 

Nickel, ion to groundwater, long-
term 

 

Human Toxicity Potential (HTP) 
without long-term emissions 

cases   
Lead, arsenic, cadmium, zinc to air (low 

pop.) 
 

Mercury, to air (low pop.) 
Arsenic, ion to groundwater and river 

  

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) without long-term 
emissions 

PAF.m3.day Copper, to air; low pop  Copper to air  Vanadium, to air, high pop.   
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Main sources of impact can be described with the help of this table: 

 For Global Warming Potential, emissions of carbon dioxide (CO2) to air are the 
main impact contributor, due to the combustion of coal for electricity production 
during the use phase. 

 The Cumulative Energy Demand mainly comes from the use phase, with the 
uranium and coal being the main energy sources. 

 Impacts on resource depletion: 

 For Metal Depletion Potential, the extractions of nickel (as a major 
component of the cells) and tin (for the printed wiring board of the 
charger) are the main contributors. 

 For Abiotic Resource Depletion Potential, the extraction of cadmium 
(for cells) is the main contributor. 

 For Photochemical Oxidant Formation Potential, emissions of sulfur dioxide (SO2) 
to air during the production of nickel from sulfidic ores and emissions of nitrous 
oxides to air during the use phase, due to the combustion of coal for electricity 
production, are the main impact contributors. 

 For Terrestrial Acidification Potential, the emissions of SO2 to air during the 
production of nickel and during the use phase (combustion of coal for electricity 
production) are the main contributors. 

 For Particulate Matter Formation Potential, the emissions of SO2 to air during the 
production of nickel (for cells) are the main contributor to the impact. 

 For Freshwater Eutrophication Potential, the emissions of phosphate during the 
use phase (due to the disposal of spoil from lignite mining, in surface landfill) and 
during the production of nickel (for cells) are the main contributors to this impact. 

 Toxicity impacts: 

 For Human Toxicity Potential with LT emissions, cadmium long-
term emissions to groundwater from landfilled batteries are the 
main contributor to the impact. 

 For Freshwater Aquatic Ecotoxicity Potential with LT emissions, 
nickel and cadmium long-term emissions to groundwater from 
landfilled batteries are the main contributor to the impact. 

 For Human Toxicity Potential with 5% LT emissions, the emissions 
of lead, arsenic, cadmium and zinc to air during copper production 
(for the conductor of the charger) as well as the long-term 
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emissions of cadmium to groundwater from landfilled batteries are 
the main contributors to the impact. 

 For Freshwater Aquatic Ecotoxicity Potential with 5% LT emissions, 
the long-term emissions of cadmium to groundwater from 
landfilled batteries are the main contributors to the impact. 

 For Human Toxicity Potential without LT emissions, the main 
emissions responsible for the impact are the emissions of lead, 
arsenic, cadmium and zinc to air during copper production (for the 
conductor of the charger) as well as the emissions of mercury to air 
and arsenic to water during the use phase (due to the combustion of 
coal for electricity production). 

 For Freshwater Aquatic Ecotoxicity Potential without LT emissions, 
the emissions of copper to air are the main contributors to the 
impact. They are mainly due to the production of nickel for cells, the 
production of copper for the conductor of the charger and the 
production of copper for the printed wiring board of the charger. 
The emissions of vanadium to air at use phase (during the 
combustion of heavy fuel oil for electricity production) also 
contribute to this impact. 

1.4.2 LCA results for NiMH battery 

1.4.2.1 Overall results per indicator 

Table 41 presents the total of the potential environmental impacts of the NiMH battery for its 
whole life-cycle, as defined in § 1.2 page 34. 

Table 41: Total environmental impacts of the NiMH battery for 1 Functional Unit 

Potential impact indicator Unit NiMH 

Global Warming Potential (GWP) kg CO2 eq 1.4 

Cumulative Energy Demand (CED) MJ 26 

Metal Depletion Potential (MDP) kg Fe eq 0.45 

Abiotic resource depletion potential (ADP) kg Sb eq 0.010 

Photochemical oxidant formation Potential (POFP) 
kg NMVOC-
eq 

0.0048 

Terrestrial Acidification Potential (TAP) kg SO2 eq 0.016 

Particulate Matter Formation Potential (PMFP) kg PM10 eq 0.0043 

Freshwater Eutrophication Potential (FEP) kg P eq 0.0034 

Human Toxicity Potential (HTP) with LT emissions cases 1.4E-06 

Freshwater Aquatic Ecotoxicity Potential (FAEP) with LT emissions PAF.m3.day 112 

Human Toxicity Potential (HTP) 5% long-term emissions cases 2.0E-07 
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Potential impact indicator Unit NiMH 

Freshwater Aquatic Ecotoxicity Potential (FAEP) 5% long-term 
emissions 

PAF.m3.day 6.0 

Human Toxicity Potential (HTP) without long-term emissions cases 1.4E-07 
Freshwater Aquatic Ecotoxicity Potential (FAEP) without long-
term emissions 

PAF.m3.day 0.49 

1.4.2.2 Breakdown per life cycle step 

Figure 16 presents the breakdown of the each environmental impact per life cycle step of NiMH 
battery, as defined in §1.2 page 34. 

Figure 16: Breakdown of the environmental impacts of the NiMH battery 

 

As for NiCd, no life-cycle step appears as a major contributor to all environmental impacts. This 
breakdown allows identifying environmental “hotspots” of NiMH batteries: 



 

 

 

Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries | 87 

 First of all, it can be noticed that the pack (production of materials inputs and 
manufacturing) as well as transport have a low contribution to all impacts. For all 
indicators, the contribution of each of these two steps is lower than 5%, except 
the contribution of the transport to the photochemical oxidant formation 
potential (7%). 

 Cells (production of materials inputs and manufacturing) contribute significantly to 
terrestrial acidification potential (82%), particulate matter formation potential 
(75%), metal depletion potential (55%), and to photochemical oxidant formation 
potential (50%). Besides, 28% of green house gases emissions appear during the 
production of the cell. 

 The production of the charger is the second main contributor (50%) to metal 
depletion potential. It has also a high contribution to Human toxicity potential 
whatever the time perspective is (37%, 32% and 22% with 0%, 5% and 100% long-
term emissions respectively). It also contributes significantly to freshwater 
aquatic ecotoxicity without long-term emissions (34%). 

 Contributions of use phase to cumulative energy demand (69%), freshwater 
eutrophication potential (62%), to abiotic resource depletion potential (62%) and 
to global warming potential (58%) are dominant. As for NiCd, use phase is 
electricity consumption only, so the environmental impacts related to that phase 
are those of electricity production (a European electricity mix was chosen, which 
contains about 50% fossil fuels). 

 The end-of-life of the batteries contributes mainly to freshwater ecotoxicity 
potential (71% and 77%) with 5% and 100% of LT emissions respectively. For all 
other indicators, the end-of-life of the battery shows environmental benefits 
(from -1% to -10%), due to the recycled fraction of batteries, except for human 
toxicity potential with 5% long-term emissions (8% of the total impact) and 100% 
long-term emissions (28% of the total impact). 

 The end-of-life of the charger is not a major contributor to the impacts of NiMH 
batteries. Its highest contributions are for freshwater ecotoxicity potentials (12% 
and 13%, respectively with 5% and 100% long-term emissions). For all other 
indicators the end-of-life of the charger shows low contributions to the impacts 
(from 1% to -2%). 

1.4.2.3 Flow contribution analysis 

Table 42 presents elementary flows of the Life-Cycle Inventory (LCI) that contribute the most to 
each environmental impact, for life-cycle steps contributing at least to 20% of the total impact of 
NiMH batteries. This analysis allows identifying the main sources of impact over the life-cycle of 
NiMH batteries. 
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Table 42: flow contribution analysis for NiMH – main flow contributions to each life-cycle step (grey cells correspond to life-cycle step with a 
contribution of less than 20% to the impact considered) 

Potential impact indicator Unit Cells Pack Charger Transport Use End of life batteries End of life charger 
Global Warming Potential 
(GWP) 

kg CO2 eq. CO2 to air     CO2 to air    

Cumulative Energy Demand 
(CED) 

MJ     
Uranium, in ground 

Coal, brown, in ground 
Coal, hard, unspecified, in ground 

  

Metal Depletion Potential 
(MDP) 

kg Fe eq. Nickel, 1.13% in sulfide, Ni 0.76% and Cu 
0.76% in crude ore, in ground 

 
Tin, 79% in cassiterite, 0.1% in crude 

ore, in ground 
    

Abiotic resource depletion 
potential (ADP) 

kg Sb eq. Coal, hard, unspecified, in ground    
Coal, brown, in ground 

Coal, hard, unspecified, in ground 
Gas, natural, in ground 

  

Photochemical oxidant 
formation Potential (POFP) 

kg NMVOC-
eq 

NOx to air (high pop.)    NOx to air   

Terrestrial Acidification 
Potential (TAP) 

kg SO2 eq. SO2 to air    SO2 to air (low pop.)   

Particulate Matter Formation 
Potential (PMFP) 

kg PM10 eq SO2, to air    SO2 to air (high pop.)   

Freshwater Eutrophication 
Potential (FEP) 

kg P eq Phosphate, to water    Phosphate, to water   

Human Toxicity Potential (HTP) 
with LT emissions 

cases Zinc, ion to groundwater, long-term 
Arsenic, ion to groundwater, long-term 

 
Arsenic, ion, to groundwater, long-

term 
Zinc, ion, to groundwater, long-term  

  
Nickel, ion, to groundwater, 

long-term  
 

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) with LT 
emissions 

PAF.m3.day      
Nickel, ion, to groundwater, 

long-term  
 

Human Toxicity Potential (HTP) 
5% long-term emissions 

cases Mercury, to air (high pop.)  
Zinc to air 

 
Lead, arsenic, cadmium and zinc to 

air (low pop.) 
 

Mercury, to air (low pop.) 
Arsenic, ion to groundwater and river 

  

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) 5% long-term 
emissions 

PAF.m3.day      
Nickel, ion, to groundwater, 

long-term 
 

Human Toxicity Potential (HTP) 
without long-term emissions 

cases Mercury, to air (high pop.) 
Zinc to air  

 
Lead, arsenic, cadmium, and zinc to 

air (low pop.) 
 

Mercury, to air (low pop.) 
Arsenic, ion to groundwater and river 

  

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) without long-
term emissions 

PAF.m3.day Copper, nickel and vanadium to air   
Copper to air, low pop. 
Copper, to air high pop. 

 Vanadium, to air (high pop.)   
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Main sources of impact can be described with the help of this table: 

 For Global Warming Potential, emissions of CO2 to air are the main impact 
contributor, due to the combustion of coal for electricity production during the 
use phase and the production of LaNi5 (included in cells). 

 Cumulative Energy Demand mainly comes from the use phase: the main flows 
contributing are uranium and coal extractions. 

 Impacts on resource depletion: 

 For Metal Depletion Potential, the extractions of nickel (for cells) 
and tin (for the printed wiring board of the charger) are the main 
contributors. 

 For Abiotic Resource Depletion Potential, the extraction of coal and 
gas for the production of electricity during use phase is the main 
contributor. The extraction of coal for the production of LaNi5 (for 
cells) also contributes to this impact. 

 For Photochemical Oxidant Formation Potential, the emissions of nitrogen oxides 
to air during the production of LaNi5 for cells and during the use phase (due to the 
combustion of coal for electricity production) are the main impact contributors. 

 For Terrestrial Acidification Potential, the emissions of SO2 to air during the 
production of LaNi5 and nickel for cells and during the use phase (burning of coal 
and lignite) are the main contributors. 

 For Particulate Matter Formation Potential, the emissions of SO2 to air during the 
production of nickel and LaNi5 (for cells) and during the use phase (burning of 
coal and lignite) are the main contributors to the impact. 

 For Freshwater Eutrophication Potential, the emissions of phosphate during the 
use phase (due to the disposal of spoil from lignite mining in surface landfill, 
lignite being used as fuel for electricity production) and during the production of 
nickel and LaNi5 (for cells) are the main contributors to this impact. 

 Toxicity impacts: 

 For Human Toxicity Potential with LT emissions, zinc and arsenic 
long-term emissions to groundwater both during the production of 
nickel (incorporated in the cells) and during the production of 
copper for the charger’s conductor are the main contributor to the 
impact. For both contributors, those emissions are due to the 
disposal of sulfidic tailings. Emissions of nickel to groundwater from 
landfilled batteries also contribute to this impact 
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 For Freshwater Aquatic Ecotoxicity Potential with LT emissions, 
long-term emissions of nickel to groundwater from landfilled 
batteries are the main contributor to the impact. 

 For Human Toxicity Potential with 5% LT emissions, main emissions 
responsible for the impact are the following: 

- emissions of mercury and zinc to air during the 
production of LaNi5 (for cells), emission of zinc to air 
during the production of nickel (for cells), 

- emissions of lead, arsenic, cadmium and zinc to air 
during the production of copper (for charger’s 
conductor), 

- emissions of mercury to air and arsenic to water 
during the use phase (due to the combustion of coal 
for electricity production). 

 For Freshwater Aquatic Ecotoxicity Potential with 5% LT emissions, 
the long-term emissions of nickel to groundwater from landfilled 
batteries are the main contributors to the impact. 

 For Human Toxicity Potential without LT emissions, main emissions 
responsible for the impact are the following: 

- emissions of mercury and zinc to air during the 
production of LaNi5 (for cells), emission of zinc to air 
during the production of nickel (for cells), 

- emissions of lead, arsenic, cadmium and zinc to air 
during the production of copper (for charger’s 
conductor), 

- emissions of mercury to air and arsenic to water 
during the use phase (due to the combustion of coal 
for electricity production). 

 For Freshwater Aquatic Ecotoxicity Potential without LT emissions, 
main emissions responsible for the impact are the following: 

- emissions of copper to air due to the production of 
nickel (for cells), the production of copper for the 
conductor of the charger and the production of 
copper for the printed wiring board of the charger, 

- emissions of copper, nickel and vanadium to air 
during the production of LaNi5.(for cells); 
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- emissions of vanadium to air at use phase (during the 
combustion of heavy fuel oil for electricity 
production. 

1.4.3 LCA results for LiFePO4 battery 

1.4.3.1 Overall results per indicator 

Table 43 presents the total of the potential environmental impacts of the LiFePO4 battery over 
its whole life-cycle, as defined in § 1.2 page 34. 

Table 43: Total environmental impacts of the LiFePO4 battery for 1 Functional Unit 

Potential impact indicator Unit LiFePO4 

Global Warming Potential (GWP) kg CO2 eq 1.2 

Cumulative Energy Demand (CED) MJ 24 

Metal Depletion Potential (MDP) kg Fe eq 0.57 

Abiotic resource depletion potential (ADP) kg Sb eq 0.0091 

Photochemical oxidant formation Potential (POFP) 
kg NMVOC-
eq 

0.0033 

Terrestrial Acidification Potential (TAP) kg SO2 eq 0.0056 

Particulate Matter Formation Potential (PMFP) kg PM10 eq 0.0018 

Freshwater Eutrophication Potential (FEP) kg P eq 0.0040 

Human Toxicity Potential (HTP) with LT emissions cases 1.2E-06 

Freshwater Aquatic Ecotoxicity Potential (FAEP) with LT emissions PAF.m3.day 78 

Human Toxicity Potential (HTP) 5% long-term emissions cases 2.3E-07 
Freshwater Aquatic Ecotoxicity Potential (FAEP) 5% long-term 
emissions 

PAF.m3.day 4.9 

Human Toxicity Potential (HTP) without long-term emissions cases 1.8E-07 
Freshwater Aquatic Ecotoxicity Potential (FAEP) without long-
term emissions 

PAF.m3.day 1.0 

1.4.3.2 Breakdown per life cycle step 

Figure 17 presents the breakdown of the each environmental impact per life cycle step of LiFePO4 
battery, as defined in §1.2 page 34. 
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Figure 17: Breakdown of the environmental impacts of the LiFePO4 battery 

 

This breakdown allows identifying environmental “hotspots” of LiFePO4 batteries: 

 First of all, it can be seen the contributions of transport are lower than 5% for all 
indicators, except for photochemical oxidant formation potential (8%). 

 Cells (production of materials inputs and manufacturing) contribute significantly to 
human toxicity potential, for all time perspectives (49%, 62%, 66%, respectively 
for 100%, 5% or no LT emissions). 

 The pack components (besides cells) contribute mainly to metal depletion 
potential (39%). For all other indicators, their contribution is lower than 12%. 

 The charger (production of materials inputs and manufacturing) contributes 
significantly to human toxicity potential for all time perspectives (63%, 61%, 60%, 
respectively for 100%, 5% or 0% LT emissions). The charger also shows a 
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significant contribution to freshwater aquatic ecotoxicity potential without LT 
emissions (76%). 

 Use phase is electricity consumption only, so the environmental impacts related to 
that phase are those of electricity production (a European electrical mix is 
considered, which contains about 50% fossil fuels). The contribution of use phase 
to cumulative energy demand (72%), global warming potential (68%), abiotic 
resource depletion potential (64%), terrestrial acidification potential (56%), 
particulate matter formation (54%) and freshwater eutrophication potential 
(51%) are dominant. 

 For all indicators, except freshwater ecotoxicity potential with 5% and 100% long-
term emissions (respectively 37% and 50% contributions), the end-of-life of the 
battery shows environmental benefits, due to the recycled fraction of batteries 
(from -2% to -61%). 

 The end-of-life of the charger contributes to freshwater ecotoxicity potential (21% 
and 26%), respectively with 5% and 100% LT emissions. For all other indicators, 
the end-of-life of the charger shows low contributions to the impacts (from -2% 
to 4%). 

1.4.3.3 Flow contribution analysis 

Table 44 presents elementary flows of the Life-Cycle Inventory (LCI) that contribute the most to 
each environmental impact, for life-cycle steps contributing at least to 20% of the total impact of 
LiFePO4 batteries. This analysis allows identifying the main sources of impacts over the life-cycle 
of LiFePO4 batteries. 
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Table 44: flow contribution analysis for LiFePO4 – main flow contributions to each life-cycle step (grey cells correspond to life-cycle step with a 
contribution of less than 20% to the impact considered) 

Potential impact indicator Unit Cells Pack Charger Transport Use End of life batteries End of life charger 

Global Warming Potential (GWP) kg CO2 eq.     CO2 to air   

Cumulative Energy Demand 
(CED) 

MJ     

Uranium, in ground 
Coal, brown, in ground 

Coal, hard, unspecified, in 
ground 

  

Metal Depletion Potential (MDP) kg Fe eq.  
Tin, 79% in cassiterite, 0.1% 

in crude ore, in ground  
Tin, 79% in cassiterite, 0.1% 

in crude ore, in ground  
    

Abiotic resource depletion 
potential (ADP) 

kg Sb eq.   
Tellurium, 0.5ppm in sulfide, 

Te 0.2ppm, Cu and Ag, in 
crude ore, in ground. 

 

Coal, brown, in ground 
Coal, hard, unspecified, in 

ground 
Gas, natural, in ground 

  

Photochemical oxidant 
formation Potential (POFP) 

kg NMVOC-
eq 

  
Methyl ethyl ketone to air, 

high pop.  
NOx, to air 

 NOx to air   

Terrestrial Acidification Potential 
(TAP) 

kg SO2 eq. SO2 to air low pop.   
SO2 to air during the 

production of silver (included 
in the inductor) 

 SO2 to air   

Particulate Matter Formation 
Potential (PMFP) 

kg PM10 eq SO2 to air low pop.   SO2 to air low pop  SO2 to air low pop   

Freshwater Eutrophication 
Potential (FEP) 

kg P eq Phosphate to water  Phosphate to water  Phosphate to water   

Human Toxicity Potential (HTP) 
with LT emissions 

cases 

Arsenic, ion, to groundwater, 
long-term 

Zinc, ion, to groundwater, 
long-term 

 

Arsenic, ion, to groundwater, 
long-term 

Zinc, ion, to groundwater, 
long-term  

 
Zinc, ion, to groundwater, 

long-term 
avoided emissions of lead, arsenic, 
cadmium and zinc to air, low pop. 

 

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) with LT 
emissions 

PAF.m3.day      
Copper, ion, to groundwater, long-

term 

Copper, ion, to 
groundwater, long-

term 
Human Toxicity Potential (HTP) 
5% long-term emissions 

cases Lead, arsenic, cadmium and 
zinc to air, low pop. 

 
Arsenic, ion and zinc, ion to 

river 
 Mercury, to air, low pop. 

avoided emissions of lead, arsenic, 
cadmium and zinc to air, low pop. 

 

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) 5% long-term 
emissions 

PAF.m3.day   
Copper, to air, high pop. 

zinc, to river 
  

Copper, ion, to groundwater, long-
term 

Copper, ion, to 
groundwater, long-

term 
Human Toxicity Potential (HTP) 
without long-term emissions 

cases Lead, arsenic, cadmium and 
zinc to air, low pop. 

 
Arsenic, ion and zinc, ion to 

river 
  

avoided emissions of lead, arsenic, 
cadmium and zinc to air, low pop. 

 

Freshwater Aquatic Ecotoxicity 
Potential (FAEP) without long-
term emissions 

PAF.m3.day Copper to air, low. pop.  Zinc, ion, to river     
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Main sources of impact can be described with the help of the above table: 

 For Global Warming Potential, emissions of CO2 to air are the main impact 
contributor, due to the combustion of coal for electricity production during the 
use phase. 

 Cumulative Energy Demand mainly comes from the use phase (consumption of 
uranium and coal for electricity production). 

 Resource depletion impacts: 

 For Metal Depletion Potential, the extraction of tin (both for the 
electronic module of the pack and the printed wiring board of the 
charger) are the main contributors. 

 For Abiotic Resource Depletion Potential, the extraction of coal and 
gas for the production of electricity during use phase is the main 
contributor. The extraction of tellurium for the charger’s inductor 
also contributes to this impact. 

 For Photochemical Oxidant Formation Potential, the main emissions responsible 
for the impact are the following: 

 emissions of methyl ethyl ketone (MEK) to air during the production 
of the inductor (included in the charger), 

 emissions of nitrous oxides to air, during the production of silver 
(included in the inductor of the charger), 

 emissions of nitrous oxides to air during the use phase (due to the 
combustion of coal for electricity production). 

 For Terrestrial Acidification Potential, emissions of SO2 to air during the 
production of copper (for cells), the production of silver (included in the charger’s 
inductor) and during the use phase (combustion of coal for electricity production) 
are the main contributors to the impact. 

 For Particulate Matter Formation, emissions of SO2 to air during the production of 
copper (for the cells), the production of silver for the charger’s inductor (occurring 
both during electricity production and copper beneficiation), and during use 
phase (during the combustion of coal) are the main contributor to the impact. 

 For Freshwater Eutrophication Potential, the emissions of phosphate to water 
during the use phase (due to the disposal of spoil from lignite mining in surface 
landfills, lignite being used as fuel for electricity production), during the 
production of copper for cells and during the production of silver for the charger’s 
inductor (disposal of sulfidic tailings) are the main contributor to the impact. 
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 Toxicity impacts: 

 For Human Toxicity Potential with LT, the main contributors are the 
following: 

- long-term emissions of zinc and arsenic to 
groundwater both during the production of copper 
for cells (disposal of sulfidic tailings) and during the 
production of silver and gold for the charger’s 
inductor (disposal of sulfidic tailings, 

- emissions of zinc to groundwater during use phase 
(landfilling of spoil from lignite mining), 

- avoided emissions of lead, arsenic, cadmium and zinc 
to air due to copper recovery (batteries recycling). 

 For Freshwater Aquatic Ecotoxicity Potential with LT emissions, 
copper long-term emissions to groundwater from landfilled 
batteries and charger are the main contributor to the impact. 

 For Human Toxicity Potential with 5% LT emissions, the main 
emissions responsible for the impact are: 

- emissions of lead, arsenic, cadmium and zinc to air 
during copper production (for cells), 

- emissions of arsenic and zinc ions to water, during the 
production of silver (for charger’s inductor), 

- emissions of mercury to air during use phase (burning 
of coal and lignite), 

- avoided emissions of lead, arsenic, cadmium and zinc 
to air due to copper recovery (batteries recycling). 

 For Freshwater Aquatic Ecotoxicity Potential with 5% LT emissions, 
the main emissions responsible for the impact are: 

- emissions of copper to air, during the production of 
printed wiring board (for the charger), 

- emissions of zinc to water, during the production of 
the integrated circuit (for the charger), 

- long-term emissions of copper to groundwater from 
landfilled cells and charger. 

 For Human Toxicity Potential without LT emissions, the main 
emissions responsible for the impact are: 
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- emissions of lead, arsenic, cadmium and zinc to air 
during the production of copper (for cells), 

- emissions of arsenic and zinc to water during the 
production of silver (for charger’s inductor), 

- avoided emissions of lead, arsenic, cadmium and zinc 
to air due to copper recovery (batteries recycling). 

 For Freshwater Aquatic Ecotoxicity Potential without LT emissions, 
the main emissions responsible for the impact are emissions of zinc 
to water during production of silver (for the charger’s inductor). 
Emissions of copper to air during copper production (for cells) also 
contribute to this impact. 

1.4.4 Data Quality 

Two types of inputs are necessary to perform an LCA: 

 Life Cycle Inventories (LCIs); 

 the so-called “raw data” (e.g. energy consumptions, raw materials consumptions, 
loss rates ...) used to scale inventories (LCIs) to the Functional Unit of the 
assessment. 

This section presents the raw data quality and Life Cycle Inventories (LCIs) data quality used in 
the study. The contribution of each life-cycle step shall also be looked at because data quality 
requirement increases with the contribution of the related impacts. 

Prior to the data quality assessment, the definition of the data quality and contribution levels is 
presented. 

1.4.4.1 Definition of data quality and contribution levels 

1.4.4.1.1 Quality of raw data 

The “ILCD data quality indicators” approach has been followed, which allows classifying the data 
quality following several precise criteria. The aspects of data quality treated are: 

 Precision: measure of the variability of the data values for each data expressed 
(gives information on the uncertainty of data used in the assessment). 

 Representativeness (technological, geographical and time-related): degree to 
which the data reflects the true “population” of interest regarding technology, 
geography and time/age of the data respectively, following the definition of ILCD 
[14]. 
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 Completeness, which defines the share of flows that are quantitatively included in 
the assessment. 

For each of these criteria, 4 levels of quality rating were defined, as shown in the following tables. 

Table 45: Quality levels for precision of raw data  

Precision

Rating Data quality indicators for the precision of data 

1
Data  from indus try or industry experts : data  known with high precis ion
Data which meets the criterion "Precision"  to a very high degree, having no relevant need for improvement

2
Data  estimated partia l ly from l i terature review and assumptions  made by the authors
Data  which meets the criterion "Precision" to a high degree, having little yet significant need for improvement

3
Data  completely es timated from l i terature and as sumptions
Data which meets the criterion "Precision" to a still sufficient degree, while having the need for improvement

4
Data  estimated from rough assumptions  
Data which does not meet the criterion "Precision" , having the need for relevant improvement

 

 

Table 46: Quality levels for time-related representativeness of raw data 

Time-related representativeness

Rating Data quality indicators for the time-related representativeness of data

1
Data  from indus try that i s  representative of current processes  (from 2010 to 2011)
Data which meets the criterion "time-related representativeness"  to a very high degree, having no relevant need for improvement

2
Data from l i terature that is representative of current processes (from 2010 to 2011) or speci fi c data from industry whose
time-related representativeness  is  judged sufficient for the s tudy (from 2005 to 2010)
Data  which meets the criterion "time-related representativeness"  to a high degree, having little yet significant need for improvement

3
Data  from l i terature whos e time-related repres entativeness  i s  judged s ufficient for the s tudy (from 2005 to 2010)
Data which meets the criterion "time-related representativeness"  to a still sufficient degree, while having the need for improvement

4
Time-related representativeness  inadequate.
Data which does not meet the criterion "time-related representativeness" , having the need for relevant improvement
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Table 47: Quality levels for geographical representativeness of raw data 

Geographical representativeness

Rating Data quality indicators for the geographical representativeness of data

1
Data  that corresponds  to the region cons idered
Data which meets the criterion "geographical representativeness"  to a very high degree, having no relevant need for improvement

2
Data  from a  region that includes  the region under s tudy or that i s  included in the region under s tudy
Data  which meets the criterion "geographical representativeness"  to a high degree, having little yet significant need for improvement

3
Data  from a  di fferent yet s imi lar region.
Data which meets the criterion "geographical representativeness"  to a still sufficient degree, while having the need for improvement

4
Geographica l  representativeness  inadequate or no information on i t.
Data which does not meet the criterion "geographical representativeness" , having the need for relevant improvement

 

 

Table 48: Quality levels for technological representativeness of raw data 

Technological representativeness

Rating Data quality indicators for the technological representativeness of data

1
Data  from industry experts , industry documentation that i s  speci fi c to the the technology cons idered.
Data which meets the criterion "technological representativeness"  to a very high degree, having no relevant need for improvement

2
Data  from industry or from l i terature that i s  representative of a  s imi lar technology.
Data  which meets the criterion "technological representativeness"  to a high degree, having little yet significant need for improvement

3

Data from l i terature review which refers to a di fferent technologica l/indus tria l s ector (ex: for manufacturing process data
found for automotive industry or data ava i lable in Ecoinvent database), or for which we do not have information on
technologica l  representativenes s .
Data which meets the criterion "technological representativeness"  to a still sufficient degree, while having the need for improvement

4
Technologica l  repres entativeness  inadequate. Data  search not eas i ly access ible, use of another data  as  approximation
Data which does not meet the criterion "technological representativeness" , having the need for relevant improvement

 

 

Table 49: Quality levels for completeness of raw data 

Completeness

Rating Data quality for the completeness of data

1
Most data have been col lected, including consumptions (materia ls , cons umptions) and emiss ions (in a i r, in water, in
ground).
Data which meets the criterion "completeness"  to a very high degree, having no relevant need for improvement

2
Most data  have been col lected, but  some minor data  gaps  remain
Data  which meets the criterion "completeness"  to a high degree, having little yet significant need for improvement

3
Data  partia l ly col lected (ex: consumptions  have been col lected but emiss ions  are unkown).
Data which meets the criterion "completeness"  to a still sufficient degree, while having the need for improvement

4
Data  gaps .
Data which does not meet the criterion "completeness" , having the need for relevant improvement
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1.4.4.1.2 Quality of life-cycle inventories 

Four quality levels have been defined for the representativeness of life-cycle inventories, as 
presented in Table 50. 

Table 50: Quality levels for representativeness of LCIs 

Representativeness

Rating Data quality indicators for the representativeness of LCIs

1
LCI wi th high representativi ty (geographica l  and/or technologica l ) for the materia ls/process  cons idered
LCI which meets the criterion "representativeness"  to a very high degree, having no relevant need for improvement

2
LCI that refers  to a  di fferent yet s imi lar materia l /process  than the one cons idered
LCI which meets the criterion "representativeness"  to a high degree, having little yet significant need for improvement

3
LCI that refers  to a  di fferent technology/indus tria l  sector compared to the materia ls/process  cons idered
LCI which meets the criterion "representativeness"  to a still sufficient degree, while having the need for improvement

4
Geographica l and/or technologica l repres entativeness inadequate, regarding the materia ls/process cons idered Us e of
another LCI in approximation
LCI which does not meet the criterion "representativeness" , having the need for relevant improvement

 

1.4.4.1.3 Contribution 

The criterion “contribution” represents the highest contribution of a life-cycle step to any of the 
considered impacts. For transport and end-of-life, the contribution is provided for the whole life-
cycle step. 

Table 51: Contribution levels of life-cycle steps 

Contribution

Rating Data quality indicators for the contribution of the life cycle steps to the impacts 

1 Very high contribution: Li fe cycle s teps  which contributions  to the impacts  are superior to 50 %

2  High contribution: Li fe cycle s teps  which contributions  to the impacts  are between 20% to 50 %

3 Interdemiate contribution: Li fe cycle s teps  which contributions  to the impacts  are between 10% to 20%

4 Low contribution: Li fe cycle s teps  which contributions  to the impacts  are inferior to 10%
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1.4.4.2 Preliminary information on the representativeness of raw data 
and Life-Cycle Inventories  

In this paragraph, useful comments on the time-related, geographical and technological 
representativeness of the data are presented. 

1.4.4.2.1 Time-related representativeness 

Raw data were collected directly from selected stakeholders between February and June 2011. 

Secondary data were taken from the Ecoinvent v2.2 database, published in 2010. 

1.4.4.2.2 Geographical representativeness 

The study is representative of a EU context: Production reflects the supply chain of CPTs 
manufactured for the EU market. 

The use phase is also representative of a European context (EU electricity mix is considered). 

1.4.4.2.3 Technological representativeness 

The compositions of the cells that have been considered are representative of the ones used in 
CPTs. Inventory data is mainly representative of technologies in EU.  

However, when possible, inventory data used to model processes was adapted in order to take 
into account the electrical mix of the considered country. This allowed to enhance the overall 
technological representativeness of the adapted inventories. 
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1.4.4.3 Data quality analysis 

Table 52: Data quality analysis 

LCIs

Precision
Geographical

representative-
ness

Technological
representative-

ness

Time-related 
representative-

ness
Completeness

Representative-
ness

Production & Assembly

Cells

Raw materials consumption Industry data 1 1 1 1 1 2 Representativity of LCIs: proxies for Ni(OH)2, Cd(OH)2, Co(OH)2

Manufacturing processes Industry data 1 1 1 1 3 1 Completeness: no direct emissions, no packaging, no losses

Raw materials consumption Industry data 1 1 1 1 1 2 Representativity of LCIs: proxy for Ni(OH)2

Manufacturing processes Industry data 1 1 1 1 3 1 Completeness: no direct emissions, no packaging, no losses

Raw materials consumption Industry data 1 1 1 1 1 1

Manufacturing processes Industry data 1 1 1 1 3 1 Completeness: no direct emissions, no packaging, no losses

Packs (excl. Cells)
Raw materials consumption Industry data 1 1 1 1 1 1

Manufacturing processes Industry data 1 1 1 1 2 1 Completeness: no direct emissions, no packaging, no losses (less critical than for cel ls)

Raw materials consumption Industry data 2 1 1 1 1 1 Precision: assumptions for the precise composition of electronic module

Manufacturing processes Industry data 1 1 2 1 2 1
Completeness: no direct emissions, no packaging, no losses (less critical than for cel ls)
Technological rep.: electrical consumption derived from NiCd/NiMH (scaled with respect to mass)

Chargers
Raw materials consumption Industry data 2 1 1 1 1 1 Precision: assumptions for the composition of non-electronic parts

Manufacturing processes Industry data 1 1 1 1 2 1 Completeness: no direct emissions, no packaging, no losses

Raw materials consumption Industry data 2 1 1 1 1 1 Precision: assumptions for the composition of non-electronic parts

Manufacturing processes Industry data 1 1 1 1 2 1 Completeness: no direct emissions, no packaging, no losses

Transport

Upstream transport
from first level suppliers to cells, packs 
and charger manufacturers

Industry data 1 1 1 1 1 1

Distribution from final assembly site to end-users Industry data 1 1 1 1 1 1

Transport to disposal facil ities from collection point to disposal facil ity Literature data 2 2 1 2 1 1
Precision: Literature data
Geographical rep.: UK context
Time-related rep.: 2006

Use
Energy consumption - NiCd Industry data 1 1 1 1 1 1 1

Energy consumption - NiMH Industry data 1 1 1 2 1 1 1 Technological rep.: charging parameters derived from NiMH

Energy consumption - LiFePO4 Industry data 1 1 1 1 1 1 1

End of life
End of life batteries (pack and cells)

Breakdown per end-of-l ife route Literature data NA 3 1 2 1 1 NA
Precision: Values vary significantly depending on the calculation of the collection rate
Technological rep.: Breakdown representative of all  battery covered by the battery directive

Recycl ing NiCd Recycling process Literature data 2 1 1 2 1 1
Precision: Literature data
Time-related rep.: 2006

Recycl ing NiMH Recycling process Literature data 2 1 1 2 1 1
Precision: Literature data
Time-related rep.: 2006

Recycl ing LiFePO4 Recycling process Literature data 2 1 2 2 1 1
Precision: Literature data
Time-related rep.: 2006
Technological rep.: Recycl ing for all  Li-ion technoglogies (not specific to LiFePO4)

Landfi l l ing Landfil l  operation and emissions Literature data 2 1 1 1 1 1 Precision: data from EcoInvent tool

Incineration Incinerator operation and emissions Literature data 2 1 1 1 1 1 Precision: data from EcoInvent tool

End of life chargers
Recycl ing Grinding and material recovery Assumption 2 1 1 1 1 1 Precision: Authors' assumption

Landfi l l ing Landfil l  operation and emissions Literature data 2 1 1 1 1 1 Precision: data from EcoInvent tool

Incineration Incinerator operation and emissions Literature data 2 1 1 1 1 1 Precision: data from EcoInvent tool

Comments

NiCd Cells

NiMH cells

Raw data

1

1

Life cycle stage Steps included Data sources
Maximum 

Contribution

NiCd/NiMH charger

LiFePO4 charger

LiFePO4 cells

NiCd/NiMH pack

LiFePO4 pack

1

3

3

1

1

4

2

1
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1.4.4.4 Conclusions on data quality 

Most criteria are met to a high degree. The weakpoints of the analysis in terms of data quality 
are: 

 precision of the end-of-life route breakdown (due to the uncertainty on collection 
rate); 

 completeness of the cell manufacturing raw data (due to the lack of direct 
emissions for each battery type). 

These criteria are still considered to be met to a sufficient degree. Nevertheless, the impact of 
both data on the results is analysed in detail through a sensitivity analysis (see §1.6.1 and §1.6.3 
respectively). 

1.5 Life Cycle Assessment – Comparative analysis 

This section presents the comparative analysis of the environmental impact of the three battery 
technologies. 

1.5.1 Preamble: Environmental Impacts selection and 
reminder of the overall results per indicator 

A full set of indicators was calculated. This section presents the comparative analysis for a 
selected set of indicators only (See § 1.4.0 page 78 for further details). 

Table 53 presents the total of the potential environmental impacts of the three battery types 
over their whole life-cycle, as defined in § 1.2 page 34. 

Table 53: Total environmental impacts for 1 Functional Unit for the three battery types 

Potential impact indicator Unit NiCd NiMH LiFePO4 

Global Warming Potential (GWP) kg CO2 eq 1.2 1.4 1.2 

Cumulative Energy Demand (CED) MJ 25 26 24 

Metal Depletion Potential (MDP) kg Fe eq 0.33 0.45 0.57 

Abiotic resource depletion potential (ADP) kg Sb eq 0.064 0.010 0.0091 

Photochemical oxidant formation Potential (POFP) 
kg NMVOC-
eq 

0.0038 0.0048 0.0033 

Terrestrial Acidification Potential (TAP) kg SO2 eq 0.012 0.016 0.0056 

Particulate Matter Formation Potential (PMFP) kg PM10 eq 0.0031 0.0043 0.0018 

Freshwater Eutrophication Potential (FEP) kg P eq 0.0034 0.0034 0.0040 

Human Toxicity Potential (HTP) with LT emissions cases 3.7E-06 1.4E-06 1.2E-06 

Freshwater Aquatic Ecotoxicity Potential (FAEP) with LT emissions PAF.m3.day 91 112 78 

Human Toxicity Potential (HTP) 5% long-term emissions cases 3.0E-07 2.0E-07 2.3E-07 

Freshwater Aquatic Ecotoxicity Potential (FAEP) 5% long-term PAF.m3.day 5.0 6.0 4.9 
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Potential impact indicator Unit NiCd NiMH LiFePO4 

emissions 

Human Toxicity Potential (HTP) without long-term emissions cases 1.2E-07 1.4E-07 1.8E-07 
Freshwater Aquatic Ecotoxicity Potential (FAEP) without long-
term emissions 

PAF.m3.day 0.42 0.49 1.0 

 

When it comes to comparing LCA results, one should keep in mind that input parameters of the 
model bear more or less uncertainty. Because of the propagation of these uncertainties through 
the LCA model, LCA results are also prone to a certain degree of uncertainty. 

In the present LCA, discrepancies between the three battery types lower than a threshold of 
20%, considered as the minimum uncertainty on the overall model, are considered not 
significant. 

1.5.2 Comparison for indicators other than toxicity 

Figure 18 presents the comparison for all considered indicators except toxicity indicators, treated 
in a further section. In order to improve the readability of the results, it shows the relative ranking 
of the batteries for each indicator, the NiCd being the reference (100%). This normalisation 
allows presenting all indicators on the same graph. However, this does not make several 
indicators of the same graph comparable. 
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Figure 18: Comparative results for each indicator (except toxicity indicators) – Reference: NiCd 
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The following interpretations can be made. 

 Global Warming Potential and Cumulative Energy Demand 

Even though on can see a higher impact of NiMH compared to the two other batteries, this 
difference cannot be considered as significant, considering the inherent uncertainty of the LCA 
model. Thus, it should be considered that there is no significant difference between the three 
batteries for these indicators. These impacts are mainly generated by the use phase for the three 
battery types. Since the energy consumption is similar for the three technologies (see Table 
23 page 64), total impacts on Global Warming Potential and Cumulative Energy Demand lay in 
the same range for the three battery types. 

 Resource Depletion 

 Metal Depletion Potential 

The LiFePO4 battery shows a higher impact than the two other batteries due to the inclusion of 
more electronic components both in the pack and the charger, and consequently due to a higher 
use of tin. The NiMH battery shows a higher impact on metal depletion than the NiCd battery 
due to its higher nickel content.  

 Abiotic Resource Depletion Potential 

The NiCd battery has a significantly higher potential impact on this indicator than the two other 
battery types. This is mainly because NiCd contains cadmium that contributes highly to abiotic 
resource depletion. 

 Photochemical Oxidant Formation Potential 

NiMH battery shows a higher photochemical oxidant formation potential than the two other 
battery types, due to a higher contribution of NiMH cells to this impact (emissions of nitrogen 
oxides to air related to the production of LaNi5) 

 Terrestrial Acidification Potential 

The NiMH battery shows a higher impact on acidification due to a higher contribution of the cells 
to this impact. This impact is mainly due to the emissions of SO2 to air related to the production 
of nickel and LaNi5. NiMH cells have a higher nickel content, hence the impact difference with 
NiCd. 

The LiFePO4 battery shows a lower acidification potential than the other battery types. The main 
reason is that the production of the LiFePO4 compound emits less acidifying substances than the 
production of nickel. 

 Particulate Matter Formation Potential 

NiMH battery shows a higher impact for this indicator due to a higher contribution of the cells to 
this impact. This is mainly due to emissions of SO2 to air during the production of nickel and LaNi5 
(for cells). NiMH cells have a higher nickel content, hence the impact difference with NiCd. 
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 Freshwater Eutrophication Potential 

The LiFePO4 battery shows slightly higher impact than the two other batteries due to a higher 
contribution to cells and charger to this impact. The main reasons are the higher copper content 
and the higher electronics content which both generate emissions of phosphate (respectively 
during the production of copper and during the production of silver for the charger’s inductor). 

1.5.3 Comparison for toxicity indicators 

Figure 19 presents the comparison on toxicity impacts. Results are presented in absolute figures. 
For a better readability, each environmental impact is split between the contributions of short-
term emissions (in brown), 5% long-term emissions (in red) and the rest of long-term emissions 
(95%, in pink). 

Figure 19: Comparative results for human toxicity 
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Figure 20: Comparative results for freshwater ecotoxicity 
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The following interpretations can be made. 

 Long-term (LT) perspective 

 Human Toxicity Potential with long-term emissions 

The NiCd battery has a higher potential impact than the two other battery types, mainly because 
of the presence of cadmium in the cells and consequently its potential emissions to water for the 
fraction of batteries that go into landfills. 

 Freshwater Aquatic Ecotoxicity Potential with LT emissions 

The differences between batteries are low. The NiMH battery shows a slightly higher potential 
impact than the two other battery types, mainly because of the potential emissions of nickel to 
water in landfills. 

 Intermediate situation 

 Human Toxicity Potential with 5% LT emissions 

The NiCd battery has a higher potential impact than the two other battery types, mainly because 
of the presence of cadmium in the cells and consequently potential emissions to water of 5% of 
the metallic content of landfilled batteries. 

 Freshwater Aquatic Ecotoxicity Potential with 5% long-term 
emissions 

Impacts of the three batteries do not significantly differ for this indicator (differences are lower 
than with 100% of LT emissions). 

 Short-term perspective 

 Human Toxicity Potential - without LT emissions 

For this indicator, LiFePO4 has a higher potential impact than the two other battery types. The 
difference is due to a higher impact of: 

- the cells (mainly due to the emissions of lead, arsenic, cadmium and zinc to air during the 
production of copper) 

- the charger (mainly due to the emissions of lead, arsenic, cadmium and zinc to air during 
the production of electronic components). The charger of LiFePO4 batteries contains 
more electronic components than the charger of other battery technologies. 

 Freshwater Aquatic Ecotoxicity Potential - without LT emissions 

For this indicator, LiFePO4 has a higher potential impact than the two other battery types. The 
difference is due to the higher impact of: 

- the pack (emission of zinc to water and copper to air related to the manufacturing of 
electronic components) 
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- the charger (mainly due to the emission of zinc to water related to the production of 
electronic components). 

1.6 Sensitivity analysis 

In this section, the influence of major input data or assumptions on which a significant level of 
uncertainty exists is analysed. The main objective of sensitivity analyses is to understand the 
extent to which the comparative trends among batteries vary when key input data or 
assumptions are modified. 

The sensitivity of comparative LCA results on a variation of the following 
parameters/assumptions is tested: 

 Collection rate; 

 Assumption on the life-time of the batteries; 

 Quantity of heavy metals emitted in the environment during the production of the 
cells; 

 Inclusion or exclusion of the charger in the system boundaries. 

How are results presented? 

For each indicator, figures of this section show the relative impact of each battery for 
each scenario with respect to the impact of NiCd for the reference scenario (for the 
indicator considered). However, it should be kept in mind that this does not make 
several indicators comparable. 

1.6.1 Sensitivity analysis on collection rate 

1.6.1.1 Scenario definition 

The four scenarios studied in this sensitivity analysis are defined as follows: 

 The reference scenario corresponds to the collection rate based on cat.6 WEEE 
collection; 

 Scenario A1 corresponds to the collection rate target defined by the batteries 
directive for 2012; 

 Scenario A2 corresponds to the collection rate target defined by the batteries 
directive for 2016; 

 Scenario A3 corresponds to the collection rate derived from TRAR [12]. 
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Corresponding values are presented in the table below. 

Table 54: Scenario definition for the sensitivity analysis on collection rate 

 
Reference 
scenario 

Scenario A1 Scenario A2 Scenario A3 

Collection rate 10% 25% 45% 53% 

1.6.1.1.1 Scenarios A1 and A2 

As described in the Battery Directive, the targets for waste battery collection by 2012 and 2016 
are 25% and 45% respectively. 

The collection rate of the battery directive corresponds to a waste-to-sales approach: more 
precisely, it is defined as the ratio of the collected quantities at a given calendar year by the 
average sales during that calendar year and the two preceding calendar years. 

The two target values are selected for scenarios A1 and A2. The use of these collection rates for 
the LCA has some limitations: the Batteries Directive is not specific to batteries used in CPTs, and 
it concerns secondary as well as primary batteries. However, it gives a complementary 
perspective on the definition of the collection rate. 

1.6.1.1.2 Calculation of the collection rate for scenario A3 

As previously presented, the waste-to-waste approach is an alternative approach for calculating 
the collection rate. The Targeted Risk Assessment report [12] provides quantities of Cadmium 
incorporated in NiCd portable batteries (not only in CPTs, that is) in different waste flows at 
EU16+Switzerland level in 2002, as shown in Figure 21. 

Then, the collection rate of NiCd portable batteries, based on the cadmium content only, can be 
calculated with a waste-to-waste approach as follows: 

 

 

Finally, we have to assume that this collection rate, valid for NiCd portable batteries, also applies 
for CPTs specifically. 
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Figure 21: Portable Ni-Cd batteries mass balance (EU16 + Switzerland, 2002) (Cadmium 
content)40 

 

1.6.1.2 Results 

The following figures present the relative impacts for each scenario. For each indicator, the 
reference (100%) corresponds to the total impact of NiCd battery for the reference scenario. 

A first set of indicators is presented, which are not significantly sensitive to a variation of the 
collection rate, in the sense that the ranking of the batteries is not modified by an increase or 
decrease in the collection rate. 

                                                                  
40 Source: CollectNiCad, 2002a, revised July 2002, in Cadmium Risk Assessment Report [12] 
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Figure 22: Sensitivity analysis on collection rate – results for Global Warming Potential 

 

 

Figure 23: Sensitivity analysis on collection rate – results for Cumulative Energy Demand 
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Figure 24: Sensitivity analysis on collection rate – results for Metal Depletion Potential 

 

 

Figure 25: Sensitivity analysis on collection rate – results for Freshwater Eutrophication 
Potential 
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Figure 26: Sensitivity analysis on collection rate – results for toxicity indicators without LT 
emissions 

 

These indicators show low sensitivity to a variation of the collection rate: 

 Global Warming Potential and Cumulative Energy Demand: for the three battery 
technologies, the main contributor for those impacts is the use phase, which is 
independent of the collection rate. 
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 Metal Depletion Potential: higher collection rates do lead to some impact 
reductions (due to a higher quantity of recovered metal from the recycling of the 
cells). However, as electronic components in the charger (and in the pack, for 
LiFePO4) are the main contributor to this impact, and not the cells, the benefits of 
the cells’ recycling are partly hidden. 

 Freshwater Eutrophication: the increase of the collection rate does not influence 
the impact of LiFePO4 battery, while it generates limited reductions for NiCd and 
NiMH batteries. The ranking of the batteries does not change if the collection 
rate increases. However, a lower collection rate tends to even the impacts of the 
three batteries. 

 Human toxicity and freshwater aquatic ecotoxicity potentials without long-term 
emissions: these indicators show low sensitivity to the variation of the collection 
rate. Indeed, long-term emissions essentially occur in landfills, while short-term 
emissions are essentially generated during production stages and during the use 
phase (electricity consumption). The impacts of these life-cycle stages are 
independent of the collection rate. 

Figure 27: Sensitivity analysis on collection rate – results for Abiotic Resource Depletion 
Potential 

 
 

The impact of NiCd battery on Abiotic Resource Depletion reduces significantly with an increase 
in the collection rate, because an increased collection rate leads to higher quantities of recovered 
cadmium, which is the main contributor to this impact.  

For LiFePO4 and NiMH, this indicator shows low sensitivity to the variation of the collection rate, 
because most of the impact for these two batteries comes from the use phase, the impact of 
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which is independent of the collection rate. However, the ranking of the batteries does not 
change when the collection goes from 10% to 53%. 

 

Figure 28: Sensitivity analysis on collection rate – results for Photochemical Oxidant 
Formation Potential 

 

Photochemical Oxidant Formation Potential indicator shows low sensitivity to the collection rate 
parameter. For the NiCd and LiFePO4, the main contributor for this impact is the use phase, 
which is independent of the collection rate. For NiMH, the impact comes mainly from LaNi5 
production, which is also independent of the collection rate. 

However, while NiMH is the most impacting battery in the reference scenario, it shows similar 
impacts as the two others for higher collection rate (scenarios A2 and A3). 
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Figure 29: Sensitivity analysis on collection rate – results for Particulate Matter Formation Potential 

 

Regarding Particulate Matter Formation Potential, an increase of collection rate generates 
impact reductions for NiMH, and to a lesser extent for NiCd, due to the avoided nickel production 
and consequently the avoided emissions of SO2 to air. LiFePO4 battery shows no sensitivity on 
this indicator, because for this technology: 

 Impacts are mainly generated during the use phase; 

 The production of substances that are recovered here do not have a significant 
impact (and thus benefit when recycled instead of produced) on this indicator. 

While NiMH is the most impact battery in the reference scenario, it shows similar impacts as 
NiCd for higher collection rates (scenarios A2 and A3). 
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Figure 30: Sensitivity analysis on collection rate – results for Terrestrial Acidification 
Potential 

 

Impacts of NiCd and NiMH batteries on terrestrial acidification reduce significantly when the 
collection rate increases: this is mainly due to the increased quantity of recovered nickel and thus 
to an increase in avoided emissions of acid substances. The sensitivity is even higher for NiMH 
than for NiCd, because of its higher nickel content. The increased collection rate from 25% to 
45% and 53% evens the impacts between NiCd and NiMH. 

However, LiFePO4 impact on terrestrial acidification shows low sensitivity to the variation of the 
collection rate, because for this technology: 

  Impacts are mainly generated during the use phase ; 

 Recovered substances during recycling do not have a significant impact (and thus 
benefit) on this indicator. 

While NiMH is the most impacting battery in the reference scenario, it shows similar impacts as 
NiCd for higher collection rates (scenarios A2 and A3). 
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Figure 31: Sensitivity analysis on collection rate – results for toxicity indicators with long-
term emissions 

  

 Human Toxicity Potential – with long-term emissions 

For these indicators, NiCd and NiMH batteries have lower impacts for higher collection rates. 
This is due to the fact that an increased collection rate reduces the amount of batteries put in 
landfill, and thus the emissions of metals to groundwater. For Scenario A3 (53% collection rate), 
NiCd battery is still the most impacting battery type, but the differences with the two other types 
are significantly reduced. LiFePO4 battery is not sensitive to the variation of the collection rate, 
because for this technology, the impact is generated at production stages (cells and charger), on 
which the collection rate has no influence. 

The ranking of the batteries does not change with a variation of the collection rate. 
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 Freshwater Aquatic Ecotoxicity Potential - with long-term emissions 

An increase in the collection rate tends to reduce the differences between batteries. This is due 
to the fact that an increased collection rate reduces the amount of batteries put in landfill, and 
thus the potential emissions of metals to groundwater. The reduction is higher for NiMH, for 
which the nickel content is higher and thus the avoided emissions more important. 

While NiMH is the most impacting technology in the reference scenario, it shows similar impacts 
as the two other battery types for higher collection rates (scenarios A2 and A3). 

 

We now consider the intermediate situation where only 5% of the metallic content of the 
batteries are eventually released in the environment:  

Figure 32: Sensitivity analysis on collection rate – results for toxicity indicators with 5% long-
term emissions 
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 Human Toxicity Potential – with 5% long-term emissions 

For NiCd and NiMH, the variation of the collection rate has a significant effect on this indicator. 

However, the potential impact of LiFePO4 on human toxicity with 5% LT emissions has a low 
sensitivity to a variation of the collection rate because this impact is mainly generated during 
production stages and thus mainly due to short-term emissions. For this indicator, LiFePO4 
shows similar impacts as NiCd for high collection rates (scenarios A2 and A3). 

 Freshwater Aquatic Ecotoxicity Potential – with 5% long-term emissions 

In terms of sensitivity to the collection rate, similar trends can be observed for freshwater aquatic 
ecotoxicity potential with 5% LT emissions: for this indicator, the impact of LiFePO4 battery has 
lower sensitivity to the variation of the collection rate (compared to the two other battery types). 
Consequently, with a 45% collection rate, LiFePO4 has the highest potential impact on 
freshwater aquatic ecotoxicity potential with 5% LT emissions. 

While NiMH is the most impacting battery in the reference scenario, it shows a similar impact as 
the two others for higher collection rates (scenarios A2 and A3). 

1.6.1.3 Conclusions on the sensitivity analysis on collection rate 

Depending on the indicator, the increase of the collection rate has a different effect on the 
impacts: 

 For the following indicators, the variation of the collection rate has only a limited 
influence on the results. The ranking between batteries is not impacted by a 
variation of the collection rate: 

 Global Warming Potential; 

 Cumulative Energy Demand; 

 Metal Depletion Potential; 

 Abiotic Resource Depletion Potential; 

 Photochemical Oxidant Formation Potential; 

 Particulate Matter Formation Potential; 

 Freshwater Eutrophication Potential; 

 Human Toxicity Potential, without long-term emissions; 

 Freshwater aquatic ecotoxicity potential without long-term 
emissions. 
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 Terrestrial Acidification: while NiMH is the most impacting battery in the reference 
scenario, it shows similar impacts as NiCd for higher collection rates (scenarios 
A2 and A3). 

