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EXECUTIVE SUMMARY

“In the past, government funding for scientific research has yielded innovations that have
improved the landscape of American life — technologies like the Internet, digital photography,
bar codes, Global Positioning System technology, laser surgery, and chemotherapy. At one time,
educational competition with the Soviets fostered the creativity that put a man on the moon.
Today, we face a new set of challenges, including energy security, HIV/AIDS, and climate
change. Yet, the United States is losing its scientific dominance. Among industrialized nations,
our country's scores on international science and math tests rank in the bottom third and bottom
fifth, respectively. Over the last three decades, federal funding for the physical, mathematical,
and engineering sciences has declined at a time when other countries are substantially
increasing their own research budgets. President Obama and Vice President Biden believe
federally funded scientific research should play an important role in advancing science and
technology in the classroom and in the lab.”
--From the White House, President Barack Obama
http.//www.whitehouse. gov/issues/additional/

Investing in Innovation Support for the 21st Century Economy: The NIST Role

At the beginning of the last century, America was struggling to raise its citizens’ standard of
living, There had been an explosion of new breakthrough technologies invented in the U.S. in the
late 19th century -- electric lights, the telephone, the automated assembly line. And yet European
nations were the clear leaders in science and U.S. manufacturers faced stiff competition from
abroad in producing the highest quality products requiring the most skilled, highly paid workers.

Congress responded to the economic challenges of 1901 by creating the Federal research agency
now called the National Institute of Standards and Technology (NIST). Its mission: to improve
confidence in the quality of American products, and thereby help U.S. manufacturers improve
their competitiveness in global markets. The success of this joint effort contributed to the near
constant U.S. economic growth of the 20th century.

At the beginning of the 21st century, the Nation is facing similar challenges. U.S. innovation has
dramatically changed the world and continues to produce most of the new jobs in the current
economy. In many aspects of prosperity America still leads the way. On some important
measures of vitality, however, we are losing ground to other developed nations. The U.S.
standard of living and more broadly the Nation’s quality of life, once the envy of the world, has
dropped to 13th behind countries like Norway, Australia, Iceland, Canada, and Ireland.

Now after 110 years, NIST’s mission is more important than ever. All of the sophisticated
technologies and modern convenience that we depend on every day for our communication,
transportation, security and health, rely on a complex interconnected array of standards, high
quality data, and measurement methods. Working closely with U.S. industry and academia,
NIST plays a central role in advancing and maintaining this system, a kind of technology support
structure that is continually upgraded and adapted as new knowledge becomes available. It is the
strength of this innovation support system that will help determine the number and quality of the
jobs of the future.
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Several recent trends have highlighted the urgent need for expanded investment in this
technology support structure, and by extension on the need for increased investment in NIST
programs.

The convergence of previously independent technology sectors such as communications,
information technology, energy production, and manufacturing has put a premium on
standards that allow efficient interoperability. At the same time, the key role of
information technology for productivity enhancement in all economic sectors has
heightened its profile as a target for attack and increased the need for stronger
cybersecurity efforts. NIST has both the technical expertise and the long-standing
collaborative relationships with industry to help bridge the gaps that divide these fields
and to accelerate progress in critical areas such as development of a smart electric grid,
the establishment of testing protocols for electronic health records, and the widespread
dissemination of best practices for protection of critical information assets.

The accumulating scientific evidence that global warming is a major threat to the Earth’s
people and ecosystems makes fossil fuel energy conservation and finding reliable, carbon
neutral energy sources an essential priority. Rapid progress will depend on innovations
from many quarters, both private and public. However, a prerequisite for U.S. success
will be NIST assistance in establishing agreed upon measurement and data evaluation
methods to ensure that research results can be productively shared and that buyers can
have confidence in the performance metrics claimed for new technologies like
photovoltaic roof tiles or new forms of energy efficient lighting such as light emitting
diodes (LEDs).

Two major sources for past U.S. prosperity, a high quality health care system and a
comprehensive set of interstate roads, pipelines and other physical infrastructure
components, are coming under increasing strain. Inefficiencies and dramatically rising
costs have put quality health care out of reach for many Americans. Meanwhile, the sheer
age of much of the Nation’s physical infrastructure, which saw a major building program
in the post World War II era, has put large portions of the system at risk of failure.
NIST’s extensive collaborations with government, industry, and academic health
researchers have the potential to improve medical measurements and diagnoses, reducing
costs and saving lives. NIST’s world leading, interdisciplinary expertise in construction,
metallurgy, advanced materials, and fire safety promises to do the same for improving the
safety and extending the lifetime of physical infrastructure.

Finally, a shift in industrial outlook, governmental policies and consumer behavior
towards full accountability for the true environmental and social cost of producing a
given product has refocused interest on the advantages of domestic manufacturing and
local suppliers. With more than two decades of experience helping U.S. manufacturers
enhance their competitiveness through its Manufacturing Extension Partnership, NIST is
poised in the new climate to significantly increase its impact on the creation and retention
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of the high wage, skilled manufacturing jobs needed to help maintain momentum toward
economic recovery.

It is in this context that the President’s FY 2011 Budget request for NIST calls for increases as a
necessary investment in the Nation’s future.

NIST FY 2011 Budget Request under the President’s Plan for Science and Innovation

NIST is a component agency of the President’s Plan for Science and Innovation which,
consistent with the goals of the America COMPETES Act of 2007, doubles funding for basic
science research at key agencies. The FY 2011 budget request continues the foundation
established by the FY 2010 President’s budget and will support NIST programs which are
critical to promoting American innovation and competitiveness:

The NIST Laboratories provide the measurement science and physical standards that
are essential components of the technology infrastructure underpinning U.S. innovation.

The Technology Innovation Pregram (TIP) is a merit-based competitive grant program
that supports innovative, high-risk, high-reward research in areas of critical national need
(CNN) where the government has a clear interest due to the magnitude of the problems
and their importance to society.

Through public (Federal-state-local) and private sector partnerships, NIST’s Hollings
Manufacturing Extension Partnership (MEP) provides technical and business
assistance to small- and medium-sized manufacturers through a network of centers in all
50 states and Puerto Rico.

The Baldrige National Quality Program promotes proven quality and performance
management practices to strengthen U.S. companies, educational organizations, and
health care providers. Recognized worldwide, the program furthers organizational
excellence through education, outreach, and annual awards.

NIST’s Construction of Research Facilities (CRF) appropriation supports projects for
new buildings and the renovation and maintenance of current buildings and laboratories.

NIST’s FY 2011 budget request seeks program increases in the Scientific and Technical
Research and Services (STRS), Industrial Technology Services (ITS) appropriations which funds
TIP and MEP, and Construction of Research Facilities (CRF). This FY 2011 request will:

1.

Fund investments in the NIST Laboratories in areas that are critical for U.S.
competiveness and innovations in a globalized economy.

2. Continue to revitalize NIST Extramural Programs through investment in TIP and MEP.
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3. Continue to strengthen NIST’s facilities to assure U.S. leadership in measurement
science.

The NIST Laboratories will focus requested funds under the President’s Plan for Science and
Innovation to address critical challenges in identified national priority areas:

e Energy: Speed development of alternative, clean-energy energy sources, from
production through storage to final distribution. Help to ensure interoperability of Smart
Grid devices and systems (as assigned in the 2007 Energy Independence and Security
Act).

¢ Environment: Promote efficient development of sustainable products and processes,
from manufacturing to end-use by consumers. Help to establish the scientific
measurement basis for accurate climate and greenhouse gas emissions monitoring.

e Manufacturing: Improve the competitiveness of U.S. manufacturers through the
development and deployment of new, green technologies and better business practices.
Efforts include focus on enhancing high technology manufacturing innovation in
products and processes, especially nanomanufacturing, resulting in new jobs.

e Health Care: Advance efforts aimed at achieving lower-cost, higher-quality health care,
including development of technologies that ensure more accurate diagnoses, reduce
medical errors, and improve the efficiency and effectiveness of therapies. Develop
standards essential to interoperable health-care information systems that seamlessly and
accurately share information among all health-care providers; and ensure security and
privacy of information.

e Physical Infrastructure: Develop the needed measurement solutions, models,
calibration inspection methods, and technologies that complement TIP’s recent awards to
the private sector, and can be used to predict the remaining life or margins of safety for
infrastructure systems to prioritize and optimize infrastructure spending.

o Information Technology: Help to develop more capable, secure, and interoperable
information systems to ensure U.S. leadership in information technology. Provide
technical support for successful deployment of next generation broadband.  Supply
measurement capabilities necessary for next-generation information technologies.

Summary of FY 2011 Budget Request

For FY 2011, NIST is requesting a total budget of $918.9 million, including 3,254 permanent
positions and 3,343 FTE. The request includes program changes totaling $150.2 million,
205 permanent positions, and 152 FTE from the FY 2010 levels for the STRS, ITS, and CRF
appropriations.
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STRS: The request totals $584.5 million (including 2,322 permanent positions and 2,324 FTE),
an increase of $69.5 million above FY 2010. NIST’s request is consistent with the intent of the
President’s Plan for Science and Innovation to double NIST laboratory research. With this
amount, NIST will fund a total of $69.4 million in program initiatives and the remainder for

adjustments-to-base (ATBs).

NIST will invest the $69.4 million in program initiatives in the following manner:

Manufacturing

Standards and Conformity Assessment for +$10,000,000 39 permanent positions
Interoperability in Emerging Technologies and 29 FTE
Scalable Cybersecurity for Emerging +$10,000,000 28 permanent positions
Technologies and Threats and 21 FTE
. . +$10,000,000 24 permanent positions
Green Manufacturing and Construction and 18 FTE
Innovations in Healthcare — Measurement
Science and Standards to Support +$10,000,000 24 permanent positions
Manufacturing and Regulatory Approval of and 18 FTE
Biologic Drugs
Innovations for 21st Century U.S. +$10,000,000 28 permanent positions

and 21 FTE

Disaster Resilient Buildings and Infrastructure

+$5,000,000 11 permanent positions

Total

and 8 FTE
Advanced Solar Technologies — +$5,000,000 18 permanent positions
Third Generation Photovoltaics and 13 FTE
Nanomaterial Environmental, Health and +$4,000,000 10 permanent positions
Safety and 7 FTE
Strategic and Emerging Research Initiatives +$2,000,000 0 permanent positions
and O FTE

(SERI)
NIST NRC Postdoctoral Research +$3,400,000 23 permanent positions
Associateships Program and 17 FTE
+$69,400,000 205 permanent positions

and 152 FTE
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ITS: The request totals $209.6 million (including 148 permanent positions and 154 FTE). The
request funds MEP at $129.7 million, an increase of $5.0 million above the FY 2010 enacted
level (a $4.6 million increase above the 2011 base). TIP is funded at $79.9 million, an increase
of $10.0 million from the FY 2010 enacted level.

TIP +$10,000,000 0 permanent positions
and 0 FTE
MEP +$4,637,000 0 permanent positions
and 0 FTE

CREF: The request totals $124.8 million. The FY 2010 enacted level included funding that
allows NIST to begin work to renovate Boulder’s Building 1, and conduct a space study at the
Gaithersburg site to analyze the best way to renovate aging facilities. The FY 2011 request
includes $66.1 million of initiative funding above the FY 2011 base amount for CRF to continue
the Building 1 Renovation, begin design and planning for General Purpose Laboratories (GPL),
and to provide a sufficient level of funding for NIST to address deficiencies and maintain NIST’s
physical plant. NIST will invest these funds in the following manner:

Boulder Laboratories - Building 1 Renovation +$37,900,000 0 permanent positions
and 0 FTE
Renovations of General Purpose Laboratories +$14,400,000 0 permanent positions
and 0 FTE
Safety, Capacity, Maintenance, and Major +$13,832,000 0 permanent positions
Repairs (SCMMR) and 0 FTE
Total +$66,132,000 0 permanent positions
and 0 FTE

The FY 2011 budget request for NIST provides the Nation with essential tools to enable
continued innovation and economic vitality. It strongly supports the Department of Commerce
Strategic Goal to “Promote U.S. Innovation and Industrial Competitiveness” as stated in the
Department’s FY 2007-2012 Strategic Plan.

A brief summary of NIST’s initiative requests are provided on the following pages.

NIST -8



Scientific and Technical Research and Services (STRS)

1. Standards and Conformity Assessment for Interoperability in Emerging Technologies
(+39 positions, +29 FTE and +$10,000,000)

Lack of standards that allow interoperability within and between cross-cutting technologies such
as Smart Grid and Healthcare Information Technology (Health IT) can significantly stifle the
realization of benefits from these emerging technologies. Interoperability stimulates significant
confidence in industry about investing in these new technologies by broadening the market and
decreasing the limitations inherent in legacy systems. It also obviates potential concerns about
stranded investments, which may arise due to lack of interoperability between components of
systems. Furthermore, clearly defined interoperability requirements and standards to support
such implementations promote innovation and competition amongst the suppliers of components
to the systems, thereby reducing costs of implementation and providing greater choice to
consumers. This initiative request is to address architectural framework development for
documentary standards and conformity assessment requirements that will enable interoperability
in emerging technologies such as Smart Grid and Health IT.

2. Scalable Cybersecurity for Emerging Technologies and Threats (+28 positions, +21 FTE
and +$10,000,000 including an $850,000 transfer to the Working Capital Fund)

Cybersecurity is vital to the economic and national security interests of the United States. The
Administration has declared the cyber infrastructure a strategic asset. In addition to more than
$200 billion of e-commerce transactions in the U.S. alone for 2008, interconnected networks of
computers are essential for life-critical functions such as air traffic control, factory operation, and
electric power distribution. These networked systems face an ever-increasing threat of attack
from individuals, organizations, and nation states that target key information technology
operations and assets. The requested funds will support the development of tools and standards
necessary to enable a robust, useable, and accessible cybersecurity framework, addressing a
number of factors including cryptographic key management, security automation technologies,
and improved modeling and attack detection capabilities. NIST’s programs will include
competitive grants to strengthen U.S. capabilities in cryptography.

3. Green Manufacturing and Construction (+24 positions, +18 FTE and +$10,000,000)

Promoting innovative energy technologies to reduce dependence on energy imports and mitigate
the impact of climate change while creating green jobs and new businesses is a priority of the
Administration. To address this issue, NIST is focusing on programs that will develop the
measurements, standards, and common framework that are required to promote sustainable
operations and improve energy efficiency in both the construction and manufacturing sectors.
This initiative will provide for the development of data, models, and support tools to improve
energy efficiency in manufacturing and construction processes and to benchmark and stimulate
the utilization of sustainable materials.
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4. Innovations in Healthcare — Measurement Science and Standards to Support
Manufacturing and Regulatory Approval of Biologic Drugs (+24 positions, +18 FTE

and +$10,000,000 including a $2,250,000 transfer to the Working Capital Fund)

Biotechnology drugs, and protein and cell-based medications represent the fastest growing
category of therapeutic drugs in the U.S. Improved characterization and manufacturing of
follow-on biologic drugs will support the growth of a new industrial sector that is vital to
reducing the cost of healthcare. Measurement science and standards are necessary to enable
regulators to assess the “sameness” of a biologic drug made by different manufacturers and/or
different manufacturing processes, and to enable manufacturers to improve efficacy and safety,
and the efficiency and reliability of biopharmaceutical manufacturing processes. NIST will work
with industry stakeholders to develop a program that provides reference methods for
characterization of protein biopharmaceuticals’ structure, function, immunogenicity and tools to
test and optimize manufacturing processes. This initiative will include funds for grants to
stimulate advances in biomanufacturing processes.

5. Inngvations for 21 S, nufacturing (+2 itions, +21 FTE a
+3$10,000.000)

The President’s Framework for Revitalizing American Manufacturing calls for investment in
new technologies that will spur innovation and increase the competitiveness of the U.S.
manufacturing sector. This initiative will enable NIST to strengthen capabilities in multiple
areas that impact manufacturing — from cutting edge research in the technologies that are needed
to underpin transformational manufacturing capabilities in high-technology industries like
communications, computing, and energy production — to the development of measurement
technologies and standards that will enable U.S. manufacturers to adopt technology advances
that lower cost, reduce processing times, and improve overall quality. This initiative will enable
NIST to support efforts in nanomanufacturing that will develop the metrology tools required to
quickly, inexpensively, and accurately characterize products at the relevant scales of one to
hundreds of nanometers; and allow in-line, fast and inexpensive nanoscale metrology techniques
necessary to enable and maintain complex, multi-step assembly processes that are needed to
develop true high-capacity nanomanufacturing capabilities. Working collaboratively with
industry and academia NIST will also invest programs targeted at technological innovations to
increase manufacturing efficiencies in areas such as advanced sensor development, advanced
robotics, and rapid prototyping.

6. Disaster Resilient Buildings and Infrastructure (+11 positions, +8 FTE and +$5,000,000)

The United States depends on a robust physical infrastructure’ to provide a high quality of life
for its citizens and to ensure competitiveness in the global economy. Much of the Nation’s
enormous physical infrastructure is nearing the end of its service life, and needs to be repaired or
replaced, which is estimated to cost close to $2.2 trillion.” Considering that a large percentage of

! Physical infrastructure includes airports, bridges, tunnels, roads, ports, and other fixed portions of transportation systems,
power generation and distribution facilities, water and waste facilities, government buildings, and public arenas.
2 ASCE 2009 Report Card for America’s Infrastructure. Available at http://www.asce.org/reportcard/2009.
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the Nation’s infrastructure is at risk from multiple natural hazards (earthquakes, fires, hurricanes)
that can cause significant financial losses, it is important to ensure that as we renovate our
Nation’s infrastructure we do so in a way that minimizes susceptibility to damage from natural
hazards. This initiative will focus resources on expanding NIST’s activities under the National
Earthquake Hazards Reduction Program (NEHRP) to address the measurement science,
standards, and data resources necessary to improve resiliency against earthquakes. The initiative
also funds activities related to fire performance of structures. The request will fund improved
techniques, tools, and guidelines for evaluating and rchabilitating existing buildings based on
analytical and experimental studies, and efforts to work with national model building code
organizations to incorporate those products in appropriate model building codes.

7. Advanced Solar Technologies -- Third Generation Photovoltaics (+18 positions,
+13 FTE and +$5,000,000)

The Administration supports the development of alternative energy sources that can meet our
Nation’s increasing energy needs while mitigating global climate change, reducing energy
imports, and creating manufacturing jobs. Solar energy remains one of the most promising
alternative sources of energy as it is readily available, free from geopolitical issues, and does not
contribute to the environmental problems associated with carbon emissions. Despite the
continued growth of solar energy technologies, adoption of these technologies is limited by the
relatively high-cost and low-efficiency of conventional photovoltaic solar cells. What is known
as third-generation photovoltaic (3rd-Gen PV) technologies has the potential to overcome these
barriers through the application of nanotechnology which can enable more efficient absorption of
solar energy, and by enabling new forms of photovoltaics that are more cost effective to
manufacture. With these funds, NIST will focus on developing new and novel measurement
instrumentation and methods for critical photovoltaic device phenomena. The request will help
bridge the current gap in measurement technology needed to enable 3rd-Gen PV development.

8. Nanomaterial Environmental, Health and Safety (+10 positions, +7 FTE and
+$4,000,000)

There are currently over 1,000 products that contain nanomaterials on the market produced by
485 companies3 and valued at  $166 billion*; the value of nano-enabled products is projected to
climb to $2.6 trillion by 2014°. Nanomaterials and products that incorporate nanomaterials pose
unknown risks to people and the environment. A science-based approach is needed for industry
and regulatory agencies to assess and manage these risks. Regulatory agencies and industry have
called on NIST to lead the effort on physical and chemical property measurements and standards.
To accomplish this, NIST will establish a Nanomaterials Environmental Health and Safety
(NanoEHS) program that is coordinated with other agencies participating in the National
Nanotechnology Initiative. NIST will identify measurement needs and define solutions for the
key nanomaterials of greatest importance to U.S. industry, begin developing or expanding

* According to the Consumer Products Inventory maintained by the Woodrow Wilson International Center for
Scholars, www.nanotechproject.org, August 25, 2009.

* The Nanotechnology Opportunity Report (NOR) 2008, 3rd Edition, Research and Markets, June 2008.

3 Taking Action on Nanotechnology’s Value Chain, Lux Research, October 2004.
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measurement laboratories for nanomaterial characterizations, and begin developing reference
nanomaterials with fully characterized physical and chemical properties. Eventual full
characterization of potential nanomaterials risks will enable safe and efficient commercialization
of new nano-enabled products for a broad range of new technologies, from treatment of disease
to alternative energy to remediation of environmental hazards.

9. Strategic and Emerging Research Initiatives (SERI) (+0 positions, +0 FTE and

+$2,000,000 including a $200,000 transfer to the Working Capital Fund)

The SERI Fund provides the NIST Director annual flexibility necessary to pull together research
teams from across NIST to address emerging and increasingly multidisciplinary research
problems. In addition, the SERI fund provides the NIST Director with programmatic flexibility
to seed the development of new competencies that contribute effectively to future national needs
and goals by investing in high-risk, high-payoff research to enable innovation. This fund
provides resources for high priority activities to build new capabilities necessary to develop and
maintain state-of-the-art knowledge in areas of science and engineering related to measurement
techniques and fundamental data. Possible areas for consideration for SERI funding in FY 2011
include work related to food safety and forensics.

10. NIST NRC Postdoctoral Research Associateships Program (+23 positions, +17 FTE
and +$3.400,000)

The Administration is committed to strengthening science, technology, engineering, and
mathematics (STEM) education. The NIST National Research Council (NRC) postdoctoral
program provides opportunities for outstanding young scientists to gain training in measurement
science, and is a critical part of ensuring that NIST has access to the top technical talent
necessary to maintain leading research programs that address critical national priorities. The
request will increase the number of postdoctoral research opportunities at NIST.

Industrial Technology Services (ITS)

1. Technology Innovation Program (+0 positions, +0 FTE and +$10,000,000)

The Technology Innovation Program (TIP) supports, promotes and accelerates innovation in the
United States through high-risk, high reward research in areas of critical national need. For
FY 2011, NIST requests $79.9 million, which includes an increase of $10.0 million. These funds
will support new competitions and any remaining mortgage commitments from previous
competitions.  Areas under consideration for potential future competitions are civil
infrastructure, advanced manufacturing, energy, health care, complex systems and green
chemistry. TIP funding will initiate innovative research and development (R&D) by small- and
medium-sized U.S. based companies, universities, and national laboratories and other non-profit
research organizations and will generate an equivalent amount of private sector R&D through the
TIP cost-share provision. Further, it will foster research collaborations, enable the creation of
intellectual property in the United States, disseminate new knowledge, and advance the state-of-
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the-art in technologies that address societal challenges. The FY 2011 request is the second year
of proposed increases to the program to an eventual level of $100 million by FY 2015.

2. Hollings Manufacturing Extension Partnership Program (+0 Positions, +0 FTE and
+$4.637,000)

The Hollings Manufacturing Extension Partnership (MEP) program is a national network
providing business and technology assistance to the Nation’s critical small- and medium-sized
manufacturers. For FY 2011, NIST requests $129.7 million for MEP, which includes a program
increase of $4.6 million. MEP services result in more than $10 billion per year in increased and
retained sales among thousands of manufacturing clients, and the creation and retention of more
than 57,000 jobs annually. In FY 2011, MEP will continue to expand its services to better
respond to future challenges and opportunities of U.S. manufacturers by supporting the adoption
of technological innovations that spur economic growth and fostering the development of new
products, expanded markets, process improvements, and creation of new green technology jobs.
While manufacturers in virtually all industries recognize that quality and lean processes are now
required just to be in business, productivity and growth gained exclusively from these cost-
reduction efforts are the first steps to providing the solid foundation necessary to maintain a
competitive position. Long-term competitive advantage requires manufacturers to have access to
a wide-range of resources that enable them to sell to new customers, compete in new markets,
and develop new products, thus creating new, more profitable revenue streams. MEP will use
additional resources in FY 2011 to expand upon a strong foundation and further deploy new
services with a specific focus on 1) increasing manufacturers’ adoption and application of
advanced and clean technologies and development of new products; and 2) reducing
manufacturers’ negative environmental impact and related costs by promoting the development
of new, environmentally-focused materials, products, and processes to gain entry into new
markets. The FY 2011 request is the second year of proposed increases to the program to an
eventual level of $180 million by FY 2015.

Construction of Research Facilities (CRF)
1. Boulder Laboratories Building 1 Renovation (+0 positions, +0 FTE and +$37,900,000)

This initiative is part of a long-term plan to renovate Building 1 of the NIST Boulder
laboratories, which houses the majority of NIST Boulder research and measurement. The
requested funding will allow NIST to continue with the efforts made in FY 2010. Specific work
will include the exterior renovations of Wings 3, 5, 6, and the Center Spine, and the interior
renovation of Wing 3 as well as most of Wing 5. The successful improvement of the NIST
Boulder facilities — through construction of the Precision Measurement Laboratory and the
extensive renovation of parts of the existing facilities — will enable NIST to support scientific
discovery and technical development of transformational technology in homeland security,
telecommunications, nanotechnology, precision timing, hydrogen energy sources, precision
electrical standards, biotechnology, applications of lasers, electromagnetic interference testing,
quantum computing and quantum communications, and other national needs.
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2. General Purpose Laboratories (GPLs) Renovations (+0 positions, +0 FTE and
+$14.,400,000)

The Gaithersburg site GPLs are nearly 45 years old, yet they house the majority of NIST
research and measurement. Aging structural, mechanical, electrical, and safety systems
significantly reduce the research and measurement productivity of the NIST Gaithersburg
laboratories. This initiative is part of a comprehensive, multi-year plan for the phased renovation
of all the GPLs at the NIST Gaithersburg laboratories. In FY 2010, a $2.0 million Gaithersburg
site space utilization study was funded. This FY 2011 request of $14.4 million will provide
funding for the initial cost of the planning documents based on the results of the FY 2010 study.
This initiative will identify the phasing plans, the basis of design and budget for each phase of
the renovation program. A comprehensive schedule will be developed for the GPL renovations
as part of this initiative.

