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• Disposal concerns for end-of-life next-generation electronic 

consumer nano-enabled products (NEPs)…

• Even if no novel EHS properties, such NEPs exacerbate 

current policy dilemmas, including how to promote 

recycling over disposal / incineration

How effective are product stewardship 

programs in the U.S. for portable electronics?

What does this mean for infusion of 

CNT battery technologies?
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 NSF scalable nanomfg award
#1120329

 Lead Institution: NEU

 Collaborators at Yale, 
Harvard, UMass Lowell

 Project focuses on 
applications using carbon 
nanotubes (CNTs)

◦ Composites (EMI shielding)

◦ Sensors 

◦ Batteries
Isaacs, Bosso, Busnaina, Cullinane, 

Eckelman, Sandler : Northeastern
Mead, Bello: U Mass Lowell

Zimmerman: Yale
Nash: Harvard
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Conceptual framework and methodology for evaluating environmental effects of a 
product or activity by analyzing the whole life cycle of a product from raw material 
acquisition through production, use and disposal 
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Outstanding Properties

Expanding Global Market

Potential Environment Issues
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• Cathode:  Lithium manganese oxide + 
MWCNT  (Multi-Walled Carbon Nanotubes)

• Anode: similar processes /materials

• Advantages of MWCNT in lithium-ion 
batteries in cathodes

- increases the conductivity
- improves the capacity

This would increase available power and 
reduce recharge times…
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Cell Parameters
Li-ion Laptop Cell 

(HP  6520)
MWCNT LiMnO Cell

% Cell 

Improved

Anode active material Graphite Graphite

Anode substrate Copper Copper

Cathode material LiMnO MWCNT LiMnO

Cathode substrate Aluminum Aluminum

Separator Polyethylene Polyethylene

Electrolyte solvent
N-Methyl Pyrrolidone & 

lithium salt

N-Methyl Pyrrolidone & 

lithium salt

Nominal capacity 4400mAh 4900mAh 10%

Dimensions 250*90*50mm 250*90*50mm

Battery Voltage 10.8V 10.8V

Specific energy 95 Wh/kg 110 Wh/kg 10%

Power density 130 W/kg 1300 W/kg 900%

 CNT structure enhances the battery capacity by 10%
 Energy density improves similarly
 Significant improvement in the cell power density by 900%

Under development at CHN
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 Estimate 3 - 5 cells for CNT Li-ion laptop batteries

 Known mass of cathode active material: 200 g to 300 g

 Known MWCNT mass: ~ 1% of cathode active material

 250g * 0.01 = 2.5 g MWCNT /cell

 2.5 * 3 (number of cells) = 7.5 g MWCNT
battery

 7.5 g MWCNT * 40,000,000 obsoletes = 300,000 kg MWCNTs ?
In 2023 Perhaps?

11



1. Can nano-enabled products be handled 
appropriately using the stewardship collection 
infrastructure developed for other products, or 
must manufacturers provide some form of special 
handling for products containing nanomaterials?

2. Does mixing of recyclate from nano-enabled 
products impact markets for recycled materials? 

3. Does the collection of nano-enabled products 
pose particular challenges to household waste 
facilities run by municipalities in terms of costs, 
worker health and safety, or public perception?
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Source: Recycling Laws Map http://www.call2recycle.org/recycling-law-map/

 8 states enacted EPR laws 
(1990s)

 Response: creation of 
voluntary program 
(Rechargeable Battery 
Recycling Corporation)

 Effectively dissuaded additional 
states from enacting laws

 U.S. Collection rate for 
rechargeable batteries 
only 10% -12% (July 2010)

 Response: New laws from other 
states with emphasis on retailer 
responsibilities for collection
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Source: Electronics TakeBack Coalition: 
http://www.electronicstakeback.com/promote-good-laws/state-legislation/
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Alternatives for final disposition:

• Landfill

– Most household batteries

– 87% of all waste batteries

• Stabilization

– Prior to landfill

– Not used in general

• Incineration

– Municipal waste combustion facilities

• Recycling

– High temperature processes

– Percentage depends on battery type
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Source: Electronics TakeBack Coalition, based on EPA 
data:http://www.electronicstakeback.com/wp-
content/uploads/Facts_and_Figures_on_EWaste_and_Recycling.pdf; 16

40% (300,000) kg MWCNTs
0.18 MT ?

250 MT MSW (2011)

http://www.electronicstakeback.com/wp-content/uploads/Facts_and_Figures_on_EWaste_and_Recycling.pdf


 While per capita collections increased gradually over time in U.S., 
overall national collection rates remain low – ~ 15-20% for electronics 
(Remainder disposed in MSW landfills)

 U.S. e-waste recycle rates ~ 1.4 pounds per capita  nationwide in 2010
(natl avg same as states as with weak  or no electronics recycling laws)

 EU e-waste recycle rates > 8.8 pounds per capita

 Better collection rates in states with electronics program that include 
relatively stringent accountability mechanisms:
◦ Minnesota, Oregon, Washington, and Wisconsin

◦ Such laws cover a small portion of the US consumer electronics market

See J. Nash and C. Bosso, 2013. “Extended Producer Responsibility in the U.S.: Full Speed Ahead?” 
Journal of Industrial Ecology, v. 17, n. 2 (April): 175-185; DOI: 10.1111/j.1530-9290.2012.00572.x. 
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 Stronger state EPR laws tend to be enacted after manufacturer-initiated 
voluntary programs yield disappointing results
◦ Absence of sufficient incentives to induce consumer participation 

◦ Absence of “teeth” to ensure retailer and producer compliance 

 State policies are moving away from voluntary approaches toward more 
demanding and specific mandates. 

 More vigorous state efforts only cover a fraction of the nation and products 

 NEPs may pose additional challenges to an already inadequate patchwork of 
state EPR programs. 

 If history guides, federal government action may be key to creating coherent 
and effective national electronics EPR framework in light of CNTs uncertainties 

 Such action is not likely in near future, raising concerns about capacity of 
e-waste system to handle next generation batteries.
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