 Human Toxicity Potential with 100% long-term emissions: NiCd is the most 
impacting battery whatever the collection rate is. While NiMH shows higher 
impacts than LiFePO4 in the reference scenario, this ranking is reversed for higher 
collection rates (scenarios A2 and A3). 

 Human Toxicity Potential with 5% long-term emissions: While NiCd shows higher 
impacts in the reference scenario, NiCd and LiFePO4 batteries have similar 
impacts for higher collection rates (scenarios A2 and A3). 

 Freshwater Aquatic Ecotoxicity Potentials with 100% and 5% long-term emissions: 
while NiMH is the most impacting technology in the reference scenario, it shows 
similar impacts as the two other battery types for higher collection rates 
(scenarios A1 and A2). 

1.6.2 Sensitivity analysis on the batteries lifespan 

1.6.2.1 Scenario definition 

As previously described, it was supposed in the reference scenario that the batteries were 
discarded when the CPT reached its end-of-life (after 165 hours of use). In some practical cases, 
users keep the batteries when the CPT has reached its end-of-life, and continue using them with 
a new CPT. Another case could be that the CPT has a longer lifetime than the battery. In this case 
also, the battery would be used until the end of its theoretical lifespan (800 cycles) (as suggested 
in the figure below). 

Do these alternative cases favour one particular battery technology? 

This sensitivity analysis aims at analysing in which extent comparative results vary when all three 
batteries are used until their theoretical lifespan. 

Table 55: Scenario definition for sensitivity analysis on lifespan 
Parameter Reference scenario Scenario B 

Lifespan 
Batteries and charger stop being 
used after 165 hours of use 

Batteries and charger stop 
being used after 800 cycles 
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Figure 33: illustration of the lifespan of the batteries and of the CPT 

 

1.6.2.2 Results 

Figure 34: Sensitivity analysis on lifespan – results for Global Warming Potential 

 

 

Figure 35: Sensitivity analysis on lifespan – results for Cumulative Energy Demand 
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Concerning Global Warming Potential and Cumulative Energy Demand, no technology emerges 
as more contributing than the two other technologies, for the scenario B as for the reference 
scenario. 

Figure 36: Sensitivity analysis on lifespan – results for Metal Depletion Potential 

 

 

Concerning metal depletion, the extension of the lifespan generates a significant impact 
reduction for the three batteries. While LiFePO4 shows higher impacts in both scenarios, the gap 
between the three technologies is significantly reduced when switching from the reference 
scenario to scenario B. Moreover, while NiMH shows higher impacts than NiCd battery in the 
reference scenario, both technologies show similar impacts with an extended lifespan 
(scenario B). 

Impacts on metal depletion are mostly related to the production phase, which contribution is 
independent of the lifespan in absolute value. 

However, a given battery provides more Functional Units (i.e. more kWh) to the CPT when its 
lifespan is extended. Consequently, when assessing the impacts for one Functional Unit, the 
impacts of production will be reduced when increasing the lifespan. This effect is intensified for 
NiMH, and in a lesser extent for LiFePO4, as the relative increase of the lifespan (in terms of 
number of FUs) is higher for NiMH and then LiFePO4, as shown in the following table. 

Table 56: total number of FUs provided by each battery during its whole lifespan for both 
scenarios 

Scenario NiCd NiMH LiFePO4 

Reference scenario (82.5 hours of use) 29.7 FU 29.7 FU 32.7 FU 

Scenario B (800 cycles) 34.6 FU 46.1 FU 47.1 FU 

Relative increase 16% 55% 44% 
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Figure 37: Sensitivity analysis on lifespan – results for Abiotic Resource Depletion Potential 

 

The increase of the lifespan to 800 cycles generates a reduction of the Terrestrial Acidification 
Potential for NiCd batteries whereas the two other chemistries are quite insensitive to a change 
of the lifespan for this indicator. Since for this technology and for this indicator, production 
impacts are higher than use phase impacts (due to the higher contribution of cells), the relative 
decrease of the production phase impacts is higher than for the other technologies. 

Figure 38: Sensitivity analysis on lifespan – results for Photochemical Oxidant Formation 
Potential 

 

 

Figure 39: Sensitivity analysis on lifespan – results for Terrestrial Acidification Potential 
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Figure 40: Sensitivity analysis on lifespan – results for Particulate Matter Formation Potential 

 

 

Concerning photochemical oxidant formation potential, terrestrial acidification potential and 
particulate matter formation potential, limited impact reductions for the three batteries can be 
observed when extending the lifespan. 

The reduction is however significant for NiMH only, because: 

 the production phase has a higher relative contribution for NiMH (due to a higher 
contribution of the cells); 

 the relative increase of the lifespan (in terms of number of FUs) is higher for NiMH, 
as shown in Table 56. 

While in the reference scenario NiMH is the most impacting chemistry, the difference with the 
other batteries is lowered in Scenario B: in this scenario, NiMH and NiCd have comparable 
impacts for these indicators. 

Figure 41: Sensitivity analysis on lifespan – results for Freshwater Eutrophication Potential 
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Concerning Freshwater Eutrophication Potential, limited impact reductions can be observed for 
the three technologies. The relative reduction is slightly higher for the LiFePO4 battery, as for this 
indicator its production phase has a relative contribution that is higher than for the other battery 
types. 

While in the reference scenario, LiFePO4 is the most impacting battery, the difference with the 
other batteries is lowered in Scenario B (LiFePO4 and NiCd have a similar impact in scenario B). 

Figure 42: Sensitivity analysis on lifespan – results for toxicity indicators (with long-term 
emissions) 

 

 

For both indicators, impact reductions can be observed for the three technologies, with more 
significant reductions for LiFePO4 and NiMH. This is because the relative increase of the lifespan 
(in terms of number of FUs) is higher for NiMH and LiFePO4, as shown in Table 56. 

For Human toxicity potential: the ranking does not change between scenarios (NiCd is still the 
battery showing higher impacts). 

For Freshwater aquatic ecotoxicity potential: In the reference scenario, NiMH shows the highest 
impact, the two others having similar impacts. In scenario B, LiFePO4 has lower impacts than the 
NiCd battery. 
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Figure 43: Sensitivity analysis on lifespan – results for toxicity indicators (with 5% long-term 
emissions) 

 

 

For both indicators, impact reductions can be observed for the three technologies, with more 
significant reductions for LiFePO4 and NiMH. This is because the relative increase of the lifespan 
(in terms of number of FUs) is higher for NiMH and LiFePO4, as shown in Table 56. 

For Human toxicity potential: The relative ranking of batteries does not change. 

For Freshwater aquatic ecotoxicity potential: While NiMH was the most impacting battery in the 
reference scenario, the three batteries show similar impacts in the scenario B. 
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Figure 44: Sensitivity analysis on lifespan – results for toxicity indicators (without long-term 
emissions) 

 

 

For both indicators, impact reductions can be observed for the three technologies, with more 
significant reductions for LiFePO4 and NiMH, because the relative increase of the lifespan (in 
terms of number of FUs) is higher for NiMH and LiFePO4, as shown in Table 56. 

For both indicators, LiFePO4 still shows higher impacts than the two other technologies in both 
scenarios. 

1.6.2.3 Conclusion on the sensitivity analysis on lifespan 

Depending on the indicator, the increase of the lifespan to 800 cycles has different effects on the 
impacts: 

 Global Warming Potential, Cumulative Energy Demand show a low sensitivity to 
the increase of the lifespan. 

 Abiotic Resource Depletion Potential shows impact reduction for NiCd, but this 
technology is still the most impacting in scenario B. 
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 Concerning Metal Depletion Potential, while impact reductions are observed for 
the three battery types, LiFePO4 is still the most impacting battery in scenario B. 

 Concerning photochemical oxidant formation potential, terrestrial acidification 
potential and particulate matter formation potential, impact reductions are 
mainly observed for NiMH. While NiMH is the most impacting battery, the 
difference with the other batteries is lowered in Scenario B. 

 Concerning Freshwater eutrophication potential, limited impact reductions are 
observed for the three batteries. While in the reference scenario, LiFePO4 is the 
most impacting battery, the difference with the other batteries is lowered in 
Scenario B. 

 Concerning Human toxicity potential with long-term: only a limited decrease is 
observed, that generates no change in the ranking (NiCd is still the most 
impacting technology). 

 Concerning Freshwater aquatic ecotoxicity potential with long-term (LT) 
emissions: the decrease in impacts is higher for NiMH. Thus, its impact in 
scenario B is similar to the impact of NiCd, while it was the most impacting 
battery in the reference scenario. 

 For Human toxicity potential with 5% LT emission: The relative ranking of batteries 
does not change. 

 For Freshwater aquatic ecotoxicity potential with 5% LT emissions: While NiMH 
was the most impacting battery in the reference scenario, the three batteries 
show similar impacts in the scenario B. 

 For Human toxicity and freshwater aquatic ecotoxicity potentials without LT 
emissions: for both indicators, LiFePO4 remains the most impacting battery, 
while the two other technologies show similar impacts. 

1.6.3 Sensitivity analysis on emissions of metals during 
production 

1.6.3.1 Scenario definition 

Table 57: Scenario definition for the sensitivity analysis on metal emissions 

Parameter Reference scenario 
Scenario “ 0.01% emissions of 

metals” 
Scenario “2% of emissions of 

metals” 

% of metal 
emitted to air 

No direct emissions are 
considered during the cell 

production step. 

0.01% are emitted during the 
cell production step 

2% are emitted during the cell 
production step 
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Parameter Reference scenario 
Scenario “ 0.01% emissions of 

metals” 
Scenario “2% of emissions of 

metals” 

% of the metal 
emitted to water 

No direct emissions are 
considered during the cell 

production step. 

0.01% are emitted during the 
cell production step 

2% are emitted during the cell 
production step 

 

Direct emissions of heavy metals in air and water during cell production are not taken into 
account in the reference scenario, because of a lack of robust data. However, this could be an 
important data gap and a major limitation of the study. 

Therefore, it is relevant to assess the sensitivity of the results to emissions of heavy metals in air 
during cell production. Alternative scenario are considered, where emissions to air and water 
occur for each battery type. The following emissions of metal are considered: 

 For NiCd: Nickel, Cadmium and Cobalt, 

 For NiMH: Nickel and Cobalt, 

 For LiFePO4: Copper and Aluminium. 

In order to determine a conservative order of magnitude of the quantity of emitted metals, 
literature data on emissions during batteries production [15] were used. 

[15] presents quantified emissions occurring during the production of NiCd and NiMH batteries 
intended for use in electric vehicles (no literature source could be found for the specific 
application of CPTs). Based on the emitted quantities per kilogram of battery and the mass 
breakdown of each battery, the ratio of metal emitted has been calculated, for each type of 
metal. 

Emissions of metals reported in [15] vary significantly from one manufacturing site to another 
and from application to another. Therefore, 2 alternative scenarios are set, the first one being an 
“intermediate” scenario and the second one being the most “conservative” scenario. 

1.6.3.1.1 Calculation of emissions for the 1st alternative scenario 

Emissions to air and water during the production of NiCd batteries used in electric vehicles, 
derived from [15], are reported in the following table. 
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Table 58: emissions to air and water during the production of NiCd batteries for EV [15] – 
emissions in kg of metal / kg of metal contained in the battery41 

Type of emission Specific emission Value Unit 

Emission to air Cadmium 0.007% kg / kg Cd contained in the cell 

Emission to air Cobalt 0.008% kg / kg Co contained in the cell 

Emission to air Nickel 0,008% kg / kg Ni contained in the cell 

Emission to water Cadmium 0.010% kg / kg Cd contained in the cell 

Emission to water Cobalt 0.011% kg / kg Co contained in the cell 

Emission to water Nickel 0.011% kg / kg Ni contained in the cell 

Since the representativeness of these values to our specific case (production of cells for batteries 
intended for use in CPTs) may be quite poor, it was chosen to retain 0.01% as the reference value 
for the first alternative scenario. This value is applied to each metal listed above and for each 
compartment considered (air and water). 

Furthermore, the equivalent quantity of emitted metal has been accounted as additional raw 
material input. 

1.6.3.1.1 Calculation of emissions for the 2nd alternative scenario 

Emissions during the production of NiMH batteries, derived from [15], are reported in the 
following table. 

Table 59: emissions to air/water/ground during the production of NiMH batteries for EV [15] - 
emissions in kg of metal / kg of metal contained in the battery42 

Type of emission Specific emission Value Unit 

Emission to air/water/ground Nickel 2.7% kg / kg Ni contained in the cell 

Emission to air/water/ground Cobalt 6.0% kg / kg Co contained in the cell 

If we assume equal emissions into the three compartments, the following emissions in air and 
water are calculated. 

Table 60: emissions to air and water during the production of NiMH 
batteries for EV recalculated from [15] 

Type of emission Specific emission Value Unit 

Emission to air Nickel 0.9% kg / kg Ni contained in the cell 

Emission to air Cobalt 2.0% kg / kg Co contained in the cell 

Emission to water Nickel 0.9% kg / kg Ni contained in the cell 

Emission to water Cobalt 2.0% kg / kg Co contained in the cell 

 

                                                                  
41 Calculation based on the BOM provided in [15] 

42 Calculation based on the BOM provided in [15] 
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The maximum value for a single metal in a given compartment, i.e. 2%, is used as the reference 
value for the second alternative scenario. This is the most conservative choice. This value is 
applied to each metal listed above and for each compartment considered (air and water). 

Furthermore, the equivalent quantity of emitted metal has been accounted as additional raw 
material input. 

1.6.3.2 Results 

In the following analysis of the results, we only focus on toxicity impacts, since all other impacts 
do not significantly vary when emissions of metals to air and water during the production of the 
cells are increased. 

Figure 45: Sensitivity analysis on metal emissions during production – results for human 
toxicity potential with long-term emissions 

 

 

Human Toxicity Potential with long-term emissions shows no sensitivity for NiMH and LifePO4 
batteries. For NiCd battery, the emission of 2% of the metal content triples the impact for this 
indicator. 
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Figure 46: Sensitivity analysis on metal emissions during production – results for Freshwater 
Aquatic Ecotoxicity Potential with long-term emissions 

 

 

Freshwater Aquatic Ecotoxicity potential with long-term emissions shows no significant 
sensitivity to an increase of the emissions of metals in air and water during the production of the 
cells. 
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Figure 47: Sensitivity analysis on metal emissions during production – results for Human 
Toxicity Potential with 5% LT emissions 

 

 

Human Toxicity Potential with 5% LT emissions shows no significant sensitivity for NiMH and 
LifePO4 batteries. Concerning NiCd battery, the emission of 0.01% of the metal content 
generates no significant increase in the impact while the emission of 2% of the metal content 
increases drastically the impact (multiplied by about 22). 
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Figure 48: Sensitivity analysis on metal emissions during production – results for Freshwater 
Aquatic Ecotoxicity Potential with 5% LT emissions 

 

 

Freshwater Aquatic Ecotoxicity with 5% long-term emissions, no differences can be seen for the 
“0.01% scenario”. For the 2% scenario however, the overall impact of each battery increases 
significantly (the impact is nearly doubled for the three battery types), without any major 
differences in the ranking of the batteries (given the uncertainty on the model). 
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Figure 49: Sensitivity analysis on metal emissions during production – results for Human 
Toxicity Potential (without long-term emissions) 

 

 

Human Toxicity Potential without long-term emissions shows no sensitivity for NiMH and 
LifePO4 batteries. Concerning NiCd battery, the emission of 0.01% of the metallic content 
generates a 30% increase in the impact while the emission of 2% of the metallic content 
increases drastically the impact (multiplied by about 55). 
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Figure 50: Sensitivity analysis on metal emissions during production – results for Freshwater 
Aquatic Ecotoxicity Potential (without long-term emissions) 

 

 

Concerning Freshwater Aquatic Ecotoxicity potential without long-term emissions, no difference 
can be seen for the “0.01% scenario”. For the 2% scenario however, the overall impact of each 
battery increases drastically.  

Besides, for this scenario, the ranking of batteries is modified compared to the reference 
scenario: whereas in the reference scenario, LiFePO4 is the most contributing battery and the 
two other batteries are equivalent, for the “conservative” scenario (emissions of 2% of the 
metallic content) NiMH is the most contributing battery and LiFePO4 the less contributing one. 

1.6.3.3 Conclusions on the sensitivity analysis on emissions of metals 

Toxicity indicators, especially human toxicity indicators, are highly sensitive to the emissions of 
metal to the environment during the cell production, with the exception of Freshwater Aquatic 
Ecotoxicity potential with long-term emissions. It is reminded that all other considered indicators 
show no sensitivity to the emissions of metals to air and water during the production of cells. 

In conclusion of the analysis, the need for accurate and representative figures on the emissions 
during the production of the cells is of major importance to have robust results in terms of 
toxicity impacts. 
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1.6.4 Sensitivity analysis on charger exclusion 

1.6.4.1 Scenario definition 

Table 61: Scenario definition for the sensitivity analysis on charger exclusion 

 Reference scenario Scenario “without charger” 

Inclusion of 
charger in system 
boundaries 

Included Excluded 

 

In the scenario “without charger”, the following life-cycle steps have been excluded from the 
system boundaries: 

 Raw materials, intermediate products and manufacturing of the charger; 

 Transportation steps (supplies of charger’s material, transport to the final 
assembly site, contribution of the charger to the distribution to end-user, end-of-
life transport); 

 End of life of the charger. 

Figure 51: Boundaries considered for the three battery types, excluding charger43 

 

 

                                                                  
43 In this case, the distribution step from CPT assembly site to end-users does not include the transportation of the 
charger. 
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Due to a lack of information on the specific influence of the choice of a particular charger on 
charging phase parameters, these parameters have been kept unchanged in the scenario without 
charger. However, it can be considered that this is of less importance than the exclusion of the 
production and end-of-life of the charger. 

1.6.4.2 Results 

Table 62 presents the total of the potential environmental impacts of the three battery types 
considered excluding all impacts generated by their respective chargers. 

Table 62: Total environmental Impacts for 1 Functional Unit, excluding chargers 

Potential impact indicator Unit NiCd NiMH LiFePO4 

Global Warming Potential (GWP) kg CO2 eq 1.0 1.3 1.0 
Cumulative Energy Demand (CED) MJ 22 23 21 
Metal Depletion Potential (MDP) kg Fe eq 0.11 0.23 0.23 
Abiotic resource depletion potential (ADP) kg Sb eq 0.062 0.0085 0.0071 

Photochemical oxidant formation Potential (POFP) 
kg NMVOC-
eq 

0.0032 0.0042 0.0023 

Terrestrial Acidification Potential (TAP) kg SO2 eq 0.011 0.015 0.0042 
Particulate Matter Formation Potential (PMFP) kg PM10 eq 2.8E-03 4.0E-03 1.3E-03 
Freshwater Eutrophication Potential (FEP) kg P eq 0.0028 0.0027 0.0026 
Human Toxicity Potential (HTP) with LT emissions cases 3.4E-06 1.0E-06 3.9E-07 
Freshwater Aquatic Ecotoxicity Potential (FAEP) with LT emissions PAF.m3.day 74 94 49 
Human Toxicity Potential (HTP) 5% long-term emissions cases 2.4E-07 1.4E-07 8.6E-08 
Freshwater Aquatic Ecotoxicity Potential (FAEP) 5% long-term 
emissions 

PAF.m3.day 3.9 5.0 2.7 

Human Toxicity Potential (HTP) without long-term emissions cases 6.9E-08 9.0E-08 7.1E-08 
Freshwater Aquatic Ecotoxicity Potential (FAEP) without long-
term emissions 

PAF.m3.day 0.25 0.32 0.24 

 

The following figures present the relative impacts for each scenario. For each indicator, the 
reference (100%) corresponds to the total impact of NiCd battery for the reference scenario. 

A first set of indicators is presented, which are not significantly sensitive to an exclusion of the 
charger, in the sense that the ranking of the batteries is not modified by an inclusion or exclusion 
of the charger. 
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Figure 52: Sensitivity analysis on charger exclusion – results for Global Warming Potential 

 

 

Figure 53: Sensitivity analysis on charger exclusion – results for Cumulative Energy Demand 

 

 

Figure 54: Sensitivity analysis on charger exclusion – results for Abiotic Resource Depletion 
Potential 
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Figure 55: Sensitivity analysis on charger exclusion – results for Photochemical Oxidant 
Formation Potential 

 

 

Figure 56: Sensitivity analysis on charger exclusion – results for Terrestrial Acidification 
Potential 

 

 

Figure 57: Sensitivity analysis on charger exclusion – results for Particulate Matter Formation 
Potential 
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As can be observed in these figures, for the following indicators, the sensitivity to the exclusion of 
the charger is low, in the sense that the ranking of the batteries does not change when switching 
from one scenario to another: 

 Global Warming Potential; 

 Cumulative Energy Demand; 

 Abiotic Resource Depletion Potential; 

 Photochemical Oxidant Formation Potential; 

 Terrestrial Acidification Potential; 

 Particulate Matter Formation Potential. 

Figure 58: Sensitivity analysis on charger exclusion – results for Metal Depletion Potential 

 

 

The sensitivity to the exclusion of the charger is high for Metal Depletion Potential. 

There is a clear ranking of the batteries in the reference scenario (LiFePO4 being the most 
impacting, followed by NiMH and then NiCd). When excluding the charger, impacts decrease for 
the three batteries, but the ranking changes: while NiCd is still the least impacting battery, 
LiFePO4 and NiMH have similar impacts. 
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Figure 59: Sensitivity analysis on charger exclusion – results for Freshwater Eutrophication 
Potential 

 

 

Freshwater Eutrophication impact reductions generated by the exclusion of the charger are 
higher for LiFePO4 than for the two other batteries. While LiFePO4 has slightly higher impacts in 
the reference scenario, the three batteries have similar impacts when excluding the charger. 

Figure 60: Sensitivity analysis on charger exclusion – results for Human Toxicity Potential 
with long-term emissions 

 

 

The ranking of the batteries does not change drastically when excluding the charger: NiCd 
remains the most impacting battery on human toxicity potential with LT emissions. 

Regarding the two other batteries, the reduction generated by the exclusion of the charger is 
higher for LiFePO4 than for NiMH, which makes LiFePO4 the least impacting technology in the 
scenario without charger. 
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Figure 61: Sensitivity analysis on charger exclusion – results for Freshwater Ecotoxicity 
Potential with long-term emissions 

 

 

Regarding freshwater ecotoxicity potential with LT emissions, NiMH remains the most impacting 
battery for both scenarios. 

The sensitivity to the exclusion of the charger is low for NiCd and NiMH batteries. The sensitivity 
is higher for LiFePO4: consequently, it shows lower impacts than the two other chemistries in the 
scenario “without charger”, whereas its impact is similar to that of NiCd in the reference scenario. 

Figure 62: Sensitivity analysis on charger exclusion – results for Human Toxicity Potential 
with 5% long-term emissions 

 

 

Regarding Human Toxicity Potential with 5% long-term emissions, NiCd remains the most 
impacting battery for both scenarios. The sensitivity is higher for LiFePO4: while NiMH and 
LiFePO4 have similar impacts when including the charger, LiFePO4 has lower impacts than NiMH 
when excluding it. 
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Figure 63: Sensitivity analysis on charger exclusion – results for Freshwater Ecotoxicity 
Potential with 5% long-term emissions 

 

 

Concerning Freshwater Ecotoxicity potential with 5% LT emissions, NiMH remains the most 
impacting battery for both scenarios. 

While the three technologies show significant impact reductions when excluding the charger, the 
sensitivity is higher for LiFePO4: consequently, it shows lower impacts than the two other 
batteries in the scenario “without charger”, whereas its impact is similar to that of NiCd in the 
reference scenario.  

Figure 64: Sensitivity analysis on charger exclusion – results for Human Toxicity Potential 
without long-term emissions 

 

 

The three technologies show significant impact reductions for Human Toxicity Potential without 
long-term emissions. 

Furthermore, the exclusion of the charger modifies the ranking of the batteries: While LiFePO4 
battery is the most impacting battery in the reference scenario, it has a similar impact to that of 
NiCd when the charger is excluded. 
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Figure 65: Sensitivity analysis on charger exclusion – results for Freshwater Ecotoxicity 
Potential without long-term emissions 

 

 

The same trends as for Human Toxicity Potential without long-term emissions can be observed 
for Freshwater ecotoxicity without long-term emissions. The three technologies have significant 
impact reductions when the charger is excluded. 

Furthermore, the exclusion of the charger modifies the ranking of the batteries: while LiFePO4 is 
the most impacting technology in the reference scenario, NiMH becomes the most impacting 
technology in the scenario without charger and NiCd and LiFePO4 show similar impacts when the 
charger is excluded. 

1.6.4.3 Conclusions on the sensitivity analysis on charger exclusion 

The following indicators show low sensitivity to the exclusion of the charger and no modification 
in terms of ranking between the three technologies can be observed: 

 Global Warming Potential; 

 Cumulative Energy Demand; 

 Abiotic Resource Depletion Potential; 

 Photochemical Oxidant Formation Potential; 

 Terrestrial Acidification Potential; 

 Particulate Matter Formation Potential. 

For the following indicators, a sensitivity can be observed for LiFePO4, with no modification in 
the ranking of the batteries: 

 Human Toxicity with long-term emissions; 

 Freshwater Aquatic Ecotoxicity with long-term emissions. 
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For the following indicators, a modification of the ranking can be observed, but the most 
impacting battery remains unchanged: 

 Human Toxicity with 5% long-term emissions: when excluding the charger of the 
scope, NiCd battery is still the most impacting battery. Regarding LiFePO4, its 
impact is comparable to that of NiMH when the charger is included but it is 
significantly lowered when the charger is excluded. 

 Freshwater Aquatic Ecotoxicity with 5% long-term emissions: when excluding the 
charger of the perimeter, NiMH is still the most impacting battery. Regarding 
LiFePO4, while its impact is comparable to that of NiCd when the charger is 
included, it is significantly lowered when the charger is excluded. 

For the following indicators, a modification of the ranking of the batteries can be observed. This 
modification of ranking changes the most impacting technology. 

 Metal Depletion Potential and Freshwater Eutrophication Potential: while LiFePO4 
has a higher impacts in the reference scenario, the three batteries have similar 
impacts when excluding the charger. 

 Human Toxicity without long-term emissions and Freshwater Aquatic Ecotoxicity 
without long-term emissions: while the LiFePO4 is the most impacting battery 
when including the charger, its impact decreases to the level of the NiCd battery 
when excluding it. Consequently, the NiMH becomes the most impacting battery 
when excluding the charger. 
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1.7 Conclusions of the Life Cycle Assessment 

Reminder: Results presented here are based on circumstances and assumptions that 
were considered during the study. If these facts, circumstances and 
assumptions come to change, results may differ. 

It is strongly recommended to consider results from a global perspective, by 
keeping in mind assumptions that have been made rather than specific 
conclusions out of context. 

1.7.1 Key findings 

 Results obtained for NiCd Batteries 

Regarding the breakdown of environmental impacts per life-cycle step, it can be observed that 
no life-cycle step emerges as a major contributor to all environmental impacts. 

For resource depletion indicators, the relative contribution of the life-cycle steps depends on the 
Life Cycle Impact Assessment method considered. ReCiPe indicator (metal depletion) highlights 
the contribution of nickel and copper linked to the production of the cells as well as tin used for 
the electronic components of the charger, whereas CML method (abiotic resource depletion) 
highlights the cadmium (incorporated in the battery) as the major contributor. Regarding 
energetic natural resources only (Cumulative Energy Demand), the use phase appears as the 
major contributor: this is mainly due to coal and uranium used to produce electricity. 

The contribution to Global Warming Potential is due to CO2 emissions related to the production 
of electricity consumed during the use phase. 

The production of the nickel is based on a “sulphidic route”, which is at the origin of SO2 airborne 
emissions having a major contribution to Photochemical Oxidant Formation Potential, Terrestrial 
Acidification Potential and Particulate Matter Formation Potential. The use phase (burning of 
coal for electricity production) also contributes to acidification potential. 

The production and use steps are the main contributors to phosphate emissions in water that 
have a potential impact on Freshwater Eutrophication. 

No clear trend can be observed for the impacts on Human Toxicity Potential and Freshwater 
Aquatic Ecotoxicity Potential. Emissions of cadmium in groundwater from landfilled batteries are 
the main contributors for Human Toxicity Potential when considering a long-term perspective, 
whereas lead and mercury emitted during the production of the charger and the use phase, 
respectively, are the main contributors to Human Toxicity Potential when not considering any 
long-term emission. A similar trend can be observed for Freshwater Aquatic Toxicity Potential: 
nickel and cadmium emitted in water at the end-of-life dominate when considering a long-term 
perspective, whereas copper emitted in air during the production of the cell and the charger 
dominates when not considering any long-term emission.  
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 Results obtained for NiMH Batteries 

As for NiCd, it can be observed that no life-cycle step emerges as a major contributor to all 
environmental impacts. 

For Metal Depletion Potential, nickel used for the production of the cell and tin used for the 
production of electronic components in the charger are the two main contributors. For the 
Abiotic Resource Depletion Potential and Cumulative Energy Demand, the use phase dominates, 
due the use of coal, gas and uranium for the production of electricity.  

Global Warming Potential is mainly due to CO2 emissions from electricity production (use phase).  

Airborne emissions of nitrogen oxides (NOx) during the production of LaNi5 of the cells and 
during the use phase (electricity production) are the main contributors to Photochemical Oxidant 
Formation Potential. 

The production and use steps are at the origin of phosphate emissions in water that have a 
potential impact on Freshwater Eutrophication. 

SO2 emissions in air during the production of LaNi5 and during the use phase (combustion of coal 
for electricity production) contribute to Terrestrial Acidification Potential and Particulate Matter 
Formation Potential. 

No clear trend can be observed for the potential impacts on Human Toxicity and Freshwater 
Aquatic ecotoxicity. Emissions of zinc, arsenic in groundwater and related to the production of 
the cell and the charger are the main contributors for Human Toxicity Potential when considering 
a long-term perspective, whereas other metals emitted in air (lead, mercury, arsenic...), related 
to the production of the cell and the charger as well as to the use phase are the main contributors 
to Human Toxicity Potential when not considering any long-term emission. A similar trend can be 
observed for Freshwater Aquatic Toxicity Potential: nickel emitted in water at the end-of-life 
dominates when considering a long-term perspective, whereas copper emitted in air during the 
production of the cell and charger dominates when not considering any long-term emission.  

 Results obtained for LiFePO4Batteries 

Contrary to the breakdown of the NiCd and NiMH batteries, the use phase of LiFePO4 has a 
greater relative contribution. Indeed, the production of the electricity consumed during this 
phase is the major contributor to Global Warming Potential and Cumulative Energy Demand (as 
seen for the two other batteries) but also to Abiotic Resource Depletion Potential (due to the 
consumption of coal, gas and uranium), Photochemical Oxidant Formation Potential (due to 
airborne emissions of NOx), Terrestrial Acidification potential (due to airborne emissions of SO2), 
Particulate Matter Formation Potential (due to airborne emissions of SO2) and Freshwater 
Eutrophication Potential (waterborne emissions of Phosphate).  

The two other main contributing steps are the production of the cell and the charger. Metal 
Depletion Potential is mainly due to tin used in the production of the electronic components of 
the charger and the pack. For Abiotic Depletion Potential, the extraction of tellurium for the 
charger’s inductor also contributes to this impact (together with the use phase, as previously 
mentioned). 
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The production of the charger is the second contributor to Photochemical Oxidant Formation 
Potential after the use phase (airborne emissions of methyl ethyl ketone during the production of 
the charger).  

Regarding Human Toxicity Potential, emissions of arsenic and zinc in air during the production of 
the cell and emissions of arsenic and zinc in water during the production of the charger are the 
main contributors, whatever the time perspective is. Also, avoided emissions of lead, arsenic, 
cadmium and zinc to air due to the avoided copper productions mitigate this impact. 

For Freshwater Aquatic Ecotoxicity Potential, copper ion emitted in groundwater from landfilled 
batteries and landfilled charger are the main contributors, whatever the time perspective is. 
Emissions of copper in air and zinc in water during the production of the charger have a 
significant contribution when considering short-term emissions only (or no long-term emission).  

 Results obtained with the comparative assessment of the three batteries 

Regarding impacts on resource depletion, no hierarchy of technologies can be stated, since 
results are sensitive to the choice of the life cycle impact assessment methodology. However, it 
has been shown that the main issue concerning resource depletion is the use of metals 
incorporated in the batteries.  

No difference can also be observed for Cumulative Energy Demand, as the main driver is the 
consumption of electricity during the use phase, which is quasi-equal for the three battery types. 
The Impact of NiMH on Global Warming Potential appears to be slightly higher than for the two 
other batteries. This is due to a higher contribution of the production of the NiMH compared to 
NiCd and LiFePO4. Nevertheless, this difference cannot be considered as significant, given the 
inherent uncertainty of the LCA model. As shown in the sensitivity analysis, a longer lifespan or a 
higher collection rate do not change the ranking of the batteries for Global Warming Potential 
and Cumulative Energy Demand indicators. 

LiFePO4 and NiCd show a lower potential impact than NiMH for Photochemical Oxidant 
Formation Potential. Increasing the collection rate results in a settlement of the differences and 
no hierarchy can then be given between the three technologies. Inversely, a lower collection rate 
strengthens the position observed in the reference scenario. A longer lifespan would decrease 
the relative contribution of the production step for NiCd and NiMH and then would lead to non-
significant differences between the three technologies.  

The production of nickel for NiCd and NiMH induces airborne emissions of SO2 (linked to the 
production of nickel and LaNi5) which degrade their performance compared to LiFePO4 for the 
following indicators: Terrestrial Acidification Potential and Particulate Matter Formation 
Potential. NiMH having a higher content of Ni, it appears as the worst technology for this 
indicator. However, a higher collection rate changes this trend as it leads to higher quantities of 
recovered nickel for NiMH. A higher lifespan would lead to an equal ranking of NiCd and NiMH 
but LiFePO4 would still be the least impacting technology for this indicator.  

For Freshwater Eutrophication Potential NiMH and NiCd perform better than LiFePO4 but no 
significant difference appears between NiCd and NiMH. Increasing the lifespan of the batteries 
would lead to an equal ranking between NiCd and NiMH. LiFePO4 would be a worse technology 
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compared to NiMH (no significant difference would occur compared to NiCd). This indicator is 
not sensitive to a variation of the collection rate.  

Regarding Human Toxicity Potential, batteries rank differently depending on the time 
perspective considered for the emissions from landfills: NiCd appears to have the lowest impact 
when not considering long-term emissions, whereas it is the worst technology when considering 
long-term emissions (due the waterborne emissions of cadmium). A similar trend can be 
observed for Freshwater Aquatic Ecotoxicity: LiFePO4 is the worst technology when 
considering short-term emissions only, whereas all technologies are quasi-equal when 
considering long-term emissions. Furthermore, the sensitivity analysis showed that a higher 
collection rate would decrease the impact of NiCd and NiMH for Human Toxicity with long-term 
emissions (LiFePO4 battery is not sensitive to the collection rate). Nevertheless, NiCd would still 
be the worst technology for Human Toxicity Potential when considering long-term emissions.  

Moreover, this study highlights the necessity to have more accurate and reliable data related to 
metal emissions at the production step in order to assess toxicity indicators with a better 
robustness. It is thus difficult to define a clear hierarchy of technologies for these two indicators.  

1.7.2 Conclusions of the LCA 

This study has demonstrated that no clear overall hierarchy between the batteries can be 
defined. A clear conclusion can only be given for a limited number of indicators: LiFePO4 has a 
lower impact for Terrestrial Acidification Potential and Particulate Matter Formation Potential 
but has a higher impact for Freshwater Eutrophication Potential.  

Regarding natural resources, as previously mentioned, comparative results depend on the time 
perspective chosen for the policy analysis that will be based on this study: 

 For a mid-term perspective, ReCiPe indicator (Metal Depletion Potential), based 
on the increase in effort as a response to a lower grade in a mid-term perspective 
should be considered. In that case, NiCd appears to have a lower potential impact 
on resource than NiMH and LiFePO4. 

 For a long-term perspective, CML indicator, Abiotic Resource Depletion Potential, 
based on the resource availability should be considered. In that case, NiMH and 
LiFePO4 appear equal and have a lower environmental impact than NiCd. 

The time horizon appears to be a key issue for Human Toxicity Potential and Freshwater 
Ecotoxicity Potential:  

 For a short/mid-term perspective, NiCd and NiMH appear to have a lower potential 
impact than LiFePO4. 

 For a long-term perspective, NiMH and LiFePO4 appear equal and have a lower 
environmental impact than NiCd. 

It is the decision maker’s choice to incorporate these elements in the assessment of policy 
options related to batteries in Europe. 
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1.8 Limitations and uncertainties of the study 

The main limitations of the study are the following: 

 Uncertainty on collection rate. 

 Uncertainty on the amount of metals released in the environment: 

 during the production of the cells; 

 from landfilled batteries, especially when including 100% of LT 
emissions. 

 Uncertainty on users behaviour regarding: 

 the charging of the batteries; 

 the fact that batteries are discarded at the same time as the CPT. 

 Manufacturing steps are modelled by taking into account the energy consumption 
only. Other data (e.g. direct emissions to the environment, potential losses) are 
not taken into account. 

 The dataset used in order to model the production of the LaNi5 alloy (used in the 
NiMH cells) comes from a different database (GaBi) than the other inventories 
(which come from EcoInvent). Potential differences in methodology between the 
two databases are likely to weaken the comparability of NiMH versus the two 
other battery types. 

 As a reminder, LCIA results are relative expressions and do not predict impacts on 
category endpoints, the exceeding of thresholds, safety margin or risks. 
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Chapter 2: Policy analysis 

This chapter presents the economic, social, and environmental impacts of the various policy 
options to reduce the environmental impact and human exposure to cadmium associated with 
these batteries, while considering the potential to withdraw the current exemption provided in 
the Batteries Directive for cadmium - batteries (NiCd batteries) used in cordless power tools 
(CPTs).  

The policy analysis provided in this chapter is based on the Commission’s Impact Assessment 
Guidelines44. The chapter is divided into following sections based on the six main steps of an 
Impact Assessment (IA): 

1. Consultation and expertise 

2. Policy context, problem definition and subsidiarity 

3. Objectives 

4. Description of policy options 

5. Analysis of impacts 

6. Comparison of options 

7. Monitoring and evaluation 

Findings of this chapter will allow for a solid basis to select the most feasible and optimal policy 
recommendations. 

2.1 Consultation and expertise 

2.1.1 External expertise 

In addition to stakeholder consultation, literature review was carried out to gather information 
concerning the environmental, economic and social impacts of the policy options considered in 
this chapter. Some of the reports consulted for the literature review include: 

 EC study “Impact Assessment on Selected Policy Options for Revision of the 
Battery Directive”, 200345 

 European Union Risk Assessment Report: Cadmium metal and Cadmium oxide, 
200746 

                                                                  
44 Commission's internal Guidelines on IA as updated on 15 January 2009, 

ec.europa.eu/governance/impact/docs/key_docs/iag_2009_en.pdf 
45 http://ec.europa.eu/environment/waste/batteries/pdf/eia_batteries_final.pdf 
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 Swedish Environmental Protection Agency study, “Cadmium in power tool 
batteries”, 200947 

 ESWI study (Commissioned by the EC DG ENV) on “Exemption for the use of 
Cadmium in portable batteries and accumulators intended for the use in cordless 
power tools in the context of the Batteries”, 201048  

 Arcadis study (Commissioned by industry) on “The use of Portable Rechargeable 
Batteries in Cordless Power Tools”, 2010 

2.1.2 Consultation process 

A targeted consultation with the industry stakeholders was carried out in order to assess the 
environmental, economic and social impact of policy options. An exhaustive list of all the 
stakeholders who were consulted is presented in Annex 6.  

Several meetings were organised individually and over conference calls with relevant 
stakeholders on regular intervals. Further emails were also used to exchange data and 
information with the stakeholders.  

2.1.3 Stakeholder workshop 

A Stakeholder Workshop in the context of this study took place in DG ENV premises in Brussels on 
18th July 2011. The main outcomes of this workshop are presented in the minutes of the meeting 
(see Annex 7).  

2.2 Policy context, problem definition and 
subsidiarity 

This section presents the issues related to the exemption in the Batteries Directive for Cadmium 
use in batteries used in CPTs. It provides information about the context and implications of the 
problem and set up the stage for the impact assessment (IA). Information provided in this section 
includes:  

 Policy context and how existing policies at Community level effect it 

 Problem definition 

                                                                                                                                                                                                       
46 http://publications.jrc.ec.europa.eu/repository/bitstream/111111111/5172/1/cadmiummetalhhreport303.pdf 

47  http://www.naturvardsverket.se/Documents/publikationer/978-91-620-5901-9.pdf 

48 http://ec.europa.eu/environment/waste/batteries/pdf/cadmium_report.pdf 
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 Underlying causes (drivers) of the problem 

 Key players involved and the extent and manner in which they are affected 

 How the problem is likely to develop in the future without any EU action 

 EU’s right to act and justification 

2.2.1 Policy context 

The Battery Directive (2006/66/EC) is the principal piece of legislation that deals with all batteries 
and accumulators put on the EU market, and all waste batteries and accumulators arising within 
EU and sets the policy context concerning the exemption of NiCd batteries use in Cordless Power 
Tools (CPTs). 

The Battery Directive has a dual legal basis. Its provisions in relation to batteries and 
accumulators placed on the market are aimed at protecting and promoting the EU “Internal 
Market” (and are thus based on Article 11449 of the Treaty on the Functioning of the European 
Union (Lisbon Treaty50)). Its waste provisions are aimed at environmental protection (and are 
thus based on Article 19251 of the Treaty on the Functioning of the European Union (Lisbon 
Treaty)).  

The Battery Directive aims at setting requirements on batteries and accumulators in order to 
minimise their negative impacts on the environment thus contributing to the protection, 
preservation and improvement of the quality of the environment. To achieve this objective, the 
Directive necessitates specifications on certain batteries containing hazardous materials like 
Cadmium sold in the EU. Article 4(1)(b) of the Directive restricts use of Cadmium (maximum 
0.002% of Cadmium by weight) in portable batteries and accumulators, including those 
incorporated into appliances. However, Article 4(3) of the same Directive exempts portable 
batteries and accumulators intended for use in emergency and alarm systems (including 
emergency lighting), medical equipment, and CPTs from the above restriction. 

According to the recital 11 of the Battery Directive, the Commission should evaluate the need for 
the adaptation of the Directive, taking account of the available technical and scientific evidence.  

Under Article 4(4) of the Batteries Directive, the Commission is required to review the current 
exemption to NiCd batteries for use in CPTs and submit a report to the European Parliament by 

                                                                  
49 Corresponding to Article 95 of EC Treaty before the entry into force of the Lisbon Treaty. 

50 The Treaty of Lisbon entered into force on 1 December 2009. The Treaty of Lisbon amends the EU's two core 
treaties, the Treaty on European Union and the Treaty establishing the European Community. The latter is renamed 
the Treaty on the Functioning of the European Union. In addition, several Protocols and Declarations are attached to 
the Treaty. (eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2010:083:0047:0200:EN:PDF) 

51 Corresponding to Article 175 of EC Treaty before the entry into force of the Lisbon Treaty. 
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26 September 2010, together, if appropriate, with relevant proposals, with a view to the 
prohibition of Cadmium in batteries and accumulators.  

2.2.2 Problem definition 

There are many implications underlying the current exemption to NiCd batteries for use in CPTs. 
Under Commission Decision 2000/532/EC, two categories of batteries were established: 
hazardous and non-hazardous batteries. NiCd batteries are considered hazardous as various 
compounds of Cadmium are also classified under Regulation (EC) No 1272/200852 (repealing 
Council Directive 67/548/EEC of 27 June 1967) on the approximation of laws, regulations and 
administrative provisions relating to the classification, packaging and labelling of dangerous 
substances.53 The International Agency for Research on Cancer has identified Cadmium as a 
known human carcinogen. Cadmium is a toxic and carcinogenic substance that can cause 
irreversible negative impacts (e.g. lung cancer, kidney damage, bone and hematologic disorders, 
organ toxicity in animals)54. Humans normally absorb Cadmium into the body either by ingestion 
or inhalation. Dermal exposure (uptake through the skin) is generally not regarded to be of 
significance. It is widely accepted that approximately 2% to 6% of the Cadmium ingested is 
actually taken up into the body. In contrast, from 30% to 64% of inhaled Cadmium is absorbed by 
the body, with some variation as a function of chemical form, solubility and particle size of the 
material inhaled. Thus, a greater proportion of inhaled Cadmium is retained by the body than 
when Cadmium is taken in by ingestion. For the non-occupationally exposed individual, 
inhalation exposure to Cadmium does not usually contribute significantly to overall body 
burden55. Cadmium is also very toxic to aquatic organisms, may cause long-term adverse effects 
in the aquatic environment. 

In 2008, the Commission published a Risk Assessment Report (RAR) on the risks to human health 
and the environment from substances containing Cadmium56. The RAR highlights that in the EU, 
Cadmium is used mainly inside NiCd batteries and that there is a need for further specific 
measures to limit the risks to workers and the environment from exposure to Cadmium.  

Table 63 presents the worldwide and EU market share of CPT sector. 

                                                                  
52 eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:353:0001:1355:en:PDF 

53  EC, 2003, Extended impact assessment on the Directive of the European Parliament and of the Council on Batteries 
and Accumulators and spent Batteries (ec.europa.eu/environment/waste/batteries/pdf/exten_impact_assessment.pdf) 

54  ESWI, 2010, Exemption for the use of Cadmium in Portable Batteries and Accumulators intended for the use in 
cordless power tools in the context of the Batteries Directive 2006/66/EC 

55 European Union Risk Assessment Report: Cadmium metal and Cadmium oxide, 2007 

56  EC, 2008, European Union Risk Assessment Report: Cadmium Metal 
(http://publications.jrc.ec.europa.eu/repository/bitstream/111111111/5172/1/cadmiummetalhhreport303.pdf) 



 

 160 | Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries 

 

Table 63: Worldwide and EU market of CPTs57 

Market Units Year Worldwide EU 

CPTs as Electric power tool market  % 2007 38 38 

CPT market value Million Euros 2007 3 500 1 440 

Battery cells used in CPTs Million cells 2008 1 060 49458 

Battery cells used in CPTs Million Euros 2008 1 025 47858 

NiCd cells used in CPTs Million cells 2008 515 240 

EPTA estimates that in 2008, 65% of the EU CPT market (by value) was represented by tools for 
Professional (PRO) users segment and the remaining 35% by tools for Do-It-Yourself (DIY) users 
segment. This compares with EPTA’s estimate of 37% of EU market (by number of units) 
represented by PRO and remaining 63% by DIY for the same year. 

CPTs in EU are sold with one of the three types of portable rechargeable batteries: NiCd, Li-ion, 
or NiMH battery chemistry59. The worldwide market share (by number of units) of these battery 
technologies used in CPTs was 55% for NiCd, 36% for Li-ion and 9% for NiMH in 200860. The EU 
sales (by number of battery pack61 units) of CPTs per battery technology were 49% for NiCd 
battery technology, 40% for Li-Ion battery technology and 11% for NiMH battery technology in 
2008 (see Figure 66)62.  

                                                                  
57 Based on data supplied by the European Stakeholder Consultation document regarding a review of the exemption of 
Cadmium ban provided for portable batteries and accumulators intended for use in cordless power tools (CPT), March-
May 2010 (ec.europa.eu/environment/consultations/batteries_en.htm) 

58 This value is estimated based on the assumption that the EU market share (both by value and number of units sold) 
of the overall worldwide market of CPT battery cells is the same as the EU market share of the worldwide market of 
NiCd battery cells used in CPTs: 47% (=240*100/515). 

59 Please note: A same charger can be used for NiCd and NiMH based CPTs 

60 Based on worldwide market data published by Hideo Takeshita in 2008, Vice President of the Japanese Institute of 
Information Technology 

61 A battery power pack is an assembly of battery cells in parallel or series. For the purpose of this study, it is assumed 
that in case of NiCd and NiMH batteries, the power pack contains 15 battery cells connected in series whereas in case 
of Li-ion battery the power pack contains 2 packs of 6 battery cells each assembled in parallel. 

Please note, unless stated, otherwise a “battery” refer to a “battery pack” 

62 Arcadis, 2010, The use of Portable Rechargeable Batteries in Cordless Power Tools: Socio-Economic and 
Environmental Impact Analysis 
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Figure 66: EU market share (number of units sold) of NiCd, NiMH and Li-ion battery based 
CPTs in the year 2008 (From left to right: overall market share, PRO market share and DIY 

market share) 
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The main raw materials used in alternative batteries (to NiCd batteries) for CPTs are Cobalt, 
Lithium, Nickel and Rare-earth oxides. The global market of these metals (which includes their 
use in CPT batteries and all other possible uses) in 2008 is presented Table 64. 

Table 64: Worldwide market of main raw materials used in CPTs (which includes their use in 
CPT batteries and all other possible uses) in year 200863 

Raw material Worldwide market (in tonnes/annum) 

Cobalt 71 685 

Lithium 27 440 

Nickel 1 614 130 

Rare-earth oxides 123 710 

The contribution to the global consumption of above raw materials (see Table 64) resulting from 
the use of batteries in CPTs in EU in 2008 is presented in Table 65. 

Table 65: Contribution to the global consumption of Cobalt, Lithium, Nickel and Rare-earth 
oxides resulting from the use of batteries in CPTs in EU 

Raw material Market share of batteries used in CPTs in EU 

Cobalt 1.71% 

Lithium 0.71% 

Nickel 0.27% 

Rare-earth oxides 0.25% 

                                                                  
63 The worldwide market size of these metals was calculated based on the information provided in the ESWI study, 
2010, Exemption for the use of Cadmium in Portable Batteries and Accumulators intended for the use in cordless 
power tools in the context of the Batteries Directive 2006/66/EC, see page number 171-173. 
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2.2.3 What are the underlying causes (drivers) of the 
problem? 

Several factors, including market and regulatory failures have led to the current examination of 
the use of NiCd in CPT in Europe. The underlying causes are important to understand and identify 
as this will help to ensure that policy options aim at tackling the causes rather than symptoms of 
the problem. 

 Market failure 

In the case of NiCd batteries used in CPTs, negative environmental and health externalities exist, 
which has created market failure, one of the underlying drivers of the problem. The 
production/consumption of NiCd batteries used in CPTs is particularly toxic for aquatic 
environments and organisms and can create severe health problems in humans - lung cancer, 
kidney damage, bone and hematologic disorders. These negative externalities are not included in 
the prices paid by retailers and end users.   

In the current situation, NiCd batteries are cheaper than the alternative technologies. 
Furthermore, the problem of externalities is coupled with a problem of technological uncertainty: 
the health and environmental benefits to society of a change from NiCd to NiMH or Li-ion is 
uncertain.  

 Asymmetrical and incomplete information  

In 2003, the Commission published the “Impact assessment on selected policy options for 
revision of the Batteries Directive” stating that, in the case of portable NiCd batteries and the 
related local risks, a calculation of risk factors data did not rule out the relevance of a ban on use 
of Cadmium. However, no viable substitutes for portable NiCd batteries use in CPTs appeared to 
be available at the time of drafting that report. Based on these findings, the legislator at that 
time assessed that it was uncertain whether or not there were viable alternative technologies 
to NiCd batteries on the market for the specific application in CPTs.   

New evidence has surfaced since the publication of the 2003 report indicating that today Li-ion 
and NiMH appear fully competitive alternatives to NiCd battery technology, although with 
certain advantages and disadvantages.64 Due to lack of life-cycle assessment (LCA) data for the 
alternative battery types, the environmental and health benefits of banning NiCd batteries for 
CPT applications are prone to high uncertainty. It cannot currently be demonstrated that the 
benefits of withdrawing the exemption would clearly outweigh the costs. In order to support a 
Commission proposal, a comparative LCA of these three battery types corresponding to their 
usage in CPTs is therefore required in order to facilitate an impact assessment of potential policy 
scenarios based on scientific evidence. 

                                                                  
64 EC, 2010, Report from the Commission to the European Parliament and to the Council  on the exemption from the 
ban on cadmium granted for portable batteries and accumulators intended for use in cordless power tools (eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:52010DC0698:EN:NOT) 
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2.2.4 Who is affected in what ways, and to what extent? 

The list of most important stakeholders who will potentially be affected by the withdrawal of 
current exemption to the use of NiCd batteries in CPTs include: 

 Mining companies 

 Raw material suppliers 

 Cells manufacturers 

 Pack assemblers 

 CPT manufacturers 

 Retailers 

 Professional and DIY consumers  

 Recycling companies 

 Member State authorities 

 Society and environment 

The primary metals (e.g. Cobalt, rare-earths and Lithium) used for the production of CPT 
batteries are primarily produced outside EU. Thus the impact on mining company stakeholders 
will be mostly outside EU. A list of the leading countries producing the main primary metals used 
for manufacturing CPT batteries is provided in Annex 8. However, as Cadmium used in the 
production of NiCd batteries is mostly obtained as a by-product of zinc-mining, this will impact 
some EU based raw material suppliers involved in this activity. In EU, one of the main raw 
material suppliers to NiCd battery manufacturers is Floridienne Chimie65, a company based in 
Belgium, which is the world leader in Cadmium salts production with a yearly turnover in excess 
of €90 million.  

The battery cells used in CPTs are not produced in EU as the manufacturers are located in Asia. 
The non-EU list of manufacturers (and their global production share in 2008) by their location is 
provided for each of the battery types in Table 66 to Table 68. 

                                                                  
65 It employs around 170 people in its plant located in Belgium and processes 4,000 to 6,000 tonnes of Cadmium per 
year, out of which 2,500 to 3,500 tonnes are used in NiCd batteries produced in Asia specifically for CPTs and the rest is 
used in industrial NiCd batteries, solar PV panels, electronic components, etc. 
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Table 66: Manufacturers of NiCd batteries (and their global production share in 2008) used in 
CPTs 

Company Country Market share (in %)66 

Sanyo Japan 53 

MBI (Matsushita Battery Industrial)  Japan 8 

BYD China 24 

Panasonic EV  Japan 

Sony  Japan 

SDI (Samsung SDI) Korea 

15 

Table 67: Manufacturers of NiMH batteries (and their global production share in 2008) used 
in CPTs 

Company Country Market share (in %)66 

Sanyo Japan 23 

MBI (Matsushita Battery Industrial)  Japan 9 

Panasonic EV  Japan 29 

GP batteries  China 14 

Yuasa  North America 10 

Others 15 

Table 68: Manufacturers of Li-ion batteries (and their global production share in 2008) used 
in CPTs 

Company Country Market share (in %)66 

Sanyo Japan 25 

MBI (Matsushita Battery Industrial)  Japan 6 

BYD  China 6 

Sony Japan 16 

                                                                  
66 Source: ESWI, 2010, Exemption for the use of Cadmium in Portable Batteries and Accumulators intended for the use 
in cordless power tools in the context of the Batteries Directive 2006/66/EC 



 

 

 

Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries | 165

Company Country Market share (in %)66 

SDI (Samsung SDI) Korea 17 

LG Chemical  Korea 8 

Lishen China 4 

Maxell Japan 5 

E-One Taiwan 

Panasonic Japan 

A123 systems China 

13 

A large number of pack assemblers for NiCd and NiMH battery packs operate in Asia (mainly 
China). All the Li-ion battery pack assembly takes place at the premises of the manufacturer 
(listed earlier in the Table 68) of Li-ion battery cells that are primarily based in Asia (Japan, Korea, 
Taiwan and China). In EU, there is still an activity of Nickel-based battery pack assembly (see 
Table 69) but it is difficult to size this activity because it varies from one CPT manufacturer to 
another and inside one brand, it varies between different models of CPTs. 