3. Safety, Capacity, Maintenance, and Major Repairs (SCMMR) (+0 positions, +0 FTE
and +$13.832.000)

Aging and deteriorating buildings and infrastructure threaten NIST’s ability to meet its mission.
NIST’s SCMMR program funds capacity, safety improvements, as well as ongoing, recurring
and preventative maintenance and major repair of the NIST physical plant in Gaithersburg,
Maryland; Boulder and Fort Collins, Colorado; and Kauai, Hawaii. NIST’s base SCMMR
program requires a $13.8 million increase to the SCMMR base program to bring the program
total to approximately $72.5 million, which will provide a sufficient level of funding to address
repair deficiencies and maintain NIST’s physical plant with on-going, recurring, and
preventative maintenance.

Summary of Performance and Resources

Data on performance evaluation and reporting for all NIST base programs are in Exhibit 3A of
this budget request. Performance measures for program changes included in this budget request
are found in the budget justification narrative of each program change.
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Resources

The following is a comparison of NIST’s FY 2011 level with its FY 2010 budget request and
related data on employment.

(Dollar amounts in millions)

FY 2010 Increase (or
‘o g FY 2011 Request Decrease) from FY
A ti
ppropriation Appropriation 2010 Appropriation
FTE Amount FTE Amount FTE Amount
Scientific and
Technical 2,182 515.0 2,324 | 5845 142* 69.5
Research and
Services
Industrial
Technology 153 194.6 154 209.6 1 15.0
Services
Construction of
Research 89 147.0 89 124.8 0 (22.2)
Facilitics
Working Capital
Fund 776 0 776 0 0 0
TOTAL 3,200 856.6 3,343 918.9 143 62.3

*Net change in FTE includes annualization of positions (+21 in STRS) funded by FY 2010 program
changes and drop out of FTEs (-31) supported by ARRA in FY 2010, plus the 152 FTEs in FY 2011
program changes; please consult STRS Exhibits 8 and 13 for detail.
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Reimbursable Program

NIST's reimbursable services consist of technical work performed for other Federal agencies,
state and local governments, and the private sector. These services include calibrations and
special tests, advisory services, and the sale of Standard Reference Materials. The unique
measurements and standards expertise developed with appropriated funding gives NIST the
capability to perform these services on a reimbursable basis. NIST accepts other agency work
based on an established set of criteria which include: 1) the need for traceability of
measurements to national standards; 2) the need for work that cannot or will not be addressed by
the private sector; 3) work supported by legislation that authorizes or mandates certain services;
4) work that would result in an unavoidable conflict of interest if carried out by the private sector
or regulatory agencies; and 5) requests by the private sector for NIST action or services. NIST’s
reimbursable program is estimated to be $171.2 million in FY 2010 and $147.1 million in
FY 2011.
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Exhibit 12
Department of Commerce
National Institute of Standards and Technology
Scientific and Technical Research and Services
JUSTIFICATION OF PROGRAM AND PERFORMANCE
NATIONAL MEASUREMENT AND STANDARDS LABORATORIES

Goal Statement

This activity supports the Department’s and NIST’s mission of promoting U.S. innovation and
industrial competitiveness by advancing measurement science, standards, and technology that
drive technological change.

NIST’s National Measurement and Standards Laboratories play a unique role in the Nation’s
scientific, industrial and business communities. NIST’s presence and leadership in the Nation’s
measurement and standards system enables companies, researchers, government agencies and
universities to work with each other more easily, improving the Nation’s economic security and
quality of life. When scientists, engineers, health care professionals, manufacturers and business
people compare and trade data, test results, manufactured goods, services, and commodities, they
do so with greater confidence in the exchange because of NIST’s presence in the background,
anchoring the national measurement and standards system that is the language of research and
commerce.

Ensuring an effective and viable national measurement and standards system is the oldest and
one of the most important of NIST’s long-standing missions. NIST affects:

e how the Nation will address rising energy costs, scarcity of fossil fuels, and the
environmental impacts of energy consumption because the agency is called upon to provide
the measurement science and standards needs to ensure a robust and efficient energy delivery
(Smart Grid technologies), to promote efficient energy utilization (high-performance
buildings and lightweight materials for automobile and light truck applications), and to enable
new energy generation and storage. The term Smart Grid refers to the 21* century
modernization of the current electric power grid by incorporating the technologies of
broadband communications and advanced computing so that it can operate more efficiently,
reliably and safely;

e efforts to address sustainability issues as industries and societies are challenged to reduce the
amounts of natural resources and energy they consume and the wastes they produce.
Improving sustainability is now a key business objective in addition to increasing
profitability and market share, and NIST needs to ensure that the national infrastructure of
measurement methods, standards, data, and data technologies are sufficient to help U.S.
industry develop, evaluate, and implement sustainable business practices in areas such as
chemicals, materials, processes, manufacturing methods, and products;
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every American who goes to the store, buys gasoline or pays a utility bill because each year
over $4.6 trillion in wholesale and retail trade are measured against standards that are
ultimately traceable to NIST;

every American whose job depends on the ability of our industries to innovate and to
compete in global trade, because product quality and productivity depend on the ability to
measure and precisely control the production process, and because more and more high-tech
and high-value products are subject to foreign regulations that require measurements
traceable to internationally recognized standards;

every American who relies on fundamental business services and communications devices,
because so many of these services depend upon NIST measurements and standards in ways
that are invisible to most consumers and service sector employees; and,

every American who is concerned with homeland security because NIST is called upon
increasingly to provide the measurement assurance behind sensitive detection systems for
chemical, biological, explosive and radiological weapons.

NIST’s mission is vital and dynamic because a modern, progressive, industrialized society in a
global economy imposes constant demands for improvements in its measurements, standards,
and technologies. The pace of America’s technological innovation both drives and is driven by
our ability to observe and to measure, and NIST’s infrastructure is vital to the pace of innovation.

NIST resources will continue to be devoted to meeting today’s economic and societal challenges
and lay the foundation for future success. NIST activities help address a broad range of critical
challenges, with substantial investment being directed at six priority areas: energy, environment,
manufacturing, health care, physical infrastructure and information technology.

Energy: research focused on (1) accelerating an interoperable Smart Grid through a
framework and measurement tools for interoperability of Smart Grid devices and systems;
and (2) advancing measurement science for net-zero energy high-performance green
buildings through development and implementation of standards for energy efficient
buildings. NIST continues to address critical challenges in energy through existing activities:

o increasing energy efficiency in the automotive industry by promoting innovations
including advanced lightweight materials and nanostructured materials, hybrid and
electric motor systems, and thermoelectric converters;

o neutron-based non-destructive observation of functioning fuel cells, leading to better
designs and performance;

o enabling faster commercialization of energy efficient lighting systems by improving
reliability and reproducibility through precise fabrication of nanostructured materials;

o lowering market barriers for replacing legacy lighting with LED lighting through new
performance measures; and

o improving cooling and heating system efficiency through improved measurement of air
velocity distributions. '
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Environment: research focused on (1) expanding NIST capabilities for accurate physical
and chemical characterization of nanomaterials; and (2) internationally comparable
measurements of point source and remote greenhouse gas emissions. NIST continues to
address critical challenges in environment research through existing activities:

o]

developing new measurement standards to improve the accuracy of ground, air, and
satellite-based measurements of the Earth’s radiation balance in support of climate
change research;

developing methods for incorporating carbon footprint information into product lifecycle
management;

ensuring the effectiveness and reliability of products manufactured with renewable, more
environmentally sound materials to reduce or eliminate the use of toxic substances such
as lead;

improving measurement capability to develop better ways to remove toxins from the
environment; and

enabling industry and regulatory agencies to assess and manage environmental, health,
and safety risks associated with engineered nanomaterials through measurements of
nanoparticle size, shape, structure, and surface area.

Manufacturing: NIST continues to address critical challenges in manufacturing research
through existing activities:

o

o]

enhancing industrial (communication, bio-medical, defense, nano-scale, and
semiconductor) capability for manufacturing and testing advanced optical systems;
enabling manufacturers to adapt to changing applications and markets through rapid
reconfiguration of factories; ’

guiding the rapid development and manufacture of advanced products by ensuring data
exchange interoperability and integration with manufacturing instrumentation and
equipment;

reducing transportation, inventory, and lead time costs through improved exchange of
information across manufacturing supply chains;

improving robotic vehicle navigation, flexibility, and efficiency through advanced
imaging systems;

advancing the development and production of nanotechnology products through new
methods to characterize and improve the performance of nanostructured materials and
devices:

improving performance of products in industry through improved measurements of
internal stresses;

enabling translation of new nanoscale phenomena into commercial products through
improved process and quality control using nearfield optical apertures; and

enhancing international acceptance of U.S. products, measurement results, and
accreditation programs through improved documentary and physical standards,
calibration and accreditation services, and standard reference data.
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Health Care: research focused on (1) ensuring the technical information infrastructure for
health care is correct, complete, and testable; (2) improving the accuracy and reproducibility
of clinical diagnostics; and (3) supporting innovations in quantitative medical imaging. NIST
continues to address critical challenges in health care through existing activities:

O
O

improving uniformity and reliability of magnetic resonance imaging;

advancing medical diagnostics by assessing performance of DNA microarrays in
quantitation of mRNA for gene expression;

improving accuracy of medical decisions through biomarkers for use in electronic
records;

enabling new methods of biomedical imaging and smaller, cheaper, and more effective
magnetic resonance imaging systems;

improving minimally invasive imaging of biological tissues for medical diagnosis and
treatment based on quantum dots and vibrational resonance;

ensuring effective and reliable biomedical products through standards and experimental
protocols that accelerate the development and growth of emerging tissue engineering and
therapeutic materials industries;

improving nuclear medicine through NIST-traceable measurements of radionuclide
content in the human body; and

Physical Infrastructure: NIST continues to address critical challenges in physical
infrastructure research through existing activities:

o]

o

enabling prioritization of infrastructure remediation and helping avoid structural failure
under extreme conditions;

improving construction productivity through improved productivity measurement and
analysis methods;

supporting implementation of performance-based seismic design of structures through
validated nonlinear response models;

improving resistance to progressive collapse in new steel and concrete buildings through
standardized performance criteria;

promoting building sustainability through improved inter-laboratory comparability of
emission measurements;

mitigating structure losses in wildland-urban interface fires by providing the scientific
foundation for new and enhanced building codes and standards;

reducing the risk of fire spread in buildings through improved furniture flammability test
methods; and

improving the service life of infrastructural concrete through optimal selection of nano-
sized viscosity modifiers.

Information technology: research focused on transformative cybersecurity technologies
improving cryptographic key management and usability of security systems. NIST continues
to address critical challenges in information technology through existing activities:

(@]

providing secure communications through single-photon sources and detectors to support
quantum key distribution;
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o advancing computer technology beyond the integrated circuit by studying advanced new
materials and nanodevices;

o supporting advances in telecommunications through improved accuracy of atomic clocks
and remote diagnosis of transmission problems on flexible networks for real-time control
of signal routing;

o establishing new foundational security mechanisms to support innovative networking of
emerging devices;

o accelerating the development and adoption of correct, reliable, testable software,
increasing trust and confidence in software; and,

o enabling improved accuracy and interoperability of biometric recognition systems for
real-time verification and identification.

Base Program

NIST’s support of measurements, standards and technology—a mission that embraces everything
from validating the testing system used to assure the quality of concrete in new construction to
the frontiers of quantum computing and quantum-level encryption—is funded under the Scientific
and Technical Research and Services (STRS) appropriation.

1) Strategic and Emerging Research Initiative (SERI) Funds — The tremendous breadth of
scientific and engineering activity conducted at NIST spans most scientific disciplines
(chemistry, physics, computer science, etc.). Most of NIST’s research fits neatly within
individual disciplines and consequently is funded through appropriations to each corresponding
laboratory. However, in order to address new and emerging scientific problems, modern research
has become increasingly multidisciplinary in nature. As a result, this multidiscipline research
requires budgetary flexibly that is not encumbered by strict adherence to specific laboratory
disciplines. NIST’s SERI fund allows NIST the flexibility to pull together research teams from
across the Institute to address these emerging research issues and at the same time accurately
account for the budgetary resources required. Examples of recent activities under SERI include
measurement and standards work related to the Smart Grid, physical infrastructure, advanced
manufacturing, and reduction of greenhouse gas emissions. In addition, the SERI fund allows the
NIST Director to seed the development of new competencies that contribute effectively to future
national needs and goals by investing in high-risk, high-payoff research to enable innovation.
This fund provides funding for high priority fundamental research to build new capabilities
necessary to develop and maintain state-of-the-art knowledge in areas of science and engineering
related to measurement techniques and fundamental data.

2) Electronics and Electrical Engineering Laboratory (EEEL) ~ EEEL assists and supports a
huge cross-section of the U.S. industrial landscape, including the U.S. semiconductor industry,
which had $120 billion in U.S. sales in 2008,' the U. S. electric power industries, with total retail
electricity revenues of $344 billion in 2007,> as well as the network communication and
consumer electronics segments. The U.S. electronics and electrical equipment industries
(including computer, communications, semiconductor component and equipment manufacturing)

! Semiconductor Industry Association Fact Sheet, http://www.sia-
online.org/cs/industry_resources/industry fact sheet
? hup.//www.eia.doe.gov/cneafielectricity/esr/esr_sum. html
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employed almost 3 million people at the end of 2007,’ and the products of these industries,
representing over $830 billion in U.S. shipments annually, support other major manufacturing
and service industries, such as the automotive, aerospace, and health-care industries. As with all
high-tech industries, electronics is highly dependent on measurements that are enabled by NIST
programs, the value of which has been validated by a number of economic impact studies.

NIST’s work in this area includes maintaining and improving existing measurement references
and standards, developing new measurement technologies and ways to tie needed measurements
to fundamental national standards, and pursuing basic research on electronic devices and the
processes used to manufacture these devices. NIST research in this area touches nearly every
aspect of today’s high-tech electronics. Examples include the fundamental properties of
semiconductors and semiconductor devices, new materials and technologies for magnetic data
recording, electronics for IT and communications, electronic measurement instrumentation, fiber
optics, bioelectronics, optoelectronics, superconducting electronics, radio-frequency electronics,
microelectromechanical systems (MEMs), and nanoscale electronic devices.

NIST also provides the fundamental measurement expertise that underlies the Nation’s electric
power grids, helping to assure the accuracy of electric power and energy metering and the
integrity of the system. Recently NIST focused on accelerating the development of the standards
infrastructure that is essential to the implementation of Smart Grid technologies for the
modernization of the U.S. electric power grid. NIST also provides the foundation for all
electrical measurements by maintaining the national standards for voltage, resistance,
capacitance, current and power (including electrical, microwave and laser). NIST’s work in
electronics-based sensors and instrumentation has broad impacts in homeland security, public
health and safety. The aerospace and defense industries rely on NIST’s expertise in antenna
measurements when designing and using systems for satellite communications, navigation,
aircraft collision-avoidance, weather monitoring, carth surveying, and defense and homeland
security. This program also includes the NIST Office of Law Enforcement Standards, which
helps homeland security and criminal justice agencies at all levels of government ensure that the
equipment they purchase and the technologies they use are safe, dependable, and effective.

NIST electronics and electrical engincering research focuses on industry and government
priorities, as demonstrated by these recent examples:

e Smart Grid Interoperability: NIST is leading the Nation’s efforts to formulate an
Interoperability Framework that will greatly accelerate the development of standards that are
essential for the implementation of Smart Grid technologies in the U.S. electric power
system. NIST, working with the Department of Energy, Federal Energy Regulatory
Commission (FERC), and key industry stakecholders, and leveraging funding from the
American Recovery and Reinvestment Act of 2009, worked aggressively to publish the first
roadmap to assess the current state of Smart Grid standards, and to propose prioritized
actions towards recommending suites of interoperable standards.

? http://www.bls.gov/news.release/empsit.t14. htm
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Gamma-Ray Detection for Nuclear Non-Proliferation: NIST significantly improved its
already world’s-best gamma-ray sensors technology, resulting in detectors with increased

dynamic range and an energy resolution—up to twenty times better than current state-of-the-
art detectors. NIST has supplied Los Alamos with a complete gamma-ray spectrometer based
on the new sensor technology, which for the first time enables the gamma-ray emission from
B5U 10 be clearly distinguished from that of **Ra. The isotope **°Ra is present in clay-
bearing materials such as kitty litter and is a common source of false alarms during cargo
inspections because its gamma-ray emission closely resembles emission from 251J. The
isotope U is used for nuclear weapons and thus its smuggling is a grave concern.

Long-Range Targeting with Nanometer Precision: NIST developed a light detection and
ranging (LIDAR) system that can pinpoint multiple objects with nanometer precision over
distances up to 100 kilometers (~62 miles). NIST's LIDAR design derives its power from
combining the best of two different approaches to absolute distance measurements: the time-
of-flight method, which offers a large ambiguity range, and interferometry, which is
ultraprecise. It couples these methods with optical frequency combs, tools for precisely
measuring different colors (or frequencies) of light. This novel system promises to impact
applications from precision manufacturing to the maintenance of perfectly-aligned satellite
networks that could enable space research.

Flexible Electronic Memory Chip: NIST researchers have used inexpensive, readily available
materials to create an electronic memory chip that can be bent or twisted—some 4,000 times
in tests—and still keep functioning. This new device is promising not only because of its
potential applications in medicine and other fields, but because it also appears to possess the
characteristics of a memristor, a fundamentally new component for electronic circuits that
industry scientists developed in 2008.

Body Armor Standard: The NIST Office of Law Enforcement Standards revised the
performance standard for ballistic-resistant body armor, which is used both nationally and
internationally to address critical personal protection needs of the public safety community.
Nearly all 19,000 police agencies across the U.S. rely on this standard to ensure the armor
used by their officers provides adequate protection, and the standard is credited with saving
over 3,000 lives.

NIST’s FY 2011 electronics and electrical engineering base program operating objectives
include the following:

Smart Grid Measurements and Services: Developing new measurement techniques and
scrvices to support development and adoption of interoperable Smart Grid technologies.
Technology areas include: smart grid meter metrology testbed and measurements; advanced
synchrometrology capability for comprehensive performance characterization; and models,
test methods, and performance evaluation for power electronics-based electric power
conditioning systems (PCSs) to enable renewable energy resources (wind, solar, etc.) to be
readily integrated into transmission and distribution systems.
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Advanced Energy Technologies for Solar Energy and Storage: Developing advanced
measurement science and test structures to accelerate the development of third-generation
photovoltaic devices with higher efficiency than current solar cells. NIST-developed
infrastructure will enable industry to perform robust, reproducible measurements, support
better fundamental understanding of these technologies, and improve U.S. innovation and
competitiveness.

Innovative Electronics Instrumentation: Developing and implementing new quantum-
physics-based systems for fundamental electrical metrology applications, such as developing
improved air conditioning and automated “turnkey” voltage standards. These standards can
be used directly by technology companies to enable the development of innovative
electronics instrumentation with the highest accuracy and performance, such as advanced
digital-to-analog and analog-to-digital converters with highest linearity performance
specifications world-wide. NIST is also utilizing the newly discovered characteristics of
graphene to develop the first room temperature quantum resistance standard.

New Electronic Kilogram: Developing a redesigned electronic kilogram experiment linking
electrical and mechanical power. The kilogram is the only remaining base measurement unit
in the International System of Units (SI) whose definition is based on a physical artifact
rather than on fundamental propertics of nature. As the recognized leader in this field, NIST
will fabricate a new improved electronic kilogram with enhanced practical usability to ensure
our ability to realize the kilogram on behalf of U.S. industry under proposed international
redefinitions of SI.

Advanced Nano-electronics and Nanophotonics: Developing advanced measurement science,
test structures, reliability characterization tools, and infrastructure to support the development
of advanced nano-¢lectronics and nanophotonics with capabilities beyond the projected limits
of traditional semiconductor-based technologies. Examples include measurements for spin
electronics (“spintronics™), molecular electronics, nanowires, quantum dots and solid-state
quantum computational systems. NIST-developed infrastructure will enable industry to
perform robust, reproducible measurements, support better fundamental understanding of
these technologies, and improve U.S. innovation and competitiveness.

New Sensors: Developing new sensors and metrology for biotechnology, homeland security

and other imaging technologies, based on x-ray, terahertz, and other technologies, including:

o magnetic resonance imaging contrast agents and standards to improve the uniformity and
reliability of biomagnetic imaging systems, benefiting large National Institutes of Health-
sponsored medical research studies nation-wide that rely on these systems to monitor
treatment progressions;

o nanopore-based sensors and metrology based on electronic impedance measurements to
enable rapid and sensitive detection of lethal toxins secreted by a variety of pathogenic
organisms that pose significant threats to society and homeland security;

o large arrays of fast, high-energy-resolution cryogenic x-ray detectors that will provide
unique materials analysis capabilities for user instruments at the National Synchrotron
Light Source; and
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o electronic-based methods to manipulate and probe the response of small cell populations
to enable quantitative cell-based biometrology, which will enable predictability in
complex biological systems and drive innovation in health, energy and environmental
applications.

e Improved Microwave Power: Developing and implementing improved microwave power and
scattering parameter measurement services, including increasing the maximum frequency of
coaxial power measurements services from 50 gigahertz to 110 gigahertz frequency and
enabling calibrations using 1.0 mm and 1.85 mm connectors, which have been requested by
U.S. industry and which are not supported by any other National Metrology Institute in the
world. These advances will support innovation and promote global competitiveness for a
range of U.S. industries, including microwave test equipment manufacturers, who will be
introducing devices based on such connections for telecommunications, aerospace and radar
applications.

¢ Quantum Information and Communications: Developing improved single-photon sources and
detectors that support quantum information and quantum communications. This work
supports quantum key distribution that can provide secure communications for national
security, financial, and market transactions. This work also enables advanced measurement
capabilities that exceed classical techniques using quantum behavior of engineered photon
states.

3) Manufacturing Engineering Laboratory (MEL) — Manufacturing is a $1.6 trillion industry

employing over 14.2 million people* and accounting for approximately 12 percent of the
Nation’s total economic output, is a vital component of the U.S. economy. It is fundamentally
linked to the performance of other key economic sectors - including the service industries.’
Manufacturing industries account for over 65 percent of non-government R&D,® providing a
dramatic influx of new technology to the U.S. economy.

Manufacturers must have the tools and resources to meet the demands of increased global
competition and continue to make high.quality and innovative products. As the future of
manufacturing in the U.S. becomes increasingly focused on innovative, high-value added,
knowledge-intensive products and high-technology materials and processes, NIST actively
anticipates manufacturers’ changing requirements and pushes beyond the state-of-the-art to solve
tomorrow’s manufacturing measurement and standards problems today. NIST focuses its
manufacturing engineering activity on high-leverage, high-impact infrastructural work on
measurements and standards to stimulate innovation and foster U.S. manufacturing
competitiveness. Work on measurement science, measurement services, and critical technical

*us Department of Commerce Bureau of Economic Analysiss, GDP by Industry spreadsheet. Available at

http.//www.bea gov/industry/xls/GDPbyInd_VA_NAICS_1998-2007 xls;

3 Thomas F. Howells III, Kevin B. Barefoot, and Brian M. Lindberg, “Annual Industry Accounts. Revised Estimates for 2003-2005,” Survey of
Current Business, Bureau of Economic Analysis, Department of Commerce, December 2006. An additional six million people in such fields as
supply chain, finance and wholesale rely on the manufacturing industry for their jobs,
hitp.//www. nam.org/Policylssuelnformation.aspx?DID={DD7D22D9-FD00-45A3-8F63-F6BD3ECBDODE}

§ NSF, Revised Industry Classification Better Reflects Structure of Business R&D in the United States, February 2007. Available at

www.nsf gov/statistics/infbriefnsf07313/

U.S Business R&D Expenditures Increase in 2006, Companies’ Own and Federal Contributions Rise (NSF-09-313, August 2008)
hitp.:/iwww.nsf. gov/statistics/infbrief/nsf08313/.
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contributions to standards are driven by key manufacturing trends—current and anticipated—
including:

e innovation at the frontiers of manufacturing processes and systems;
o compressed cycles of product innovation; and
e competitive pressure for higher quality, higher performing products at lower cost.

In the area of dimensional measurement (i.¢., length), mechanical measurement (i.e., mass, force,
vibration and acoustics), and nanomanufacturing measurements, NIST work on measurement
science and measurement services underpins areas of important industrial applications that range
from the assured interchangeability of parts produced at different locations to acoustical
standards for the safety of workers in noisy manufacturing environments, and to promoting
equity and meeting quality requirements for commerce and international trade.

In the area of manufacturing systems, processes, equipment, and data, NIST work on
measurement science, standards, test methods, and performance metrics promotes innovation in
manufacturing processes, fosters more efficient transactions in purchasing manufacturing
equipment, and facilitates the exchange of distributed manufacturing enterprise information.

