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Introduction 
 
Synthesis Partners was tasked by the Department of Energy (DOE) to undertake research to address the 
following specific questions regarding the recycling of automotive motors, power electronics, and rare 
earths in the hybrid and electric vehicle market. 
 
1. Characterize the nature of emerging trends and sectors  
 a. Identify approaches under consideration or being implemented  
 b. Ascertain emerging potentially successful economic and business models 
 c. Analyze results to determine relevant lessons-learned 

 
2.  Scout for potentially promising disruptive game-changers and identify new approaches and 
technologies 
 
3.  Determine barriers to the implementation of current and emerging approaches and technologies in the 
US market, including economic, regulatory, and others 
 
Sources and Methods 
 
This research and analysis effort accessed a wide range of secondary and primary sources in a short 
period of time. Table 1 below provides summary information concerning the sources searched during the 
October-December 2009 timeframe.   
 
We analyzed many highly-targeted secondary sources, including 10 market reports, sources related to 
seven automobile manufacturers, four industry associations, three specialized recycling companies, as 
well as financial and commodity news sites. Although this work identified a number of reports on 
recycling, we found through a careful review that none of those we assessed as credible dealt with 
recycling the components used in hybrid or electric vehicles other than the batteries.  
 
Primary research (i.e., telephone interviews and email exchanges) focused on the companies discovered 
that best represent the US recycling industry addressing the components listed.  Research was also 
directed into recycling efforts in Europe and Japan for comparison purposes.   
 
 Table 1:  Research Summary 

 

Sources Researched Number Accessed Percentage Relevant 
Market Research Reports 10 0% 

Automobile Manufacturers 8 100% 

Recycling Companies 6 100% 

Industry Associations 4 100% 

Other Sources (news/journal articles, 
conference presentations, etc.) 

76 33% 

Recycling Companies Contacted    

Stubblefield Salvage & Recycling  X 

Calbag Metals X  

Creative Recycling Systems  X 

Industry Associations Contacted   

Alliance of Automobile Manufacturers  X 

Automotive Recyclers Association  X 

Inst of Scrap Recycling Industries  X 

Nat'l Center for Electronics Recycling  X 

   

Auto Companies Contacted Directly Negative or No Response Positive Response 
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 BMW  X 

 Daimler X  

 Ford X   

 General Motors X  

 Honda X  

 Toyota X  

 Tesla X  

 Volkswagen X  

   

Note:  Several companies, including Toyota and Calbag Metals, posted extensive information on 

recycling on their web sites.  While some companies did not respond to our contact attempts, we 

nonetheless included relevant information about these companies from websites and reports.  The 

“Sources Researched” appendix shows the full range of sources accessed and analyzed. 
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Key Findings 
 

• A recurring theme discovered among sources addressing recycling of hybrid vehicles is that there are 
not enough hybrid or electric vehicles on the road yet to justify investment in specific technologies, 
processes or guidelines for recycling them. 

 

• Ford and General Motors have subsidiaries and partners in Europe and Japan, but based on comments 
from the Automotive Recyclers Association (ARA) and Institute of Scrap Recycling Industries 
(ISRI), their American operations do not seem to be closely linked in with the efforts in those regions 
toward improving vehicle recyclability. 

 

• Synthesis did not find that any of the organizations which oversee or govern the automotive or 
electronics recycling industries in the US have made clear efforts toward addressing the recycling of 
hybrid vehicle components, other than the batteries.   
 

• As hybrids increase in numbers and begin entering the recycling stream, it may be necessary for 
regulators and professional organizations to take an active role and set incentives to treat hybrids and 
electric vehicles differently from conventional vehicles, if the goal is to recapture the materials used 
in the motors and power electronics.  
 

• Synthesis found that the ARA and the National Center for Electronics Recycling were not aware of 
one another’s efforts, but that both expressed interest in taking action on hybrid vehicle component 
recycling. 
 

• The recycling industry in the US is based on a business model which is at least twenty years old, as it 
is designed to address the age of automobiles (approximately 20 years old) that are typically recycled.  
Their business model will inevitably change to reflect the significant increase in recoverable 
electronic materials and other technologies contained in hybrid and electric-drive vehicles.   
 

• Synthesis assesses that there may be an emerging market opportunity for recycling automobile power 
electronics.  We assess that the total value of automobile power electronics otherwise discarded as 
part of the ASR is in the range of $700M to $3.5B over the past ten years.  Furthermore, as the 
number and complexity of automobile electrical systems increase, this market opportunity will grow, 
conservatively producing up to $7B in revenues over the next ten years. 
 

• In a notable market development regarding rare earth magnet recycling, it was reported by the 
organization Japan for Sustainability (www.japanfs.org) in May 2010 that Hitachi has launched a 
project to develop rare earth magnet recycling technologies.  According to the report, Hitachi is 
developing devices to recover rare earth magnets from motors, will explore technologies for recycling 
used magnets and plans to launch a business in these fields in 2013.   

 
• As indicated by the Hitachi report, market-driven activity has a high likelihood of driving significant 

new developments in the recycling automotive electronics industry, and will likely transform the 
current industry landscape over the next five years.  
 

• Significant factors argue for the sparing use of rare earth magnets in electric motors over the next five 
years from a recycling and material reclamation perspective (though, as Hitachi developments 
suggest, there are innovative approaches being developed to address these constraints), including: 

- The difficulty in mechanically separating magnets from the motors  
- The difficulty of separating the electric motors from the transmissions and other car 

systems),  
- The complexity of recycling magnetic materials and/or their constituent materials, and  
- The lack of near-term market for the re-use of magnets. 
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1.  Current State of the Automotive Recycling Industry 
 
Before entering into any discussion on automotive recycling, it is helpful to clarify the definition of 
“recycling”.  In most industries, “recycling” refers to recovery and reintroduction of materials into 
manufacturing processes.  However, in the US automotive recycling industry, “recycling” encompasses 
two distinctly different yet interrelated processes.  The first is parts reuse, in which end of life vehicles 
(ELV) can be dismantled and individual components which are still serviceable are recovered and stored 
for resale and reuse in repairing other vehicles.   
 