Table 69: EU based pack assemblers of NiCd and and NiMH batteries used in CPTs 

Company Country 

SAT-Akkus Germany 

A&M Electric Tools Germany 

BMZ Germany 

Uniross France 

TTI United Kingdom 

The EPTA members (CPT manufacturers) with a significant67 market share in EU are presented in 
Table 70. EPTA member companies represent 70% of the EU CPT market by value in 201068. 
Table 70 shows that the 7 CPT manufacturers with a significant market share in EU currently 
produce not only NiCd based CPTs (except Bosch) but also NiMH based CPTs (5 companies) and 
Li-ion based CPTs (all 7 companies). 

                                                                  
67 Source: EPTA. The market share of these companies cannot be established through literature review and 
stakeholder consultation; therefore instead their annual turnover figures for year 2010 are presented. 

68 www.epta.eu/Association.AxCMS?ActiveID=1033 
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Table 70: CPT manufacturers with a significant market share in EU 

Type of CPT 
manufactured  

Company Country 

NiCd NiMH Li-ion 

Annual 
turnover in 
2010 (in 
million 
Euros)69 

Stanley Black & Decker United Kingdom Yes No Yes 6 10770 

Robert BOSCH GmbH Germany No No Yes 47 259 

Hilti AG Finland Yes Yes Yes 3 18271 

Hitachi Koki Europe Ltd 
(Powertools) 

Ireland Yes Yes Yes 1 08672 

Makita International Europe LTD United Kingdom Yes Yes Yes 2 58673 

Metabo AG Germany Yes Yes Yes 338 

Techtronic Industries –TTI Germany Yes Yes Yes 2 46874 

Other (small) CPT manufacturers active in the EU market are presented inTable 71. 

Table 71: Other (small) CPT manufacturers active in EU market 

Company Country 
Manufacturers Li-ion 
battery based CPTs 

Andreas STIHL AG & Co. KG Germany Yes 

C. & E. FEIN GmbH Germany No 

Flex-Elektrowerkzeuge GmbH Germany Yes 

Kress-elektrik GmbH & Co.KG Germany Yes 

SPARKY Power Tools GmbH Germany Yes 

TTS Tooltechnic Systems AG & Co. KG Germany Yes 

Rupes S.p.A Italy Yes 

                                                                  
69 Please note: The annual turnover figures presented in this table correspond to the overall global (EU and non-EU) 
turnover of these companies which may also include revenues from products other than just CPTs. 

70 Converted to Euros from US dollars based on October 2011 currency conversion rate 

71 Converted to Euros from CHF based on October 2011 currency conversion rate 

72 Converted to Euros from Japanese Yen based on October 2011 currency conversion rate 

73 Converted to Euros from Japanese Yen based on October 2011 currency conversion rate 

74 Converted to Euros from HK dollar based on October 2011 currency conversion rate 
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Outside EU, a prominent CPT manufacturer from Russia was identified as Interskol. However, it 
must be noted that most of the CPT manufacturers with a significant market share in EU 
(presented in Table 70) are multinational companies with presence in markets outside EU as well.  

The recycling companies in EU engaged in the recycling of waste CPT batteries are presented in 
Table 72. EBRA (European Battery Recycling Association) reported for year 2009 that 5 562 
tonnes of waste NiCd batteries were recycled in EU in 2009 out of which 45% were waste 
industrial NiCd batteries75. This means that the companies involved in the recycling of portable 
waste CPT NiCd batteries (SNAM, Accurec and SAFT AB) also recycle significant amount of 
waste industrial NiCd batteries. Also, it is evident from Table 72 that all the companies involved in 
the recycling of NiCd batteries (SNAM, Accurec and SAFT AB) recycle other waste battery types 
as well. 

Table 72: Waste CPT battery recycling companies in EU 

Type of waste CPT battery 
recycled Company Country 

NiCd NiMH Li-ion 

Annual 
turnover (in 

million Euros)76 

SNAM France Yes Yes Yes 12 

Accurec Germany Yes Yes No 3 to 4 

SAFT AB Sweden Yes Yes No 59177 

Redux GmbH78 Germany No Yes No - 

Umicore Belgium No No Yes 2 61979 

Recupyl France No No Yes 1 15580 

                                                                  
75 Source: www.ebra-recycling.org/sites/default/files/EBRA%20Press%20Release%20-
%20BatteryStatistics_01Oct2010.pdf 

76 Please note: The annual turnover figures presented in this table correspond to the overall turnover of these 
companies which may also include revenues from recycling of batteries other than just NiCd. The annual turnover for 
Redux GmbH was not available (based literature review and through stakeholder consultation). 

77 Please note: The annual turnover figure presented in this table correspond to the overall global (EU and non-EU) 
turnover of SAFT which may also include revenues from battery sales and recycling of other batteries than just NiCd. 

78 Turnover information concerning Redux GmbH not available 

79 Please note: The annual turnover figure presented in this table correspond to the overall global (EU and non-EU) 
turnover of Umicore for recycling activities which may also include revenues from recycling of other products and 
batteries than just Li-ion. 

80 Please note: The annual turnover figure presented in this table correspond to the overall global (EU and non-EU) 
turnover of Recupyl for recycling activities which may also include revenues from recycling of other products and 
batteries than just Li-ion. 
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Outside EU, Inmetco in United States is one of the recycling companies which recycle all three 
types of waste CPT batteries: NiCd, NiMH and Li-ion batteries. Batrec Industrie AG in 
Switzerland recycles waste Li-ion batteries. Both these recyclers are recognised by the European 
CPT manufacturers for the recycling of waste CPT batteries. 

The recycling companies in EU engaged in the recycling of waste CPTs are presented in Table 73. 

Table 73: Waste CPT recycling companies in Europe 

Company Country 

Alba R-Plus GmbH Germany 

Coolrec Group The Netherlands 

EKAN Recycling Greece 

Elektro Recycling, s.r.o Slovakia 

Ecometal Engineering Ltd Bulgaria 

Galloo Belgium 

IGE HENNEMANN Germany 

Immark Switzerland 

Indumetal Recycling S.A. Spain 

Nadin-Komers ltd. Bulgaria 

NOEX AG Germany 

Recydur BV The Netherlands 

Relight Italy 

Fundosa Reciclalia S.A. Spain 

Remondis Elektrorecycling GmbH Germany 

SITA France 

Veolia Service D3E, (Triade Electronique) France 

The economic impacts for these stakeholders are potentially in the form of costs and change in 
turnover (of mining companies, raw material suppliers, cells manufacturers, pack assemblers, 
CPT manufacturers, retailers and recycling companies), change in purchase price of CPTs (on 
consumers), change in external costs (on society and environment) and change in administrative 
burdens (on Member State authorities).  
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Social impacts are likely to be in form of impact on employment (of mining companies, raw 
material suppliers, cells manufacturers, pack assemblers, CPT manufacturers, retailers, Member 
State authorities and recycling companies) and impact on quality of life (on society and 
environment).  

Environmental impacts are due to the hazardousness of materials used in the batteries and 
chargers during their production and the environmental impacts that occur during the use phase 
and end of life management of waste batteries and chargers. 

2.2.5 How will the problem evolve, if no action is taken? 

The baseline scenario is also referred to as a “Business as Usual” (BaU) scenario which is used to 
explain how the current situation would evolve without additional intervention or “no change in 
policy”. The baseline scenario is considered as a possible option and provides the basis for 
comparing policy options. In this option, the present situation would continue, meaning there 
would be no withdrawal of the current exemption in the Battery Directive (Article 4 (3)(c)) to the 
use of NiCd batteries in CPTs. 

In EU, portable NiCd batteries are almost exclusively used in CPTs. Despite trends that indicate 
decrease in market share of NiCd portable batteries for CPTs, current data shows that NiCd used 
in CPTs still represent a significant share of the current CPT market in EU (38% by number of 
units in 2010).The EU CPT market in 2010 is represented 32% (by number of units) by PRO users 
and the rest 68% (by number of units) by DIY users. 

 Evolution of the EU CPT market 

In this scenario, a natural evolution of sales of NiCd and other alternative battery technologies 
used in CPTs will continue. 

Based on literature survey and stakeholder consultation, it is estimated that the overall CPTs 
market in EU will grow by 5% annually between 2010 and 2020. Market size of NiCd batteries is 
expected to decrease by 50% between 2008 and 2020, which leads to a natural annual decrease 
in NiCd batteries of 5%81. It can be expected that the above trends in overall CPT market 
evolution will apply equally62 to both DIY and PRO market segments and will continue until 2025. 

The decrease in share of NiCd batteries usage in CPTs during this period will be replaced by Li-ion 
and NiMH batteries. The following constant market replacement rates82 are expected (during the 
period 2010-2025): 

 80% replacement by Li-ion batteries 

 20% replacement by NiMH batteries 

                                                                  
81 Avicenne, 2009, presentation on “Present and future market situation for batteries”, presented at Advanced Battery 
Technologies in Frankfurt (30th June to 2nd July 2009) by Christophe Pillot  

82 Source: EPTA and RECHARGE 



 

 170 | Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries 

 

The projections provided here are based on two battery pack units sold per CPT for both Do It 
Yourself (DIY) and Professional (PRO) users segments. For the calculations of waste CPT battery 
collection, the period until 2025 is taken as a reference. 

EPTA83 commented that “Li-ion batteries have taken a significant share of the CPT market (60%) in 
2010 whereas the NiMH batteries an insignificant market share (6%) in 2010 and probably will stop 
being used in CPTs by 2015. EPTA further remarked that fewer NiCd based CPTs are now placed on 
the EU market and it expects the reduction to continue and stabilise at about 25% of the EU CPT 
market from 2020 onwards. EPTA estimated around 4 million PRO and DIY NiCd CPTs sold in EU in 
2010 with a sales value of about €400 million”. 

The evolution of the overall CPT battery market (PRO and DIY) in the BaU scenario over the 
period 2010-2025 is presented in Figure 67 to Figure 69 below (see Annex 9 for the details on the 
data used for these projections). Figure 67 shows that the overall CPT market grows from around 
35.4 million batteries sold in 2010 to 103 million batteries units sold in 2025. Figure 68 shows that 
the PRO CPT market would grow from around 13.2 million batteries sold in 2010 to 38.7 million 
batteries in 2025. Figure 69 shows that the DIY CPT market would grow from around 22 million 
batteries sold in 2010 to 64 million in 2025. 

Figure 67: Evolution of overall CPT battery market (number of battery pack units) in EU until 
2025 in BaU scenario (Option 1) 
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83 Based on inputs received from EPTA towards the last stage of this study (in November 2011). This information 
cannot however be verified at this stage of the study and hence is not used any further for calculations and analysis 
presented in later sections of this study. 
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Figure 68: Evolution of PRO CPT battery market (number of battery pack units) in EU until 
2025 in BaU scenario (Option 1) 

0

5

10

15

20

25

30

35

40

45

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

M
ill

io
ns

 o
f 

un
it

s

Ni-Cd Ni-MH Li-Ion
 

Figure 69: Evolution of DIY CPT battery market (number of battery pack units) in EU until 
2025 in BaU scenario (Option 1) 
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 Evolution of collection of the waste batteries used in CPTs in EU 

In BaU scenario, collection and treatment rates would apply as per the current legislation, i.e. 
Battery Directive requirements (25% collection rate by September 2012 and 45% collection rate 
by September 2016). CPTs are classified under the Category 6 of WEEE (Electrical & electronic 
tools)84. CPTs represented 38% of the overall power tool market in EU in 2007. As the batteries 

                                                                  
84 The Category 6 of WEEE, named “Electrical & electronic tools”, includes, but is not limited to “drills”, “saws”, 
“sewing machines”, “equipment for turning, milling, sanding, grinding, sawing, cutting, shearing, drilling, making 
holes, punching, folding, bending or similar processing of wood, metal and other materials”, “tools for riveting, nailing 
or screwing or removing rivets, nails, screws or similar uses”, “tools for welding, soldering or similar use”, “equipment 
for spraying, spreading, dispersing or other treatment of liquid or gaseous substances by other means”, “tools for 
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are discarded together with the CPT when it reaches its end–of-life, it necessitates taking into 
consideration the WEEE statistics (only official source of information on actual waste collection in 
EU) while analysing the collection rate of the waste CPT batteries. The WEEE statistics for CPT 
Category 6 in 2008 reported a collection rate of around 10%. It is therefore deemed necessary to 
also consider a lower collection rate (than expected under the Battery Directive) to assess the 
potential impacts of various policy options by taking into account the WEEE statistics reported 
for 2008. Potentially, it would be a worst case scenario as the collection rate is lower than what is 
required by the Battery Directive. 

The average mass85 of batteries used in CPTs placed on the EU market, are as per following: 

 The average mass of a NiCd cell used in CPTs is 51.4 g and the weight of a 18V 
power pack used in CPTs is 774 g 

 The average mass of a NiMH cell used in CPTs is 58 g and the weight of a 18V 
power pack used in CPTs is 870 g 

 The average mass of a Li-ion cell used in CPTs is 38.3 g and the weight of a 19.8V 
power pack used in CPTs is 459.6 g 

Two waste battery collection scenarios have been considered and are elaborated below. 

 Waste CPT battery collection rate scenario 1 

Collection rate as specified in the Batteries Directive: 25% in September 2012 and 45% in 
September 201686. Following collection rate values are used to develop the scenarios: 

 2010 till 2012: 25% 

 2013 till 2016: linear increase from 25% to 45% 

 2016 onwards: 45%  

The calculation of the collected quantities of waste CPT batteries is performed as per the 
guidance provided in the Battery Directive87. 

                                                                                                                                                                                                       
mowing or other gardening activities”. Note that large-scale stationary industrial tools are specifically exempt under 
this category. This category therefore includes a wider range of tools as CPTs. 
85 Source: the mass of individual cells is based upon the primary LCA data reported by stakeholder  

86 Though increased collection rates have been reported by the industry, the policy options considered in this analysis 
don’t use change in collection rates as a mechanism and assumes that all battery types have same collection rates. This 
of course will be an important aspect in the review of the batteries Directive which will be carried out after the second 
round of implementation reports from the Member States in 2016. 

87 The Battery Directive defines collection rate for a given Member State in a given calendar year, as the percentage 
obtained by dividing the weight of waste portable batteries and accumulators collected in accordance with Article 8(1) 
of this Directive or with Directive 2002/96/EC on WEEE in that calendar year by the average weight of portable 
batteries and accumulators that producers either sell directly to end-users or deliver to third parties in order to sell 
them to end-users in that Member State during that calendar year and the preceding two calendar years. 
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Figure 70 (see Annex 9 for the details on the data used for these projections) shows that the 
overall collected quantities (in tonnes) of waste CPT batteries (waste CPT battery collection rate 
scenario 1) increase from 5 370 tonnes in 2010 to 23 800 tonnes in 2025. The overall quantity of 
waste CPT batteries collected during the period 2010-2025 is 220 535 tonnes. Similarly, Figure 71 
presents the overall collected quantities (in number of units) of waste CPT batteries which 
increase from 8.3 million units in 2010 to 42.6 million units in 2025. 

Figure 70: Evolution of waste CPT battery collection in scenario 1 (in tonnes) in EU, 2010-2025 
in BaU (Option 1) 
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Figure 71: Evolution of waste CPT battery collection in scenario 1 (in millions of units) in EU, 
2010-2025 in BaU (Option 1) 
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 Waste CPT battery collection rate scenario 2 

In this scenario a constant collection rate of 10% (as reported by the WEEE statistic for Category 
6 in 2008) over the period 2010 till 2025 is assumed. 
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The calculation of the collected quantities of waste CPT batteries is performed as per the 
guidance provided in the Battery Directive87. 

Figure 72 (see Annex 9 for the details on the data used for these projections) shows that the 
overall collected quantities (in tonnes) of waste CPT batteries (waste CPT battery collection rate 
scenario 2) increase from 2 150 tonnes in 2010 to 5 280 tonnes in 2025. The overall quantity of 
waste CPT batteries collected during the period 2010-2025 is 53 730 tonnes. Similarly, Figure 73 
presents the overall collected quantities (in number of units) of waste CPT batteries increase 
from 3.32 million units in 2010 to 9.46 million units in 2025. 

Figure 72: Evolution of waste CPT battery collection in scenario 2 (in tonnes) in EU, 2010-2025 
in BaU (Option 1) 
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Figure 73: Evolution of waste CPT battery collection in scenario 2 (in millions of units) in EU, 
2010-2025 in BaU (Option 1) 
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2.2.6 EU’s right to act and justification 

The issue of NiCd use in CPTs requires EU action and takes into account the principles of 
subsidiarity and proportionality because of the transboundary nature of the use of NiCd in CPTs. 
All Member States are affected by the use of Cadmium in CPT applications as the batteries are 
freely circulating in the internal market – therefore the need for harmonisation and coordination 
of policies and implementing measures at the EU-level88. The requirements for the use of 
Cadmium in batteries and accumulators have been harmonised in the Batteries Directive 
2006/66/EC – hence any further restrictions should also be considered in a harmonised manner to 
avoid creating obstacles to the functioning of the internal market.89 For example, if there were 
significantly divergent national measures covering marketing restrictions on Cadmium in 
batteries and accumulators, as well as marking requirements, it could have a negative impact on 
the functioning of the internal market by creating barriers to trade and distorting competition. 

2.3 Objectives 

This section provides the policy objectives, which will help to identify the possible courses of 
action, and to compare the identified policy options. Monitoring and evaluation strategies will 
also be based on the policy objectives. The section below provides the general, specific and 
operational policy objectives. 

2.3.1 General objectives 

The general policy objective is to contribute to the achievement of the objectives of the Batteries 
Directive, in particular Article 4(1) thereof, in reducing the threats posed to the environment and 
human health by the development and marketing of batteries which contain smaller quantities of 
hazardous materials or which contain less polluting substances, in particular as substitutes for 
cadmium, while harmonising and maintaining requirements for the smooth functioning of the 
internal market. Therefore, the purpose of this impact assessment is to determine whether 
withdrawing the exemption of Cadmium ban in batteries used in CPTs at EU level is needed and 
justified in economic, environmental and social terms. 

 

                                                                  
88EC, 2010, Roadmap: Review of a Cadmium ban for batteries and accumulators used in cordless power tools 
(ec.europa.eu/governance/impact/planned_ia/docs/2010_env_016_Cadmium_ban_en.pdf) 

89 EC, 2010, Roadmap: Review of a Cadmium ban for batteries and accumulators used in cordless power tools 
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2.3.2 Specific objectives 

Specific objectives of any policy proposals addressing Article 4(3) of the Batteries Directive 
include: 

 Being in line with the principles of good governance (i.e. effectiveness, efficiency, 
coherence, accountability, transparency and stakeholder involvement). 

 Encourage innovation and promote proactive solutions within industry. 

 Place EU firms at an advantage compared to their international competitors. 

 Contribute to simplification and streamlining and ease implementation and 
enforceability. 

2.3.3 Operational objectives 

Operational objectives of any policy proposals addressing Article 4(3) of the Batteries Directive 
include: 

 Reduce the introduction of Cadmium in the EU economy associated with use of 
batteries in CPTs.  

 Reduce the emissions of Cadmium in the EU associated with use of batteries in 
CPTs.  

 Reduce the overall environmental impact in EU associated with the use of batteries 
in CPTs  

2.4 Description of policy options 

The policy options aim at addressing the current exemption to NiCd batteries for use in CPTs. 
Based on the information provided in the previous section, three policy options have been 
identified. The identified policy options are described in further detail below. 

2.4.1 Option 1 – Baseline scenario (no withdrawal of the 
exemption) 

The baseline scenario is also referred to as a “Business as Usual” (BaU) scenario which is used to 
explain how the current situation would evolve without additional intervention or “no change in 
policy”. The “BaU" option would essentially mean that Cadmium-containing batteries intended 
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for use in CPTs would continue to be supplied to consumers and professional users. It is already 
described in Section 2.2.5. 

2.4.2 Option 2 – Immediate withdrawal of the exemption 
(2012/2013)  

This option would immediately (in 2013) withdraw the exemption, restricting the use of Cadmium 
content (by weight of more than 0.002%) in portable batteries for CPTs. The collection and 
treatment rate of NiCd batteries are assessed as per the two waste CPT battery collection 
scenarios described earlier in section 2.2.5. As NiCd batteries for CPTs will not be available 
anymore starting from 2013, they will be replaced by NiMH (20% replacement of portable NiCd 
batteries) and Li-ion (80% replacement of portable NiCd batteries) batteries62. The time required 
for the transposition of this option by the industry will be 18 months90. 

 Evolution of the CPT market in EU 

The assumptions concerning overall CPT market forecast, replacement rate of NiCd batteries in 
CPTs by Li-ion and NiMH batteries and number of batteries sold per CPT which are used for the 
projections made here are same as the BaU scenario (Option 1).  

The evolution of the overall, PRO and DIY CPT market in current scenario over the period 2010-
2025 is presented in figures below (see Annex 9 for the details on the data used for these 
projections). 

Under Option 2, the overall Li-ion CPT (PRO and DIY) battery market would increase from 17.13 
million units in 2010 to 81.86 million units in 2025. Similarly, the overall NiMH CPT (PRO and DIY) 
battery market would increase from 4.70 million units in 2010 to 20.96 million units in 2025. The 
total weight of CPT (PRO and DIY) batteries placed on the EU market increases from 22 490 
tonnes in 2010 to 55 870 tonnes in 2025. 

                                                                  
90 Source: The estimate on time requirements reflects the opinion of EPTA and RECHARGE. 
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Figure 74: Evolution of overall CPT battery market (number of battery pack units) in EU until 
2025 (Option 2) 
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Figure 75: Evolution of PRO CPT battery market (number of battery pack units) in EU until 
2025 (Option 2) 

0

5

10

15

20

25

30

35

40

45

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

M
ill

io
ns

 o
f 

un
it

s

Ni-Cd Ni-MH Li-Ion
 



 

 

 

Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries | 179

Figure 76: Evolution of DIY CPT battery market (number of battery pack units) in EU until 
2025 (Option 2) 
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 Evolution of collection of the waste batteries used in CPTs in EU 

The calculation methodology and the assumptions behind the projections of waste CPT battery 
waste collected in EU in Option 2 over the period 2010-2025 are the same as the BaU scenario 
(Option 1 in which two waste battery collection scenarios have been considered). 

 Waste CPT battery collection rate scenario 1 

Figure 77 (see Annex 9 for the details on the data used for these projections) shows that the 
overall collected quantities (in tonnes) of waste CPT batteries (waste CPT battery collection rate 
scenario 1) increase from 5 370 tonnes in 2010 to 23 140 tonnes in 2025. The overall quantity of 
waste CPT batteries collected during the period 2010-2025 is 210 325 tonnes. Similarly, Figure 78 
shows that the overall collected quantities (in number of units) of waste CPT batteries during the 
period 2010 till 2025 is 380.83 million units. 

Figure 77: Evolution of waste CPT battery collection in scenario 1 (in tonnes) in EU, 2010-2025 
in Option 2 
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Figure 78: Evolution of waste CPT battery collection in scenario 1 (in millions of units) in EU, 
2010-2025 in Option 2 
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 Waste CPT battery collection rate scenario 2 

Figure 79 (see Annex 9 for the details on the data used for these projections) shows that the 
overall collected quantities (in tonnes) of waste CPT batteries (waste CPT battery collection rate 
scenario 2) increase from 2 150 tonnes in 2010 to 5 140 tonnes in 2025. The overall quantity of 
waste CPT batteries collected during the period 2010-2025 is 51 370 tonnes. Similarly, Figure 80 
presents the overall collected quantities (in number of units) of waste CPT batteries collected 
during the period 2010-2025. 

Figure 79: Evolution of waste CPT battery collection in scenario 2 (in tonnes) in EU, 2010-
2025 in Option 2 
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Figure 80: Evolution of waste CPT battery collection in scenario 2 (in millions of units) in EU, 
2010-2025 in Option 2 
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2.4.3 Option 3 – Delayed withdrawal of the exemption 
(2016) 

This option would withdraw the exemption in force in 2016 thus restricting the use of cadmium 
content (by weight of no more than 0,002%) in portable batteries for CPTs. The collection and 
treatment rate of NiCd batteries are assessed as per the two waste CPT battery collection 
scenarios described earlier in section 2.2.5. From 2016 onwards, the portable NiCd batteries will 
be replaced by portable NiMH (20% replacement of NiCd batteries) and portable Li-ion (80% 
replacement of NiCd batteries) batteries. Option 3 would thus allow the industry more time 
(compared to Option 2) to adopt the relevant technologies to the new requirements related to a 
possible withdrawal of current exemption to Cadmium use in batteries for CPTs90. 

 Evolution of the CPT market in EU 

The assumptions concerning overall CPT market forecast, replacement rate of NiCd batteries in 
CPTs by Li-ion and NiMH batteries and number of batteries sold per CPT which are used for the 
projections made here are same as the BaU scenario (Option 1).  

The evolution of the overall CPT battery market (PRO and DIY) in current scenario over the 
period 2010-2025 is presented in figures below (see Annex 9 for the details on the data used for 
these projections). 

Under this option, the overall CPT battery market would increase for NiMH portable batteries 
from 11 million units in 2016 to 21 million units in 2025 and for Li-ion portable batteries from 42 
million units in 2016 to 82 million units in 2025. 
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Figure 81: Evolution of overall CPT battery market (number of battery pack units) in EU until 
2025 (Option 3) 
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Figure 82: Evolution of PRO CPT battery market (number of battery pack units) in EU until 
2025 (Option 3) 
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Figure 83: Evolution of DIY CPT battery market (number of battery pack units) in EU until 
2025 (Option 3) 
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 Evolution of collection of the waste batteries used in CPTs in EU 

The calculation methodology and the assumptions behind the projections of waste CPT battery 
waste collected in EU in Option 3 over the period 2010-2025 are the same as the BaU scenario 
(Option 1 in which two waste battery collection scenarios have been considered). 

 Waste CPT battery collection rate scenario 1 

Figure 84 (see Annex 9 for the details on the data used for these projections) shows that the 
overall collected quantities (in tonnes) of waste CPT batteries (waste CPT battery collection rate 
scenario 1) increase from 5 370 tonnes in 2010 to 23 140 tonnes in 2025. The overall quantity of 
waste CPT batteries collected during the period 2010-2025 is 213 300 tonnes. Similarly, Figure 85 
shows that the overall collected quantities (in number of units) of waste CPT batteries during the 
period 2010 till 2025 is 380.83 million units. 

Figure 84: Evolution of waste CPT battery collection in scenario 1 (in tonnes) in EU, 2010-
2025 in Option 3 
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Figure 85: Evolution of waste CPT battery collection in scenario 1 (in millions of units) in EU, 
2010-2025 in Option 3 
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 Waste CPT battery collection rate scenario 2 

Figure 86 (see Annex 9 for the details on the data used for these projections) shows that the 
overall collected quantities (in tonnes) of waste CPT batteries (waste CPT battery collection rate 
scenario 2) increase from 2 150 tonnes in 2010 to 5 140 tonnes in 2025. The overall quantity of 
waste CPT batteries collected during the period 2010-2025 is 52 120 tonnes. Similarly, Figure 87 
presents the overall collected quantities (in number of units) of waste CPT batteries collected 
during the period 2010-2025. 

Figure 86: Evolution of waste CPT battery collection in scenario 2 (in tonnes) in EU, 2010-
2025 in Option 3 
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Figure 87: Evolution of waste CPT battery collection in scenario 2 (in millions of units) in EU, 
2010-2025 in Option 3 
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2.5 Analysis of impacts 

This section analyses the potential direct and indirect environment, social, and economic impacts 
of the policy options listed in the previous section. The aim of this analysis is to provide clear 
information on the impacts of the policy options as a basis for comparing them both against one 
other and against the baseline scenario, and possibly for ranking them in relation to clearly 
identified evaluation criteria.  

Analysis of impacts includes information on who is affected by these impacts, any risks and 
uncertainties in the policy choices, and to the extent possible, assessment of the impacts is 
measured quantitatively and in monetary terms. The policy options, provides guidance covering 
the years 2010, 2012, 2016, and 2018, taking into account the requirements of current legislation, 
which include the Batteries Directive and the WEEE Directive. 

In addition to the information provided by the stakeholders, information for the analysis of 
environmental impacts has been mainly derived from the LCA that was carried out as a part of 
this study. Stakeholder consultation and literature review are the sources for the analysis of 
economic and social impacts.  

Li-ion battery chemistry covers a broad range of technologies. Thus, for the purpose of the 
assessment of environmental impacts in this section, the project team decided to retain only 
Lithium Iron Phosphate (LiFePO4) chemistry which is the main Li-ion technology in terms of 
current market share (around 30% in 2011)91.  

                                                                  
91 Source: Recharge (International association for the promotion and management of portable rechargeable batteries 
through their life-cycle) 
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2.5.1 Selection of impact categories and indicators 

One of the first steps required for analysing impacts of the different policy options is to select 
impact categories and where possible the associated measurable indicators. When considering 
impact categories and indicators, it is important to keep in mind the main life-cycle stages of the 
batteries, during which impacts occur. 

Table 74 presents a selection of indicators that are used to guide the analysis of economic, social 
and environmental impacts of the proposed policy options. These indicators are mostly 
measured quantitatively and when data was not available (either through literature review or 
stakeholder consultation), a qualitative assessment was made.  

Table 74: List of impact categories and the corresponding methods of evaluation 
Impact 

category 
Indicator 

Unit (if 
applicable) 

Method for evaluation 

Implementation cost 
(industry and MS) 

Euros Expert consultation and literature review 

Impact on consumers Euros Expert consultation and literature review 
Control and 
monitoring cost (MS) 

Euros Expert consultation and literature review 

Ec
on

om
ic

 

Waste management 
costs 

Euros Expert consultation and literature review 

So
ci

al
 

Employment 
generation 

Job 
losses/gains 

Expert consultation and literature review 

Cadmium 
introduction in the 
economy 

Tonnes Expert consultation and literature review 

Global Warming 
Potential (GWP) 

kg CO2 eq92 
Based on the results of LCA carried out in this study 

Cadmium emissions  Tonnes Based on the results of LCA carried out in this study 

Cumulated Energy 
Demand (CED) 

MJ 
Based on the results of LCA carried out in this study 

Photochemical 
Oxidant Formation 
Potential (POFP) 

kg NMVOC93 
Based on the results of LCA carried out in this study 

Terrestrial 
Acidification 
Potential (TAP) 

kg SO2 eq. 
Based on the results of LCA carried out in this study 

En
vi

ro
nm

en
ta

l 

Metal Depletion 
(MD) 

kg Fe eq. 
Based on the results of LCA carried out in this study 

                                                                  
92 Please note: “eq” is used as an abbreviation for “equivalent” 

93 NMVOC refers to Non-Methane Volatile Organic Compound 
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Impact 
category 

Indicator 
Unit (if 
applicable) 

Method for evaluation 

Abiotic Resource 
Depletion Potential 
(ARDP) 

kg Sb eq. 
Based on the results of LCA carried out in this study 

Human Toxicity 
Potential (HTP) 

Cases94 
Based on the results of LCA carried out in this study 

Freshwater Aquatic 
Ecotoxicity Potential 
(FAEP) 

PAF95. 
m3.day  

Based on the results of LCA carried out in this study 

Particulate Matter 
Formation Potential 
(PMFP) kg PM10 eq 

Based on the results of LCA carried out in this study 

Freshwater 
Eutrophication 
Potential (FEP) 

kg P eq 

Based on the results of LCA carried out in this study 

In addition to the impact categories and indicators listed in the Table 74, depending on 
availability of information and relevance, other criteria or impacts to examine include:  

 Degree of uncertainty/risk 

 Interaction with other Community interventions 

 Efficiency & effectiveness (value for money) 

 Methodology to assess the environmental impacts 

The assessment of environmental impacts of portable batteries used in CPTs under the three 
policy options considered here only include the impacts of the battery packs (for all the three 
battery types: NiCd, NiMH and Li-ion). The environmental impacts associated with the chargers 
of these battery packs are therefore excluded from the assessment carried out in this section96. 
This is mainly due to the reason that the charger does not fall in the scope of the Batteries 
Directive but in WEEE and RoHS Directives and the objective of current study is only to review an 
exemption under the Batteries Directive.   

The most relevant environmental impact indicators selection (Table 74) was done based on the 
LCA performed in this study.  

                                                                  
94 Human toxicity potential assesses the impact of toxic substances released in the environment on the human health 
by providing an estimation of the increase in morbidity in the total human population (cases). Both cancer and non-
cancer cases are taken into account. 

95 Please note: Potentially Affected Fraction (PAF) of species integrated over time and volume, PAF m3.day, is the unit 
used to assesses the impact of toxic substances released in the environment on the ecosystem 

96 For informational purpose, environmental impacts of the three battery types (including the environmental impacts 
of their chargers) are provided in Annex 10  
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The environmental impacts reported as per functional unit97 in the LCA were then characterised 
to impacts corresponding to 2 battery packs units (for each of the three battery types: NiCd, 
NiMH and Li-ion) for different waste battery collection rates (10%, 25%, 30%, 35%, 40% and 
45%)98 in EU are presented in Annex 10. 

The overall environmental impacts in EU for each of the three policy options was then calculated 
by summing up the environmental impacts corresponding to sales of all the three battery types in 
EU market over the period 2010-2025. This calculation was performed based on the following 
data and assumptions: 

 The market forecast provided in section 2.4. 

 The environmental impacts corresponding to sales of all the three battery types (2 
battery packs) presented in Annex 10 

 Assuming all the environmental impacts associated with the sales of batteries 
happen during the year of sales (even those occurring during at the end-of-life of 
the battery) 

 Using the collection rate values defined in section 2.2.5 

To allow for a meaningful comparison between the different environmental impacts, each policy 
option’s value for each impact indicator was normalised to its ‘inhabitant equivalent’.  

The values used for normalisation factors are presented in Table 75. 

Table 75: Normalisation factors used to calculate ‘inhabitant-equivalent’99 

Environmental impact indicator Normalisation factor (per inhabitant) 

GWP 11 232 kg CO2 eq 

POFP 57.0 kg NMVOC 

TAP 53.7 kg SO2 eq 

                                                                  
97 In practice, the functional unit is used to scale the inputs and outputs (materials, energy, etc.) of each system 
studied. Consequently, the environmental impacts computed from these flows are automatically scaled to the 
functional unit 

98 The 10% collection rate corresponds to the WEEE collection rate reported for Category 6 in 2008 whereas the 25%, 
and 45% collection rates correspond to the evolution of waste battery collection in EU as required by the Battery 
Directive whereas the 30%, 35% and 40% collection rates to correspond for years 2013, 2014 and 2015 respectively 
based on the assumption that under the Batteries Directive requirement on collection rate, there will be natural linear 
evolution of collection rate from 25% in 2012 to 45% in 2016. 

99 These values were developed taking into account EU 25 +3 (EU25+ Iceland +Norway+ Switzerland) level in 2000 
based on the values presented in: 

1: “Normalisation in product LCA: an LCA of the global and european economic systems in the year 2000, Wegener 
Sleeswijk (2008)” for GWP, POFP, TAP, PMFP and FEP 

2: “Instititute of Environmental Sciences (CML) database (2008)” for ARDP 
3:  “Laurent et al. Normalization references for Europe and North America for application with USEtox™ 

characterization factors (2011)” for HTP and FAEP 
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Environmental impact indicator Normalisation factor (per inhabitant) 

ARDP 36.4 kg Sb eq 

HTP 0.000 85 Cancer and non-cancer cases 

FAEP 23.9 PAF.m3.day 

PMFP 17.5 kg PM10 eq 

FEP 0.75 kg P eq 

The normalised values for Metal Depletion (MD) and Cumulative Energy Demand (CED) were not 
available from these sources and hence these environmental impact indicators have not been 
considered in the normalisation step. 

Having normalised values for impact indicators presented in Table 75, it is possible to apply an 
aggregation scheme to calculate a value for total environmental impact for each policy option. 
The normalisation process produces a value which is equal to the contribution of that many 
average Europeans’ contribution to given impact indicator. Thus, saying “Policy Option X has a 
contribution of Yinhabitant-eq to impact indicator Z” would mean that Policy Option X’s contribution 
to impact indicator Z is equivalent to that of Y average European citizens. 

An example of such results is presented in Table 76. 

Table 76: Example of environmental impacts in ‘inhabitant-equivalent’ (Policy Option X) 

Environmental impact indicator Inhabitant-Eq 

GWP 210 986 

POFP 120 654 

TAP 249 064 

ARDP 788 517 

HTP 355 255 

FAEP 68 052 504 

PMFP 236 698 

FEP 9 638 276 

The example shown in Table 76 could be thus explained as follows: Policy Option X’s contribution 
to Freshwater Aquatic Ecotoxicity Potential (FAEP) is equivalent to that of approximately 68 
million Europeans. 

The weighting factors for various environmental impact categories used in the study are 
summarised in Table 77. 
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Table 77: Average weighting factors100 

Environmental impact indicator % 

GWP 23.0% 

POFP 5.0% 

TAP 4.0% 

ARDP 7.0% 

HTP 10.0% 

FAEP 11.0% 

PMFP 7.0% 

FEP 2.3% 

As the chosen environmental impact indicators in this study do not include all impact indicators 
specified by Lauran van Oers100, the values in Table 77 only represent 69.3% (=23 + 5 + 4 + 7 + 10 + 
11 + 7 + 2.3) of the total environmental impact as calculated in this weighting scheme101. To allow 
for a coherent analysis based on the available data, these factors were scaled102 to represent their 
contribution to the sum of the eight impacts indicators under consideration (see Table 77). The 
results of this scaling are presented in Table 78. 

Table 78: Scaled weighting factors 

Environmental impact indicator % 

GWP 33.2% 

POFP 7.2% 

TAP 5.8% 

ARDP 10.1% 

HTP 14.4% 

FAEP 15.9% 

PMFP 10.1% 

FEP 3.4% 

                                                                  
100 Source : “Environmental effects in eco-efficiency: how to evaluate them?” Lauran van Oers; CML-IE, Leiden 
University. June 2010 (www.eco-efficiency-conf.org/content/Lauran%20van%20Oers%20-
%20Environmental%20effects%20in%20eco-efficiency.pdf) 

101 Examples of such impact indicators (and their weighting) include ‘Ozone Depletion’ (4%), ‘Marine Eutrophication’ 
(2.3%), etc. 

102 The factors were scaled by dividing by the sum of the weighting factors of the eight impact categories under 
consideration (69.3%). 
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The aggregated environmental impact for each policy option was then calculated, using the 
following formula:  

Aggregated Environmental Impact =  (GWPinhabitant-Eq  ×  0.332) + 
(POFPinhabitant-Eq  ×  0.072) + 
(TAPinhabitant-Eq  ×  0.058) + 
(ARDPinhabitant-Eq ×  0.101) + 
(HTPinhabitant-Eq  ×  0.144) + 
(FAEPinhabitant-Eq  ×  0.159) + 
(PMFPinhabitant-Eq ×  0.101) +
(FEPinhabitant-Eq  ×  0.034)   

An example of the weighted results, using the scaled weighting factors provided in Table 78, as 
well as the sum of the results (i.e. the aggregated impact) are presented in Table 79. 

Table 79: Example of weighted impact values and aggregate impact, using scaled weighting 
factors (Policy Option X) 

Environmental impact indicator Inhabitant-Eq 

GWP 58 986 

POFP 6 439 

TAP 11 993 

ARDP 70 061 

HTP 34 935 

FAEP 29 023 244 

PMFP 19 384 

FEP 223 396 

Aggregate 29 448 438 
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2.5.2 Option 1: "Baseline scenario" (no withdrawal of the 
exemption) 

2.5.2.1 Environmental impacts 

 Amount of Cadmium introduced into the EU economy103 

In order to estimate the amount of Cadmium associated with the use of NiCd batteries in CPTs 
placed on the EU market over the period 2010-2025, the following assumptions are made: 

 The average mass of a NiCd cell used in CPTs is 51.4 g and the weight of a 18V 
power pack used in CPTs is 774 g 

 Cadmium proportion in the NiCd batteries used in CPTs is 27% by weight. 

Using the above assumptions and the market forecast provided in section 2.4.1, it is calculated 
that around 30 550104 tonnes of Cadmium will be introduced in the EU economy over the period 
2010-2025 via the use of portable NiCd batteries in CPTs. 

The environmental impacts resulting from this introduction of Cadmium mainly occur during the 
end-of-life phase due to the landfilling of waste CPT batteries which are not incinerated or 
separately collected for recycling. The landfilling in a sanitary landfill generates environmental 
impacts, notably through emissions of leachate to water bodies.  

As per the end-of-life scenario 1 considered in Option 1, 30 550 tonnes of Cadmium introduced 
through CPT batteries will lead to around 945 tonnes of Cadmium emissions through leachate105 
to water in ST + 5%LT106. The Cadmium released in water in turn impacts human health by 

                                                                  
103 Although the environmental impacts associated with Cadmium emissions to water are already taken into account in 
the ”aggregated environmental impact”, however, in the opinion of project team it is important to present this 
indicator separately as it directly relates to one of the main operational objectives of the policy intervention 

104 This is calculated as the 27% fraction of the weight of NiCd batteries used in CPTs (113 135 tonnes) over the period 
2010 till 2025. 

105 Through leachate, Cadmium (and other metals) contained in batteries are slowly released in the environment over 
thousands of years. In a short-term perspective, e.g. less than 100 years in the case of a landfill, the battery mostly 
behaves like inert waste, meaning that metals contained in the cells remain ‘locked’ inside their housing. However, 
from a long-term (LT) perspective, a fraction of metals contained in the battery will eventually end-up in the 
environment 

106 Please note: “ST” stands for Short Term and signifies the duration of operation of a landfill (usually less than 100 
years) in the waste batteries are landfilled, whereas “LT” stands for Long Term and 5%LT signifies the period over 
which 5% of the overall emissions related to the landfilled battery waste take place (this duration can be anything 
between the time of closure of a landfill to 1000’s of years).    

The ST emissions only represent the emission occurring during the operation of the landfill which are almost 
insignificant when compared with the LT emissions (which assumes all the landfilled battery waste is emitted to 
environment), however the probability of its happening is very low. Therefore a most reasonable approach is “ST + 5% 
LT” which has been proposed in the study conducted by ERM for DEFRA and has received wide acceptance (ERM study 
on “Battery Waste Management Life Cycle Assessment”, October 2008, DEFRA). 
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increasing the morbidity in the total human population. The 945 tonnes of Cadmium released in 
water can cause cancer and non-cancer diseases in around 405 people107. 

As per the end-of-life scenario 2 considered in Option 1, 30 550 tonnes of Cadmium introduced 
through CPT batteries will lead to around 1 360 tonnes of Cadmium emissions through leachate 
to water in ST + 5%LT. The Cadmium released in water in turn impacts human health by 
increasing the morbidity in the total human population. The 1 360 tonnes of Cadmium released in 
water can cause cancer and non-cancer diseases in around 582 people. 

 Aggregated environmental impact at the EU level 

Based on the outcomes of the LCA analysis presented in Annex 10 (Table 123 to Table 125) and 
the market forecast provided in section 2.4.1, the overall impacts in EU associated with the use of 
portable batteries in CPTs placed on the EU market over the period 2010-2025, are calculated 
and presented in Annex 12 (Table 130). 

Using the methodology described earlier to assess the environmental impacts and environmental 
impact values from Table 130, the overall aggregated environmental impact for Policy Option 1 
(waste CPT battery collection scenario 1) is presented in Table 80 and Table 81. 

Table 80: Aggregated environmental impact for Policy Option 1 (waste CPT battery 
collection scenario 1) 

Environmental impact 
indicator 

Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 177 804 58 986 

POFP 89 280 6 439 

TAP 207 865 11 993 

ARDP 693 906 70 061 

HTP (ST + 5%LT) 242 207 34 935 

FAEP (ST + 5%LT) 182 925 592 29 023 244 

PMFP 191 985 19 384 

FEP 6 647 225 223 396 

Aggregated Environmental Impact 29 448 438 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 1 (waste CPT battery collection scenario 1) is equivalent to total environmental impact 

                                                                  
107 This value is calculated based on the data reported by USEtox™ for Cadmium emissions to water (1 Kg of Cadmium 
emissions to water leads 4.28E-04 cancer and non cancer cases in humans). Source: “Laurent et al. Normalization 
references for Europe and North America for application with USEtox™ characterization factors (2011)” for HTP 
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caused by 29 448 438108 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ 
Switzerland)) citizens. 

This means that, the environmental impact due to the use of batteries in CPTs in EU contributes 
6.35%109 to the overall environmental impact of EU.  

The inclusion of HTP (ST + 5%LT) and FAEP (ST + 5%LT) environmental indicators in the 
normalisation is prone to high uncertainty as these impacts primarily occur from the landfill 
(during the end-of-life of the batteries) over 100’s or even 1000’s of years. The project team 
therefore also decided to calculate the aggregated environmental impact for Policy Option 1 
excluding the contribution of HTP (ST + 5%LT) and FAEP (ST + 5%LT) to it as presented in Table 
81 below. 

Table 81: Aggregated environmental impact (excluding contribution of HTP (ST + 5%LT) and 
FAEP (ST + 5%LT)) for Policy Option 1 (waste CPT battery collection scenario 1) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 177 804 84 616 

POFP 89 280 9 236 

TAP 207 865 17 204 

ARDP 693 906 100 504 

PMFP 191 985 27 807 

FEP 6 647 225 320 464 

Aggregated Environmental Impact 559 831 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 1 (waste CPT battery collection scenario 1) is equivalent to total environmental impact 
caused by 559 831 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ Switzerland)) 
citizens.  

This means that, the environmental impact due to the use of batteries in CPTs in EU contributes 
0.1206%110 to the overall environmental impact of EU.  

                                                                  
108 To allow for a meaningful comparison between the different environmental impacts, each impact indicator was 
normalised to its ‘inhabitant equivalent’. The normalisation process produced a value which is equal to the contribution 
of that many average Europeans’ contribution to given impact indicator. The aggregated environmental impact for 
PO1 was then calculated using the scaled weighting factors.  

109 Assuming that the overall environmental impact of EU 27 is similar to the overall environmental impact of “EU 25+ 
Iceland +Norway+ Switzerland” in 2000 and that this overall environmental impact remains constant during the period 
2000 till 2025 (which covers the duration of the scenario assessed in PO1)  

110 Assuming that the overall environmental impact of EU 27 is similar to the overall environmental impact of “EU 25+ 
Iceland +Norway+ Switzerland” in 2000 and that this overall environmental impact remains constant during the period 
2000 till 2025 (which covers the duration of the scenario assessed in Option 1).  



 

 

 

Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries | 195

Using the methodology described earlier to assess the environmental impacts the overall 
aggregated environmental impact for Policy Option 1 (waste CPT battery collection scenario 2) is 
presented in Table 82 and Table 83. Obviously, as the collection rate is lower than the one 
previously used, the “aggregated environmental impact” is higher. 

Table 82: Aggregated environmental impact for Policy Option 1 (waste CPT battery 
collection scenario 2) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 179 042 59 397 

POFP 93 749 6 761 

TAP 251 093 14 487 

ARDP 806 481 81 428 

HTP (ST + 5%LT) 268 183 38 682 

FAEP (ST + 5%LT) 265 658 513 42 149 771 

PMFP 222 093 22 424 

FEP 6 912 102 232 298 

Aggregated Environmental Impact 42 605 247 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 1 (waste CPT battery collection scenario 2) is equivalent to total environmental impact 
caused by 42 605 247 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ 
Switzerland)) citizens. 

This means that, the environmental impact due to the use of batteries in CPTs in EU contributes 
9.18% to the overall environmental impact of EU. 

Table 83: Aggregated environmental impact (excluding contribution of HTP (ST + 5%LT) and 
FAEP (ST + 5%LT) for Policy Option 1 (waste CPT battery collection scenario 2) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 179 042 85 205 

POFP 93 749 9 699 

TAP 251 093 20 782 

ARDP 806 481 116 809 

PMFP 222 093 32 167 

FEP 6 912 102 333 234 

Aggregated Environmental Impact 597 896 
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The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 1 (waste CPT battery collection scenario 2) is equivalent to total environmental impact 
caused by 597 896 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ Switzerland)) 
citizens.  

This means that, the environmental impact due to the use of batteries in CPTs in EU contributes 
0.1288% to the overall environmental impact of EU.  

2.5.2.2 Economic impacts 

As this is a no policy change, no additional costs over normal business functioning expenditure 
for the CPT industry are expected. It is important to note that in BaU scenario there is already a 
natural shift of consumers towards Li-ion and NiMH battery based CPTs as reported earlier in 
section 2.4.1. In order to meet this natural market shift, it is therefore expected that CPT 
manufacturers will be investing more in R&D and infrastructure development for Li-ion and 
NiMH battery based CPTs in the coming years. This natural investment in BaU scenario needs to 
be considered while assessing the costs to CPT manufacturers in case the current exemption to 
NiCd battery use in CPTs was to be withdrawn. Due to lack of information, the quantification of 
normal business functioning expenditure for CPT industry is not available. However, it doesn’t 
affect the economic analysis presented here as the objective is to compare policy options and 
therefore only extra costs/benefits compared to the baseline scenario are required in this 
context.  

The price of an average NiCd CPT (including two battery packs and a charger) sold in the EU in 
2010 is estimated to be €60.8 (= (3200*0.38*0.34)/6.8). 

This estimate is based on 2010 statistics of the EU CPT market: 

 Overall Power Tool market (EPTA): €3.2 billion 

 Market share of CPTs of the overall Power Tool market (EPTA): 38% 

 Market share (by value) of NiCd battery based CPTs (EPTA): 34% 

 Number of units of NiCd battery based CPTs sold (market forecast presented in 
section 2.2.5): 6.8 million units 

No additional cost for consumers/retailers was reported. The resulting normal business 
functioning expenditure for the recyclers is however quantified below (for waste CPT battery 
collection rate scenario 1, as per the Battery Directive requirement). 

 Costs of recycling CPT battery waste in EU 

The cost of recycling waste batteries depends on various parameters, such as: 

 Physical condition of waste batteries 

 Recycling technology used 

 Types of materials recovered 
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 Value of the recovered metals 

 Economies of scale 

Conventionally the costs of NiCd and NiMH battery waste collection are similar. Whereas in case 
of Li-ion battery, due to the additional safety provisions for their transportation and storage, 
collection costs are usually higher compared to NiCd or NiMH waste battery collection111. 
However, due to insufficient information these extra collection costs for waste Li-ion batteries 
cannot be quantified. For the analysis in this study, it is assumed that there is no difference in 
collection costs between NiCd and alternative battery types. 

The economic benefits of recycling waste NiCd and NiMH batteries primarily come from the 
extraction of as much Nickel as found in these batteries. On the other hand, the economic 
benefits of recycling waste Li-ion batteries are primarily due to extraction of Cobalt. The three 
major EU battery-recycling companies SNAM, Accurec and Umicore provided their estimates on 
the costs associated with the recycling of the waste CPT batteries types (see Table 84). This 
means that based on the market price of Nickel, the recycler either buys (when Nickel price is 
high) the waste batteries from the collectors or they asks the collector to pay (when Nickel price 
is low) for the treatment of waste batteries. This financial transaction between the supplier (e.g. 
a collection organisation) of waste batteries and the receiver of these batteries (waste batteries 
recyclers) is known as the recycling treatment fee. 

EPTA suggested that the collection of waste portable NiCd batteries from CPTs in EU is rapidly 
increasing and reached around 1 800 tonnes in 2010. It further commented that the recycling 
efficiency of waste NiCd batteries is much higher than for other waste CPT battery types. EPTA 
remarked that all of the recycled Cadmium is reused as opposed to Lithium which is neither 
recycled nor reused as this is not yet commercially viable83. 

Table 84: Recycling treatment fees for the waste CPT batteries 

Waste recycling treatment fees (€/tonne) 
Waste battery type 

Ni Price: €20000/tonne Ni Price: €10000/tonne 

NiCd +500 -500 

NiMH +1 200 +800 

Li-ion (without Li recovery) -1 850 -1 850 

Li-ion (with Li recovery) -3 750 -3 750 

In the above table, a “+” value signifies that the recycling company buys the waste batteries from 
the supplier whereas a “-” value signifies that the recycling company asks the supplier to pay for 
the treatment of the waste batteries.  

                                                                  
111 Source : Arcadis study (Commissioned by industry) on “The use of Portable Rechargeable Batteries in Cordless 
Power Tools”, 2010   
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As NiCd and NiMH battery recycling is taking place in EU for more than last 20 years, it can 
therefore be assumed that these are mature technologies and have already reached saturation in 
terms of their cost of operation. 

As presented in Table 84, at this moment in the EU the recycling of Li-ion (LiFePO4) batteries is 
still carried out at net cost. It is estimated that the recycling treatment fees (which is in turn 
linked to the total recycling costs) for the recycling of Li-ion batteries without Lithium recovery is 
lower compared to their recycling treatment fees with Lithium recovery. This is so because the 
Li-ion (LiFePO4 in particular) battery recycling is still in the development phase and as the 
technology evolves and the economies of scale emerge, the cost of recycling Li-ion batteries is 
expected to decrease in coming years.  

As per an estimate provided by a Li-ion battery recycling company in EU, the cost increase 
associated with the scale up of a Li-ion battery recycling plant by 7 times (from 7 000 tonnes/year 
to 50 000 tonnes/year) is only in the range of 3 folds. It is expected that by 2025, more than 
50 000 tonnes/year of waste Li-ion batteries will be available in EU for recycling112. Hence, a 
decrease of about 50% in the recycling treatment fees for waste Li-ion batteries over the period 
2010-2025 can be assumed. This leads to compound annual decrease of 4.5% in the recycling 
treatment fees for waste Li-ion batteries over the period 2010-2025. 

Using the cost estimates on recycling treatment fees for NiCd and NiMH (see Table 84) and as 
described in the previous paragraph for Li-ion batteries, the quantities of CPT battery waste 
generation (in section 2.4), the net cost impact of recycling activity in EU was analysed for the 
period 2011-2025 (Table 85). 

Table 85: Net Present Value (NPV) at 4% discount rate in 2011 of the recycling cost of overall 
CPT battery waste generated in EU from 2011 till 2025  

NPV (in million Euros) in 2011 
Waste collection scenario 

Scenario 1 Scenario 2 

Ni Price: €20/Kg (Li recovered) 132 32 

Ni Price: €20/Kg (Li not recovered) 33 8 

Ni Price: €10/Kg (Li recovered) 179 44 

Ni Price: €10/Kg (Li not recovered) 80 20 

Table 86 below summarises the economic impacts of Option 1. 

 

 

 

                                                                  
112 Source: Stakeholder estimate based on the Li-ion battery waste resulting from their increasing use in Electric and 
Hybrid Electric Vehicles in EU. 
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Table 86: Summary of economic impacts in Option 1 

Stakeholder Economic Impact 

Mining companies 

Raw material suppliers 

Battery cell manufacturers 

Battery pack assemblers 

CPT manufacturers 

Retailers 

Consumers 

No additional impact as normal business 
functioning (no quantification of this 

expenditure available) 

Recyclers NPV in 2011 of the recycling cost of 
waste CPT battery arsing over the period 
2011 till 2025 is in the range of €8 million 
to €179 million 

Administrative costs (MS) No Impact 

2.5.2.3 Social impacts 

As there is no additional impact than normal business functioning on the industry stakeholders 
linked to CPTs, there is no impact on job creation. 

2.5.2.4 Administrative burdens 

As there is no policy change, no additional burdens for the competent Member States authorities 
are expected. 