NIST research focuses on industry and government priorities, as demonstrated by these recent
examples:

e Dimensional Metrology: NIST led the development of new dimensional metrology
(measurement) standards that harmonized the U.S. with international standards, thus
removing an impediment to U.S. competitiveness. The new standards govern how automated
coordinate metrology equipment is specified and tested. NIST activities in this area will
result in lower costs for U.S. manufacturers by reducing the number of specifications and
testing equipment needed to purchase and maintain their equipment.

e Automated Inspection Equipment: NIST developed a conformance test suite that verifies that
equipment from competing manufacturers of automated inspection equipment works
seamlessly together. A variety of equipment has been tested against the NIST-developed test
suite over a four-year period. The testing culminated in a capstone international industry
event at which dozens of suppliers demonstrated the compatibility of their new equipment.
NIST research in this area lowers inspection costs for U.S. manufacturers and ensures part
quality.

e Redefinition of the Kilogram: NIST researchers completed a crucial step toward redefinition
of the kilogram unit of mass by constructing an apparatus to perform high precision
comparisons of kilogram mass artifacts in air with kilogram mass standards in vacuum. This
NIST-developed device will solve the problem of transferring a new definition of the
kilogram — one based on fundamental physical constants and realized in a vacuum — to mass
artifacts that are used in air. An innovative magnetic coupling technique allows the mass
artifact in the air chamber to be weighed by the high precision mass balance in the vacuum
chamber as if they were directly connected. In addition to disseminating the new kilogram
realization to U.S. industry and standards laboratories, this new apparatus will provide
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traceability to the current artifact-based kilogram realization, which is one of seven base units
of the International System of Units.

Automated Industrial Vehicles: As a result of NIST testing and data analysis, NIST proposed
changes to the ANSI/ITSDF B56.5 standard (safety for automated guided vehicles) resulted
in changes to the standards to allow advanced, non-contact safety sensors as vehicle obstacle
detection devices. The ability to use non-contact sensors for safety in automated guided
vehicles will greatly increase their flexibility on the manufacturing floor while enhancing
safety of workers sharing their environment.

Sub-wavelength optical measurements: NIST made optical measurements of dense features
smaller than a tenth of the wavelength in size with nanometer uncertainties. The highly
accurate measurements were made possible by implementing a new Bayesian statistical
approach that embeds multiple measurements in the uncertainty analysis. This technique
substantially improves measurement accuracy and extends high-throughput nanometer-scale
optical measurements for multiple generations of semiconductor manufacturing and process
control.

Nanometer Scale Measurements: NIST developed a new nanometer-scale calibration and
validation procedure for semiconductor feature linewidth and sidewall angle. This NIST
research enabled, for the first time, a comprehensive characterization and calibration
procedure for sidewall angle measurements. The new calibration procedure gives the
semiconductor industry a low cost way to accurately determine key measurements for
manufacturing process control.

Advanced Manufacturing: NIST, in collaboration with the automotive industry, has
developed recommended best practices, standard messages, and conformance tests to apply
the software applications used to manage company supply chains. The NIST research team
developed tools that allow original equipment manufacturers (OEMS) to manage the
movement of goods from their suppliers into their assembly plants. NIST’s efforts will lead
to dramatic reductions in shipment delays and transportation costs and more efficient
operation of the long-distance supply chains. A pilot deployment of this technology has been
implemented in a General Motors supply chain.

Precision Manufacturing Equipment: In collaboration with an international team of experts,
NIST researchers developed and tested the first draft standard that defines advanced
measurement methods for evaluating the capability of manufacturing equipment to generate
accurate 5-axis complex motion. These new methods allow manufacturing equipment
vendors and users to assess their capabilities for manufacturing a new generation of complex
products (such as high-precision turbine blades, compressors, etc.), thus reducing the need
for substantial trial-and-error prototyping and speeding new products to market.

Manufacturing Processes: NIST researchers developed a unique capability for measuring
material flow and temperature distribution during metal removal processes, and characterized
the respective measurement uncertainties. NIST high-quality measurement data and new
NIST-developed measurement methods enable developers of cutting tools, manufacturing
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processes, and manufacturing software to improve the efficiency of challenging
manufacturing processes, such as the machining of titanium.

Bulk Electric System Security: NIST researchers, in collaboration with the North American
Electric Reliability Corporation (NERC) standards drafting team, revised the Critical
Infrastructure Protection (CIP) reliability standards that specify minimum cyber security
requirements for the Bulk Electric System. NIST hosted the kick-off meeting of the NERC
CIP standards drafting team and collaborated in the revision of the eight cybersecurity
standards (CIP-002-1 through CIP-009-1). These standards will support reliable operation of
the U.S. Bulk Electric System and play a major role in securing the U.S. Smart Grid System.

NIST’s FY 2011 manufacturing engineering base program operating objectives include the
following:

Next Generation Realization of the Meter: Advance the realization of the meter through the
use of an optical comb and absolute refractometry to achieve below one part in
100,000,000 (.e., 108) accuracy and thereby, reduce a major uncertainty source in
high-precision length measurements. NIST research will halve the uncertainty of our current
realization of the meter and lower the barrier to innovation by allowing common
telecommunication lasers to be easily calibrated by receiving Global Positioning System
(GPS) satellites frequencies as the reference oscillator for the comb.

Nanotechnology - Atom-based Measurements: Develop prototype nanometer-sized reference
standards for linewidth and spacing with dimensions based on the intrinsic atom spacing in
crystals and an exact counted number of atoms. This NIST research represents an entirely
new paradigm and scientific basis for length standards. New standards with the level of
perfection that will be achieved are urgently needed to realize the promise of
nanotechnology.

Semiconductor Industry Measurements: Develop a new scanning electron microscope (SEM)
measurement competence that enables measurements of insulating samples that are difficult
to measure with current SEM technology. NIST research will enable the semiconductor
industry to better tune electron microscopes for defect detection (often responsible for
reduced yield) and to perform more accurate measurements of nanometer-scale critical
dimensions needed by the industry to tune manufacturing processes.

Small Force Measurements: Complete the tensile testing experiments of Deoxyribonucleic
acid (DNA) single molecules that will form the basis for new NIST reference data for
accurate measurement of small forces and pave the way for new standard reference materials
(SRMs) for single molecule biophysical studies. NIST measurement of the force associated
with the overstretch transition of DNA could serve as a benchmark in the calibration of a
diverse array of biophysical measurements using tools such as atomic-force microscopy and
optical tweezers.

Nanomanufacturing: Develop traceable laser-based methods for measuring the displacement
and velocity of nanoscale structures and machines with unprecedented accuracy and
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measurement speed. NIST research in this area will provide the nanomanufacturing industry
with the ability to accurately measure the motion of nanosystems, including nanoswitches in
electronics, nanoresonators for biochemical sensing, and nanorobots. It will also improve the
basic understanding of these technologies, as well as improve the manufacturing yield rates
and device performance of nanosystems.

Model-Based Manufacturing Enterprise: Develop measurement techniques and standards for
making products using accurate models of materials and processes such as cutting, forming
and assembling, enabling U.S. companies to put together best-in-class products from vendors
to build creative solutions. NIST research will make it easier for U.S. manufacturers to
innovate on the shop floor and deliver products found nowhere ¢lse at affordable costs.

Industrial Control Systems: Develop security requirements for future industrial control
systems. NIST research that drives innovation and technology change to provide built-in
security during the design process (rather than as an add-on for current systems) for new
industrial control systems will result in greater security for the critical infrastructures.

Supply Chain Integration: Develop an integration infrastructure that will enable
manufacturers to find the best supplier for their job. The infrastructure will include standards
for representing the vendor’s product requirements for the various components and the
capabilities of suppliers who might want to manufacture those components. Software tools
that match requirements against those capabilities will also be developed. The NIST-
developed infrastructure will reduce manufacturing logistics cost by providing a
technological foundation on which manufacturers can find domestic suppliers for their
existing and new products.

Green Manufacturing: Develop advanced representations for incorporating information and
metrics about environmental factors into product representations and for use in product
lifecycle management tools and techniques. The NIST-developed tools and techniques will
support the development of new standards that include enhanced functionality such as
design-for-recycling and smart disassembly techniques.

Non-Traditional Manufacturing Systems: Establish performance metrics and metrology tools
to characterize and improve metal-based additive manufacturing processes. These emerging
processes promises quick fabrication of complex customized products and tools by building
the parts layer by layer; however, standards and tools to characterize the processes do not
exist. NIST’s research and standards activities will help U.S. manufacturers overcome
technology barriers to the widespread use of metal-based additive processes to build
functional parts.

4) Chemical Science and Technology Laboratory (CSTL) - NIST serves as the Nation’s
primary reference laboratory for chemical measurements and standards, and promotes
commerce, improved quality of life and innovation in the U.S. in the areas broadly encompassed
by chemistry, the biosciences, and chemical engineering. NIST develops and disseminates the
standards needed to support measurements of national interest, assuring that U.S. industry has
access to accurate and reliable data, and predictive models to determine the chemical and
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physical properties of materials and processes. NIST also maintains the national standards for
temperature, pressure, vacuum, leak rate, fluid flow, humidity, liquid density, volume, air speed,
pH, and electrolytic conductivity, NIST’s efforts address next-generation standards and data
needs that underpin the development, implementation and assessment of new technologies in
critical industries such as biotechnology, pharmaceuticals, chemical manufacturing, health and
medical products, and energy production. NIST measurements and standards also support
environmental research and monitoring, food and nutrition analysis, criminal forensics, and
homeland security.

NIST chemical science and technology research focuses on industry and government priorities,
as demonstrated by these recent examples:

Standard Reference Material for Metabolites in Human Plasma: The NIH Metabolomics
Technology Development Initiative has articulated the need for new tools to assess the
comparability of measurements in support of metabolomics research studies. NIST is
developing a human blood plasma-based Standard Reference Material (SRM) to enable
evaluation of new procedures and equipment for metabolomics research. SRM 1950,
Metabolites in Human Plasma, will have concentration values assigned for more than 50
metabolites, including glucose, creatinine, cholesterol, uric acid and selected electrolytes,
non-peptide hormones, vitamins, amino acids, and fatty acids. It is generally believed
that measurements of metabolomic profiles may provide insight into the chemical and
molecular pathways that are involved in both normal and diseased states.

Standard Reference Material for Vitamin D in human serum: At the request of the NIH
Office of Dietary Supplements. NIST has recently developed a human serum-based Standard
Reference Material to enable evaluation of the accuracy and comparability of tests for
Vitamin D in human blood serum. Vitamin D deficiency is associated with muscle weakness
and osteoporosis and is thought to be linked to increased risk of colon, breast, and prostate
cancer, diabetes and heart disease. It is suspected that the assays used to measure 25-OH-D
(major metabolite of Vitamin D) yield discrepant results, thereby making diagnosis of
Vitamin D deficiency/insufficiency difficult. The need for a certified reference material for
use as a measurement accuracy control was recently highlighted when Quest Diagnostics, the
world’s largest clinical reference laboratory, on January 8, 2009, recalled thousands of test
results for Vitamin D. It was the largest patient result recall in history and a retesting
program was implemented immediately. The release of the NIST Standard Reference
Material for Vitamin D to benchmark the accuracy of future tests was subsequently
incorporated in Quest’s internal Quality Assurance procedures.

Microsensors: NIST scientists have developed a microsensor for detection, in varied gas
phase mixtures, of relatively low concentrations of a number of different toxic industrial
chemical analytes. Important progress has been made toward making tunable, widely
deployable microsensors for utility in differing gas mixtures. Such sensors have application
in environmental health and safety monitoring and in chemical threat detection for homeland
security.
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Human DNA Analysis: NIST is developing a comprehensive set of DNA-based human
identity markers to enable more accurate human identity testing. Based upon sequences
reported in the literature, 26 new miniature short tandem repeats (miniSTRs) were designed
to maximize their utility for human identity testing. The 26 new miniSTRs are being
calibrated for use in tandem with the widely used NIST SRM 2391b to enable the highest
integrity human DNA identity testing. New STR loci and assays are being examined to see if
standardized approaches and genetic marker sets may be taken with kinship analysis where
biological relatives are used for reference purposes, such as in immigration testing or missing
persons and mass fatality investigations. NIST is researching rapid DNA amplification
techniques to enable DNA biometric applications to support efforts by DHS, DOD, and DOJ.
NIST is developing reference materials to enable quantitative measurement performance
verification across portable DNA devices. Studies are also being conducted to examine the
limitations of low-level DNA analysis.

Cancer Treatment: NIST is conducting research to characterize the physical size and
chemical composition of organic and biological coatings of modified gold nanoparticles.
Both the NIH and FDA have stated that an urgent measurement need is the development of
novel methods to characterize the chemical or biological coatings on nanoparticle surfaces.
These coatings play critical roles in fighting cancers because they frequently are designed as
therapeutic or targeting agents.

Drug Development: NIST is developing reference methods for the sensitive and direct
measurement of proteins in blood plasma and serum, employing advanced analytical methods
to help meet the standardization needs of clinical medicine and drug discovery research. In
efforts to accelerate advances in cancer biomarker research, the National Cancer Institute
sought NIST expertise to provide sophisticated, metrologically sound analytical approaches.

Nanomaterials Environmental and Health Risks: NIST is providing measurement methods,
data, models and standards to support spatially resolved chemical measurements at the
nanoscale. This enables U.S. industry to characterize and manipulate the physical and
chemical nanoscale structures in commercial devices. Improved characterization methods
will help assess health and environmental risks of nanomaterials, currently considered a
roadblock for commercialization of nanotechnology.

International Measurement Standards: NIST is improving the global comparability for
chemical and biochemical measurements by leading and participating in a wide range of
international studies conducted under the auspices of the International Bureau of Weights and
Measures. These activities provide a global, dynamic comparability structure for
measurements in chemistry that help ensure efficient and fair international trade in areas such
as biofuels, in vitro diagnostic devices and food and agricultural products.

Advanced Fuels Metrology: NIST research has led to a new test method and apparatus to
characterize properties of complex fuels. The advanced distillation curve provides detailed
information on the vaporization behavior of fuels. The property characterization method has
been used to help the military develop synthetic fuels for its aircraft (and in support of the
single-fuel concept) and is now being used on alternative fuels, including biofuels.
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Cryocoolers: NIST scientists have achieved several breakthroughs in cryocooler
technologies—these are the low temperature closed refrigeration systems that are needed to
cool infrared detectors, superconducting systems, and achieve quantum effects for metrology.
The NIST work has increased efficiency and reliability, as well as helped control vibration
and noise at the cold end of the system. Tiny cryocoolers are being developed to cool
electronic chips and terahertz detectors: the increased frequency, smaller sizes, and rapid
cool-down technologies are based on NIST advances.

Property Data on Demand: NIST has developed the concept of dynamic data evaluation,
which now allows the generation and validation of thermophysical property data for a huge
variety of chemicals, even prior to their synthesis. The system includes an archive of the
world’s historic property data, standards for information exchange, and artificial intelligence
networks for systematic analysis. Most data in the field currently being measured are
automatically included in the global data system, and most chemical companies now have
immediate access to the best validated thermophysical property information through NIST
dissemination protocols.

NIST’s FY 2011 chemical science and technology base program includes enhanced objectives in
advanced measurements, standards and data for chemical processes, nanotechnology, bioscience
and health care measurements, and chemical and bio-informatics. These objectives include the
following:

Medical Diagnostics: Develop methods and standards to.assess performance of DNA
microarrays in quantitation of mRNA for gene expression. More reliable DNA microarray-
based measurements will enable better gene expression determinations to be performed and
advance new innovations in medical diagnostics.

Standards for Laboratory Medicine: Develop standards for laboratory medicine with
emphasis on serum proteins and genetic testing to support the reliability and accuracy of
current tools used to diagnose and predict disease. These efforts support achieving accurate
measurements, critical for advancing predictive and preventive medicine; Accelerate
innovation in healthcare delivery through improved measurement methods and standards for
biomarkers in blood and tissue. This effort assures that data entered into electronic records
and used to make medical decisions are accurate and comparable over both space and time.

Climate Change Science: CSTL efforts will address critical gaps in the understanding of the
effects of aerosols on radiative forcing in global energy balance and on the development of a
quantitative understanding of the effects of volatile organic compounds on atmospheric
aerosols. NIST efforts will also support NOAA and its activities associated with the Global
Atmospheric Watch program and will help modelers to create an accurate picture of Earth’s
climate through by providing SRMs, Standard Reference Data and Calibration Services that
are internationally recognized and traceable to the International System of Units.
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Greenhouse Gas Measurements and Standards: Develop measurement methods and standards
that address greenhouse mitigation needs, including more accurate methods to assess the
amounts of CO; and other greenhouse gases emitted by multiple industries and technology
sectors in a consistent and verifiable manner, both nationally and internationally. With other
NIST operating units, develop test bed capabilities for evaluation and calibration of new and
current point source monitoring technologies.

Energy: Develop certified reference materials for bioethanol and biodiesel from various
sources and continue research that supports the use of hydrogen fuel. This research enables
NIST to provide the standards for next-generation fuels; facilitating biofuels to become a
global commodity by quality assuring measurements used to assess conformity to different
specifications in different parts of the world, developing metering standards and technology
for hydrogen to address fair trade issues, and investigation of molecular structures that form
the key components in solar-to-fuel technologies, and provide reference data to support the
conversion of biomass to new energy products.

Nanomaterials Environmental and Health Risks: Develop measurement methods and
standards needed for accurately assessing nanoparticle size/size distribution, shape, structure,
and surface area, determining spatio-chemical composition, purity, and heterogeneity, and
understanding the effects of chemical and physical modifications on the properties of
nanomaterials. These infrastructural tools will support U.S. industry and regulatory agencies
in carrying out their respective responsibilities for assessing the environmental, health, and
safety risks associated with engineered nanomaterials. This research enables NIST to provide
information required to facilitate development of both protective and beneficial applications
of nanotechnology. Such information is necessary for sound risk assessment and risk
management and will be realized through a) research and innovation, b)nanomaterial
characterization, and c) validation of toxicological methods.

5) Physics Laboratory (PL) — NIST meets the Nation’s measurement needs utilizing advances in
physics. Both practical and fundamental problems are addressed using expertise in atomic and
optical physics, ionizing radiation, and electronic and magnetic phenomena. NIST also performs
world-leading basic research in fundamental physical quantities and quantum physics.

NIST’s base activities within physics support a broad range of scientific, technological,
commercial, and consumer needs.

Time and Frequency: NIST maintains the Nation’s standards for time and frequency
measurement, an increasingly important field that supports advanced communications,
electronic systems, power grids, and high-speed commerce. NIST focuses on developing the
highest accuracy standards and methods of disseminating time and frequency, e.g., through
the Internet, radio broadcasts, and satellites.

Medical Radiation: NIST calibrations underlie the safety and efficacy of diagnostic
procedures, such as mammography, and therapeutic procedures, such as brachytherapy (used
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to treat prostate cancer). Well in excess of 22 million therapeutic radiation procedures’ and
nearly 37 million x-ray mammograms® annually are traced to NIST standards.

e Optical Technology: The optical products industry is a $100 billion sector, requiring accurate
and trusted standards in areas such as lighting, photography, color and appearance,
spectroscopy, and imaging. Work at NIST is important for environmental monitoring
instruments used to measure temperature, atmospheric composition, and other things
important in large-scale climate studies.

e Quantum Information: NIST is at the forefront of the nascent field of quantum information
processing - computing and communications — challenging preconceived notions of
computational complexity and communications security. We seek to learn how to better
measure the interactions of single photons — the fundamental constituent of light — with
nanoscale structures and objects.

o Metrology Innovation: NIST’s extreme ultraviolet optics facility supports the electronics
industry in its drive to develop advanced lithographic systems for producing ever smaller
chips. NIST researchers are developing ultrasensitive measurement tools using optical
techniques that support biotechnology studies of single molecules and their effects in
biological systems, and better imaging.

e Public Health and Safety: NIST expertise in radiation detection and measurement supports
critical needs of first responders, homeland security surveillance, medical sterility, and
nuclear energy. Optical measurement systems support needs in highway and aviation safety,
missile defense, and medical diagnosis.

NIST physics research focuses on industry and government priorities, as demonstrated by these
recent examples:

e Quantitative Medical Imaging: NIST developed methods and procedures to calibrate
scanners used for Positron Emission Tomography (PET), a noninvasive technique that helps
doctors diagnose diseases (such as cancer), plan medical treatment, and measure the efficacy
of therapies. An estimated 1.8 million PET procedures were performed in 2007, a number

7 All therapeutic radiation procedures performed in the United States must be traceable to NIST standards.
According to the American Cancer Society (http.//www.cancer.org), there will be almost 1.5 million newly
diagnosed cancers in the United States in 2009. Approximately 60 percent of cancer patients are treated with
radiation therapy during the course of the disease. An estimate of the number of cancer patients treated annually
using radiation therapy is, therefore, about 900,000. Each patient will have a total of between 25 and 30
Jfractionated dose procedures (between 22 million and 27 million individual procedures performed annually).
Therapeutic radiation procedures are also used for diseases other than cancers. However, statistics on these are not
available.

8 All mammograms performed in the United States must be traceable to NIST standards. As of June 1, 2009, nearly
37 million mammograms were being performed annually. See http.//'www.fda.gov/cdri/mammography/scorecard-
statistics. html.
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expected to reach 7.1 million annually by 2015.” Accuracy and quality assurance in medical
imaging improves the quality of health care and ultimately reduces medical costs.

e Monitoring Ocean Health: NIST developed improved buoy technology to calibrate sensors
monitoring ocean health. The oceans are essential in the process of removing carbon dioxide
from the atmosphere, sequestering it, for example, in ocean-borne life such as phytoplankton.
NIST plays a vital role for remote-sensing systems that quantify the state of the oceans and
their effect on the carbon cycle.

e Energy-Efficient Lighting: NIST constructed the Spectrally Tunable Lighting Facility for
research and standards development in the application of new, energy-efficient solid-state
lighting. Today, lighting accounts for about a quarter of the energy used in the home'" and
commercial buildings." Evaluators can be completely immersed in a real-life setting
illuminated by 1,800 high-power LEDs in 22 color channels, all completely adjustable by
computer. This allows researchers to simulate in advance new lighting systems that have the
potential to dramatically reduce energy use owing to their energy efficiency and longevity.
The facility allows engineers to achieve superior color quality and consumer acceptance, as
well as high energy efficiency, and to develop quality metrics that will enable informed
purchases of new lighting technologies.

NIST’s FY 2011 physics base program operating objectives include the following:

e Nuclear Energy Safety: Develop new radioactivity SRMs, of relevant activity level and
material composition, and validated methodologies for analyzing radionuclides, to provide
the nuclear power industry with Nuclear Regulatory Commission-required measurement
assurance traceable to national standards.

e Magnetometer for Healthcare: Demonstrate a new magnetometer about the size of a rice
grain and sensitive enough to detect the magnetic fields generated by heartbeats and brain
activity, to make magnetic resonance imaging systems much smaller, cheaper, and more
effective; to enable new methods of biomedical imaging; and also to improve the
effectiveness of magnetometers detecting hidden weapons and other threats.

e Quantitative Medical Imaging: Develop precision calibration standards for accurate
determination of lesion sizes in Computed Axial Tomography Scan (CAT-scan) images, to
improve reliability of measurements of drug response, thus improving accuracy and reducing
time and costs of clinical trials.

e Environmental Monitoring: Develop new measurement standards for the bidirectional
reflectance distribution function (BRDF) to improve the accuracy of ground, air, and
satellite-based measurements of the reflected solar radiation from the Earth in support of

% BIO-TECH Report #280, “The Market for PET Radiopharmaceuticals & PET Imaging,” Bio-Tech Systems, Inc,
Las Vegas, Nevada.

' Energy Information Administration, Department of Energy;
http://www.eia.doe.gov/kids/energyfacts/uses/residence.html

Y Department of Energy, http://apps] .eere.energy.gov/news/progress_alerts.cfm/pa_id=168
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climate-change research. Develop and calibrate next-generation optical, ultraviolet, and x-ray
sensors for improved space weather predictions and enhanced warning capabilities for
geomagnetic events, in conjunction with National Oceanic and Atmospheric Administration
Geostationary Operational Environmental Satellite-R (NOAA GOES-R) series program
missions.

e Atomic Clock: Develop a new type of atomic clock based on the principles of quantum
computing with an accuracy equivalent to one second in one billion years to support
advances in telecommunications, navigation systems, precision measurement of gravity for
mineral exploration and undersea navigation, and other applications.

e Quantum Computing Science: Use newly developed capabilities from quantum information
science to perform quantum analog simulations that can allow one to mimic one quantum
system with another. Demonstrate that “fictitious” magnetic fields can be created in a Bose-
Einstein condensate and explore applications of quantum analog simulations to iconic
condensed matter systems.

6) Materials Science and Engineering Laboratory (MSEL) — Through its materials science and
engineering research and services, NIST enables its customers to acquire the integrated
understanding of processing, structure, properties, and performance needed to effectively
develop and use materials. NIST’s direct contributions to measurement science and technology,
and standards have impact on the entire spectrum of materials, including biomaterials, ceramics,
hybrid materials, metals, nanomaterials, semiconductors and polymers. Focusing on key
technology sectors and national priorities in energy, environment, physical infrastructure and
healthcare, these measurement solutions provide tools needed for industrial competitiveness
during all stages of innovation, and include:

e advanced measurement technologies, such as combinatorial approaches, microscopy
instrumentation, x-ray and neutron scattering methods and synchrotron-based techniques that
enhance and accelerate materials discovery, optimization and development;

e fundamental measurement science that enables the development of advanced materials and
devices, through quantitative assessment of structural, functional, and mechanical properties;

e robust reference materials and standard test methods that accelerate development of materials
processing and manufacturing routes, as well as enabling instrument calibration, and
assessments of device performance and reliability;

e evaluated materials data that enable and benchmark industrial designs; and

¢ documentary standards that enable worldwide trade of materials products.