The second aspect of automotive recycling is material recovery.  After reusable parts have been stripped 
from the ELV, it is sent a recycling center for processing as scrap, where it is then crushed, sorted and 
reentered into the manufacturing process as general industrial scrap material.  Approximately 98 percent 
of the metals in a car are recycled, either via parts reuse or material recovery. 
 
Figure 1:  Parts and materials typically recycled from ELVs 

 

 

Source:  http://www2.toyota.co.jp/en/tech/environment/recycle/state/ 

 
While this report will address aspects of both of these processes, its primary focus is on materials 
recovery. When parts reuse is the specific topic, it will be noted as such.  (Note:  Any automobile 
recycling process begins with draining all fluids and refrigerants, removing any hazardous materials, and 
removing or discharging the air bags.  This will not be discussed further in this report, as it is a standard 
step in recycling any vehicle.) 
 
 A.  Overview of Vehicle Recycling by Location 
 

Vehicle recycling laws and regulations vary from region to region.  In the US, there is no overarching 
national policy governing the disposal of ELVs, although federal and state environmental regulations 
on air and water pollution do impact the process.  In contrast, Japan and the European Union have 
stringent laws in place which not only require recycling of ELVs but also govern the design of new 
vehicles so they are more easily recycled.  The specifics of each are outlined below.  

 
  i. US 
 

Automotive recycling in the US is a market-driven activity with no direct connection to the 
manufacturers, unlike the programs in Europe and Japan.  The automobile manufacturers favor 
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keeping it as a free-market industry rather than a regulatory-driven system.  Industry 
spokespeople reaffirmed this position in a number of different cases and contexts: 

 

• During a conference call Synthesis participated in with the Alliance of Automobile 
Manufacturers’ End-of-Life Vehicles workgroup, representatives from BMW, Chrysler, Ford, 
GM, Mazda, Mitsubishi, and Toyota reaffirmed the free-market system.  They confirmed that 
they had not identified the market thresholds that would establish economic viability for 
recyclability of key components.  Information on the process of recycling power electronics 
and rare earth magnets was discussed as an issue that individual companies of the OEM 
supplier-base would address. 
 

• A report on “Copper in End-of-Life Vehicle Recycling” commissioned by the Copper 
Development Association states “The OEMs emphasized that they would favor any market-
driven solution for the recycling of ELVs in the United States [as opposed to a regulatory-
driven system].” 

 

• An environmental compliance manager at BMW of North America (Woodcliff Lake, NJ) 
stated that “our position is that we generally are not supportive of mandatory quotas and take 
backs as required in the EU but rather continue to support the current network of automotive 
recycling and dismantling program as it exists in the US today and encourage you to present 
this position to the DOE in your study.”  (December 21, 2009 email to Synthesis) 

 
In the current recycling market, parts which have some intrinsic market value are removed from 
ELVs and stored for reuse as repair parts.  The rest of the vehicle is shredded as scrap, after 
which the ferrous and non-ferrous materials are separated. Market prices determine which parts 
are recovered for reuse and which are reclaimed for recycling.  Emphasis is placed on recovering 
the high-value materials, primarily iron, steel and aluminum.   
 
Materials which have no, or marginal, residual value are often not recovered and are usually 
discarded as part of the automotive shredder residue (ASR), or “fluff”.  These remnants of 
plastics, fabrics, electronics, insulation, etc. are left behind after the high-value metals and other 
recyclable materials have been removed from a vehicle.  ASR constitutes the bulk of the waste 
sent to landfills from the automotive recycling process. 
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Figure 2:  Vehicle Life Cycle 

 

 
  Source:  Argonne National Laboratory (http://www.es.anl.gov/Energy_systems/CRADA_Team_Link/Index.html) 

 
The Energy Systems Division at Argonne National Lab is involved in research on ELV recycling.  
They estimate that more than 75 percent of the average automobile is made up of metals, which 
“are essentially all recycled” and that “over 95 percent of vehicles in the United States go through 
a market-driven recycling infrastructure.”  The United States Council for Automotive Research 
states that more than 84 percent (by weight) of each ELV is recycled.  It is worth noting that these 
figures include parts which are removed and stored for reuse (and thus “recycled”), so not all of 
the materials represented by these percentages are reintroduced into the manufacturing process. 
 
Information regarding the specifics of how recycled materials are broken down is not provided.  
For example, is the iron in magnetic and other ferrous alloys separated out to be used as iron, or 
are the alloys recycled as alloys?  Further research did not reveal information concerning 
automotive recycling which indicated how specific alloys recovered by the recycling process are 
processed and reused.   
 

  ii. European Union 
 

The European Union model of vehicle recycling is based on the model of Extended Producer 
Responsibility (EPR).   Simply put, EPR means the manufacture is responsible for the disposal of 
what is left of the product after it has reached the end of its useful life for consumers.  The 
concept is that the manufacturers will have incentives for designing and manufacturing vehicles 
with recycling in mind if they are responsible for the collection, recycling, reuse and waste 
disposal of the ELV.   
 
The EU passed the End-of-Life Vehicles Directive in September 2000.   The directive governs all 
aspects of the vehicle recycling process, from the collection and dismantling of ELVs to the 
disposal of waste materials.   It set goals of 85 percent recovery and reuse (parts reclamation) or 
80 percent reuse and recycling (material reclamation) of ELVs by January 2006.  By January 
2015, the targets increase to 95 percent and 85 percent respectively.   
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There are other regulations in the EU which also govern ELV disposal process.  For example, the 
disposal of electronic components is driven by the Waste Electrical and Electronic Equipment 
(WEEE) Directive, while The Directive on Restriction of Use of Certain Hazardous Substances 
(RoHS) restricts the materials which can be used in electronic equipment, which directly impacts 
the recycling process.   
 
