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1. How should we think about manufacturing differently?  
(Not just doing the same thing on a smaller scale!)

2.  When to nano-enable?  
(It may not always be the best solution!) 



Manufacturing meets nano  
It’s complex!

Nanomaterial Synthesis  
(many and diverse classes of ENMs)

metals (Ag, Au, Pt, Cu) 
metal oxides (TiO2, CuO, SiO2,ZnO) 

cellulose 
carbon (CNTs, graphene) 

mixed composition 

Nano-enabled Products 
(many applications, markets, and industries)

environmental remediation 
water treatment 

electronics 
energy 

drug delivery/medical 
agriculture
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Not just doing the same thing on a 
smaller scale  

How do I engineer a nanomaterial to be the best catalyst  
(e.g., by changing size, shape and/or composition) 

How do I engineer a nanomaterial to be the best catalyst 
using benign precursors that are not rare and depleting?

𝗫

✓

✓ How do material manipulations influence other inherent 
material properties? (e.g., hazard) 



Function  
& 

Performance
Downstream 

Impacts
Upstream 
Impacts

Same focus, slightly different 
approach to thinking



𝗫

✓

✓

Not just doing the same thing on a 
smaller scale  

Which nanomaterial can I use to treat water? 

How do I develop a water treatment technology or 
process that does not require harsh chemicals and 

does not produce toxic disinfection byproducts?

Is the new technology better than the current 
approach?



Environmental  
& Human  

Health
Material  
Choice

Same focus, slightly different 
approach to thinking
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When to nano-enable? 
(balancing tradeoffs)

Negative 

of ‘nano’
Impacts of ‘nano’

Benefits

The ‘nano’ alternative is considered better when the benefits 
(or potential to realize the benefits) exceed the life cycle 

environmental and human health impacts.



‘Nano’ may not always present a 
better option

✓
What performance, environmental, and/or human 

health benefit(s) does the nanomaterial, product, or 
process offer over the conventional or current 

alternative? 

This product is better because it incorporates ‘nano’. 𝗫



Nano may not always present a 
better option

✓
Is the benefit(s) realized across the entire life cycle not 

just in the stage of interest?  
(don’t pass the burden!)

Resource Inputs (e.g., Energy, Water, Materials)

Emissions to air, land, water (e.g., waste)



Nano may not always present a 
better option

✓
What tools exist (or should be developed) to enable 

prospective quantification of tradeoffs? And how do we 
effectively apply them early in the design phase?
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