Industrial scientists and engineers, other Federal government agencies, university researchers,
national and international standards organizations, and other technical communities rely heavily
on NIST for its technical expertise, objectivity, measurement methods, materials databases,
practice guides, and reference materials.
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NIST materials science and engineering research focuses on industry and government priorities,
as illustrated by these recent examples:

e High-Throughput Measurements: The NIST Combinatorial Methods Center pioneered
development of high-throughput measurement tools that speed innovation in materials, and
helped over 30 industry parties acquire these capabilities, including Air Products, Dow
Chemical, ExxonMobil, Honeywell, National Starch, and Procter and Gamble. Center
research spurred $187.0 million” in economic benefits at benefit-to-cost ratio of 8.5, and
accelerated industry adoption of these techniques by 2.3 years, enabling rapid development
of products across the materials spectrum, including detergents, dental fillings, electronics,
and contact lenses.

e Physical Infrastructure: Following the analysis of materials from the World Trade Center,
NIST is a primary resource for measurements of infrastructural materials under extreme
loading conditions. NIST identified critical properties of fire resistant steel, and developed
rapid, accurate tests of its high temperature performance.

e Pipeline Safety: In support of the Pipeline Safety and Integrity Act of 2002, NIST developed
test methods and instrumentation, including a world-class high-pressure hydrogen test
facility, that enable the pipeline industry to ensure the safety and reliability of petroleum
pipelines, and for repurposing pipelines for alternative fuels such as hydrogen, ethanol and
biodiesel. NIST expertise is guiding the pipeline standards efforts of international standards
bodies such as ISO and ASTM International.

e Nanomaterials Environmental, Health and Safety: In partnership with the NIH National
Cancer Institute, NIST designed and issued the first nanoparticle reference materials for
biomedical imaging, diagnostic and therapeutic applications. The gold nanoparticle reference
materials are used to calibrate instruments that measure particle size, and to validate pre-
clinical research methodologies and tests that assess environmental, health, and safety
hazards of nanoparticles. With input from other Federal agencies, and standards bodies
world-wide, NIST is now developing the first silver nanoparticle reference materials.

e Carbon Nanotubes (CNTs): NIST rescarch produced breakthroughs to realizing the
application of these promising materials in advanced electronics, composites and
biomaterials. NIST developed innovative processing methods to produce ultra-pure
CNT specimens that enabled, for the first time, assessment of how CNT toxicity depends on
CNT length, determination of the ultimate electrical performance of CNTs, and a route to
critical CNT reference materials to be deployed in 2010.

e Advanced Energy Materials: NIST developed and produced the first reference materials for
assessing thermoelectrics, a class of materials for waste heat recovery in automotive,
aerospace, and military engines, which are expected to lead to a 10 percent improvement in
fuel efficiency, as well as decreased CO; emissions. In addition, NIST developed an

"Retrospective Economic Impact Assessment of the NIST Combinatorial Methods Center,
htip://www.nist.gov/director/prog-ofc/report09-1.pdf
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innovative suite of measurement tools, including combinatorial methods, for assessing the
performance of hydrogen storage materials and fuel cells.

e Advanced Electronics: In partnership with Intel and SEMATECH, NIST’s first-in-the-world
measurements addressed ‘grand challenge’ issues in photoresist materials needed by the
electronics industry to produce smaller, faster semiconductor devices. NIST electrochemical
measurements and models helped the electronics industry to efficiently use metals in
nanoscale devices. Moreover NIST measurement tools illuminated key links between the
structure and performance of organic electronic devices, which helped Merck and Corning
design new printable electronics to be used in technologies including electronic newspapers,
low-cost solar cells and radio frequency identification tags.

e Regenerative Medicine: With the FDA, NIH, ASTM and others, NIST designed and issued
the first tissue scaffold reference materials, which allow developers of tissue engineering to
assess scaffold structure and properties for regenerative therapies. In conjunction with this
effort, NIST developed a state-of-the-art spectroscopic microscope that enables three-
dimensional imaging of living tissues in complex scaffold environments.

e Materials Databases: NIST developed and deployed the world’s most comprehensive
databases of evaluated materials structure information. With over 400,000 entries, the NIST
databases guide the development and manufacture of advanced products in a broad range of
technology sectors including, healthcare, communications, energy, and microelectronics.

NIST’s FY 2011 materials science and engineering base program operating objectives include
the following:

e Nanomaterials Environmental, Health and Safety: Develop instrumentation, measurement
methods, reference materials and standards needed to examine the properties of important
classes of nanomaterials that determine their exposure pathways in water and biological
fluids; and to measure the stability of nanomaterials in products such as coatings and
composites. NIST methods, standards, and data will allow industry and regulatory agencies
to perform accurate lifecycle assessments that gauge the hazard to people and the
environment posed by nanomaterials and products incorporating nanomaterials, which are
projected to yield total economic benefits of $2.6 trillion by 2014."

e Advanced Energy Technologies: Develop measurement methods and test systems to
accelerate the development manufacture and commercialization of inexpensive solar devices
that incorporate thin-film semiconductors, nanostructured materials and organic
photovoltaics. Cutting-edge NIST measurement approaches and data will enable photovoltaic
manufacturers to design and fabricate, reliable, high-efficiency solar devices from these
advanced materials systems. In addition, NIST will develop measurements, such as non-
linear spectroscopy methods and combinatorial approaches to enable advanced batteries and
fuel cells.

13 Taking Action on Nanotechnology’s Value Chain, Lux ~ Research, October 2004.
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Physical Infrastructure: Develop new measurement methods, test protocols and predictive
models that will allow federal, state and local governments to prioritize and achieve
infrastructure remediation, as well as construct long-lasting new buildings, roads and bridges,
and water pipelines. NIST methods, data and models will assist engineers avoid structural
failure under extreme conditions, and predict the long-term performance of critical structural
components and connections such welds and rivets. In addition, a new NIST industry
consortium will spur innovation in sensors that will allow inspectors to detect hidden flaws,
such as sub-surface corrosion and cracks, in structures,

Renewable and Sustainable Materials: Develop measurement tools, standards and models
that enable innovations in the manufacture and reliable use of “green” building materials
produced from bio-based, renewable feedstocks. NIST measurements will enable industry to
incorporate renewable feedstocks into building materials with confidence in their
performance and durability. In addition, NIST will further develop measurement approaches
that foster the reduction or elimination of the use of toxic substances, such as lead, in
electronics, while minimizing side effects that degrade performance.

Automotive Energy Efficiency: Develop, through the NIST Metal Forming Center,
measurement methods that promote automotive energy efficiency by enabling auto
manufacturers to use innovative lightweight materials such as magnesium and aluminum
alloys. In addition, NIST will develop measurement tools to enable the automotive industry
to produce more powerful hybrid and electric motor systems, and to harvest waste heat via
thermoelectric converters.

Nanomaterials for Advanced Energy: Develop instrumentation, measurement methods, and
models that advance the manufacture and use of most promising classes of nanomaterials and
nanodevices, including semiconductor nanowires, self-assembled polymers, and magnetic
nanomaterials. NIST measurements will enable reliable, reproducible manufacturing of
nanostructured systems, thereby allowing commercialization of energy efficient lighting
systems, electronics and data storage devices.

Healthcare Technologies: Develop and validate optical and magnetic probes, as well as
instrumentation and standards, to enable the quantitative imaging of biological processes and
disease states at the molecular and cellular levels needed for advanced medical diagnostics.
In addition, NIST will develop measurement methods to assess the reliability of electronic
medical implants such as pacemakers, and that help extend the period over which
pharmaceuticals can be preserved for storage and distribution.

Nanomechanics: Develop measurement methods and standards that probe mechanical
properties at length scales below 100 nm, which are critical to advancing technologies such
as micro- and nano-electromechanical devices, nanocomposites, and next-generation
electronic devices. NIST techniques will measure deformation and fracture properties at
these length scales, enabling innovations through materials selection, device design and
fabrication that optimize device durability and reliability through manufacturing and use.
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7) Building and Fire Research Laboratory (BFRL) — The building and construction industry in
the United States is a significant part of the Nation’s economy. The industry’s estimated value
for construction in 2008 was $1.1 trillion, and accounted for almost eight percent of the
workforce. The vast majority of construction firms are small (including about 1.8 million self-
employed workers), and do not have the resources to conduct the in-depth research needed to
improve building practices. Fire is a major problem in the United States, which continues to have
a fire fatality rate more than double many of the world’s industrialized nations. Fire protection
and firefighting are largely handled by local communities, who also lack research resources.
Even with improvements in fire protection and safety, in 2007, 3,430 lives were lost in fires,
17,700 people were seriously injured, direct property loss was about $14.6 billion, and fire cost
the U.S. economy in excess of $250 billion. NIST’s building and fire research program was
established to meet the need for a continuing, high-quality research effort to support the
construction and fire-safety communities. A significant part of the NIST portfolio in this area
includes research on better buildings that are safer, built faster, at lower cost and higher quality,
and that are less costly to operate and have less impact on the environment.

NIST’s program in building and fire research has five main thrusts:

e Measurement Science for Net Zero Energy, High-Performance Buildings: To reduce building
energy-use through in-situ performance measurements, embedded intelligence in building
controls, emerging building energy technologies, and carbon footprint metrics and tools for
sustainability performance. Research toward this goal enables new and improved standards
and codes to drive industry best practices, accelerated commercialization of advanced
technologies and, ultimately, more efficient use of energy in—and reduced carbon footprint
of—buildings.

e Measurement Science for Advancing Infrastructure Delivery: To fully integrate and automate
construction processes by enabling real-time sensing and control systems, automated access
to and integration of diverse information systems, multi-disciplinary collaboration through
intelligent and automated construction testbeds, and metrics and tools for quantifying
construction productivity at discrete and aggregate levels. Research toward this goal results
in reduction of construction costs and delivery times; increased capabilities to identify and
implement productivity-improving practices and technologies; reduced uncertainty,
unpredictability and risk in construction processes; and new construction processes and
capabilities.

¢ Measurement Science for Sustainable Infrastructure Materials: To increase sustainability
through multi-scale models for predicting the life cycle performance of sustainable
infrastructure materials, including materials degradation, flammability, and nanoparticle
release; chemical, physical, and mechanical measurements of degradation (especially at
nanoscale) that are precursors of higher scale life cycle property changes; measurement and
prediction of in-service and post-service nanoparticle release rates; and sustainability metrics
and models to qualify life-cycle performance by integrating technical performance with
economic and environmental performance, including energy consumption. Research towards
this goal leads to optimizing the service life of building materials and systems; minimizing
life cycle environmental, energy, and economic impacts; and advances that exploit the unique

NIST - 82



properties of nanomaterials—and integrate waste stream materials—to optimize life cycle
performance.

e Measurement Science for Innovative Fire Protection: To reduce the risk of fire spread in
buildings and in wildland-urban interface communities, ensure effective and safe use of
emerging fire service technologies, and derive lessons from post-fire investigations. Research
toward this goal enables the development and/or use of innovative fire protection
technologies; the development of science-based tools to predict and reduce fire risks; the
improvement of standards, codes, and practices, especially their transformation from a
prescriptive basis to a performance basis; and the reduction of fire losses from preventable
systemic causes.

e Measurement Science for Disaster-Resilient Structures and Communities: To enhance the
resilience of structures and communities to disasters (earthquakes, hurricanes and
windstorms, and structural fires) through tools to predict structural performance and estimate
losses at the community-scale in extreme events, tools for performance-based design of new
buildings and rehabilitation of existing buildings, and lessons derived from post-disaster and
failure investigations involving structures. Research toward this goal enables significantly
enhanced disaster resilience of the nation’s communities and built environment through a
reduction in risk due to earthquakes, windstorms, and structural fires; science-based tools to
enable hazard mitigation and resource allocation decisions; improved standards and codes;
better design and construction practices; and a reduction in the operational impacts of
disasters on businesses and government.

In recognition of NIST’s expertise in building and fire safety, the Congress passed, and the
President signed into law, the National Earthquake Hazards Reduction Program (NEHRP)
Reauthorization Act of 2004, which transferred the lead agency function for this multi-agency
program to NIST from the Federal Emergency Management Agency. NEHRP is the Federal
government’s long-term program to reduce U.S. earthquake risks to life and property. The statute
assigned major new research and coordination responsibilities for the program to NIST. In
addition, the National Windstorm Impact Reduction Act of 2004 authorizes NIST to support
research and development to improve codes, standards, and practices for buildings, structures,
and lifelines that will measurably reduce the loss of life and property from windstorms.

NIST’s programmatic focus in building and fire research directly support critical national
priorities in Physical Infrastructure, Energy, Environment, and Manufacturing.

NIST building and fire research focuses on industry and government priorities, as demonstrated
by these recent examples:

e Infrastructure Materials: Engineers at NIST are patenting a method that is expected to double
the service life of concrete. The key is a nano-sized additive that slows down penetration of
chloride and sulfate ions from road salt, seawater and soils into the concrete. A reduction in
ion transport translates to reductions in both maintenance costs and the catastrophic failure of
concrete structures. The new technology could save billions of dollars and many lives.
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Fire Safety: NIST researchers studied people movement speeds during full-building fire drill
evacuations and compared the data to already published results—including those from
NIST’s investigation of the World Trade Center disaster on September 11, 2001—to try to
identify the factors that could hamper rapid evacuation using stairways. They found that
engineering parameters used in current evacuation models could not explain the differences
they observed in evacuation speeds. This discrepancy suggested that psychological and
behavioral factors may be more important in determining how fast occupants can actually
exit a building, and that inaccurate evacuation data based on simplifications about behavior
could lead to unsafe building designs and procedures.

Building Energy: A NIST researcher has found that dispersing sufficient amounts of copper
oxide nano-particles in a common polyester lubricant and combining it with a common
refrigerant improves heat transfer by between 50 percent and 275 percent. Success in
optimizing mixtures of refrigerants, lubricants and nanoparticle additives would pay
immediate and long-term dividends since these systems account for about 13 percent of the
power consumed by the Nation’s buildings, and about 9 percent of the overall demand for
electric power.

NIST’s FY 2011 building and fire research base program operating objectives include the

following:

Advancing Infrastructure Delivery: Develop the Intelligent and Automated Construction Job
Site (TACJS) testbed to enable standardized, repeatable testing and evaluation of new
construction methods, processes, and information and automation technologies. Capturing
such performance information is a critical step in the process of developing the enabling
measurement science for advancing infrastructure delivery.

Sustainable Infrastructure Materials: Develop hardware and measurement protocols for
capturing and characterizing nanoparticles released from weathered nanocomposite
materials. Quantifying the release of nanoparticles during service and disposal is on the
critical path of assessing the potential threat to environmental health and safety of these
materials, a key attribute of sustainability.

Net Zero Energy High Performance Buildings: Develop an information model for dynamic
pricing and demand response signal exchanges. Such a model will enable building
automation systems to interact with a future Smart Grid utility system.

Net Zero Energy High Performance Buildings: Complete development of measurements for
assessing building sustainability performance. Building sustainability metrics will enable one
to directly link building technology innovation with life-cycle environmental and economic
benefits and costs, and harmonization of reporting the building industry's carbon footprint.

Disaster Resilient Communities: Develop design criteria for the combined effects of wind
speed and storm surge on coastal structures using the joint probability of hurricane wind and
storm surge. These criteria will provide building designers with guidance on how to apply
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design provisions for wind and storm surge based on a more realistic understanding of the
potential hazard.

e Disaster Resilient Communities: Develop improved procedures for selecting and scaling
ground motions for use in nonlinear analysis of the response of structures to earthquakes.
This capability will lead to higher accuracy performance-based seismic design of buildings.

e [Innovative Fire Protection: Determine a suite of structural/electromagnetic scenarios that
simulate emergency response environments in which fire fighter locator/tracking systems
would be used. These scenarios, representative of common residential and commercial
building construction and electromagnetic interference conditions typical of emergency
response sites, will form the basis upon which evaluation protocols can be developed.

8) Information Technology Laboratory (ITL) — The IT sector encompasses computer and
electronic products, publishing industries (including software), information and data processing
services, and computer systems design and related services and continues to be one of the
Nation’s fastest growing sectors. It accounts for about 4 percent of the economy and for more
than 20 percent of real economic growth." Today, people use IT to work, shop, play, and
connect with colleagues, family, and friends. The statistics tell the story: access to the Internet in
U.S. households has grown rapidly to more than 70 percent,” with 55 percent having home
broadband access (compared with 47 percent in 2007);' nearly 100 percent of public schools and
94 percent of public school instructional rooms have Internet access;'” total e-commerce sales for
2008 are estimated at $133.6 billion, an increase of 4.6 percent from 2007."* The tremendous
increase in the dependence of the U.S. population on cell phones and PDAs adds to the vital role
IT plays in the U.S. economy and day-to-day activities. It is now reported that “62 percent of all
Americans are part of a wireless, mobile population that participates in digital activities away
from home or work.”"”

IT is an industry that impacts the daily lives of every American. With this dependence on IT for
the daily activities of millions of citizens, as well as the critical areas of national security,
healthcare, and science and engineering R&D, it is crucial that the IT systems are interoperable,
usable, accessible, reliable, and secure.

“ “Downturn in Finance and Insurance Restrains Real GDP Growth in 2007,” U.S. Department of Commerce,
Bureau of Economic Analysis, hitp://www.bea.gov/newsreleases/industry/gdpindustry/gdpindnewsrelease. htm.
1 “Home Broadband Adoption 2006,” Pew/Internet and American Life Project,
http:/'www.pewinternet.org/pdfs/PIP_Broadband trends2006.pdf

16 “Home Broadband Adoption 2008,” Pew/Internet and American Life Project,
http://www.pewinternet.org/~/media//Files/Reports/2008/PIP_

Broadband_2008.pdf

" US. Department of Education, National Center for Education Statistics (2006). Internet Access in U.S. Public
Schools and Classrooms: 1994-2005 (NCES 2007-020), http://nces.ed. gov/fastfacts/display.asp?id=46.

® “Ouarterly Retail E-Commerce Sales 4th Quarter 2008, United States Census Bureau, 17 February 2009,
http:/fwww.census.gov/mris/www/data/pdff080Q4.pdf.

1 “Mobile Access to Data and Information,” Pew/Internet and American Life Project,
http://www.pewinternet.org/pdfs/PIP_Mobile.Data.Access.pdf, March 2008.
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Many existing IT systems crash, are unreliable, unusable and untrustworthy. I'TL’s research in IT
measurement science directly addresses these continuing challenges. The cost to American
consumers and the economy is significant. For example, a NIST planning study estimated that
inadequate software testing is costing the economy $60 billion per year, of which
approximately $22 billion could be eliminated with an improved testing infrastructure. NIST
programs are guided by these issues, by mandated activities, and broad IT industry drivers, such
as the globalization and pervasiveness of IT, the information explosion, the new fundamental
technologies enabled by IT, and the inadequate reliability, quality, security, and trustworthiness
of computing.

NIST collaborates with industry, consortia, and other Federal agencies to utilize its core
competencies in IT measurement and testing, mathematical and statistical analysis for
measurement science, modeling and simulation for measurement science, and IT standards
development and deployment to resolve the most critical issues in the Nation’s IT infrastructure,
including in the areas of identity management systems; knowledge discovery, information
exchange, and information usability; cyber and network security and trustworthy information
systems. NIST programs also focus on critical issues for enabling scientific discovery; pervasive
information systems; virtual measurement systems and the measurement and standards needs of
complex information systems. NIST has a mandate to develop and implement computer security
standards and guidelines for Federal civilian agencies that are also widely used in industry. NIST
also provides leadership and collaborative research in the application of mathematics, statistics,
and computing for measurement science problems with wide impact on the science and
engineering research community at large. In each of these areas, NIST responds to the critical
issues by applying its core competencies and technical expertise to develop methods, tests,
metrics, and tools that accelerate improvements in the interoperability, security, privacy,
scalability, accuracy, quality and uncertainty, and usability of information technologies.

NIST leverages its efforts through close collaboration with the IT industry, industry consortia,
and the Federal government, including participating in interagency planning activities such as the
Federal Networking and Information Technology R&D (NITRD) Program.

NIST information technology research focuses on industry and government priorities, as
demonstrated by these recent examples:

e Profile for Internet Protocol version 6 (IPv6): NIST developed a Profile for Internet Protocol
version 6 (IPv6) for use in the U.S. government, and is establishing an IPv6 conformance
testing program. The profile provides a selection of IPv6 standards and specifications to
assist Federal agencies in developing plans to acquire and deploy products that implement
IPv6. The profile recommends IPv6 capabilities for common network devices, including
hosts, routers, intrusion detection systems, and firewalls that will meet the minimum
operational requirements of most Federal agencies. By clarifying the functional requirements,
the profile guides the government agencies in planning for their IPv6 networks, while the
conformance testing program will help to ensure correct operation of IPv6 equipment.

e Biometrics Interoperability and Accuracy: NIST completed the fingerprint Minutia
Interoperability Exchange Test (MINEX) for standard fingerprint minutia templates and
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developed a report, MINEX: Performance and Interoperability of the INCITS
378 Fingerprint Template, describing accuracies using these templates by various vendors.
MINEX provides the capability to measure biometric interoperability and accuracy for
combinations of different vendor products which helps vendors improve their tools and users
to select interoperable products.

IT Security: NIST led the OMB-directed effort to develop the checklists and automated
conformance determination and demonstration tools for Federal desktop computer security
configuration. NIST is contributing directly to setting the national cybersecurity research and
development agenda through White House-coordinated collaborative bodies and in direct
interdepartmental coordination. The NIST IT security standards and guidelines are being
adopted by the intelligence and national security communities, as well as the non-national
security elements of the Federal government, and are being voluntarily adopted by state
governments and industrial concerns. In response to the Federal Information Security
Management Act (FISMA), NIST published Draft Special Publication 800-53 Rev. 3,
Recommended Security Controls for Federal Information Systems and Draft SP 800-53A
Guide for Assessing the Security Controls in Federal Information Systems. These documents,
when used together with a comprehensive Risk Management Framework, will ensure that
agencies select and validate appropriate security controls to protect their critical enterprise
operations and information. NIST also produced the standards and provided technical
expertise for government-wide implementation of a common identity credential, thus
establishing a technical foundation for replacing the current password-based access controls
with easier to use and more secure token-based access control.

Virtual Measurement of Atomic Properties: Computational scientists at NIST have published
the most accurate values yet of fundamental properties of the hydrogen molecule Hy—values
calculated from theory alone. Accurate to one part in 100 billion, these are the most accurate
energy values ever obtained for a molecule of that size, 100 times better than any previous
calculated or experimental value. The “virtual measurement” techniques developed represent
an important new method for determining fundamental atomic properties.

Fuel Cell Design: NIST researchers made advances in statistical methods to facilitate the use
of hydrogen as a fuel, which included the development of methods that improve the quality
of images of fuel cells obtained by neutron tomography. Neutron tomography is used to
study whether water accumulates in fuel cells without the need for destructive testing.
Improving the image quality associated with neutron tomography enables improvements in
fuel cell design.

Quantum Information Processing: The exotic properties of quantum states of matter may
provide the basis for computational capabilities well beyond those of today’s computers. The
use of such technologies for computation requires very precise control of volatile quantum
states. NIST has developed a novel benchmarking strategy for determining an effective error
probability per quantum operation. The benchmark has been used to assess the processing
capabilities of several competing quantum computing technologies by both government and
academic researchers.
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Image Metrology: NIST has developed a novel mathematical framework for quantifying the
smoothness of images. Applications of such a measurement tool include monitoring of
performance of imaging systems, evaluation of image reconstruction software quality,
detection of abnormal fine structure in biomedical images, and monitoring of surface finish
in industrial applications.

Combinatorial Methods: NIST and the University of Texas at Arlington developed and
released an algorithm that is faster — in some cases by a factor of more than 100 — and
produced covering arrays that are significantly smaller than possible with other currently
available tools. Applications of the algorithm include software testing and genome research.

Health Care IT: NIST developed the Cross Enterprise Document Sharing (XDS) Profile,
which allows clinical documents to be shared regardless of where they are located or what
format they are in, and an XDS reference implementation that is used by over 40 vendors and
is currently part of several countries’ national health care infrastructures. This will help
advance the national goal of providing doctors access to all patients’ electronic health
records, thereby enabling accurate diagnosis and treatment of disease.

Test Suites for Electronic Voting Systems: ITL-developed test suites assure voters, election
officials, and manufacturers of electronic voting systems of the security, usability, and
reliability of future voting systems. Test laboratories will be able to use these public test
suites to help evaluate the conformance of voting systems to requirements in the Voluntary
Voting System Guidelines (VVSG), which were developed by ITL scientists for the U.S.
Election Assistance Commission under a mandate from the 2002 Help America Vote Act.

NIST’s FY 2011 information technology base program operating objectives include the
following:

IT Security: Develop information security standards, measurements, and tools to address
systems and networks extending the reach of strong mechanisms to emerging lightweight
platforms. Produce guidelines and automated tools to promote adoption of interoperable,
secure technologies and infrastructures. ITL’s primary Cybersecurity research and standards
development focus will be responsive to the Administration’s Smart Grid, Healthcare IT,
voting mandates, citizen facing authentication, cloud computing, cybersecurity priorities and
other IT initiatives. These activities will also support innovative classes of networked devices
by establishing new foundational security mechanisms necessary to establish end-user trust.

Interoperability of Key Network Technologies: Develop techniques, in collaboration with
industry, to evaluate and improve the mobility, interoperability, security, resilience, and
robustness of key network technologies. This will provide the telecommunications industry
with new, improved standards needed to develop and offer interoperable mobile devices that
allow dynamic roaming between various wireless network technologies. In addition, this will
give the networking industry the means to maintain a more resilient network even under
stress, and to provide support for public safety communications.
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Biometrics Interoperability and Accuracy: Measure the performance of multimodal biometric
matching systems, including iris, fingerprint, and facial images, which will enable industry to
improve the accuracy, interoperability, and usability of biometric recognition systems,
thereby enhancing the real-time verification and identification of those seeking to enter the
United States. Providing the infrastructure for industry to measure the performance of
biometric technologies will lead to improved performance through lower error rates and
greater interoperability. This allows industry to increase innovation and competitiveness as it
develops new biometric system technologies.

Use and Management of Information: Accelerate the development and adoption of
technologies for accessing, manipulating, analyzing, and exchanging information. NIST will
develop standards and testing methodology that will allow industry to advance the state of
the art of systems for information access and management. This will result in dramatically
improved products and systems for productively and efficiently using the vast amounts of
digital information available today, impacting both national infrastructures and commercial
sectors.