In response to the ELV Directive, European manufacturers have set up recycling centers for their 
vehicles.  Consumers turn the vehicles back over to the manufacturers who then strip out and 
warehouse all reusable parts and recycle the remaining material. 
 
There have been several criticisms of the directive.  First, there are no resources identified for its 
implementation, meaning that levels of acceptance and enforcement vary from country to country 
(for example, Ireland did not implement the Directive until 2006.)  Second, it places the bulk of 
the responsibility (and expense) for operating the program on the manufacturers, who must 
recycle vehicles regardless of fluctuations in metal reclamation markets or automobile sales.   
 
As the Directive applies to all ELVs regardless of manufacturing date, the manufacturers also 
must absorb the increased cost of recycling vehicles which were manufactured prior to the 
Directive.  These older vehicles were not designed for ease of dismantling or materials recovery, 
which drives up the expense of operating the recycling centers.  Ultimately, the consumer pays 
for these activities in the form of increased prices of new vehicles.  In contrast, if the recycling 
process was a market-driven activity independent of the manufacturers, the market would 
determine the economic value of recycling and the locations of recycling centers.  

 
  iii. Japan 
 

Japan’s ELV Recycling Law was enacted in 2002 and went into effect January 2005.  It is based 
“shared responsibility” where consumers pay a recycling fee when they buy the vehicle.  The fees 
are based on size and manufacturer; the fees for passenger cars average from ¥7,000-18,000 ($78-
$202).  When the consumer sells the vehicle, the buyer is expected to reimburse the fee to the 
seller.  The goals of this program are a vehicle recycling/recovery rate of 88 percent in FY2005, 
92 percent in FY2010, and 95 percent in FY2015.  
 
The Japanese Recycling Law was spurred by diminishing landfill space and the amount of ASR 
going to the landfills.  A primary aim of the law is to increase the recyclability of materials used 
in vehicles and reduce the amount of ASR.  There are also programs underway to study the 
recycling of the ASR into new parts, predominately plastics.  
 
Unlike the EU Directive, under the Japanese law car manufactures and importers are responsible 
only for removing, processing and recycling CFCs from the air conditioning units, deactivating 
and disposing of the airbags, and disposing of or recycling the ASR.  The primary vehicle 
recycling process can be carried out by the manufacturer or outsourced to other companies which 
are registered and licensed by the government.   
 
Table 2:  Parties Involved with Vehicle Recycling in Japan (2006 Data) 

 

  
Characteristics and roles 

No. of 
firms 

Vehicle owners  
・ Pay fees required to recycle ASR, airbags, CFCs and other 

items, and consign ELVs to registered collectors  
― 



 

Cleared for public release 9 January 2010 

  

Collectors 
(registered)  

・ New and used car dealers, and maintenance plants 

・ Collect ELVs from end users, and transfer ELVs to CFC 

processors or dismantlers 

42,346  

CFC processors 
(registered) 

・ Collectors, dismantlers and others 

・ Receive ELVs from collectors, recover CFCs according to 

collection standards, and transfer to car makers or importers 

・ Charge car makers and importers CFC collection fees 

23,813 

Dismantlers 
(licensed)  

・ Receive ELVs from collectors or CFC processors, dismantle 

ELVs according to recycling standards and promptly return 
airbags to car makers or importers 

・ Charge car makers and importers airbag collection fees 

・ Of around 5,500 licensed operators nationwide, about 3,000 

can actually dismantle vehicles. Most are small firms (3 or 4 
employees) that dismantle about 1,000-1,500 vehicles per year. 

5,688  

Shredding  
companies  
(licensed) 
  

・ Dismantlers also tend to acquire shredding licenses, but  

about 140 firms form the core of the industry. Many of  
these firms are expanding into dismantling to increase the  
efficiency of their operations. 

・ Dismantled vehicles (ELV shells) are shredded (compacted, 

sheared and shredded) according to recycling standards, then ASR 
is returned to car makers or importers 

1,325 

Car 
manufacturers, 
importers  

・ Take back ELV ASR, airbags and CFCs. Facilitate low-cost 

recycling by extending car lifecycles through innovative designs, 
components and raw materials 
・ Facilitate easier recycling by providing processors with more 

information about vehicle designs, parts, and raw materials  

―  

 Source:  Yano Research Institute via JETRO Japan Economic Report, June-July 2006 

 
In response to the domestic recycling laws and those in other countries to which they export or in 
which they produce vehicles, the Japanese manufacturers are designing vehicles with recycling in 
mind.  For example, Toyota is designing components to make them easy to remove and marking 
them with “easy to dismantle” marks indicating where the proper force will remove the 
component.  Examples are at 
http://www2.toyota.co.jp/en/tech/environment/recycle/eco_vas/structure.html.   Toyota estimates 
that the 2010 Prius is 85 percent recyclable, and plans to achieve the 95 percent mark before the 
2015 deadline.   

 
B.  EV/HEV/PHEV Recycling:   
 
Although battery recycling was not included in this tasking, any discussion of recycling hybrid and 
electric drive vehicles must address the subject.  Currently, the automobile and battery manufacturers 
work together to ensure old or damaged batteries are turned in for recycling.  For example, Toyota offers 
a $200 “bounty” on battery packs returned for recycling.  Although there has been some discussion of 
uses for these battery packs such as off-peak storage of electrical production, the majority of recycling 
efforts are geared toward recovering the materials used in their construction and the proper disposal of 
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any waste materials.  Outside of the batteries, there has been no other guidance provided on recycling 
HEV and EV specific components. 
 
