Project Milestones
In 2010, The Minerals, Metals and Materials Society (TMS) launched the study, Linking Transformational Materials and
Processing for an Energy Efficient and Low-Carbon Economy: Creating the Vision and Accelerating Realization, which was
sponsored by the U.S. Department of Energy Advanced Manufacturing Office. Since then, 100+ experts representing
societies of 75,000+ scientists and engineers have worked to develop a plan and target opportunities for materials
science and engineering (MSE) to deliver significant energy, environmental, and economic impacts.

Phase I: February 2010—June 2010

Resulting Report: Vision Report of the Energy Materials Blue Ribbon Panel
The Energy Materials Blue Ribbon Panel, convened by TMS, created a vision for the
project by determining the parts of the energy sector that could be most affected by MSE
breakthroughs and identifying priorities for MSE innovation.

Vision Report of the Energy Materials Blue Ribbon Panel
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Phase II: September 2010—January 2011

LINKING TRANSFORMATIONAL
MATERIALS and PROCESSING

Resulting Report: Opportunity Analysis for Materials Science and Engineering

for an

ENERGY-EFFICIENT and
LOW-CARBON ECONOMY:
Creating the Vision and Accelerating Realization

Technical working groups identified product and process innovations that, if successfully
developed and deployed, would create significant economic impact, energy savings, and
carbon emission reductions in the priority areas identified by the Blue Ribbon Panel.

Opportunity Analysis for Materials Science and Engineering
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Phase III: February 2011—December 2011
Resulting Report: Innovation Impact Report

Using the innovations identified in Phase II as a guide, innovation impact teams (IITs) consisting
of experts from industry, academia, and government identified 54 breakthrough opportunities
for materials and manufacturing innovation that can deliver deliver significant energy,
environmental, and economic impacts to the United States in 2 to 10 years.

Creating the Vision and Accelerating Realization

Innovation Impact Report
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January 2012

Materials: Foundation for the Clean Energy Age
TMS developed this booklet to summarize all of the project’s findings and demonstrate how the
materials and process advances identified by the project can meet the nation’s energy challenges
while improving productivity and profitability for manufacturers.
energy.tms.org
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Foundation
forEnergy
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“Materials: Foundation for the Clean Energy Age” and the reports from phases 1-3 are all available at energy.tms.org.

Linking Tranformational Materials and Processing for an Energy Efficient
and Low-Carbon Economy: Creating the Vision and Accelerating Realization

Innovation Impact Report: Key Findings
Materials and manufacturing breakthroughs can vastly
improve the productivity and competitiveness of the U.S.
manufacturing sector and hold the key to enhancing clean
energy products. The Innovation Impact Report from The
Minerals, Metals and Materials Society (TMS) identifies
opportunities for materials and manufacturing innovation
to deliver significant energy, environmental, and economic
impacts in as soon as 2 to 10 years.
The report identifies five innovation impact areas
containing 54 specific breakthrough opportunities that
together can:

Save more than 2,800 trillion
British thermal units (TBtu).
Avoid 435 million metric tons (MMT)
of carbon dioxide (CO2) emissions.
Eliminate $65 billion in
unproductive energy expenditures.

Impact Highlights
Investing in the breakthrough opportunities
will have significant impacts that contribute to
the overall energy, emissions, and cost savings:
• A 10% reduction in the weight of the U.S.
car and light-duty truck fleet can save 1,100
trillion British thermal units (TBtu), 72
million metric tons (MMT), and $34 billion.
• A 5% improvement in the fuel economy of
the U.S. car and light-duty truck fleet can
save 780 TBtu, 53 MMT, and $25 billion.
• A 1% reduction in fuel used to generate
electricity using turbines can save 350 TBtu,
22 MMT, and $400 million.
• Remanufacturing 1 million engines instead
of manufacturing new engines can save 15
TBtu and 1 MMT.