Measurement Methods and Tools: Develop mathematical, statistical, and computational
methods and tools to enable NIST research on the measurement of properties of materials
and processes of critical importance to national priorities such as medical diagnostics,
physical infrastructure, and greenhouse gas emissions. Develop techniques and tools to
reliably quantify the uncertainty in computational simulations for the estimation of properties
of chemicals and materials based on mathematical models of physical processes. Begin to
develop a science base for the understanding of the structure and dynamics of complex
information systems that is on par with that of the physical sciences. Develop models,
metrics, and related tools to assess essential properties of large-scale information systems,
such as the Internet and the Smart Grid, and use these to assess and improve the performance,
reliability, and security of critical national resources.

Software Testing: Accelerate the development and adoption of correct, reliable, testable
software, leading to increased trust and confidence in deployed software. NIST will advance
the state of the art of software testing by developing scientifically rigorous, breakthrough
techniques to automatically generate tests that are cheaper to develop and more
comprehensive. NIST will work with industry in the transfer of these activities and
technologies into national infrastructures and commercial sectors.

Smart Grid Information Network Protocols, Security, and Testing: Work with industry to
address standards gaps for a secure information network in the Smart Grid system. NIST will
develop necessary protocol profiles and test methodologies for new standards, and develop
models to analyze the performance and emergent behavior of such network to ensure its
reliable and secure operations.

Quantum Information Science: Begin the characterization of the class of problems that can
be efficiently solved by a general-purpose quantum computer in order to assess the potential
vulnerabilities of existing and future cryptographic systems for secure electronic commerce.
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9) NIST Center for Neutron Research (NCNR) — The NCNR is the Nation’s premier neutron
research facility. It is a major national user facility that serves the majority of all neutron
scattering users in the United States. Neutrons — uncharged particles from the nucleus of atoms —
have unique properties that make them ideal probes of the structure and motion of materials at
the scale of atoms and molecules in a material. The NCNR provides an intense source of neutron
beams that are used to probe the molecular and atomic structures and dynamics of a wide range
of materials. The facility also boasts a unique, large-volume, liquid hydrogen cold source, which
produces the highest intensity of “cold” (or low-energy) neutron beams in the country. Cold
neutrons are used to probe the underlying structures and slow dynamics in advanced materials
such as plastics, magnetic films, chemical catalysts, biological materials, and composites. With
such state-of-the-art measurement capabilities unavailable elsewhere in North America, the
NCNR plays an essential role in broad sectors of nano-science and technology. In a wide range
of applications, neutron beam measurement techniques are on a par with the x-ray or microscope
in their ability to probe materials that are the focus of study in today’s most important research
areas, including materials technology, biotechnology, and nanotechnology. The NCNR operates
as a national user facility that provides merit-based access to all qualified researchers. The
NCNR also supports critical NIST research in materials research, chemistry, physics, nanoscale
science, and other related fields. Use of the NCNR facilities for proprietary research is possible
on a full-cost recovery basis. As a result, researchers from industry, academia, and other Federal
agencies depend on NCNR’s unique research capabilities to work on cutting edge science. The
capabilities of the NCNR are further leveraged through a variety of cost-sharing partnerships
with other agencies, industries, and universities to expand specific measurement capabilities, and
to broaden the access to unique neutron instrumentation. The NCNR is significantly expanding
its collaboration with the Nation’s industrial and academic researchers with new instrumentation
and analysis methods for macromolecular dynamics, neutron trace analysis, neutron chemical
spectroscopy, neutron imaging, and neutron spectroscopy.

NIST Center for Neutron Research focuses on industry and government priorities, as
demonstrated by these recent examples:

e National Research Facility/Neutrons: Last year, more than 2,200 researchers directly
benefited from access to NCNR capabilities, which accounts for over two-thirds of all
neutron research done in the United States. Researchers from 40 States, Puerto Rico, and the
District of Columbia are included in this total. These researchers also represent over 140 U.S.
universities, 40 U.S. corporations, and nearly 40 U.S. government organizations and
laboratories.

e High Impact Research: Research performed at the NCNR resulted in over 320 publications in
FY 2009. With a significant fraction of these papers published in prominent journals, the
NCNR ranks as one of the highest impact neutron facilities in the world.

The FY 2011 NIST Center for Neutron Research base program operating objectives include the
following:

e New Neutron-Based Measurement Capability: Developing new neutron scattering
instrumentation as part of the NCNR expansion that will provide revolutionary new neutron-
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based measurement capability to the United States. The planned suite of instruments takes
advantage of the latest in beam delivery and detector technology to realize capabilities more
than 100 times greater than current instruments, or new instruments that are unavailable
anywhere else in the world.

Energy Efficiency and Alternative Energy: Studying nanomaterials for the structure and
behavior of new materials at the nano-scale, making it possible to improve process
technologies and develop new materials applications in areas ranging from lighter weight
composites for the auto industry to advanced materials for the efficient storage of hydrogen
for energy applications.

Fuel Cell Design: Imaging the interior of complex devices and materials non-destructively to
“see” how they function under various operating conditions. NCNR neutron imaging has
made it possible to look through the steel casings of operating fuel cells and watch the flow
and movement of water molecules as the cell functions, leading to better designs and
performance.

Drug and Vaccine Development: Improving the study of the structure and motions of very
large biological molecules such as proteins. Neutrons can see how they bend and fold-
properties essential to protein function. The insights gained could lead to the development of
new drug therapies, new anti-toxins, and improved vaccines.

Environment: Studying chemical interactions with porous or other complex structured
materials. The unparalleled penetration and imaging power of neutrons is being used to
develop new, more efficient, industrial catalysts and better ways to remove toxins from the
environment, as well as to achieve a better understanding of complex biological systems at
the cellular level.

Advanced Computer Technology: Studying advanced new materials that can be used to
advance computer technology beyond the integrated circuit. As the size of transistors reaches
fundamental limits, further advances in the computation power of computer chips will
require new materials that can exploit other electronic properties, such as electronic spin, to
carry information in the device.

Materials Performance: Probing the internal stresses in materials such as turbine blades,
railroad rails, and shock absorbers, which are essential to understanding and improving the
performance of products used in industry, transportation, and national defense.

10) Center for Nanoscale Science and Technology (CNST) — Established by Congress in May of
2007, the CNST has already become a major national resource for nanoscale science and the
development of nanotechnology. Unique in its mission to provide the measurement infrastructure
that underlies all progress in this critically important 21% century technology, the CNST serves
the U.S.industrial and scientific research communities through its highly collaborative,
multidisciplinary research program and its national shared-use nanofabrication facility, the
NanoFab. The continued development of nanotechnology is key to establishing U.S. leadership
in such diverse fields as energy, information technology, electronics, health, biotechnology, and
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manufacturing. In the case of energy, nanoscale phenomena lie at the heart of many energy
production, storage, and transmission processes. Research aimed at optimizing the nanoscale
structure of photovoltaic devices can, for example, have a profound impact by enhancing the
conversion of the sun’s energy to electricity. Such research demands a multidisciplinary
approach and the development and ready availability of advanced tools, which manipulate and
measure the properties of structures where size can be counted in atoms. The CNST has been
purposely built to satisfy these demands. Offering several unique measurement capabilities not
available elsewhere, the CNST Research Program provides an open, collaborative, multi-
disciplinary research environment that focuses on national nanoscale measurement needs in such
areas as next-generation energy systems, future electronics, nanofabrication, and
nanomanufacturing. This environment is where the innovative research that advances the state-
of-the-art of measurement and fabrication takes place. As a critical complement to the Research
Program, the NanoFab offers open, convenient and economical access to expensive state-of-the-
art fabrication tools, measurement tools and processes in an environment designed to support
both new ventures seeking assistance and training and experienced practitioners needing access
to a research “fab” with a broad selection of advanced tools. Quick access is available through a
simple, merit-based application process. Proprietary research can be performed on a full cost
recovery basis. Following a ramp up of staff, equipment, facilities, and processes, both the
Research Program and the NanoFab are expanding their strategic relationships and
collaborations with industrial and academic partners.

CNST research focuses on industry and government priorities, as demonstrated by these recent
examples:

e National Research Facility: In FY 2009, the CNST’s second full year of operation, the
number of researchers benefitting from access to the CNST NanoFab or collaborating with
the CNST Research Program totaled over 450, and continued to grow rapidly.

e Energy: The CNST has established a new group dedicated solely to facilitating the
development of nanotechnology that affects energy conversion, storage, or transmission. By
recruiting rescarchers with specific energy related experience gained in industry, national
laboratories, and academia, a group was established with both the experience and the
preexisting relationships necessary to make a quick impact in an area of critical national
need.

e  Workshops: To assure that NIST is always working on NIST’s highest priority items, the
CNST co-organized workshops on “Nanoscale Measurement Challenges for Energy
Applications” and “Directed Assembly of Functional Materials and Devices.”

The FY 2011 Center for Nanoscale Science and Technology base program operating objectives
include the following:

o New Paradigm for FElectronics: In collaboration with the semiconductor industry’s
Nanoelectronics Research Initiative, the Georgia Institute of Technology and others, develop
new instruments and methods to investigate the feasibility of a new paradigm for electronics
based on graphene.
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Renewable Energy: In collaboration with the National Renewable Energy Laboratory,
develop broad-spectrum measurement techniques capable of mapping the transport of charge
and the characterization of materials to aid in the optimization of next generation solar cells
with increased efficiency and lower cost.

Imaging of Nanostructures/Nanomanufacturing: Develop a new technique using near-field
optical apertures that greatly increases the speed with which nanostructures can be imaged
thus greatly improving process and quality control in nanomanufacturing - necessary steps if
the discoveries of new nanoscale phenomena are to be translated into commercial products.

Nanofabrication and Nanomanufacturing/Flectron Optics: In collaboration with the College
of Nanoscale Science and Engineering of the State University at Albany, develop methods to
validate electron-optics and space-charge modeling to enable the production of robust, high-
resolution, high-throughput electron beam writers to advance nanofabrication and
nanomanufacturing. Bring a second, high resolution electron beam writer on-line within the
NanoFab and concurrently establish electron beam lithography as an area of special focus
within the CNST.

Advanced Communications and Information Technology: Broaden the scope of our nano-
characterization effort to include nano-devices proposed as a basis for future electronics,

thereby facilitating advances in communications and information technology that promise to
transform our lives while maintaining the vitality of the electronics industry.

Nanofabrication and Nanomanufacturing/New Methods: Develop new methods for
nanofabrication and nanomanufacturing and extend current methods to create industrial
standards and, consequently, maintain the U.S. leadership position in nanotechnology.

National Research Facility: Further expand access to the exceptional nano-metrology and
nanofabrication capabilities of the CNST Research Program and Nanofab, thus providing
new research opportunities for researchers from industry, academia, and other Federal
laboratories over a broad range of scientific, engineering, and technological fields.

Nanostructured Materials and Devices/Characterization: Develop new ways to characterize,
and, thereby, improve the performance and reliability of nanostructured materials and
devices. This effort will advance both the development of U.S. nanoproducts and their
manufacture, affecting a wide variety of applications in transportation, housing, defense,
health care, agriculture, and homeland security. In collaboration with CSTL, develop new
nano-sensors for measurement of blood protein health state markers.

New Generation of Nanotechnologists: Help educate the new generation of
nanotechnologists by providing young scientists and engineers with the ability to use some of
the world’s most advanced instrumentation to address the challenge of measuring the subtle
phenomena of nature that occur only on the atomic scale.
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11) Technology Services — For research and technology advances of the NIST Laboratories to be
most useful, the results must reach the intended users. NIST enables U.S. industry to develop
competitive technologies by providing central access to NIST measurements including SRMs,
standard reference data, calibrations, and laboratory accreditation, and thereby traceability to
national and international standards of measurement. These NIST services meet industry needs
for accurate measurements and traceability to ensure product quality, production efficiency, parts
interchangeability, conformance to specifications, and performance suitability. NIST programs
also provide a central source of information, coordination, and leadership for U.S. industry and
Federal agencies regarding national and international standardization and conformity assessment
activities, including product testing and certification. NIST impacts standardization efforts in
strategic technology areas for the U.S. economy and trade, in arcas ranging from nanotechnology
and renewable energy to sustainable buildings and IT security. NIST’s outreach to foreign
governments on standards and conformity assessment issues enables NIST to advocate
effectively on behalf of U.S. industry interests to the European Union (EU), China, Brazil, India
and other key foreign markets. NIST works to establish uniform and accurate legal metrology
standards by providing the measurements and standards underpinning the U.S. commercial
metrology system, through the development and dissemination of handbooks, guidance,
documents and recommendations, focused training, and technical laboratory metrology support.
NIST also ensures the transfer of NIST technology through measurements, standards,
publications, and patents.

NIST technology services research focuses on industry and government priorities, as
demonstrated by these recent examples:

e Standards for Federal Agencies: NIST provides leadership and coordination for Federal
agencies in their continuing use of and participation in standards developed in the private
sector, increasing confidence in the U.S. standards system. Federal agencies now use more
than 20,000 such standards, tracked in a NIST database, in their regulatory and procurement
actions.

e Federal Use of Conformity Assessment Programs: NIST provides the technical groundwork
to ensure effective Federal use of conformity assessment programs, often in cooperation with
the private sector. Recent examples include significant enhancements to the current
Department of Justice body armor certification program; assistance in the implementation
and maintenance of Environmental Protection Agency’s WaterSense program to certify
water-efficient products; guidance to the Consumer Product Safety Commission on
appropriate conformity assessment requirements in response to the Consumer Product Safety
Improvement Act, and a certification program for radiation detectors for use by the
Department of Homeland Security. NIST now accredits 17 state metrology laboratories,
thereby underpinning the integrity of their weights and measures efforts.

e Road Safety: NIST provides the leadership for developing International Organization of
Legal Metrology Recommendations dealing with Road Safety, including radar devices and
breathalyzers. The U.S. is a significant exporter of these devices and the publication of this
standard will greatly benefit U.S. industry by improving the international harmonization of
system requirements and acceptance parameters will greatly benefit U.S. industry.
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Intelligent Transportation Systems and Transportation Management Systems: NIST
conducted a workshop in Isracl on standards for Intelligent Transportation Systems and
Transportation Management Systems that enabled technical discussions between 100 Isracli
participants and U.S. experts. The workshop resulted in these transportation standards
becoming the basis for Isracli procurement actions for which U.S. firms can now submit bids.
In addition, U.S. standards organizations are actively inviting greater participation of Israeli
experts in their development activities.

Export Assistance: NIST expanded its marketing and promotion efforts for its subscriber
service, Notify U.S., with training sessions on its capabilities to provide regulatory and
associated standards information for more than 100 U.S. Export Assistance Centers around
the country, and by opening the Notify U.S. service to World Trade Organization Technical
Barriers to Trade Agreement foreign Enquiry Points for transparency and technical
assistance. To date, 100,100 Enquiry Point staff from 4,040 countries have registered with
Notify U.S. NIST also trained more than 50 international Department of Commerce trade
experts stationed in both the U.S. and in the EU on standards information.

NIST’s FY 2011 technology services base program operating objectives include the following:

International Trade: Coordinate Federal agency use of and participation in documentary
standards to ensure that Federal standards needs are met. Deliver comprehensive standards-
related information provided through the National Center for Standards and Certification
Information and the U.S. Inquiry Point for the World Trade Organization to provide to U.S.
industry market intelligence and information from priority foreign markets, and provide
training for regulatory and trade officials from developing countries on the proper use of
documentary standards, conformity assessment practices, and metrology to enhance foreign
acceptance of U.S. procedures and products.

International Standards: Improve the national infrastructure for advanced legal metrology by
providing laboratory metrology training, conducting proficiency testing to ensure accurate
measurements, and promoting the documentation and use of quality system practices in
conformity with international standards and guidelines for testing and calibration laboratories
resulting in increased international acceptance of U.S. measurement results and accreditation
programs.

State and Local Weights and Measures Programs: Strengthen state and local weights and
measures programs through training and technical support. Use industry/regulatory working
groups to implement standards that address device requirements, methods of sale, and test
procedures to support the commercial infrastructure, including the development of hydrogen
as a viable commercial fuel. Ensure compatibility of U.S. and international standards by
developing uniform legal metrology requirements, manuals, training, and test methods to
improve efficiency and fairness in the U.S. and foreign markets resulting in fewer differing
requirements for manufacturers to meet and sell their instruments and products, thereby
reducing overall costs to both the manufacturer and the consumer.
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Calibration Services, Standard Reference Materials, and Standard Reference Data: Deliver
calibration services, SRMs, and standard reference data to provide industry, government, and
the public with accurate physical, chemical, and engineering measurements. NIST
measurement services support U.S. industry through traceability to NIST and to the
International System of units, and are recognized as complying with the international
measurement system, thus reducing the need for additional testing.

Documentary Standards in Emerging Technology Areas: Provide the leadership in
documentary standards in emerging technology areas such as alternative/renewable energy,
nanotechnology and biotechnology and engage governmental authorities in standards for
critical areas such as information technology with the Chinese government, global biofuels
with Brazilian, European and Asian authorities, and e-accessible products and systems with
the European Commission.

12)NIST NRC Postdoctoral Research Associateships Program — NIST supports a nationally
competitive Postdoctoral Research Associateships Program, which is administered in
cooperation with the National Research Council (NRC). The Postdoctoral program recruits
outstanding research scientists and engineers to work on NIST research projects, strengthens
communications with university researchers, and provides a valuable mechanism for the transfer
of research results from NIST to the scientific and engineering communities.

The FY 2011 NIST NRC Postdoctoral Research Associateships Program base program operating
objectives include the following:

select postdoctoral scientists and engineers of exceptional promise and ability for two-year
appointments to perform advanced research related to the NIST mission, and

introduce the latest university research results and techniques to NIST technical programs
and share NIST’s unique research capabilities with the U.S. scientific and engineering

communities.

Performance Measures

Data on NIST programmatic performance evaluation and reporting are provided in Exhibit 3A of
this budget request.
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STRS (+205 Permanent Positions, +152 FTE, Appropriation +$69,400,000, Direct
Obligations +66,100,000, Transfer to the Working Capital Fund +53, 300,000)

STRS Components:

National Measurement and Standards Laboratories

1. Standards and Conformity Assessment for Interoperability in Emerging Technologies

(+39 Positions, +29 FTE, +$10,000,000)

This new initiative request is to address architectural framework development for documentary
standards and conformity assessment requirements that will enable interoperability in emerging
technologies such as Smart Grid and Healthcare Information Technology (Health IT).

This initiative supports the following goals and priorities:

¢ Promoting U.S. innovation and industrial competitiveness, a strategic goal of the
Department of Commerce. :

e Coordinating the development of a framework, including protocols and model standards
for information management to achieve interoperability of Smart Grid devices and
systems, per the legislative mandate to NIST under the Energy Independence and
Security Act (EISA) of 2007.

e Accelerating the deployment of electronic health records by providing expertise on
Health IT implementation and the establishment of voluntary certification programs, and
by performing pilot testing of standards and implementation specifications.

Problem Magnitude and NIST Role:

Lack of standards that allow interoperability within and among cross-cutting technologies such
as Smart Grid and Health IT can significantly stifle the realization of benefits from these
emerging technologies. Interoperability stimulates significant confidence in industry about
investing in these new technologies by broadening the market and decreasing the limitations
inherent in legacy systems. It also obviates potential concemns about stranded investments,
which may arise due to lack of interoperability between components of systems. Furthermore,
clearly defined interoperability requirements and standards to support emerging technologies
promote innovation and competition amongst the suppliers of components to the systems,
thereby reducing costs of implementation and providing greater choice to consumers.

Specific examples of the magnitude of this problem are evident in the drivers for interoperability
in Smart Grid and Health IT. In today’s healthcare industry, only 13 percent of doctors use any
form of electronic health records. The systems in use today are based on many individual clinical
and technical standards, but there are no widely adopted sets of standards that include data,
transport, and security. It is estimated that healthcare expenditures account for $1 out of every
$6 spent in the U.S., and thus progress in achieving interoperability of electronic health records
will have a significant impact on improving the efficiency of healthcare.
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In the deployment of a Smart Grid, we need to contend with an electrical grid that consists of
more than 9,000 power generation plants that are connected to more than 300,000 miles of
transmission lines supplying electricity to residential and business consumers nationwide. The
introduction of distributed renewable energy sources such as solar panels, wind turbines, and fuel
cells brings additional challenges in integrating these systems seamlessly into the grid through
the use of smart meters. The benefits of a Smart Grid will truly be realized with the development
and deployment of smart appliances that will use demand pricing information to operate in a
manner that provides consumers the greatest economic benetit, while also helping achieve the
goals of minimizing energy consumption. Major appliance manufacturers such as Whirlpool
Corporation and General Electric have publicly announced plans for the introduction of smart
appliances, and have indicated the lack of interoperability standards as the greatest risk to their
business plans. Thus, interoperability and seamless communication flow between these different
components and systems is essential.

The common NIST role in these and other emerging areas is to help establish an architectural
framework of standards and related test protocols, and conformity assessment requirements that
would facilitate seamless, end-to-end interoperability between information, devices, and systems
within each of these technologies. NIST would convene stakeholders from industry,
government, academia, and standards development organizations to identify common elements,
where appropriate, such as:

¢ Establishing terminology and definitions

e Developing a Roadmap identifying existing standards, standards gaps, conformity
assessment requirements, etc.

e Identifying technical requirements for standards that enable interoperability

e Leading and coordinating on aspects related to cyber security

e Working with standards and specification developers to catalyze timely development of
standards and specifications that are of high quality, efficacy, and applicability

o Working with stakeholders, including regulators, to develop required suites of testing
protocols and conformity assessment methodologies.

Proposed NIST Technical Program:

The initiative will focus on the following aspects to help address issues of interoperability in the
following technology areas, as well as standing up the framework to address standards issues in
other emerging technology areas:

o Smart Grid: NIST will organize and accelerate the development of Smart Grid
standards, interfaces and protocols within a common interoperability and cybersecurity
framework, currently under development by NIST, to guide and coordinate the efforts of
the many standards and specification developers involved in the Smart Grid infrastructure
development. NIST’s program includes standards coordination and refinement and
implementation of a conformity assessment framework to ensure the effective
integration, interoperability, and reliable and secure operation of Smart Grid systems and
devices to achieve effective cooperation and two-way communication of information.
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e Healthcare Information Technology: NIST will improve the quality and availability of
healthcare and reduce healthcare costs by enabling the expansion of the health
information network that is correct, complete, secure, and testable. NIST’s programs will
support the accelerated development and harmonization of standards for health IT
technologies, expand the health IT testing infrastructure, increase the usability of health
IT technologies, and address healthcare delivery beyond traditional physical locations.

Performance Measure: Outputs

At the proposed funding level, NIST will generate the following outputs:

Standards and Conformity Assessment for Interoperability in Emerging Technologies
Technical Area Qutputs/(Targets)

Smart Grid ¢ Provide oversight and support the operations of the Smart Grid
Interoperability Panel (SGIP). (on-going)

e Release updated versions of the Smart Grid Interoperability
Framework and Roadmap. (on-going)

e Release updated versions of the Smart Grid Cyber Security
Strategy and Requirements. (on-going)

e Develop and implement a Smart Grid testing and certification
framework. (FY 2011)

e Coordinate and implement a strategy to drive international
harmonization of Smart Grid standards. (FY 2012)

¢ Develop standards, protocols, models, measurement techniques,
and performance and materials data to enable the
interoperability and security of Smart Grid devices and systems.
(on-going)

Health IT e Work with existing industry-led, voluntary consensus processes
to develop sets of Health IT standards for clinical areas
identified as national-level priorities. (FY 2014)

e Expand the Health IT testing infrastructure and conformity
assessment, to include test availability for new and updated
industry-developed health IT standards, such as for personal
health records and healthcare delivery beyond traditional
physical locations. (FY 2012)

e Develop usability requirements, standards, and tests for Health
IT. (FY 2013)

e Work with industry to develop IT requirements, standards, and
tests for emerging health technologies and their applications,
such as mobile care, body sensors, and implants, including
cybersecurity aspects of these technologies. (FY 2014)
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Performance Measures: Outcomes

At the proposed funding level, NIST technical outputs will enable the following outcomes:
Standards and Conformity Assessment for Interoperability in Emerging Technologies
Technical Area Qutcomes

Smart Grid e A more cost-efficient, reliable, secure and interoperable
electrical power system ensured through uniform device and
connection standards.

e Improved international markets for U.S. energy products
through incorporation of U.S.-developed technology in
international standards.

e Minimized consumer electric costs by enabling better
customer awareness and control of their energy usage.

e Mitigated harmful environmental impacts by enabling the
integration of distributed renewable energy sources such as
solar and wind energy.

e FEnabled commercialization and deployment of new Smart
Grid technologies, a market estimated to be worth $70 billion
by 2013.

Health IT e A robust nationwide healthcare system that is safer, more
affordable, and more accessible, and that will support all
healthcare applications including clinical applications, home-
based healthcare, clinical research, medical training, and
public health enabled by new standards for Health IT.

e Patients able to have real-time, ongoing monitoring of chronic
conditions without having to be at a clinic, physician’s office,
or home monitoring station due to health IT innovations
supporting new technologies such as sensors and implants
enabled by standards for Health IT.

2. Scalable Cybersecurity for Emerging Technologies and Threats (128 Permanent
Positions, +21 FTE, +$10,000,000, including an $850,000 transfer to the Working Capital

Fund)

Cybersecurity is vital to the economic and national security interests of the United States. In
addition to more than $200 billion of e-commerce transactions in the U.S. alone for 2008,
interconnected networks of computers are essential for life-critical functions such as air traffic
control, factory operation, and electric power distribution. These networked systems face an
ever-increasing threat of attack from individuals, organizations, and nation states that target key
information technology operations and assets. For most systems, their security configuration is
poorly implemented and maintained, security controls are hard to use, and security postures are
too complex for most administrators to understand. This combination allows many threats to
successfully compromise systems and delays reactions to these compromises, allowing
significant damage to occur. This undermines confidence in vital commercial and public
information systems and has a large, direct economic impact -- estimates show that Americans
are losing billions of dollars each year to cyber crime.

