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Introduction 

The core of this study is a life cycle assessment (LCA) of the nickel metal 
hydride (Ni-MH) batteries used in Toyota’s Prius II (HEV application). This 
LCA follows the requirements of the EN ISO 14040/14044 standards. The 
system boundaries include the overall supply chain and manufacturing of the 
battery (from cradle to product) and the special recycling process (two main 
steps) of Umicore for batteries like Ni-MH and others (lithium batteries). 
Furthermore this study delivers additional results of an orientating LCA 
including the additional components of an HEV (electric engine etc.) as well 
as the effects of the HEV (Prius II) in the use phase (fuel consumption and 
emissions) compared to a car with a traditional combustion engine of 
comparable category and performances. The results of all parts of the study 
are brought in context to get overall conclusions regarding the environmental 
performance of Ni-MH batteries for HEV. 

Objectives 

The general objectives of the LCA study are: 

• To investigate the impact of nickel in rechargeable batteries from cradle 
to grave, including collection and recycling of the Ni-MH batteries, 

• to identify the key environmental parameters influenced by the pro-
duction, the use and the end of life of a nickel-based rechargeable 
battery: energy efficiency, resources conservation, emissions and eco-
logical footprint, 

• to identify areas for possible improvements regarding energy consump-
tion, uses of resources, emissions and to make recommendations 
accordingly (hot spot analysis) and 

• to assess the relevance of the overall manufacturing phase (including 
all pre-processing steps) in comparison to the relevance of the use 
phase and the advantages within the use phase. 

 
Results and final recommendations 

• The overall balance of the life cycle of the HEV equipment and the use 
phase shows that the reduction of the global warming potential (GWP) 
and the energy consumption exceeds the impacts by the life cycle of 
the HEV-equipment (battery and additional components) manifold 
(average factor for the GWP is about 9). As the global warming 
potential is currently the most crucial environmental issues the HEV 
make a valuable contribution in a further reduction of the global 
warming potential.  
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• The acidification potential (AP) and the eutrophication (EP) coming from 
the nickel beneficiation and primary extraction are a critical point as 
long as no battery collection and recycling takes place. The nickel 
supply chain is responsible for 90 % of the AP and EP respectively 
within the battery supply chain. 

• The collection rate of the batteries should clearly exceed 50 % in order 
to achieve an overall positive AP and EP balance. 

• The collection and recycling of the battery is obviously one effective 
measure in order to reduce the AP and the EP of the batteries. 
However, a long term goal should also be environmental improvements 
in the nickel production (beneficiation and primary extraction). 

• The battery collection and recycling is of high importance for the AP, the 
EP and the depletion of Ni- and Co-resources. The impact on the global 
warming potential is much lower due to the energy-intensive recycling 
process. It is highly recommended to realize the existing optimization 
potential of the battery recycling process until the first generation of 
HEV batteries will reach the recycling circuit. 

• The PTFE which is used for the electrodes contributes to about 18 % of 
the GWP and to more than 99 % of the ozone layer depletion potential 
of the battery. This is a considerable share, and it is recommended to 
investigate if alternative materials can be used. 

• The study showed that the overall environmental impact of the additio-
nal components to the HEV-equipment (battery and additional compo-
nents) is relevant. Therefore, an LCA on HEV must include the 
additional components and may not only consider the battery.  

• The orientating LCA on the additional components further has shown 
the relevant impact of the copper and aluminium recycling. In order to 
achieve a good overall assessment for the HEV, the ELV-recycling 
should be supported in order to achieve high recycling rates of 
aluminium and copper coming from the additional components. 

• Besides key data of a high quality the study had also to work with data 
sets of low quality. The main areas are secondary nickel, rare earths, 
composition of mish metals, nickel foam production and the composition 
and manufacturing of additional components. Nevertheless, the 
relevance of the data uncertainties was assessed within the actual 
study and it was shown that the overall results are quite robust. 

 