The Automotive Recyclers Association (ARA) has a working group currently looking into the "proper 
way" to recycle hybrids. According to spokesman Anthony Livingston, most of the effort thus far has 
been directed towards the batteries.  The association has a partnership with the US automakers – VRP 
(Vehicle Recycling Partnership – through which they address these issues, as well as designing 
recyclability into vehicles from the outset.  Mr. Livingston was not familiar with Toyota’s efforts in this 
area.  The link to Toyota’s web site where they discuss vehicle design and recyclable materials was 
forwarded to him (http://www2.toyota.co.jp/en/tech/environment/recycle/)   
 
Research did not reveal information concerning programs specifically addressing the recycling of other 
hybrid-unique components.  There are several reasons for this.  Very few hybrid vehicles have entered the 
ELV recycling stream and those have been due to accidents, not because of the age of the vehicles.  As a 
result, very few recyclers have had any experience dealing with hybrid vehicles.  Also, the professional 
associations and regulatory agencies for the scrap and recycling industries have not engaged on the topic 
because of the low number of vehicles involved.   
 
David Wagger from the Institute of Scrap Recycling Industries (ISRI) identified four issues which will 
affect his organization’s ability to provide guidance to members regarding the recycling of hybrid 
vehicles: 
 

• The expected life spans of hybrids before they reach end of life status. 
 

• The numbers of hybrids that have been recycled or the point at which the numbers will increase 
to the point to making the implementation of special procedures for recycling hybrids cost-
effective. 

 

• The identity of the parts which may be removed for reuse by the dismantlers and the remaining 
items and material left for them to recycle.  
  

• As the number of hybrids being scrapped increases, manufacturers may place a "bounty" on other 
hybrid-specific parts, as they have on the batteries (which he stated would "jump start" the 
recycling process on them.) 

 
These are key points for discussion.  This research did not identify any conferences designed to address 
these issues at the time of this report. 
 
Another factor to consider concerning HEV recycling involves the proportions of parts reuse vs. material 
recovery.  This is complicated issue due to the incompatibilities between various models.  For example, a 
motor or ECU in a 2000-model year Prius cannot be used in a 2006 model.  Given the relatively low 
number of the older models on the road, it may be more economically viable for a recycler to scrap the 
entire car rather than to try to recover parts for possible reuse.  If parts are recovered, it is unknown how 
long would they need to hold them.  As of the timing of this report, these remain unresolved issues. 
 
Even though there has been little to no recycling of hybrid-specific components, there are a number of 
recyclers which deal specifically with electric motors and electronic devices.  Synthesis contacted several 
of these companies to determine what, if any, hybrid components they have encountered.  Without 
exception they reported that they have recycled no parts from hybrid vehicles to the best of their 
knowledge.   
 
  i. Electric Motors 
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It is estimated the average car contains approximately 60 electric motors, many of which end up 
in the recycling process.  However, there have been so few hybrid automobiles recycled that none 
of the experts queried could address the issue of recycling electric traction motors.  They 
surmised that any such motors would be held for use as spares and not destroyed, at least until the 
number of hybrids being recycled increases drastically.  However, they also said that if an electric 
traction motor was turned in for recycling, it would most likely be treated as any other motor.  
When asked if he had ever had to replace an electric motor in a Prius, one Toyota service 
manager stated he had not, nor did he know of anyone else ever having to do that.  He also stated 
if a motor was replaced under warranty it would be returned to Toyota, not tossed on the scrap 
heap for recycling.   

 
The basic goal in recycling electric motors is to recover the copper wire in them.  This is 
accomplished by one of two methods: dismantling by hand or sending through the 
shredder/crusher.  Using the shredder is cheaper but much more inefficient, as a good bit of the 
wire is lost using this method.   

 
Because of labor costs involved in hand-dismantling and the inefficiencies of shredding, almost 
all recyclers ship the intact motors to Asia for dismantling/recycling.  There the motors are 
dismantled by hand and the copper and brass are removed.  The remainder of the motor is crushed 
and the ferrous and non-ferrous components are separated magnetically.   
 
Al Stubblefield of Stubblefield Salvage and Recycling (http://www.stubblefieldsalvage.com/) 
stated his company has to ship all motors they recycle to Asia to recover the metals because there 
are no foundries remaining in the US to process the scrap.  The only motors they recover copper 
from are those which are disassembled before they are turned in (a practice his company 
encourages on their web site).  He said this was more economically advantageous for the 
customer selling the motors, as his company will pay much more for the copper and the remains 
of the motor separately than they do for the intact motors.   

 
  ii. Power Electronics 
 

Companies which specialize in recycling electronics are growing, as consumers become more 
aware of the environmental hazards associated with discarding electronic devices.  Many of these 
companies have evolved from other recycling operations.  Because of the lead and other heavy 
metals used in electronics manufacture, electronics recyclers are subject to specialized and 
stringent environmental regulations.  However, unless electronic devices are processed by one of 
these specialized companies, they are usually shredded and processed as non-ferrous scrap.   
 
The entire electronics recycling business is driven by the value of the metals to be recovered.  
Copper and aluminum are the two most common metals used in electronics and the easiest to 
recover.  Once those are extracted, recyclers concentrate on recovering precious metals (gold, 
silver, and platinum) which are found in small quantities.  Other trace metals are also recovered in 
this process but if there are not enough precious metals to make it worthwhile, no attempts are 
made to recover the "low value" metals. 
 
According to Jon Yob at Creative Recycling Systems, most of the electronics being recycled are 
computers and peripherals, televisions, and other consumer electronics.  Very little has made its 
way to into the electronics recycling stream from auto recyclers in spite of the growing number of 
electronic devices found in modern automobiles.  He thinks this is due to the market for used 
parts and the fact it is easier to send the electronics that are not pulled as replacement parts to the 
shredder with the rest of the vehicle.    
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One impediment to efficiently recycling automotive electronics is the design.  Quite often 
electronic modules are buried behind other components and aren’t easily accessible to 
dismantlers.  Unless recyclers routinely remove the other components as part of the dismantling 
process, removing the electronics module will increase the time involved and thus the expense of 
the dismantling process.   
  