NIST - 102



The Administration has declared the cyber infrastructure a strategic asset and announced its
intention to establish the position of national cyber advisor reporting directly to the President.
Cybersecurity is also a central element in legislation, including the Federal Information Security
Management Act, Cyber Security & Research Development Act, Privacy Act, Sarbanes-Oxley
Act, Gramm-Leach-Bliley Act, Health Insurance Portability and Accountab111ty Act, and
Clinger-Cohen Act.

Problem Magnitude and NIST Role:

Cybersecurity focuses on establishing and maintaining the three security objectives for
information and information systems: (1) confidentiality, (2) integrity, and (3) availability.
Depending upon the nature of the system or information store, some or all of these objectives
may be desired to some degree. The essential challenge of cybersecurity is providing appropriate
levels of the right security objectives in a cost-effective manner. While the security objectives
are well understood, many of the security tools and mechanisms available today were designed
with yesterday’s technologies and threats in mind. Information systems have evolved from
physically isolated systems to highly distributed heterogeneous systems interconnected not only
by the global internet, but by a variety of other communication paths. Operating system and
application code has become orders of magnitude longer and more complex. Many of today’s
information system users do not have the same degree of information technology expertise as
" previous generations of users.

Achieving real security in the context of today’s extensively networked information systems
remains an elusive goal. For example, stakeholders implemented security technologies designed
to support a single application or protocol. This has created security mechanisms that cannot
scale to provide a complete security solution. Two examples are current cryptographic key
management and identity management solutions. In addition, the complexity of essential
information technologies has compounded the problem of providing robust security
environments that thwart attacks. Attackers need only find one point of penetration for success,
while the security practitioner must close all potential vulnerabilities in the system. This begins
with operating systems that support the core of all information systems. Providing consistent
operating system configurations that is usable by anyone to support computers and other devices
is an essential challenge to protecting the entire network infrastructure. Compounding this
problem is the rapidly increasing degree to which systems are interconnected, resulting in an
ever-growing number of points of attack.

NIST’s expertise and internationally recognized success in cybersecurity R&D, decades-long
working relationship with industry, and mandates to provide security standards and guidance for
Federal agencies give NIST the ability to have a dramatic positive impact on the Nation’s
cybersecurity. NIST has been highly successful in interacting with industry to facilitate practical
solutions based on NIST work being adopted throughout industry; these NIST efforts have
included the development of industry consensus standards, the creation of test methods and
programs, and successful technology transfers from NIST to industry. NIST collaborates
extensively with other Federal agencies on cybersecurity efforts and will continue to do so for
the work described in this initiative,
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Proposed NIST Technical Program:

This initiative focuses on the following essential cybersecurity infrastructure elements.

Cryptographic Technologies and Capabilities: Cryptography is a foundational science
in the field of cybersecurity and information assurance. Cryptographic methods are
essential tools needed to assure a trusted and resilient information and communication
infrastructure.  These methods provide important functionality to protect against
intentional and accidental compromise and alteration of information. Through its role as
the United States” premier standards and measurement laboratory, NIST is the worldwide
leader in the development of cryptographic standards and test programs. Threats against
cryptographic technologies continue to grow, so it is critical that cryptographic
technologies evolve to counter these threats and ensure that information and
communications are still protected.

Much of the NIST efforts in this area will focus on strengthening U.S. capabilities in
cryptography. Other countries outside of the U.S. are increasingly performing cutting-
edge research in cryptography. With this initiative, NIST will provide a research grant
to and collaborate with one or more U.S. academic institution(s) to ensure that the U.S.
maintains its leadership in cryptography, as well as advance the state-of-the-art in
cryptography. The grantee will be selected through an open competition for conducting
cryptography research, including research into performance and usability characteristics
of various algorithms, and the underlying mathematical and architectural primitives
needed for the development of cryptographic standards that are resistant to both practical
and theoretical analytic attacks for evolving computer environments. The resulting
research will ensure that cryptography is available to support a variety of computing
needs, including algorithms for small footprint environments like information technology
sensor network solutions and secure wireless environments with stringent efficiency
requirements. Another area the research will address is quantum computing, which has
the potential to become a major disruptive technology affecting cryptography and
cryptanalysis. If a practical quantum computer is developed, it will be possible to break
all the digital signature algorithms and public key-based key establishment schemes that
today provide the foundation for e-commerce and other critical applications. Researchers
need to analyze public key-based key agreement and digital signature algorithms to
determine how resistant they are to quantum-based attacks.

Another major focus area for NIST is cryptographic key management standards.
Cryptographic keys are secret numbers commonly used to grant access to authorized
individuals on encrypted computer networks and systems. The lack of standards for
cryptographic key management has hindered the secure adoption of many information
technologies, which presents a variety of technical and organizational challenges.
Without efficient and usable key management solutions, implementers often transmit and
store keys insecurely, and neglect to change keys as frequently as necessary, among other
problems. These practices jeopardize the security of keys, and thus, the security of the
information and systems that the keys protect. To address this, NIST, in technical
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consultation with the National Security Agency, the Department of Defense, and other
government agencies and non-government organizations, will create technical standards
for generating, distributing, storing, and destroying cryptographic keys. These standards
will enable cryptographic key management practices that preserve the confidentiality and
integrity of cryptographically-protected information.

Multifactor Authentication for Online User Identity Assurance: Authenticating a
user—verifying a user’s claimed identity -- has traditionally involved the user providing
one or more different types of information to a system, such as a password or a biometric.
Requiring two or more types of authentication information instead of just one from an
end-user can achieve stronger security. There has been increasing interest in the use of
multifactor authentication (MFA) to achieve stronger assurance of identity for online
applications, such as government services and banking, but usability, cost, and
interoperability issues have impeded the widespread use of multifactor authentication
technologies. To address these issues, NIST will study factors influencing adoption of
MFA and develop a standardized framework and implementation plan for interoperable
tokens that contain biometric and/or cryptographic credentials to support logical access
control on a multi-platform and multi-operating environment basis. This development
will be coordinated with vendors and other Federal agencies, including the Department of
Homeland Security.

Usability of Security: Usability is an often overlooked but critical component of
security. Computers can be theoretically secure but so unusable that users will either
bypass the security measures, thus undermining security, or not perform the work at all.
The opposite is true as well; systems that are usable and not secure are eventually
unusable due to compromises. The usability principles of efficiency, effectiveness, and
user satisfaction must be incorporated to ensure that it is easy for users to do the right
thing and hard for them to do the wrong thing. To improve security, NIST will work
with industry and academia to improve the usability of security through research and
outreach.

Security Automation Technologies: Federal information systems need to be
persistently configured to resist execution of malicious code and other forms of attack.
Currently many Federal systems do not implement required security settings, and many
applications change system security settings during installation or configuration of those
applications. Identifying incorrect settings and remediating them is largely a manual
process, error-prone, and resource-intensive. To address this, NIST will develop
specifications for security automation technologies. NIST will also create security
baselines for selected widely used operating systems, applications, and network devices;
these baselines are sets of standardized security settings that optimize security.
Organizations can use security automation technologies and baselines that comply with
the specifications to discover and remediate vulnerabilities and to ensure compliance with
IT security requirements.
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Security Measurement and Modeling for Dynamic Large-Scale Systems: Currently
there arc no methods for adequately characterizing the fundamental properties of
networked information systems that make them either resistant or vulnerable to attack.
Cloud, grid, and other interconnected systems are increasingly being used to reduce cost
and case systems administration, but security is not well understood for these systems and
the interconnection protocols that are used. Expected outcomes for this work are a
fundamental understanding of how structure and micro-scale dynamics of large-scale
interconnected systems affects the resistance to attack in emerging information systems
architectures such as cloud computing and large-scale networks, and the ability to
dynamically predict, and ultimately control, the behavior of interconnected networks
under stress.

Secure Adoption of Emerging Virtual Technologies: Platform virtualization, cloud
computing, social networks, and other emerging virtual technologies are promising, but
security challenges threaten their adoption. The most difficult issue to solve is the need
for security isolation technologies to protect information on shared hosts and other
resources (e.g., storage). Even within technologies that are wholly internal to an
organization, security isolation is critical to prevent the compromise of one application
from affecting others. Another concern is how to customize the security of virtual
subspaces so that each transaction is protected through the security controls appropriate
for the sensitivity of the transaction, while not using additional security controls that
would unnecessarily reduce performance and usability. Research needs to be done on
object characteristics, security negotiation mechanisms, and other protocols, standards,
and mechanisms related to secure virtual subspaces. There are also other security issues
that need to be addressed through new security technologies or through application of
existing security technologies to reduce the risks inherent in emerging virtual
technologies. Addressing these security issues will enable widespread secure adoption of
virtual technologies, resulting in enormous cost savings and leap-ahead information
technology functional advantages. The field of virtual technologies is highly dynamic,
with new technologies arising frequently and older technologies being subsumed, so the
exact technologies to be researched at any given time will be determined when
appropriate.

Critical Infrastructure Testbed: The Administration’s recent cybersecurity policy
review identified the need for game-changing research strategies, part of which involves
the creation of incentives for the adoption of innovative cybersecurity practices that arise
from this research. Demonstrating the effectiveness of these innovative practices is an
important mechanism for driving their adoption. The Administration has chosen the
financial services sector to partner with the cybersecurity research agencies in the
development of a “live-traffic” testbed on which to test game-changing strategies for
improving cybersecurity. NIST, Office of Science and Technology Policy (OSTP),
Department of the Treasury, and Department of Homeland Security will work with the
Financial Services Sector Coordinating Council (FSSCC) Research and Development
Group to develop such a testbed targeting live business-to-business (B2B) traffic.
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At the proposed funding level, NIST will generate the following outputs:

Scalable Cybersecurity for Emerging Technologies and Threats

Technical Area

Outputs/(Targets)

Cryptographic
Technologies and
Capabilities

Technical standards for generating, distributing, using, storing,
and destroying cryptographic keys. (FY 2014)

Usability guideline for cryptographic key management.
(FY 2014)

Evaluation of candidate protocols for resistance to quantum
attack. (FY 2014)

Determination of the infrastructure required for quantum
resistant protocols and interaction with protocol designs.
(FY 2014)

Development of cryptographic algorithms for small footprint
environments. (FY 2014)

Multifactor
Authentication for Online
User Identity Assurance

Standardized framework and implementation plan for
supporting multifactor authentication across computer
platforms and operating systems. (FY 2013)

¢ One or more actual or simulated prototypes. (FY 2011)

Usability of Security

¢ Framework for evaluating usability of security. (FY 2012)
o Metrics and measures for each evaluation component of the

framework. (FY 2012)

Security Automation
Technologies

Standardized settings, reference platforms, automated
deployment tools, machine readable and standardized security
configuration baselines. (FY 2014)
Certified assessment products for
environments. (FY 2014)

Assessment guideline for standard security settings. (FY 2014)

operating system

Security Measurement and
Modeling for Dynamic
Large-Scale Systems

Mathematical models of data and information flow in
networks. (FY 2011)

e Suite of software for processing large-scale graphs. (FY 2011)
¢ Prototype system for assessing cumulative vulnerabilities of a

network. (FY 2012)

Secure Adoption of
Emerging Virtual
Technologies

Recommendations for security isolation capabilities, including
secure virtual subspaces. (FY 2011)

Recommendations for secure use of virtual technologies.
(FY 2014)

Critical Infrastructure
Testbed

e Design and requirements for a testbed pilot. (FY 2011)
e Pilot implementation and experimentation. (FY 2013)
¢ Documentation of lessons learned from the pilot. (FY 2014)
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Performance Measures: Outcomes

At the proposed funding level, NIST technical outputs will enable the following outcomes:

Scalable Cybersecurity for Emerging Technologies and Threats

Technical Area QOutcomes
Cryptographic e Improved assurance of protecting the confidentiality and
Technologies and integrity of information and restricting access to computing
Capabilities TESOUICES.

e Continued security of e-commerce and other applications
despite advances in quantum computing.

Multifactor

Authentication for Online

User Identity Assurance

Usability of Security e Measurable improvements in the usability of security systems
and technologies.

e Greater alignment of organizational workflow and security

¢ Improved secure interoperability of systems for authenticating
individuals on networks.

processes.
Security Automation e Reduced frequency and impact of computer security incidents
Technologies through improved monitoring, remediating, and reporting of

security vulnerabilities.
e Lower costs for vulnerability management.
Security Measurement and | e Fundamental understanding of how structure and micro-scale

Modeling for Dynamic dynamics of large-scale interconnected systems affects the

Large-Scale Systems resistance to attack in emerging information systems
architectures such as cloud computing and large-scale
networks.

o Ability to dynamically predict, and ultimately control, the
behavior of initerconnected networks under stress.

Secure Adoption of ¢ Improved understanding of security requirements to support
Emerging Virtual emerging virtual technologies that will lead to robust solutions
Technologies added by industry and government.

Critical Infrastructure e Expedited adoption of innovative cybersecurity technologies
Testbed and practices.

¢ Reduced disruption of e-commerce transactions.

3. Green Manufacturing and Construction (+24 Positions, +18 FTE, +810,000,000)

e Manufacturing and construction significantly impact the U.S. economy, society, the
environment, and global relations as they drive Gross Domestic Product (GDP), provide
stable high-paying jobs, consume massive levels of the nation’s energy, mined materials, and
hazardous materials, and produce over 10 trillion kilograms of solid waste every year.
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e The Administration is firmly committed to revitalizing American manufacturing’. Innovation
and growth of the U.S. manufacturing sector critically depend on sustainable
developmentz’g'. Sustainability is transforming how U.S. companies think and act’. The
complexity of the information exchanged among players in the manufacturing supply chain
creates a key barrier to sustainable manufacturing. Standardization offers a unique
opportunity to conquer this complexity.

e NIST will enrich the information structure in the manufacturing supply chain to support and
enhance sustainable manufacturing by ensuring the availability of appropriate information at
each step to plan, execute, and assess sustainability in manufacturing.

e NIST will provide the measurement science required to achieve Net-Zero Energy, High-
Performance Green Buildings.

Problem Magnitude and NIST Role:

Promoting innovative energy technologies to reduce dependence on energy imports and to
mitigate the impact of climate change while creating green jobs and new businesses is a priority
of the Administration. To address this issue, NIST is focusing on programs that will promote
sustainable operations and improve energy efficiency in both manufacturing and construction.
This initiative uses the technically appropriate, well-defined phrase “sustainable manufacturing”
to refer to what is commonly called “green manufacturing”.

Manufacturing:

Regulatory restrictions and consumer preference for environmentally friendly products push and
pull manufacturers towards sustainable practices. Regulations such as RoHS (Restriction of
Hazardous Substances) and WEEE (Waste from Electrical and Electronic Equipment) restrict the
sale of products containing hazardous or prohibited substances in the European Union; several
other countries and states have enacted similar measures. Regulations such as the ELV (End of
Life Vehicles) and the HAL (Home Appliance Law) require vendors to accept products at the
end of service life to promote recycling and reduce solid waste. These regulations resulted from
recognition of the environmental impact of manufacturing. Additionally, consumer-oriented
labeling, such as Energy Star and labels for recycled content and recyclability of products
indicate a growing consumer-interest in sustainability.

Manufacturers need to introduce innovative materials, processes and products to improve their
economic, societal and environmental sustainability. Currently manufacturers are unable to
accurately measure economic, societal and environmental costs of products during the entire life
cycle. To address sustainability fully, manufacturers need to deal with the full life cycle analysis
(LCA) of products. This requires new methods to analyze, integrate, and aggregate information
across hierarchical levels, organizational entities, and supply chain participants. Manufacturers

! Executive Office of the President, 4 Framework for Revitalizing American Manufacturing, December 2009
2“Why sustainability is now the key driver of innovation”, Harvard Business Review, Sept. 2009, pp. 56-64.

The Bruntland Commission defined sustainable development as that “meet the needs of the present without compromising the ability of future
generations to meet their own needs” in Our Common Future: Report of the World Commission on Environment and Development, Oxford
University Press, 1987.

* The business of sustainability, MIT Sloan Management Review Special Report, 2009.
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need defined measures and tools to demonstrate, deploy, and recognize new sustainable
manufacturing practices to survive and grow in a global market.

NIST investments in sustainable manufacturing must focus on the highest priority needs of the
industries with the most to gain from improvements in sustainability. At the U.S. Department of
Commerce’s Sustainable Manufacturing Summit and the NIST Sustainable Manufacturing
Workshop held in 2009, industrial participants indicated that (1) the lack of confidence in the
accuracy and applicability of sustainability metrics, and (2) the difficulties associated with
collecting and managing sustainability data across supply chains hinder the pace and scope of
their efforts in sustainable manufacturing. Industry clearly expressed to NIST a desperate need
for dramatically better and more detailed data to enable significant advancements in energy
efficiency and reduced environmental impacts. NIST has selected to address industrial pain
points in dealing with information across the supply chain, gathering and disseminating best
practices in sustainable manufacturing, and identifying meaningful sustainability metrics that
lead to improvements. The measurement and standards technologies resulting from NIST efforts
will provide the largest impact on high-paying jobs if invested in technology-intensive
industries®.

Construction:

“The world is facing twin energy related threats: that of not having adequate and secure supplies
of energy at affordable prices and that of environmental harm caused by consuming too much of
it.” ” Any successful response to these threats must consider buildings. Buildings account for
40 percent of the United States’ energy use and a similar percentage of carbon dioxide (CO,)
emissions, more than the transportation or industrial sectors.® Buildings consume 72 percent of
all U.S. electrical energy production. Emissions associated with buildings and appliances are
projected to grow faster than those from any other sector. To ensure adequate supplies of energy
and to curtail the projected growth of CO; emissions, it is essential that building energy
consumption be significantly reduced while minimizing life cycle environmental impacts.

The National Science and Technology Council’s Committee on Technology report entitled “Net-
Zero Energy, High Performance Buildings” articulates the dual vision of Net Zero energy
buildings -- buildings that use as much energy from renewable sources as they consume, and
doubling the service life of building materials, products, and systems to minimize their life-cycle
impact. Using currently accessible and cost-effective technologies, building energy consumption
can be reduced by approximately one-third. The remaining portion can only be achieved through
the introduction of innovative building technologies and materials enabled by new measurement
science.

The enabling and integrated measurement science to achieve Net-Zero Energy, High-
Performance Green Buildings does not currently exist. The existing measurement science
remains lacking in terms of its ability to accurately quantify the energy and sustainability
performance of building components, systems, and materials as installed in a building, to

¢ Daniel Hecker, “High-Technology Employment: A NAICS-Based Update”, Monthly Labor Review (July 2005).

7 1EA's World Energy Outlook, http.//www.jeq.org/Textbase/npsun/WEO2006SUM.pdf
¥ poE Buildings Energy Data Book hip./buildingsdatabook.eren.doe.gov/
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optimize control system performance while detecting and responding to performance
degradations, or to accurately assess the performance of emerging green building technologies.
Buildings are complex systems of integrated and interacting materials, components, and systems.
Past improvements in the energy performance of individual materials/components/systems have
not resulted in the expected reductions in overall building energy consumption. Performance
measurements made on individual materials and components in carefully controlled laboratory
test environments are idealized and typically capture neither the complexities of actual building
installation nor the dynamic interactions of multiple subsystems. For this reason, a new and
integrated portfolio of measurement science capabilities is needed that not only supports
innovation in the design and manufacturing of individual components, but also comprehensively
captures the system complexities and interactions seen in a real building. Each individual
measurement capability presents technical challenges, and the overall goal of significantly
improved energy and environmental performance can only be achieved by applying an integrated
portfolio of such measurement science capabilities. This initiative will, in addition to the
research funded in FY 2010, provide the measurement science required to achieve Net-Zero
Energy, High-Performance Green Buildings when undertaken in a holistic, integrated manner.

Proposed NIST Technical Program:

In the proposed technical program, NIST will target research to promote sustainable manufact-
uring and construction in the following areas:

Sustainable Manufacturing

e Information Supply Chain Infrastructure — The work proposed in this element of the
initiative will improve competitiveness and efficiency of U.S. manufacturers by defining and
enabling a closed-loop, open standards based information infrastructure to communicate
critical sustainability information among suppliers, customers and regulatory agencies. The
emphasis on reuse, remanufacture and recycle products and material has forced sustainable
manufacturers to pay as much attention to the information flow in the ‘reverse’ supply chain
as the traditional, forward supply chain, thus closing the loop. In addition, regulatory
requirements for declaring and reporting material content in their products and production
processes are forcing U.S. manufacturers to capture and share such information across the
supply chain, thus creating a strong need for standardization.

o Best Practices Development and Deployment in Key Sectors — Activities in this technical
area will provide documentation of methods and processes for sustainable manufacturing in
key industrial sectors. Engineering professionals in U.S. manufacturing sector have been
asking for such information’, which can be created from careful gathering and analysis of
best practices in industry. Such practices would also be deployed with the help of NIST’s
Manufacturing Extension Partnership (MEP) program.

s Sustainability Metrics and National Recognition — Activities in this technical area will
provide a set of sustainability metrics suitable for various segments of the U.S.
manufacturing sector, and we will use them as the basis for proposing a national recognition

® http://memagazine.asme.org/Web/Thoughts Sustainability.cfm
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program that promotes adoption of and recognizes implementation of sustainable
manufacturing best-practices.

Net-Zero Energy, High-Performance Green Buildings

Establish Energy Performance Standards for New and Existing Buildings - A key
marketplace driver for achieving national goals for Net-Zero Energy, High Performance
Green Buildings is the use of performance standards and their embodiment in building codes.
A variety of proposed performance standards are emerging from industry groups but there is
evidence that their use often does not result in the expected improvements in energy
performance and other high-performance measures. To make matters worse, there are
multiple model building codes and a wide variation in how model building codes become
adopted and applied in local jurisdictions around the country. To overcome these
deficiencies there is a need to create a feedback loop where actual building performance
measurements are used to understand why performance does not meet design expectations
and the lessons learned are used to drive revisions to performance standards and building
code.

Enable the Development and Usage of Sustainable Materials, Components and
Systems - The sustainable performance of building materials, components, furnishings, and
systems (coatings, sealants, concrete, organic photovoltaics, etc) often degrade prematurely,
resulting in inefficient use of materials, increased energy use associated with the production
of replacement materials, and disposal costs. The focus of this thrust is to extend their
service life through a scientific understanding of methods of degradation and of how
performance can be enhanced using waste stream and recycled materials such as fly ash.

Provide Measurement Science to Improve Indoor Air Quality in Conjunction with
Energy Efficiency Improvements - NIST will develop measurement protocols to assess
indoor air quality (IAQ) to ensure that reductions in building energy consumption do not
degrade indoor environments. As measures are instituted to decrease building energy
consumption, it is critical that they do not lead to unacceptable indoor environments, as the
potential costs associated with occupant illness and reduced productivity could quickly
exceed the savings from reductions in energy use. The current state of technical knowledge
and measurement science is not able to support the assessment of IAQ, which limits the
ability to assess the impacts of energy reduction measures.

Technology Transfer - The green building reduction goals that motivate this research can
only be achieved if the research results are widely adopted throughout the building industry
in both new and existing buildings. NIST will take the following actions to achieve this
result and outcome:

¢ Disseminate research results to key industry organizations such as the American Society
of Heating, Refrigerating, and Air-Conditioning Engineers, the Air-Conditioning and
Refrigeration Institute, the U.S. Green Buildings Council, ASTM International, American
Concrete Institute, the National Fire Protection Association to provide a basis for new
models, standards, and best practice guidelines.
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Collaborate with industry partners to enable laboratory testing of prototype materials
using NIST-developed measurement technology and to reconcile field exposure versus
laboratory results.

Disseminate consensus intelligent decision making tools and databases for facilitating life
cycle assessments of building materials, components and systems.

Provide grants to universities that support graduate student research in performance
measurement and indoor air quality sensor technology that compliment NIST’s research
and will be critical for meeting the building energy efficiency and sustainable objectives.
Utilize NIST’s Guest Researcher Program and Technology Fellowship Program to
collaborate with experts through joint research and use of our laboratory facilities in ways
that contribute to meeting initiative objectives.

Continue to support and contribute to Department of Energy/industry strategic road
mapping activities that will serve to identify and prioritize measurement needs supporting
green building technology development.