2.5.3 Option 2: Immediate withdrawal of the exemption 
(2012/2013) 

2.5.3.1 Environmental impacts 

 Amount of Cadmium introduced into the EU economy 

Using the market forecast provided in section 2.4.2 it is calculated that around 8 060 tonnes of 
Cadmium will be introduced in the EU economy over the period 2010-2025 via the use of portable 
NiCd batteries in CPTs for Option 2. 
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As per the end-of-life scenario 1 considered in Option 2, 8 060 tonnes of Cadmium introduced 
through CPT batteries will lead to around 300 tonnes of Cadmium emissions through leachate 
to water in ST + 5%LT113. The Cadmium released in water in turn impacts human health by 
increasing the morbidity in the total human population. The 300 tonnes of Cadmium released in 
water can cause cancer and non-cancer diseases in around 128 people, which is 68% less when 
compared to BaU scenario (Option 1) over the same period of time. 

As per the end-of-life scenario 2 considered in Option 2, 8 060 tonnes of Cadmium introduced 
through CPT batteries will lead to around 360 tonnes of Cadmium emissions through leachate 
to water in ST + 5%LT. The Cadmium released in water in turn impacts human health by 
increasing the morbidity in the total human population. The 360 tonnes of Cadmium released in 
water can cause cancer and non-cancer diseases in around 154 people, which is 74% less when 
compared to BaU scenario (Option 1) over the same period of time. 

 Aggregated environmental impact at the EU level 

Based on the outcomes of the LCA analysis presented in Annex 10 (Table 123 to Table 125) and 
the market forecast provided in section 2.4.2, the overall impacts in EU associated with the use of 
batteries in CPTs placed on the EU market over the period 2010-2025, are calculated and 
presented in Annex 12 (Table 132). 

Using the methodology described earlier to assess the environmental impacts and environmental 
impact values from Table 132, the overall aggregated environmental impact for Policy Option 2 
(waste CPT battery collection scenario 1) is presented in Table 87. 

                                                                  
113 Please note: “ST” stands for Short Term and signifies the duration of operation of a landfill (usually less than 100 
years) in the waste batteries are landfilled, whereas “LT” stands for Long Term and 5%LT signifies the period over 
which 5% of the overall emissions related to the landfilled battery waste take place (this duration can be anything 
between the time of closure of a landfill to 1000’s of years).    

The ST emissions only represent the emission occurring during the operation of the landfill which are almost 
insignificant when compared with the LT emissions (which assumes all the landfilled battery waste is emitted to 
environment), however the probability of its happening is very low. Therefore a most reasonable approach is “ST + 5% 
LT” which has been proposed in the study conducted by ERM for DEFRA and has received wide acceptance (ERM study 
on “Battery Waste Management Life Cycle Assessment”, October 2008, DEFRA). 
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Table 87: Aggregated environmental impact for Policy Option 2 (waste CPT battery 
collection scenario 1) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 179 045 59 397 

POFP 88 526 6 384 

TAP 196 510 11 338 

ARDP 490 127 49 486 

HTP (ST + 5%LT) 222 213 32 051 

FAEP (ST + 5%LT) 180 073 299 28 570 695 

PMFP 184 972 18 676 

FEP 6 682 649 224 586 

Aggregated Environmental Impact 28 972 615 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 2 (waste CPT battery collection scenario 1) is equivalent to environmental impact 
caused by 28 972 615 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ 
Switzerland)) citizens. Therefore, the environmental impact due to the use of batteries in CPTs in 
EU contributes 6.24% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 2 is 2% lower when compared to the use of CPTs in Option 1. In other words, the Option 2 
is environmentally beneficial by 2% when compared to Option 1. 

Table 88: Aggregated environmental impact (excluding contribution of HTP (ST + 5%LT) and 
FAEP (ST + 5%LT)) for Policy Option 2 (waste CPT battery collection scenario 1) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 179 045 85 206 

POFP 88 526 9 158 

TAP 196 510 16 264 

ARDP 490 127 70 989 

PMFP 184 972 26 791 

FEP 6 682 649 322 172 

Aggregated Environmental Impact 530 581 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 2 (waste CPT battery collection scenario 1) is equivalent to environmental impact 
caused by 530 581 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ Switzerland)) 
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citizens. Therefore, the environmental impact due to the use of batteries in CPTs in EU 
contributes 0.1143% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 2 is 5% lower when compared to the use of CPTs in Option 1. In other words, the Option 2 
is environmentally beneficial by 5% when compared to Option 1. 

Like in case of Option 1, the overall aggregated environmental impact for Policy Option 2 (waste 
CPT battery collection scenario 2) is presented in Table 89 and Table 90 below. 

Table 89: Aggregated environmental impact for Policy Option 2 (waste CPT battery 
collection scenario 2) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 180 139 59 760 

POFP 92 592 6 678 

TAP 235 894 13 610 

ARDP 507 314 51 222 

HTP (ST + 5%LT) 236 577 34 123 

FAEP (ST + 5%LT) 260 964 650 41 405 036 

PMFP 212 337 21 439 

FEP 6 922 154 232 635 

Aggregated Environmental Impact 41 824 503 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 2 (waste CPT battery collection scenario 2) is equivalent to total environmental impact 
caused by 41 824 503 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ 
Switzerland)) citizens. Therefore, the environmental impact due to the use of batteries in CPTs in 
EU contributes 9.01% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 2 is 2% lower when compared to the use of CPTs in Option 1. In other words, the Option 2 
is environmentally beneficial by 2% when compared to Option 1. 
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Table 90: Aggregated environmental impact (excluding contribution of HTP (ST + 5%LT) and 
FAEP (ST + 5%LT)) for Policy Option 2 (waste CPT battery collection scenario 2) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 180 139 85 727 

POFP 92 592 9 579 

TAP 235 894 19 524 

ARDP 507 314 73 478 

PMFP 212 337 30 754 

FEP 6 922 154 333 719 

Aggregated Environmental Impact 552 781 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 2 (waste CPT battery collection scenario 2) is equivalent to environmental impact 
caused by 552 781 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ Switzerland)) 
citizens. Therefore, the environmental impact due to the use of batteries in CPTs in EU 
contributes 0.1191% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 2 is 8% lower when compared to the use of CPTs in Option 1. In other words, the Option 2 
is environmentally beneficial by 8% when compared to Option 1. 

Depending upon the choice of collection rate and the indicators to calculate the aggregated 
environmental impact, Option 2 is environmentally beneficial by 2% to 8% when compared to 
Option 1.  

2.5.3.2 Economic impacts 

2.5.3.2.1 Economic impacts on mining companies 

A withdrawal of the current exemption to portable NiCd batteries use in CPTs will not have a 
direct impact on the miners as Cadmium is generally produced as a by-product from primary zinc 
refining process. This finding is confirmed by the observations made in previous studies. One of 
the study62 also suggests that a decrease in Cadmium price is not expected since there is already 
a Cadmium surplus in global markets. 

2.5.3.2.2 Economic impacts on raw material suppliers 

 Cadmium salts market 

Based on a consultation with Floridienne Chimie, it is estimated that the withdrawal of current 
exemption to NiCd batteries will lead to 50 % reduction of the Cadmium oxide production at its 
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plant in Belgium. It further states that this reduction in the production would lead to a yearly loss 
of operational revenues in the range of 15 to 20 million Euros.  

However, it must be noted that the demand for industrial NiCd batteries is increasing (railways 
developments in BRIC countries – Brazil, Russia, India and China). The resulting volume gains 
could mitigate the effects of a ban on CPT in EU. On the other hand, it highlights that a shrinking 
market of NiCd batteries in EU will stimulate competition from other Cadmium oxide producers 
in particular the low cost labour countries like China and India62. 

 Other metals 

The impact on the global demand of other metals such as Cobalt, Lithium, Nickel and rare-earth 
metals due to a withdrawal of current exemption to NiCd batteries is analysed in this section. 
This calculation is performed by directly comparing the materials necessary for providing the 
same amount of lifetime energy as the NiCd batteries sold in EU during a year by corresponding 
amount of NiMH or Li-ion batteries. 

Following assumptions are made to perform this analysis: 

 Market forecasts provided in Figure 67 is used as a basis to estimate the quantities 
of NiCd batteries in a particular year 

 In the light of limited availability of the market forecast of these metals, the overall 
size of their market is assumed constant over the period of 2008 until 2025 

 20% of the NiCd battery market will be replaced by NiMH batteries whereas the 
remaining 80% by Li-ion batteries 

 All the three battery types (NiCd, NiMH and Li-ion) have similar lifetime (10 
years114) 

It is estimated that over the period of 2013-2025, it will impact on an average annual basis the 
overall worldwide market of other metals as per following: 

 Cobalt market: increase by 0.796% 

 Lithium market: increase by 0.374% 

 Nickel market: decrease by 0.012% 

 The rare-earths market: increase by 0.124% 

It is clear from above that the impact on the global demand of raw materials resulting from the 
withdrawal of current exemption to NiCd battery use in CPTs is almost insignificant (less than 1% 
for all of them). It can therefore be assumed that supply of these raw materials will not be limited 
due to the withdrawal of current exemption to NiCd battery use in CPTs in EU in 2013. 

                                                                  
114 Taking the average lifetime of 10 years for NiCd batteries (Source: Japan Rechargeable Battery Recycling Center, 
2009) as the basis for the lifetime of NiMH and Li-ion batteries as well.  
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2.5.3.2.3 Economic impacts on battery cell manufacturers 

Currently there is no company having production facilities in EU to manufacture portable NiCd 
batteries intended for the use in CPTs. All portable NiCd, NiMH and Li-ion batteries used in CPTs 
are imported to the EU, mainly from Asia.   

Economic impacts on the EU batteries industry due to a ban of NiCd batteries for CPTs are 
therefore not expected. However, in case of a withdrawal of the current exemption to NiCd 
batteries for use in CPTs, the major NiCd manufacturers (see section 2.2.4 for further information 
on these manufacturers) will see a reduction in the demand for these batteries by approximately 
25 %111.  

Sanyo is the leading manufacturer of NiCd batteries with a worldwide market share of around 
75% (all applications). Sanyo is investing in Li-Ion cells production for the CPT market, however it 
is still in a development stage. A withdrawal of the current exemption to NiCd batteries for use in 
CPTs would result in Sanyo losing its market dominance in the batteries for CPT sector 
(remaining with a market share of only 20-25% of the Li-Ion CPT market). Currently the Chinese 
company A123 is the dominant Li-Ion battery manufacturer. Therefore, a withdrawal of the 
current exemption to NiCd batteries for use in CPTs would shift the dominance of the sector for 
batteries production for CPTs from Japan to China, at least in the short-term.  

EPTA commented that “collection and recycling of waste Li-ion batteries is in its infancy therefore 
the withdrawal of current exemption to NiCd batteries use in CPTs in 2013 (as per Option 2) will lead 
to an increase in the use of primary raw materials and additional dependency on China for CPT 
battery production83”. 

2.5.3.2.4 Economic impacts on battery pack assemblers 

Li-ion battery technology is the major alternative to NiCd battery technology for use in CPTs. 
Compared to NiCd, Li-ion battery technology requires a electronic module in the battery pack for 
the charge control of these batteries. For safety reasons, this electronic module is often placed in 
the Li-ion battery power pack. Due to technical and economic reasons there is a strong tendency 
to leave to the Li-ion battery manufacturers the development of the charge control module and 
its incorporation in the power pack. Therefore, the Li-ion battery pack assembly is currently only 
done by Asian companies manufacturing these cells. On the contrary, the battery pack assembly 
activity for Nickel-based batteries can be performed in EU. 

The withdrawal of the current exemption to NiCd batteries for use in CPTs may theoretically 
affect the EU Nickel-based pack assembly operations. Due to lack of information concerning the 
extent of these impacts, their quantification is not possible.  

2.5.3.2.5 Economic impacts on CPT manufacturers 

The estimates of cost to CPT manufacturers presented in this section are only based on the 
information provided by EPTA (due to the unavailability other public sources of such 
information). 
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EPTA remarked that “in Option 2, the CPT manufacturers will have to re-tool existing NiCd product 
lines to produce Li-ion batteries based CPTs. EPTA commented that the resulting technical costs 
were estimated at €60 million in 2008. By 2011, a number of NiCd battery based CPTs have been 
replaced by Li-Ion battery based CPTs in the course of their natural life cycle. However, as the costs 
have risen since 2008, EPTA estimates that the technical costs would be approximately €32 million 
in 201183”. 

EPTA further commented that “withdrawal of the current exemption in 2013 (in Option 2) would be 
a challenge to the CPT industry in managing the supply chain of their products and components. 
This is so as it is a standard business practice to have long term contracts for the provision of battery 
cells, chargers and packaging for example. EPTA estimates that the one-off costs of managing the 
supply chain would be around €8 million83”. 

 Technical costs for CPT manufacturers 

 R&D costs 

The R&D costs include one-time cost to develop, test and use alternative technologies to 
replace the NiCd based CPTs.  

The R&D costs for Li-ion technology based CPTs are different than those for NiMH 
technology based CPTs. EPTA suggests that the R&D costs for Li-ion technology based 
CPTs include both cost related to battery (e.g. developing battery packs for the 
replacement tools and their testing) and the cordless power tool (this concerns redesign of 
the tools e.g. costs to develop mouldings, electronics and packaging). The R&D costs for 
NiMH technology based CPTs only concern the cost related to battery. The R&D costs 
related to NiMH CPT are assumed to be insignificant as the NiCd based CPTs are already 
designed to be used either with NiCd or NiMH battery packs. The costs presented in Table 
91 are for year 2008 based on the estimate provided by member companies of EPTA (7 in 
case of Li-ion technology and 5 in case of NiMH technology) active in EU CPT market. 

Table 91: Estimate of R&D costs in year 2008 for CPT manufacturers (EPTA member 
companies) in case of ban of NiCd batteries in CPTs111 

R&D cost for CPT manufacturers Li-ion technology NiMH technology 

Average value per CPT manufacturer €4.3 million €1.1 million 

Median cost €550 000 €150 000 

Minimum cost €30 000 €100 000 

Maximum cost €18 million €3 million 

Total R&D costs to all the EPTA members €30 million €5.5 million 

Based on the above estimates the overall one-time R&D costs in 2008 for EPTA member 
companies would be €35.5 million. It is important to note that these R&D cost estimates are 
solely based on the data reported by EPTA and no other sources of information were available to 
verify these estimates. 
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In the BaU scenario, the market of NiCd CPTs in EU decreases by 20% from 2008 (15 267 357 NiCd 
battery pack units) to 2012 (12 117 709 NiCd battery pack units). Therefore it is estimated as an 
optimistic assumption that 20% of the R&D cost estimate provided for year 2008 in Table 91 will 
have already taken place as a normal business operating expenditure by 2012115. The R&D costs 
in the year 2013 required by Option 2 thus amounts to €28.4 million (80% of €35.5 million). As a 
worst case situation, the R&D costs required in year 2013 are assumed to be €35.5 million, same 
as in year 2008.   

 Upgradation of production lines 

Adaptation of production lines to new alternative technologies to replace the NiCd based CPTs 
requires one time capital expenditure. The cost of adapting production lines concern both the 
battery pack and CPT assembly lines.  

Capital expenditure for the battery pack assembly lines of CPT manufacturers for year 2008 was 
around €1.1 million mainly concerning investment in higher-grade welding equipment and test 
equipments for Li-ion batteries. Capital expenditure for the CPT assembly lines of the 
manufacturers for the year 2008 was around €3.5 million. The total cost to the CPT 
manufacturers for the upgradation of production lines in year 2008 was therefore around €4.6 
million. 

It is assumed that in an optimistic situation the costs for upgradation of production lines in the 
year 2013 required by Option 2 amounts to €3.7 million (80% of €4.6 million). In a worst case 
situation the costs for upgradation of production lines in year 2013 are assumed to be €4.6 
million, same as in year 2008.   

In an optimistic situation the total one-time technical cost for EPTA (7 member companies 
representing 70% of the CPT market share in EU116) in year 2013 is around €32.1 million, which 
represents 2.6% of their CPT turnover in 2010. The total one-time technical costs in 2013 in this 
situation for all CPT manufacturers in EU will be around €45.8 million. 

As a worst case situation, the total one-time technical cost for EPTA (7 member companies 
representing 70% of the CPT market share in EU116) in year 2013 is around €40 million, which 
represents 4% of their CPT turnover in 2010. The total one-time technical costs in 2013 in this 
situation for all CPT manufacturers in EU will be around €60 million.  

Based on the above analysis following observations concerning the overall one-time technical 
costs can be made: 

 Average technical cost per CPT manufacturer amounts to almost €5.7 million and 
the median value to about € 1 million 

                                                                  
115 This estimate is based on the assumption that there is a linear correlation between the R&D costs for alternative 
CPTs (NiMH and Li-ion based CPTs) and the overall market of NiCd based CPTs in EU 

116 Please note: Out of these 7 EPTA member companies, 3 companies consider that they already comply with the 
requirements of the withdrawal of the current exemption to NiCd batteries. 2 out of these 3 are large companies and 
they already replaced NiCd with Li-ion and NiMH for standard delivery since 2-3 years. The third company is a medium-
sized company and already stopped selling NiCd based CPTs since last 3-4 years. 
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 High absolute technical costs: two companies estimate the total technical costs at 
more than 16 and more than € 20 million or respectively 6% and 7.5% of their 
yearly CPT sales turnover 

 High end of the cost impact: a medium-size company (representing less than 0.5% 
of EU CPT market by value) active only in the EU market and producing only NiCd 
based CPTs estimates the total technical costs at more than 3 times the yearly 
turnover 

 Low end of the cost impact: a medium-sized company (representing less than 5% 
of the EU CPT market by value) estimates the total technical costs at around 
0.17% of its turnover 

 Impact due to already existing stock (in EU) of NiCd based CPTs in EU  

Several studies47,54,62 have analysed the technical and economic feasibility of substituting NiCd 
batteries with Li-Ion or NiMH batteries in CPTs and have come to the conclusion that these are 
reliable and solid technical replacements. Therefore, in the opinion of the project team, the 
impact due to already existing stock (in market) of the NiCd based CPTs in EU will be negligible. 

2.5.3.2.6 Economic impacts on retailers 

Retailers in EU sell both their own brand of CPTs and those manufactured by other companies. In 
fact, EPTA suggests that the retailers own brands117 represent most of the remaining market 
share of CPTs market in EU not covered by EPTA member companies (around 30% of the EU CPT 
market by value).  

In the opinion of the project team, the potential extra costs due to the higher purchase price of 
the alternatives to NiCd battery based CPTs will be entirely passed on to the consumers therefore 
not impacting the retailers.  

2.5.3.2.7 Economic impacts on consumers 

In case of the withdrawal of the current exemption in 2013 to NiCd batteries for use in CPTs, 
consumers will potentially be impacted due to the higher manufacturing cost of alternative 
battery technology based CPTs. The impact on consumers is assessed using two different 
approaches: 

 Estimates provided by EPTA 

 Cost of CPTs (based on three battery types) and their market structure in EU 

 Estimates provided by EPTA 

                                                                  
117 Please note: The impact on retailers own brands is already included in the overall impact of the CPT manufacturing 
industry 
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EPTA commented that “as the market price of Li-ion battery based CPTs is still higher and will 
remain higher than NiCd battery based CPTs (because of the need for additional control systems) it 
estimates an average annual additional cost for consumers to be €57 million in 201183”. 

On the other hand, EPTA suggested following impact of the higher manufacturing costs of 
additional units (compared to BaU) of NiMH and Li-ion CPTs: 

 Each additional NiMH battery based CPTs (both DIY and PRO): 20% higher 
manufacturing cost than NiCd CPTs, half of which will absorbed by the 
manufacturer. In other words, this means 10% higher cost for the consumer both 
DIY and PRO. 

 Each additional Li-ion technology based CPTs (both DIY and PRO): 50% higher 
manufacturing cost than NiCd CPTs, half of which will absorbed by the 
manufacturer. In other words, this means 25% higher cost for the consumer both 
DIY and PRO. 

The impact of this increased cost for additional NiMH and Li-ion CPT units when translated on 
the overall NiMH and Li-ion CPT market in EU  in Option 2 results in the following increase in cost 
of average tool for the consumer: 

 Average NiMH battery based CPTs: 1.4% (average over the period 2013-2025) 
higher cost to the consumer than average NiCd CPT. The extra cost for average 
NiMH based CPT to consumer is 2.6% in 2013 falling down to 0.6% in 2025 when 
compared to average NiCd CPT. 

 Average Li-ion technology based CPTs: 3.5% (average over the period 2013-2025) 
higher cost to the consumer than average NiCd CPT. The extra cost for average 
Li-ion based CPT to consumer is 6.7% in 2013 falling down to 1.4% in 2025 when 
compared to average NiCd CPT. 

The impact on consumers would therefore be: 

 To replace a NiCd CPT (including two battery packs and a charger), which costs 
€60.80, by a NiMH CPT (including two battery packs and a charger) will cost 
€66.90 in 2013118. 

 . To replace a NiCd CPT (including two battery packs and a charger) which cost 
€60.80 by a Li-ion CPT (including two battery packs and a charger) will cost €76 in 
2013119. 

                                                                  
118 As the charger and tool used for both NiCd and NiMH CPTs are the same, therefore it is reasonable to estimate that 
the above increase in cost of NiMH CPT as compared to a NiCd CPT is solely due to the higher cost of NiMH batteries 
as compared to NiCd batteries. 

119 A Li-ion CPT when compared to a NiCd CPT, only the tool is same however different types of chargers are used for 
Li-ion and NiCd battery packs. This is so due to the presence of an additional electronic circuit in case of a charger for 
Li-ion battery packs. 
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In case of the withdrawal of the current exemption in 2013 to portable NiCd batteries for use in 
CPTs, consumers will potentially be impacted due to the higher manufacturing cost of alternative 
battery technology based CPTs. Over the period 2013-2025, an average NiMH battery based CPT 
will cost €0.8 more, whereas an average Li-ion battery based CPT will cost €2.1 more to the 
consumer than the average NiCd-battery based CPT. 

 Cost of CPTs (based on three battery types) and their market structure in EU 

The average price of the CPTs (for all the three battery types) for both the DIY and PRO markets 
is calculated (see Table 92) on the basis of the following data reported for the EU CPT market in 
2008: 

 Total EU CPT market: €1.5 billion 

 Total number of CPT units sold: 16.6 million 

 Market share (number of units sold): 65% DIY and 35% PRO 

 Market share split of DIY (number of units sold): 54% NiCd, 40% Li-ion and 6% 
NiMH 

 Market share split of DIY (value): 49.4% NiCd, 44.7% Li-ion and 5.9% NiMH 

 Market share split of PRO (number of units sold): 41.7% NiCd, 39.6% Li-ion and 
18.7% NiMH 

 Market share split of PRO (value): 36.9% NiCd, 45.6% Li-ion and 17.5% NiMH 

Table 92: Average price of DIY and PRO CPTs sold in the EU market for all the three battery 
based CPT types in Option 2 

Average EU price per unit of CPT (in €) 
CPT type 

DIY PRO 

NiCd battery based CPT 45 160 

NiMH battery based CPT 48 168 

Li-ion battery based CPT 55 208 

EPTA’s estimate on increase in price for the consumer is in line with the increase in cost 
calculated using the market data for CPTs in EU in 2008 (Table 92), according to which the DIY Li-
ion CPT costs 20% more whereas the PRO CPT costs 30% more when compared to a NiCd based 
CPT sold in EU. 
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Using the CPT sales projection volumes from BaU scenario and the higher cost estimates (for the 
alternative CPTs to NiCd based CPTs) presented in Table 92, the impact on consumers is 
calculated to be: 

 DIY consumers: Increase in yearly average cost for overall DIY market of around 
€24.3 million over the period 2013 till 2025 or 4.7% of the total DIY CPT market in 
EU in 2008 

 DIY consumers: Net Present Value (NPV) at 4% discount rate in 2011 of the 
additional cost for DIY consumers around €251 million for the period 2013 till 
2025 

 PRO consumers: Increase in yearly average cost for overall PRO market of around 
€52.3 million over the period 2013 till 2025 or 5.1% of the total PRO CPT market in 
EU in 2008 

 PRO consumers: Net Present Value (NPV) at 4% discount rate in 2011 of the 
additional cost for PRO consumers: around €540 million for the period 2013 till 
2025 

2.5.3.2.8 Economic impacts on battery waste management 

EPTA commented that “the recycling industry has stated that they will not invest in recycling waste 
NiCd batteries in the event that the exemption is withdrawn in 2013 (under Option 2) which may 
lead to loss of employment and the likelihood that more NiCd batteries may be placed in landfill, 
stored or incinerated than is currently the case83”. 

 Cost of recycling CPT battery waste in EU 

Using the same approach as earlier described in section 2.5.2.2 for the BaU scenario and the 
quantities of CPT battery waste generation (in section 2.4.3), the net cost impact of recycling 
activity in EU was analysed for the period 2011-2025 (Table 93). 
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Table 93: Net Present Value (NPV) at 4% discount rate in 2011 of the recycling cost of overall 
CPT battery waste generated in EU in Option 2 from 2011 till 2025  

NPV (in million Euros) in 
2011 in Option 2 

% change compared to 
recycling costs in Option 1 

Waste collection 
scenario 

Scenario 1 Scenario 2 Scenario 1* Scenario 2* 

Ni Price: €20/Kg (Li 
recovered) 166 40 +27% +26% 

Ni Price: €20/Kg (Li 
not recovered) 53 13 +60% +58% 

Ni Price: €10/Kg (Li 
recovered) 192 47 +7% +7% 

Ni Price: €10/Kg (Li 
not recovered) 78 20 -2% -2% 

* Please note: In the above table, a “-“ sign signifies a decrease in (lower) recycling cost compared to Option 1 
whereas a “+” sign signifies an increase (higher) recycling cost compared to Option 1. 

Two NiCd waste battery recyclers (SNAM and Accurec) in EU expect a combined annual turnover 
loss in the range of €10.5 million to €11.2 million. However, as these recyclers, other than 
portable NiCd batteries also recycle other battery chemistries (such as NiMH) and also industrial 
NiCd batteries, therefore the withdrawal of the exemption should not question their viability 
even though the economic impacts on them may not be negligible.  

 New investment in recycling infrastructure 

The withdrawal of the current exemption to NiCd battery use in CPTs will lead to replacement of 
NiCd battery by alternative battery types, particularly by Li-ion based CPTs. This will in turn 
result in additional waste generation of Li-ion batteries at the end of their life and may require 
investments in development of waste Li-ion battery recycling plants hence supporting innovation 
in the waste battery recycling technologies. 

In the opinion of Umicore120, their recycling facilities are equipped to handle the resulting 
additional flow of waste Li-ion batteries. It is therefore anticipated that when compared to 
Option 1, no additional investment in waste Li-ion battery recycling plant infrastructure will be 
required. 

Table 94 below summarises the overall economic impacts in Option 2. 

 

 

                                                                  
120 Umicore is one of the main suppliers of raw materials to rechargeable battery industry and a major recycler of waste 
Li-ion batteries in EU. 
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Table 94: Summary of economic impact in Option 2 

Stakeholder Economic Impact 

Mining companies No impact 

Raw material suppliers Small turnover loss (in the range of €15 to €20 
million/year) to Cadmium salt producers 

Battery cell manufacturers No impact (as no CPT battery manufacturing in EU) 

Battery pack assemblers Nickel-based battery pack assemblers in EU may 
theoretically be slightly affected (no quantification) 

CPT manufacturers One-time combined technical costs for all the CPT 
manufacturers in EU is estimated to be €45.8 to €60 
million 

Retailers No impact on retailers as they will pass on the increased 
cost (of alternatives to NiCd CPTs) entirely to consumers 

Consumers Over the period 2013-2025, an average NiMH battery 
based CPT will cost €0.8 more, whereas an average Li-
ion battery based CPT will cost €2.1 more to the 
consumer than the average NiCd-battery based CPT 

Recyclers NPV in 2011 of the cost of recycling waste CPT batteries 
in the range of €13 million to €192 million 

Administrative costs (MS) Insignificant impact (since Cadmium restriction in many 
portable batteries is already implemented under the 
Battery Directive) 

2.5.3.3 Social impacts 

The withdrawal of current exemption (in 2013) to NiCd batteries use in CPTs will have an impact 
on the employment in EU resulting in direct and indirect (related to handling, transportation, 
manufacturing of packaging, etc.) job losses in some case as presented below: 

 Mining companies: no impact 

 Raw material suppliers: 20-30 direct job losses in EU are estimated for raw material 
suppliers to the NiCd battery industry121.  

                                                                  
121 Estimate provided by Floridienne Chimie (www.floridiennechimie.com/) 
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 Battery cell manufacturers: no impact as the portable NiCd batteries for use in 
CPTs are not produced in EU. 

 Battery pack assemblers: Jobs in the Nickel-based pack assembly operations may 
theoretically be impacted. However, the quantification of impact on direct and 
indirect job losses is not available. 

 CPT manufacturers: One CPT manufacturer reports a positive impact on 
employment whereas two others expect a negative impact on employment. This 
limited sample and contradictory data don’t allow to assess the impact on direct 
and indirect job losses. The quantification of resulting direct and indirect job 
losses in EU is however not available. 

 Recyclers: Two NiCd waste CPT battery recyclers (SNAM and Accurec) expect 
around 4954 job losses in EU. However, as these recyclers, other than portable 
NiCd batteries also recycle other battery chemistries (such as NiMH for Accurec 
and NiMH and Li-ion for SNAM) and also industrial NiCd batteries, therefore, in 
the opinion of the project team withdrawal of the exemption should not question 
their viability even though the impact on employment on them may not be 
negligible. The job losses in NiCd battery recycling sector should however be 
balanced by the new job creation in the recycling of waste NiMH and particularly 
waste Li-ion batteries in EU. 

2.5.3.4 Impact on Small and Medium Enterprises (SMEs) 

It is estimated that the withdrawal of current exemption to NiCd batteries will lead to 50 % 
reduction of the Cadmium oxide production the plant of an SME in Belgium. 

In EU, there is still an activity of Nickel-based battery pack assembly which qualifies as SMEs. The 
withdrawal of the current exemption to NiCd batteries for use in CPTs may theoretically affect 
the operations of these EU Nickel-based pack assemblers. Due to lack of information concerning 
the extent of these impacts, their quantification is not possible. 

Of the seven medium-sized CPT manufacturers identified as operating in the EU market, only 
three of them still produce and sell NiCd based CPTs in the EU market in 2011. All seven of these 
medium-sized CPT manufacturers already produce alternatives to NiCd based CPTs (primarily Li-
ion based CPTs and some NiMH based CPTs). It must be noted that these medium-sized CPT 
manufacturers on the other hand also produce corded power tools. It can therefore be concluded 
that the withdrawal of the current exemption should not question the viability of any of the SME 
CPT manufacturers. 

SNAM and Accurec are two main NiCd waste battery recyclers in EU. Both these recycling 
companies qualify as SMEs and expect a combined annual turnover loss in the range of €10.5 
million to €11.2 million. However, as these recyclers, other than portable NiCd batteries also 
recycle other battery chemistries (such as NiMH) and also industrial NiCd batteries, therefore the 
withdrawal of the exemption should not question their viability even though the economic 
impacts on them may not be negligible. At the same time, increased recycling of waste Li-ion and 
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NiMH is expected to create some jobs and compensate for the turnover loss in the waste NiCd 
battery recycling activity. 

2.5.3.5 Impact on competitiveness 

Demand for industrial NiCd batteries is increasing (railways developments in BRIC countries – 
Brazil, Russia, India and China). The resulting volume gains could mitigate the effects of a ban on 
CPT in EU. On the other hand, it highlights that a shrinking market of NiCd batteries in EU will 
stimulate competition from other Cadmium oxide producers in particular the low cost labour 
countries like China and India. 

The Li-ion battery pack assembly is currently only done by Asian companies manufacturing these 
cells. On the contrary, the battery pack assembly activity for Nickel-based batteries can be 
performed in EU. A withdrawal of the current exemption to NiCd batteries use in CPTs may 
therefore put EU Ni-based battery pack assembly activity at some disadvantage compared to 
battery pack assemblers elsewhere. 

European CPT manufacturers face significant competitive pressure from cheaper producers in 
China and elsewhere in particular for the low-price segment primarily comprised of DIY users and 
still having a major share of the NiCd based CPTs. The withdrawal of the current exemption to 
NiCd batteries use in CPTs may therefore add to the competitiveness of the EU based CPT 
manufacturers in the EU market. 

Out of the six waste CPT battery recyclers (SNAM, Accurec, SAFT AB, Redux GmbH, Umicore, 
Recupyl) identified operating in the EU market, only three (SNAM, Accurec, SAFT AB) of them 
recycle portable waste NiCd batteries in 2011. These three recycling companies (SNAM, Accurec, 
SAFT AB) however also recycle other battery chemistries (such as NiMH and Li-ion) and also 
industrial NiCd batteries. All six of them (SNAM, Accurec, SAFT AB, Redux GmbH, Umicore, 
Recupyl) recycle either waste NiMH or Li-ion batteries. The withdrawal of the current exemption 
to NiCd batteries used in CPTs may therefore enhance the overall competitiveness of internal 
waste battery recycling market in EU. 

2.5.3.6 Administrative burdens 

The withdrawal of current exemption to NiCd batteries for use in CPTs will require the competent 
Member State authorities to monitor and control their markets in order to ensure effective 
implementation of the ban. The Batteries Directive applies equally to all the Member States and 
it already requires each one of them to regularly monitor the batteries for restricted substances. 
To accomplish this, each Member State is expected to already have competent bodies, which can 
also handle the ban of NiCd batteries use in CPTs. 

An additional body for monitoring is therefore not required as it will most likely be handled by an 
already existing competent body which monitors the restriction of Cadmium in portable batteries 
(other than for use in CPTs, emergency lighting and for use in medical purposes).  
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2.5.4 Option 3: Delayed withdrawal of the exemption (2016) 

2.5.4.1 Environmental impacts 

 Amount of Cadmium introduced into the EU economy 

Based on the same assumptions as for the Option 1, and the market forecast provided in section 
2.4.3 it is calculated that around 14 830 tonnes of Cadmium will be introduced in the EU economy 
over the period 2010-2025 via the use of portable NiCd batteries in CPTs. The 14 830 tonnes of  

As per the end-of-life scenario 1 considered in Option 3, 14 830 tonnes of Cadmium introduced 
through CPT batteries will lead to around 520 tonnes of Cadmium emissions through leachate 
to water in ST + 5%LT. The Cadmium released in water in turn impacts human health by 
increasing the morbidity in the total human population. The 520 tonnes of Cadmium released in 
water can cause cancer and non-cancer diseases in around 222 people, which is 45% less when 
compared to BaU scenario (Option 1) over the same period of time. 

As per the end-of-life scenario 2 considered in Option 3, 14 830 tonnes of Cadmium introduced 
through CPT batteries will lead to around 660 tonnes of Cadmium emissions through leachate 
to water in ST + 5%LT. The Cadmium released in water in turn impacts human health by 
increasing the morbidity in the total human population. The 660 tonnes of Cadmium released in 
water can cause cancer and non-cancer diseases in around 283 people, which is 51% less when 
compared to BaU scenario (Option 1) over the same period of time 

 Aggregated environmental impact at the EU level 

Based on the outcomes of the LCA analysis presented in Annex 10 (Table 123 to Table 125) and 
the market forecast provided in section 2.4.3, the overall emissions in EU associated with the use 
of portable batteries in CPTs placed on the EU market over the period 2010-2025, are calculated 
and presented in Annex 12 (Table 134). 

Using the methodology described earlier to assess the environmental impacts and environmental 
impact values from Table 134, the overall aggregated environmental impact for Policy Option 3 
(waste CPT battery collection scenario 1) is presented in Table 119. 

Table 95: Aggregated environmental impact for Policy Option 3 (waste CPT battery 
collection scenario 1) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 178 681 59 277 

POFP 88 780 6 403 

TAP 200 189 11 550 

ARDP 557 936 56 333 
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Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

HTP (ST + 5%LT) 229 018 33 033 

FAEP (ST + 5%LT) 181 056 442 28 726 682 

PMFP 187 269 18 908 

FEP 6 673 681 224 285 

Aggregated Environmental Impact 29 136 470 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 3 (waste CPT battery collection scenario 1) is equivalent to environmental impact 
caused by 29 136 470 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ 
Switzerland)) citizens. Therefore, the environmental impact due to the use of batteries in CPTs in 
EU contributes 6.28% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 3 is 1% lower when compared to the use of CPTs in Option 1. In other words, the Option 3 
is environmentally beneficial by 1% when compared to Option 1.  

Table 96: Aggregated environmental impact (excluding contribution of HTP (ST + 5%LT) and 
FAEP (ST + 5%LT)) for Policy Option 3 (waste CPT battery collection scenario 1) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 178 681 85 033 

POFP 88 780 9 185 

TAP 200 189 16 569 

ARDP 557 936 80 810 

PMFP 187 269 27 124 

FEP 6 673 681 321 740 

Aggregated Environmental Impact 540 460 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 3 (waste CPT battery collection scenario 1) is equivalent to environmental impact 
caused by 540 460 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ Switzerland)) 
citizens. Therefore, the environmental impact due to the use of batteries in CPTs in EU 
contributes 0.1165% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 3 is 3% lower when compared to the use of CPTs in Option 1. In other words, the Option 3 
is environmentally beneficial by 3% when compared to Option 1.  
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Like in case of Option 1, the overall aggregated environmental impact for Policy Option 3 (waste 
CPT battery collection scenario 2) is presented in Table 97 and Table 98 below. 

Table 97: Aggregated environmental impact for Policy Option 3 (waste CPT battery 
collection scenario 2) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 179 808 59 651 

POFP 92 941 6 703 

TAP 240 473 13 874 

ARDP 597 452 60 323 

HTP (ST + 5%LT) 246 100 35 497 

FAEP (ST + 5%LT) 262 378 896 41 629 422 

PMFP 215 277 21 736 

FEP 6 919 125 232 534 

Aggregated Environmental Impact 42 059 739 

The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 3 (waste CPT battery collection scenario 2) is equivalent to environmental impact 
caused by 42 059 739 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ 
Switzerland)) citizens. Therefore, the environmental impact due to the use of batteries in CPTs in 
EU contributes 9.06% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 3 is 1% lower when compared to the use of CPTs in Option 1. In other words, the Option 3 
is environmentally beneficial by 1% when compared to Option 1.  

Table 98: Aggregated environmental impact (excluding contribution of HTP (ST + 5%LT) and 
FAEP (ST + 5%LT)) for Policy Option 3 (waste CPT battery collection scenario 2) 

Environmental impact Inhabitant-Eq 
Weighted 

Inhabitant-Eq 

GWP 179 808 85 570 

POFP 92 941 9 615 

TAP 240 473 19 903 

ARDP 597 452 86 533 

PMFP 215 277 31 180 

FEP 6 919 125 333 573 

Aggregated Environmental Impact 566 374 
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The annual aggregated environmental impact associated with the use of batteries in CPTs in EU 
in Option 3 (waste CPT battery collection scenario 2) is equivalent to environmental impact 
caused by 566 374 of 464 043 141 European (“EU25 +3” (EU25+ Iceland +Norway+ Switzerland)) 
citizens. Therefore, the environmental impact due to the use of batteries in CPTs in EU 
contributes 0.1221% to the overall environmental impact of EU. 

This means that the annual environmental impact associated with the use of batteries in CPTs in 
Option 3 is 5% lower when compared to the use of CPTs in Option 1. In other words, the Option 3 
is environmentally beneficial by 5% when compared to Option 1.  

Depending upon the choice of collection rate and the indicators to calculate the aggregated 
environmental impact, Option 3 results in 1% to 5% lower overall environmental impact when 
compared to Option 1. 

2.5.4.2 Economic impacts 

EPTA commented that “Option 3 would have a similar economic impact as Option 2, given the 
short period of time between the two options83”.  

2.5.4.2.1 Economic impacts on mining companies 

Like Option 2, the withdrawal of the current exemption (in 2016) to NiCd batteries use in CPTs 
will not have a direct impact on the miners. 

2.5.4.2.2 Economic impacts on raw material suppliers 

 Cadmium salts market 

Impact on Cadmium salts market is expected to be similar as for Option 2.  

 Other metals 

The impact on the global demand of other metals such as Cobalt, Lithium, Nickel and rare-earth 
metals due to a withdrawal of current exemption (in 2016) to NiCd batteries is analysed in this 
section. This calculation is performed by taking the same approach and making similar 
assumptions as in case of Option 2.  

It is estimated that over the period of 2016-2025, it will impact on an average annual basis the 
worldwide market of other metals as per following: 

 Cobalt market: increase by 0.723% 

 Lithium market: increase by 0.340% 

 Nickel market: decrease by 0.011% 

 The rare-earths market: increase by 0.113% 
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It is clear from above that the impact on the global demand of raw materials resulting from the 
withdrawal of current exemption to NiCd battery use in CPTs is almost insignificant (less than 1% 
for all of them). It can therefore be assumed that supply of these raw materials will not be limited 
due to the withdrawal of current exemption to NiCd battery use in CPTs in EU in 2016. 

2.5.4.2.3 Economic impacts on battery cell manufacturers 

No impact on EU batteries industry due to a withdrawal of current exemption in 2016 to NiCd 
batteries use in CPTs is expected.  

A similar or potentially lower (due to the natural decrease in market share of NiCd in 2016 as 
compared to 2013) impact as in case of Option 2 is expected on the worldwide (outside EU) 
battery industry. However, the quantification of the resulting impact is not available due to lack 
of information.  

2.5.4.2.4 Economic impacts on battery pack assemblers 

A similar or potentially lower (due to the natural decrease in market share of NiCd in 2016 as 
compared to 2013) impact as in case of Option 2 is expected on Nickel-based battery pack 
assemblers in EU.  

Due to lack of information concerning the extent of these impacts, their quantification is not 
possible.  

2.5.4.2.5 Economic impacts on CPT manufacturers 

Based on consultation with EPTA, it is expected that the withdrawal of current exemption in 2016 
to NiCd batteries use in CPTs will result in a potentially lower (due to the natural increase in 
market share of NiMH and Li-ion battery based CPTs in 2016 as compared to 2013) impact as 
compared to Option 2. 

EPTA suggests that it would cost more to re-design products in a short period of time rather than 
over the natural business cycle. Similarly, it would cost more to scrap or rework products that 
cannot be put on the market due to withdrawal of exemption in 2013 instead of at a later stage 
through stock management. Therefore, it would cost less to redesign the CPTs in case of 
withdrawal of current exemption in 2016 instead of 2013. EPTA estimates that the reduction in 
cost to CPT manufacturers would be in the order of 15% for each year of postponing the 
withdrawal of exemption after 2013 (assuming a product design life of 5-7 years). Hence, in 
Option 3 the impact on CPT manufacturers should be around 45% lower when compared to that 
of Option 2. 

An estimate of resulting impacts is quantified in the following sub-sections. 

 Technical costs for CPT manufacturers 

These costs can be further classified in to three main types: 

 Research and Development (R&D) costs: one-time R&D costs for EPTA member 
companies in 2016 will be €19.5 million.  
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 Upgradation of production lines: one-time costs for EPTA member companies in 
2016 will be €2.5 million: 

The total one-time technical cost for EPTA members (7 companies representing 70% of the CPT 
market share in EU) in 2016 will be €22 million, which represents 2.2% of their CPT turnover in 
2010. The total one-time technical costs in 2016 for CPT manufacturers in EU will be around €33 
million. 

 Impact due to already existing stock (in market) of NiCd based CPTs in EU  

Like Option 2, the withdrawal of the current exemption (in 2016) to NiCd batteries use in CPTs 
will not have a direct impact on the already existing stock (in market) of NiCd based CPTs in EU. 

2.5.4.2.6 Economic impacts on retailers 

A similar impact as in case of Option 2 is expected on retailers in EU.  

2.5.4.2.7 Economic impacts on consumers 

The impact on consumers is assessed using two different approaches: 

 Estimates provided by EPTA 

 Cost of CPTs (based on three battery types) and their market structure in EU 

 Estimates provided by EPTA 

EPTA commented that the “annual economic impact on the consumers in Option 3 will be €50 
million83”. 

In case of the withdrawal of the current exemption in 2016 to NiCd batteries for use in CPTs, 
consumers will potentially be impacted due to the higher manufacturing cost of alternative 
battery technology based CPTs.  

EPTA suggests following impact of the higher manufacturing costs of additional units (compared 
to BaU) of NiMH and Li-ion CPTs: 

 Each additional NiMH battery based CPTs: 11% higher manufacturing cost than 
NiCd CPTs, half of which will absorbed by the manufacturer. 

 Each additional Li-ion technology based CPTs: 27.5% higher manufacturing cost 
than NiCd CPTs, half of which will absorbed by the manufacturer. 

The impact of this increased cost for additional NiMH and Li-ion CPT units when translated on 
the overall NiMH and Li-ion CPT market in EU  in Option 3 results in the following increase in cost 
of average tool for the consumer: 

 Average NiMH battery based CPTs: 0.6% (average over the period 2016-2025) 
higher cost to the consumer than average NiCd CPT. The extra cost for average 
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NiMH based CPT to consumer is 1% in 2016 falling down to 0.3% in 2025 when 
compared to average NiCd CPT. 

 Average Li-ion technology based CPTs: 1.5% (average over the period 2016-2025) 
higher cost to the consumer than average NiCd CPT. The extra cost for average 
Li-ion based CPT to consumer is 2.5% in 2016 falling down to 0.8% in 2025 when 
compared to average NiCd CPT. 

The impact on consumers would therefore be: 

 To replace a NiCd CPT (including two battery packs and a charger), which costs 
€60.80, by a NiMH CPT (including two battery packs and a charger) will cost 
€64.10 in 2016122. 

 . To replace a NiCd CPT (including two battery packs and a charger) which cost 
€60.80 by a Li-ion CPT (including two battery packs and a charger) will cost 
€69.20 in 2016123. 

In case of the withdrawal of the current exemption in 2016 to portable NiCd batteries for use in 
CPTs, consumers will potentially be impacted due to the higher manufacturing cost of alternative 
battery technology based CPTs. Over the period 2016-2025, an average NiMH battery based CPT 
will cost €0.4 more, whereas an average Li-ion battery based CPT will cost €0.9 more to the 
consumer than the average NiCd-battery based CPT. 

 Costs of CPTs (based on three battery types) and their market structure in EU 

 

As presented earlier in Option 2, the average price of the NiCd CPTs for both the DIY and PRO 
markets on the basis of the data reported for the EU CPT market in 2008 is: 

 DIY NiCd CPT: €45 per unit 

 PRO NiCd CPT: €160 per unit 

Therefore the price of average DIY and PRO CPTs (for all the three battery types) in Option 3 is as 
shown in Table 103. 

                                                                  
122 As the charger and tool used for both NiCd and NiMH CPTs are the same, therefore it is reasonable to estimate that 
the above increase in cost of NiMH CPT as compared to a NiCd CPT is solely due to the higher cost of NiMH batteries 
as compared to NiCd batteries. 

123 A Li-ion CPT when compared to a NiCd CPT, only the tool is same however different types of chargers are used for 
Li-ion and NiCd battery packs. This is so due to the presence of an additional electronic circuit in case of a charger for 
Li-ion battery packs. 



 

 

 

Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries | 223

Table 99: Average price of DIY and PRO CPTs sold in the EU market for all the three battery 
based CPT types in Option 3 

Average EU price per unit of CPT (in €) 
CPT type 

DIY PRO 

NiCd battery based CPT 45 160 

NiMH battery based CPT 48 168 

Li-ion battery based CPT 51 182 

Using the CPT sales projection volumes from BaU scenario and the higher cost estimates (for the 
alternative CPTs to NiCd based CPTs) presented in Table 103, the impact on consumers is 
calculated to be: 

 DIY consumers: Increase in yearly average cost for overall DIY market of around 
€13.9 million over the period 2016 till 2025 or 2.7% of the total DIY CPT market in 
EU in 2008 

 DIY consumers: Net Present Value (NPV) at 4% discount rate in 2011 of the 
additional cost for DIY consumers around €115 million for the period 2016 till 
2025 

 PRO consumers: Increase in yearly average cost for overall PRO market of around 
€22.8 million over the period 2016 till 2025 or 2.2% of the total PRO CPT market 
in EU in 2008 

 PRO consumers: Net Present Value (NPV) at 4% discount rate in 2011 of the 
additional cost for PRO consumers: around €189 million for the period 2016 till 
2025 

2.5.4.2.8 Economic impacts on battery waste management 

 Cost of recycling CPT battery waste in EU 

Using the same approach as earlier described in section 2.5.2.2 for the BaU scenario and the 
quantities of CPT battery waste generation (in section 2.4.3), the net cost impact of recycling 
activity in EU was analysed for the period 2011-2025 (Table 100). 
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Table 100: Net Present Value (NPV) at 4% discount rate in 2011 of the recycling cost of 
overall CPT battery waste generated in EU in Option 2 from 2011 till 2025  

NPV (in million Euros) in 
2011 in Option 3 

% change compared to 
recycling costs in Option 1 

Waste collection 
scenario 

Scenario 1 Scenario 2 Scenario 1* Scenario 2* 

Ni Price: €20/Kg (Li 
recovered) 

140 35 +7% +8% 

Ni Price: €20/Kg (Li 
not recovered) 

42 10 +26% +24% 

Ni Price: €10/Kg (Li 
recovered) 

173 44 -3% -1% 

Ni Price: €10/Kg (Li 
not recovered) 

75 19 -7% -4% 

* Please note: In the above table, a “-“ sign signifies a decrease in (lower) recycling cost compared to Option 1 
whereas a “+” sign signifies an increase (higher) recycling cost compared to Option 1. 

Two NiCd waste battery recyclers (SNAM and Accurec) in EU expect a combined annual turnover 
loss in the range of €10.5 million to €11.2 million. However, as these recyclers, other than 
portable NiCd batteries also recycle other battery chemistries (such as NiMH) and also industrial 
NiCd batteries, therefore the withdrawal of the exemption should not question their viability 
even though the economic impacts on them may not be negligible.  

Table 101 below summarises the overall economic impacts of Option 3. 

Table 101: Summary of economic impacts in Option 3 

Stakeholder Economic Impact 

Mining companies No impact 

Raw material suppliers Small turnover loss (in the range of €15 to €20 
million/year) to Cadmium salt producers 

Battery cell manufacturers No impact (as no CPT battery manufacturing in EU) 

Battery pack assemblers Nickel-based battery pack assemblers in EU may 
theoretically be slightly (potentially lower than Policy 
Option 2) affected (no quantification)  

CPT manufacturers One-time combined technical costs for all the CPT 
manufacturers in EU is estimated to be €33 million 

Retailers No impact retailers will pass on the increased cost (of 
alternatives to NiCd CPTs) entirely to consumers 
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Stakeholder Economic Impact 

Consumers Over the period 2016-2025, an average NiMH battery 
based CPT will cost €0.4 more, whereas an average Li-
ion battery based CPT will cost €0.9 more to the 
consumer than the average NiCd-battery based CPT 

Recyclers NPV in 2011 of the cost of recycling waste CPT batteries 
in the range of €10 million to €173 million 

Administrative costs (MS) Insignificant impact (since Cadmium restriction in many 
portable batteries is already implemented under the 
Battery Directive) 

2.5.4.3 Social impacts 

The withdrawal of current exemption (in 2016) to NiCd batteries for use in CPTs will have a 
similar impact on the employment in EU as in case of Option 2 for the following stakeholders: 

 Raw material suppliers 

 Battery cell manufacturers 

 CPT manufacturers 

 Retailers 

In case of battery pack assemblers and recyclers however, it is expected that the impact on 
employment may be lower when compared to Option 2. This is so as Option 3 allows extra three 
years to these stakeholders to align to the natural business cycle. The quantification of resulting 
direct and indirect job losses in EU is however not available. 

2.5.4.4 Impact on SMEs 

A similar or potentially lower impact (due to the natural decrease in market share of NiCd in 2016 
as compared to 2013) impact as in case of Option 2 is expected on SMEs in EU. 

2.5.4.5 Impact on competitiveness 

A similar or potentially lower impact (due to the natural decrease in market share of NiCd in 2016 
as compared to 2013) impact as in case of Option 2 is expected on competitiveness of firms in EU. 

2.5.4.6 Administrative burdens 

Administrative burden are expected to similar as for Option 2. 
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2.6 Comparison of options 

In the section 2.5 all relevant environmental, economic, administrative and social impacts have 
been identified and as much as possible quantified. In this section, the magnitude of the impacts 
in three policy options is compared. The comparison highlights the advantages and 
disadvantages of the three policy options, across the economic, social, administrative and 
environmental dimensions and it identifies the potential weaknesses and risks of these options.  

The three policy options are compared from the point of view of effectiveness, efficiency and 
coherence, including potential trade-offs between competing objectives. Particular attention has 
been paid to cost-effectiveness of different policy options since some of them have budgetary 
implications. 

To compare the three policy options, a semi-quantitative score matrix approach is adopted (see 
Table 102 ). The level of detail in the analysis depends on the amount of information gathered as 
well as their quality.  

 Table 102: Semi-quantitative score matrix 

Legend Likely effect 

+++ Strongly positive impact 

++ Positive impact 

+ Slightly positive 

≈ Marginal/Neutral 

0 No effect (the baseline) 

- Slightly negative impact 

-- Negative impact 

--- Strongly negative impact 

? Uncertain 

Table 103 summarises the possible environmental, economic, social and administrative impact 
for implementation of the three policy options at the MS and industry level. In each cell of the 
matrix a qualitative score is given, hence, forming the basis for identifying the most workable 
approach in an efficient and effective manner. 
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Table 103: Impact assessment matrix for the comparison of the three policy options 

                                            Policy Option   

Impact Indicator 

Option 1 Option 2 Option 3 

Economic impact indicators 

Mining companies 0 

No additional cost or 
turnover loss 

0 

No additional cost or 
turnover loss 

0 

No additional cost or 
turnover loss 

Raw material suppliers 0 

No additional cost or 
turnover loss 

- 

Small turnover loss (15-
20 million Euros/year) 

to Cadmium salt 
producers 

- 

Small turnover loss (15-
20 million Euros/year) to 
Cadmium salt producers 

Battery cell manufacturers 0 

No additional cost or 
turnover loss 

0 

No CPT battery 
manufacturing in EU 

0 

No CPT battery 
manufacturing in EU 

Battery pack assemblers 0 

No additional cost or 
turnover loss 

? 

Nickel-based battery 
pack assemblers 

operations in EU may 
theoretically be 

affected 

? 

Nickel-based battery 
pack assemblers 

operations in EU may 
theoretically be affected 

CPT manufacturers 0 

No additional cost or 
turnover loss 

-- 

One-time combined 
technical costs for all 

the CPT manufacturers 
in EU is estimated to be 
between  €45.8 to €60 

million 

- 

One-time combined 
technical costs for all the 

CPT manufacturers in 
EU is estimated to be 

€33 million 

Retailers 0 

No additional cost or 
turnover loss 

0 

Retailers will pass on 
the increase in cost (of 

purchase of 
alternatives to NiCd 

based CPTs) entirely to 
consumers 

0 

Retailers will pass on the 
increase in cost (of 

purchase of alternatives 
to NiCd based CPTs) 

entirely to consumers  

Consumers 0 

No additional cost 

-- 

Over the period 2013-
2025, an average NiMH 
battery based CPT will 

cost €0.8 more, 
whereas an average Li-
ion battery based CPT 

- 

Over the period 2016-
2025, an average NiMH 
battery based CPT will 

cost €0.4 more, whereas 
an average Li-ion battery 
based CPT will cost €0.9 
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                                            Policy Option   

Impact Indicator 

Option 1 Option 2 Option 3 

will cost €2.1 more to 
the consumer than the 
average NiCd-battery 

based CPT 

more to the consumer 
than the average NiCd-

battery based CPT 

Recyclers 0 

No additional cost or 
turnover loss 

? 

Upto 2% lower to 60% 
higher recycling cost 
for the recycling of all 
CPT waste batteries 

collected in EU 
compared to Option 1. 
The impact therefore is 

uncertain because of 
this wide range.  

? 

Upto 7% lower to 26% 
higher recycling cost for 
the recycling of all CPT 

waste batteries collected 
in EU compared to 

Option 1. The impact 
therefore is uncertain 
because of this wide 

range.  