Cost is the determining factor in pulling electronics from recycled vehicles.  Unless dismantlers 
can receive a reasonable ROI, they will not pull electronics out when dismantling the rest of the 
vehicle.  As Yob expressed it, the dismantlers “target the high value materials and let the shredder 
take care of the rest.”  By volume, most of the materials used in electronic devices are plastic 
compounds and resins, most of which ends up in the ASR.  
 
Yob expressed concern over the amount of ASR that ends up in landfills and the environmental 
impact of not pulling out the electronics.  However, he realizes that until it is at least "marginally 
profitable" for automobile recyclers to remove and recycle the electronics, they will continue 
shredding them. 
 
Estimated Revenues from Recycling Automobile Power Electronics Suggests Significant, 
Unrealized Market Opportunity 
Synthesis’ assessment of the best-available data on recycling of automobile power electronics 
points to a potential significant unrealized market opportunity. 

 
  Data and Assumptions 

 

The volume of electronics the automotive recycling industry could recover appears noteworthy.  
While the automobile recycling industry indicates that they do not routinely remove electronics 
because the parts are not easily accessible, Casimer Andary with the Alliance of Automobile 
Manufacturers’ End-of-Life Vehicle Workgroup notes that dismantlers tend to balk at any change 
to their routine.  He believes that, while the dismantlers make it sound like they can't remove 
some specific parts, in reality they can get anything they want off of a junked car in a matter of 
minutes.  They may damage the part in the process, but that is irrelevant if it is being recycled 
instead of being removed for reuse.   
 
Mark Hempstead from the Harvard School of Engineering estimates the average car (no typical 
model year given) contains about 200 pounds of electronic systems of various types.  Given that 
only part of this would be recovered because some of the parts would be held for resale as spares 
and the difficulty of accessing some components and, a reasonable estimate would be ~100 
pounds per vehicle which could be sent for recycling.   
 
Realistically, however, most vehicles being recycled are approximately 15 to 20 years old.  The 
electronic systems in vehicles this old are not as complex or numerous as those in more modern 
cars.  To compensate for this, Synthesis used an estimate of 50 pounds per vehicle of removable 
electronics. 
 
Interestingly, the recycling industry was not able to provide information on the number of 
vehicles recycled per year.  The USGS, however, publishes annual reviews of iron and steel scrap 
utilization, including estimates on the number of vehicles recycled.  These estimates were used in 
the following analysis.  Synthesis did not identify any projections for the number of cars to be 
recycled in the next five to ten years. 
 
Research into the market price for mixed electronic scrap of the type that would be generated by 
the auto dismantling process found offers to buy at scrap at prices from about 10 cents per pound 
to 25 cents per pound.  Synthesis multiplied these prices by the estimated weight of electronics 
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which could have been recovered produces a range of estimated potential revenues generated by 
the automotive recycling industry had they removed and recycled the electronics from ELVs.  
Segregating the scrap by type (e.g., circuit boards, LED displays, wiring) would increase the price 
paid for specific types.  However, Synthesis did not include this increase in value in our estimate 
in order to maintain very conservative assumptions. 
 
Initial Bottom Line 

 

Based on 2009 prices, Synthesis estimates the total value of electronics from recycled vehicles 
over the past ten years to be in the range of $700M to $3.5B.   As the number and complexity of 
systems increases, we expect that this value will increase, producing up to $7B in new revenues 
for the auto recycling industry over the next ten years.   
 
Figure 3 below illustrates the range of estimated revenues the scrap electronics could have 
generated for the auto recycling industry.  As the lines represent high and low projections, the 
actual number for each year would may well lie somewhere in the middle.  The revenue 
generated by the electronics recycling industry by processing this scrap could have been 
substantially higher, depending on the exact composition and quantity of metals and other 
materials recovered and their market values. 
 

Figure 3:  Value of Recyclable Automotive Electronics 

 

 
Source:  Synthesis analysis of Harvard University and USGS data (2010). 

 
Table 3 below shows the tonnage of scrap electronics which could have been removed from 
recycled automobiles based on Synthesis’ assumptions, along with estimates showing the relative 
market value of the scrap, based on 2009 prices.   
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Table 3:  Estimated Revenues from Recycling Electronics  

 

Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 

10-
Year 
Total 

Vehicles recycled x 1M 11 12 13 14 14 14 17 17 13.5 13.5 139 

High Estimate (100 lbs/vehicle; $0.25/lb)  

Tons of electronics x 1K 550 600 650 700 700 700 850 850 675 675 6,950 

Market value x $1M* $275 $300 $325 $350 $350 $350 $425 $425 $337.5 $337.5 $3,475 

Low Estimate (50 lbs/vehicle; $0.10/lb)  

Tons of electronics x 1K 275 300 325 350 350 350 425 425 337 337 3,475 

Market value x $1M* $55 $60 $65 $70 $70 $70 $85 $85 $67.5 $67.5 $695 

*All dollar values are given in 2009 dollars and have not been adjusted for inflation  

 Source:  Synthesis analysis of Harvard University and USGS data (2010). 

 
It is worth noting that car owners today are driving their vehicles longer than they have in the 
past, delaying their entry into the recycling stream.  That, in addition to the drop in auto sales due 
to the state of the economy, means that the number of automobiles recycled per year could 
actually drop in the next five to ten years.  However, incentive programs such as the “Cash for 
Clunkers” program will likely artificially and temporarily increase recycling rates.  Because of 
these and other variables, projecting the number of vehicles that will be recycled, and thus the 
amount of electronics which could be recovered, is extremely uncertain. 
 
One thing, however, is certain: the amount of electronic systems in vehicles will not decrease.  It 
appears likely that, as the number of hybrid vehicles on the road increases and the electronic 
systems in conventional automobiles become more complex, the amount of electronics which can 
be recovered from ELVs will increase significantly.   