Performance Measures: Qutputs

At the proposed funding level, NIST will generate the following outputs:

Sustainable Manufacturing

Technical Area

Outputs/(Targets)

Information Supply Chain | e
Infrastructure

Harmonized standards and information models for materials
used in products and production processes, developed in
cooperation with industrial consortia. (FY 2013 - FY 2016)
Models and information flow in reverse and forward supply
chains, developed with lead industries. (FY 2014 - FY 2016)

Best Practices .
Development and ‘
Deployment in Key
Sectors

Best practices for sustainable methods and processes
developed and documented by working with lead industries in
key  sectors  (e.g., acrospace  and  electronics).
(FY 2013 - FY 2016)

Best practices deployed in these key sectors by working with
MEP and their regional/academic partners,
(FY 2014 - FY 2016)

Sustainability Metrics and | e
National Recognition

Harmonized sustainability indicators and metrics appropriate
for various regions and industrial segments, developed in
cooperation with national and international standards bodies.
(FY 2013 - FY 2016)

Pilot testing of high-level metrics as sustainability attributes
through a Malcolm Baldrige Quality Award type framework;
proposal for a similar national award for sustainable
manufacturing. (FY 2013 - FY 2015)
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Net-Zero Energy, High-Performance Green Buildings

Technical Area

Outputs/(Targets)

Energy Performance
Standards for New and
Existing Buildings

Comparative studies of ASHRAE Standards, International
Energy Conservation Code, Model Energy Code, and
state/regional codes to identify exemplary and weak code
requirements. (FY 2012)

Analysis of building and system performance data for a range
of innovative designs and technologies resulting in a building
performance database to support net zero energy targets and
standards. (FY 2013)

Standard design methods and performance requirements to
encourage innovative designs and energy efficient
technologies. (FY 2015)

Develop design tools and compliance strategies to enable
performance-based energy standards. (FY 2016)

Sustainable Materials,
Components and Systems

Test methods and models that enable the development of
building structural and envelope materials (coatings, sealants,
concrete, and composite materials) longer service life, lower
embodied energy, and reduced environmental impact.
(FY 2012)

Measurements and models to characterize, quantify, and
predict the end-use life-cycle performance and degradability of
bio-based building materials. (FY 2013)

Resolution of the technical barriers that prohibit the increased
use of industrial waste-stream materials (WSM - fly ash, blast
furnace slag) as a substitute for cement in concrete. (FY 2014)
Development of the fundamental understanding needed to
formulate environmentally benign fire suppressants in building
materials and furnishings. (FY 2014)

Measurement Science to
Improve Indoor Air
Quality (IAQ) in
Conjunction with Energy
Efficiency Improvements

Study that identifies the measurement science needed to enable
technologies that improve building IAQ without negatively
impacting energy consumption. (FY 2012)

Identify existing IAQ standards, assessment protocols and
metrics, and evaluate their technical merit for field application.
(FY 2013)

Develop TAQ assessment protocols for field application.
(FY2014)

Demonstrate JAQ protocols through field studies to evaluate
their accuracy, completeness, and practicality. (FY 2015)
Convert IAQ protocols into consensus standards. (FY 2016)
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Performance Measures: Qutcomes

At the proposed funding level, NIST technical outputs will enable the following outcomes:
Sustainable Manufacturing:

¢ U.S. manufacturers maintain and enhance their competitive edge by their ability to
" proactively exchange information with their suppliers, customers and regulators on the

sustainability attributes of their products and production processes.

e U.S. becomes a leader in creating jobs and profits in the reverse supply chain to reuse,
remanufacture and recycle products and materials.

e U.S. engineers are proficient in the practices of sustainable manufacturing.
U.S. manufacturing firms are viewed as world leaders in designing sustainable products and
using sustainable production processes.

o Green jobs lead to employment growth in the U.S. manufacturing sector.

e U.S. industry embraces a set of sustainable manufacturing metrics to benchmark their
performance and become world leaders.

s Pilot testing of high-level sustainability attributes creates strong awareness and competitive
spirit for sustainability among U.S. manufacturers.

Net-Zero Energy, High-Performance Green Buildings:

e Buildings that use energy more efficiently, have a lower environmental impact, and provide
better indoor air quality conditions for occupants.

e New and improved industry consensus standards and performance-based building codes.
Building materials with longer, more predictable service life and performance.

4, Innovations in Healthcare — Measurement Science and Standards to Support
Manufacturing and Regulatory Approval of Biologic Drugs (+24 Positions, +18 FTE,

510,000,000, including a $2,250,000 transfer to the Working Capital Fund.)
Problem Magnitude and NIST Role:

The rising cost of healthcare and increasing prevalence of chronic diseases, such as heart disease
and diabetes, are having a severe impact on the economic security and quality of life for many in
the U.S. The Administration is committed to addressing the major challenges associated with
healthcare to improve its delivery and efficacy. Innovative medical technologies can lead to
meaningful improvements in the efficiency, effectiveness, and quality of healthcare. However, a
sound measurement science and standards foundation must be in place to foster innovations.
NIST’s unique core competencies in measurement science and standards can help accelerate that
innovation.

To date, NIST’s efforts in the area of healthcare have targeted the measurement and standards
needs associated with clinical diagnostics and medical imaging. This new initiative will further
expand NIST’s ability to address inefficiencies and stimulate innovation in healthcare by
addressing challenges associated with the development and manufacture of biologic drugs.
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The cost of biologic drugs is one of the fastest growing components to the overall cost of health
care in the U.S. Biologic drugs are not small molecules like aspirin that can be synthesized
chemically, but rather are much larger, complex protein molecules produced in bioreactors using
living cells. Protein therapeutics have revolutionized the treatment of many life threatening
diseases such as cancer and have substantially improved the quality of life of hundreds of
thousands of patients. However, biologic drugs are very expensive and generics are not currently
available in the U.S. The U.S. Food and Drug Administration (FDA) has been charged with
developing a regulatory process to enable an abbreviated development process for follow-on
biologic drugs that will be based largely on physical/chemical and biologic measurements.
Companies wishing to take advantage of this upcoming opportunity need the ability to evaluate
the “sameness” of their follow-on biologic drugs with the currently approved biologic drug. The
data presented to the FDA would need to show that the structure and function of the follow-on
biologic drug is similar enough to the original biologic drug (as determined by measurements
comparing the structure and function of the two products), to provide the regulators with a high
degree of confidence that the new product will be safe and effective. In addition, the cell-based
production systems used for biologic drug manufacturing are plagued with inconsistencies and
biopharmaceutical companies need new measurement systems to obtain a deeper understanding
of the inner-workings of cells to achieve higher yields of the drug and to reduce waste. A critical
safety and efficacy issue for biologic drugs is their propensity to induce an immune reaction in
patients who receive them. Currently there is no reliable method to predict either the type or
degree of severity of immunogenicity caused by a biologic drug before it is administered to a
patient. New methods are also needed to identify and quantify various contaminants that enter
biopharmaceuticals during processing and packaging.

Interactions with industry and FDA have indicated that NIST resources directed at the following
needs would have a high impact:
e more accurately assess the “sameness” of a biologic drug made by different
manufacturers and/or different manufacturing processes
e improve efficacy and safety, and
¢ improve efficiency and reliability in manufacturing processes.

Proposed NIST Technical Program:

Working with stakeholders, NIST has identified the following critical phenomena and
measurement barriers as areas where the development of improved measurement technologies
and methods would have great potential to positively impact the biopharmaceutical
manufacturing industry and improve the ability of FDA to regulate “generic biologics”.

¢ Immunogenicity and Immune Response: There is currently no measurement infrastructure
in place to ensure the accuracy and comparability of the various methods used to measure
key attributes of protein biologics that cause immunogenicity. Immunogenicity is the ability
of a biologic drug to provoke an immune response in a patient. An immune response may
range from neutralization of the drug rendering it ineffective to a life-threatening allergic
reaction. A key attribute of biologic drugs linked to immunogenicity is aggregation.
Aggregation is the process by which individual biologic drug molecules may “clump”
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together to form larger particles. For regulatory approval, biologic drugs must be carefully
examined for the presence of aggregates; however, detecting and measuring the wide size
range of possible aggregates remains difficult. Manufacturers often use different
measurement tools and protocols that can lead to contradictory results.

Improving the measurement science for biologic drug aggregates would benefit
manufacturers and patients in several ways. For example, development of standards would
help to compare results from different measurement methods used by manufacturers and
provide a better scientific framework for regulatory requirements and decisions. These
standards would also facilitate the development and acceptance of improved instruments for
measuring biologic drug aggregates during manufacturing and in final products. Improved
measurement of aggregation would ultimately lead to better understanding and prediction of
biologic drug aggregation and immunogenicity. The ability to predict immunogenicity of
new biologic drugs would, in turn, increase the probability for their successful development.
Additionally, methods are required to evaluate the potential adverse immune response
invoked by a particular therapeutic treatment. These types of assays often require the
measurement of cellular response in vifro in the presence of known peptides or peptide
libraries as predictive of an in vivo response. Current in vitro assays require peptide and
protein standards, and validated cell based analysis methods to assure the quality of these
measurecments, Improved in vitro immune system models are needed to provide better
predictive capability related to patient outcome.

Biologic Drug Structural Measurements:

e Three-dimensional (3-D) protein structure: Biologic drug proteins are synthesized
in cells as linear chains of amino acids that must be “folded” into precise three-
dimensional (3-D) shapes to achieve full biological activity or function. The
improper folding of a biologic drug affects several aspects of how a biologic drug
may function once injected into a patient. Potency, efficacy and safety can all be
severely compromised by misfolding events. At present, the physical or chemical
characterization methods for determining the 3-D structure of biologic drugs are not
consistently reliable or reproducible and are not readily applicable to in vivo
environments.

The development of reference methods, standards, and data for the characterization of
3-D protein structure would help biopharmaceutical manufacturers verify the
accuracy and comparability of the structures of manufactured biologic drugs.

Standard data and methods would also aid instrument vendors in providing reliable
and standardized measurement technologies for protein 3-D structure analysis.
Standards would also foster the innovation and evaluation of new, more robust
approaches for structural analysis by manufacturers and instrument vendors. These
efforts would help to ensure that the manufacturer is producing the same product
from one batch to the next and would also allow for direct structural comparison of
any new or ‘follow-on’ forms of a biologic drug with the original product. Standards
would also help determine the relationship between the structure of a biologic drug
and its function, which will be critical to our ability to develop predictive models for
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how it will act in the body. Standard protein 3-D structure methods and data would
make the biologic drug marketplace more efficient in two key areas: batch to batch
comparative analysis of biologic drugs and authentication of biologic drug identity.

Post-translational modification (PTM) of manufactured proteins: Most biologic
drugs contain chemical modifications known as post-translational modifications
(PTMs). These modifications occur at very specific locations on the biologic drugs
and can greatly impact their therapeutic function. One commonly observed PTM,
glycosylation, involves the addition of complex groups of sugar molecules. PTMs,
such as glycosylation, are known to be critical to the safety and efficacy of many
biologic drugs and PTMs must be consistent over the market life of the product.
There are many analytical methods for determining PTMs; however, assessing the
accuracy and comparability of results from the different methods remains
challenging. In order to evaluate the sameness of biologic drug products, these
modifications must be well-understood and extensively characterized. Due to the
complex and varied nature of the PTMs, improved methods are needed to
quantitatively assess the structure of PTMs and understand how differences in their
structure impact biologic drug potency and clinical performance.

The development of appropriate standards would allow the precision and accuracy of
the many different analytical technologies to be evaluated and enable better
comparison of results. Such standards would also foster the development and
evaluation of new analytical methods and protocols by instrument vendors and
industry. Characterizing the PTM signature of products would also enable more
streamlined comparative analysis, aid in authentication of manufactured products to
safeguard against counterfeit drugs, and reduce the cost of comparing the PTMs of
batches of biologic drugs produced from different manufacturing sites or companies.

Production cell efficiency: Biologic drug manufacturing processes are highly
variable and unpredictable due to a lack of tools to measure the internal workings of
the cells that synthesize, modify and secrete the desired biologic drug product. Most
biologic drugs are produced in Chinese hamster ovary (CHO) cells, but numerous
problems are routinely encountered where CHO cells, for unknown reasons, do not
perform appropriately. When this occurs, weeks or months of production time are
wasted. The biologic drug industry has indicated to NIST a strong desire to have
available measurement tools to enable a more complete understanding of the CHO
cell system to a point where it can better be manipulated and controlled. This systems
level characterization of CHO cells will require advanced measurement capabilities
that enable the identification, quantification and measurement of the thousands of
biomolecules and signaling pathways that govern the inner working of these tiny
biologic drug factories.

Industry and academia would be better equipped to understand changes in the cell
function and the associated production capacity by using a systems biology-based
approach to monitor production cell behavior. However, this would require greatly
improved measurement capabilities and a robust measurement infrastructure to
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support analysis of cell behavior at this level, particularly in a manufacturing
environment. With such robust capabilities available, a more fundamental
understanding of processed employed by production cells to synthesize biologic drugs
with the correct PTMs would be possible, enabling the agile, low cost manufacturing
of safe and effective protein- and cell-based products.

Performance Measures: Outputs

At the proposed funding level, NIST will generate the following outputs:

Innovations in Healthcare: Measurement Science and Standards to Support the
Manufacturing and Regulatory Approval of Biologic Drugs

Technical Area Outputs/(Targets)

Immunogenicity e (ritical evaluation of the underpinning measurement science
for protein aggregate measurements. (FY 2013)

e Reference methods and Standard Reference Materials for
protein aggregate measurements. (FY 2014)

e Validated in vitro methods and models for measurement of
human immune system response. (FY 2014)

Structure e Reference methods in multiple spectroscopies (reference

(3-D and PTM) spectra, data and standards) for measuring ‘sameness’ related
to protein 3-D structure. (FY 2013 — FY 2014)

e Reference methods, data, and standards for glycan analysis.
(FY 2014)

e Stable Isotope Protein Labeling User Facility at the NCNR to
support high resolution protein structural analysis. (FY 2012)

Production Cell Efficiency [ ¢ Reference genetic markers and methods for cell line ID.
(FY 2013)

e Reference methods and standards to support gene expression
measurements and measurement of transcriptome of CHO
cells. (FY 2013)

e Reference methods and standards to support proteomic
measurements of CHO cells. (FY 2014)

e Reference Data (molecular signatures) for predicting CHO
cell performance in Biologic Drug manufacturing. (FY 2014)

NIST intramural research and standards activities will be augmented by a competitive extramural
research grants program targeting specific industry challenges in each of the three areas
mentioned above.
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Performance Measures: Outcomes

At the proposed funding level, NIST technical outputs will enable the following outcomes:

¢ Improved biologic drug aggregate measurements would enable instrument, equipment and
supply vendors, methods developers and biologic drug manufacturers to develop new
measurement systems.

e Harmonization of results across different measurement platforms used by manufacturers and
ultimately provide a better scientific framework for regulatory decisions.

e Improved accuracy and comparability of the methods used to measure critical process and
end-product characteristics of manufactured biologic drugs would enable improved process
development, lower cost of goods, and increase profit.

o Industry and academia would be better equipped to develop the advanced measurement
systems required for the establishment of a systems-biology-based approach for
understanding the inner workings of biologic drug production cells and lead to a more
fundamental understanding of bioprocessing and enable the agile, low cost manufacturing of
safe and effective products.

5. Innovations for 21st Century U.S. Manufacturing (+28 Position, +21 FTE, +$10,000,000)

e Manufacturing is fundamental to the Nation’s economy and to the future prosperity of all
Americans. It puts progress in science, technology, and engineering into practice — and into
the marketplace.

e Responding to globalization of the world’s economy, the future of U.S. manufacturing will
be defined by innovative, complex, high value-add, knowledge-intensive products produced
with materials and processes that are similarly advanced in nature, such as those based on
nanotechnology.

e Global competition and rapidly-changing market demands are pressing U.S. manufacturers to
respond more and more quickly and efficiently with innovative products and processes.
However, there are currently many challenges and barriers to agility throughout the product
realization lifecycle—from design to fabrication to logistics and distribution.

e This program will improve the ability of U.S. manufacturers to (1) create innovative products
that meet changing global market demands and (2) meet increasingly challenging quality and
cost requirecments through faster and more efficient manufacturing research and development
based on new measurement and test methods, new standards, and advanced algorithms and
tools for modeling and decision-making.

Problem Magnitude and NIST Role:

The President has identified investments in new technologies and business practices as one of
seven key areas in his policy framework for revitalizing American manufacturing, stating “The
key manufacturing growth areas in the 21* century will be driven by new technologies and new
areas of consumer demand. The most successful areas will be combinations of the two, such as
using new technologies to satisfy the increasing demand for clean energy.”’® A robust and

19 Executive Office of the President, December 2009, “A Framework for Revitalizing American Manufacturing”
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vibrant manufacturing sector is critical to the overall health of the U.S. economy. Today the
manufacturing sector accounts for 12 percent of GDP, which amounts to a substantial
$1.6 trillion, and employs 14.3 million workers. Manufacturing’s leverage on the rest of the
economy tops all other sectors, generating an additional $1.43 in economic activity in the rest of
the economy for each $1 in merchandise sales; and the manufacturing sector is the primary
source of U.S. trade revenues, accounting for almost two-thirds of the Nation’s total exports.
Equally critical for future U.S. economic health is the integral role of the manufacturing sector in
leveraging technological innovation in the rest of the economy, especially in the large and
rapidly growing service sector. It is widely acknowledged that R&D is the fundamental basis of
innovation, but the fact that the manufacturing sector drives the majority of U.S. R&D efforts is
often overlooked. The manufacturing sector accounts for more than 70 percent of U.S. industrial
R&D, with more and more of the research effort and production coming from the high-
technology portion of the manufacturing sector, which has tripled its output over the past
25 years.11 This engine of economic growth can only be sustained if the innovations in
measurements and standards necessary for progress are developed and disseminated in tandem
with the industrial R&D.

Globalization has placed new pressures upon the manufacturing sector. Today global markets
are becoming increasingly technology- based. In response, the U. S. manufacturing sector is
adopting a wide range of technologies to compete effectively in the future. Greater use of
technology is enabling American companies to provide higher quality and more customized
products while also reducing costs. Equally important, the higher value added achieved through
greater technology intensity is creating more productive and higher paying jobs within the
domestic economy. However, other nations are rapidly expanding their economies’ investment
in manufacturing technologies. Greater incentives by these competitors have resulted in U.S.
manufacturing companies expanding foreign R&D spending at three times the rate of their
domestic investment.

This program will leverage the productivity of domestic manufacturing R&D and thereby make
investment within the U.S. economy more attractive. This leverage will result from the provision
of key measurements and standards that can result in a sustainable competitive advantage. The
program will provide a measurable increase in domestic R&D productivity through the
development of infrastructural science, technologies, and tools needed to achieve the proposed
agile manufacturing innovations and next-generation capabilities for nanomanufacturing.
NIST contributions are complementary to domestic industry’s R&D because they address
commonly shared measurement and standards problems spanning the spectrum of U.S.
manufacturing, while leaving the application-specific technology and process development to
industry stakeholders.

! Gregory Tassey, Rationales and Mechanisms for Revitalizing U.S. Manufacturing R&D Strategies, 2009
(http://www.nist.gov/director/planning/manufacturing_strategy_paper.pdf).
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This program represents a critical first step in providing an advanced technical infrastructure for
the future growth and prosperity of U.S. manufacturing. Two major technological areas will be
emphasized:

Rapid and Cost Effective Manufacturing Capabilities: Manufacturing plays a central
role in realizing the benefits of technological innovation and in the overall growth and
health of the U.S. economy. The ability to rapidly introduce product innovations will
provide a foundation for future U.S. manufacturing market growth, competitiveness, and
creation and retention of high-skill, well-paying jobs. A much greater degree of
manufacturing agility is also needed to fully capitalize on the unprecedented long-term
manufacturing opportunities being created by new approaches to health care, energy, the
environment, and transportation. In addition, domestic manufacturing agility and overall
productivity are essential to national defense and homeland security by ensuring that the
high-performance and high-quality products and systems needed by our military and
security forces are provided in a timely and cost-effective manner throughout each
technology’s life cycle. In this program, NIST will conduct and sponsor research and
development in technology areas central to a transformational future of U.S.
manufacturers: including additive manufacturing and advanced robotics.  New
measurements and performance-based standards for additive manufacturing — referring to
a revolutionary capability to create complex three-dimensional objects by building up
layers with material composition and structure that vary like colored ink on printed pages
- will enable a business environment where “new types of businesses will unleash new
types of products that were previously impractical due to cost, risk, or
manufacturability.”'?  Advances in additive manufacturing methods will give U.S.
manufacturers new capabilities to rapidly produce highly-customized and complex
products with increased functionality and performance, decreased time-to-market, and
reduced waste. In addition, the President’s Framework for Revitalizing American
Manufacturing recognizes the importance of “developing advanced robotics technologies
that allow the U.S. to retain manufacturing, and respond rapidly to new products and
changes in consumer demand.”"

Nanomanufacturing: Remarkable discoveries of nanoscale materials with unique
properties, along with laboratory demonstrations of a range of innovative nanoscale
devices provide a broad and deep potential foundation for future U.S. manufacturing
competitiveness. However, for these early discoveries to become the basis for new U.S.
industries and drive future productivity and market growth, methods must be established
to efficiently assemble products that integrate together billions or more of nanoscale
devices with disparate functions over large areas. Current manufacturing methods, such
as those used in high-volume production in the semiconductor industry, will not be
adequate at the low- and medium scales of production needed in a wide range of potential
markets. Radically new processing approaches are needed. Moreover, for such products
to be ubiquitous in the nation’s future economy while being friendly to the environment
and safe to work with, the new products and associated production processes must be

12 «Roadmap for Additive Manufacturing Identifying the Future of Freeform Processing”, 2009, University of Texas
at Austin
13 Executive Office of the President, December 2009, “4 Framework for Revitalizing American Manufacturing”
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inherently sustainable. This goal can only be achieved through radically new product and
process technologies, supported by equally new and pervasive measurement technologies
and standards.

Proposed NIST Technical Program:

NIST will target research to promote agile manufacturing and nanomanufacturing in the following
areas:

Rapid and Cost Effective Manufacturing Capabilities:

To begin to achieve rapid and cost effective manufacturing capabilities for disruptive new
technologies, foundational manufacturing research and development, new measurement
methods, and associated standards are needed in a number of areas to enable rapid prototyping
and scale up capabilities to enable the manufacture of high technology products. Working with
industry and academic NIST will engage in research and standards efforts that promote:

Additive manufacturing and rapid prototyping systems that provide the agility needed to
rapidly make innovative customized complex products that are not realizable by more
traditional manufacturing technologies or produced in low-to-moderate volumes. NIST
research and development in this program will provide:

e New measurement methods, tools, and test specimens to improve system
performance, materials qualification, and part quality for additive manufacturing
processes;

¢ Fundamental understanding of the physics and chemistry associated with additive
processes to form the technical basis for new standards, performance metrlcs next-
generation product design tools, and improved materials;

e Tools and methods for integrating materials specifications and manufacturability
information into enhanced product design systems; and

e New methods and tools for characterizing, optimizing, and controlling innovative
additive processes within the overall production system.

Intelligent robotics and automation systems to enable robotics to be more broadly applied
to mass customization robots [need] to be smarter, more flexible, and able to operate safely
in less structured environments shared with human workers.” NIST research and
development in this program will provide:
e Performance measures for imaging sensors and perception for situational awareness
in dynamic unstructured environments;
e Performance measures for tactile sensors, mechanisms, and algorithms to improve the
manipulation capability of robotic systems;
e Performance measures and standards for industrial robot safety systems that allow
safe operation in proximity to humans; and
e Performance measures and standards for next generation robot systems that can
perform a wider range of manufacturing operations.
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Nanomanufacturing:

Although the flexibility inherent in nanomaterials offers exceptionally broad possibilities for
future manufactured products, four requirements to move beyond one-off nanofabrication
demonstrations to volume and cost-efficient nanomanufacturing are:

Production must be scalable up to the required throughput and yield;

e The generation, manipulation, and organization of nanostructures must be accomplished
in a precise, controlled, and environmentally responsible fashion;

e All nano-based products must perform to specification over their expected lifetime
without the release of potentially hazardous nanomaterials into the environment; and

e The bulk of the materials used must be recyclable with minimal waste or energy
consumption.

Design of Scalable Nanomaterials, Components, and Devices: Nanomanufacturing relies
on scaling up production from the laboratory demonstration level to true industrial volume
production. This challenge must be addressed, in part, through nanomaterial, component, and
device design that identifies and eliminates the fundamental limits to scaling. New scalable
processes and techniques for generating, handling, and assembling nanostructures safely and
efficiently on an industrial scale must be developed, validated, and disseminated. Many of
these techniques will have to rely on the self-assembly of nanostructures in order to solve the
problem of incorporating a vast number of nanocomponents into functional systems. The
success of this approach will depend on the careful design of individual nanostructures as
well as on the development of new control methods designed to organize matter using
predominantly stochastic rather than deterministic processes. The research and development
supported here will be focused on overcoming the major technical barriers encountered in
transitioning from the laboratory to the production line, including the following:

e Novel processes and techniques for scalable and sustainable manufacturing of known
beneficial nanoscale materials, components or devices, with preference given to
processes applicable to broad classes of nanomaterials, components, and devices;

e Novel beneficial nanomaterial components and devices produced by known scalable
and sustainable manufacturing processes and techniques;

e Fundamentals of nanomaterial, component, device and/or nanomanufacturing process
design specifically focused on scalability and sustainability; and

¢ Novel metrology techniques to enable the rapid characterization of nanostructure
propertics and behavior to enable rational design.

Nanomanufacturing Measurement Technologies: The accuracy, precision, and
reproducibility with which a structure can be manufactured are dictated in large part by the
available metrology, because it cannot be made if it cannot be measured. Measurement
systems and standards have enabled industry to produce reliable goods and promote
successful businesses and a healthy economy through high-quality process development.
Nonetheless, the ability to tune and maintain nanoscale assembly processes is severely
limited by the lack of truly nanoscale, real-time, in-line techniques for measuring
manufacturing system performance and instantly determining and executing production
process adjustments. Existing methods are time-consuming, expensive, and require high-tech
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infrastructure and high skill levels to perform. For example, current process monitoring often
requires off-line and hence time consuming product sample preparation and testing, and
advanced expertise is typically required to perform the actual assessments (for example,
applying electron or atomic force microscopy on nanoscale components or devices). Often,
one must resort to macroscopic, and thus indirect, measurements of functionality that omit
crucial information about the causal chain of process, structure, and function. The resuits are
lower yields and less product flexibility. The research and development supported here will
develop nanomanufacturing measurement technologies, including the following:

Metrology techniques to enable the detailed understanding and development of
techniques for scalable nanostructure manufacturing, including in situ atomic scale
measurements of dynamic processes;

Metrology tools to quickly, inexpensively, and accurately characterize products at the
relevant scales of one to hundreds of nanometers, including non-contact optical
measurements; and

In-line, fast and inexpensive nanoscale metrology and control techniques to enable
and maintain complex, multi-step assembly processes in which a large number of
variables have to be optimized and controlled.

