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Proposed Applications of Biohydrometallurgy
• Biohydrometallurgy is a process that uses different 

types of microorganisms to extract certain types of 
metals from unprocessed ore [15]. 

• The process has little to no known negative 
environmental impact and is more efficient and cost 
effective than other types of metallurgy [15]. 

• It is possible to use biohydrometallurgy to recycle 
the primary metals in lithium-ion batteries simply by 
changing the microorganism used [15]. 

Hypothesis
Using Biohydrometallurgy to recycle Tesla lithium-ion 
batteries will allow recovery of around 90% of the 
materials used.
Objective
To reduce the environmental impact of lithium-ion 
batteries after usage. 
Task 
Recycle used metals from the battery and make electric 
vehicles a cleaner alternative moving towards renewable 
energy.
Process 
• Studies have been conducted using the 

bacterium Acidithiobacillus ferrooxidans to extract Li 
and Co from spent lithium-ion batteries [16].

• Sulfur and ferrous ions are utilized by A. Ferrooxidans
to add sulfuric acid and ferric ions to the leaching 
medium, which then react with LiCoO2 to produce a 
water solution rich in lithium and cobalt [16].

• The lithium and cobalt are then extracted from the 
water solution via immobilization [16].

• The most sensitive unit is education on how to properly 
recycle a lithium-ion battery. 

• Education is minimal since lithium-ion batteries were 
implemented just a few years ago, many have not 
reached the end of their lives.

• Statistics say less than 5% of lithium-ion batteries are 
recycled, which is extremely bad for the environment 
[12].

• Lithium inside the batteries is highly reactive and prone 
to starting fires. For this reason it is crucial for people to 
properly separate batteries from other trash (see figure 
#4) [13].

• Cobalt and Nickel are heavy toxic metals, which leads 
to high environmental pollution and is another reason 
lithium-ion batteries need to be properly recycled [12].

• Since Lithium is not a heavy toxic metal, many people 
do not believe it is of utmost importance to recycle. This 
belief is incorrect and a direct result of the 
inadequate education surrounding recycling of lithium-
ion batteries [12].

• The recycling process is simple and with proper 
education most batteries could be recycled. It includes 
the batteries being sent to special facilities that can 
process the batteries and properly dispose of them 
[14].

• Many times the facilities will reuse the battery cells in 
other machines, lessening the environmental harm 
[12].

• Unfortunately, there are not many facilities that are 
capable of recycling lithium-ion batteries yet and 
transportation costs only add to the environmental 
impact [14].

• Lithium batteries will do more harm to the 
environment than good if most of them are 
not recycled, this problem cannot be ignored.

• In the future, more facilities for recycling are necessary 
along with a greater knowledge that lithium-ion 
batteries do need to be recycled.

• The knowledge and education will come when millions 
of lithium-ion batteries begin reaching the end of their 
lives and the dire need for recycling is brought to the 
attention of the public.

The product under investigation is a lithium-ion 
battery. Specifically, one made for a Tesla.  Lithium-ion 
batteries are composed mainly of Nickel, Cobalt and 
Aluminum and allow a Tesla to drive anywhere from 230 to 
370 miles on one charge [1]. The batteries are innovative, 
allow for a smooth ride and rarely need to be replaced.  
Despite the many advantages to lithium-ion batteries, there 
are also disadvantages.  There is an environmental cost for 
lithium-ion batteries.  The purpose of this research is to 
determine the differing environmental impacts lithium-ion 
batteries present and ways to minimize them.  The research 
provides knowledge as to if the benefits really do outweigh 
the disadvantages.  Also included, through research, is a 
process description of lithium-ion batteries and a discussion 
of their most sensitive unit.  The research is important to 
see if lithium-ion batteries are posing a threat to the 
environment. 

This topic relates to the article "The End of Trash" 
because of the article's sections on metals and renewable 
energy.  The article states that metals are infrequently 
recycled and present many problems when put into the 
trash [2].  Lithium-ion batteries are composed mainly of 
metal, indicating that they would have a very negative 
impact if not recycled.  The research provides info regarding 
the recycling of lithium-ion batteries.  The article states that 
converting to renewable energy helps to create a circular 
economy. A circular economy includes "using resources 
sparingly and recycling materials endlessly" [2].  Lithium-ion 
batteries are the perfect example of utilizing renewable 
energy and minimizing the use of fossil fuels.  The research 
investigates how to recycle lithium-ion batteries “endlessly”, 
as the article says.
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Sensitive Unit

Figure #4: Landfill fire caused by improper disposal of batteries [17]

Figure #2: Pollution caused by mining; water pollution (left) [8], air 
pollution through dust (top right) [9] and greenhouse gas emissions 
(bottom right) [10] 
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Figure #1: Cradle to grave for a Tesla lithium-ion battery [3]

Figure #3: Impact of lithium-ion batteries on ecosystem services [11]

Figure #5: Bio-hydrometallurgical recycling of lithium ion batteries [16]
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