 
Impact of Future Automobile Power Electronics on the Electronics Recycling Industry 

 
Synthesis assess that the effect of introducing this volume of scrap into the electronics recycling 
industry would drive significant capacity expansion.  According to its website, Creative 
Recycling Systems (Tampa, FL) is a state-of-the-art electronics recycling center and can process 
up to 24,000 pounds of recyclables per hour, or approximately 150 million pounds (~75,000 tons) 
per year of electronic equipment.  Comparing that figure to Synthesis’ low and high estimates of 
volume, Creative Recycling’s maximum capacity is equivalent to approximately 20% of the low 
estimate and 10% of the high estimate of the annual volume of scrap that the automobile power 
electronics could introduce into the waste stream.  This is significant because research did not 
reveal information to suggest that there are more than three major companies similar in size to 
Creative Recycling in the electronics recycling industry.  Therefore, given either the low or high 
estimates, a major expansion in capacity would be required to meet the automotive power 
electronics recycling growth opportunity. 
 
By contrast, industry sources are vague in their assessments.  ISRI’s Wagger states “I do not 
know that there is excess capacity in the electronics recycling industry.”  He did not comment on 
the impact the introduction of a half million tons of scrap per year could have on the industry.   
 
Potential Opportunity for Catalyzing Action 

 

In spite of the potential volume of electronics and amount of revenue involved, the electronics 
recycling industry has not engaged with the auto recycling industry.  Jason Linnell from the 
National Center for Electronics Recycling stated that the recycling of electronics from cars, 
particularly from hybrids, was "a new issue."  He has not heard of anything going on in this area 
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from electronics recyclers.  He also said he was not familiar with the kind of electronics which 
could be recovered and recycled from automobiles.  Nor was ARA’s Mr. Livingston familiar with 
the electronics recycling industry.  Mr. Linnell’s name and contact information were forwarded to 
Livingston in an attempt to open a dialog between the two organizations. 

 
  iii. Rare Earth Magnets 

 
According to rare earth industry expert Jack Lifton, “there is little if any publicly acknowledged 
recycling of [rare earth metals]” in any industry other than clean scrap reclamation from various 
manufacturing processes.  In automotive recycling, the problem is compounded because scrap is 
not segregated by metal type once the major metals (iron, aluminum, copper) are separated, so the 
rare earths are mixed in with other metal scrap.  There currently is no commercially-viable 
method of efficiently extracting rare earth metals from this kind of mixture. 
 
Mr. Stubblefield states he is not aware of any programs for recovering or recycling rare earth 
magnets from motors.  When motors are crushed, any magnets in them are crushed and recycled 
as scrap along with the rest of the motor.  Strong magnets such as rare earth magnets can 
complicate this process as they tend to stick to the sides of the separators and accumulate other 
materials.  Hand dismantlers may recover magnets when the motors are disassembled to recycle 
them as ferrous or non-ferrous scrap.  However, no sources contacted seemed to be interested in 
recovering the rare earth magnets specifically for the rare earths they contain.  
 
Rare earth industry expert Walt Benecki feels there’s a long way to go before recycling becomes 
common.  “[The rare earth] industry is in the Stone Age when it comes to recycling.   True 
recycling is not happening now.  True recycling is when the product of recycling is a new Nd 
magnet.  It is not happening now, but will, when the economic incentive is right, when REs are 
much more expensive.”  He implies that it may require legislation or other actions to kick-start a 
recycling effort:  “It’s not about magnet producers recycling, it is about their end-of-life products 
being recycled whether they want to or not!” 
 
Peter Dent from magnet producer Electron Energy thinks recycling will begin only when it 
becomes economically advantageous to do so.  He stated that recyclability of magnetic materials 
is a “good area for entrepreneurs … it is not yet economic but a major market if it could be made 
economic.” 

 
2.  Emerging Trends and Potential Game Changers 
 
A number of automotive manufacturers (BMW, Daimler, Ford, GM, Honda, Tesla, Toyota, and VW) 
were contacted for information on their efforts to improve recyclability.  All declined to provide 
information beyond what is found on their websites and in various news releases and company reports.  
 
Generally speaking, the automakers are working on designing their vehicles to make them more 
recyclable and to use more easily-recycled materials in their construction.   On their web site, General 
Motors states their vehicles are now “at least 85 percent recyclable and 95 percent recoverable (by 
weight).”   
 
Ford Motor Company states they are working towards meeting the EU Directive for the cars they produce 
in Europe.  However, research did not discover information pertaining to the recyclability of their US-
market vehicles.  
 
The European manufacturers are working toward meeting the goal of 85 percent recyclability by 2015 set 
by the EU Directive.  In their 2008 Sustainable Value Report, BMW reports they have already met this 
goal and that all of their vehicles are at least 85 percent recyclable and 95 percent reusable.  Daimler is 
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reporting similar success.  Their Mercedes-Benz C-Class is 95 percent recyclable and the B-Class has 
reached the goal of 85 percent recyclable and 95 percent reusable.  They state they will meet the goal with 
the rest of their lineup before the 2015 deadline.   
 
Japanese manufactures are similarly close to meeting the standards of the Japanese ELV Recycling Law.  
However, research did not uncover any organizations in the US, EU, or Japan specifically looking 
recycling hybrid-unique components – other than how the components would be recycled with similar 
components from standard vehicles. 
 
100% Recyclable? 
The question remains: how far are we from the 100 percent recyclable automobile?  Ford states on their 
web site: “In theory, end-of-life vehicles are nearly 100 percent recoverable. In practice, however, the 
cost in energy and labor to recover the final fractions often exceeds the value of the materials, and recent 
independently reviewed environmental studies suggest that such efforts also offer no value to the 
environment.”   
 
Even if the all manufacturers were to build a 100 percent recyclable or recoverable vehicle, the recycling 
industry still must ensure that 100 percent of the vehicle is recycled instead of ending up in the landfill as 
ASR.   Attaining this goal will require a commitment from the manufactures to design and build vehicles 
only from materials which are easily recoverable and recyclable, and for the recycling industry to make 
the commitment to recovering 100% of the materials used. 
 
