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• Overview of Economics and 

MBE
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• MBE Related Manufacturing 
Costs/Losses
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• Economic Standards and Guides
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Costs and Cost Modeling
• Cost Modeling

• Industry level research
• Estimate various production costs
• Costs/impacts that 

• Persist over time
• Persist across products

• Production activities with high 
costs and environmental impacts

• Economic Decision Making
• Methods/standards for 

investment analysis
• Produce tools for examining or 

estimating costs

https://go.usa.gov/xpuxf



Cost Modeling: Supply 
Chain Research

• Natural Hazards
• Impact manufacturers more
• Largest impact  supply chain

• Domestic Localization
• For some tier-1 suppliers increases 

productivity/production
• Resource Consumption

• 80% of problem due to 20% of the 
cause

• Some supplies account for large 
impact and cost

• Flow Time
• Maintenance costs

• Reactive to Predictive 
Supply-chain Map for the Longest 

Three Routes for 
Automobiles/Truck Manufacturing

https://go.usa.gov/xpuxf



Inadequate Design and Modeling 
Information/Data

• Examination of literature and
existing data

• Economics
• Costs/Benefits

• Product models (e.g.,
CAD/CAM)

• Simulation models of
manufacturing processes

• Interoperability between
software platforms

https://go.usa.gov/xpuxf
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Case Studies and Narratives

• Boeing 787 Dreamliner
• Moved to modular design

• Parts from all over the world
• Design problems  parts 

didn’t fit together
• Boeing had to send engineers 

to suppliers throughout the 
supply chain

• Purchased some suppliers
• One cause was the failure to 

clearly communicate 
requirements and data to 
suppliers

https://go.usa.gov/xpuxf



Case Studies and Narratives

• DoD ground vehicles
• Production development went 

from 2 years to 90 days

• Construction equip. 
manufacturer

• Product development went 
from 27 months to 9 months

• Proctor and Gamble
• Savings due to MBE exceeded 

$1 billion

https://go.usa.gov/xpuxf



General Efficiency Losses 
(preliminary estimates)

8Chrysler: Robotic welding stations at Windsor Fiat 
Chrysler Assembly Plant. 

• In factory (discrete manufacturing)
• Percent of planned production time 

that is downtime
• Average: 7.8 %
• Median: 5.0 %

• Product defect rate
• Average: 1.22 %
• Median: 0.02 %

• In factory MBE related is some 
portion of these

https://go.usa.gov/xpuxf



Labor Hours Spent Making Clarifications 
and Answering Questions

9

Occupation Activity

Hours 
per 

Week

Mean 
Hourly 
Wage

Total US 
Employment

Potential 
Loss 

($Billion)

Engineers
Answering questions or clarifying 
drawings

6.4
$44.62* 303 440* 8.40

Creating additional drawing 
documentation 

5.5

Machinists
Answering questions or clarifying 
documentation

4.7
$21.75 384 350 3.84

Generating additional 
documentation

4.1

* Mechanical engineers

Sources: Lifecycle Insights. “Average Time Spent Authoring, Clarifying and Amending Documentation.” The 2014 State of Model Based 
Enterprise Report. https://www.lifecycleinsights.com/finding/average-time-spent-authoring-clarifying-and-amending-documentation/
Bureau of Labor Statistics. “Occupational Employment Statistics.” https://www.bls.gov/oes/current/oes_nat.htm
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Frequency of Design Issues by 2D/3D 
Drawing Reliance
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Monthly frequency of addressing emergency design issues (left axis)

Monthly frequency of assessing part misalignment (left axis)

Engineer hours spent creating, clarifying, or amending engineering documentation (right axis)

Source: Lifecycle Insights. “Quantifying the Value of Model Based Definitions: Saving Time, Avoiding Disruptions, Eliminating Scrap.” Presentation. 
https://www.lifecycleinsights.com/wp-content/uploads/2018/04/LCI-MBD.pdf