Administrative costs (MS) 0 

No implementation 
costs for MS 
authorities 

≈ 

Marginal or neutral cost 
since Cadmium 

restriction in EU in 
many portable 

batteries is already 
implemented under the 

Battery Directive 

≈ 

Marginal or neutral cost 
since Cadmium 

restriction in EU in many 
portable batteries is 

already implemented 
under the Battery 

Directive 

Environmental impact indicators 

Aggregated environmental impact 0 

Annual contribution 
of environmental 
impact associated 
with battery use in 

CPTs to overall 
environmental 

impact in EU in the 
range of 0.12% to 

0.13% 

+ 

Environmentally more 
beneficial by 2% to 8% 

each year when 
compared to “Option 1” 

+ 

Environmentally more 
beneficial by 1% to 5% 

each year when 
compared to “Option 1” 

Cadmium emissions to water, ST + 
5% LT 

0 

945 tonnes to 1360 
tonnes of Cadmium 

emissions to water in 
EU related to use of 

batteries in CPTs 
over the period 2010-

2025  

++ 

68% to 74% less 
Cadmium emissions to 
water as compared to 

“Option 1” in EU 
related to use of 

batteries in CPTs over 
the period 2010-2025  

++ 

45% to 51% less 
Cadmium emissions to 
water as compared to 

“Option 1” introduced in 
EU related to use of 

batteries in CPTs over 
the period 2010-2025  

Social impact indicators 

Employment generation (raw 
material suppliers) 

0 - - 
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                                            Policy Option   

Impact Indicator 

Option 1 Option 2 Option 3 

Does not 
increase/decrease 

jobs 

Could lead to some job 
losses (20 to 30) in 

Cadmium salt 
production activity in 

EU 

Could lead to some job 
losses (20 to 30) in 

Cadmium salt 
production activity in EU 

Employment generation (battery 
cell manufacturers) 

0 

Does not 
increase/decrease 

jobs  

0 

Does not 
increase/decrease jobs  

0 

Does not 
increase/decrease jobs  

Employment generation (battery 
pack assemblers) 

0 

Does not 
increase/decrease 

jobs  

? 

May theoretically affect 
employment in Nickel-

based battery pack 
assembly activity in EU 

however no 
quantification available 

? 

May theoretically affect 
employment in Nickel-

based battery pack 
assembly activity in EU 

however no 
quantification available  

Employment generation (CPT 
manufacturers) 

0 

Does not 
increase/decrease 

jobs  

≈ 

Unlikely to create 
additional jobs 

≈ 

Unlikely to create 
additional jobs 

Employment generation (retailers) 0 

Does not 
increase/decrease 

jobs  

0 

Does not 
increase/decrease jobs  

0 

Does not 
increase/decrease jobs  

Employment generation 
(recyclers) 

0 

Does not 
increase/decrease 

jobs  

? 

May theoretically lead 
to job losses in waste 

NiCd battery recycling 
activity in EU, however, 

this should be 
compensated by job 

gains in NiMH and Li-
ion recycling activity 

however no 
quantification available 

? 

May theoretically lead to 
job losses in waste NiCd 
battery recycling activity 

in EU, however, this 
should be compensated 

by job gains in NiMH and 
Li-ion recycling activity 

however no 
quantification available 

Employment generation (MS 
compliance authorities) 

0 

Does not 
increase/decrease 

jobs  

≈ 

Unlikely to create 
additional jobs 

≈ 

Unlikely to create 
additional jobs 
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Based on the results of the comparison of impacts (environmental, social and economic) of the 
three policy options presented in Table 103, the assessment of their effectiveness, efficiency and 
coherence is described in the sub-sections below. 

2.6.1 Effectiveness 

The magnitude of the environmental impacts of the three policy options has already been 
assessed in the sections 2.5.2.1, 2.5.3.1 and 2.5.4.1 which form the basis for the analysis of the 
effectiveness of the three policy options presented in this section. 

2.6.1.1 Option 1: "Baseline scenario" (no withdrawal of the exemption, 
collection and treatment rate based on current legislation) 

The magnitude of effectiveness of the baseline scenario is taken as the point of comparison for 
the other two policy options and hence assigned a neutral value.  

The magnitude of the environmental impacts of the baseline scenario (as earlier presented in 
section 2.5.2.1) is: 

 945 tonnes to 1360 tonnes of Cadmium (ST + 5% LT scenario) emissions in water 
which in turn can lead to cancer and non-cancer diseases in around 405 to 582 
people 

 The annual aggregated environmental impact associated with the use of batteries 
in CPTs in EU in Option 1 (waste CPT battery collection scenario 1) is equivalent 
to total environmental impact caused by 559 831 of 464 043 141 European (“EU25 
+3” (EU25+ Iceland +Norway+ Switzerland)) citizens. This means that, the 
environmental impact due to the use of batteries in CPTs in EU contributes 
o.1206% to the overall environmental impact of EU.  

 The annual aggregated environmental impact associated with the use of batteries 
in CPTs in EU in Option 1 (waste CPT battery collection scenario 2) is equivalent 
to total environmental impact caused by 597 896 of 464 043 141 European (“EU25 
+3” (EU25+ Iceland +Norway+ Switzerland)) citizens. This means that, the 
environmental impact due to the use of batteries in CPTs in EU contributes 
0.1288% to the overall environmental impact of EU.  

The magnitude of the environmental impacts presented above was taken as a point of reference 
for comparison of the effectiveness of other two policy options.  

2.6.1.2 Option 2: Immediate withdrawal of the exemption (2012/2013)  

The magnitude of effectiveness of the Option 2 to achieve the environmental objectives is 
slightly positive. Depending upon the choice of collection rate and the indicators to calculate the 
aggregated environmental impact, Option 2 results in 2% to 8% lower overall environmental 
impact when compared to Option 1. Option 2 also results in 68% to 74% less emissions of 
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Cadmium (ST + 5% LT scenario) in water. It is therefore strongly positive concerning reduction of 
Cadmium emissions to water (ST + 5% LT scenario).  

2.6.1.3 Option 3: Delayed withdrawal of the exemption (2016)  

The magnitude of effectiveness of the Option 3 to achieve the environmental objectives is 
slightly positive. Depending upon the choice of collection rate and the indicators to calculate the 
aggregated environmental impact, Option 3 results in 1% to 5% lower overall environmental 
impact when compared to Option 1. Option 3 also results in 45% to 51% less emissions of 
Cadmium (ST + 5% LT scenario) in water. It is therefore strongly positive concerning reduction of 
Cadmium emissions to water (ST + 5% LT scenario) 

2.6.2 Efficiency 

2.6.2.1 Option 1: "Baseline scenario" (no withdrawal of the exemption, 
collection and treatment rate based on current legislation) 

The magnitude of efficiency of the baseline scenario is taken as the point of comparison for the 
other two policy options and hence assigned a neutral value.  

2.6.2.2 Option 2: Immediate withdrawal of the exemption (2012/2013)  

The magnitude of cost to achieve the objectives of this Impact Assessment in case of Option 2 is 
negative for two of the relevant stakeholders (CPT manufacturers and consumers), slightly 
negative for one (raw material suppliers) whereas it is uncertain for two (battery pack assemblers 
and waste CPT battery recyclers) stakeholders. There are no cost impacts on three stakeholders 
(mining companies, battery cell manufacturing activities and retailers in EU). It is marginal or 
neutral for Member State authorities. 

2.6.2.3 Option 3: Delayed withdrawal of the exemption (2016)  

The magnitude of cost to achieve the objectives of this Impact Assessment in case of Option 3 is 
slightly negative for three of the relevant stakeholders (raw material suppliers, CPT 
manufacturers and consumers) whereas t is uncertain for two (battery pack assemblers and 
waste CPT battery recyclers) stakeholders. There are no cost impacts on three stakeholders 
(mining companies, battery cell manufacturing activities and retailers in EU). It is marginal or 
neutral for Member State authorities. 
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2.6.3 Coherence 

2.6.3.1 Option 1: "Baseline scenario" (no withdrawal of the exemption, 
collection and treatment rate based on current legislation) 

The baseline scenario is the continuation of Battery Directive in its current form which is already 
coherent with the overarching objectives of EU policy. 

2.6.3.2 Option 2: Immediate withdrawal of the exemption (2012/2013)  

The policy option 2 is coherent with the overarching objectives of EU policy. In addition to the 
Batteries Directive, the withdrawal of current exemption to NiCd batteries use in CPTs is in line 
with similar requirements on prohibition of Cadmium use in batteries and accumulators in other 
Directives such as End-of-Life Vehicles (ELV) Directive, Restriction of the Use of Certain 
Hazardous Substances in Electrical and Electronic Equipment (RoHS) Directive, Integrated 
Product Policy (IPP) and Waste Electrical and Electronic Equipment (WEEE) Directive. These are 
further elaborated hereunder:  

 ELV Directive: Both the ELV and the Batteries Directive contain substance 
restrictions. The substance restrictions in Article 4 of the Batteries Directive (for 
the use of mercury and Cadmium) indicate that these apply without prejudice to 
the ELV Directive. An exemption for the use of Cadmium in batteries for electric 
vehicles expired on 31 December 2008. 

 RoHS Directive: The Batteries Directive and the RoHS Directive have similar 
substance restrictions. The RoHS Directive restricts the use of heavy metals, such 
as mercury and Cadmium in electrical and electronic, however according to 
Recital (29) of the Batteries Directive, the RoHS Directive does not apply to 
batteries and accumulators used in electrical and electronic equipment. 

 IPP: The aim of IPP is to reduce the environmental impacts of products throughout 
their life-cycle. The probation of use of NiCd batteries in CPTs also promotes 
improvement in the environmental performance of batteries used in CPTs 
throughout their life-cycle. 

 WEEE Directive: Batteries incorporated in WEEE can be collected on the basis of 
the WEEE Directive. However, after collection, they will be removed from the 
appliance (electronic equipment) and they will count for the collection targets of 
the Batteries Directive. They also have to be recycled as required by the Batteries 
Directive.  
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2.6.3.3 Option 3: Delayed withdrawal of the exemption (2016)  

The policy option 3 is also coherent with the overarching objectives of EU policy (due to same 
reasons as earlier described in Section 2.6.3.2). 

2.6.4 Overall benefits and costs for the recommended 
options 

Table 104 below summarises the comparison between the three policy options in terms of 

effectiveness, efficiency and coherence.  

Table 104: Comparison of effectiveness, efficiency and coherence of the three policy options 

Option Option 1 Option 2 Option 3 

Effectiveness 

SO124 1 Positive Positive Positive 

SO 2 Negative Positive Positive 

SO 3 Negative Positive Very positive 

SO 4 Negative Positive Positive 

OO125 1 Negative Very positive Very positive 

OO 2 Negative Very positive Very positive 

OO 3 Negative Positive Positive 

Efficiency 

 Negative Positive Very positive 

Coherence 

 Yes Yes Yes 

Conclusion Recommended option 

 

                                                                  
124 “SO” refers to Specific Objective 

125 “OO” refers to Operational Objective 
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2.6.5 Preferred option 

EPTA commented that “retaining the exemption is still the best option taking account of the 
balance between economic, environmental and social considerations”. EPTA further remarked that 
“if the Commission decides to propose withdraw the exemption, it strongly recommends at least a 
1,5 year implementation period, given that NiCd based CPTs are expected to still have a market 
share of approximately 25%, new battery technologies will only be in their infancy, if on the market 
at all, and the commercial viability of Li-ion battery recycling is still a long way ahead”. 

In the opinion of authors of this study, Option 3 achieves almost the same level of effectiveness 
as Option 2 but at a higher efficiency and is therefore a good candidate for the preferred option. 

It is also worth mentioning that the withdrawal of the current exemption to NiCd batteries use in 
CPTs will foster innovation thus creating opportunities for European companies to play a leading 
role in the global context.  

The withdrawal of the current exemption to NiCd batteries use in CPTs however can be more 
efficient should a distinction be made between the DIY and PRO markets. This is so because the 
PRO market benefit from being less sensitive to an increase in price of the CPT as compared to 
DIY market. The resulting innovation in the PRO market will be translated to the DIY market 
naturally once the alternative battery based CPT technology becomes mature and hence more 
price competitive. These arguments can therefore be used to justify the withdrawal of the 
exemption to NiCd batteries use in CPTs meant for the PRO market and an extended phase-out 
of NiCd CPTs for the DIY market. However, it must be noted that a separate regulation of DIY 
and PRO markets is not practical because these markets are interrelated and therefore making it 
almost impossible to monitor the implementation of such a regulation by the Member State 
enforcement agencies. A separate regulation of PRO CPT market may lead to its abuse by certain 
manufacturers (selling the CPT to PRO users which was originally intended for DIY users) and 
PRO users (buying the NiCd based DIY CPT instead) therefore putting other manufacturers 
(abiding by such a regulation) at a disadvantage.  

It is therefore recommended that Option 3 be implemented for both PRO and DIY markets alike. 

2.7 Monitoring and evaluation 

In this section, a set of measurable indicators are identified that cover both the quality of the 
outputs of the policy options their implementation process. The plans for evaluation are also 
defined. In this way it is ensured that adequate data will be available and that future evaluations 
focus on the most relevant questions and core progress indicators.  
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2.7.1 Core indicators of progress towards meeting the 
objectives 

The progress indicators can be categorised for each of the specific objectives of this Impact 
Assessment and are described in further detail below. 

 Being in line with the principles of good governance  

 Export of collected waste NiCd batteries and accumulators to third countries 

 Transposition of amendment of Battery Directive into national law 

 Enforcement costs for public authorities 

 Compliance costs for CPT and battery manufacturers  

 Encourage innovation and promote proactive solutions within industry 

 Recycling efficiency rate of NiCd batteries 

 Collection rates of NiCd batteries 

 Market trends of substitute technologies for NiCd batteries used in CPTs 

 Trends on new recycling and treatment techniques 

 Number of new treatment facilities built for substitute technologies (NiMH and Li-
ion batteries) 

 Place EU firms at an advantage compared to their international competitors. 

 Recycling efficiency rate of NiCd batteries 

 Collection rates of NiCd batteries 

 Export of collected waste NiCd batteries and accumulators to third countries 

 Market trends of substitute technologies for NiCd batteries used in CPTs 

 Trends on new recycling and treatment techniques 

 Number of jobs gained or lost due to phasing out of NiCd and substitution with Li-
ion and NiMH batteries in CPTs 

 Compliance costs for CPT and battery manufacturers  

 Number of new treatment facilities built for substitute technologies (NiMH and Li-
ion batteries) 
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 Contribute to simplification and streamlining and ease implementation and 
enforceability 

 Export of collected waste NiCd batteries and accumulators to third countries 

 Transposition of amendment of Battery Directive into national law 

 Enforcement costs for public authorities 

2.7.2 Broad outline of possible monitoring and evaluation 
arrangements 

Monitoring of the possible implementation of a ban on the use of NiCd batteries for CPTs should 
be relatively straightforward, given that the principal monitoring instrument for the 
implementation of the Batteries Directive is the requirement that Member States must submit a 
national implementation report to the Commission every three years as set out in Article 22 of 
the Batteries Directive. The first report shall cover the period until 26 September 2012. These 
national implementation reports shall be drawn up on the basis of a questionnaire established in 
accordance with the procedure referred to in Article 24(2) of the Batteries Directive.  

A ban on NiCd batteries for use in CPTs will therefore only be a marginal addition to existing 
monitoring obligations. These include the requirement for Member States to monitor collection 
rates including reliable and comparable data on the quantities of batteries and accumulators 
placed on the market and the quantities collected and recycled (see Article 10 and Article 1(22) of 
the Batteries Directive). In order to monitor the specific environmental concerns related to the 
portable NiCd batteries, Member States are required to monitor the municipal solid waste 
stream on the amount of spent portable NiCd batteries contained in it. National implementation 
reports shall indicate how they obtained the data necessary to calculate the collection rate.   

On the basis of the national implementation reports, the Commission is requested to publish its 
own report on the implementation of the Batteries Directive and its impact on the environment 
and the functioning of the internal market. 

A review of the Battery Directive will be carried out after the second round of national 
implementation reports from Member States. During the evaluation of the reports, the 
Commission have to examine the appropriateness of further risk management measures, 
minimum collection targets and minimum recycling obligations, and if necessary propose 
amendments to the Directive.126 During this review process, data collected based on the 
monitoring indicators can also be assessed to evaluate the outputs and outcomes of the 
proposed intervention and to assess its implementation process. 

 

                                                                  
126europa.eu/legislation_summaries/environment/waste_management/l21202_en.htm 
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Annex 1: Description of LCIA methods and 
environmental impacts 

ReCiPe (PRé Consultants, CML, University of Leiden, Radboud University Nijmegen, NL 
2008)127. This methodology has been recently developed by the main developers of LCIA 
methodologies in Europe with the objective to develop a method that is harmonised in terms of 
modelling principles and choices and which offers results at both midpoint and endpoint levels. 

Centre of Environmental Science (CML 2002), Leiden NL128. This life cycle impact assessment 
methodology is based on a midpoint approach covering all emission and resource related 
impacts, for which practical and acceptable characterization methods are available. Best 
available characterization methods have been selected based on an extensive review of existing 
methodologies world-wide. For most impact categories, a baseline and a number of alternative 
characterization methods are recommended and for these methods, comprehensive lists of 
characterization and also normalization factors are supplied. 

USEtox129 has been recently developed to evaluate toxicity (human toxicity and aquatic 
ecotoxicity) issues in LCA. As for ReCiPe, the methodology is harmonised in terms of modelling 
principles and choices and based on a consensus within European experts specialised on this 
topic. 

 

 

 

                                                                  
127 Goedkoop. et al (2009) ReCiPe 2008 - A life cycle assessment method which comprises harmonized category 
indicators at the midpoint and the endpoint level, First edition 

128 Guinée et al. (2002) Handbook on Life Cycle Assessment: Operational Guide to the ISO Standards.. Series: Eco-
efficiency in industry and science. Kluwer Academic Publishers. Dordrecht hardbound, ISBN 1-4020-0228-9; 
Paperback, ISBN 1-4020-0557-1 

129 Rosenbaum, R.K. et al. (2008) USEtox - The UNEP-SETAC toxicity model: recommended characterisation factors 
for human toxicity and freshwater ecotoxicity in Life Cycle Impact Assessment., Int. J. of LCA, 13(7): 532-546, 2008 
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Table 105: Description of environmental impacts 

Source Impact Description Unit 

Terrestrial 
Acidification 
potential (AP) 

Acidification consists in the accumulation of acidifying substances (e.g. sulphuric 
acid, hydrochloric acid) in water particles in suspension in the atmosphere. 
Deposited onto the ground by rains, acidifying pollutants have a wide variety of 
impacts on soil, groundwater, surface waters, biological organisms, ecosystems 
and materials (buildings).  

kg SO2 eq. 

Global warming 
potential (GWP) 

Global warming refers to the increase in the average temperature of the Earth's 
surface, due to an increase in the greenhouse effect, caused by anthropogenic 
emissions of greenhouse gases (carbon dioxide, methane, nitrous oxide, 
fluorocarbons (e.g. CFCs and HCFCs), and others). 

kg CO2 eq. 

Photochemical 
Oxidant Formation 
Potential (POFP) 

This pollution results mainly from chemical reactions induced by solar light 
between nitrogen oxides and volatile organic compounds (VOC), commonly 
emitted in the combustion of fossil fuels. It provokes high levels of ozone and 
other chemicals toxic for humans and flora. 

kg NMVOC 
eq. 

Metal Depletion 
Potential (MDP) 

The Metal Depletion Indicator proposes a model that integrates economic 
availably of the elements contained in the different deposits around the world in 
order to define their characterization factors. 

kg Fe eq. 

Particulate Matter 
Formation Potential 
(PMFP) 

Fine Particulate Matter with a diameter of less than 10 μm (PM10) represents a 
complex mixture of organic and  inorganic substances. PM10 causes health 
problems as it reaches the upper part of the airways and lungs when inhaled. 
Secondary PM10 aerosols are formed in air from emissions of sulfur dioxide (SO2), 
ammonia (NH3), and nitrogen oxides (NOx) among others (World Health 
Organization, 2003) 

kg PM10 eq 

ReCiPe 

Freshwater 
Eutrophication 
Potential (FEP) 

Eutrophication is a process whereby water bodies, such as lakes or rivers, receive 
excess chemical nutrients — typically compounds containing nitrogen or 
phosphorus — that stimulate excessive plant growth (e.g. algae). Nutrients can 
come from many sources, such as fertilisers applied to agricultural fields and golf 
courses, deposition of nitrogen from the atmosphere, erosion of soil containing 
nutrients, and sewage treatment plant discharges. Freshwater Eutrophication 
Potential is expressed in kg equivalent of phosphorus. 

kg P eq 

CML 
Abiotic resource 
depletion potential 
(ADP) 

Resource depletion can be defined as the decreasing availability of natural 
resources. The resources considered in this impact are fossil and mineral 
resources, excluding biotic resources, and associated impacts such as species 
extinction and loss of biodiversity. 

kg Sb eq. 

Human Toxicity 
Potential (HTP) 

Human toxicity potential assesses the impact of toxic substances released in the 
environment on the human health by providing an estimation of the increase in 
morbidity in the total human population (cases). Both cancer and non-cancer cases 
are taken into account. 

cases 

USEtox 
Freshwater Aquatic 
Ecotoxicity Potential 
(FAEP) 

Freshwater Aquatic Ecotoxicity Potential assesses the impact of toxic substances 
released in the environment on the ecosystem by providing an estimation of the 
potentially affected fraction of species (PAF) integrated over time and volume. 

PAF m3 day 

Flow 
indicator 

Cumulative Energy 
Demand 

Primary energy is raw energy available in nature. The main non-renewable primary 
energies are: oil, coal, natural gas, and nuclear energy. The main renewable 
primary energies are biomass, wind, geothermal, solar and hydro energy.  

MJ 
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Annex 2: Results for additional indicators 

Table 106: Description of additional environmental impacts 
Source Impact Description Unit 

Marine eutrophication 
Potential 

Eutrophication is a process whereby water bodies, such as lakes or rivers, receive 
excess chemical nutrients — typically compounds containing nitrogen or 
phosphorus — that stimulate excessive plant growth (e.g. algae). Nutrients can 
come from many sources, such as fertilisers applied to agricultural fields and golf 
courses, deposition of nitrogen from the atmosphere, erosion of soil containing 
nutrients, and sewage treatment plant discharges. Marine Eutrophication 
Potential is expressed in kg equivalent of nitrogen. 

kg N eq 

Ionising Radiation 
Potential 

Ionising Radiation Potential assess the impact of the release of radioactive 
material to the environment. 

kg U235 eq 

Ozone Depletion 
Potential 

The ozone layer acts as a filter, absorbing harmful short wave UV light. The 
thinning of the ozone layer over the Antarctic each spring can reach up to a 80-
98% removal of this layer, hence the so-called "ozone hole", mainly due to the 
anthropogenic emission of brominated and chlorinated substances like CFCs. 

kg CFC-11 eq 

Fossil Depletion 
Potential 

The term fossil fuel refers to a group of resources that contain hydrocarbons. The 
group ranges from volatile materials (like methane), to liquid petrol, to non-
volatile materials (like coal). This environmental impact corresponds to the 
depletion of such materials. 

kg oil eq 

Agricultural land 
occupation 

m2a 

Urban land occupation m2a 

ReCiPe 

Natural land 
transformation 

The land use impact categories reflects the damage to ecosystems due to the 
effects of occupation and transformation of land. Although there are many links 
between the way land is used and the loss of biodiversity, the method 
concentrates on the following mechanisms: 

• occupation of a certain area of land during a certain time; 
• transformation of a certain area of land. 

m2 

 

Table 107: Total environmental Impacts for 1 Functional Unit, for additional indicators 

Potential impact indicator / Flow indicator Unit NiCd NiMH LiFePO4 

Marine eutrophication Potential kg N eq 1.2E-03 1.3E-03 1.3E-03 
Ionising Radiation Potential kg U235 eq 7.5E-01 7.1E-01 7.5E-01 
Ozone Depletion Potential kg CFC-11 eq 7.6E-08 7.3E-08 7.2E-08 
Fossil Depletion Potential kg oil eq 3.7E-01 3.9E-01 3.5E-01 
Agricultural land occupation m2a 1.4E-02 1.4E-02 9.6E-03 
Urban land occupation m2a 4.0E-03 4.2E-03 5.2E-03 
Natural land transformation m2 2.5E-05 2.6E-05 4.1E-05 
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Annex 3: Data collection questionnaire template 
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Annex 4: Replies to stakeholders’ comments 

The following tables present the comments that have been submitted by stakeholders based on 
the summary report. 

Table 108: Comments from Recharge130 

N° Comments and replies 

1 

Comments 

RECHARGE supports a differentiated approach regarding the collection rates. Indeed the portable Ni-Cd market 
for CPT applications is decreasing while the collection of portable Ni-Cd batteries is increasing. In several EU 
countries, the collection is close to or even higher to 100% due to the decoupling effect between sales and 
collection. 

Recharge supports the waste to waste collection efficiency approach. The basis for this position are official data
from several National Collection Organisation about the importance of the hoarding effect and the results of the
quantity of batteries identified in MSW. These official data cannot be ignored when making a reference to the
collection efficiency of waste batteries. 

Reply 

As presented in1.3.7.1, the possible approaches in terms of collection rate calculation do not fully describe the fate of 
a battery sold today and discarded in several years. An alternative approach, based on the WEEE collection rate, has 
been used, as presented in1.3.7.1 .  However, the sensitivity of LCA results on a variation of the collection rate 
retained (including a collection rate assessed with a waste-to-waste approach, based on figures provided in the 
TRAR), is assessed in a sensitivity analysis. 

2 

Comment 

One should emphasize that nickel and cadmium are recovered with high efficiency (>99 %) and re-used in 
replacement of primary raw materials in their final application (battery for cadmium and iron-nickel alloys for the 
nickel content). This is not the case for Lithium Iron Phosphate electrode materials. The cost for the recovery of
such an active electrode material is unknown. The probability that this material will end in a slag is high. 

Reply 

The nature of recovered materials and the corresponding efficiencies for NiCd and NiMH batteries have been 
extrapolated from ERM131 data. 

Concerning LiFePO4 battery, data provided by Recharge has been used and cross-checked through recyclers 
consultation. However, for this technology, the rule for inclusion and exclusion in the calculation of recycling 
efficiencies has not been validated yet at EU level. Consequently the list of materials that can be considered as 
recycled may change. 

3 
Comment 

 Results of the Classification of Nickel salts vs Cadmium salts. Indeed, the EU Court of Justice has recently 

                                                                  
130 Recharge aisbl – International association for the promotion and management of portable rechargeable batteries 
through their life cycle - http://www.rechargebatteries.org/ 

131 Fisher et al. (2006) Battery Waste Management Life Cycle Assessment, ERM – Study for DEFRA 
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confirmed the classification of nickel compounds (e.g. Ni(OH)2) as Carcinogen Cat 1. which is a more severe
classification than Cadmium compunds (Carc. Cat. 2). 

Reply 

The USEtox method has been used for the characterisation of human toxicity impacts. For waterborne emissions, 
which are the main contributors to end-of-life toxicity impacts in this study, nickel compounds have a higher 
characterisation factor than cadmium compounds for cancer cases. However, the USEtox method takes also non-
cancer cases into account. Thus, even with a lower carcinogenicity, a compound can have a higher overall human 
toxicity. 

4 

Comment 

Link between the Targeted Risk Assessment Report and Emissions from landfills: The Targeted Risk Assessment
Report has proposed conclusions on the no risk situation that results in human exposure to cadmium emissions
from waste both from incinerators and landfills. As the collection efficiency of waste portable Ni-Cd batteries is 
improving and the quantity placed on the market is decreasing, these no-risk conclusions should be re-inforced 
in the future. 

Reply 

Methodological limitations related to the emissions from landfills are presented in 1.3.7.4.4. Three different 
perspectives have been defined: a conservative perspective where 100% of the long-term emissions are released, an 
intermediate perspective where 5% of the long-term emissions are released, and a short-term perspective where no 
long-term emission is released. Furthermore, it should be reminded that life-cycle assessment assesses potential 
impacts, not realistic ones. 

5 

Comment 

This should definitively be corrected as cadmium is extracted as an impurity in the purification process of
primary zinc. 

Reply 

The scarcity of cadmium is subject to high differences in terms of charactersation, depending on the selected method 
(i.e. ReCiPe “Metal Depletion Potential” or CML “Abiotic Resource Depletion Potential” in the present case). This 
topic is further developed in 1.2.9. 
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Table 109: Comments from EPTA132 

N° Comments and replies 

6 

Comment 

The data for LiFePO4 (shown on slide 23 of the presentation given to stakeholders on 18th July) indicates a 35%
recovery rate based on recycling Aluminium and Copper only. We understand that the Lithium-Ion recycling 
industry is currently achieving a recovery rate of at least 50% by weight of all Lithium-Ion battery cells. It should 
be noted that the recyclers treat all Lithium-Ion batteries as one lot and their data does not distinguish between
low power / high power and different Lithium-Ion cell types 

Reply 

Please see reply to comment n°2 

7 

Comment 

With regards to the assumptions used for the LCA, and in particular the graphic of the considered lifespan of the 
batteries on slides 14 and 34, it should be noted that 165 hours of use equals the cycles of two batteries not one.
In addition the graphic shows the batteries having a "theoretical” lifespan of 800 cycles. In testing this life span 
can be achieved and surpassed. 

Reply 

The following mention was added: the numbers of cycles that are necessary to reach the 165 hours of use are 
calculated for each one of the two batteries. See Figure 7. In other words, the fact that two battery packs are sold 
and used with a CPT is correctly taken into account in the LCA. 

8 

Comment 

The power tool industry supports the policy of reducing the environmental impact of hazardous waste. Cadmium 
is a necessary by product of Zinc production and a ban on its use in batteries may lead to a higher level of the 
material finding its way into landfill. We believe a better way to reduce any impact on the environment is not to 
remove the exemption but to increase focus and monitoring on collection and recycling because 100% of 
Cadmium can be recovered and used in new batteries. 

 

Table 110: Comments from EEB133 

N° Comments and replies 

9 

Comment on collection rate 

I think there is a need to explore further the collection rate assumptions. While the consultants clearly reckon the 
difficulty to gather reliable data on collection, the assumption of 25% seems dubious when considering the 
WEEE collection rate of this kind of appliances. The last data we have from ETC/SCP working paper 2/2011 (table 
4 p13) tend to show a weak collection rate for tools (category 6 of WEEE). I doubt that the consumers – at least 
the non professional – just remove the batteries to ensure proper collection of this component. The “stockpiling” 
(keeping non used appliances at home) effect which tends to minimize the collection rate can explain a weak 
collection rate, but does not solve the potential harmful effect of improper end of life management. The 
collection assumption should at least be subject to a sensitivity analysis, with a poorer than 25% collection rate. 
At the moment, only a higher collection rate is planned to be analysed. 

 

                                                                  
132 European Tool Association  - http://www.epta.eu 
133 European Environmental Bureau - Federation of Environmental Citizens Organisations – www.eeb.org  
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Reply 

The WEEE collection rate at EU level has been taken into account in the reference scenario. Other collection rates 
have been considered in the sensitivity analysis. See 1.3.7.1. 

 

The following table presents the main methodological comments that have been emitted by 
JRC-IES based on the draft final report, submitted to the European Commission beginning of 
September. 

Table 111: Comments from JRC-IES134 

N° Comments and replies 

10 

Comment on functional unit 

What is the duration of the service provided? (the functional unit should also answers the question “how long?”, 
i.e. provide the time span during which the function/service is provided) 

Reply 

The duration of the service provided by the battery is presented in 1.2.3 and 1.3.6.1. 

11 

Comment on environmental indicators 

What criteria have been used to select these environmental impact indicators? These are, for instance, not 
consistent with the set of impact categories recommended by the ILCD Handbook. 

Reply 

Indeed, LCIA methods selected for the study do not fully match the methods recommended in the draft document 
from JRC-IES. LCIA methods have been selected based on our own experience and they do not entirely correspond to 
JRC draft recommendations, as the JRC document “Recommendations based on existing environmental impact 
assessment models and factors for LCA in a European context” is marked as "Draft for consultation. Do not use or 
cite" and is potentially subject to change. 

12 

Comment on data quality 

Has data quality been evaluated?  Has the completeness of the LCI inventory been evaluated? Have the ILCD 
Handbook minimum requirements on data quality been met? 

Reply 

Data quality has been evaluated in the study and is presented in 1.4.4 . The same overall approach as the one 
proposed in the ILCD handbook has been used, but using a different quality assessment matrix. 

                                                                  
134 Joint Research Commission - Institute for Environment and Sustainability - http://ies.jrc.ec.europa.eu/ 
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Annex 5: LCI results 

Table 112 presents LCI results for each battery technology. Results correspond to 1 functional 
unit (To deliver 1 kWh of electricity to the CPT) for the reference scenario. 

Table 112: LCI results for each battery (for 1 Functional Unit in the reference scenario) 
Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Energy, gross calorific value, in biomass Raw biotic MJ 4,57E-01 4,57E-01 4,54E-01 
Energy, gross calorific value, in biomass, primary 
forest 

Raw biotic MJ 4,24E-05 2,41E-05 9,41E-05 

Peat, in ground Raw biotic kg 5,07E-03 5,07E-03 4,99E-03 
Wood, hard, standing Raw biotic m3 1,24E-05 1,24E-05 1,22E-05 
Wood, primary forest, standing Raw biotic m3 3,93E-09 2,23E-09 8,73E-09 
Wood, soft, standing Raw biotic m3 3,23E-05 3,22E-05 3,23E-05 
Wood, unspecified, standing/m3 Raw biotic m3 2,05E-08 1,29E-08 1,26E-08 
Carbon dioxide, in air Raw in air kg 4,58E-02 4,72E-02 4,58E-02 
Energy, kinetic (in wind), converted Raw in air MJ 1,34E-01 1,34E-01 1,39E-01 
Energy, solar, converted Raw in air MJ 1,75E-03 1,53E-02 1,73E-03 
Krypton, in air Raw in air kg 0,00E+00 0,00E+00 0,00E+00 
Xenon, in air Raw in air kg 0,00E+00 0,00E+00 0,00E+00 
Aluminium, 24% in bauxite, 11% in crude ore, in 
ground 

Raw in ground kg 4,23E-04 4,22E-04 8,08E-04 

Anhydrite, in ground Raw in ground kg 8,06E-07 8,02E-07 7,08E-07 
Barite, 15% in crude ore, in ground Raw in ground kg 5,16E-06 1,45E-04 2,89E-05 
Basalt, in ground Raw in ground kg 4,47E-08 5,70E-04 2,80E-06 
Borax, in ground Raw in ground kg 1,72E-07 4,95E-08 6,06E-08 
Cadmium, 0.30% in sulfide, Cd 0.18%, Pb, Zn, Ag, 
In, in ground 

Raw in ground kg 1,66E-01 4,91E-09 1,78E-07 

Calcite, in ground Raw in ground kg 3,59E-02 3,68E-02 2,92E-02 
Carbon, in organic matter, in soil Raw in ground kg 6,12E-07 3,47E-07 1,36E-06 
Cerium, 24% in bastnasite, 2.4% in crude ore, in 
ground 

Raw in ground kg 0,00E+00 4,78E-05 0,00E+00 

Chromium, 25.5% in chromite, 11.6% in crude ore, 
in ground 

Raw in ground kg 2,68E-04 2,44E-04 1,47E-04 

Chrysotile, in ground Raw in ground kg 3,52E-08 3,69E-08 1,60E-07 
Cinnabar, in ground Raw in ground kg 3,71E-09 3,81E-09 1,53E-08 
Clay, bentonite, in ground Raw in ground kg 1,79E-04 2,22E-04 6,60E-05 
Clay, unspecified, in ground Raw in ground kg 5,96E-03 6,03E-03 4,16E-03 
Coal, brown, in ground Raw in ground kg 2,75E-01 2,86E-01 2,94E-01 
Coal, hard, unspecified, in ground Raw in ground kg 2,27E-01 2,87E-01 2,30E-01 
Cobalt, in ground Raw in ground kg 2,96E-04 4,90E-04 2,94E-09 
Colemanite, in ground Raw in ground kg 1,88E-04 1,88E-04 4,90E-04 
Copper, 0.52% in sulfide, Cu 0.27% and Mo 8.2E-
3% in crude ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Copper, 0.59% in sulfide, Cu 0.22% and Mo 8.2E-
3% in crude ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Copper, 0.97% in sulfide, Cu 0.36% and Mo 4.1E-
2% in crude ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Copper, 0.99% in sulfide, Cu 0.36% and Mo 8.2E-
3% in crude ore, in ground 

Raw in ground kg 6,09E-04 6,09E-04 4,28E-04 

Copper, 1.13% in sulfide, Cu 0.76% and Ni 0.76% in 
crude ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Copper, 1.18% in sulfide, Cu 0.39% and Mo 8.2E-
3% in crude ore, in ground 

Raw in ground kg 4,45E-05 4,45E-05 1,25E-04 

Copper, 1.42% in sulfide, Cu 0.81% and Mo 8.2E-
3% in crude ore, in ground 

Raw in ground kg 1,18E-05 1,18E-05 3,31E-05 

Copper, 2.19% in sulfide, Cu 1.83% and Mo 8.2E-
3% in crude ore, in ground 

Raw in ground kg 1,90E-04 1,91E-04 6,99E-04 

Copper, Cu 0.38%, Au 9.7E-4%, Ag 9.7E-4%, Zn 
0.63%, Pb 0.014%, in ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Cu, Cu 3.2E+0%, Pt 2.5E-4%, Pd 7.3E-4%, Rh 2.0E-
5%, Ni 2.3E+0% in ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Cu, Cu 5.2E-2%, Pt 4.8E-4%, Pd 2.0E-4%, Rh 2.4E-
5%, Ni 3.7E-2% in ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Diatomite, in ground Raw in ground kg 4,81E-12 8,89E-03 1,82E-09 
Dolomite, in ground Raw in ground kg 2,55E-05 2,30E-05 5,61E-06 
Energy, geothermal, converted Raw in ground MJ 0,00E+00 0,00E+00 0,00E+00 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Europium, 0.06% in bastnasite, 0.006% in crude 
ore, in ground 

Raw in ground kg 0,00E+00 1,20E-07 0,00E+00 

Feldspar, in ground Raw in ground kg 6,33E-09 6,33E-09 1,07E-08 
Fluorine, 4.5% in apatite, 1% in crude ore, in 
ground 

Raw in ground kg 1,66E-06 1,66E-06 2,44E-04 

Fluorine, 4.5% in apatite, 3% in crude ore, in 
ground 

Raw in ground kg 7,38E-07 7,37E-07 1,19E-04 

Fluorspar, 92%, in ground Raw in ground kg 2,66E-04 2,65E-04 2,78E-03 
Gadolinium, 0.15% in bastnasite, 0.015% in crude 
ore, in ground 

Raw in ground kg 0,00E+00 2,99E-07 0,00E+00 

Gallium, 0.014% in bauxite, in ground Raw in ground kg -4,85E-15 -4,35E-15 1,60E-14 
Gas, mine, off-gas, process, coal mining/m3 Raw in ground m3 2,18E-03 2,35E-03 2,25E-03 
Gas, natural, in ground Raw in ground m3 1,46E-01 1,37E-01 1,27E-01 
Gold, Au 1.1E-4%, Ag 4.2E-3%, in ore, in ground Raw in ground kg 4,96E-09 4,96E-09 3,30E-08 
Gold, Au 1.3E-4%, Ag 4.6E-5%, in ore, in ground Raw in ground kg 9,10E-09 9,10E-09 6,05E-08 
Gold, Au 1.4E-4%, in ore, in ground Raw in ground kg 1,09E-08 1,09E-08 7,25E-08 
Gold, Au 2.1E-4%, Ag 2.1E-4%, in ore, in ground Raw in ground kg 1,66E-08 1,66E-08 1,11E-07 
Gold, Au 4.3E-4%, in ore, in ground Raw in ground kg 4,12E-09 4,12E-09 2,74E-08 
Gold, Au 4.9E-5%, in ore, in ground Raw in ground kg 9,88E-09 9,88E-09 6,57E-08 
Gold, Au 6.7E-4%, in ore, in ground Raw in ground kg 1,53E-08 1,53E-08 1,02E-07 
Gold, Au 7.1E-4%, in ore, in ground Raw in ground kg 1,72E-08 1,72E-08 1,15E-07 
Gold, Au 9.7E-4%, Ag 9.7E-4%, Zn 0.63%, Cu 
0.38%, Pb 0.014%, in ore, in ground 

Raw in ground kg 1,03E-09 1,03E-09 6,87E-09 

Granite, in ground Raw in ground kg 1,83E-11 1,83E-11 6,75E-11 
Gravel, in ground Raw in ground kg 1,84E-01 8,03E-01 1,30E-02 
Gypsum, in ground Raw in ground kg 1,42E-06 9,11E-06 3,31E-06 
Indium, 0.005% in sulfide, In 0.003%, Pb, Zn, Ag, 
Cd, in ground 

Raw in ground kg 7,53E-10 8,16E-11 2,97E-09 

Iron, 46% in ore, 25% in crude ore, in ground Raw in ground kg 9,71E-03 8,90E-03 -3,99E-04 
Kaolinite, 24% in crude ore, in ground Raw in ground kg 4,53E-05 4,33E-05 5,82E-05 
Kieserite, 25% in crude ore, in ground Raw in ground kg 1,43E-06 1,51E-06 4,64E-07 
Lanthanum, 7.2% in bastnasite, 0.72% in crude 
ore, in ground 

Raw in ground kg 0,00E+00 1,43E-05 0,00E+00 

Lead, 5.0% in sulfide, Pb 3.0%, Zn, Ag, Cd, In, in 
ground 

Raw in ground kg 7,02E-06 6,15E-06 2,13E-05 

Lead, Pb 0.014%, Au 9.7E-4%, Ag 9.7E-4%, Zn 
0.63%, Cu 0.38%, in ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Lithium, 0.15% in brine, in ground Raw in ground kg 4,09E-11 4,09E-11 6,73E-04 
Magnesite, 60% in crude ore, in ground Raw in ground kg 1,70E-05 1,77E-05 1,61E-05 
Manganese, 35.7% in sedimentary deposit, 14.2% 
in crude ore, in ground 

Raw in ground kg 1,78E-04 1,65E-04 3,71E-04 

Metamorphous rock, graphite containing, in 
ground 

Raw in ground kg 5,60E-07 5,60E-07 1,89E-03 

Molybdenum, 0.010% in sulfide, Mo 8.2E-3% and 
Cu 1.83% in crude ore, in ground 

Raw in ground kg 3,53E-06 3,53E-06 1,30E-05 

Molybdenum, 0.014% in sulfide, Mo 8.2E-3% and 
Cu 0.81% in crude ore, in ground 

Raw in ground kg 1,55E-07 1,55E-07 4,34E-07 

Molybdenum, 0.016% in sulfide, Mo 8.2E-3% and 
Cu 0.27% in crude ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Molybdenum, 0.022% in sulfide, Mo 8.2E-3% and 
Cu 0.22% in crude ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Molybdenum, 0.022% in sulfide, Mo 8.2E-3% and 
Cu 0.36% in crude ore, in ground 

Raw in ground kg 1,19E-05 1,17E-05 1,06E-05 

Molybdenum, 0.025% in sulfide, Mo 8.2E-3% and 
Cu 0.39% in crude ore, in ground 

Raw in ground kg 5,68E-07 7,25E-07 1,59E-06 

Molybdenum, 0.11% in sulfide, Mo 4.1E-2% and 
Cu 0.36% in crude ore, in ground 

Raw in ground kg 8,58E-06 8,20E-06 4,02E-06 

Neodymium, 4% in bastnasite, 0.4% in crude ore, 
in ground 

Raw in ground kg 0,00E+00 7,88E-06 0,00E+00 

Ni, Ni 2.3E+0%, Pt 2.5E-4%, Pd 7.3E-4%, Rh 2.0E-
5%, Cu 3.2E+0% in ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Ni, Ni 3.7E-2%, Pt 4.8E-4%, Pd 2.0E-4%, Rh 2.4E-
5%, Cu 5.2E-2% in ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Nickel, 1.13% in sulfide, Ni 0.76% and Cu 0.76% in 
crude ore, in ground 

Raw in ground kg 5,92E-03 1,53E-02 3,44E-05 

Nickel, 1.98% in silicates, 1.04% in crude ore, in 
ground 

Raw in ground kg 6,84E-04 6,21E-04 3,21E-04 

Oil, crude, in ground Raw in ground kg 5,65E-02 6,15E-02 5,31E-02 
Olivine, in ground Raw in ground kg 5,64E-08 4,89E-08 5,50E-08 
Pd, Pd 2.0E-4%, Pt 4.8E-4%, Rh 2.4E-5%, Ni 3.7E-
2%, Cu 5.2E-2% in ore, in ground 

Raw in ground kg 6,11E-10 6,05E-10 2,34E-10 

Pd, Pd 7.3E-4%, Pt 2.5E-4%, Rh 2.0E-5%, Ni 
2.3E+0%, Cu 3.2E+0% in ore, in ground 

Raw in ground kg 1,47E-09 1,45E-09 5,62E-10 

Perlite, in ground Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 
Phosphorus, 18% in apatite, 12% in crude ore, in 
ground 

Raw in ground kg 3,15E-06 3,37E-06 4,74E-04 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Phosphorus, 18% in apatite, 4% in crude ore, in 
ground 

Raw in ground kg 6,63E-06 6,62E-06 9,75E-04 

Praseodymium, 0.42% in bastnasite, 0.042% in 
crude ore, in ground 

Raw in ground kg 0,00E+00 8,36E-07 0,00E+00 

Pt, Pt 2.5E-4%, Pd 7.3E-4%, Rh 2.0E-5%, Ni 
2.3E+0%, Cu 3.2E+0% in ore, in ground 

Raw in ground kg 1,31E-12 1,29E-08 1,27E-12 

Pt, Pt 4.8E-4%, Pd 2.0E-4%, Rh 2.4E-5%, Ni 3.7E-
2%, Cu 5.2E-2% in ore, in ground 

Raw in ground kg 4,69E-12 4,19E-12 4,57E-12 

Pumice, in ground Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 
Pyrite, in ground Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 
Rh, Rh 2.0E-5%, Pt 2.5E-4%, Pd 7.3E-4%, Ni 
2.3E+0%, Cu 3.2E+0% in ore, in ground 

Raw in ground kg 1,31E-12 1,17E-12 1,22E-12 

Rh, Rh 2.4E-5%, Pt 4.8E-4%, Pd 2.0E-4%, Ni 3.7E-
2%, Cu 5.2E-2% in ore, in ground 

Raw in ground kg 4,11E-12 3,67E-12 3,83E-12 

Rhenium, in crude ore, in ground Raw in ground kg 1,97E-12 1,71E-12 1,82E-12 
Samarium, 0.3% in bastnasite, 0.03% in crude ore, 
in ground 

Raw in ground kg 0,00E+00 5,97E-07 0,00E+00 

Sand, unspecified, in ground Raw in ground kg 9,85E-06 1,19E-03 1,06E-05 
Shale, in ground Raw in ground kg 2,28E-06 2,27E-06 2,00E-06 
Silver, 0.007% in sulfide, Ag 0.004%, Pb, Zn, Cd, 
In, in ground 

Raw in ground kg 1,41E-06 1,41E-06 5,73E-05 

Silver, 3.2ppm in sulfide, Ag 1.2ppm, Cu and Te, in 
crude ore, in ground 

Raw in ground kg 1,01E-06 1,01E-06 4,10E-05 

Silver, Ag 2.1E-4%, Au 2.1E-4%, in ore, in ground Raw in ground kg 9,30E-08 9,30E-08 3,79E-06 
Silver, Ag 4.2E-3%, Au 1.1E-4%, in ore, in ground Raw in ground kg 2,12E-07 2,12E-07 8,66E-06 
Silver, Ag 4.6E-5%, Au 1.3E-4%, in ore, in ground Raw in ground kg 2,08E-07 2,08E-07 8,48E-06 
Silver, Ag 9.7E-4%, Au 9.7E-4%, Zn 0.63%, Cu 
0.38%, Pb 0.014%, in ore, in ground 

Raw in ground kg 1,37E-07 1,37E-07 5,60E-06 

Sodium chloride, in ground Raw in ground kg 2,77E-03 3,23E-03 9,98E-03 
Sodium nitrate, in ground Raw in ground kg 3,89E-12 3,86E-12 4,14E-12 
Sodium sulphate, various forms, in ground Raw in ground kg 1,25E-05 1,63E-05 1,22E-05 
Spodumene, in ground Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 
Stibnite, in ground Raw in ground kg 4,99E-13 4,76E-13 1,89E-10 
Sulfur, in ground Raw in ground kg 2,91E-04 1,21E-04 1,32E-04 
Sylvite, 25 % in sylvinite, in ground Raw in ground kg 1,16E-03 6,87E-04 1,54E-03 
Talc, in ground Raw in ground kg 1,91E-04 1,91E-04 1,63E-04 
Tantalum, 81.9% in tantalite, 1.6E-4% in crude 
ore, in ground 

Raw in ground kg 8,43E-07 8,43E-07 2,63E-07 

Tellurium, 0.5ppm in sulfide, Te 0.2ppm, Cu and 
Ag, in crude ore, in ground 

Raw in ground kg 1,51E-07 1,51E-07 6,16E-06 

Tin, 79% in cassiterite, 0.1% in crude ore, in 
ground 

Raw in ground kg 1,35E-04 1,35E-04 3,12E-04 

TiO2, 54% in ilmenite, 2.6% in crude ore, in 
ground 

Raw in ground kg 7,33E-05 7,36E-05 7,82E-05 

TiO2, 95% in rutile, 0.40% in crude ore, in ground Raw in ground kg 2,26E-09 2,17E-09 9,95E-10 
Ulexite, in ground Raw in ground kg 4,25E-08 4,25E-08 1,51E-07 
Uranium, in ground Raw in ground kg 1,37E-05 1,33E-05 1,37E-05 
Vermiculite, in ground Raw in ground kg -8,67E-12 -5,37E-12 4,27E-08 
Volume occupied, final repository for low-active 
radioactive waste 

Raw in ground m3 2,79E-08 2,62E-08 2,79E-08 

Volume occupied, final repository for radioactive 
waste 

Raw in ground m3 6,99E-09 6,65E-09 7,04E-09 

Volume occupied, underground deposit Raw in ground m3 1,97E-08 1,99E-08 5,30E-08 
Zinc, 9.0% in sulfide, Zn 5.3%, Pb, Ag, Cd, In, in 
ground 

Raw in ground kg 4,01E-06 2,81E-06 1,59E-05 

Zinc, Zn 0.63%, Au 9.7E-4%, Ag 9.7E-4%, Cu 
0.38%, Pb 0.014%, in ore, in ground 

Raw in ground kg 0,00E+00 0,00E+00 0,00E+00 

Zirconium, 50% in zircon, 0.39% in crude ore, in 
ground 

Raw in ground kg 5,30E-08 5,30E-08 3,37E-06 

Bromine, 0.0023% in water Raw in water kg 8,77E-09 8,73E-09 1,88E-09 
Energy, potential (in hydropower reservoir), 
converted 

Raw in water MJ 1,27E+00 1,26E+00 1,14E+00 

Iodine, 0.03% in water Raw in water kg 1,93E-09 1,91E-09 4,63E-10 
Magnesium, 0.13% in water Raw in water kg 1,33E-07 1,33E-07 4,16E-08 
Volume occupied, reservoir Raw in water m3y 2,35E-02 2,35E-02 2,42E-02 
Water, cooling, unspecified natural origin/m3 Raw in water m3 3,23E-02 3,21E-02 3,32E-02 
Water, lake Raw in water m3 4,92E-05 4,99E-05 1,12E-04 
Water, river Raw in water m3 6,62E-03 1,06E-02 6,68E-03 
Water, salt, ocean Raw in water m3 1,31E-03 8,95E-04 1,04E-03 
Water, salt, sole Raw in water m3 3,87E-05 3,56E-05 3,28E-05 
Water, turbine use, unspecified natural origin Raw in water m3 9,52E+00 9,35E+00 7,78E+00 
Water, unspecified natural origin/m3 Raw in water m3 1,58E-03 1,16E-03 1,80E-03 
Water, well, in ground Raw in water m3 2,14E-03 6,60E-03 1,84E-03 
Occupation, arable Raw land m2a 0,00E+00 0,00E+00 0,00E+00 
Occupation, arable, non-irrigated Raw land m2a 7,33E-05 7,52E-05 1,82E-05 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Occupation, construction site Raw land m2a 3,94E-05 3,96E-05 9,14E-04 
Occupation, dump site Raw land m2a 2,35E-03 2,52E-03 2,50E-03 
Occupation, dump site, benthos Raw land m2a -1,74E-07 -1,57E-07 8,48E-07 
Occupation, forest, intensive Raw land m2a 5,66E-03 5,83E-03 1,51E-03 
Occupation, forest, intensive, normal Raw land m2a 7,84E-03 7,79E-03 8,03E-03 
Occupation, forest, intensive, short-cycle Raw land m2a 1,06E-05 6,04E-06 2,36E-05 
Occupation, industrial area Raw land m2a 4,00E-04 4,12E-04 4,03E-04 
Occupation, industrial area, benthos Raw land m2a -1,81E-09 -1,66E-09 7,60E-09 
Occupation, industrial area, built up Raw land m2a 2,42E-07 3,98E-07 1,84E-05 
Occupation, industrial area, vegetation Raw land m2a 1,23E-06 1,25E-06 9,95E-06 
Occupation, mineral extraction site Raw land m2a 9,93E-04 1,01E-03 1,22E-03 
Occupation, pasture and meadow Raw land m2a 0,00E+00 0,00E+00 0,00E+00 
Occupation, pasture and meadow, extensive Raw land m2a 0,00E+00 0,00E+00 0,00E+00 
Occupation, pasture and meadow, intensive Raw land m2a 0,00E+00 0,00E+00 0,00E+00 
Occupation, permanent crop, fruit, intensive Raw land m2a 1,53E-05 1,06E-05 1,53E-06 
Occupation, shrub land, sclerophyllous Raw land m2a 3,26E-05 3,28E-05 3,02E-05 
Occupation, traffic area, rail embankment Raw land m2a 3,68E-08 7,50E-08 5,69E-06 
Occupation, traffic area, rail network Raw land m2a 4,07E-08 8,29E-08 6,30E-06 
Occupation, traffic area, road embankment Raw land m2a 1,71E-04 1,73E-04 1,06E-04 
Occupation, traffic area, road network Raw land m2a 1,07E-06 1,22E-06 4,01E-05 
Occupation, tropical rain forest Raw land m2a 0,00E+00 0,00E+00 0,00E+00 
Occupation, urban, discontinuously built Raw land m2a -1,01E-11 1,26E-11 2,34E-08 
Occupation, water bodies, artificial Raw land m2a 2,07E-03 2,06E-03 2,17E-03 
Occupation, water courses, artificial Raw land m2a 9,04E-04 8,88E-04 7,28E-04 
Transformation, from arable Raw land m2 1,60E-07 1,60E-07 3,10E-07 
Transformation, from arable, non-irrigated Raw land m2 1,34E-04 1,38E-04 3,13E-05 
Transformation, from arable, non-irrigated, fallow Raw land m2 5,11E-08 5,10E-08 9,79E-08 
Transformation, from dump site, inert material 
landfill 

Raw land m2 5,45E-08 5,04E-08 2,57E-07 

Transformation, from dump site, residual material 
landfill 

Raw land m2 4,82E-06 4,69E-06 4,38E-06 

Transformation, from dump site, sanitary landfill Raw land m2 1,41E-06 1,52E-06 1,22E-06 
Transformation, from dump site, slag 
compartment 

