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Is Manufacturing Environmentally/Socially/Economically Important? 

According to the Dept. of Commerce (2012): 

• $1.65 Trillion value in U.S.  

• >300,000 facilities 

• 36% of Industrial CO2 Emissions 

• 20% of U.S. Energy Consumption 

• 6B tonnes of solid waste per year 

• Contributor to Criteria Air Pollutants 

• Contributor to Water Pollution / Consumption 



Sustainable Manufacturing 

“…the creation of manufactured products using processes 
that minimize negative environmental impacts, conserve 

energy and natural resources, are safe for employees, 
communities, and consumers, and are economically sound” 

 

US Department of Commerce 



Necessary Conditions: 
 

Sustainable 
Manufacturing 

Systems 
 

(Skerlos, 2015) 

THE ANSWERS TO ALL THESE 
QUESTIONS MUST BE FAVORABLE  

1. does the system make significant 
progress toward an unmet and 
important environmental or social 
challenge?  

2. is there potential for the system to lead 
to undesirable consequences in its 
lifecycle that overshadow the 
environmental/social benefits?  

3. is the system likely to be adopted and 
self-sustaining in the market?  

4. is the system so likely to succeed 
economically that planetary or social 
systems will be worse off? 

 



• 10 ton tool converted via minimal combined additive/subtractive operations. 
• Significant greenhouse gas emissions reductions and avoidance of HAPs 
• Not to mention: $250K and 35% lead time reduction. 

Evaluating Direct Metal Deposition with Respect to 
Necessary Conditions of Sustainable Manufacturing 

Stamping Tool Model Year Changeover 
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• Application of Highly Wear Resistant Alloys 
• Tool life increases by factor of 3. 

• Manufacturing system productivity increases by 5%. 

• Air/water emissions reduced by millions of pounds per year.  

 

• Mixed Material Molds 
• 25% faster production than currently possible. 

• Electricity consumption reduced by 125,000kW*hr 

• CO2 reductions by 20 tons. 

• This process raises major concerns, however, about recycling 

Evaluating Direct Metal Deposition with Respect to 
Necessary Conditions of Sustainable Manufacturing 



The major challenge for sustainable manufacturing is the 
integration of sustainability context into decision making 

regarding product, process, and policy 

This requires new decision frameworks (SOT 5) that integrate: 

• Models of regulated market behavior that are inclusive of consumer behavior   

• {Environmental, Social, Cost} Life Cycle Assessment Models 

• Local/regional impact models of manufacturing supply chains 
 

SOT 5: How can advances in other frameworks for environmental decision making 
inform advances in and be integrated with sustainability manufacturing?  



SOT 5 
 

Evaluating Necessary 
Conditions for  

Sustainable 
Manufacturing 

*Systems* 
 

Consequential Life Cycle 
Assessment with Market 

Driven Design 
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Could higher fuel economy 
standards (CAFE)  

increase vehicle size? 

 Footprint =     wheelbase         x       track width 
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Vehicle footprint (sq ft)

light trucks

passenger cars

• Automakers that sell vehicles 
with larger footprint are 
assigned lower fuel economy 
targets 

• Could this create an incentive 
for firm’s to increase the size 
of their vehicles? 

• Traditional methods cannot 
test this hypothesis 

Thanks: 
Prof. Katie Whitefoot (CMU) 



Results suggest 
divergence of passenger 
car and light truck size 

• Compliance cost to firms from 
light truck standard is higher 
than passenger car standard  

• Incentive to increase footprint 
is larger for light trucks  

• May cause safety risk because 
spread of vehicle size is larger  
(NAS 2002, NHTSA 1997) 





CAFE standards increased the 
weight distance between 
large and small vehicles 

http://www.bloomberg.com/news/articles/2015-02-
19/bigger-pickups-are-result-of-change-in-fuel-standards 

Footprint 
CAFÉ 
 



Target for combined cars & trucks was 33.8mpg 
http://www.epa.gov/otaq/climate/regulations/420f10014.pdf 
 

http://www.umtri.umich.edu/what-were-doing/news/fuel-economy-down-last-year 



General Sustainable 
Manufacturing 

Decision Framework Other Applications Beyond Auto Policy 

▪ Selection of Metalworking fluids for Sustainable Manufacturing 

▪ Cost Optimal Technology Deployments to Meet GHG Reductions by 2050 

▪ Electrical System Responses to the Clean Power Plan 

▪ Cost Optimal Deployment of CCS Technology 

▪ End-of-Life Treatment Methods for Unused Pharmaceuticals 

▪ Energy Recovery from Wastewater 

 



(Haapala et al., 2013) 

Indicators are strong on resource 
(material/energy) consumption 

 

Indicators Needed to Quantify Impact of 
Manufacturing Facilities : 

• Local/Factory Human health  

• Local/Regional Ecosystems 

• On supply chains 

 

While many indicators have been 
proposed, basic data is lacking even on 
the simplest ones. 

 

SOT 2: What progress has been made in establishing sustainable manufacturing indicators, 
what are the remaining gaps, and what have been critical barriers to progress?  



▪ Understanding diffusion and adoptability of sustainable processes and products 

▪ Understand delocalization effects of globalized manufacturing and consumption 

▪ Understanding of impact of manufacturing chemicals on chronic worker health 

▪ Artificial intelligence based factory resource/emissions management (Bridge, 2014) 

 

Model for Integrating Context into 
Sustainable Manufacturing Decisions 

SOT 4. What advances in other areas of 
science might be usefully applied to 
advancing sustainable manufacturing?   



▪ Education effort in socially engaged design for scientists and technologists 

▪ Support for integrative, industry-by-industry models to evaluate useful regulatory 
strategies, market incentives, and technology pathways for sustainable manufacturing. 

 

Model for Integrating Context into 
Sustainable Manufacturing Decisions 

SOT 6. What new efforts might be 
needed to address the range of 
needs and opportunities related to 
sustainable manufacturing?  



Thank you! 
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