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There is significant investment in 
nanotechnology R&D

• NNI budget ca. $1B/yr
• Questions:

– what will come out of it?
– where should spending be 

concentrated to maximize 
benefit?



Nanotechnology holds promise in 
diverse fields

• Potential major advances in 
– Energy conversion and storage
– Pharmaceuticals and diagnostics
– Catalysis
– Separations
– High-performance materials
– Coatings
– Electronics
– Sensors



Nanotechnology in the Chemical 
Industry

• The chemical industry represents a major 
prospect for substantial, near-term adoption of 
nanoscale technologies with sustained benefits. 
– generates more than 70,000 diverse products 
– everyday items to materials used in high-technology 

industries 
– products are essential to key industries, including 

health care, communications, food, clothing, housing, 
energy, electronics, and transportation.  

• Importantly, the chemical industry employs 
materials and processes particularly suited to 
improvement through application of 
nanoscale technologies.



Projections for the chemical industry

• The production of nanomaterials by the 
chemical industry is projected to surpass 
$1B by 2007 and to reach $35B by 2020*. 

• Because of the widespread use of 
nanomaterials, this economic impact will 
not be confined to the chemical industry, 
but will be felt throughout numerous other 
industries. 

*Study #1677, The Freedonia Group, Inc 



Nanotechnology Benefits Analysis Project

Scope: Analyze potential impact of 
materials by design using 
nanotechnology on energy efficiency, 
waste reduction & economic 
competitiveness for the chemical industry



Nanotechnology Chemicals Plus Project

Approach
• Use Nanomaterials by Design, industrial 

steering team, and industrial market 
analysis reports to scope study

• LANL to determine economic, energy, and 
waste impacts
– Analyze top 50 chemical process flow sheets 

for implementation of nanotechnologies for 
existing products

– Use information from market analysis reports 
for new processes and products



Nanotechnology Chemicals Plus Project

• Industrial team prioritized scope of work

– Top Market Opportunities:  
• energy
• transportation
• construction
• Electronics

– Top Target Materials:  
• catalysts
• coatings
• high-strength materials

These materials represent 
about $4B, or roughly 10%, 
of the $35B projected 2020 
market for nanomaterials



• Method
– Identify applications of nanomaterials and use 

economic models to estimate value created
– Consider four specific benefits

• Increased selectivity and activity of catalysts by controlling 
pore size and particle characteristics

• Replace precious metal catalysts by catalysts tailored at the 
nanoscale

• More resistant hard coatings which improve manufacturing 
and eliminate the need for chromium electroplating 

• Membranes by design that can remove unwanted molecules 
from gases or liquids by controlling pore size and membrane 
characteristics

Economic Benefits to the Chemical 
Industry from Nanomaterials by Design



Example Applications

• Chemical Industry
– Reduce feedstock and energy usage through catalyst selectivity
– Reduce precious metal usage

• Petroleum Refining
– Reduce alkylation temperature by improved catalysts
– Increased gasoline yield
– Reduce precious metal usage

• Automotive Industry
– Improved tools and dies – hard coatings
– Reduced precious metal usage in auto catalysts

• Maritime Industry
– Reduce ship fouling with coatings
– Longer wear surfaces with coatings

• Manufacturing 
– Improved tools and dies-hard coatings

• Natural Gas
– Membranes for removing N2 and CO2



Estimating impact of nanotechnology 
on catalysis

• Consider flowsheets for top 50 chemicals
• Catalysis expert defined

– 18 processes where catalysts tailored at nanoscale could 
improve selectivity

– 13 processes with no benefit from nanotechnology
– 19 processes without catalysis

• For 18 processes, assume 50% selectivity 
increase through nanoscale tailoring

• Calculate cost and energy savings through 
program from PNNL report PNL-10684 (1995)

• Extrapolate to all chemicals production



Example results for catalysis



Nanotechnology Benefits Analysis 
Summary Table 



Estimated Impact of Nanomaterials by 
Design to Chemical Industry Examples

membranes1 – 2.7Natural Gas

coatings1.7 – 3.5Manufacturing

Nanomaterial 
Application

Energy 
Savings

Trillion BTU/year

Cost 
Savings

$billion/year

coatings801.7 – 2.7Shipping
catalysts0.3 – 1Automobile
catalysts80 – 2001–1.7Petroleum
catalysts200 – 4002.5 – 4Chemical

Overall, for this limited set of chemical industry applications:
• Energy Savings = 0.5 to 1.1 quads/yr
• Value Creation = $10-20 B/yr



Potential Cost Savings by Process Type
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Potential Cost Savings by Industry 
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Summary
• Nanotechnology is expected to provide a significant benefit to the 

chemical industry

• For a narrow set of materials
• Catalysts, Coatings, Membranes

• In a limited set of applications
• Chemical Industry
• Petroleum Refining and Natural Gas production
• Automotive Industry
• Maritime Industry
• Manufacturing 

• Projected Impact:
– Value Creation: $10-20 billion/year 
– Energy Savings: 0.5-1.1quadrillion BTU/year
– GNP increase: $30 – 63B
– Employment increase: 455,000 – 975,000 jobs



Report available soon

• To be posted on 
Vision2020 web 
site: 

http://www.chemicalvision2020.org/nanotechnology.html



Chemicals Plus 

Overview
• Chemicals Industries of the Future Subprogram of DOE 

Industrial Technologies Program
• Support implementation of Vision2020 by allowing 

access to the unique capabilities of National Laboratories 
• Fund studies that will lead to technology innovation and 

broad benefits for the chemical industry
• http://www.chemicalvision2020.org/chemicalsplus.html



FY04 Chemicals Plus Project:
Nanotechnology Benefits Analysis 

Investigators: Fred Roach & Gary Thayer, LANL 

Implementation Mechanism:  Chemicals Plus 
Project managed by David DePaoli & Sharon 
Robinson, ORNL

Technical Oversight:  Industrial steering team

Funding Agency:  Chemicals IOF of DOE ITP



Nanotechnology Chemicals Plus Team

Industrial Steering Team
• Jack Solomon, Praxair – Team Lead
• Steve Andrews, Ciba
• Margaret Blohm, GE
• Timothy Donnelly, Rohm & Haas
• Douglas Rundell, BP
• Guy Steinmetz, Eastman 
• Hank Whalen, ACS
• Emory Ford, MTI
• Alastair Hill, Dow 