Raw land m2 2,26E-07 2,87E-07 1,79E-07 

Transformation, from forest Raw land m2 1,50E-07 1,85E-07 3,47E-06 
Transformation, from forest, extensive Raw land m2 1,00E-04 1,01E-04 7,33E-05 
Transformation, from forest, intensive, clear-
cutting 

Raw land m2 3,80E-07 2,16E-07 8,43E-07 

Transformation, from forest, intensive, normal Raw land m2 0,00E+00 0,00E+00 0,00E+00 
Transformation, from forest, intensive, short-cycle Raw land m2 0,00E+00 0,00E+00 0,00E+00 
Transformation, from heterogeneous, agricultural Raw land m2 0,00E+00 0,00E+00 0,00E+00 
Transformation, from industrial area Raw land m2 1,02E-06 9,62E-07 1,04E-06 
Transformation, from industrial area, benthos Raw land m2 -2,26E-11 -2,14E-11 5,78E-11 
Transformation, from industrial area, built up Raw land m2 2,36E-09 2,36E-09 2,96E-07 
Transformation, from industrial area, vegetation Raw land m2 4,03E-09 4,03E-09 5,04E-07 
Transformation, from mineral extraction site Raw land m2 1,45E-05 1,46E-05 1,80E-05 
Transformation, from pasture and meadow Raw land m2 1,22E-05 1,22E-05 1,47E-05 
Transformation, from pasture and meadow, 
extensive 

Raw land m2 0,00E+00 0,00E+00 0,00E+00 

Transformation, from pasture and meadow, 
intensive 

Raw land m2 1,10E-07 1,12E-07 2,29E-08 

Transformation, from sea and ocean Raw land m2 6,63E-06 6,65E-06 1,66E-05 
Transformation, from shrub land, sclerophyllous Raw land m2 1,22E-05 1,21E-05 1,06E-05 
Transformation, from tropical rain forest Raw land m2 3,80E-07 2,16E-07 8,43E-07 
Transformation, from unknown Raw land m2 6,48E-05 6,62E-05 7,04E-05 
Transformation, to arable Raw land m2 1,21E-05 1,23E-05 1,31E-05 
Transformation, to arable, non-irrigated Raw land m2 1,35E-04 1,38E-04 3,14E-05 
Transformation, to arable, non-irrigated, fallow Raw land m2 7,71E-08 7,72E-08 1,31E-07 
Transformation, to dump site Raw land m2 1,73E-05 1,87E-05 1,87E-05 
Transformation, to dump site, benthos Raw land m2 -1,74E-07 -1,57E-07 8,48E-07 
Transformation, to dump site, inert material 
landfill 

Raw land m2 5,45E-08 5,04E-08 2,57E-07 

Transformation, to dump site, residual material 
landfill 

Raw land m2 4,82E-06 4,69E-06 4,38E-06 

Transformation, to dump site, sanitary landfill Raw land m2 1,41E-06 1,52E-06 1,22E-06 
Transformation, to dump site, slag compartment Raw land m2 2,26E-07 2,87E-07 1,79E-07 
Transformation, to forest Raw land m2 8,32E-06 8,37E-06 6,97E-06 
Transformation, to forest, intensive Raw land m2 3,77E-05 3,88E-05 1,01E-05 
Transformation, to forest, intensive, clear-cutting Raw land m2 3,80E-07 2,16E-07 8,43E-07 
Transformation, to forest, intensive, normal Raw land m2 6,10E-05 6,06E-05 6,23E-05 
Transformation, to forest, intensive, short-cycle Raw land m2 3,80E-07 2,16E-07 8,43E-07 
Transformation, to heterogeneous, agricultural Raw land m2 -5,68E-09 -3,94E-09 1,04E-07 
Transformation, to industrial area Raw land m2 4,00E-06 4,12E-06 4,12E-06 
Transformation, to industrial area, benthos Raw land m2 6,81E-06 6,81E-06 1,58E-05 
Transformation, to industrial area, built up Raw land m2 2,57E-07 2,57E-07 1,23E-06 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Transformation, to industrial area, vegetation Raw land m2 1,48E-08 1,55E-08 4,23E-07 
Transformation, to mineral extraction site Raw land m2 2,93E-05 2,93E-05 3,96E-05 
Transformation, to pasture and meadow Raw land m2 2,14E-08 2,16E-08 3,70E-06 
Transformation, to pasture and meadow, 
extensive 

Raw land m2 0,00E+00 0,00E+00 0,00E+00 

Transformation, to pasture and meadow, 
intensive 

Raw land m2 0,00E+00 0,00E+00 0,00E+00 

Transformation, to permanent crop, fruit, 
intensive 

Raw land m2 2,15E-07 1,49E-07 2,15E-08 

Transformation, to sea and ocean Raw land m2 -2,26E-11 -2,14E-11 5,78E-11 
Transformation, to shrub land, sclerophyllous Raw land m2 6,51E-06 6,55E-06 6,03E-06 
Transformation, to traffic area, rail embankment Raw land m2 8,57E-11 1,75E-10 1,32E-08 
Transformation, to traffic area, rail network Raw land m2 9,42E-11 1,92E-10 1,46E-08 
Transformation, to traffic area, road embankment Raw land m2 1,22E-06 1,24E-06 7,87E-07 
Transformation, to traffic area, road network Raw land m2 8,26E-09 9,17E-09 4,33E-07 
Transformation, to tropical rain forest Raw land m2 0,00E+00 0,00E+00 0,00E+00 
Transformation, to unknown Raw land m2 1,52E-06 1,46E-06 1,90E-06 
Transformation, to urban, discontinuously built Raw land m2 -2,02E-13 2,50E-13 4,67E-10 
Transformation, to water bodies, artificial Raw land m2 1,45E-05 1,44E-05 1,42E-05 
Transformation, to water courses, artificial Raw land m2 1,12E-05 1,10E-05 9,01E-06 
Acenaphthene Air - kg 2,27E-16 2,23E-16 1,17E-14 
Acetaldehyde Air - kg 5,50E-07 4,59E-07 2,79E-07 
Acetic acid Air - kg 3,62E-07 4,28E-07 6,86E-07 
Acetone Air - kg 0,00E+00 0,00E+00 0,00E+00 
Acrolein Air - kg 1,31E-13 1,29E-13 6,79E-12 
Aldehydes, unspecified Air - kg 9,66E-13 9,48E-13 4,99E-11 
Aluminium Air - kg 1,28E-04 1,29E-04 8,34E-05 
Ammonia Air - kg 5,11E-05 5,15E-05 3,36E-05 
Antimony Air - kg 2,59E-11 2,65E-11 1,60E-11 
Arsenic Air - kg 1,55E-10 1,59E-10 9,82E-11 
Barium Air - kg 1,46E-11 3,71E-11 4,79E-11 
Benzal chloride Air - kg 1,67E-17 1,64E-17 8,61E-16 
Benzene Air - kg 7,54E-08 7,27E-08 1,15E-07 
Benzene, hexachloro- Air - kg 8,76E-13 9,11E-13 2,75E-12 
Benzo(a)pyrene Air - kg 9,36E-10 9,35E-10 1,09E-09 
Beryllium Air - kg 3,85E-11 3,89E-11 2,29E-11 
Boron Air - kg 8,42E-11 2,14E-10 2,77E-10 
Bromine Air - kg 6,87E-11 1,75E-10 2,26E-10 
Butadiene Air - kg 5,86E-09 5,86E-09 2,92E-08 
Butane Air - kg 2,41E-10 2,40E-10 1,23E-08 
Cadmium Air - kg 3,56E-10 3,27E-10 1,46E-10 
Carbon dioxide, biogenic Air - kg 1,39E-03 1,39E-03 1,38E-03 
Carbon dioxide, fossil Air - kg 5,74E-02 5,22E-02 3,55E-02 
Carbon disulfide Air - kg 3,09E-18 3,03E-18 1,60E-16 
Carbon monoxide, biogenic Air - kg 0,00E+00 0,00E+00 0,00E+00 
Carbon monoxide, fossil Air - kg 4,33E-04 4,01E-04 1,30E-04 
Chlorine Air - kg 3,48E-12 3,52E-12 3,91E-12 
Chloroform Air - kg 1,41E-18 1,38E-18 7,27E-17 
Chromium Air - kg 2,65E-09 2,39E-09 8,65E-10 
Chromium VI Air - kg 8,06E-12 8,25E-12 5,42E-12 
Cobalt Air - kg 5,19E-11 5,33E-11 3,33E-11 
Copper Air - kg 3,65E-08 3,20E-08 3,04E-08 
Cumene Air - kg 1,26E-19 1,24E-19 6,52E-18 
Cyanide Air - kg 5,95E-17 5,84E-17 3,08E-15 
Dinitrogen monoxide Air - kg 1,33E-05 1,28E-05 1,65E-05 
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-
p-dioxin 

Air - kg 6,78E-14 6,25E-14 5,79E-15 

Ethane Air - kg 3,58E-10 3,59E-10 1,83E-08 
Ethane, 1,1,1-trichloro-, HCFC-140 Air - kg 2,60E-18 2,55E-18 1,34E-16 
Ethane, 1,1,1,2-tetrafluoro-, HFC-134a Air - kg 6,62E-08 5,45E-08 4,06E-08 
Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, CFC-113 Air - kg 0,00E+00 0,00E+00 0,00E+00 
Ethane, 1,2-dichloro- Air - kg 0,00E+00 0,00E+00 0,00E+00 
Ethane, 2-chloro-1,1,1,2-tetrafluoro-, HCFC-124 Air - kg 0,00E+00 0,00E+00 0,00E+00 
Ethane, hexafluoro-, HFC-116 Air - kg 8,82E-09 8,83E-09 1,03E-08 
Ethene, chloro- Air - kg 9,53E-19 9,36E-19 4,93E-17 
Ethene, tetrachloro- Air - kg 2,06E-15 2,02E-15 1,07E-13 
Ethylene oxide Air - kg 5,66E-08 5,66E-08 7,08E-07 
Ethyne Air - kg 2,84E-09 2,83E-09 4,97E-06 
Fluorine Air - kg 6,70E-14 6,79E-14 3,36E-13 
Formaldehyde Air - kg 1,06E-06 8,94E-07 7,61E-07 
Furan Air - kg 2,02E-19 1,99E-19 1,05E-17 
Heat, waste Air - MJ 1,15E+00 1,07E+00 9,61E-01 
Helium Air - kg 4,51E-16 4,54E-16 4,33E-16 
Hexane Air - kg 2,04E-10 2,01E-10 1,06E-08 
Hydrocarbons, aliphatic, alkanes, unspecified Air - kg 1,15E-06 1,03E-06 -9,05E-08 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Hydrocarbons, aliphatic, unsaturated Air - kg 2,60E-11 6,61E-11 8,53E-11 
Hydrocarbons, aromatic Air - kg 5,21E-09 5,32E-09 1,06E-07 
Hydrocarbons, chlorinated Air - kg 4,14E-10 4,20E-10 4,46E-10 
Hydrogen Air - kg 2,14E-08 2,53E-08 4,05E-08 
Hydrogen chloride Air - kg 4,69E-07 4,29E-07 7,16E-08 
Hydrogen fluoride Air - kg 2,80E-07 2,73E-07 3,98E-07 
Hydrogen sulfide Air - kg 7,45E-07 7,33E-07 6,94E-07 
Iodine Air - kg 3,51E-11 8,94E-11 1,15E-10 
Iron Air - kg 7,00E-10 7,21E-10 2,14E-09 
Isoprene Air - kg 2,71E-18 2,66E-18 1,40E-16 
Lead Air - kg 3,27E-08 2,95E-08 -4,06E-10 
Lead-210 Air - Bq 1,46E-05 3,71E-05 4,79E-05 
Magnesium Air - kg 4,89E-13 4,80E-13 2,53E-11 
Manganese Air - kg 7,14E-09 6,44E-09 -4,18E-10 
Mercury Air - kg 1,12E-09 1,07E-09 5,14E-10 
Methane, biogenic Air - kg 2,63E-05 2,62E-05 2,78E-05 
Methane, bromo-, Halon 1001 Air - kg 3,81E-18 3,74E-18 1,97E-16 
Methane, chlorotrifluoro-, CFC-13 Air - kg 0,00E+00 0,00E+00 0,00E+00 
Methane, dichlorodifluoro-, CFC-12 Air - kg 2,54E-18 2,49E-18 1,31E-16 
Methane, fossil Air - kg 1,40E-06 1,41E-06 6,01E-06 
Methane, tetrachloro-, CFC-10 Air - kg 1,13E-15 1,11E-15 5,86E-14 
Methane, tetrafluoro-, CFC-14 Air - kg 7,93E-08 7,95E-08 9,29E-08 
Methanol Air - kg 1,82E-07 2,16E-07 3,45E-07 
Molybdenum Air - kg 9,52E-13 1,32E-12 1,55E-12 
Nickel Air - kg 1,38E-09 1,23E-09 1,00E-09 
Nitrogen oxides Air - kg 6,47E-04 6,07E-04 4,69E-04 
NMVOC, non-methane volatile organic 
compounds, unspecified origin 

Air - kg 7,24E-05 7,15E-05 5,57E-05 

Ozone Air - kg 9,04E-06 8,63E-06 9,14E-06 
PAH, polycyclic aromatic hydrocarbons Air - kg 3,79E-08 3,76E-08 3,96E-08 
Particulates, < 2.5 um Air - kg 2,22E-05 2,11E-05 1,69E-05 
Particulates, > 10 um Air - kg 4,61E-06 4,68E-06 4,75E-06 
Particulates, > 2.5 um, and < 10um Air - kg 3,79E-06 3,70E-06 3,63E-06 
Pentane Air - kg 3,14E-10 3,36E-10 1,54E-08 
Phenol Air - kg 4,93E-13 6,95E-13 3,11E-11 
Phosphorus Air - kg 3,67E-12 3,71E-12 3,06E-12 
Polonium-210 Air - Bq 2,67E-05 6,78E-05 8,76E-05 
Polychlorinated biphenyls Air - kg 5,13E-11 4,64E-11 -8,48E-13 
Potassium-40 Air - Bq 3,59E-06 9,13E-06 1,18E-05 
Propanal Air - kg 9,04E-18 8,88E-18 4,67E-16 
Propane Air - kg 1,86E-10 1,89E-10 9,40E-09 
Propene Air - kg 2,13E-12 5,10E-12 1,74E-11 
Propionic acid Air - kg 4,12E-12 4,05E-12 2,13E-10 
Radium-226 Air - Bq 3,77E-06 9,58E-06 1,24E-05 
Radium-228 Air - Bq 1,12E-06 2,84E-06 3,66E-06 
Radon-220 Air - Bq 7,83E-05 1,99E-04 2,57E-04 
Radon-222 Air - Bq 4,40E-05 1,12E-04 1,44E-04 
Selenium Air - kg 1,32E-10 1,20E-10 1,10E-10 
Silicon Air - kg 1,78E-15 1,79E-15 1,71E-15 
Sodium Air - kg 2,69E-15 5,27E-15 2,72E-13 
Strontium Air - kg 1,33E-11 3,39E-11 4,37E-11 
Styrene Air - kg 5,95E-19 5,84E-19 3,08E-17 
Sulfate Air - kg 3,80E-10 2,57E-10 1,65E-12 
Sulfur dioxide Air - kg 2,23E-05 2,14E-05 1,77E-05 
Sulfur hexafluoride Air - kg 1,47E-07 1,47E-07 1,55E-07 
Thallium Air - kg 1,67E-10 1,68E-10 9,88E-11 
Thorium-228 Air - Bq 6,01E-07 1,53E-06 1,97E-06 
Thorium-232 Air - Bq 9,44E-07 2,40E-06 3,10E-06 
Tin Air - kg 3,81E-10 3,83E-10 2,95E-10 
Titanium Air - kg 1,26E-10 1,13E-10 -1,01E-11 
Toluene Air - kg 2,14E-07 1,81E-07 1,57E-07 
Uranium-238 Air - Bq 3,14E-06 7,99E-06 1,03E-05 
Vanadium Air - kg 4,13E-10 3,84E-10 2,13E-11 
Water Air - kg 5,81E-04 5,83E-04 2,04E-03 
Xylene Air - kg 1,12E-07 9,76E-08 8,97E-08 
Zinc Air - kg 3,20E-08 2,81E-08 2,27E-08 
1-Butanol Air high. pop. kg 3,05E-14 2,65E-14 5,07E-14 
1-Pentanol Air high. pop. kg 7,73E-13 7,74E-13 1,32E-13 
1-Pentene Air high. pop. kg 5,84E-13 5,85E-13 9,98E-14 
1-Propanol Air high. pop. kg 5,46E-12 5,49E-12 1,18E-12 
1,4-Butanediol Air high. pop. kg 5,63E-12 5,61E-12 2,20E-12 
2-Aminopropanol Air high. pop. kg 7,04E-15 7,49E-15 1,13E-14 
2-Butene, 2-methyl- Air high. pop. kg 1,30E-16 1,30E-16 2,13E-09 
2-Methyl pentane Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
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2-Methyl-1-propanol Air high. pop. kg 1,34E-12 1,34E-12 2,62E-13 
2-Methyl-2-butene Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
2-Nitrobenzoic acid Air high. pop. kg 3,61E-15 4,41E-15 2,47E-14 
2-Propanol Air high. pop. kg 5,36E-05 5,36E-05 1,24E-04 
3-Methyl-1-butanol Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
4-Methyl-2-pentanone Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Acenaphthene Air high. pop. kg 2,89E-12 2,67E-12 2,79E-12 
Acetaldehyde Air high. pop. kg 2,60E-07 2,86E-07 2,52E-07 
Acetic acid Air high. pop. kg 1,57E-06 1,64E-06 1,51E-06 
Acetone Air high. pop. kg 2,36E-05 2,36E-05 5,64E-05 
Acrolein Air high. pop. kg 2,10E-10 2,25E-10 2,29E-10 
Acrylic acid Air high. pop. kg 1,45E-09 1,45E-09 4,79E-09 
Aldehydes, unspecified Air high. pop. kg 3,54E-08 2,69E-08 5,86E-08 
Aluminium Air high. pop. kg 5,59E-07 5,47E-07 8,35E-07 
Ammonia Air high. pop. kg 4,45E-06 3,55E-05 6,95E-06 
Ammonium carbonate Air high. pop. kg 2,53E-11 2,64E-11 8,72E-10 
Aniline Air high. pop. kg 2,96E-12 2,85E-12 1,06E-12 
Anthranilic acid Air high. pop. kg 2,72E-15 3,30E-15 1,91E-14 
Antimony Air high. pop. kg 1,43E-08 8,41E-08 3,41E-08 
Arsenic Air high. pop. kg 2,03E-08 1,17E-07 3,24E-08 
Arsine Air high. pop. kg 1,69E-14 1,69E-14 5,59E-14 
Barium Air high. pop. kg 1,17E-08 3,67E-07 2,68E-08 
Benzal chloride Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Benzaldehyde Air high. pop. kg 1,10E-10 1,10E-10 1,20E-10 
Benzene Air high. pop. kg 1,70E-06 1,67E-06 1,69E-06 
Benzene, 1-methyl-2-nitro- Air high. pop. kg 3,12E-15 3,81E-15 2,13E-14 
Benzene, 1,2-dichloro- Air high. pop. kg 1,34E-12 1,35E-12 3,51E-13 
Benzene, dichloro Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Benzene, ethyl- Air high. pop. kg 9,61E-08 1,34E-06 9,44E-08 
Benzene, hexachloro- Air high. pop. kg 9,70E-12 1,04E-11 1,10E-11 
Benzene, pentachloro- Air high. pop. kg 2,43E-11 2,61E-11 2,77E-11 
Benzo(a)pyrene Air high. pop. kg 2,22E-10 2,26E-10 2,24E-10 
Beryllium Air high. pop. kg 1,10E-10 2,48E-09 1,40E-10 
Boric acid Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Boron Air high. pop. kg 5,58E-08 8,80E-07 1,36E-07 
Boron trifluoride Air high. pop. kg 2,31E-16 2,31E-16 7,65E-16 
Bromine Air high. pop. kg 7,72E-08 8,37E-07 1,31E-07 
Butadiene Air high. pop. kg 4,98E-13 4,99E-13 8,51E-14 
Butane Air high. pop. kg 7,08E-06 6,73E-06 7,37E-06 
Butanol Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Butene Air high. pop. kg 1,12E-07 1,53E-06 9,90E-08 
Butyrolactone Air high. pop. kg 1,61E-12 1,61E-12 5,68E-13 
Cadmium Air high. pop. kg 1,51E-08 2,83E-08 1,38E-08 
Calcium Air high. pop. kg 2,38E-06 2,37E-06 2,52E-06 
Carbon dioxide, biogenic Air high. pop. kg 3,94E-02 4,00E-02 4,10E-02 
Carbon dioxide, fossil Air high. pop. kg 4,41E-01 6,44E-01 4,14E-01 
Carbon disulfide Air high. pop. kg 8,30E-11 1,58E-10 1,12E-10 
Carbon monoxide, biogenic Air high. pop. kg 3,24E-06 3,22E-06 4,00E-06 
Carbon monoxide, fossil Air high. pop. kg 1,35E-04 3,21E-04 1,58E-04 
Chloramine Air high. pop. kg 2,72E-12 2,72E-12 4,90E-13 
Chlorine Air high. pop. kg 7,46E-07 9,64E-07 1,04E-05 
Chloroacetic acid Air high. pop. kg 1,71E-12 1,93E-12 2,15E-12 
Chloroform Air high. pop. kg 1,66E-09 1,63E-09 4,61E-09 
Chlorosilane, trimethyl- Air high. pop. kg 2,61E-11 2,61E-11 8,75E-11 
Chlorosulfonic acid Air high. pop. kg 2,14E-14 2,71E-14 4,17E-14 
Chromium Air high. pop. kg 3,30E-08 1,86E-07 3,22E-08 
Chromium VI Air high. pop. kg 4,96E-10 5,57E-10 6,66E-10 
Cobalt Air high. pop. kg 4,44E-08 3,81E-07 4,06E-08 
Copper Air high. pop. kg 1,17E-06 1,80E-06 2,58E-06 
Cumene Air high. pop. kg 2,12E-07 2,14E-07 3,00E-07 
Cyanide Air high. pop. kg 6,47E-08 6,25E-08 2,41E-07 
Cyanoacetic acid Air high. pop. kg 1,75E-14 2,22E-14 3,42E-14 
Cyclohexane Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Diethyl ether Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Diethylene glycol Air high. pop. kg 0,00E+00 0,00E+00 2,05E-15 
Diethylamine Air high. pop. kg 1,32E-12 1,27E-12 4,70E-13 
Dimethyl malonate Air high. pop. kg 2,20E-14 2,78E-14 4,29E-14 
Dimethylamine Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Dinitrogen monoxide Air high. pop. kg 1,88E-05 2,10E-05 1,37E-05 
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-
p-dioxin 

Air high. pop. kg 1,09E-13 1,22E-13 1,22E-13 

Dipropylamine Air high. pop. kg 8,37E-13 8,08E-13 2,95E-13 
Ethane Air high. pop. kg 5,90E-06 1,02E-05 5,56E-06 
Ethane, 1,1-difluoro-, HFC-152a Air high. pop. kg -6,30E-13 -5,66E-13 3,16E-05 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Ethane, 1,1,1,2-tetrafluoro-, HFC-134a Air high. pop. kg 2,04E-10 2,04E-10 5,25E-10 
Ethane, 1,1,2-trichloro-1,2,2-trifluoro-, CFC-113 Air high. pop. kg 6,88E-11 6,88E-11 2,28E-10 
Ethane, 1,2-dichloro- Air high. pop. kg 3,35E-07 3,26E-07 2,48E-07 
Ethane, hexafluoro-, HFC-116 Air high. pop. kg 4,74E-09 4,74E-09 1,57E-08 
Ethanol Air high. pop. kg 4,48E-07 4,98E-07 4,02E-07 
Ethene Air high. pop. kg 5,27E-07 5,13E-07 7,64E-07 
Ethene, chloro- Air high. pop. kg 2,01E-07 1,97E-07 1,32E-07 
Ethene, tetrachloro- Air high. pop. kg -5,14E-16 -4,48E-16 3,41E-15 
Ethyl acetate Air high. pop. kg 4,94E-05 4,94E-05 1,89E-04 
Ethyl cellulose Air high. pop. kg 4,71E-07 4,71E-07 1,09E-06 
Ethylamine Air high. pop. kg 7,34E-13 7,36E-13 3,22E-13 
Ethylene diamine Air high. pop. kg 7,03E-11 7,03E-11 7,23E-12 
Ethylene glycol monoethyl ether Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Ethylene oxide Air high. pop. kg 1,35E-08 1,35E-08 6,40E-08 
Ethyne Air high. pop. kg 2,56E-08 2,51E-08 3,77E-08 
Fluorine Air high. pop. kg 2,54E-08 2,53E-08 2,53E-08 
Fluosilicic acid Air high. pop. kg 1,03E-08 1,03E-08 1,21E-08 
Formaldehyde Air high. pop. kg 1,00E-06 1,70E-06 9,13E-07 
Formamide Air high. pop. kg 1,41E-12 1,42E-12 2,42E-13 
Formic acid Air high. pop. kg 6,63E-13 8,30E-13 2,53E-11 
Heat, waste Air high. pop. MJ 6,26E+00 6,76E+00 6,00E+00 
Helium Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Heptane Air high. pop. kg 6,09E-07 5,75E-07 5,57E-07 
Hexane Air high. pop. kg 4,21E-06 3,90E-06 4,02E-06 
Hydrocarbons, aliphatic, alkanes, cyclic Air high. pop. kg 2,66E-08 1,46E-06 2,58E-08 
Hydrocarbons, aliphatic, alkanes, unspecified Air high. pop. kg 1,46E-06 2,65E-06 1,51E-06 
Hydrocarbons, aliphatic, unsaturated Air high. pop. kg 1,28E-06 1,28E-06 1,35E-06 
Hydrocarbons, aromatic Air high. pop. kg 3,96E-06 3,94E-06 3,59E-06 
Hydrocarbons, chlorinated Air high. pop. kg 1,89E-07 1,79E-07 3,33E-07 
Hydrogen Air high. pop. kg 3,65E-06 3,70E-06 5,13E-06 
Hydrogen chloride Air high. pop. kg 5,31E-06 3,41E-05 9,87E-06 
Hydrogen fluoride Air high. pop. kg 2,57E-06 8,93E-06 3,82E-06 
Hydrogen peroxide Air high. pop. kg 8,83E-08 8,83E-08 2,04E-07 
Hydrogen sulfide Air high. pop. kg 7,32E-08 9,07E-07 1,68E-08 
Iodine Air high. pop. kg 1,26E-08 3,12E-08 4,04E-08 
Iron Air high. pop. kg 3,17E-07 3,06E-07 4,09E-07 
Isocyanic acid Air high. pop. kg -9,05E-12 -7,93E-12 6,88E-11 
Isopropylamine Air high. pop. kg 1,81E-14 1,87E-14 7,33E-14 
Lactic acid Air high. pop. kg 6,56E-13 6,33E-13 2,31E-13 
Lead Air high. pop. kg 6,40E-08 3,04E-07 6,69E-08 
Lead-210 Air high. pop. Bq 7,36E-03 1,50E-02 1,99E-02 
m-Xylene Air high. pop. kg 4,63E-08 4,61E-08 4,79E-08 
Magnesium Air high. pop. kg 3,34E-07 3,29E-07 4,33E-07 
Manganese Air high. pop. kg 8,14E-08 6,89E-07 8,94E-08 
Mercury Air high. pop. kg 3,99E-09 1,51E-08 5,76E-09 
Methane, biogenic Air high. pop. kg 6,45E-07 6,14E-07 8,11E-07 
Methane, bromotrifluoro-, Halon 1301 Air high. pop. kg 2,29E-16 2,18E-16 8,66E-14 
Methane, chlorodifluoro-, HCFC-22 Air high. pop. kg 2,89E-09 3,60E-09 7,45E-09 
Methane, dichloro-, HCC-30 Air high. pop. kg 1,26E-10 1,25E-10 1,76E-10 
Methane, dichlorodifluoro-, CFC-12 Air high. pop. kg 6,85E-09 7,55E-09 5,93E-09 
Methane, dichlorofluoro-, HCFC-21 Air high. pop. kg 5,80E-13 3,10E-09 1,49E-12 
Methane, fossil Air high. pop. kg 3,44E-04 7,76E-04 3,58E-04 
Methane, monochloro-, R-40 Air high. pop. kg 5,31E-11 5,31E-11 2,68E-10 
Methane, tetrachloro-, CFC-10 Air high. pop. kg 1,22E-09 1,28E-09 3,36E-09 
Methane, tetrafluoro-, CFC-14 Air high. pop. kg -3,24E-14 -2,91E-14 1,07E-13 
Methane, trichlorofluoro-, CFC-11 Air high. pop. kg 9,41E-13 3,03E-09 2,42E-12 
Methane, trifluoro-, HFC-23 Air high. pop. kg 1,85E-10 1,85E-10 4,75E-10 
Methanesulfonic acid Air high. pop. kg 1,77E-14 2,24E-14 3,45E-14 
Methanol Air high. pop. kg 5,50E-07 5,97E-07 5,03E-07 
Methyl acetate Air high. pop. kg 8,37E-16 1,02E-15 5,71E-15 
Methyl acrylate Air high. pop. kg 1,64E-09 1,64E-09 5,44E-09 
Methyl amine Air high. pop. kg 6,27E-13 6,10E-13 3,11E-13 
Methyl borate Air high. pop. kg 2,87E-13 2,88E-13 5,33E-14 
Methyl ethyl ketone Air high. pop. kg 4,94E-05 4,94E-05 1,89E-04 
Methyl formate Air high. pop. kg 3,74E-13 3,75E-13 1,13E-13 
Methyl lactate Air high. pop. kg 7,20E-13 6,95E-13 2,54E-13 
Molybdenum Air high. pop. kg 1,15E-08 1,09E-08 1,01E-08 
Monochloroethane Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Monoethanolamine Air high. pop. kg 4,67E-06 4,67E-06 2,20E-05 
Nickel Air high. pop. kg 4,30E-07 3,65E-06 3,63E-07 
Nitrate Air high. pop. kg 5,77E-09 5,82E-09 3,83E-09 
Nitrobenzene Air high. pop. kg 3,95E-12 3,81E-12 1,43E-12 
Nitrogen fluoride Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Nitrogen oxides Air high. pop. kg 6,66E-04 1,40E-03 6,67E-04 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

NMVOC, non-methane volatile organic 
compounds, unspecified origin 

Air high. pop. kg 9,34E-05 1,04E-04 1,30E-04 

o-Nitrotoluene Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Ozone Air high. pop. kg 1,92E-09 1,94E-09 3,68E-09 
PAH, polycyclic aromatic hydrocarbons Air high. pop. kg 4,42E-08 4,49E-08 3,86E-08 
Paraffins Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Particulates, < 2.5 um Air high. pop. kg 6,92E-05 2,84E-04 7,62E-05 
Particulates, > 10 um Air high. pop. kg 1,70E-05 6,08E-05 1,91E-05 
Particulates, > 2.5 um, and < 10um Air high. pop. kg 1,69E-05 8,23E-05 1,98E-05 
Pentane Air high. pop. kg 8,61E-06 9,45E-06 7,62E-06 
Phenol Air high. pop. kg 1,09E-07 1,06E-07 1,72E-07 
Phenol, 2,4-dichloro- Air high. pop. kg 4,43E-14 2,79E-14 1,28E-13 
Phenol, pentachloro- Air high. pop. kg 5,79E-12 5,97E-12 6,26E-12 
Phosphine Air high. pop. kg 1,25E-12 1,25E-12 4,14E-12 
Phosphoric acid Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Phosphorus Air high. pop. kg 1,25E-07 1,24E-07 2,50E-07 
Phosphorus trichloride Air high. pop. kg 0,00E+00 0,00E+00 6,58E-05 
Platinum Air high. pop. kg 6,89E-15 6,85E-15 7,86E-15 
Polonium-210 Air high. pop. Bq 1,35E-02 2,75E-02 3,64E-02 
Polychlorinated biphenyls Air high. pop. kg 4,09E-18 6,80E-18 4,08E-16 
Potassium Air high. pop. kg 9,10E-06 9,07E-06 9,46E-06 
Potassium-40 Air high. pop. Bq 1,92E-03 3,81E-03 5,06E-03 
Propanal Air high. pop. kg 1,14E-10 1,14E-10 1,21E-10 
Propane Air high. pop. kg 5,55E-06 1,02E-05 5,07E-06 
Propanol Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Propene Air high. pop. kg 6,13E-07 7,09E-07 9,50E-07 
Propionic acid Air high. pop. kg 7,67E-08 6,48E-08 6,49E-08 
Propylamine Air high. pop. kg 4,47E-13 4,48E-13 7,65E-14 
Propylene oxide Air high. pop. kg 1,50E-07 1,50E-07 3,49E-07 
Radioactive species, other beta emitters Air high. pop. Bq 7,71E-03 7,34E-03 2,92E+00 
Radium-226 Air high. pop. Bq 1,91E-03 3,89E-03 5,15E-03 
Radium-228 Air high. pop. Bq 3,69E-03 4,20E-03 6,10E-03 
Radon-220 Air high. pop. Bq 2,69E-02 6,83E-02 8,81E-02 
Radon-222 Air high. pop. Bq 1,52E-02 2,65E+02 4,97E-02 
Scandium Air high. pop. kg 6,41E-11 6,26E-11 9,40E-11 
Selenium Air high. pop. kg 8,62E-09 2,06E-07 8,48E-09 
Silicon Air high. pop. kg 1,34E-06 1,33E-06 1,87E-06 
Silver Air high. pop. kg 5,18E-12 5,23E-12 7,44E-12 
Sodium Air high. pop. kg 9,24E-07 8,92E-07 9,20E-07 
Sodium chlorate Air high. pop. kg 1,03E-09 1,03E-09 8,62E-10 
Sodium dichromate Air high. pop. kg 3,14E-10 3,14E-10 6,02E-10 
Sodium formate Air high. pop. kg 1,87E-10 1,85E-10 1,64E-10 
Sodium hydroxide Air high. pop. kg 1,67E-07 1,67E-07 3,86E-07 
Sodium tetrahydroborate Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Strontium Air high. pop. kg 1,43E-08 2,11E-08 2,92E-08 
Styrene Air high. pop. kg 1,56E-08 1,57E-08 2,53E-08 
Sulfate Air high. pop. kg 6,83E-05 3,41E-05 7,35E-05 
Sulfur dioxide Air high. pop. kg 8,76E-04 4,58E-03 9,15E-04 
Sulfur hexafluoride Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Sulfur trioxide Air high. pop. kg 3,18E-11 3,07E-11 1,13E-11 
Sulfuric acid Air high. pop. kg 8,83E-08 8,83E-08 2,04E-07 
t-Butyl methyl ether Air high. pop. kg 1,28E-09 1,38E-09 9,77E-10 
t-Butylamine Air high. pop. kg 3,16E-14 3,53E-14 9,87E-14 
Tetramethyl ammonium hydroxide Air high. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Thallium Air high. pop. kg 8,13E-11 8,97E-11 1,21E-10 
Thorium Air high. pop. kg 9,67E-11 9,44E-11 1,41E-10 
Thorium-228 Air high. pop. Bq 4,86E-04 7,98E-04 1,09E-03 
Thorium-232 Air high. pop. Bq 5,02E-04 9,99E-04 1,33E-03 
Tin Air high. pop. kg 9,69E-09 2,99E-08 2,69E-08 
Titanium Air high. pop. kg 2,56E-08 2,52E-08 3,69E-08 
Toluene Air high. pop. kg 7,29E-07 1,20E-06 6,10E-07 
Toluene, 2-chloro- Air high. pop. kg 1,18E-12 1,14E-12 4,46E-13 
Trimethylamine Air high. pop. kg 1,61E-15 1,94E-15 1,19E-14 
Uranium Air high. pop. kg 1,29E-10 1,26E-10 1,88E-10 
Uranium-238 Air high. pop. Bq 1,59E-03 4,06E-02 4,28E-03 
Vanadium Air high. pop. kg 1,45E-06 1,66E-06 1,19E-06 
Water Air high. pop. kg -7,66E-12 -6,69E-12 5,08E-11 
Xylene Air high. pop. kg 1,55E-05 2,08E-05 1,27E-05 
Zinc Air high. pop. kg 1,97E-07 6,20E-07 2,53E-07 
Acenaphthene Air low. pop. kg 6,42E-14 5,90E-14 3,97E-13 
Acetaldehyde Air low. pop. kg 1,50E-09 8,53E-10 3,33E-09 
Acetic acid Air low. pop. kg 9,87E-09 5,61E-09 2,19E-08 
Acetone Air low. pop. kg 7,84E-08 7,73E-08 1,89E-07 
Acetonitrile Air low. pop. kg 4,13E-10 2,35E-10 9,16E-10 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Acrolein Air low. pop. kg 1,31E-10 1,28E-10 4,55E-10 
Actinides, radioactive, unspecified Air low. pop. Bq 2,61E-04 2,40E-04 1,61E-03 
Aerosols, radioactive, unspecified Air low. pop. Bq 5,89E-03 5,76E-03 6,08E-03 
Aldehydes, unspecified Air low. pop. kg 1,09E-08 1,03E-08 1,16E-08 
Aluminium Air low. pop. kg 6,95E-06 6,76E-06 3,63E-08 
Ammonia Air low. pop. kg 4,06E-06 4,13E-06 3,78E-06 
Antimony Air low. pop. kg 6,97E-08 6,98E-08 1,22E-07 
Antimony-124 Air low. pop. Bq 5,15E-08 2,01E-08 2,82E-08 
Antimony-125 Air low. pop. Bq 5,38E-07 2,10E-07 2,94E-07 
Argon-41 Air low. pop. Bq 2,54E+00 2,52E+00 2,68E+00 
Arsenic Air low. pop. kg 5,30E-07 5,29E-07 6,38E-07 
Barium Air low. pop. kg 1,22E-07 1,22E-07 1,22E-07 
Barium-140 Air low. pop. Bq 3,50E-05 1,36E-05 1,92E-05 
Benzene Air low. pop. kg 3,49E-06 3,49E-06 6,24E-06 
Benzene, ethyl- Air low. pop. kg 1,18E-11 1,09E-11 7,32E-11 
Benzo(a)pyrene Air low. pop. kg 1,44E-08 1,43E-08 3,43E-08 
Beryllium Air low. pop. kg 2,28E-10 2,26E-10 9,35E-10 
Boron Air low. pop. kg 7,41E-06 7,40E-06 7,89E-06 
Bromine Air low. pop. kg 9,10E-07 9,23E-07 9,31E-07 
Butadiene Air low. pop. kg 3,94E-10 3,94E-10 1,98E-09 
Butane Air low. pop. kg 1,22E-06 1,08E-06 1,08E-06 
Cadmium Air low. pop. kg 1,67E-07 1,67E-07 2,13E-07 
Calcium Air low. pop. kg 4,85E-06 4,72E-06 5,88E-08 
Carbon-14 Air low. pop. Bq 2,41E+01 2,31E+01 2,39E+01 
Carbon dioxide, biogenic Air low. pop. kg 3,51E-03 3,49E-03 3,75E-03 
Carbon dioxide, fossil Air low. pop. kg 6,18E-01 6,26E-01 6,36E-01 
Carbon dioxide, land transformation Air low. pop. kg 7,92E-05 7,12E-05 1,33E-04 
Carbon disulfide Air low. pop. kg 4,68E-05 4,75E-05 1,15E-05 
Carbon monoxide, biogenic Air low. pop. kg 2,67E-06 2,66E-06 5,91E-06 
Carbon monoxide, fossil Air low. pop. kg 1,79E-04 1,74E-04 2,43E-04 
Cerium-141 Air low. pop. Bq 8,48E-06 3,30E-06 4,64E-06 
Cesium-134 Air low. pop. Bq 4,06E-07 1,35E-04 2,22E-07 
Cesium-137 Air low. pop. Bq 7,20E-06 2,79E-04 3,94E-06 
Chlorine Air low. pop. kg 3,51E-09 3,32E-09 1,61E-08 
Chloroform Air low. pop. kg 1,23E-11 1,13E-11 7,62E-11 
Chromium Air low. pop. kg 9,36E-07 8,54E-07 5,28E-07 
Chromium-51 Air low. pop. Bq 5,44E-07 2,12E-07 2,98E-07 
Chromium VI Air low. pop. kg 2,46E-08 2,25E-08 1,42E-08 
Cobalt Air low. pop. kg 5,23E-06 5,09E-06 4,52E-08 
Cobalt-58 Air low. pop. Bq 7,57E-07 1,14E-06 4,14E-07 
Cobalt-60 Air low. pop. Bq 6,69E-06 2,41E-05 3,66E-06 
Copper Air low. pop. kg 2,95E-06 2,91E-06 1,81E-06 
Cumene Air low. pop. kg 6,86E-13 6,30E-13 4,24E-12 
Cyanide Air low. pop. kg 1,71E-08 1,59E-08 2,35E-08 
Dinitrogen monoxide Air low. pop. kg 1,18E-05 1,24E-05 1,21E-05 
Dioxins, measured as 2,3,7,8-tetrachlorodibenzo-
p-dioxin 

Air low. pop. kg 1,04E-13 1,04E-13 3,75E-13 

Ethane Air low. pop. kg 2,31E-05 1,95E-05 2,05E-05 
Ethane, 1,1,1-trichloro-, HCFC-140 Air low. pop. kg 2,52E-12 2,32E-12 1,56E-11 
Ethane, 1,1,1,2-tetrafluoro-, HFC-134a Air low. pop. kg 6,20E-10 5,74E-10 6,28E-10 
Ethane, 1,1-difluoro-, HFC-152a Air low. pop. kg 0,00E+00 0,00E+00 0,00E+00 
Ethane, 1,2-dichloro- Air low. pop. kg 5,03E-12 4,63E-12 3,11E-11 
Ethane, 1,2-dichloro-1,1,2,2-tetrafluoro-, CFC-114 Air low. pop. kg 1,04E-08 9,52E-09 1,02E-08 
Ethanol Air low. pop. kg 3,22E-09 2,97E-09 3,41E-09 
Ethene Air low. pop. kg 1,76E-07 1,58E-07 4,60E-08 
Ethene, tetrachloro- Air low. pop. kg 5,41E-12 4,97E-12 3,34E-11 
Ethylene oxide Air low. pop. kg 3,81E-09 3,81E-09 1,91E-08 
Ethyne Air low. pop. kg 6,23E-09 5,30E-09 1,71E-09 
Fluorine Air low. pop. kg 3,38E-08 3,34E-08 4,78E-08 
Formaldehyde Air low. pop. kg 3,47E-07 3,52E-07 3,70E-07 
Formic acid Air low. pop. kg 2,76E-09 1,57E-09 6,13E-09 
Furan Air low. pop. kg 7,85E-10 4,46E-10 1,74E-09 
Heat, waste Air low. pop. MJ 8,73E+00 8,47E+00 8,67E+00 
Helium Air low. pop. kg 1,41E-07 1,27E-07 1,29E-07 
Hexane Air low. pop. kg 2,34E-07 2,20E-07 2,34E-07 
Hydrocarbons, aliphatic, alkanes, cyclic Air low. pop. kg 7,30E-11 6,71E-11 4,51E-10 
Hydrocarbons, aliphatic, alkanes, unspecified Air low. pop. kg 2,24E-06 2,14E-06 2,14E-06 
Hydrocarbons, aliphatic, unsaturated Air low. pop. kg 1,28E-06 1,30E-06 1,29E-06 
Hydrocarbons, aromatic Air low. pop. kg 4,98E-07 4,31E-07 4,32E-07 
Hydrocarbons, chlorinated Air low. pop. kg 2,56E-11 2,35E-11 1,58E-10 
Hydrogen-3, Tritium Air low. pop. Bq 1,38E+02 1,35E+02 1,41E+02 
Hydrogen chloride Air low. pop. kg 5,25E-05 5,24E-05 5,45E-05 
Hydrogen fluoride Air low. pop. kg 1,28E-05 1,29E-05 1,37E-05 
Hydrogen sulfide Air low. pop. kg 2,79E-06 2,46E-06 2,28E-06 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Iodine Air low. pop. kg 4,75E-07 4,78E-07 4,88E-07 
Iodine-129 Air low. pop. Bq 2,39E-02 2,41E-02 2,43E-02 
Iodine-131 Air low. pop. Bq 1,00E+00 9,97E-01 1,06E+00 
Iodine-133 Air low. pop. Bq 7,44E-05 4,62E-05 2,30E-04 
Iodine-135 Air low. pop. Bq 7,06E-05 6,49E-05 4,49E-04 
Iron Air low. pop. kg 3,21E-08 2,90E-08 5,36E-09 
Isoprene Air low. pop. kg 3,64E-11 2,07E-11 8,08E-11 
Krypton-85 Air low. pop. Bq 7,97E+00 1,82E+04 8,38E+00 
Krypton-85m Air low. pop. Bq 6,31E-01 3,41E-01 4,10E-01 
Krypton-87 Air low. pop. Bq 2,08E-01 1,40E-01 1,63E-01 
Krypton-88 Air low. pop. Bq 2,23E-01 1,33E-01 1,61E-01 
Krypton-89 Air low. pop. Bq 6,93E-02 3,08E-02 4,11E-02 
Lanthanum-140 Air low. pop. Bq 2,99E-06 1,16E-06 1,64E-06 
Lead Air low. pop. kg 1,44E-06 1,43E-06 2,07E-06 
Lead-210 Air low. pop. Bq 1,30E-01 1,31E-01 1,39E-01 
Magnesium Air low. pop. kg 4,15E-06 4,04E-06 3,13E-08 
Manganese Air low. pop. kg 2,23E-07 2,22E-07 3,07E-07 
Manganese-54 Air low. pop. Bq 2,78E-07 1,08E-07 1,52E-07 
Mercury Air low. pop. kg 2,88E-08 2,90E-08 3,93E-08 
Methane, biogenic Air low. pop. kg 2,20E-05 2,20E-05 2,43E-05 
Methane, bromochlorodifluoro-, Halon 1211 Air low. pop. kg 5,95E-09 5,27E-09 5,23E-09 
Methane, bromotrifluoro-, Halon 1301 Air low. pop. kg 1,67E-09 1,51E-09 1,54E-09 
Methane, chlorodifluoro-, HCFC-22 Air low. pop. kg 2,60E-08 2,36E-08 3,20E-08 
Methane, dichloro-, HCC-30 Air low. pop. kg 3,65E-11 3,36E-11 2,26E-10 
Methane, dichlorodifluoro-, CFC-12 Air low. pop. kg 1,70E-11 1,47E-11 1,48E-11 
Methane, fossil Air low. pop. kg 1,98E-03 2,01E-03 1,99E-03 
Methane, monochloro-, R-40 Air low. pop. kg 6,67E-11 6,13E-11 4,12E-10 
Methanol Air low. pop. kg 1,44E-07 1,47E-07 1,86E-07 
Molybdenum Air low. pop. kg 6,65E-09 6,67E-09 7,04E-09 
Nickel Air low. pop. kg 2,91E-06 2,86E-06 1,31E-06 
Niobium-95 Air low. pop. Bq 3,30E-08 1,29E-08 1,81E-08 
Nitrate Air low. pop. kg 3,32E-08 3,12E-08 3,33E-08 
Nitrogen oxides Air low. pop. kg 1,19E-03 1,18E-03 1,19E-03 
NMVOC, non-methane volatile organic 
compounds, unspecified origin 

Air low. pop. kg 1,50E-04 1,37E-04 1,64E-04 

Noble gases, radioactive, unspecified Air low. pop. Bq 2,30E+05 2,21E+05 2,33E+05 
Ozone Air low. pop. kg 4,43E-10 4,42E-10 2,69E-08 
PAH, polycyclic aromatic hydrocarbons Air low. pop. kg 1,95E-08 1,91E-08 2,47E-08 
Particulates, < 2.5 um Air low. pop. kg 2,70E-04 2,68E-04 2,20E-04 
Particulates, > 10 um Air low. pop. kg 6,73E-04 6,89E-04 6,78E-04 
Particulates, > 2.5 um, and < 10um Air low. pop. kg 1,64E-04 1,62E-04 1,06E-04 
Pentane Air low. pop. kg 8,64E-07 8,81E-07 8,81E-07 
Phenol Air low. pop. kg 2,16E-11 1,91E-11 4,59E-10 
Phenol, pentachloro- Air low. pop. kg 6,24E-09 6,21E-09 1,51E-08 
Phosphorus Air low. pop. kg 1,49E-09 1,39E-09 1,24E-09 
Platinum Air low. pop. kg 2,92E-13 2,90E-13 3,07E-13 
Plutonium-238 Air low. pop. Bq 3,26E-09 3,14E-09 3,31E-09 
Plutonium-alpha Air low. pop. Bq 7,48E-09 7,20E-09 7,58E-09 
Polonium-210 Air low. pop. Bq 2,30E-01 2,31E-01 2,41E-01 
Potassium Air low. pop. kg 7,77E-09 7,06E-09 5,33E-10 
Potassium-40 Air low. pop. Bq 3,03E-02 3,06E-02 3,08E-02 
Propane Air low. pop. kg 6,42E-06 5,57E-06 5,55E-06 
Propene Air low. pop. kg 1,08E-07 1,07E-07 1,02E-07 
Protactinium-234 Air low. pop. Bq 3,34E-03 3,14E-03 3,42E-03 
Radioactive species, other beta emitters Air low. pop. Bq 1,18E-04 1,16E-04 1,23E-04 
Radium-226 Air low. pop. Bq 1,40E-01 1,35E-01 1,56E-01 
Radium-228 Air low. pop. Bq 1,13E-02 1,12E-02 1,13E-02 
Radon-220 Air low. pop. Bq 1,39E+00 1,42E+00 1,41E+00 
Radon-222 Air low. pop. Bq 1,03E+04 9,67E+03 1,03E+04 
Ruthenium-103 Air low. pop. Bq 7,26E-09 2,83E-09 3,97E-09 
Scandium Air low. pop. kg 8,82E-11 8,25E-11 7,37E-11 
Selenium Air low. pop. kg 1,14E-07 1,15E-07 1,48E-07 
Silicon Air low. pop. kg 1,27E-07 1,19E-07 4,64E-08 
Silicon tetrafluoride Air low. pop. kg 5,00E-11 5,00E-11 6,26E-09 
Silver Air low. pop. kg 5,93E-10 5,78E-10 4,07E-12 
Silver-110 Air low. pop. Bq 7,19E-08 2,80E-08 3,94E-08 
Sodium Air low. pop. kg 8,67E-09 8,03E-09 4,96E-09 
Strontium Air low. pop. kg 1,22E-07 1,21E-07 1,21E-07 
Styrene Air low. pop. kg 8,26E-11 8,38E-11 2,12E-10 
Sulfate Air low. pop. kg 2,51E-07 2,36E-07 2,51E-07 
Sulfur dioxide Air low. pop. kg 9,25E-03 9,07E-03 3,22E-03 
Sulfur hexafluoride Air low. pop. kg 5,25E-10 5,25E-10 9,15E-10 
Sulfuric acid Air low. pop. kg -6,25E-16 -5,61E-16 2,06E-15 
Terpenes Air low. pop. kg 3,44E-10 1,96E-10 7,64E-10 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Thallium Air low. pop. kg 6,26E-12 5,89E-12 6,45E-12 
Thorium Air low. pop. kg 1,38E-11 1,24E-11 -8,88E-13 
Thorium-228 Air low. pop. Bq 6,09E-03 6,03E-03 6,12E-03 
Thorium-230 Air low. pop. Bq 1,24E-02 1,17E-02 2,64E-02 
Thorium-232 Air low. pop. Bq 9,56E-03 1,47E-02 9,76E-03 
Thorium-234 Air low. pop. Bq 3,34E-03 3,14E-03 3,43E-03 
Tin Air low. pop. kg 9,36E-08 9,23E-08 7,88E-08 
Titanium Air low. pop. kg 2,13E-09 1,92E-09 -1,32E-10 
Toluene Air low. pop. kg 7,46E-07 7,54E-07 7,49E-07 
Tungsten Air low. pop. kg 9,96E-12 9,37E-12 9,98E-12 
Uranium Air low. pop. kg 7,02E-12 6,33E-12 -4,51E-13 
Uranium-234 Air low. pop. Bq 3,89E-02 3,77E-02 5,30E-02 
Uranium-235 Air low. pop. Bq 1,88E-03 1,83E-03 1,89E-03 
Uranium-238 Air low. pop. Bq 6,19E-02 5,99E-02 7,63E-02 
Uranium alpha Air low. pop. Bq 1,81E-01 1,71E-01 1,82E-01 
Vanadium Air low. pop. kg 3,70E-08 3,70E-08 3,90E-08 
Water Air low. pop. kg 2,58E-05 2,58E-05 1,30E-04 
Xenon-131m Air low. pop. Bq 9,93E-01 6,48E-01 7,51E-01 
Xenon-133 Air low. pop. Bq 3,30E+01 2,22E+01 2,39E+01 
Xenon-133m Air low. pop. Bq 1,06E-01 1,12E-01 1,02E-01 
Xenon-135 Air low. pop. Bq 1,34E+01 8,83E+00 9,81E+00 
Xenon-135m Air low. pop. Bq 8,10E+00 4,88E+00 5,79E+00 
Xenon-137 Air low. pop. Bq 1,90E-01 8,47E-02 1,13E-01 
Xenon-138 Air low. pop. Bq 1,56E+00 7,99E-01 9,92E-01 
Xylene Air low. pop. kg 5,51E-06 5,62E-06 5,61E-06 
Zinc Air low. pop. kg 1,09E-06 1,07E-06 8,76E-07 
Zinc-65 Air low. pop. Bq 1,39E-06 5,41E-07 7,61E-07 
Zirconium Air low. pop. kg 1,70E-10 1,53E-10 -1,09E-11 
Zirconium-95 Air low. pop. Bq 1,36E-06 5,29E-07 7,44E-07 
Aluminium Air low. pop., long-term kg 1,13E-05 1,06E-05 1,13E-05 
Antimony Air low. pop., long-term kg 1,01E-09 9,55E-10 1,02E-09 
Arsenic Air low. pop., long-term kg 5,97E-08 5,61E-08 5,98E-08 
Barium Air low. pop., long-term kg 6,52E-08 6,13E-08 6,53E-08 
Beryllium Air low. pop., long-term kg 1,42E-09 1,34E-09 1,42E-09 
Boron Air low. pop., long-term kg 1,89E-08 1,78E-08 1,89E-08 
Cadmium Air low. pop., long-term kg 1,54E-09 1,45E-09 1,54E-09 
Calcium Air low. pop., long-term kg 3,66E-06 3,44E-06 3,67E-06 
Chlorine Air low. pop., long-term kg 1,40E-07 1,31E-07 1,40E-07 
Chromium VI Air low. pop., long-term kg 7,26E-09 6,83E-09 7,27E-09 
Cobalt Air low. pop., long-term kg 9,04E-09 8,51E-09 9,06E-09 
Copper Air low. pop., long-term kg 9,53E-08 8,97E-08 9,55E-08 
Fluorine Air low. pop., long-term kg 6,86E-07 6,45E-07 6,87E-07 
Heat, waste Air low. pop., long-term MJ 1,33E-03 0,00E+00 2,92E-04 
Iron Air low. pop., long-term kg 1,22E-05 1,15E-05 1,23E-05 
Lead Air low. pop., long-term kg 1,01E-07 9,49E-08 1,01E-07 
Magnesium Air low. pop., long-term kg 1,12E-06 1,06E-06 1,12E-06 
Manganese Air low. pop., long-term kg 2,53E-07 2,38E-07 2,54E-07 
Mercury Air low. pop., long-term kg 7,75E-10 7,29E-10 7,76E-10 
Molybdenum Air low. pop., long-term kg 1,96E-08 1,84E-08 1,96E-08 
Nickel Air low. pop., long-term kg 2,07E-08 1,94E-08 2,07E-08 
Nitrate Air low. pop., long-term kg 9,66E-08 9,09E-08 9,67E-08 
Particulates, < 2.5 um Air low. pop., long-term kg 8,98E-06 8,45E-06 9,00E-06 
Particulates, > 10 um Air low. pop., long-term kg 2,25E-05 2,11E-05 2,25E-05 
Particulates, > 2.5 um, and < 10um Air low. pop., long-term kg 1,35E-05 1,27E-05 1,35E-05 
Phosphorus Air low. pop., long-term kg 1,89E-08 1,78E-08 1,89E-08 
Potassium Air low. pop., long-term kg 1,93E-06 1,81E-06 1,93E-06 
Radon-222 Air low. pop., long-term Bq 4,31E+05 4,05E+05 4,31E+05 
Scandium Air low. pop., long-term kg 4,03E-08 3,79E-08 4,04E-08 
Selenium Air low. pop., long-term kg 5,63E-09 5,30E-09 5,64E-09 
Silicon Air low. pop., long-term kg 2,51E-06 2,36E-06 2,51E-06 
Silver Air low. pop., long-term kg 1,69E-09 1,59E-09 1,69E-09 
Sodium Air low. pop., long-term kg 6,61E-07 6,22E-07 6,62E-07 
Strontium Air low. pop., long-term kg 4,09E-08 3,85E-08 4,10E-08 
Sulfate Air low. pop., long-term kg 1,04E-05 9,75E-06 1,04E-05 
Tin Air low. pop., long-term kg 2,35E-09 2,21E-09 2,35E-09 
Titanium Air low. pop., long-term kg 7,35E-07 6,92E-07 7,36E-07 
Tungsten Air low. pop., long-term kg 4,55E-09 4,28E-09 4,56E-09 
Vanadium Air low. pop., long-term kg 6,98E-08 6,57E-08 6,99E-08 
Zinc Air low. pop., long-term kg 7,23E-08 6,80E-08 7,24E-08 
Benzene Air stratosphere + troposphere kg 2,65E-09 2,65E-09 1,32E-08 
Butadiene Air stratosphere + troposphere kg 2,51E-09 2,51E-09 1,25E-08 
Cadmium Air stratosphere + troposphere kg 1,33E-12 1,33E-12 6,61E-12 
Carbon dioxide, fossil Air stratosphere + troposphere kg 4,19E-04 4,19E-04 2,08E-03 
Carbon monoxide, fossil Air stratosphere + troposphere kg 4,92E-07 4,92E-07 2,45E-06 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Chromium Air stratosphere + troposphere kg 6,64E-12 6,64E-12 3,31E-11 
Copper Air stratosphere + troposphere kg 2,26E-10 2,26E-10 1,12E-09 
Dinitrogen monoxide Air stratosphere + troposphere kg 3,99E-09 3,99E-09 1,98E-08 
Ethylene oxide Air stratosphere + troposphere kg 2,43E-08 2,43E-08 1,21E-07 
Formaldehyde Air stratosphere + troposphere kg 2,09E-08 2,09E-08 1,04E-07 
Heat, waste Air stratosphere + troposphere MJ 6,06E-03 6,06E-03 3,01E-02 
Hydrogen chloride Air stratosphere + troposphere kg 1,14E-10 1,14E-10 5,69E-10 
Lead Air stratosphere + troposphere kg 2,66E-12 2,66E-12 1,32E-11 
Mercury Air stratosphere + troposphere kg 9,30E-15 9,30E-15 4,63E-14 
Methane, fossil Air stratosphere + troposphere kg 6,64E-09 6,64E-09 3,31E-08 
Nickel Air stratosphere + troposphere kg 9,30E-12 9,30E-12 4,63E-11 
Nitrogen oxides Air stratosphere + troposphere kg 1,86E-06 1,86E-06 9,26E-06 
NMVOC, non-methane volatile organic 
compounds, unspecified origin 