The breakthrough opportunities identified in the report provide a strategic plan for R&D investment in materials
and manufacturing innovation. Making this significant and sustained investment now will deliver immediate
benefits to U.S. manufacturers while laying the groundwork for future clean energy advances.

Functional Surface Technologies

Materials Integration in Clean Energy Systems

Integrating different combinations of materials into clean energy systems to maximize the
benefits of each material for optimal system performance.

Higher-Performance Materials

New materials designed to perform under the extreme conditions that are required to achieve
greater energy efficiency, such as extreme temperatures, speeds, or other harsh conditions.

New Paradigm Materials Manufacturing Processes

Reimagining manufacturing to use far less energy and eliminate waste to enhance U.S.
manufacturing competitiveness.

Materials and Process Development Acceleration Tools

New computer-based tools that allow scientists and engineers to understand the nature of
materials in new ways, which enables new materials to be discovered and brought to market
faster and more cost-effectively.

Innovation Impact Areas

Material surfaces that serve specific functions, such as speeding chemical reactions or
protecting parts from wear, to deliver the maximum energy and environmental performance
required by tomorrow’s energy systems.

Background Materials
JOM Articles
“Laying the Foundation for the Clean Energy Age”

energy.tms.org/docs/pdfs/Innovation_Impact_Roundtable.pdf
A roundtable interview with members of the Energy Materials Blue Ribbon Panel on the key
takeaways of the Innovation Impact Report.

“Opportunity Analysis for MSE Report Defines Pathway to a More
Sustainable Future”

energy.tms.org/docs/pdfs/February_2011_JOM_Opportunity_Analysis.pdf
Published in the February 2011 issue of JOM, this article offers a summary of the report, “Linking
Transformational Materials and Processing for an Energy Efficient and Low-Carbon Economy:
Creating the Vision and Accelerating Realization: Opportunity Analysis for Materials Science and
Engineering,” as well as insights from members of the Technical Working Groups that produced it.

“Energy Materials Blue Ribbon Panel Releases Vision Report”

energy.tms.org/docs/pdfs/July_2010_Energy_Materials.pdf
This July 2010 JOM Article provides a summary of the Energy Materials Blue Ribbon Panel Vision
Report, and offers an overview of the TMS Energy strategic initiative.

“Linking Transformational Materials and Processing Overview”

energy.tms.org/docs/pdfs/March_2010_Energy_Materials_Blue_Ribbon_Panel_Introduction.pdf
Published in March 2010, this JOM feature outlines the background, charge, and process of the
“Transformational Materials” project commissioned by the Department of Energy Industrial
Technologies Program in February 2010.

Other Links
Innovation Impact Report

energy.tms.org/docs/pdfs/InnovationImpactReport2011.pdf
Published in December 2011, this report identifies 54 breakthrough opportunities for materials and
manufacturing innovation that can deliver deliver significant energy, environmental, and economic
impacts to the United States in 2 to 10 years.

Materials: Foundation for the Clean Energy Age

energy.tms.org/docs/pdfs/Materials_Foundation_for_Clean_Energy_Age_Press_Final.pdf
This booklet, published in January 2012, summarizes all of the project’s findings and demonstrates
how the materials and process advances identified by the project can meet the nation’s energy
challenges while improving productivity and profitability for manufacturers.

Meet the Speakers
Diran Apelian, Ph.D

Howmet Professor of Mechanical Engineering; Director, Metal Processing
Institute, Worcester Polytechnic Institute
Diran Apelian is Howmet Professor of Engineering and Director of the Metal Processing Institute at
Worcester Polytechnic Institute (WPI). MPI is an industry-University alliance dedicated to materials
processing with over 90 corporate partners. He joined WPI in 1990 as the Institute’s provost. He
is credited with pioneering work in various areas of materials and metals processing. During the
last decade, he has worked on sustainable development issues, and particularly, resource recovery
and recycling. Apelian is the recipient of many distinguished honors and awards; he has over 500
publications to his credit, and serves on several technical and corporate boards. During 2008/2009
he served as President of TMS. Prof. Apelian is a Fellow of TMS, ASM, and APMI; he is a member of
the National Academy of Engineering (NAE), and the Armenian Academy of Sciences. Dr. Apelian
received his BS in metallurgical engineering from Drexel University and his Ph.D. in materials science
and engineering from the Massachusetts Institute of Technology.

