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For critical materials, can we design systems 

that use wastes as raw materials? 

  ? 

What can we learn from the history, over, the last 

several decades, of using wastes as raw materials? 
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How much is out there? 
Magnitudes of Waste Generation 

• 12 billion tons (wet basis) of industrial 
waste is generated annually in the United 
States 

• Annual production of the top 50 commodity 
chemicals in the United States is 0.3 billion 
tons 

• Annual output of U.S. refineries is 0.7 
billion tons 



To identify opportunities for 

using wastes as raw materials, we 

need data on waste streams 

90-95% Industrial non-hazardous 

5-7 % Industrial hazardous 

2% Municipal solid 



Industrial Hazardous Waste 

• 0.25 - 0.75 billion 

tons/year 

• 75 - 90% from 

chemical 

manufacturing 

• Much of the rest 

from petroleum 

refining 



Wastes as raw materials 

Flows of metals in hazardous wastes 

in the United States 



Should we mine waste streams? 

Consider the Sherwood diagram: value vs. dilution 

Update from Tom Graedel 

Very little of this 

cost is associated 

with the physical 

limits of 

overcoming the 

entropy of mixing 



Many waste streams are surprisingly 

concentrated 



An economic opportunity? 



If opportunities abound, why 

aren’t they being exploited 

Liability (user of the waste assumes legal liability) 

O 

I 

T 

E 

R 



If opportunities abound, why 

aren’t they being exploited 

Liability (user of the waste assumes legal liability) 

Organization (is using the waste part of the organization’s 

core competency) 

I 

T 

E 

R 



If opportunities abound, why 

aren’t they being exploited 

Liability (user of the waste assumes legal liability) 

Organization (is using the waste part of the organization’s 

core competency) 

Information (Where is the waste? Where is the demand?) 

T 

E 

R 



If opportunities abound, why 

aren’t they being exploited 

Liability (user of the waste assumes legal liability) 

Organization (is using the waste part of the organization’s 

core competency) 

Information (Where is the waste? Where is the demand?) 

Technology (Do we have the separation technologies to 

recover the material?) 

E 

R 



If opportunities abound, why 

aren’t they being exploited 

Liability (does user of the waste assume legal liability) 

Organization (is using the waste part of the organization’s 

core competency) 

Information (Where is the waste? Where is the demand?) 

Technology (Do we have the separation technologies to 

recover the material?) 

Economies of Scale (Is the material spatially distributed, 

and does this impose costs?) 

R 



If opportunities abound, why 

aren’t they being exploited 

Liability (user of the waste assumes legal liability) 

Organization (is using the waste part of the organization’s 

core competency) 

Information (Where is the waste? Where is the demand?) 

Technology (Do we have the separation technologies to 

recover the material?) 

Economies of Scale (Is the material spatially distributed, 

and does this impose costs?) 

Regulatory barriers 



Given these lessons from the 

recent history of using wastes as 

raw materials, what are key 

research needs? 
 



Given these lessons from the 

recent history of using wastes as 

raw materials, what are key 

research needs? 

Information,  

(separation) technology  

and economies of scale 



Information: where and what are the 

wastes and the material needs 



Aluminum flows in the United States (Graedel) 



Economies of Scale: Need for detailed 

spatial mappings and concentration 

information 



(Separation) Technology 
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