Air stratosphere + troposphere kg 8,92E-08 8,92E-08 4,44E-07 

Particulates, < 2.5 um Air stratosphere + troposphere kg 5,05E-09 5,05E-09 2,51E-08 
Selenium Air stratosphere + troposphere kg 1,33E-12 1,33E-12 6,61E-12 
Sulfur dioxide Air stratosphere + troposphere kg 1,33E-07 1,33E-07 6,61E-07 
Water Air stratosphere + troposphere kg 1,65E-04 1,65E-04 8,20E-04 
Zinc Air stratosphere + troposphere kg 1,33E-10 1,33E-10 6,61E-10 
4-Methyl-2-pentanone Water - kg 9,89E-14 9,71E-14 5,11E-12 
Acetone Water - kg 2,36E-13 2,31E-13 1,22E-11 
Acidity, unspecified Water - kg 4,96E-12 4,87E-12 2,56E-10 
Aluminium Water - kg 1,27E-08 1,10E-08 2,25E-08 
Ammonium, ion Water - kg 2,91E-10 2,85E-10 1,31E-06 
Antimony Water - kg 2,66E-13 2,61E-13 1,37E-11 
AOX, Adsorbable Organic Halogen as Cl Water - kg 2,32E-10 2,42E-10 2,67E-10 
Arsenic, ion Water - kg 7,39E-10 6,66E-10 2,15E-10 
Barium Water - kg 6,72E-09 6,59E-09 3,47E-07 
Benzene Water - kg 3,96E-11 3,88E-11 2,04E-09 
Benzene, ethyl- Water - kg 2,22E-12 2,18E-12 1,15E-10 
Beryllium Water - kg 2,37E-13 2,32E-13 1,22E-11 
BOD5, Biological Oxygen Demand Water - kg 1,67E-06 1,52E-06 1,21E-06 
Boron Water - kg 7,41E-11 7,27E-11 3,83E-09 
Bromine Water - kg 5,06E-09 4,96E-09 2,61E-07 
Cadmium, ion Water - kg 2,09E-09 1,84E-09 6,81E-11 
Calcium, ion Water - kg 7,59E-08 7,45E-08 3,92E-06 
Chloride Water - kg 3,76E-06 8,49E-07 4,42E-05 
Chromium VI Water - kg 9,95E-10 8,87E-10 -4,40E-11 
Chromium, ion Water - kg 4,96E-09 4,29E-09 9,57E-10 
Cobalt Water - kg 5,23E-13 5,13E-13 2,70E-11 
COD, Chemical Oxygen Demand Water - kg 1,75E-06 1,60E-06 1,43E-06 
Copper, ion Water - kg 9,64E-09 8,33E-09 2,11E-09 
Cyanide Water - kg 7,34E-09 6,61E-09 -5,44E-10 
Dissolved solids Water - kg 0,00E+00 0,00E+00 0,00E+00 
DOC, Dissolved Organic Carbon Water - kg 2,64E-07 2,47E-07 3,78E-07 
Fluoride Water - kg 2,98E-08 2,99E-08 3,86E-06 
Formaldehyde Water - kg 2,32E-08 2,42E-08 2,67E-08 
Heat, waste Water - MJ 6,34E-03 1,55E-02 2,07E-02 
Hydrocarbons, aliphatic, unsaturated Water - kg 0,00E+00 0,00E+00 0,00E+00 
Hydrocarbons, unspecified Water - kg 1,64E-08 1,43E-08 6,55E-10 
Iron, ion Water - kg 1,37E-06 1,17E-07 7,99E-05 
Lead Water - kg 6,20E-09 5,34E-09 1,68E-09 
Lead-210 Water - Bq 6,83E-06 6,70E-06 3,53E-04 
Lithium, ion Water - kg 2,54E-08 2,49E-08 4,21E-04 
m-Xylene Water - kg 7,15E-13 7,02E-13 3,69E-11 
Magnesium Water - kg 1,48E-08 1,45E-08 7,65E-07 
Manganese Water - kg 5,35E-09 4,64E-09 1,45E-09 
Mercury Water - kg 3,34E-10 2,92E-10 5,19E-12 
Methanol Water - kg 6,97E-09 7,25E-09 8,02E-09 
Molybdenum Water - kg 5,42E-13 5,32E-13 2,80E-11 
Nickel, ion Water - kg 1,17E-08 1,03E-08 6,42E-10 
o-Xylene Water - kg 5,21E-13 5,11E-13 2,69E-11 
Oils, unspecified Water - kg 7,40E-08 6,67E-08 2,04E-08 
Phenol Water - kg 2,33E-09 2,43E-09 3,22E-09 
Phosphate Water - kg 0,00E+00 0,00E+00 1,34E-04 
Phosphorus Water - kg 2,32E-09 2,42E-09 2,67E-09 
Radium-226 Water - Bq 3,12E-05 3,07E-05 1,61E-03 
Radium-228 Water - Bq 4,40E-05 4,31E-05 2,27E-03 
Selenium Water - kg 5,24E-14 5,15E-14 2,71E-12 
Silver, ion Water - kg 4,95E-11 4,85E-11 2,56E-09 
Sodium, ion Water - kg 1,64E-06 1,66E-06 2,13E-05 
Solved solids Water - kg 1,05E-06 1,03E-06 5,42E-05 
Strontium Water - kg 1,29E-09 1,26E-09 6,65E-08 
Sulfate Water - kg 2,03E-08 1,70E-09 9,01E-08 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Sulfur Water - kg 6,26E-11 6,14E-11 3,23E-09 
Suspended solids, unspecified Water - kg 1,56E-06 1,38E-06 4,05E-07 
Thallium Water - kg 5,61E-14 5,50E-14 2,90E-12 
Tin, ion Water - kg 2,60E-12 2,55E-12 1,34E-10 
Titanium, ion Water - kg 4,08E-12 4,00E-12 2,11E-10 
TOC, Total Organic Carbon Water - kg 2,64E-07 2,47E-07 3,78E-07 
Toluene Water - kg 3,74E-11 3,67E-11 1,93E-09 
Vanadium, ion Water - kg 6,41E-13 6,29E-13 3,31E-11 
Xylene Water - kg 1,89E-11 1,85E-11 9,76E-10 
Zinc, ion Water - kg 1,62E-07 1,35E-07 8,85E-08 
Aluminium Water groundwater kg 2,44E-06 2,44E-06 2,86E-06 
Ammonium, ion Water groundwater kg 1,63E-07 1,71E-07 1,66E-07 
Antimony Water groundwater kg 9,09E-08 9,03E-08 9,95E-08 
Arsenic, ion Water groundwater kg 4,53E-07 4,50E-07 4,90E-07 
Barium Water groundwater kg 2,80E-08 2,80E-08 2,99E-08 
Beryllium Water groundwater kg 4,80E-09 4,79E-09 5,78E-09 
BOD5, Biological Oxygen Demand Water groundwater kg 3,23E-08 3,36E-08 3,22E-08 
Boron Water groundwater kg 1,65E-05 1,63E-05 2,25E-05 
Bromine Water groundwater kg 2,07E-07 2,05E-07 2,21E-07 
Cadmium, ion Water groundwater kg 1,10E-08 1,09E-08 1,45E-08 
Calcium, ion Water groundwater kg 2,84E-04 2,82E-04 3,26E-04 
Chloride Water groundwater kg 2,07E-03 2,20E-03 2,14E-03 
Chromium VI Water groundwater kg 2,64E-07 2,62E-07 2,83E-07 
Chromium, ion Water groundwater kg 2,00E-10 5,58E-09 9,33E-11 
Cobalt Water groundwater kg 4,69E-08 4,65E-08 5,55E-08 
COD, Chemical Oxygen Demand Water groundwater kg 3,23E-08 3,36E-08 3,22E-08 
Copper, ion Water groundwater kg 6,97E-08 6,88E-08 9,08E-08 
Dissolved solids Water groundwater kg 0,00E+00 0,00E+00 0,00E+00 
Fluoride Water groundwater kg 2,08E-06 2,08E-06 2,47E-06 
Iodide Water groundwater kg 2,51E-08 2,50E-08 2,68E-08 
Iron, ion Water groundwater kg 4,51E-04 4,48E-04 4,83E-04 
Lead Water groundwater kg 5,99E-09 1,13E-08 8,03E-09 
Lead-210 Water groundwater Bq 1,60E-05 1,60E-05 2,00E-03 
Magnesium Water groundwater kg 1,03E-04 1,02E-04 1,15E-04 
Manganese Water groundwater kg 4,84E-06 4,83E-06 5,30E-06 
Mercury Water groundwater kg 4,51E-10 4,49E-10 4,74E-10 
Molybdenum Water groundwater kg 6,81E-07 6,76E-07 7,61E-07 
Nickel, ion Water groundwater kg 1,70E-07 1,70E-07 1,79E-07 
Nitrate Water groundwater kg 2,13E-05 2,11E-05 2,27E-05 
Phosphate Water groundwater kg 6,20E-04 6,13E-04 7,63E-04 
Phosphorus Water groundwater kg 6,79E-11 3,92E-11 1,70E-10 
Polonium-210 Water groundwater Bq 2,43E-05 2,43E-05 3,04E-03 
Potassium-40 Water groundwater Bq 1,93E-06 1,93E-06 2,42E-04 
Potassium, ion Water groundwater kg 5,94E-05 5,90E-05 6,48E-05 
Radium-226 Water groundwater Bq 1,79E-05 5,73E-05 2,24E-03 
Scandium Water groundwater kg 3,68E-08 3,65E-08 4,05E-08 
Selenium Water groundwater kg 7,70E-08 7,65E-08 8,56E-08 
Silicon Water groundwater kg 4,43E-05 4,41E-05 4,74E-05 
Silver, ion Water groundwater kg 2,20E-09 2,19E-09 2,41E-09 
Sodium, ion Water groundwater kg 1,29E-04 1,28E-04 1,38E-04 
Solids, inorganic Water groundwater kg 9,84E-04 9,79E-04 1,05E-03 
Solved solids Water groundwater kg 3,48E-05 3,62E-05 3,47E-05 
Strontium Water groundwater kg 3,20E-06 3,22E-06 3,43E-06 
Sulfate Water groundwater kg 6,13E-03 6,07E-03 7,53E-03 
Suspended solids, unspecified Water groundwater kg 0,00E+00 7,88E-08 0,00E+00 
Thallium Water groundwater kg 7,60E-10 7,49E-10 1,01E-09 
Thorium-228 Water groundwater Bq 1,96E-07 1,96E-07 2,45E-05 
Thorium-232 Water groundwater Bq 0,00E+00 1,99E-04 0,00E+00 
Tin, ion Water groundwater kg 6,64E-09 6,54E-09 9,02E-09 
Titanium, ion Water groundwater kg 2,99E-08 2,97E-08 3,33E-08 
TOC, Total Organic Carbon Water groundwater kg 0,00E+00 2,36E-11 0,00E+00 
Tungsten Water groundwater kg 1,33E-07 1,31E-07 1,67E-07 
Uranium-238 Water groundwater Bq 8,19E-06 8,72E-06 1,03E-03 
Vanadium, ion Water groundwater kg 2,99E-08 2,92E-08 3,24E-08 
Zinc, ion Water groundwater kg 5,20E-07 5,15E-07 6,63E-07 
Aluminium Water groundwater, long-term kg 1,91E-03 1,92E-03 5,26E-03 
Ammonium, ion Water groundwater, long-term kg 1,07E-05 1,08E-05 1,06E-05 
Antimony Water groundwater, long-term kg 7,28E-06 7,23E-06 8,01E-06 
Arsenic, ion Water groundwater, long-term kg 9,51E-06 9,37E-06 1,21E-05 
Barium Water groundwater, long-term kg 3,23E-05 3,22E-05 3,48E-05 
Beryllium Water groundwater, long-term kg 1,91E-06 1,89E-06 2,28E-06 
BOD5, Biological Oxygen Demand Water groundwater, long-term kg 8,33E-04 8,36E-04 1,59E-03 
Boron Water groundwater, long-term kg 1,85E-04 1,82E-04 2,48E-04 
Bromine Water groundwater, long-term kg 2,21E-06 2,21E-06 2,13E-06 
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Cadmium, ion Water groundwater, long-term kg 6,24E-03 5,06E-06 6,81E-06 
Calcium, ion Water groundwater, long-term kg 2,19E-02 2,17E-02 2,64E-02 
Chloride Water groundwater, long-term kg 2,75E-03 2,33E-03 3,17E-03 
Chromium VI Water groundwater, long-term kg 7,24E-06 7,15E-06 8,27E-06 
Cobalt Water groundwater, long-term kg 2,37E-04 3,20E-04 3,16E-05 
COD, Chemical Oxygen Demand Water groundwater, long-term kg 3,04E-03 3,06E-03 5,46E-03 
Copper, ion Water groundwater, long-term kg 5,25E-04 5,24E-04 2,21E-03 
DOC, Dissolved Organic Carbon Water groundwater, long-term kg 2,22E-03 2,23E-03 3,40E-03 
Fluoride Water groundwater, long-term kg 5,93E-04 5,99E-04 1,67E-03 
Heat, waste Water groundwater, long-term MJ 1,41E-01 1,43E-01 2,64E-01 
Hydrogen sulfide Water groundwater, long-term kg 6,68E-07 6,71E-07 2,74E-05 
Iodide Water groundwater, long-term kg 4,58E-13 4,50E-13 4,78E-13 
Iron, ion Water groundwater, long-term kg 4,19E-03 4,21E-03 4,19E-03 
Lead Water groundwater, long-term kg 3,96E-05 3,95E-05 1,07E-04 
Magnesium Water groundwater, long-term kg 1,16E-02 1,15E-02 1,36E-02 
Manganese Water groundwater, long-term kg 1,06E-03 1,05E-03 1,27E-03 
Mercury Water groundwater, long-term kg 2,21E-07 2,19E-07 2,36E-07 
Molybdenum Water groundwater, long-term kg 7,17E-06 7,08E-06 8,82E-06 
Nickel, ion Water groundwater, long-term kg 4,77E-03 1,14E-02 3,04E-04 
Nitrate Water groundwater, long-term kg 7,74E-04 7,69E-04 8,48E-04 
Nitrite Water groundwater, long-term kg 5,80E-07 5,86E-07 5,77E-07 
Nitrogen, organic bound Water groundwater, long-term kg 1,74E-05 1,76E-05 1,74E-05 
Phosphate Water groundwater, long-term kg 2,74E-03 2,71E-03 3,05E-03 
Potassium, ion Water groundwater, long-term kg 7,07E-03 7,20E-03 8,79E-03 
Scandium Water groundwater, long-term kg 3,25E-06 3,21E-06 3,88E-06 
Selenium Water groundwater, long-term kg 5,41E-06 5,35E-06 6,69E-06 
Silicon Water groundwater, long-term kg 2,37E-02 2,34E-02 2,57E-02 
Silver, ion Water groundwater, long-term kg 5,46E-07 5,41E-07 1,20E-06 
Sodium, ion Water groundwater, long-term kg 8,44E-03 8,25E-03 9,30E-03 
Strontium Water groundwater, long-term kg 3,18E-04 3,16E-04 3,55E-04 
Sulfate Water groundwater, long-term kg 8,05E-02 7,96E-02 9,36E-02 
Thallium Water groundwater, long-term kg 4,67E-07 4,62E-07 6,20E-07 
Tin, ion Water groundwater, long-term kg 2,48E-05 2,47E-05 6,64E-05 
Titanium, ion Water groundwater, long-term kg 5,06E-05 5,11E-05 6,05E-05 
TOC, Total Organic Carbon Water groundwater, long-term kg 2,22E-03 2,23E-03 3,40E-03 
Tungsten Water groundwater, long-term kg 6,00E-06 5,91E-06 8,14E-06 
Vanadium, ion Water groundwater, long-term kg 7,88E-06 7,88E-06 1,01E-05 
Zinc, ion Water groundwater, long-term kg 3,14E-04 3,10E-04 4,31E-04 
Arsenic, ion Water lake kg 3,51E-13 3,51E-13 1,48E-11 
Cadmium, ion Water lake kg 2,98E-13 2,98E-13 1,26E-11 
Calcium, ion Water lake kg 3,55E-04 3,45E-04 2,06E-06 
Copper, ion Water lake kg 1,35E-11 1,35E-11 5,72E-10 
DOC, Dissolved Organic Carbon Water lake kg 1,94E-08 1,94E-08 2,52E-08 
Lead Water lake kg 8,82E-13 8,82E-13 3,73E-11 
Mercury Water lake kg 7,63E-15 7,63E-15 3,23E-13 
Nickel, ion Water lake kg 1,20E-12 1,20E-12 5,07E-11 
Zinc, ion Water lake kg 8,69E-13 8,69E-13 3,68E-11 
Acenaphthene Water ocean kg 5,53E-12 3,25E-11 5,07E-12 
Acenaphthylene Water ocean kg 3,46E-13 1,09E-11 3,17E-13 
Actinides, radioactive, unspecified Water ocean Bq 3,89E-02 3,74E-02 3,94E-02 
Aluminium Water ocean kg -9,98E-10 -9,25E-10 1,16E-08 
Ammonium, ion Water ocean kg 8,10E-08 7,18E-08 7,66E-08 
AOX, Adsorbable Organic Halogen as Cl Water ocean kg 4,36E-10 3,95E-10 4,06E-10 
Arsenic, ion Water ocean kg 1,09E-09 5,12E-09 5,75E-08 
Barite Water ocean kg -1,08E-07 -9,81E-08 5,28E-07 
Barium Water ocean kg 7,76E-07 7,61E-07 7,11E-07 
Benzene Water ocean kg 7,37E-08 8,40E-08 6,75E-08 
Benzene, ethyl- Water ocean kg 2,13E-08 2,07E-08 1,96E-08 
BOD5, Biological Oxygen Demand Water ocean kg 1,20E-04 1,12E-04 1,14E-04 
Boron Water ocean kg 7,86E-09 8,41E-09 7,28E-09 
Bromine Water ocean kg 6,23E-07 5,69E-07 5,70E-07 
Cadmium, ion Water ocean kg 1,34E-09 3,11E-09 3,87E-08 
Calcium, ion Water ocean kg 3,49E-05 3,27E-05 9,27E-04 
Carboxylic acids, unspecified Water ocean kg 4,93E-06 4,51E-06 4,52E-06 
Cesium Water ocean kg 8,89E-10 8,13E-10 8,15E-10 
Cesium-137 Water ocean Bq 4,45E+00 4,28E+00 4,51E+00 
Chloride Water ocean kg 4,46E-04 6,65E-04 4,09E-04 
Chlorinated solvents, unspecified Water ocean kg 4,38E-15 4,38E-15 1,37E-15 
Chromium, ion Water ocean kg 4,72E-09 2,15E-08 1,00E-08 
Cobalt Water ocean kg 1,34E-10 5,99E-10 1,36E-10 
COD, Chemical Oxygen Demand Water ocean kg 1,21E-04 1,13E-04 1,15E-04 
Copper, ion Water ocean kg 1,17E-07 1,24E-07 1,75E-06 
Cyanide Water ocean kg 2,01E-07 2,01E-07 2,92E-06 
DOC, Dissolved Organic Carbon Water ocean kg 3,83E-05 3,54E-05 3,62E-05 
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Fluoride Water ocean kg 1,72E-07 1,61E-07 9,38E-06 
Glutaraldehyde Water ocean kg -1,34E-11 -1,21E-11 6,52E-11 
Heat, waste Water ocean MJ 1,60E-04 1,47E-04 1,02E-03 
Hydrocarbons, aliphatic, alkanes, unspecified Water ocean kg 1,16E-07 1,06E-07 1,06E-07 
Hydrocarbons, aliphatic, unsaturated Water ocean kg 1,07E-08 9,76E-09 9,78E-09 
Hydrocarbons, aromatic Water ocean kg 4,76E-07 4,36E-07 4,38E-07 
Hydrocarbons, unspecified Water ocean kg 3,81E-09 3,48E-09 1,51E-08 
Hydrogen-3, Tritium Water ocean Bq 9,25E+03 8,90E+03 9,38E+03 
Hypochlorite Water ocean kg 2,85E-07 2,62E-07 2,75E-07 
Iodide Water ocean kg 8,89E-08 8,13E-08 8,15E-08 
Iron, ion Water ocean kg 4,84E-08 5,08E-08 4,46E-08 
Lead Water ocean kg 6,98E-09 7,75E-09 1,44E-08 
Lead-210 Water ocean Bq 1,90E-02 1,89E-02 2,35E+00 
Magnesium Water ocean kg 4,94E-06 4,54E-06 4,53E-06 
Manganese Water ocean kg 3,98E-08 3,70E-08 6,90E-08 
Mercury Water ocean kg 9,65E-12 2,61E-11 2,07E-10 
Methanol Water ocean kg 6,75E-08 5,83E-08 5,85E-08 
Molybdenum Water ocean kg 1,96E-10 1,81E-10 1,82E-10 
Nickel, ion Water ocean kg 1,30E-08 1,56E-08 2,84E-07 
Nitrate Water ocean kg 3,07E-06 2,94E-06 3,09E-06 
Nitrite Water ocean kg 6,03E-08 5,80E-08 6,11E-08 
Nitrogen Water ocean kg 1,06E-08 1,01E-08 9,94E-09 
Nitrogen, organic bound Water ocean kg 2,80E-07 2,54E-07 2,56E-07 
Oils, unspecified Water ocean kg 3,83E-05 3,57E-05 3,64E-05 
PAH, polycyclic aromatic hydrocarbons Water ocean kg 7,09E-09 6,47E-09 6,50E-09 
Phenol Water ocean kg 1,14E-07 1,25E-07 1,04E-07 
Phosphate Water ocean kg 3,20E-07 3,19E-07 3,96E-05 
Phosphorus Water ocean kg 8,75E-09 7,82E-09 8,21E-09 
Polonium-210 Water ocean Bq 2,89E-02 2,89E-02 3,58E+00 
Potassium-40 Water ocean Bq 2,29E-03 2,29E-03 2,84E-01 
Potassium, ion Water ocean kg 3,75E-06 3,43E-06 3,44E-06 
Radioactive species, Nuclides, unspecified Water ocean Bq 2,32E+01 2,23E+01 2,36E+01 
Radium-224 Water ocean Bq 4,45E-02 4,07E-02 4,07E-02 
Radium-226 Water ocean Bq 9,25E-02 8,63E-02 2,71E+00 
Radium-228 Water ocean Bq 8,89E-02 8,13E-02 8,15E-02 
Rubidium Water ocean kg 8,89E-09 8,13E-09 8,15E-09 
Selenium Water ocean kg 2,94E-10 2,60E-10 2,73E-10 
Silicon Water ocean kg -3,44E-12 -3,13E-12 1,64E-11 
Silver, ion Water ocean kg 5,34E-10 5,11E-10 4,89E-10 
Sodium, ion Water ocean kg 2,73E-04 2,49E-04 2,50E-04 
Strontium Water ocean kg 1,61E-06 1,49E-06 1,48E-06 
Strontium-90 Water ocean Bq 4,95E-01 4,76E-01 5,02E-01 
Sulfate Water ocean kg 2,29E-05 2,38E-05 1,80E-03 
Sulfide Water ocean kg 6,87E-09 5,98E-07 6,81E-09 
Sulfur Water ocean kg 3,70E-08 3,60E-08 3,45E-08 
Suspended solids, unspecified Water ocean kg 6,15E-07 1,53E-05 2,77E-06 
t-Butyl methyl ether Water ocean kg 6,22E-09 5,50E-09 5,77E-09 
Thorium-228 Water ocean Bq 1,78E-01 1,63E-01 1,92E-01 
Titanium, ion Water ocean kg -5,56E-13 2,32E-12 2,60E-12 
TOC, Total Organic Carbon Water ocean kg 3,83E-05 3,55E-05 3,62E-05 
Toluene Water ocean kg 1,29E-07 1,28E-07 1,19E-07 
Tributyltin compounds Water ocean kg 1,99E-08 1,90E-08 1,72E-08 
Triethylene glycol Water ocean kg 5,75E-08 4,92E-08 4,95E-08 
Uranium-238 Water ocean Bq 9,72E-03 9,70E-03 1,21E+00 
Vanadium, ion Water ocean kg 5,87E-10 8,44E-10 5,44E-10 
VOC, volatile organic compounds, unspecified 
origin 

Water ocean kg 3,11E-07 2,85E-07 2,85E-07 

Xylene Water ocean kg 1,06E-07 1,02E-07 9,67E-08 
Zinc, ion Water ocean kg 3,71E-07 3,76E-07 6,62E-06 
1-Butanol Water river kg 1,79E-07 1,79E-07 6,86E-07 
1-Pentanol Water river kg 1,85E-12 1,86E-12 3,17E-13 
1-Pentene Water river kg 1,40E-12 1,40E-12 2,40E-13 
1,4-Butanediol Water river kg 2,25E-12 2,24E-12 8,78E-13 
2-Aminopropanol Water river kg 1,70E-14 1,82E-14 2,72E-14 
2-Methyl-1-propanol Water river kg 3,22E-12 3,21E-12 6,30E-13 
2-Methyl-2-butene Water river kg 3,11E-16 3,11E-16 5,12E-09 
2-Propanol Water river kg 9,99E-14 1,04E-13 4,06E-13 
3-Methyl-1-butanol Water river kg 0,00E+00 0,00E+00 0,00E+00 
4-Methyl-2-pentanol Water river kg 0,00E+00 0,00E+00 0,00E+00 
4-Methyl-2-pentanone Water river kg 0,00E+00 0,00E+00 0,00E+00 
Acenaphthene Water river kg 1,21E-11 1,47E-11 1,11E-11 
Acenaphthylene Water river kg 7,55E-13 2,12E-12 6,93E-13 
Acetaldehyde Water river kg 3,46E-07 3,46E-07 1,23E-06 
Acetic acid Water river kg 8,58E-07 8,60E-07 1,98E-06 
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Acetone Water river kg 3,34E-12 3,73E-12 1,37E-12 
Acetonitrile Water river kg 1,47E-14 1,86E-14 2,86E-14 
Acetyl chloride Water river kg 1,46E-12 1,46E-12 2,49E-13 
Acidity, unspecified Water river kg 8,37E-08 7,80E-08 7,50E-08 
Acrylate, ion Water river kg 3,43E-09 3,43E-09 1,13E-08 
Aluminium Water river kg 5,67E-06 5,46E-06 6,15E-06 
Ammonium, ion Water river kg 8,78E-06 1,19E-05 1,26E-05 
Aniline Water river kg 7,10E-12 6,85E-12 2,54E-12 
Antimony Water river kg 2,57E-06 2,57E-06 2,51E-06 
Antimony-122 Water river Bq 2,08E-05 8,10E-06 1,14E-05 
Antimony-124 Water river Bq 6,97E-03 6,27E-03 6,68E-03 
Antimony-125 Water river Bq 6,97E-03 6,26E-03 6,64E-03 
AOX, Adsorbable Organic Halogen as Cl Water river kg 1,11E-07 1,33E-07 1,08E-07 
Arsenic, ion Water river kg 3,82E-07 4,14E-07 1,09E-06 
Barium Water river kg 1,71E-06 1,57E-06 1,58E-06 
Barium-140 Water river Bq 9,10E-05 3,55E-05 4,98E-05 
Benzal chloride Water river kg 0,00E+00 0,00E+00 0,00E+00 
Benzene Water river kg 7,07E-07 6,99E-07 8,06E-07 
Benzene, 1,2-dichloro- Water river kg 7,56E-10 7,56E-10 2,66E-10 
Benzene, chloro- Water river kg 1,55E-08 1,56E-08 5,48E-09 
Benzene, ethyl- Water river kg 4,66E-08 4,26E-08 4,28E-08 
Benzyl alcohol Water river kg 0,00E+00 0,00E+00 0,00E+00 
Beryllium Water river kg 2,13E-10 2,19E-10 2,20E-10 
BOD5, Biological Oxygen Demand Water river kg 5,44E-04 5,02E-04 5,45E-04 
Borate Water river kg 1,41E-10 1,41E-10 2,55E-11 
Boron Water river kg 8,89E-07 6,63E-07 6,22E-07 
Bromate Water river kg 1,89E-07 1,99E-07 8,54E-07 
Bromide Water river kg 7,40E-09 7,35E-09 1,67E-09 
Bromine Water river kg 1,08E-05 1,09E-05 1,20E-05 
Butanol Water river kg 0,00E+00 0,00E+00 0,00E+00 
Butene Water river kg 1,22E-07 1,16E-07 1,04E-07 
Butyl acetate Water river kg 2,33E-07 2,33E-07 8,92E-07 
Butyrolactone Water river kg 3,86E-12 3,86E-12 1,36E-12 
Cadmium, ion Water river kg 7,99E-07 1,32E-08 6,48E-08 
Calcium, ion Water river kg 3,98E-04 5,29E-04 5,14E-04 
Carbon disulfide Water river kg 8,88E-11 8,89E-11 1,44E-11 
Carbonate Water river kg 2,47E-06 3,55E-06 6,33E-05 
Carboxylic acids, unspecified Water river kg 7,14E-06 6,48E-06 6,56E-06 
Cerium-141 Water river Bq 3,64E-05 1,42E-05 1,99E-05 
Cerium-144 Water river Bq 1,11E-05 4,32E-06 6,07E-06 
Cesium Water river kg 1,94E-09 1,76E-09 1,78E-09 
Cesium-134 Water river Bq 6,22E-03 3,06E-02 6,23E-03 
Cesium-136 Water river Bq 6,46E-06 2,52E-06 3,54E-06 
Cesium-137 Water river Bq 2,39E-02 2,46E-01 1,92E-02 
Chloramine Water river kg 2,42E-11 2,43E-11 4,37E-12 
Chlorate Water river kg 1,57E-06 1,63E-06 6,61E-06 
Chloride Water river kg 2,55E-03 2,91E-03 4,17E-03 
Chlorinated solvents, unspecified Water river kg 1,04E-08 9,76E-09 1,85E-08 
Chlorine Water river kg 2,85E-08 4,09E-07 6,08E-08 
Chloroacetic acid Water river kg 3,78E-10 4,56E-10 2,27E-10 
Chloroacetyl chloride Water river kg 2,27E-14 2,42E-14 3,63E-14 
Chloroform Water river kg 1,92E-10 1,93E-10 6,34E-10 
Chlorosulfonic acid Water river kg 5,33E-14 6,75E-14 1,04E-13 
Chromium-51 Water river Bq 1,03E-02 6,15E-03 7,32E-03 
Chromium VI Water river kg 2,91E-07 2,77E-07 3,99E-07 
Chromium, ion Water river kg 3,90E-08 5,07E-08 5,55E-08 
Cobalt Water river kg 2,18E-07 2,22E-07 2,19E-07 
Cobalt-57 Water river Bq 2,05E-04 7,99E-05 1,12E-04 
Cobalt-58 Water river Bq 6,62E-02 4,87E-02 5,44E-02 
Cobalt-60 Water river Bq 5,32E-02 1,43E-01 4,24E-02 
COD, Chemical Oxygen Demand Water river kg 5,80E-04 7,47E-04 5,84E-04 
Copper, ion Water river kg 1,98E-07 2,52E-07 1,77E-06 
Cumene Water river kg 5,10E-07 5,13E-07 7,21E-07 
Cyanide Water river kg 2,08E-06 2,10E-06 3,52E-06 
Cyclohexane Water river kg 0,00E+00 0,00E+00 0,00E+00 
Dichromate Water river kg 7,26E-12 8,13E-12 5,27E-11 
Diethylamine Water river kg 3,16E-12 3,05E-12 1,13E-12 
Diethylene glycol Water river kg 0,00E+00 0,00E+00 0,00E+00 
Diisobutyl ketone Water river kg 0,00E+00 0,00E+00 0,00E+00 
Dimethyl ether Water river kg 0,00E+00 0,00E+00 0,00E+00 
Dimethylamine Water river kg 1,43E-12 1,42E-12 9,21E-13 
Dipropylamine Water river kg 2,01E-12 1,94E-12 7,08E-13 
Dissolved solids Water river kg 0,00E+00 0,00E+00 0,00E+00 
DOC, Dissolved Organic Carbon Water river kg 1,60E-04 1,47E-04 1,70E-04 
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Ethane, 1,1,1-trichloro-, HCFC-140 Water river kg 0,00E+00 0,00E+00 0,00E+00 
Ethane, 1,2-dichloro- Water river kg 2,76E-09 2,66E-09 4,70E-08 
Ethanol Water river kg 4,12E-07 4,12E-07 1,58E-06 
Ethene Water river kg 9,86E-08 1,02E-07 1,08E-07 
Ethene, chloro- Water river kg 1,56E-09 1,56E-09 8,50E-10 
Ethyl acetate Water river kg 4,45E-11 4,44E-11 9,66E-11 
Ethylamine Water river kg 1,76E-12 1,77E-12 7,73E-13 
Ethylene diamine Water river kg 1,70E-10 1,70E-10 1,75E-11 
Ethylene glycol monoethyl ether Water river kg 0,00E+00 0,00E+00 0,00E+00 
Ethylene oxide Water river kg 8,38E-09 8,38E-09 3,73E-08 
Fluoride Water river kg 2,50E-05 4,49E-05 5,87E-05 
Fluosilicic acid Water river kg 1,85E-08 1,86E-08 2,17E-08 
Formaldehyde Water river kg 7,61E-09 7,45E-09 1,18E-08 
Formamide Water river kg 3,39E-12 3,40E-12 5,80E-13 
Formate Water river kg 9,74E-12 1,09E-11 3,04E-11 
Formic acid Water river kg 9,84E-13 9,86E-13 1,68E-13 
Heat, waste Water river MJ 1,21E+00 1,40E+00 1,25E+00 
Hexane Water river kg 0,00E+00 0,00E+00 0,00E+00 
Hydrocarbons, aliphatic, alkanes, unspecified Water river kg 2,52E-07 2,29E-07 2,32E-07 
Hydrocarbons, aliphatic, unsaturated Water river kg 2,33E-08 2,11E-08 2,14E-08 
Hydrocarbons, aromatic Water river kg 1,02E-06 9,27E-07 9,35E-07 
Hydrocarbons, unspecified Water river kg 8,76E-07 7,59E-07 1,60E-06 
Hydrogen-3, Tritium Water river Bq 1,01E+03 1,69E+03 1,02E+03 
Hydrogen peroxide Water river kg 2,17E-06 2,17E-06 5,00E-06 
Hydrogen sulfide Water river kg 1,38E-08 1,29E-08 1,23E-08 
Hydroxide Water river kg 1,05E-05 1,05E-05 4,76E-05 
Hypochlorite Water river kg 2,79E-07 2,48E-07 2,63E-07 
Iodide Water river kg 2,50E-07 2,44E-07 3,08E-07 
Iodine-131 Water river Bq 1,33E-03 1,15E-03 1,24E-03 
Iodine-133 Water river Bq 5,71E-05 2,23E-05 3,13E-05 
Iron-59 Water river Bq 1,57E-05 6,12E-06 8,60E-06 
Iron, ion Water river kg 3,68E-06 3,09E-05 4,16E-06 
Isopropylamine Water river kg 4,33E-14 4,49E-14 1,76E-13 
Lactic acid Water river kg 1,57E-12 1,52E-12 5,55E-13 
Lanthanum-140 Water river Bq 9,69E-05 3,78E-05 5,31E-05 
Lead Water river kg 2,58E-07 2,56E-07 4,66E-07 
Lead-210 Water river Bq 6,32E-02 6,87E-02 6,53E-02 
Lithium, ion Water river kg 6,47E-11 6,48E-11 9,62E-06 
m-Xylene Water river kg 3,66E-12 3,66E-12 6,14E-13 
Magnesium Water river kg 4,25E-05 4,11E-05 4,43E-05 
Manganese Water river kg 7,46E-07 7,89E-07 7,57E-07 
Manganese-54 Water river Bq 4,13E-03 1,95E-02 3,42E-03 
Mercury Water river kg 1,51E-09 1,67E-09 5,31E-09 
Methane, dichloro-, HCC-30 Water river kg -4,49E-11 -2,39E-11 1,16E-09 
Methanol Water river kg 3,40E-07 2,67E-06 1,26E-06 
Methyl acetate Water river kg 2,01E-15 2,45E-15 1,37E-14 
Methyl acrylate Water river kg 3,21E-08 3,21E-08 1,06E-07 
Methyl amine Water river kg 1,50E-12 1,47E-12 7,46E-13 
Methyl formate Water river kg 1,49E-13 1,50E-13 4,52E-14 
Methyl pentane Water river kg 0,00E+00 0,00E+00 0,00E+00 
Molybdenum Water river kg 2,74E-07 2,81E-07 3,19E-07 
Molybdenum-99 Water river Bq 3,34E-05 1,30E-05 1,83E-05 
Monochloroethane Water river kg 0,00E+00 0,00E+00 0,00E+00 
Nickel, ion Water river kg 9,85E-07 2,03E-06 8,63E-07 
Niobium-95 Water river Bq 7,34E-04 6,50E-04 6,84E-04 
Nitrate Water river kg 2,17E-05 2,50E-05 3,52E-05 
Nitrite Water river kg 9,74E-06 9,74E-06 8,01E-06 
Nitrobenzene Water river kg 1,58E-11 1,53E-11 5,72E-12 
Nitrogen Water river kg 1,03E-05 9,59E-06 8,23E-06 
Nitrogen, organic bound Water river kg 1,88E-05 1,88E-05 2,84E-06 
o-Dichlorobenzene Water river kg 0,00E+00 0,00E+00 0,00E+00 
Oils, unspecified Water river kg 1,53E-04 1,40E-04 1,40E-04 
PAH, polycyclic aromatic hydrocarbons Water river kg 1,75E-08 1,63E-08 2,13E-08 
Paraffins Water river kg 0,00E+00 0,00E+00 0,00E+00 
Perchlorate, ion Water river kg 0,00E+00 0,00E+00 0,00E+00 
Phenol Water river kg 2,87E-07 2,76E-07 3,69E-07 
Phosphate Water river kg 5,43E-06 5,45E-06 6,12E-06 
Phosphorus Water river kg 6,06E-07 5,58E-07 8,06E-07 
Polonium-210 Water river Bq 6,32E-02 6,87E-02 6,53E-02 
Potassium-40 Water river Bq 7,93E-02 8,63E-02 8,20E-02 
Potassium, ion Water river kg 8,69E-05 8,47E-05 1,48E-04 
Propanal Water river kg 2,68E-12 2,69E-12 4,59E-13 
Propanol Water river kg 2,50E-12 2,51E-12 4,65E-13 
Propene Water river kg 1,20E-06 1,18E-06 2,00E-06 
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Propionic acid Water river kg 1,44E-13 1,07E-13 3,67E-13 
Propylamine Water river kg 1,07E-12 1,08E-12 1,84E-13 
Propylene oxide Water river kg 3,61E-07 3,61E-07 8,40E-07 
Protactinium-234 Water river Bq 6,15E-02 5,79E-02 6,16E-02 
Radioactive species, alpha emitters Water river Bq 5,92E-05 5,82E-05 8,46E-03 
Radioactive species, Nuclides, unspecified Water river Bq 6,10E-02 5,95E-02 9,63E-02 
Radium-224 Water river Bq 9,70E-02 8,80E-02 8,91E-02 
Radium-226 Water river Bq 3,85E+01 4,42E+01 3,85E+01 
Radium-228 Water river Bq 1,94E-01 1,76E-01 1,78E-01 
Rubidium Water river kg 1,94E-08 1,76E-08 1,78E-08 
Ruthenium-103 Water river Bq 7,05E-06 4,89E-04 3,86E-06 
Scandium Water river kg 2,55E-08 2,80E-08 2,96E-08 
Selenium Water river kg 4,42E-08 4,59E-08 5,00E-08 
Silicon Water river kg 3,13E-05 3,09E-05 3,43E-05 
Silver-110 Water river Bq 4,80E-02 3,28E-02 3,76E-02 
Silver, ion Water river kg 1,92E-09 1,78E-09 1,82E-09 
Sodium-24 Water river Bq 2,53E-04 9,85E-05 1,38E-04 
Sodium formate Water river kg 4,50E-10 4,46E-10 3,93E-10 
Sodium, ion Water river kg 1,13E-03 1,01E-03 1,55E-03 
Solids, inorganic Water river kg 1,14E-05 1,14E-05 1,50E-04 
Solved solids Water river kg 7,79E-05 6,51E-05 1,02E-04 
Strontium Water river kg 3,51E-06 3,47E-06 3,22E-06 
Strontium-89 Water river Bq 1,05E-03 6,98E-04 7,99E-04 
Strontium-90 Water river Bq 2,73E+01 2,72E+01 2,88E+01 
Sulfate Water river kg 3,00E-03 3,06E-03 2,78E-03 
Sulfide Water river kg 4,63E-08 2,33E-07 4,45E-08 
Sulfite Water river kg 1,55E-06 1,44E-06 1,49E-06 
Sulfur Water river kg 7,80E-06 4,65E-06 1,03E-05 
Suspended solids, unspecified Water river kg 7,77E-05 2,65E-04 7,95E-05 
t-Butyl methyl ether Water river kg 2,47E-11 2,66E-11 1,88E-11 
t-Butylamine Water river kg 7,58E-14 8,46E-14 2,37E-13 
Technetium-99m Water river Bq 7,71E-04 3,02E-04 4,24E-04 
Tellurium-123m Water river Bq 7,70E-04 7,33E-04 7,69E-04 
Tellurium-132 Water river Bq 1,94E-06 7,54E-07 1,06E-06 
Thallium Water river kg 2,93E-09 2,72E-09 2,79E-09 
Thorium-228 Water river Bq 3,88E-01 3,52E-01 3,56E-01 
Thorium-230 Water river Bq 8,39E+00 7,90E+00 8,41E+00 
Thorium-232 Water river Bq 1,48E-02 1,95E-02 1,53E-02 
Thorium-234 Water river Bq 6,15E-02 5,79E-02 6,16E-02 
Tin, ion Water river kg 1,65E-08 1,68E-08 1,91E-08 
Titanium, ion Water river kg 4,46E-08 4,63E-08 5,68E-08 
TOC, Total Organic Carbon Water river kg 1,70E-04 1,58E-04 1,77E-04 
Toluene Water river kg 2,23E-07 2,02E-07 2,06E-07 
Toluene, 2-chloro- Water river kg 2,46E-12 2,37E-12 9,03E-13 
Trimethylamine Water river kg 3,86E-15 4,65E-15 2,85E-14 
Tungsten Water river kg 2,43E-08 2,67E-08 2,71E-08 
Uranium-234 Water river Bq 7,38E-02 1,07E-01 7,39E-02 
Uranium-235 Water river Bq 1,22E-01 1,52E-01 1,22E-01 
Uranium-238 Water river Bq 2,17E-01 2,46E-01 2,18E-01 
Uranium alpha Water river Bq 3,54E+00 3,33E+00 3,55E+00 
Urea Water river kg 3,09E-12 3,09E-12 5,42E-13 
Vanadium, ion Water river kg 1,09E-07 1,06E-07 1,13E-07 
VOC, volatile organic compounds, unspecified 
origin 

Water river kg 8,33E-07 7,61E-07 7,78E-07 

Xylene Water river kg 1,84E-07 1,68E-07 1,69E-07 
Zinc-65 Water river Bq 3,43E-03 1,34E-03 1,88E-03 
Zinc, ion Water river kg 1,53E-06 1,52E-06 1,54E-05 
Zirconium-95 Water river Bq 3,97E-05 1,55E-05 2,17E-05 
Benzene, chloro- Water river, long-term kg 3,15E-12 3,16E-12 5,79E-13 
Chloride Water river, long-term kg 4,54E-09 4,54E-09 1,46E-08 
Boron Soil - kg 4,29E-12 1,03E-11 2,74E-10 
Cadmium Soil - kg 5,14E-11 7,20E-11 3,15E-11 
Chloride Soil - kg 8,29E-08 1,07E-07 2,43E-06 
Chromium Soil - kg 2,45E-10 2,02E-10 1,50E-10 
Chromium VI Soil - kg 2,42E-11 5,80E-11 1,54E-09 
Copper Soil - kg 3,46E-09 2,88E-09 3,07E-09 
Fluoride Soil - kg 1,64E-11 3,93E-11 1,05E-09 
Heat, waste Soil - MJ 4,88E-01 4,88E-01 4,80E-01 
Iron Soil - kg 7,19E-06 8,08E-06 8,49E-06 
Lead Soil - kg 2,12E-09 2,51E-09 1,30E-09 
Nickel Soil - kg 6,65E-10 7,63E-07 4,07E-10 
Oils, biogenic Soil - kg 2,67E-11 5,43E-11 4,12E-09 
Oils, unspecified Soil - kg 1,10E-06 1,09E-06 8,16E-07 
Sodium Soil - kg 3,21E-10 6,70E-10 1,38E-08 
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Zinc Soil - kg 1,45E-07 1,20E-07 8,89E-08 
2,4-D Soil agricultural kg 1,42E-10 8,18E-11 3,57E-10 
Abamectin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Acephate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Acetamide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Acetochlor Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Aclonifen Soil agricultural kg 1,69E-11 2,40E-11 1,73E-11 
Alachlor Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Aldicarb Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Aldrin Soil agricultural kg 4,80E-11 4,80E-11 7,68E-10 
Aluminium Soil agricultural kg 1,12E-06 1,12E-06 1,28E-06 
Amidosulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Anthraquinone Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Antimony Soil agricultural kg 6,92E-11 6,92E-11 1,71E-10 
Arsenic Soil agricultural kg 6,05E-10 6,04E-10 1,25E-09 
Asulam Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Atrazine Soil agricultural kg 1,26E-11 1,26E-11 2,02E-10 
Azinphos-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Azoxystrobin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Barium Soil agricultural kg 1,35E-09 1,35E-09 3,28E-09 
Benomyl Soil agricultural kg 8,83E-13 5,02E-13 1,96E-12 
Bensulfuron methyl ester Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Bentazone Soil agricultural kg 8,62E-12 1,23E-11 8,81E-12 
Bifenox Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Bifenthrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Bitertanol Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Boron Soil agricultural kg 1,28E-10 1,28E-10 3,05E-10 
Bromine Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Bromoxynil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Bromuconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Buprofezin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cadmium Soil agricultural kg 1,25E-09 1,25E-09 2,49E-09 
Calcium Soil agricultural kg 1,46E-05 1,45E-05 1,55E-05 
Carbaryl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Carbendazim Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Carbetamide Soil agricultural kg 2,40E-11 2,54E-11 6,45E-12 
Carbofuran Soil agricultural kg 4,84E-10 2,75E-10 1,07E-09 
Carbon Soil agricultural kg 1,47E-06 1,47E-06 2,84E-06 
Carboxin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Carfentrazone ethyl ester Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Chloridazon Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Chloride Soil agricultural kg 1,62E-07 1,61E-07 1,67E-07 
Chlorimuron-ethyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Chlormequat Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Chlorothalonil Soil agricultural kg 2,07E-08 2,07E-08 3,29E-09 
Chlorotoluron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Chlorpyrifos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Chlorsulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Choline chloride Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Chromium Soil agricultural kg 1,08E-08 1,13E-08 1,29E-08 
Cinidon-ethyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Clethodim Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Clodinafop-propargyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Clomazone Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Clopyralid Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cloquintocet-mexyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cloransulam-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cobalt Soil agricultural kg 9,46E-10 9,43E-10 1,04E-09 
Copper Soil agricultural kg 1,73E-08 1,73E-08 3,63E-08 
Cyanazine Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cyclanilide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cycloxydim Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cyfluthrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cymoxanil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cypermethrin Soil agricultural kg 6,95E-11 4,00E-11 1,52E-10 
Cyproconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Cyprodinil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Deltamethrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diazinon Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dicamba Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dichlorprop-P Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diclofop Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diclofop-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dicofol Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
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Dicrotophos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Difenoconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diflubenzuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diflufenican Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diflufenzopyr-sodium Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dimethachlor Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dimethenamid Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dimethipin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dimethoate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dimethomorph Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diquat Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Disulfoton Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Dithianon Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Diuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
DSMA Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Endosulfan Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Endothall Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Epoxiconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
EPTC Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Esfenvalerate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Ethalfluralin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Ethephon Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Ethofumesate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Ethoprop Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Etridiazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fenbuconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fenoxaprop Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fenoxaprop ethyl ester Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fenoxaprop-P ethyl ester Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fenpiclonil Soil agricultural kg 8,15E-10 8,16E-10 1,30E-10 
Fenpropathrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fenpropidin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fenpropimorph Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fentin hydroxide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fipronil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Florasulam Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fluazifop-P-butyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flucarbazone sodium salt Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fludioxonil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flufenacet Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flumetsulam Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flumioxazin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fluometuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fluoride Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flupyrsulfuron-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fluquinconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fluroxypyr Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flurtamone Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flusilazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Flutolanil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Fomesafen Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Foramsulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Glufosinate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Glyphosate Soil agricultural kg 9,67E-10 5,52E-10 2,26E-09 
Halosulfuron-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Heat, waste Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Imazamox Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Imazapyr Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Imazethapyr Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Imidacloprid Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Indoxacarb Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Iodide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Iodosulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Iodosulfuron-methyl-sodium Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Ioxynil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Iprodion Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Iron Soil agricultural kg 1,86E-06 1,86E-06 3,13E-06 
Isoproturon Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Isoxaflutole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Kresoxim-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Lactofen Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Lambda-cyhalothrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Lead Soil agricultural kg 4,86E-09 5,62E-09 7,95E-09 
Linuron Soil agricultural kg 1,41E-10 1,96E-10 3,01E-10 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Magnesium Soil agricultural kg 1,65E-06 1,64E-06 1,75E-06 
Malathion Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Maleic hydrazide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mancozeb Soil agricultural kg 2,69E-08 2,69E-08 4,27E-09 
Maneb Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Manganese Soil agricultural kg 1,01E-06 1,01E-06 1,05E-06 
MCPA Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
MCPB Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mecoprop Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mecoprop-P Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mefenpyr Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mefenpyr-diethyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mepiquat chloride Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mercury Soil agricultural kg 1,66E-11 2,19E-11 2,32E-11 
Mesosulfuron-methyl (prop) Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Mesotrione Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metalaxil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metaldehyde Soil agricultural kg 9,83E-12 1,01E-11 2,06E-12 
Metam-sodium Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metamitron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metazachlor Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Methamidophos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Methomyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metiram Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metolachlor Soil agricultural kg 9,42E-10 1,34E-09 9,63E-10 
Metosulam Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Metribuzin Soil agricultural kg 9,46E-10 9,48E-10 1,50E-10 
Metsulfuron-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Molinate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Molybdenum Soil agricultural kg 2,09E-10 2,08E-10 2,52E-10 
Monocrotophos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
MSMA Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Naled Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Napropamide Soil agricultural kg 1,74E-11 1,78E-11 3,64E-12 
Nickel Soil agricultural kg 6,96E-09 7,21E-09 1,62E-08 
Nicosulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Nitrogen Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Norflurazon Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Oils, unspecified Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Orbencarb Soil agricultural kg 5,11E-09 5,12E-09 8,12E-10 
Oxamyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Oxydemeton-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Oxyfluorfen Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Paraquat Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Parathion Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Pendimethalin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Permethrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Phenmedipham Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Phorate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Phosmet Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Phosphorus Soil agricultural kg 4,95E-07 4,93E-07 5,12E-07 
Picloram Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Picoxystrobin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Piperonyl butoxide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Pirimicarb Soil agricultural kg 8,16E-13 1,16E-12 8,34E-13 
Potassium Soil agricultural kg 2,75E-06 2,74E-06 2,85E-06 
Primisulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Prochloraz Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Procymidone Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Profenofos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Prohexadione-calcium Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Prometryn Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Pronamide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Propamocarb HCl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Propanil Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Propaquizafop Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Propargite Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Propiconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Propoxycarbazone-sodium (prop) Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Prosulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Prothioconazol Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Pymetrozine Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Pyraclostrobin (prop) Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Pyriproxyfen Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Pyrithiobac sodium salt Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Quinclorac Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Quinoxyfen Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Quintozene Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Quizalofop-P Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Quizalofop ethyl ester Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Rimsulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Selenium Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Sethoxydim Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Silicon Soil agricultural kg 4,32E-06 4,30E-06 4,71E-06 
Silthiofam Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Silver Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Simazine Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Sodium Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Spinosad Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Spiroxamine Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Strontium Soil agricultural kg 9,77E-11 8,88E-11 8,74E-11 
Sulfentrazone Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Sulfosate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Sulfosulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Sulfur Soil agricultural kg 5,36E-07 5,35E-07 6,71E-07 
Sulfuric acid Soil agricultural kg 1,88E-12 1,88E-12 6,22E-12 
TCMTB Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tebuconazole Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tebufenozide Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tebupirimphos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tebutam Soil agricultural kg 4,12E-11 4,23E-11 8,62E-12 
Teflubenzuron Soil agricultural kg 6,31E-11 6,32E-11 1,00E-11 
Tefluthrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Terbufos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Thiamethoxam Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Thidiazuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Thifensulfuron-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Thiobencarb Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Thiram Soil agricultural kg 1,57E-12 8,90E-13 3,48E-12 
Tin Soil agricultural kg 2,32E-10 2,32E-10 6,26E-10 
Titanium Soil agricultural kg 6,96E-08 6,94E-08 7,22E-08 
Tralkoxydim Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tralomethrin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Triadimenol Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tri-allate Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Triasulfuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tribenuron Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tribenuron-methyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Tribufos Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Trichlorfon Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Triclopyr Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Trifloxystrobin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Trifluralin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Trinexapac-ethyl Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Vanadium Soil agricultural kg 1,99E-09 1,99E-09 2,07E-09 
Vinclozolin Soil agricultural kg 0,00E+00 0,00E+00 0,00E+00 
Zinc Soil agricultural kg 9,16E-08 9,35E-08 9,71E-08 
Oils, biogenic Soil forestry kg 1,06E-07 1,06E-07 9,65E-08 
Oils, unspecified Soil forestry kg 1,90E-04 1,74E-04 1,74E-04 
Aluminium Soil industrial kg -1,93E-09 -1,10E-09 4,58E-08 
Arsenic Soil industrial kg -7,74E-13 2,75E-09 1,83E-11 
Barium Soil industrial kg -9,67E-10 -5,52E-10 2,29E-08 
Boron Soil industrial kg -1,93E-11 -1,10E-11 4,58E-10 
Cadmium Soil industrial kg 0,00E+00 0,00E+00 0,00E+00 
Calcium Soil industrial kg -7,74E-09 9,43E-08 1,83E-07 
Carbon Soil industrial kg -5,80E-09 -3,31E-09 1,37E-07 
Chloride Soil industrial kg -6,77E-09 5,67E-07 1,60E-07 
Chromium Soil industrial kg -9,67E-12 2,80E-08 2,29E-10 
Cobalt Soil industrial kg 0,00E+00 0,00E+00 0,00E+00 
Copper Soil industrial kg 5,79E-10 1,11E-07 8,17E-10 
Fluoride Soil industrial kg -9,67E-11 1,61E-08 2,29E-09 
Glyphosate Soil industrial kg 2,48E-12 5,05E-12 3,83E-10 
Heat, waste Soil industrial MJ 1,42E-02 1,42E-02 3,23E-02 
Iron Soil industrial kg -3,87E-09 2,49E-09 9,16E-08 
Lead Soil industrial kg 0,00E+00 0,00E+00 0,00E+00 
Magnesium Soil industrial kg -1,55E-09 1,28E-08 3,67E-08 
Manganese Soil industrial kg -7,74E-11 3,23E-07 1,83E-09 
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Flow Compartment Sub-Compartment Unit NiCd NiMH LiFePO4 