Warren Hunt, Ph.D

Executive Director, The Minerals, Metals & Materials Society

Dr. Warren H. Hunt Jr., FASM, joined The Minerals, Metals & Materials Society (TMS) in 1976,
serving as chair of the TMS Structural Materials Division and the TMS Public and Governmental
Affairs Committee before becoming Executive Director in 2006. His technical emphasis centers on
the application of aluminum metallurgy and processing knowledge to analyze material performance,
improve product quality, and design new aluminum-based materials. A Fellow of ASM International,
Dr. Hunt has received two IR 100 awards, published more than 35 technical papers, and edited
three books. Prior to joining TMS, Dr. Hunt founded Aluminum Consultants Group, Inc., a company
created to provide total solutions in aluminum materials technology for today’s market. He also had a
successful 19-year career with Alcoa Technical Center, one of the world’s largest light metals research
laboratories. Dr. Hunt received his BE from Vanderbilt University and his MS and Ph.D. from Carnegie
Mellon University, and has served as an adjunct professor at Case Western Reserve University.

George Spanos, Ph.D

Technical Director, The Minerals, Metals & Materials Society
Dr. George Spanos joined The Minerals, Metals & Materials Society (TMS) in 2010, where
he currently serves as Technical Director. He has extensive technical expertise in micro- and
nanostructure processing and property relationships and in integrated computational materials science
and engineering. Prior to joining TMS, Dr. Spanos served as section head of the Microstructural
Evolution Section of the Naval Research Laboratory in Washington, DC. Dr. Spanos was selected as
an ASM International Fellow in 2004 and has received numerous professional awards, including two
Technology Transfer Awards while at the Naval Research Laboratory. He has authored or co-authored
95 technical publications that have received 1,500 citations. Dr. Spanos earned his BE, MS, and Ph.D
in metallurgical engineering and materials science from Carnegie Mellon University.

About the Organizations
The Minerals, Metals & Materials Society
The Minerals, Metals & Materials Society (TMS) is a member-driven international professional society
dedicated to fostering the exchange of learning and ideas across the entire range of materials science and
engineering, from minerals processing and primary metals production to basic research and the advanced
applications of materials. Included among its professional and student members are metallurgical and
materials engineers, scientists, researchers, educators and administrators from more than 70 countries
on six continents. The society derives its strength from these members, many of whom take a hands-on
approach to shaping the policy, programming and publications of the society by volunteering within one of
the technical divisions. Additional information on TMS can be found at tms.org.

TMS Energy
TMS Energy is a TMS strategic initiative focused on materials-enabled energy technology. Its goals are to
provide leadership, facilitation, and resources that initiate and support effective energy solutions based on
the innovative development and use of materials. Building on the longstanding involvement and expertise
of TMS members in energy issues, TMS Energy focuses on energy-related areas of historical and future
TMS member interest, specifically advanced systems, sustainable production, and efficient utilization.
The Linking Transformational Materials and Processing for an Energy Efficient and Low-Carbon Economy
project is one such effort of the TMS Energy initiative. Additional information on TMS Energy can be
found at energy.tms.org.

U.S. Department of Energy Advanced Manufacturing Office
The U.S. Department of Energy’s Advanced Manufacturing Office (AMO) works with diverse partners
to develop and deploy technologies and practices that will help U.S. manufacturers save energy, reduce
climate and environmental impacts, enhance workforce development, and improve national energy
security and competitiveness throughout the supply chain. Through the DOE Innovative Manufacturing
Initiative, AMO is a key contributor to the Obama administration’s Advanced Manufacturing Partnership.
Additional information on AMO can be found at eere.energy.gov/industry.