 A. Potentially Successful Models  
 
  i.  Electric Motors 
 

No information on new methods or models for recycling electric motors were found. 
 
  ii. Power Electronics  
 

Creative Recycling Systems of Tampa Florida (http://www.crserecycling.com/) operates state-of-
the-art electronics recycling centers.  The company processes electronic components and 
electronic scrap without the need to pre-sort, at rates of up to 24,000 pounds of recyclables per 
hour.  They combine shredding, pulverizing and material separation into one process and feature 
dust collection and control systems to contain airborne particulates.  Creative estimates at full 
capacity that they can process 150 million pounds per year of electronic equipment and from that 
they could recover approximately 25,000 ounces of gold from that scrap. In addition to gold, they 
also recover large quantities of aluminum, copper, silver, palladium, steel, plastic and glass from 
discarded electronics. 
 
As mentioned above, quite often the electronic components in recycled automobiles aren’t readily 
accessible or removable.  An effective recycling model would include electronics designed to be 
removed quickly when the vehicles are dismantled.  New technologies such as silicon carbide 
semiconductors should facilitate this goal as they will result in smaller, more heat-resistant 
electronics which can be mounted in easily-accessible locations.   
 
Toyota is already moving in this direction with the third-generation Prius.  They have designed 
wiring harnesses with breakaway terminals which can be easily pulled loose during the 
dismantling process and are marking parts with an “easy to dismantle” mark indicating the 
components which are designed for easy removal.   Also, the instrument panel can be pulled out 
easily using hooks at marked locations, allowing access to the electronics integrated there. 
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In order to realize the benefits of recycling electronics, improved communications between 
automotive recyclers and electronics recyclers will be necessary.  This would include automotive 
recyclers becoming more aware of the value of the metals in the electronic components and the 
benefits of removing them for recycling.  Also, electronics recyclers would work more closely 
with the auto recyclers to recover as much of the materials as possible. 
 

  iii. Rare Earths 
 

As stated above, there are no companies currently engaged in recycling rare earths from the type 
of mixed scrap that would be generated by the automotive recycling industry.  However, there are 
ongoing research projects for recycling rare earth magnets.  These are discussed in section B.iii., 
below. 

 
 B.  New Technologies 
 
  i. Electric Motors 
 

An English-language search of US, European and Japanese patents over the past five years for 
new motor designs aimed specifically at improving recyclability or new methods for recycling 
motors yielded no results.   

 
  ii. Power Electronics 
 

An English-language search of US, European and Japanese patents over the past five years for 
new methods or devices for recycling electronic products yielded no results.   
 

  iii. Rare Earths 
 

In Japan, the National Institute of Advanced Industrial Science and Technology is working on 
methods for recycling NdFeB magnetic materials.  They state, “In the manufacturing process of 
rare earth magnet, 20% – 30 % is scrapped from cutting and breakage, and this is already being 
recycled. However, for the magnets used in the products on market, there is little recycling done... 
[W]e are studying the separation technology of rare earth elements by primary concentration 
using particle separation followed by chemical (hydrometallurgical) method.” 
 
This process involves first crushing the magnets to recover the rare earth magnet powder.  Then 
the powder is dissolved in a mineral acid to extract the iron. Solvent extraction is used to separate 
the dysprosium, neodymium, leaving the nickel used for plating and the boron in solution.  The 
rare earths extracted by this method are then reused as raw materials for making other magnets. 
Requests for further information on the process or current status of research were declined. 
 
The Magnetic Materials Group at the University of Birmingham (England) is also researching the 
recycling of rare earth magnets.  The group is looking at using a hydrogen decrepitation process 
which will convert sintered magnets directly back into powder to extract them from whatever 
devices they are in.  The powder can then be recovered, processed and reused. 
 
Their chief researcher, Dr. Miha Zakotnik, has “set up a pilot plant for recycling any kind of rare 
earth magnets at Birmingham University.”  However, he is not currently looking at magnets from 
hybrid or electric vehicles.  “The current situation for recycling NdFeB from electric vehicles is 
not interesting because there is not enough cars around, however the big potential at the moment 
is in hard drives.  My estimation of the market in 5 years would be 500 million $.” He also stated 
“I was trying with the magnet companies to do the potential commercialisation but it appears that 
this is a close family. I am about to spin off a company early in January. The potential in 
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recycling of rare-earth magnets is big and I have stumbled across many little discoveries while 
researching it, which I did not explore further due to some funding constrains.” 
 
In a notable market development regarding rare earth magnet recycling, it was reported by the 
organization Japan for Sustainability (www.japanfs.org) in May 2010 that Hitachi has launched a 
project to develop rare earth magnet recycling technologies.  According to the report, Hitachi is 
developing devices to recover rare earth magnets from motors, will explore technologies for 
recycling used magnets and plans to launch a business in these fields in 2013.  (May 9, 2010) 

 
3.  Barriers to Implementation 
 
The trade-off to manage in any assessment of recycling automotive components includes three 
dimensions: 1) the value of the material recovered, 2) recoverability of materials – that is, the current state 
of the car disassembly process and extractability of the components, and 3) the environmental impact of 
not recovering or re-using the materials and leaving them to the ASR.  This third point may catalyze the 
need for government regulation of the process.  Currently, there does not appear to be any systematic 
analysis of how these three dimensions are playing out regarding automotive power electronics, electric 
motors and magnets in the US, either in the present or the future.   
 
One major barrier to implementing a robust hybrid vehicle recycling program in the US is a lack of any 
overarching regulatory or procedural guidelines.  The EPA governs the disposal of waste products from 
the remanufacturing and recycling processes but there is no oversight of the complete vehicle life cycle to 
ensure the maximum reuse and recyclability are achieved over the life of the vehicle. 
 