Mercury Soil industrial kg 0,00E+00 0,00E+00 0,00E+00 
Nickel Soil industrial kg 0,00E+00 0,00E+00 0,00E+00 
Nitrogen Soil industrial kg 0,00E+00 0,00E+00 0,00E+00 
Oils, biogenic Soil industrial kg 0,00E+00 0,00E+00 0,00E+00 
Oils, unspecified Soil industrial kg 6,66E-08 1,41E-07 9,96E-06 
Phosphorus Soil industrial kg -9,67E-11 1,68E-07 2,29E-09 
Potassium Soil industrial kg -6,77E-10 4,36E-07 1,60E-08 
Silicon Soil industrial kg -1,93E-10 -1,10E-10 4,58E-09 
Sodium Soil industrial kg -3,87E-09 6,43E-09 9,16E-08 
Strontium Soil industrial kg -1,93E-11 1,04E-06 4,58E-10 
Sulfur Soil industrial kg -1,16E-09 -6,63E-10 2,75E-08 
Zinc Soil industrial kg -2,90E-11 1,11E-08 6,87E-10 
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Annex 6: Exhaustive list of the consulted stakeholders 

COUNTRY NAME FIRST NAME COMPANY EMAIL  

CH 
BARBISCH Benno 

Robert Bosch Power 
Tools 

Benno.Barbisch@ch.bosch.com 

BE CRAEN Hans EPBA epba@kelleneurope.com 

FR DAVID Jacques SCRELEC jacques.david@screlec.fr 

FR de METZ Patrick SAFT Batteries patrick.de_metz@saftbatteries.com 

DE DAVIS Tony Vale Europe Tony.Davis@Vale.com  

DK HOFFENBER
G 

Jacques  
Waste Denmark 
Belgium 

jh@wastedenmark.dk 

DE 
JUNG Matthias 

German Federal 
Environment Agency 

matthias.jung@uba.de 

BE LEEMANS  Marc OVAM marc.leemans@ovam.be  

FR NOTTEZ Eric SNAM eric.nottez@snam.com 

FR OLIVARD Sylvie SNAM sylvie.olivard@snam.com 

DE Weyhe Reiner Accurec reiner.weyhe@accurec.de 

DE SCHILLING Stephanie Oekopol GmbH Schilling@oekopol.de 

BE SMITS  Laurent Floridienne Chimie laurent.smits@floridiennechimie.com 

UK SPENCER Liz EPTA lizspencer@publicaffairs.ac 

UK THIRLAWAY Colin StanleyBlack&Decker Colin.Thirlaway@blackdecker.com 

UK 
TOLLIT Charles 

European Power tools 
Association 

charles.tollit@epta.eu 

BE VAN REENEN Gertjan GP Batteries gvanreenen@gpbatteries-europe.com 

BE WIAUX  Jean-Pol RECHARGE aisbl jpwiaux@rechargebatteries.org 

BE 
YAZICIOGLU Begum 

Umicore Battery 
Recycling 

begum.yazicioglu@eu.umicore.co
m 

BE 
Tytgat Jan 

Umicore Battery 
Recycling 

jan.tytgat@umicore.com 

SE Ängerheim Pär Swedish EPA Par.Angerheim@naturvardsverket.se 
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Annex 7: Minutes of stakeholder workshop 

 

 

 

 

 

 

Project: Comparative Life-Cycle Assessment of nickel-Cadmium (NiCd) batteries used in 
Cordless Power Tools (CPTs) vs. their alternatives nickel-metal hydride (NiMH) 
and lithium-ion (Li-ion) batteries  

(Contract N° 07.0307/2010/573669/ETU/C2) 

Client: European Commission, DG ENV 

Contact: Ruska Kelevska 

Contact BIO: Shailendra Mudgal / Benoît Tinetti / Augustin Chanoine / Sandeep Pahal  

Tel.: +33 (0)1 53 90 11 80 

Email: shailendra.mudgal@biois.com; benoit.tinetti@biois.com; 
augustin.chanoine@biois.com; sandeep.pahal@biois.com 

Venue:  

Avenue de Beaulieu 5, B-1160 Brussels, Meeting Room BU-5, 00/C (ground floor) 

Agenda: 

10:00 - 10:15 Arrival, registration and coffee ALL 

10:15 - 10:30 Welcome and introduction DG ENV 

10:30 - 11:45 Comparative Life-Cycle Assessment of NiCd batteries 
used in CPTs vs. their alternatives NiMH and Li-ion 
batteries 

BIO 

11:45 - 12:15 Discussion  ALL 

12.15 - 13.30 Lunch Break ALL 

13:30 - 14:00 Presentation on findings of 2009 ESWI study DG ENV 

14:00 - 14:30 Policy Analysis  BIO 

Comparative Life-Cycle Assessment of nickel-Cadmium (NiCd) 
batteries used in Cordless Power Tools (CPTs) vs. their alternatives 

nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries  

Minutes of Stakeholder Workshop  
Brussels, 18 July 2011 
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14:30 - 15:00 Coffee break ALL 

15.00 - 15.30 Impacts of portable batteries in CPTs EPTA  

15.30 - 16.00 End-of-life management of portable NiCd batteries RECHARGE 

16.00 - 16.30 
Life-Cycle Assessments involving Umicore's battery 
recycling process 

UMICORE  

16:30 - 17:15 Discussion  ALL 

17:15 - 17:30 Conclusion and wrap up DG ENV 

 

Participants:  

COUNT
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NAME 
FIRST 
NAME 

COMPANY EMAIL 

CH 
BARBISCH Benno 

Robert Bosch Power 
Tools 

Benno.Barbisch@ch.bosch.com 

BE CRAEN Hans EPBA epba@kelleneurope.com 

FR DAVID Jacques SCRELEC jacques.david@screlec.fr 

FR de METZ Patrick SAFT Batteries patrick.de_metz@saftbatteries.com 

DE DAVIS Tony Vale Europe Tony.Davis@Vale.com  

DK 
HOFFENBERG Jacques  

Waste Denmark 
Belgium 

jh@wastedenmark.dk 

DE 
JUNG Matthias 

German Federal 
Environment Agency 

matthias.jung@uba.de 

BE LEEMANS  Marc OVAM marc.leemans@ovam.be  

FR NOTTEZ Eric SNAM eric.nottez@snam.com 

FR OLIVARD Sylvie SNAM sylvie.olivard@snam.com 

DE WEYHE Reyner Accurec accurec@t-online.de 

DE SCHILLING Stephanie Oekopol GmbH Schilling@oekopol.de 

BE SMITS  Laurent Floridienne Chimie laurent.smits@floridiennechimie.com 

UK SPENCER Liz EPTA lizspencer@publicaffairs.ac 

UK THIRLAWAY Colin StanleyBlack&Decker Colin.Thirlaway@blackdecker.com 

UK 
TOLLIT Charles 

European Power tools 
Association 

charles.tollit@epta.eu 

BE 
VAN REENEN Gertjan GP Batteries 
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europe.com 
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BE WIAUX  Jean-Pol RECHARGE aisbl jpwiaux@rechargebatteries.org 

BE 
YAZICIOGLU Begum 

Umicore Battery 
Recycling 

begum.yazicioglu@eu.umicore.com 

 PAHAL Sandeep bio Intelligence Service sandeep.pahal@biois.com 

 MUDGAL Shailendra bio Intelligence Service sm@biois.com 

 CHANOINE Augustin bio Intelligence Service augustin.chanoine@biois.com 

 KELEVSKA Ruska DG ENV Ruska.kelevska@ec.europa.eu  

 
VAN DER VLIES Rosalinde DG ENV 

Rosalinde.van-der-
vlies@ec.europa.eu  

Total number of participants: 23 

Presentations made by BIO, DG ENV, EPTA, RECHARGE and Umicore are available on the DG 
ENV website: http://ec.europa.eu/environment/waste/batteries/index.htm  

 Introduction by DG ENV  

The workshop was chaired by Rosalinde Van Der Vlies (RVDV) from DG ENV (Waste 
Management Unit), who welcomed the participants and introduced the subject of the workshop, 
i.e. the review of the current exemption to NiCd batteries for use in Cordless Power Tools (CPTs).  

The main objective of the workshop was to present and discuss with stakeholders the initial 
findings of the study conducted by BIO Intelligence Service on the Comparative Life-Cycle 
Assessment of Nickel-Cadmium (NiCd) batteries used in Cordless Power Tools (CPTs) vs. their 
alternatives Nickel-metal hydride (NiMH) and Lithium-ion (Li-ion) batteries. The workshop also 
included presentations by DG ENV, European Power Tool Association (EPTA), RECHARGE135 and 
Umicore. 

DG ENV made it clear to stakeholders that their input is of great importance and value for this 
study. 

 Structure of BIO’s presentation 

The presentation of BIO’s study started with an overview of the study’s objectives and 
methodology, followed by the main data sources and assumptions behind the Life Cycle 
Assessment (LCA) of the the three battery types. A comparative analysis of the LCA results was 
then presented. The preliminary results of the policy analysis were presented separately in detail 
for each key policy action area (baseline scenario (no withdrawal of the exemption); immediate 
withdrawal of the exemption (2012/2013); and delayed withdrawal of the exemption (2016)). 
BIO’s presentation on LCA and policy analysis was followed by a discussion session with 
stakeholders. 

 

                                                                  

135 The international association for the promotion and management of portable rechargeable 
batteries through their life cycle. www.rechargebatteries.org. 
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 LCA Presentation 

Augustin Chanoine (AC), BIO, presented the methodology used for the LCA. Patrick de Metz 
(PdM), SAFT Batteries, questioned the choice of LiFePO4 chemistry out of the other Li-ion 
battery chemistries for the LCA. AC replied that this was due to the higher market share of 
LiFePO4 chemistry in the CPT market as compared to other Li-ion battery chemistries. Jacques 
Hoffenberg (JH), Waste Denmark Belgium, questioned the choice of Power Drill as the CPT for 
the LCA. AC commented that a similar Power Drill is available for all the three chemistry types 
and also was the CPT used in the PE study. Charles Tollit (CT), EPTA, confirmed that this product 
represents the largest share of CPTs in EU. 

AC then presented the various primary data sources and the key assumptions made for 
conducting the LCA. AC further presented the preliminary LCA results for each of the three 
battery types (NiCd, NiMH and Li-ion) followed by a comparative analysis of these preliminary 
results. JH asked if alternative function units than 1 kWh were considered. AC informed that “Ah” 
was considered as a potential functional unit however, kWh is more appropriate candidate for 
functional unit since the primary function of the battery is to deliver electrical energy. AC further 
commented that different lifespan for each of the three batteries is assessed in the sensitivity 
analysis.  

Eric Nottez (EN), SNAM, asked if the benefit of recycling materials as compared to virgin raw 
materials was taken into account in LCA. AC confirmed that it was taken into account.  

JH enquired about the source of primary data for LCA. AC responded that primary LCA data was 
gathered from RECHARGE and EPTA. JH asked if the lifespan of batteries for Do It Yourself (DIY) 
users was taken into account and if the charger used for both NiCd and NiMH batteries based 
CPTs was same. AC answered that only the lifespan of batteries in case of Professional (PRO) 
users was used for the LCA. JH further enquired if same charger was used for both NiCd and 
NiMH batteries based CPTs. AC confirmed that this was the case.  

Stephanie Schilling (SS), Oekopol GmbH, asked if the hoarding effect is observed in case of PRO 
users. AC answered that it is mostly true for DIY users. EN further added that no reliable statistics 
on the hoarding effect exist at the EU level. RVDV asked if there the hoarding effect is influenced 
by the chemistry of the batteries. EN answered that it is the same for all three battery 
chemistries considered here. 

PdM questioned the choice of collection rate value of 25%. He suggested that it is better to take 
into account the actual situation of waste battery collection which varies from 5% to 50% across 
Member States. AC answered that the chosen value for the collection rate is as per collection rate 
targets already specified in the Battery Directive (2006/66/EC). RVDV further clarified that the 
objective of this study is to assess the withdrawal of current exemption to to NiCd batteries use in 
CPTs and review of collection targets is beyond its scope. 

PdM enquired about the lifespan of the Li-ion batteries. Colin Thirlaway (CTh), Stanley Black & 
Decker, clarified that it is assumed for the Li-ion batteries that they last as long as the tool. 

EN remarked that nowadays the recycling efficiency of Cadmium in the waste NiCd batteries is 
more than 99% instead of 90% (as reported in the presentation). AC requested for the updated 
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numbers on recycling efficiency from the stakeholders and proposed to revise these numbers in 
the report. 

PdM pointed out the value of 24-35% recycling efficiency for waste Li-ion batteries reported in 
the presentation does not correspond to the recycling target for these batteries set in the Battery 
Directive. AC agreed to revise these numbers. 

JH commented that Cadmium is produced as a by-product of Zinc refining and therefore 
questioned its consideration as being scarce. PdM agreed with JH and added that Cadmium is 
available in surplus in the world and hence cannot result in high abiotic resource depletion. AC 
agreed to consider this aspect in the LCA model. 

PdM asked for a description of the term Long Term Ecotoxicity indicator. AC replied it concerns 
the amount of metals released in environment over long term. 

PdM commented that in case the exemption is withdrawn then the unused Cadmium recovered 
as a by-product of Zinc smelting will have to be landfilled resulting in similar impacts as the 
landfilling of waste NiCd Batteries. 

Jean-Pol Wiaux (JPW), RECHARGE, asked if different collection rates for the three battery types 
were accounted in the LCA. PdM supported JPW question adding that due to large 
environmental issues, waste NiCd batteries go to recycling plants more often than the other two 
battery types and hence different collection rates for the three battery types should be used. AC 
replied that this was not the case as same collection rates were considered for the three battery 
types. 

JH asked why different inputs were used for NiCd and NiMH chargers. He also asked if the 
impacts of only batteries (without chargers) could be considered. AC answered that the 
difference in inputs is due to the influence of scaling to 100%. AC further clarified that only 
batteries can be considered only if all three battery types can use a same charger, which is not 
the case and hence the impacts of charger have to be incorporated as well. JPW added that Li-
ion battery chargers require an additional electronic circuit for battery management as compared 
to the chargers for other two battery types. 

PdM suggested revisiting the calculation for the higher energy capacity of the Li-ion battery. 

JPW enquired about the types of resources included in the abiotic resource depletion indicator. 
AC replied that it includes non-renewable resources (coal, etc.) consumed over the whole life 
cycle of the battery-charger system. EC remarked that the emission data from recycling plants is 
monitored 24 hrs a day and 7 days a week. 

JH asked if the battery manufacturers are covered by Industrial Emissions Directive (IED). CTh 
commented that the waste battery recyclers are covered by the IED, however as the battery 
manufacturers are based outside EU (in Asia), they most likely may not be covered by it. Tony 
Davis (TD), Vale, confirmed that the raw materials manufactured in EU used for the battery 
production in Asia are coved by IED. 

 Presentation on findings of 2009 ESWI study  

Ruska Kelevska (RK), DG ENV, presented the main outcomes of the ESWI study. TD highlighted 
that the analysis of impacts on EU raw materials suppliers industry (due to the withdrawal of 
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current exemption to NiCd batteries use in CPTs) is not correct as it underestimates the resulting 
economic and social impacts on them. TD’s view was supported by Laurent Smits (LS), 
Floridienne Chimie. 

JPW remarked that the analysis performed in the ESWI study has already been subject to 
criticism by industry and hence these results do not have any significance. RK agreed with JPW 
and further clarified that the objective of presenting the ESWI study was to support the context 
of current study. 

 Policy analysis presentation 

Sandeep Pahal (SP), BIO, presented the preliminary outcomes of the policy analysis carried out 
in current study. JH enquired about the market share of overall CPT market in EU represented by 
DIY and PRO users. CT responded that in terms of market value, PRO users represented 65% and 
DIY 35% of the market in 2008. JPW suggested using the term “recycling treatment fees” instead 
of “cost/benefits of recycling” for assessing the economic impacts on waste CPT battery 
recyclers. SP agreed to it. EN commented that the recycling gate fees reported for the waste 
NiMH and Li-ion batteries was not correct. SP requested for correct values of recycling gate fees 
for these batteries and assured to incorporate them in the report.  

 EPTA presentation 

CT, presented statistics on past trends and future forecast of the EU portable power tool market. 
CT also shared EPTA’s opinion on economic impacts on consumer resulting from the withdrawal 
of current exemption to NiCd batteries use in CPTs. CT concluded with EPTA’s position on the 
issue of NiCd battery use in CPTs and recommended that the best environmental solution 
remains increased focus on collection and recycling across all Member States in EU. 

 RECHARGE presentation 

JPW presented the end-of-life waste management practices for portable NiCd batteries in EU. 
He provided the statistics on past trends in NiCd waste battery collection in EU and across 
Member States. JPW talked about the high Cadmium recycling efficiency of various recycling 
processes used by waste NiCd battery recyclers in EU. JPW also commented on the overall 
cadmium emissions associated NiCd batteries in EU and stresses that NiCd batteries represent a 
minor fraction of all sources of exposure of humans to cadmium via the environment. Shailendra 
Mudgal (SM), BIO, asked what share of the overall waste batteries recycled by SNAM and 
Accurec is represented by waste NiCd batteries arising from CPTs. EN answered that 
approximately 85% of the waste batteries recycled by SNAM are of NiCd chemistry and almost 
half of them waste NiCd CPT batteries whereas the other half are waste industrial NiCd batteries. 
EN further commented that SNAM’s exposure to the withdrawal of current exemption to NiCd 
batteries use in CPTs is around 65% of their annual turnover. Reyner Weyhe (RW), Accurec, 
added that for Accurec almost 80% of the waste batteries recycled by them arise from NiCd 
batteries used in CPTs.  
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 Umicore presentation 

Begum Yazicioglu (BY), Umicore battery recycling, presented the results of Life Cycle 
Assessment of Umicore’s recycling processes and stressed on recycling being the most 
environmental friendly way of production of new battery materials and batteries. 

 Concluding remarks and next steps 

Stakeholders showed a genuine interest in the study and results. Their comments will be very 
useful for the finalisation of the study. In addition to verbal comments made during the 
workshop, stakeholders were invited to submit written comments to BIO by 5th August 2011.  

The report will be finalised by beginning of October 2011, taking into account the comments 
received from stakeholders. This report will be used as a basis by the Commission for its review of 
current exemption to NiCd batteries use in CPTs which is planned to be completed by the end of 
2011. 
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Annex 8: List of potentially impacted stakeholders 

Table 113 to Table 116 presents the leading producers of primary metals used for the 
manufacturing of CPT batteries. 

Table 113: Leading producers of primary Cobalt metal (tonnes)136 

Country 2002 2003 

Congo 8000 8500 

Zambia 6144 6620 

Russia 4200 4654 

Canada 5148 4304 

Brazil 4300 4200 

Cuba 3000 3000 

New Caledonia 2698 3000 

Australia 2763 2565 

Morocco 1335 1391 

Other Countries 2412 2766 

Table 114: Leading producers of primary Lithium metal (metric tonnes)137 

Country 2008 

Argentina 3200 

Australia 6900 

Brazil 180 

Canada 710 

Chile 12000 

                                                                  
136  Source: Mineral Commodity Summaries, 2004. 
137  U.S. Geological Survey, 2009, Mineral commodity summaries 2009 
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Country 2008 

China 3500 

Portugal 570 

Zimbabwe 300 

Table 115: Leading producers of crude steel (million tonnes) 

Country 2008 

China 500.5 

EU 198 

Japan 118.7 

United States 91.4 

Russia 68.5 

India 55.2 

South Korea 53.6 

Table 116: Leading producers of primary Nickel metal (metric tonnes)138 

Country 2002 2003 

Russia 267 300 

Australia 208 191 

Canada 189 163 

Indonesia 123 143 

New Caledonia 100 112 

Cuba 72 72 

Colombia 58 71 

China 54 61 

 

                                                                  
138 Source: World Mineral Production. 1999-2003 
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Annex 9: Statistics used for the analysis of policy 
options 

Table 117 to Table 119 present the evolution of NiCd, NiMH and Li-ion battery packs (number of 
million units) intended for use in CPTs placed on the EU market from 2013 till 2025 for all three 
policy options considered in the policy analysis chapter. 

Table 117: Estimate of number of unit (millions) of NiCd battery packs intended for use in 
CPTs placed on the EU market from 2013 till 2025 

Year Option 1 Option 2 Option 3 

2013 11.44 0 11.44 

2014 10.80 0 10.80 

2015 10.19 0 10.19 

2016 9.62 0 0 

2017 9.08 0 0 

2018 8.57 0 0 

2019 8.09 0 0 

2020 7.63 0 0 

2021 7.21 0 0 

2022 6.80 0 0 

2023 6.42 0 0 

2024 6.06 0 0 

2025 5.72 0 0 

Total 107.61 0 32.42 

Table 118: Estimate number of unit (millions) of NiMH battery packs intended for use in CPTs 
placed on the EU market from 2013 till 2025 

Year Option 1 Option 2 Option 3 

2013 6.63 8.92 6.63 

2014 7.33 9.49 7.33 

2015 8.06 10.10 8.06 

2016 8.83 10.76 10.76 

2017 9.64 11.46 11.46 
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Year Option 1 Option 2 Option 3 

2018 10.49 12.21 12.21 

2019 11.39 13.01 13.01 

2020 12.34 13.87 13.87 

2021 13.57 15.01 15.01 

2022 14.91 16.27 16.27 

2023 16.40 17.68 17.68 

2024 18.03 19.24 19.24 

2025 19.82 20.97 20.97 

Total 157.45 178.97 172.49 

Table 119: Estimate number of unit (millions) of Li-ion battery packs intended for use in CPTs 
placed on the EU market from 2013 till 2025 

Year Option 1 Option 2 Option 3 

2013 25.03 34.18 25.03 

2014 27.88 36.52 27.88 

2015 30.86 39.01 30.86 

2016 33.98 41.67 41.67 

2017 37.25 44.51 44.51 

2018 40.68 47.54 47.54 

2019 44.30 50.77 50.77 

2020 48.11 54.22 54.22 

2021 52.90 58.66 58.66 

2022 58.16 63.60 63.60 

2023 63.94 69.08 69.08 

2024 70.30 75.15 75.15 

2025 77.29 81.87 81.87 

Total 610.70 696.79 670.85 

Table 120 to Table 122 present the evolution (as per calculation method suggested in Battery 
Directive) of waste CPT battery (NiCd, NiMH and Li-ion battery packs) collection (in tonnes) in EU 
from 2010 till 2025 for all three policy options considered in the policy analysis chapter. 
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Table 120: Estimate of Quantity (in tonnes) of NiCd batteries intended for use in CPT 
collected in the EU from 2010 till 2025 

Year Option 1 Option 2 Option 3 

2010 2 792 2 792 2 792 

2011 2 635 2 635 2 635 

2012 2 487 2 487 2 487 

2013 2 817 1 932 2 817 

2014 3 102 1 094 3 102 

2015 3 346 0 3 346 

2016 3 553 0 2 436 

2017 3 354 0 1 183 

2018 3 165 0 0 

2019 2 988 0 0 

2020 2 820 0 0 

2021 2 662 0 0 

2022 2 512 0 0 

2023 2 371 0 0 

2024 2 238 0 0 

2025 2 113 0 0 

Total 44 954 10 939 20 798 

Table 121: Estimate of Quantity (in tonnes) of NiMH batteries intended for use in CPT 
collected in the EU from 2010 till 2025 

Year Option 1 Option 2 Option 3 

2010 881 881 881 

2011 1 024 1 024 1 024 

2012 1 159 1 159 1 159 

2013 1 558 1 757 1 558 

2014 2 022 2 473 2 022 

2015 2 555 3 307 2 555 

2016 3 162 3 961 3 413 

2017 3 463 4 217 3 951 

2018 3 780 4 492 4 492 
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Year Option 1 Option 2 Option 3 

2019 4 114 4 786 4 786 

2020 4 466 5 100 5 100 

2021 4 867 5 465 5 465 

2022 5 327 5 892 5 892 

2023 5 857 6 390 6 390 

2024 6 439 6 942 6 942 

2025 7 079 7 554 7 554 

Total 57 754 65 401 63 184 

Table 122: Estimate of Quantity (in tonnes) of Li-ion batteries intended for use in CPT 
collected in the EU from 2010 till 2025 

Year Option 1 Option 2 Option 3 

2010 1 696 1 696 1 696 

2011 1 971 1 971 1 971 

2012 2 263 2 263 2 263 

2013 3 079 3 499 3 079 

2014 4 033 4 986 4 033 

2015 5 134 6 723 5 134 

2016 6 392 8 080 6 923 

2017 7 038 8 631 8 069 

2018 7 715 9 219 9 219 

2019 8 427 9 846 9 846 

2020 9 176 10 515 10 515 

2021 10 018 11 282 11 282 

2022 10 973 12 167 12 167 

2023 12 064 13 191 13 191 

2024 13 264 14 328 14 328 

2025 14 583 15 587 15 587 

Total 117 827 133 985 129 302 
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Annex 10: Environmental impacts of battery packs 
(excluding chargers) based on LCA results 

Table 123 to Table 125 present the environmental impacts for 2 battery packs (excluding the 
impact of their chargers) for each of the three battery types based on the outcomes of LCA for 
different waste battery collection rates (25%, 30%, 35%, 40%, 45% and 10%) in EU. 

Table 123: Environmental impacts for two packs of NiCd batteries (without charger) for 
different collection rate values 

Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Global Warming Potential kg CO2 eq 61.46 61.32 61.18 61.05 60.91 
61.8

6 

Photochemical Oxidant Formation Potential kg NMVOC 0.182 0.180 0.178 0.176 0.173 
0.18

9 

Terrestrial acidification Potential kg SO2 eq 0.580 0.560 0.540 0.520 0.500 
0.64

1 

Metal depletion kg Fe eq 6.01 5.76 5.51 5.26 5.01 6.77 

Abiotic Resource Depletion Potential kg Sb eq 3.22 3.06 2.90 2.74 2.58 3.71 

Cumulative Energy Demand MJ 1329 1329 1330 1330 1330 1329 

Human Toxicity Potential without LT Cases 
4.12E-

06 
4.13E-

06 
4.13E-

06 
4.14E-

06 
4.14E-

06 
4.11

E-06 

Freshwater Aquatic Ecotoxicity Potential 
without LT PAF.m3.day 13.84 13.49 13.15 12.81 12.47 

14.8
6 

Human Toxicity Potential, 5% LT Cases 
1.26E-

05 
1.21E-

05 
1.16E-

05 
1.10E-

05 
1.05E-

05 
1.41

E-05 

Freshwater Aquatic Ecotoxicity Potential, 5% 
LT PAF.m3.day 197 185 173 161 149 233 

Human Toxicity Potential with LT Cases 1.73E-04 
1.63E-

04 
1.53E-

04 
1.42E-

04 
1.32E-

04 
2.04
E-04 

Freshwater Aquatic Ecotoxicity Potential with 
LT PAF.m3.day 3 680 3 447 3 215 2 983 2 751 

4 
376 

Cadmium emissions to water, ST + LT kg 0.309 0.289 0.268 0.247 0.227 
0.37

1 

Cadmium emissions to water, ST + 5%LT kg 0.016 0.014 0.013 0.012 0.011 
0.01

9 

Particulate Matter Formation Potential kg PM10 eq 0.154 0.150 0.145 0.141 0.136 
0.16

8 

Freshwater Eutrophication Potential kg P eq 0.160 0.158 0.156 0.155 0.153 
0.16

5 
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Table 124: Environmental impacts for two packs of NiMH batteries (without charger) for 
different collection rate values 

Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Global Warming Potential kg CO2 eq 74.18 73.81 73.45 73.09 72.73 75.26 

Photochemical Oxidant Formation Potential kg NMVOC 0.233 0.226 0.220 0.213 0.206 0.252 

Terrestrial acidification Potential kg SO2 eq 0.723 0.670 0.617 0.564 0.511 0.882 

Metal depletion kg Fe eq 11.83 11.21 10.59 9.98 9.36 13.68 

Abiotic Resource Depletion Potential kg Sb eq 0.50 0.50 0.50 0.49 0.49 0.51 

Cumulative Energy Demand MJ 1 372 1 366 1 361 1 356 1 350 1 388 

Human Toxicity Potential without LT139 Cases 5.16E-06 
5.10E-

06 
5.04E-

06 
4.98E-

06 
4.91E

-06 
5.35E

-06 

Freshwater Aquatic Ecotoxicity Potential without 
LT PAF.m3.day 16.55 15.73 14.91 14.08 13.26 19.02 

Human Toxicity Potential, 5% LT Cases 7.43E-06 
7.18E-

06 
6.93E-

06 
6.68E-

06 
6.43E

-06 
8.18E

-06 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 247 231 214 197 180 297 

Human Toxicity Potential with LT Cases 5.05E-05 
4.67E-

05 
4.29E-

05 
3.91E-

05 
3.52E

-05 
6.19E

-05 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 4 632 4 313 3 995 3 676 3 358 5 588 

Cadmium emissions to water, ST + LT kg 0 0 0 0 0 0 

Cadmium emissions to water, ST + 5%LT kg 0 0 0 0 0 0 

Particulate Matter Formation Potential kg PM10 eq 0.201 0.189 0.177 0.165 0.153 0.237 

Freshwater Eutrophication Potential kg P eq 0.150 0.146 0.141 0.137 0.132 0.163 

Table 125: Environmental impacts for two packs of Li-ion (LiFePO4) batteries (without 
charger) for different collection rate values 

Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Global Warming Potential kg CO2 eq 63.14 63.15 63.17 63.18 63.20 63.09 

Photochemical Oxidant Formation Potential kg NMVOC 0.149 0.149 0.150 0.150 0.150 0.149 

Terrestrial acidification Potential kg SO2 eq 0.277 0.277 0.277 0.277 0.277 0.277 

Metal depletion kg Fe eq 14.90 14.90 14.90 14.90 14.90 14.90 

                                                                  
139 Please note: Human toxicity and Freshwater Ecotoxicity are assessed both excluding and including long-term 
emissions: the so-called “short-term perspective” means that only short-term emissions are considered (long-term 
emissions are excluded), and the so-called “long-term perspective” means that both Short-Term (ST) and Long-Term 
(LT) emissions are included. This allows assessing impacts when all metals are leached (with LT) and when few metals 
are leached (without LT). An intermediate situation has also been considered, where 5% of the metals are eventually 
leached to the environment (i.e. in the long-term). 
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Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Abiotic Resource Depletion Potential kg Sb eq 0.46 0.46 0.46 0.46 0.46 0.46 

Cumulative Energy Demand MJ 1 349 1 350 1 350 1 351 1 351 1 348 

Human Toxicity Potential without LT Cases 
4.61E-

06 
4.61E-

06 
4.61E-

06 
4.61E-

06 
4.61E

-06 
4.61E

-06 

Freshwater Aquatic Ecotoxicity Potential without 
LT PAF.m3.day 15.73 15.73 15.73 15.73 15.73 15.74 

Human Toxicity Potential, 5% LT Cases 
5.64E-

06 
5.63E-

06 
5.63E-

06 
5.63E-

06 
5.62E

-06 
5.65E

-06 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 151 142 134 126 118 175 

Human Toxicity Potential with LT Cases 
2.52E-

05 
2.51E-

05 
2.50E-

05 
2.49E-

05 
2.48E

-05 
2.54E

-05 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 2 713 2 550 2 386 2 222 2 059 3 204 

Cadmium emissions to water, ST + LT kg 0 0 0 0 0 0 

Cadmium emissions to water, ST + 5%LT kg 0 0 0 0 0 0 

Particulate Matter Formation Potential kg PM10 eq 0.088 0.088 0.088 0.088 0.088 0.087 

Freshwater Eutrophication Potential kg P eq 0.168 0.168 0.168 0.168 0.168 0.168 

 

 



 

 

 

Comparative Life-Cycle Assessment of nickel-cadmium (NiCd) batteries used in Cordless Power Tools 
(CPTs) vs. their alternatives nickel-metal hydride (NiMH) and lithium-ion (Li-ion) batteries | 291

Annex 11: Environmental impacts of battery packs 
(including chargers) based on LCA results 

Table 126 to Table 128 present the environmental impacts for 2 battery packs (including the 
impact of their chargers) for each of the three battery types based on the outcomes of LCA for 
different waste battery collection rates (25%, 30%, 35%, 40%, 45% and 10%) in EU. 

Table 126: Environmental impacts for two packs of NiCd batteries for different collection rate 
values 

Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Global Warming Potential kg CO2 eq 70.60 70.49 70.38 70.27 70.16 70.90 

Photochemical Oxidant Formation Potential kg NMVOC 0.219 0.217 0.215 0.212 0.210 0.226 

Terrestrial acidification Potential kg SO2 eq 0.632 0.611 0.591 0.570 0.549 0.695 

Metal depletion kg Fe eq 18.82 18.47 18.13 17.78 17.43 19.86 

Abiotic Resource Depletion Potential kg Sb eq 3.29 3.13 2.97 2.81 2.64 3.78 

Cumulative Energy Demand MJ 1498 1498 1498 1498 1498 1498 

Human Toxicity Potential without LT Cases 6.79E-06 
6.70E-

06 
6.61E-

06 
6.52E-

06 
6.43E

-06 
7.07E-

06 

Freshwater Aquatic Ecotoxicity Potential without 
LT PAF.m3.day 23.60 23.14 22.68 22.21 21.75 25.00 

Human Toxicity Potential, 5% LT Cases 1.60E-05 
1.53E-

05 
1.47E-

05 
1.41E-

05 
1.35E-

05 
1.79E

-05 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 256 243 230 217 204 295 

Human Toxicity Potential with LT Cases 1.90E-04 
1.80E-

04 
1.69E-

04 
1.58E-

04 
1.47E

-04 
2.23E

-04 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 4 666 4 414 4 162 3 909 3 657 5 423 

Cadmium emissions to water, ST + LT kg 0.309 0.289 0.268 0.248 0.227 0.37 

Cadmium emissions to water, ST + 5%LT kg 0.016 0.014 0.013 0.012 0.011 0.02 

Particulate Matter Formation Potential kg PM10 eq 0.172 0.168 0.163 0.158 0.153 0.19 

Freshwater Eutrophication Potential kg P eq 0.194 0.191 0.189 0.186 0.183 0.20 

Table 127: Environmental impacts for two packs of NiMH batteries for different collection 
rate values 

Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Global Warming Potential kg CO2 eq 82.92 82.59 82.25 81.92 81.58 83.90 

Photochemical Oxidant Formation Potential kg NMVOC 0.265 0.258 0.252 0.245 0.239 0.285 
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Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Terrestrial acidification Potential kg SO2 eq 0.772 0.718 0.664 0.610 0.557 0.933 

Metal depletion kg Fe eq 24.63 23.92 

.3
3.
2
1 

4 
2.5

0 

.5 
1
.
7
9 

26.77 

Abiotic Resource Depletion Potential kg Sb eq 0.56 0.56 0.56 0.56 0.56 0.57 

Cumulative Energy Demand MJ 1535 1529 1524 1518 1512 1552 

Human Toxicity Potential without LT140 Cases 
7.82E-

06 
7.67E-

06 
7.51E-

06 
7.35E-

06 
7.19E

-06 
8.30E

-06 

Freshwater Aquatic Ecotoxicity Potential without 
LT PAF.m3.day 26.18 25.23 24.29 23.34 22.40 29.01 

Human Toxicity Potential, 5% LT Cases 
1.08E-

05 
1.05E-

05 
1.01E-

05 
9.72E-

06 
9.35E

-06 
1.19E

-05 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 306 288 270 252 234 359 

Human Toxicity Potential with LT Cases 6.77E-05 
6.33E-

05 
5.90E-

05 
5.47E-

05 
5.04E

-05 
8.06E

-05 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 5 618 5 280 4 941 4 602 4 264 6 634 

Cadmium emissions to water, ST + LT kg 0 0 0 0 0 0 

Cadmium emissions to water, ST + 5%LT kg 0 0 0 0 0 0 

Particulate Matter Formation Potential kg PM10 eq 0.218 0.206 0.193 0.181 0.169 0.255 

Freshwater Eutrophication Potential kg P eq 0.184 0.179 0.174 0.168 0.163 0.200 

Table 128: Environmental impacts for two packs of Li-ion (LiFePO4) batteries for different 
collection rate values 

Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Global Warming Potential kg CO2 eq 76.52 76.57 76.62 76.67 76.73 76.43 

Photochemical Oxidant Formation Potential kg NMVOC 0.218 0.219 0.219 0.219 0.219 0.218 

Terrestrial acidification Potential kg SO2 eq 0.361 0.361 0.361 0.360 0.360 0.364 

Metal depletion kg Fe eq 37.10 37.04 36.97 36.91 36.84 37.43 

                                                                  
140 Please note: Human toxicity and Freshwater Ecotoxicity are assessed both excluding and including long-term 
emissions: the so-called “short-term perspective” means that only short-term emissions are considered (long-term 
emissions are excluded), and the so-called “long-term perspective” means that both Short-Term (ST) and Long-Term 
(LT) emissions are included. This allows assessing impacts when all metals are leached (with LT) and when few metals 
are leached (without LT). An intermediate situation has also been considered, where 5% of the metals are eventually 
leached to the environment (i.e. in the long-term). 
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Collection rate (in %) Environmental indicator Units 

25% 30% 35% 40% 45% 10% 

Abiotic Resource Depletion Potential kg Sb eq 0.60 0.60 0.60 0.60 0.60 0.60 

Cumulative Energy Demand MJ 1596 1597 1597 1597 1598 1595 

Human Toxicity Potential without LT Cases 1.13E-05 
1.12E-

05 
1.11E-

05 1.11E-05 
1.10E

-05 
1.15E-

05 

Freshwater Aquatic Ecotoxicity Potential without 
LT PAF.m3.day 66.97 66.92 66.86 66.80 66.74 67.25 

Human Toxicity Potential, 5% LT Cases 1.45E-05 
1.45E-

05 
1.44E-

05 
1.43E-

05 
1.42E

-05 
1.48E

-05 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 295 287 280 272 264 319 

Human Toxicity Potential with LT Cases 7.68E-05 
7.64E-

05 
7.60E-

05 7.57E-05 
7.53E-

05 
7.83E

-05 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 4 633 4 477 4 320 4 163 4 006 5 108 

Cadmium emissions to water, ST + LT kg 0 0 0 0 0 0 

Cadmium emissions to water, ST + 5%LT kg 0 0 0 0 0 0 

Particulate Matter Formation Potential kg PM10 eq 0.117 0.117 0.117 0.117 0.117 0.118 

Freshwater Eutrophication Potential kg P eq 0.262 0.261 0.261 0.260 0.260 0.264 
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Annex 12: Overall environmental impacts for the 
three policy options based on LCA results 

 Option 1 

Based on the outcomes of the LCA analysis presented in Table 126 to Table 128 and the market 
forecast provided in section 2.4.1, the overall impacts in EU associated with the use of batteries in 
CPTs placed on the EU market over the period 2010-2025, are calculated and presented in Table 
129. 

Table 129: Overall environmental impacts in EU associated with the use of batteries in CPTs 
(including the impacts of their chargers) placed on the EU market over the period 2010-2025, 

in Option 1 

Environmental impact Unit NiCd NiMH Li-ion Total 

Global Warming Potential kg CO2 eq 5.14E+09 7.09E+09 2.57E+10 3.79E+10 

Photochemical Oxidant Formation Potential kg NMVOC 1.56E+07 2.10E+07 7.34E+07 1.10E+08 

Terrestrial acidification Potential kg SO2 eq 4.24E+07 5.11E+07 1.21E+08 2.14E+08 

Metal depletion kg Fe eq 1.31E+09 1.93E+09 1.24E+10 1.56E+10 

Abiotic Resource Depletion Potential kg Sb eq 2.11E+08 4.84E+07 2.00E+08 4.59E+08 

Cumulative Energy Demand MJ 1.09E+11 1.31E+11 5.35E+11 7.76E+11 

Human Toxicity Potential without LT Cases 4.80E+02 6.32E+02 3.70E+03 4.81E+03 

Freshwater Aquatic Ecotoxicity Potential without LT PAF.m3.day 1.64E+09 1.99E+09 2.24E+10 2.60E+10 

Human Toxicity Potential, 5% LT Cases 1.05E+03 8.31E+02 4.78E+03 6.66E+03 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 1.63E+10 2.13E+10 8.99E+10 1.27E+11 

Human Toxicity Potential with LT Cases 1.19E+04 4.60E+03 2.53E+04 4.18E+04 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 2.95E+11 3.88E+11 1.37E+12 2.06E+12 

Cadmium emissions to water, ST + LT kg 1.89E+07 1.23E+04 1.45E+05 1.90E+07 

Cadmium emissions to water, ST + 5%LT kg 9.45E+05 8.23E+02 9.71E+03 9.56E+05 

Particulate Matter Formation Potential kg PM10 eq 1.17E+07 1.53E+07 3.92E+07 6.62E+07 

Freshwater Eutrophication Potential kg P eq 1.37E+07 1.44E+07 8.71E+07 1.15E+08 

Based on the outcomes of the LCA analysis presented in Table 123 to Table 125 and the market 
forecast provided in section 2.4.1, the overall impacts in EU associated with the use of batteries in 
CPTs placed on the EU market over the period 2010-2025, are calculated and presented in Table 
130. 
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Table 130: Overall environmental impacts in EU associated with the use of batteries in CPTs 
(excluding the impacts of their chargers) placed on the EU market over the period 2010-2025, 

in Option 1 

Environmental impact Unit NiCd NiMH Li-ion Total 

Global Warming Potential kg CO2 eq 4.47E+09 6.33E+09 2.12E+10 3.20E+10 

Photochemical Oxidant Formation Potential kg NMVOC 1.29E+07 1.83E+07 5.02E+07 8.14E+07 

Terrestrial acidification Potential kg SO2 eq 3.87E+07 4.71E+07 9.29E+07 1.79E+08 

Metal depletion kg Fe eq 3.94E+08 8.44E+08 4.99E+09 6.23E+09 

Abiotic Resource Depletion Potential kg Sb eq 2.06E+08 4.28E+07 1.55E+08 4.04E+08 

Cumulative Energy Demand MJ 9.72E+10 1.17E+11 4.52E+11 6.67E+11 

Human Toxicity Potential without LT Cases 3.02E+02 4.29E+02 1.54E+03 2.28E+03 

Freshwater Aquatic Ecotoxicity Potential without LT PAF.m3.day 9.49E+08 1.19E+09 5.27E+09 7.41E+09 

Human Toxicity Potential, 5% LT Cases 8.26E+02 5.71E+02 1.88E+03 3.28E+03 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 1.22E+10 1.65E+10 4.11E+10 6.99E+10 

Human Toxicity Potential with LT Cases 1.08E+04 3.26E+03 8.33E+03 2.24E+04 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 2.27E+11 3.08E+11 7.22E+11 1.26E+12 

Cadmium emissions to water, ST + LT kg 1.89E+07 4.73E+03 2.42E+04 1.89E+07 

Cadmium emissions to water, ST + 5%LT kg 9.45E+05 2.80E+02 1.96E+03 9.47E+05 

Particulate Matter Formation Potential kg PM10 eq 1.04E+07 1.39E+07 2.94E+07 5.37E+07 

Freshwater Eutrophication Potential kg P eq 1.14E+07 1.17E+07 5.64E+07 7.94E+07 

 Option 2 

Based on the outcomes of the LCA analysis presented in Table 126 to Table 128 and the market 
forecast provided in section 2.4.2, the overall impacts in EU associated with the use of batteries 
in CPTs placed on the EU market over the period 2010-2025, are calculated and presented in 
Table 131. 

Table 131: Overall environmental impacts in EU associated with the use of batteries in CPTs 
(including the impacts of their chargers) placed on the EU market over the period 2010-2025, 

in Option 2 

Environmental impact Unit NiCd NiMH Li-ion Total 

Global Warming Potential kg CO2 eq 1.36E+09 7.97E+09 2.90E+10 3.83E+10 

Photochemical Oxidant Formation Potential kg NMVOC 4.23E+06 2.37E+07 8.28E+07 1.11E+08 

Terrestrial acidification Potential kg SO2 eq 1.22E+07 5.75E+07 1.36E+08 2.06E+08 

Metal depletion kg Fe eq 3.63E+08 2.17E+09 1.39E+10 1.65E+10 

Abiotic Resource Depletion Potential kg Sb eq 6.34E+07 5.44E+07 2.25E+08 3.43E+08 

Cumulative Energy Demand MJ 2.89E+10 1.48E+11 6.04E+11 7.80E+11 

Human Toxicity Potential without LT Cases 1.31E+02 7.11E+02 4.18E+03 5.02E+03 
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Environmental impact Unit NiCd NiMH Li-ion Total 

Freshwater Aquatic Ecotoxicity Potential without LT PAF.m3.day 4.55E+08 2.24E+09 2.52E+10 2.79E+10 

Human Toxicity Potential, 5% LT Cases 3.08E+02 9.34E+02 5.39E+03 6.63E+03 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 4.93E+09 2.39E+10 1.01E+11 1.30E+11 

Human Toxicity Potential with LT Cases 3.67E+03 5.17E+03 2.85E+04 3.74E+04 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 9.00E+10 4.36E+11 1.55E+12 2.08E+12 

Cadmium emissions to water, ST + LT kg 5.97E+06 1.41E+04 1.64E+05 6.14E+06 

Cadmium emissions to water, ST + 5%LT kg 2.99E+05 9.26E+02 1.10E+04 3.11E+05 

Particulate Matter Formation Potential kg PM10 eq 3.32E+06 1.72E+07 4.43E+07 6.48E+07 

Freshwater Eutrophication Potential kg P eq 3.74E+06 1.62E+07 9.83E+07 1.18E+08 

Based on the outcomes of the LCA analysis presented in Table 123 to Table 125 and the market 
forecast provided in section 2.4.2, the overall impacts in EU associated with the use of batteries 
in CPTs placed on the EU market over the period 2010-2025, are calculated and presented in 
Table 132. 

Table 132: Overall environmental impacts in EU associated with the use of batteries in CPTs 
(excluding the impacts of their chargers) placed on the EU market over the period 2010-2025, 

in Option 2 

Environmental impact Unit NiCd NiMH Li-ion Total 

Global Warming Potential kg CO2 eq 1.18E+09 7.11E+09 2.39E+10 3.22E+10 

Photochemical Oxidant Formation Potential kg NMVOC 3.52E+06 2.05E+07 5.67E+07 8.07E+07 

Terrestrial acidification Potential kg SO2 eq 1.12E+07 5.30E+07 1.05E+08 1.69E+08 

Metal depletion kg Fe eq 1.16E+08 9.49E+08 5.63E+09 6.70E+09 

Abiotic Resource Depletion Potential kg Sb eq 6.21E+07 4.81E+07 1.75E+08 2.85E+08 

Cumulative Energy Demand MJ 2.56E+10 1.32E+11 5.11E+11 6.68E+11 

Human Toxicity Potential without LT Cases 7.95E+01 4.83E+02 1.74E+03 2.30E+03 

Freshwater Aquatic Ecotoxicity Potential without LT PAF.m3.day 2.67E+08 1.34E+09 5.94E+09 7.55E+09 

Human Toxicity Potential, 5% LT Cases 2.42E+02 6.42E+02 2.13E+03 3.01E+03 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 3.80E+09 1.86E+10 4.64E+10 6.88E+10 

Human Toxicity Potential with LT Cases 3.34E+03 3.66E+03 9.40E+03 1.64E+04 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 7.09E+10 3.46E+11 8.15E+11 1.23E+12 

Cadmium emissions to water, ST + LT kg 5.96E+06 5.32E+03 2.73E+04 6.00E+06 

Cadmium emissions to water, ST + 5%LT kg 2.99E+05 3.14E+02 2.21E+03 3.01E+05 

Particulate Matter Formation Potential kg PM10 eq 2.98E+06 1.56E+07 3.32E+07 5.18E+07 

Freshwater Eutrophication Potential kg P eq 3.08E+06 1.32E+07 6.36E+07 7.99E+07 
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 Option 3 

Based on the outcomes of the LCA analysis presented in Table 126 to Table 128 and the market 
forecast provided in section 2.4.3, the overall impacts in EU associated with the use of batteries in 
CPTs placed on the EU market over the period 2010-2025, are calculated and presented in Table 
133. 

Table 133: Overall environmental impacts in EU associated with the use of batteries in CPTs 
(including the impacts of their chargers) placed on the EU market over the period 2010-2025, 

in Option 3 

Environmental impact Unit NiCd NiMH Li-ion Total 

Global Warming Potential kg CO2 eq 2.50E+09 7.71E+09 2.80E+10 3.82E+10 

Photochemical Oxidant Formation Potential kg NMVOC 7.71E+06 2.28E+07 8.00E+07 1.10E+08 

Terrestrial acidification Potential kg SO2 eq 2.18E+07 5.53E+07 1.31E+08 2.09E+08 

Metal depletion kg Fe eq 6.57E+08 2.09E+09 1.35E+10 1.62E+10 

Abiotic Resource Depletion Potential kg Sb eq 1.12E+08 5.26E+07 2.18E+08 3.82E+08 

Cumulative Energy Demand MJ 5.32E+10 1.43E+11 5.83E+11 7.79E+11 

Human Toxicity Potential without LT Cases 2.38E+02 6.86E+02 4.03E+03 4.96E+03 

Freshwater Aquatic Ecotoxicity Potential without LT PAF.m3.day 8.23E+08 2.16E+09 2.44E+10 2.74E+10 

Human Toxicity Potential, 5% LT Cases 5.47E+02 9.01E+02 5.21E+03 6.65E+03 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 8.66E+09 2.30E+10 9.78E+10 1.30E+11 

Human Toxicity Potential with LT Cases 6.41E+03 4.98E+03 2.75E+04 3.89E+04 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 1.58E+11 4.20E+11 1.49E+12 2.07E+12 

Cadmium emissions to water, ST + LT kg 1.03E+07 1.34E+04 1.58E+05 1.05E+07 

Cadmium emissions to water, ST + 5%LT kg 5.18E+05 8.90E+02 1.06E+04 5.29E+05 

Particulate Matter Formation Potential kg PM10 eq 5.96E+06 1.66E+07 4.28E+07 6.53E+07 

Freshwater Eutrophication Potential kg P eq 6.80E+06 1.56E+07 9.49E+07 1.17E+08 

Based on the outcomes of the LCA analysis presented in Table 123 to Table 125 and the market 
forecast provided in section 2.4.3, the overall impacts in EU associated with the use of batteries in 
CPTs placed on the EU market over the period 2010-2025, are calculated and presented in Table 
134. 

Table 134: Overall environmental impacts in EU associated with the use of batteries in CPTs 
(excluding the impacts of their chargers) placed on the EU market over the period 2010-2025, 

in Option 3 

Environmental impact Unit NiCd NiMH Li-ion Total 

Global Warming Potential kg CO2 eq 2.18E+09 6.87E+09 2.31E+10 3.21E+10 

Photochemical Oxidant Formation Potential kg NMVOC 6.40E+06 1.98E+07 5.47E+07 8.09E+07 

Terrestrial acidification Potential kg SO2 eq 2.00E+07 5.10E+07 1.01E+08 1.72E+08 
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Environmental impact Unit NiCd NiMH Li-ion Total 

Metal depletion kg Fe eq 2.05E+08 9.15E+08 5.44E+09 6.56E+09 

Abiotic Resource Depletion Potential kg Sb eq 1.09E+08 4.65E+07 1.69E+08 3.25E+08 

Cumulative Energy Demand MJ 4.72E+10 1.28E+11 4.93E+11 6.68E+11 

Human Toxicity Potential without LT Cases 1.46E+02 4.66E+02 1.68E+03 2.30E+03 

Freshwater Aquatic Ecotoxicity Potential without LT PAF.m3.day 4.80E+08 1.29E+09 5.74E+09 7.51E+09 

Human Toxicity Potential, 5% LT Cases 4.30E+02 6.19E+02 2.05E+03 3.10E+03 

Freshwater Aquatic Ecotoxicity Potential, 5% LT PAF.m3.day 6.62E+09 1.79E+10 4.46E+10 6.92E+10 

Human Toxicity Potential with LT Cases 5.82E+03 3.52E+03 9.08E+03 1.84E+04 

Freshwater Aquatic Ecotoxicity Potential with LT PAF.m3.day 1.23E+11 3.33E+11 7.84E+11 1.24E+12 

Cadmium emissions to water, ST + LT kg 1.03E+07 5.06E+03 2.63E+04 1.04E+07 

Cadmium emissions to water, ST + 5%LT kg 5.17E+05 3.00E+02 2.13E+03 5.20E+05 

Particulate Matter Formation Potential kg PM10 eq 5.33E+06 1.50E+07 3.20E+07 5.24E+07 

Freshwater Eutrophication Potential kg P eq 5.62E+06 1.27E+07 6.15E+07 7.98E+07 
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