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Express (Washington Post publication) ( 20 August 2010) at page 2.

So why a “Holistic Approach” to 
minerals, mineral products & 

materials?
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page 2.



NASA RISK MANAGEMENT 
STATUS OPTIONS:

1) Research
2) Monitor
3) Mitigate
4) Accept

NASA-HQ Risk Management 
Framework



National Space Policy of the United 
States of America

28 June 2010

SPACE SYSTEM DEVELOPMENT &
PROCUREMENT

(Sustainable Materials Management)

Inter-sector Guidelines
•Foundational Activities and Capabilities - Improve Space 
System Development and Procurement.  Department and 
agencies shall:

***

Engage with industrial partners to improve 

processes and effectively manage the supply chains.



Office of Materials Industries (OMI), US 
Department of Commerce

“Rare Earth Materials 
Roundtable” 

11 Dec 2009

Some Selected Key Points

1. Need a holistic approach

2. Crisis point could be reached as early 
as 2012 to 2014.

3. Issue requires Government-Industry 
partnerships

4. Need for interagency working group

http://www.reitausa.org/storage/RareEarthMetalsRoundt
ableSummaryFindings.pdf



OECD (2008) “Measuring Materials Flows and 

Resource Productivity:  Synthesis Report

Holistic 

Approach

OECD (2008) “Measuring Materials Flows and 

Resource Productivity:  Synthesis Report

Holistic 

Approach:  

with

Supply Chain
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Alaskan Humor:

Which “End” are you dealing with?
What is your approach?



MOON BASE

MARS BASE

http://www.nasa.gov/centers/glenn/images/content/101885main_C91_08781_516x387.jpg

http://www.nasa.gov/centers/glenn/images/content/101903main_C88_11517_516x387.jpg

REMOTE SITE 
RESEARCH:  

“THE DREAM”



http://response.restoration.noaa.gov/pribilof/

www.cep.aq/default. asp?casid=6896

ANTARCTIC BASE

ARCTIC BASE

MATERIALS 
MANAGEMENT

REMOTE SITE 
RESEARCH:  

“THE REALITY”

http://web.archive.org/web/20051125095443/w
ww.antarctica.ac.uk/About_BAS/Cambridge/Divis
ions/EID/Environment/fb_before.jpg

http://www.cep.aq/default.asp?casid=6896


http://www.expressnightout.com/printedition/reader.ph
p?date=2009-02-20. <accessed 20 Feb 2009>

Sustainable Materials 
Management: 

“Failure” - Space Debris 

In 1983, STS-7 (Challenger) 
window was struck by a space 
orbiting “paint fleck”. 

Thermal Control Surfaces – thermal 
protection coatings – thermal 
protection films – paints.   

[See for example – D R Wilkes (1999) 
Theramal Control Surfaces Experiment]

http://orbitaldebris.jsc.nasa.gov/photogallery/gallarypage/
sts7crack.jpg

http://www.expressnightout.com/printedition/reader.php?date=2009-02-20
http://www.expressnightout.com/printedition/reader.php?date=2009-02-20
http://www.expressnightout.com/printedition/reader.php?date=2009-02-20
http://www.expressnightout.com/printedition/reader.php?date=2009-02-20
http://www.expressnightout.com/printedition/reader.php?date=2009-02-20
http://www.expressnightout.com/printedition/reader.php?date=2009-02-20


Gaining and 

understanding of how 

things (materials) fail 

in Space

R H Maurer, M E Fraeman, M N Martin, & D R Roth (2008) 

“Harsh Environments:  Space Radiation Environment, Effects, 

and Mitigation”, John Hopkins APL Technical Digest. 

http://techdigest.jhuapl.edu/td2801/Maurer.pdf

Single-Event  Gate Rupture 

(SEGR)

of a power 

Metal-Oxide Semiconductor 

(MOS) Field-Effect Transistor 

(FET) [or MOSFET]

Damage is caused by a charge 

buildup – this is similar to 

lightning during a thunderstorm.



OEDC Global Forum on Environment:

Focusing on Sustainable Materials Management
25-27 October 2010



Modified by I. S. Higuchi & C. C. Hudson (2005) from Coulter, Bras et al. 1995.

Environmental and Organizational Scales of

Environmental Impact Reduction Approaches
Sustainability: Optimizes the 

following three items 
simultaneously (“Triple 
Bottom Line”):

1) Renewable over non-
renewable resources,

2) Ecosystem health, and

3) Human welfare. 

Traditionally Pollution 
Prevention: Minimizes one 
or more of the following:

1) Non-renewable resources, 
or

2) Environmental impact, or

3) Safety & health hazards.