24% Less Hours
37% Less Design Issues
59% Less Align. Issues

https://go.usa.gov/xpuxf



3D Model Adoption and Use, Percent 
of Respondents (i.e., organizations)
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* This percentage is recalculated excluding those areas greyed out. The greyed areas are excluded as they represent designs that are neither 2D or 3D.
Note: Areas are greyed out due to designs that have neither 2D or 3D drawings. That is, the sum of 2D drawings and 3D drawings do not approximate 100 % of designs.
Source: Lifecycle Insights. Quantifying the Value of Model Based Definitions: Saving Time, Avoiding Disruptions, Eliminating Scrap. https://www.lifecycleinsights.com/wp-
content/uploads/2018/04/LCI-MBD.pdf
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Costs due to Interoperability Issues, 
2016 ($billion)
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333 Machinery manufacturing 4.3 8.7

334
Computer and electronic product 
manufacturing 3.6 7.3

335
Electrical equipment, appliance, and 
components 1.5 3.1

336 Transportation equipment manufacturing 11.6 23.7
Total 20.9 42.9

Data Sources: Leonard, Scott and Mel Hafer. Advanced Manufacturing Enterprise: Strategic Baseline. 
https://www.dodmantech.com/JDMTP/Files/AME_Strategic_Baseline_03_Nov_11.pdf
Census Bureau. Annual Survey of Manufactures. https://www.census.gov/programs-surveys/asm.html

https://go.usa.gov/xpuxf



Application
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• Combined with surveys and 
other public data

• Energy 
• Disaster impact
• Cyberattacks
• Maintenance
• Waste (e.g., scrap and defects)

• Free software tool for 
practitioners and applied 
researchers

• Measure and compare 
manufacturing costs/losses

• Potential distribution: MEP
Chrysler 200 Factory, Sterling Heights 
Assembly Plant https://go.usa.gov/xpuxf
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Using Data: Guides, Standards, and 
Other Tools

18

• ASTM Standard for 
Sustainable Investment 
Analysis (forthcoming)

• Combines LCA and economic 
decision making

• Guide to Investment Analysis
• Guide for identifying industry 

research investments (public 
research efforts)

• Monte Carlo Tool

https://go.usa.gov/xpuxf



Monte Carlo Tool

19Chrysler: Robotic welding stations at Windsor Fiat 
Chrysler Assembly Plant. 

• Free Excel tool 
• Uncertainty analysis
• Monte Carlo Analysis

• Simulation 
• Samples from user defined 

distributions
• Triangular
• Normal
• Uniform
• Lognormal

• User defined number of 
simulations

https://go.usa.gov/xpuxf
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Use the output to 
create a cumulative 
probability graph or 

other analysis



Summary of Economics 
Related to MBE
• Avg. Unplanned Downtime: 7.8%
• Avg. Defect rate: 1.22 %
• $12.2 billion clarifying drawings
• $20.9-$42.9 billion on data issues
• 3D drawings

• Reduce hours on clarifications (24%)
• Reduce part misalignment (59%)
• Reduce design issues (37%)
• However, only 23% use 3D drawings 

for most parts
Tesla Autobots. Steve Jurvetson (Flickr: Tesla Autobots) [CC 
BY 2.0 (http://creativecommons.org/licenses/by/2.0)], via 
Wikimedia Commons 24https://go.usa.gov/xpuxf



Summary: Costs and 
Cost Modeling

• Other costs
• Natural Hazards
• Flow time
• Resource consumption
• Localization

• Guides and Standards
• Economic analysis
• Simulation
• Estimating costs

Tesla Autobots. Steve Jurvetson (Flickr: Tesla Autobots) [CC 
BY 2.0 (http://creativecommons.org/licenses/by/2.0)], via 
Wikimedia Commons 25https://go.usa.gov/xpuxf



Summary: Costs and 
Cost Modeling

Douglas Thomas, Economist
douglas.thomas@nist.gov

https://go.usa.gov/xpuxf

Tesla Autobots. Steve Jurvetson (Flickr: Tesla Autobots) [CC 
BY 2.0 (http://creativecommons.org/licenses/by/2.0)], via 
Wikimedia Commons 26
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