Another impediment to developing processes for recycling these components is the relatively low number 
of hybrids entering the recycling stream, as noted.  The median age of a scrapped vehicle in the US is 
approximately 17 years, so the only hybrid vehicles being recycled are those few which have been 
damaged beyond repair in accidents. Until the number of hybrid vehicles on the road, and consequently 
the number of ELV hybrids, increases there will be no incentive for the recycling industry to modify their 
processes to address hybrid-unique components.  
 
The primary driver for any change in recycling procedures for hybrids will be economic.  Until there are 
sufficient incentives for recovering and recycling these components, whether provided by commodity 
prices, the manufacturers, or the government, they will continue to be processed as they are today.  The 
fact that there may be a sizable hidden market for recycling of automobile power electronics, and that it 
will only grow in the future, suggests a growth opportunity. 
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Appendix A 
 

Contacts 
 

Company Contact Title Phone E-mail Address 

Alliance of 
Automobile 
Manufacturers 

Cass 
Andary 

Director, 
Regulatory 
Programs 

(248) 357-
4849 

candary@autoalli
ance.org 

2000 Town Center, Suite 1140  
Southfield, MI 48075 

Alliance of 
Automobile 
Manufacturers Julie Becker 

Vice President, 
Environmental 
Affairs 

(202) 326-
5511 

jbecker@autoallia
nce.org 

1401 Eye Street, N.W., Suite 
900  
Washington, DC 20005 

American 
Honda Motor 
Co. 

Jeffrey 
Smith 

Assistant Vice 
President 
Corporate Affairs 
& 
Communications 

310-781-
5062 

jeffrey_smith@ah
m.honda.com 

1919 Torrance Boulevard  
Torrance, CA 90501-2746 

Argonne 
National 
Laboratory Ed Daniels 

Director, Energy 
Systems Division 

(630) 252-
5279 edaniels@anl.gov 

9700 South Cass Avenue, 
Building 362  
Argonne, IL 60439-4844 

Argonne 
National 
Laboratory 

Linda L. 
Gaines 

Transportation 
Systems Analyst 

(630) 252-
4919 lgaines@anl.gov  

Automotive 
Recyclers 
Association 

Anthony 
Livingston 

Director, 
Governmental 
Affairs 

(571) 208-
0428 

anthony@a-r-
a.org 

9113 Church St.  
Manassas, VA 20110 

BMW of North 
America 

Elizabeth 
Pfeiffer 

Environmental 
Compliance 
Officer 

(201) 573-
2194 

elizabeth.pfeiffer
@bmwna.com 

P.O Box 1227 
Westwood, NJ 07675 

Calbag Metals 
Dean 
Rasmussen Purchasing Agent 

(503) 226-
3441 

deanr@calbag.co
m 

2495 N.W. Nicolai St.  
Portland, OR 97210-1812 

Creative 
Recycling 
Systems Jon Yob President 

(813) 621-
2319 

jayob@crserecycl
ing.com 

PO Box 19120  
Tampa, FL 33686-9120 

Ford Motor 
Company 

Jennifer 
Moore 

Global News: 
Environment, 
Safety, Quality 

(313) 248-
2335 

jmoor186@ford.c
om  

Ford Motor 
Company 

Mike 
Moran 

Public Policy and 
Washington, D.C. 
Regional 
Communications 

(202) 962-
5416 

mmoran@ford.co
m 

1350 I St. N.W. 
Washington, DC 20005 

General Motors 
Tony 
Posawatz 

Project Director, 
Volt Program 

(313) 556-
5000 

tony.posawatz@g
m.com 

PO Box 300  
Detroit, MI 48265-3000 

General Motors 
Chris 
Preuss 

V.P. Global 
Communications 

(313) 667-
3437 

jchristopher.preus
s@gm.com 

300 Renaissance Center  
Detroit, MI 48265-0001 

General Motors 
Dave 
Roman 

Director, GM 
Environment, 
Technology 
Communications 

(313) 498-
1735 

dave.roman@gm.
com 

300 Renaissance Center  
Detroit, MI 48265-0001 

Institute of 
Scrap Recycling 
Industries, Inc. 

David 
Wagger 

Director, 
Environmental 
Management 

(202) 662-
8512 

davidwagger@isri
.org 

1615 L Street, NW  
Washington, DC 20036-5610 
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Company Contact Title Phone E-mail Address 

Jack Lifton, 
LLC Jack Lifton  

(248) 739-
1729 

jacklifton@aol.co
m  

National Center 
for Electronics 
Recycling 

Jason 
Linnell 

Executive 
Director 

(304) 374-
8144 

jlinnell@electroni
csrecycling.org 

5203 Glenbrook Dr  
Vienna, WV 26105-3169 

Stubblefield 
Salvage and 
Recycling 

Al 
Stubblefield Consultant 

(509) 525-
5572 

al@stubblefieldsa
lvage.com 

980 Myra Road  
Walla Walla, WA 99362 

Tesla Motors 
J.B. 
Straubel CTO 

(650) 413-
4000 

jb@teslamotors.c
om 

1050 Bing St. 
San Carlos, CA 94070 

Toyota Central 
R&D Labs, Inc. H. Ueda  

81-561-63-
4724 

h-
ueda@mosk.tytla
bs.co.jp 

Yokomichi, Nagakute  
Aichi-gun, Aichi 480-1192 

Toyota Motor 
Corp. 

M. 
Sugimoto   

sugimoto@masah
iro.tec.toyota.co.j
p 

543, Kirigahora  
Toyota, Aichi 470-0309 

Toyota NA Amy Taylor 

Environmental 
Safety & Quality 
Communications 
Specialist 

(310) 468-
6237 

amy_k_taylor@to
yota.com 

19001 South Western Ave. 
Torrence, CA 90501 

VW Group of 
America Jill Bratina 

Director, 
Corporate 
Communications 

(703) 364-
7250 

jill.bratina@vw.c
om 

2200 Ferdinand Porsche Dr. 
Herndon, VA 20171 
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