W. M. Brown III, G. R. Matos, & D. E. Sullivan (2000) Materials and Energy Flows in 
the Earth Science Century A Summary of a Workshop Held by the USGS in 
November 1998 (U.S. Geological Survey Circular 1194)

a) Decarbonization
b) Dematerialization
c) Detoxification

Sustainable Solutions



This is why Sustainable Materials 
Management is needed:

Forward Basing challenges --

1) Solid waste

2) Toxic & hazardous substances – spills, releases and 
contamination

3) Huge fuel needs for energy 

Solid Waste
Balad, Iraq

Toxic & Hazardous releases
Balad, Iraq

Energy  (Tanker Trucks fuel & water)

Trebil, Iraq

http://www.defendamerica.mil/articles/oct2004/a102104c.html

http://www.defendamerica.mil/archive/2004-10/20041021pm1.html http://www.mnf-iraq.com/index.php?option=com_content&task=view&id=351&Itemid=132



http://spaceflight.nasa.gov/gallery/images/s
huttle/sts-101/hires/s99_01418.jpg

“GLASS COCKPIT”

During the 1970s and 1980s, NASA 
created and tested the concept of an 
advanced cockpit display that would 
replace the growing number of dial and 
gauge instruments that were taking up 
space on an aircraft's flight deck. Called a 
"glass cockpit," the innovative approach 
uses flat panel digital displays to provide 
the flight deck crew with a more 
integrated, easily understood picture of 
the vehicle situation.  Glass cockpits are 
in use on commercial, military, and 
general aviation aircraft, and on NASA's 
space shuttle fleet.

The glass cockpit replaces 4 cathode ray 
tube displays, 32 gauges and  electro-
mechanical displays.

SEMI-CONDUCTOR CHALLENGE



http://www.itrs.net/Links/2009ITRS/2009

Chapters_2009Tables/2009_ERM.pdf

http://www.itrs.net/Links/2010ITRS/2010

Update/ToPost/ERD_ERM_2010FINAL

ReportMemoryAssessment_ITRS.pdf
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Potential Risks of Introducing New Materials

F Shadman (May 2008 ) EPA Science Forum:  
Environmental Challenges and Opportunities in Nano-
Manufacturing (Semiconductor Manufacturing)



Sustainable Materials Management = “an approach to promote sustainable 

materials use, integrating actions targeted at reducing negative environmental impacts and 
preserving natural capital throughout the life-cycle of materials, taking into account 
economic efficiency and social equity.” – OECD (2007) “Working Group on Waste Prevention and Recycling:  Outcome of 

the First OECD Workshop on Sustainable Materials Management”



“Leap-Frogging” 

Technology



Leo Christodoulou DARPA DSO (2007) 
“Accelerated Insertion of Materials 
(AIM)”

30 months = 2.5 FTE 
(years), or 5,220 hours



Materials and Processes Technical 
Information System (MAPTIS)

Provides Aerospace materials design  support:
1) Information on 40,000 materials (e.g., materials 

test data, materials properties, design allowables); 
2) Contains  space flight hardware candidate for 

over 32,000 materials test results for usability 
and safety issues (e.g., toxicity, flammability, fracture, 

off-gassing);
3) Enhanced information capabilities for 

regulated materials-chemicals.



Materials and Processes Technical 

Information System (MAPTIS):
Sustainable Materials Tool (SMT)



Informal Collaboration on Rare Earth Metals

Informal International Collaboration on:
Rare Earth Metals – scope of the challenge

(precursor for Sustainable Materials Management approach)

 U.S. Army Entities
 NASA HQ and 2 Centers

 U.K. Governmental Entities 



M F Ashby, A Miller, F Rutter, C Seymour, 

& U.G.K Wegst  (2005) “The CES Eco-

selector:  background reading” 

EXAMPLE

Commercially available information:  

Granta Design, Ltd.

Granta MI and CES Eco-Selector

Granta Design’s has Geo-Economic Data 

for over 3000 materials in its

1) Granta MI (service-product)

2) Granta CES Eco-Selector (product) 



Components for a Materials Strategy

 Holistic Approach

 Enterprise Risk Management

 Sustainable Materials Management

 Systematic Framework for Actions

 Information Systems (Special Focus)

Why Information Systems?

Economic Productivity is increased through investments in three 

areas:

 Education & Training

 Infrastructure

 Research & Development

Information Systems are linked to all three.



http://www.tremcenter.org/index.php?option=co

m_content&view=article&id=419&Itemid=474

Sustainable Materials Management:  

Technology Innovation



STOP