Performance Measures: Qutputs/( Targets)

Rapid and Cost Effective Manufacturing Capabilities:

New measurement methods and standards, advanced software tools, and
infrastructural technologies to drive innovation in advanced manufacturing/rapid
prototyping systems (FY 2012 —FY 2017)

New intelligent robotics and automation and additive manufacturing technology,
methods, and capabilities transferred to U.S. industry through collaborations,
testbeds, and prototype development (FY 2014 — FY 2017+)

Nanomanufacturing:

Standards and metrology tools and protocols for quantifying the characteristics of
nanomaterials and structures used in nanomanufacturing (FY 2013 — FY 2016)
Materials and processes for nanomanufacturing that are scalable, efficient, and
safe (FY 2013 - FY 2018)

Innovative, flexible systems for in-line manufacturing measurements that are fast,
robust, standardized, and traceable (FY 2013 — FY 2018)

Transfer of the materials and processes and measurement systems and protocols
to industry stakeholders (FY 2015 — FY 2020)

Performance Measures: Qutcomes

Manufacturing is a key driver for U.S. economic well-being, national security, wealth generation
for the country, and quality of life for the nation. Manufacturing turns scientific discoveries into
viable commercial products. Furthermore, manufacturing stimulates further technology
innovation in a regenerative cycle that leads to realization of new products and new impacts on
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society, especially in emerging and growth areas such as renewable energy sources and devices,
miniaturization and micro-scaled products, intelligent systems, medical devices and implants,
and national security. Finally, a broad and viable manufacturing sector is essential to support the
productivity and hence competitiveness of the larger high-tech service sector, which depends on
manufacturing for much of its technology. At the proposed funding level, NIST technical outputs
will enable the following outcomes:

e Enhanced U.S. manufacturing competitiveness where manufacturers produce high-value,
knowledge-intensive products and respond rapidly to new product opportunities and
changes in consumer demand through innovative rapid prototyping and mass
customization manufacturing, and nanomanufacturing technologies;

e Broadened application of robots to more advanced and complex tasks to safely augment
human capabilities in manufacturing, along with new and expanded domestic industries
in intelligent robotics for manufacturing; and

e A new U.S. industry that develops and manufactures innovative and safe products based
on integrated systems of nanoparticles and nanodevices with custom designed properties
and functions.

¢ Qverall, a larger and more technologically intensive domestic manufacturing sector based
on the principles of mass customization and advanced product performance, product
quality, and cost minimization.

6. Disaster Resilient Buildih s and Infrastructure (+11 Positions, +8 FTE, +$5,000,000

Problem Magnitude and NIST Role:

A large percentage of the Nation’s buildings and infrastructure is concentrated in disaster-prone
regions of the country.” !¢ Despite significant progress in disaster-related science and
technology, natural and technological disasters in the United States are responsible for an
estimated $55 billion in average annual costs in terms of lives lost, disruption of commerce and
financial networks, properties destroyed, and the cost of mobilizing emergency response
personnel and equipment. Natural hazards'’ are a continuing and significant threat to U.S.
buildings and infrastructure. Activities of man that are accidental, criminal, or terrorist can lead
to disastrous losses as well. A single event such as a major earthquake or hurricane could
potentially cause $80 billion to $200 billion in economic losses in the affected areas.

The disaster resilience of our buildings and infrastructure today is determined in large measure
by the building codes, standards, and practices used when they were built. With few exceptions,
these legacy codes, standards, and practices which have evolved over several decades are
prescriptive, oversimplified, and inconsistent with respect to risk. There is a critical need for the
transformation from prescriptive to performance-based codes and standards that will enable the
use of innovative structural systems and materials. Codes and standards are developed through a

13 Improved Seismic Monitoring — Improved Decision Making: Assessing the Value of Reduced Uncertainty, National Academies
Press, 2006.

16 Economic Statistics for NOAA — May 2005 — Fourth Edition.

17 Hazards include earthquakes, wind-related hazards (hurricanes, tornadoes, windstorms), fire-related hazards (community-scale
fires in the wildland-urban interface, structural fires), water-related hazards (storm surge, flood, tsunami) and human-made
hazards (accidental, criminal, or terrorist).
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voluntary consensus process by private sector organizations that lack the resources to carry out
the research required to develop the technical basis for improved codes and standards.

As costs continue to rise, there is increasing recognition of the need to move from response and
recovery to proactively identifying hazards that pose threats and taking action to reduce the
potential impacts. Whether hazards become disasters depends largely upon the disaster resilience
of our structures and communities. This, in turn, depends upon the capacity to prepare for and
mitigate the impacts of hazards, preventing them from becoming disasters. This initiative
focuses directly on selected solutions demanded by five of six Grand Challenges identified by the
President’s National Science and Technology Council in June 2005 for advancing science and
technology to enhance disaster resilience, and thus, improve the Nation’s ability to face disasters.
These challenges include: (1) provide hazard and disaster information where and when it is
needed, (2) understand the natural processes that produce hazards, (3) develop hazard mitigation
strategies and technologies, (4) assess disaster resilience using standard methods, and
(5) promote risk-wise behavior.

Currently, there is a lack of the measurement science to improve the disaster resilience of
buildings and infrastructure exposed to natural and man-made hazards. This program supports
NIST’s mission of promoting U.S. innovation and competitiveness by anticipating and meeting
the measurement science, standards, and technology needs of U.S. industries, including the
building and fire safety industrics. The program leverages NIST core competencies in
performance of buildings and infrastructure under extreme loads. NIST has significant statutory
responsibilities in these areas, including the National Earthquake Hazards Reduction Program
(NEHRP) (2004), the National Construction Safety Team Act (2002), the National Windstorm
Hazard Reduction Act (2004), and the Fire Prevention and Control Act (1974). Further, NIST
houses the Building and Fire Research Laboratory (BFRL), whose research on standards and
codes are used by practitioners around the world. This initiative addresses two critical national
needs:

e Disaster and Failure Event Studies: Historically, the analysis of the performance of
buildings and infrastructure during natural and man-made hazards has enabled improvement
of the safety and functionality of the facilities in which Americans live and work. Extreme
events test entire buildings and infrastructure systems in ways and on a scale that cannot be
adequately or accurately replicated in a laboratory. There is a need for research that provides
valuable information on hazard characteristics, structural performance, safety of building
occupants, infrastructure system performance at both the component and system levels,
effectiveness of emergency response and evacuation procedures, and the adequacy of
building codes, standards and practices. Knowledge of all of these areas is required to
provide disaster-resilience at the structure and community levels through improvements to
codes, standards, practices, and to inform research to address knowledge gaps. This initiative
supports the development of a National Disaster and Failure Events Database, that was
initiated with funds in FY 2010, that will include natural and man-made hazards. The
Database directly addresses one of nine strategic priorities of the 2008 NEHRP Strategic
Plan, which calls for the development of a Post-Earthquake Information Management System
(PIMS) to assemble and manage relevant scientific, social behavior, engineering, casualty,
economic loss, response, and recovery cost information for damaging earthquakes. Such a
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database does not currently exist, and no other organization has the statutory authority,
responsibility, resources, and capabilities to develop and maintain a comprehensive data
repository on disaster and failure events. The repository will be developed to accept field
data from NIST and other credible sources; in NEHRP, for example, information will be
provided by the Federal Emergency Management Agency (FEMA), National Science
Foundation (NSF), and U.S. Geological Survey (USGS), in addition to NIST, and
organizations in the broader NEHRP stakeholder community. The repository will be a
national, public asset that will be used by researchers, practitioners, and codes and standards
development organizations.

e Fire Performance of Structures: Current engineering practice does not consider fire as a
condition for structural design. The nearly century-old prescriptive fire endurance test
standard for structural components poses a stifling barrier to innovation in the design of
structural systems and connections, and in the use of new, higher performing structural and
fireproofing materials. The standard test method also does not consider the performance of
the structure as a system (including its connections) either in the standard test or more
importantly, in real building fires, which are vastly different from the standard fire. The
problem is made even harder by the difficulty of distilling the complicated elevated
temperature behavior of structural materials to a model that can be incorporated into a
predictive scheme without loss of the essential failure and deformation behavior. Currently,
there are no science-based, accepted measurement tools to evaluate the fire performance and
quantify the safety of a structure as a complete system of components and connections, or
compare the fire resistance performance of different structural systems. NIST is currently
constructing a $22 million'® National Structural Fire Resistance Laboratory (NSFRL) on the
Gaithersburg site, which will provide the opportunity to test real-scale structural systems
under realistic structural and fire loading. This initiative supports the commissioning of and
research to be conducted in the NSFRL. Both the new facility and this initiative are critical
to implement Recommendations 4 through 7 from the NIST technical investigation of the
collapse of the World Trade Center towers."?

Proposed NIST Technical Program:

This initiative proposes to develop the scientific basis required to enable technological
innovation, improve predictive capabilities, and improve codes and standards for the cost-
effective improvement of life-safety and reduction of property loss due to natural and
man-made hazards. The fundamental new idea underpinning this initiative is that disaster
resilience can be enhanced by developing a robust capability to predict the effects of hazards on
the performance of complex structural systems. This will be achieved by providing data to
characterize the hazard, validated physics-based models to predict performance, metrics for
measuring performance, acceptance criteria for differing levels of performance objectives, and

'8 NIST allocated American Recovery and Reinvestment Act funding for the construction of a $16 million structural
fire resistance testing facility, $5 million for the expansion of pollution abatement system for its Large Fire
Laboratory, and $800K for the structural loading system. The facility is anticipated to come online in FY2012.

' Final Report on the Collapse of the World Trade Center Towers, NIST NCSTAR 1, September 2003, pp. 208-
213,
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mitigation strategies based on performance evaluation. The scope of the proposed research
focuses on disaster resilience of buildings and infrastructure.

The proposed research has the following objectives:

Disaster and Failure Event Studies: NIST will develop the measurement science to derive
lessons from disaster and failure events involving buildings and infrastructure. It will collect
and analyze data and artifacts to improve the understanding of hazards, the real-world
performance of buildings and infrastructure during disaster and failure events at both the
component and the system levels, associated emergency response and evacuation procedures
and social and economic factors that affect pre-disaster mitigation activities and post-disaster
response efforts. The results of disaster and failure studies will lead to recommendations for
improvements to building codes, standards, and practices and identification of gaps in current
knowledge about buildings, infrastructure, emergency response, and human behavior. NIST
will create and maintain a National Disaster and Failure Events Database to facilitate such
disaster and failure studies and to widely disseminate the data, findings, and
recommendations from these studies. NIST will develop this database in cooperation with its
partner agencies (e.g., FEMA, NSF, USGS, and NOAA) that share national responsibilities
with NIST for improving national disaster resilience.

Fire Performance of Structures: NIST will develop the capability to test real-scale
structures in the NSFRL under realistic structural and fire loads. NIST will develop an
experimental database on the performance of materials, components, and connections under
fire loading to gain knowledge, quantify performance, and validate and verify physics-based
predictive models, including a library of component and connection models for use in
performance-based design. Data from experiments conducted in the NSFRL will provide the
technical basis for performance metrics, acceptance criteria for different levels of
performance objectives, and mitigation strategies based on evaluated performance to provide
adequate fire protection for the structure. This program will provide the measurement
science to enable the transformation from prescriptive to performance-based standards in
design of structures for fire resistance.

Performance Measures: Qutputs

At the proposed funding level, NIST will generate the following outputs:

Disaster Resilient Buildings and Infrastructure

Technical Area Qutputs/(Targets)

Disaster and Failure Event | ® Develop a framework for the National Disaster and Failure
Studies Event Database and conduct pilot project to test the

framework. (FY 2013)

e (Create and implement a National Disaster and Failure
Database to serve as a public archival repository on hazard
characteristics, the performance of buildings and infrastructure,
associated emergency response and evacuation procedures, and
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Disaster Resilient Buildings and Infrastructure

Technical Area

Outputs/(Targets)

social and economic factors that affect pre-disaster mitigation
activities and post-disaster response efforts. (Phase 1 —
FY 2015)

® Conduct field studies in the aftermath of disaster and failure
events to collect data and artifacts related to the performance
buildings and infrastructure, associated emergency response
and evacuation procedures, and social and economic factors
that affect pre-disaster mitigation activities and post-disaster
response efforts. (This will be an on-going effort with a
frequency of approximately once per year or less.)

¢ Conduct technical studies to interpret and analyze the data and
artifacts, build and analyze models, perform laboratory
experiments, determine findings and promote implementation
of recommendations for changes to codes, standards, and
practices, address knowledge gaps in the prevention,
mitigation, or fundamental understanding of physical
performance and human behavior. (This will be an on-going
effort with a frequency of approximately once per year or less.)

Fire Performance of
Structures

e Commission the NSFRL by testing and calibrating the
structural  loading system, thermal and structural
instrumentation, data acquisition system, and application and
control of fire loading and safety systems. (FY 2013)

¢ Develop NSFRL laboratory/testing operational procedures,
including structural loading, specimen support and restraint,
fire load application, instrumentation and data acquisition, and
safety measures. (FY 2013)

¢ Develop a comprehensive NSFRL safety program including
training requirements. (FY 2013) |

® Develop standard test protocols, including fire characterization
(fire intensity and duration), thermal and structural response
measurements, characterization of measurement uncertainty,
and calibration of test apparatus and instrumentation.
(FY 2014)

¢ Conduct experiments and develop an experimental database on
the performance of large-scale structural connections,
components, subassemblies, and systems under realistic fire
and loading conditions that can be used to validate predictive
models and enable the development of performance-based
design methodologies. (This will be an on-going effort with a
frequency of approximately one major test series every 18
months.)
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Performance Measures: Qutcomes

At the proposed funding level, NIST technical outputs will enable the following outcomes:

¢ The development of improved emergency response and evacuation procedures, and pre-
disaster mitigation plans specific to hazard events.
e Data, models, guidelines, and improved standards, codes, and practices for the built

environment.

* Enable the transformation from prescriptive to performance-based design of buildings and
infrastructure.

o Enhance the safety of buildings, infrastructure, emergency responders, and the public at
large.

7. Advanced Solar Technologies — Third Generation Photovoltaics (+18 Positions,
+13 FTE, +$5.000,000)

This new initiative focuses on the development of advanced measurement tools, models, data
and standards that are necessary to accelerate the development, improve the efficiency, and
lower the manufacturing cost of solar devices that incorporate third generation photovoltaic
material, which hold the promise of reducing the price per watt for electricity to levels at or
below the cost of conventional energy generated from fossil fuels.

The following goals and priorities are supported through this initiative:

e The White House’s Strategy For American Innovation proposes to develop new and
cleaner energy sources that can meet our Nation’s increasing energy needs while
mitigating global climate change, reducing energy imports, and creating green
manufacturing jobs.

e The White House’s Strategy on American Innovation calls for increased investment in
fundamental research to enhance competition in the global marketplace.

¢ The Office of Science and Technology Policy (OSTP) identifies the development of
“solar cells as cheap as paint” as one of the “Grand Challenges” of the 21" century.

& The Department of Commerce (DoC) has a strategic goal of promoting innovation and
industrial competitiveness.

Problem Magnitude and NIST Role:

Economic growth and expanding population are predicted to double the world’s demand for
energy by 2050 and triple it by the end of the century, even with aggressive conservation efforts.
Moreover, the U.S. faces unique multiple challenges in meeting its energy needs. These include:

e Energy Independence - The use of energy in the U.S. currently exceeds our Nation’s
production capacity.,
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¢ Environmental Stewardship - The combustion of fossil fuels is 85 percent of current U.S.
energy supply. There is increasing pressure for the U.S. to reduce its emissions of CO;
and other greenhouse gases that contribute to climate change.

e Economic Security - The U.S. economy is threatened by the high and variable cost of
imported energy. The need for the development of next generation clean energy
technologies that do not depend on imported oil presents a global economic opportunity
for the U.S.

In addition to these challenges, the threat of climate change imposes further requirements on
potential future energy sources. The distribution of existing carbon-neutral energy technologies
is simply not sufficient to secure our Nation’s energy future. Instead, meeting the energy
challenge will require new technologies for producing, storing, and using energy with
performance levels far beyond what is now possible.

Solar energy remains one of the most promising alternative sources of energy as it is readily
available, free from geopolitical issues, and immune to the environmental problems associated
with carbon emissions. However, despite the continued growth of solar energy technologies,
adoption of these technologies is ultimately limited by the relatively high-cost and low-efficiency
of conventional photovoltaic (PV) solar cells. First and second generation silicon-based devices
will continue to see¢ gains as manufacturing processes improve, but are fundamentally limited in
efficiency by the mismatch between the solar spectrum and device absorption spectrum. New
third generation photovoltaic technologies seek to exploit nanostructures and interfaces to
dramatically improve performance and overcome these batriers, and address a wider variety of
applications and economic niches. For example, advanced devices can greatly increase efficiency
using nanostructured layers that generate electricity from all the colors of the full solar spectrum
by tuning individual layers to specific spectral portions of the solar spectrum.

NIST’s role, in a national program for developing advanced solar energy technologies, is to
provide the measurement science, models, data, and standards that are integral to developing new
solar technologies to meet increasing energy demand and rising energy costs. NIST’s work on
measurement will be conducted in coordination with the Department of Energy (DoE) and the
National Renewable Energy Laboratory (NREL), and other agencies participating in the National
Nanotechnology Initiative (NNI) Signature Initiative on Nanotechnology for Solar Energy
Collection and Conversions, as well as close collaborations with industry and universities. NIST
will enable acceleration of the development of new solar energy technologies by providing the
advanced measurement science and tools to generate the information needed to have a real
impact and to accelerate breakthroughs in third generation photovoltaic solar cell technologies.
The development of a solar energy infrastructure will not only ensure U.S. energy independence,
but also represents an unparalleled economic opportunity if the U.S. can maintain scientific and
industrial leadership in this field. However, the groundwork for the new measurement science
and standatds to enable such breakthrough developments in solar and advanced energy storage
technologies must start now to ensure fruition within the next 10 to 15 years.
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Proposed NIST Technical Program:

The largest efforts by the photovoltaics industry and the DoE to make solar power more
economically competitive have focused on incremental improvements of first and second-
generation solar technologies. A diversity of third generation photovoltaic technologies have
promise to break this paradigm by greatly increasing the efficiency significantly in order to lower
the cost per watt of electricity. Common to these new technologies is the exploitation of
nanoscale phenomena to improve efficiency, and nanoscale structures (nanocrystals, nanowires,
quantum dots, multilayers, etc.) engineered for optimal performance. Performance and
manufacturability of such systems are closely tied to the interaction of these components, details
that are beyond current measurement techniques. Successful technology breakthroughs today can
only occur if technology developers can achieve sufficient understanding and control over these
complex systems at the nanometer scale. However, technology developers lack the measurement
tools with the requisite accuracy, precision, sensitivity, and temporal and spatial resolution to
correlate device characteristics with nanoscale properties. Thus, device optimization is currently
slow and obtained through trial and error. Additionally, essentially all proposed technologies
have severe lifetime limitations given the required solar panel lifetime of 10 to 20 years.
Improvements in lifetime are difficult as the origins of degradation are unknown. Unless reliable
performance lifetime metrics are developed, commercial adoption of third generation solar
technologies may be significantly delayed.

NIST’s technical plan includes:

e Measurement techniques and models that improve the understanding of the relation of the
efficiency of third generation photovoltaic materials to the fundamental spatial and
temporal properties of photogeneration and carrier transport.

e Measurement platforms to rapidly identify, quantify, and control material defects that
compromise efficiency, long-term operation, and even structural integrity.

e Accurate methods to assess the reliability, lifetime, and failure mode of third generation
solar devices.

e Dissemination of new measurement techniques to improve efficiency, accelerate the
manufacturing, and lower the overall cost of third generation solar devices.
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Performance Measures: Qutputs

At the proposed funding level, NIST will generate the following outputs:

Advanced Solar Technologies: Third Generation Photovoltaics

Technical Area QOutputs/(Targets)

e Measurement platforms that characterize quantum efficiency
at relevant spatial resolution and realistic illumination and
thermal load conditions in third generation photovoltaic
material and devices. (FY 2013)

¢ Measurement platforms that identify and analyze spatially-
resolved defects and recombination centers that compromise
efficiency and long-term operation of photovoltaic material.
(FY 2013)

e Measurement platforms that provide three-dimensional
characterization of light absorption, carrier generation and
transport at nanoscale spatial resolution. (FY 2014)

Measurement Platforms for
Efficiency Characterization

e Failure analysis standards and test methods to assess the

Ph Itaic Lifetime . A . . ;
otovoltaic L1 functional lifetime of photovoltaic materials and devices at

Analysi . .
natysts nanoscale spatial resolution. (FY 2014)

e Three-dimensional photovoltaic test structures and reference
Test Structure and materials to enable validation of new measurement tools that
Reference Materials characterize the optical and electrical processes in third

generation photovoltaic materials. (FY 2014)

e New mathematical modeling and simulation tools that can
Advanced Modeling and accurately link the electrical and optical processes in third
Simulation generation photovoltaic material to the performance of the

resulting solar device. (FY 2014)

Performance Measures: OQutcomes

At the proposed funding level, NIST technical outputs will enable the following outcomes:

¢ Dissemination of the measurement tools and data will increase the manufacturability of the
third generation photovoltaics.

* A new generation of PV technologies with increased efficiency and performance time.
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8. Nanomaterial Environmental Health and Safety (+10 Permanent Positions, +7 FTE,
+$4,000,000)

Industry is increasingly findin% that the unknown environmental, health, and safety (EHS) risks
associated with nanomaterials®’ are a threat to innovation and competitiveness in this area.

e It is critical that potentially dangerous nanomaterials and products incorporating
nanomaterials be identified before they can harm the public.

e It is also critical that the next breakthrough technology or new medical miracle cure not
be halted by unsubstantiated fears of adverse health effects.

e Industrial innovation will suffer in an uncertain regulatory, liability, and investment
environment if EHS risks are not addressed.

e There is no measurement infrastructure in place to assess the EHS risks that nanomaterials
and products containing nanomaterials may pose.

e NIST has been called on by the President’s Council of Advisors on Science and Technology,
the Food and Drug Administration, and the National Nanotechnology Initiative working
group on EHS, among others, to lead in developing metrologies essential to assess and
manage the EHS risks of nanomaterials and products containing nanomaterials.

Problem Magnitude and NIST Role:

Nanomaterials are essential to three of the Administration’s Science and Technology Priorities
for FY 2011: driving economic growth through commercial innovation, promoting innovative
energy technologies, and helping Americans live longer, healthier lives. There are currentl;/ over
1,000 products that contain nanomaterials on the market produced by 485 companies ! and
valued at  $166 billion®*; the value of nano-enabled products is projected to climb to $2.6 trillion
by 2014%. In the report Nanotechnologies for Energy Markets, nanomaterials are predicted to
result in more efficient use of existing resources as well new energy supplies from solar and
hydrogen based technologies.”* Through its Alliance for Nanotechnology in Cancer”™, the
National Cancer Institute is committed to developing more effective and less invasive
nanoparticle-based methods for early detection, prevention, and treatment of cancer; several such
treatments have advanced to Phase II clinical trials. Benefits of nanomaterials to these Priorities
of the Administration may never be realized due to public fears of potential hazards to human
health and the environment and reluctance of U.S. industry to invest in potentially harmful
technologies. The problem is that ranomaterials and products that incorporate nanomaterials

 Nanoparticles and nanotubes are the two most pervasive forms of nanomaterials by both volume production and
use in products.

21 According to the Consumer Products Inventory maintained by the Woodrow Wilson International Center for
Scholars, www.nanotechproject.org, August 25, 2009.

?2 The Nanotechnology Opportunity Report (NOR) 2008, 3rd Edition, Research and Markets, June 2008.

2 Taking Action on Nanotechnology’s Value Chain, Lux Research, October 2004.

# Nanotechnologies for Energy Markets, Research and Markets, February 2007.

% hitp://nano.cancer.gov/
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pose unknown risks throughout all stages of their lifecycles to people and the environment. A
science-based approach is needed to address this problem so that industry and regulatory
agencies are able to assess and manage these risks during nanomaterial production and
fabrication, distribution, storage, use, recycling, and disposal of products. The stakeholders in
Nano-EHS efforts encompass both commercial and public entities/communities, including the
Federal and non-Federal government agencies. All stakeholders, including regulatory agencies,
and Congress must take measures to protect the health of people and the environment. Industry
must innovate, remain competitive, ensure worker safety, and comply with regulations. The
public must establish trust in nanotechnology to reap the benefits of nanomaterials to health and
the economy.

The solution to the EHS problem is to establish essential linkages between physico-chemical
properties of nanomaterials such as size and shape, hazard effects of nanomaterials such as
toxicity, and exposure effects such as release of nanomaterials from products. These linkages are
critical for science-based risk assessment and management, as articulated in the Nano Risk
Framework? developed by DuPont and Environmental Defense and widely endorsed by U.S.
industry. Establishing linkages first requires accurate measurements of key physico-chemical
properties, exposure, and hazards. NIST’s role in solving the Nano-EHS problem is three-fold:
(1) develop and disseminate measurement technology -- reference material standards,
documentary standards, transferable measurement methodologies and instruments, models, and
reference data; (2) establish measurement science -- underlying physical principles that form the
basis for novel measurements; and (3) coordinate and cooperate with other organizations,
particularly industry and U.S. regulatory agencies, to establish the essential linkages. More
specifically, NIST efforts will focus on physico-chemical properties and toxicity of
nanomaterials, and release of nanomaterials from products.

NIST’s critical role in Nano-EHS has been identified by varied stakeholders. The interagency
Subcommittee on Nanoscale Science, Engineering and Technology has recognized research to
measure the properties of nanomaterials as a key role for the Federal government. National
Nanotechnology Initiative (NNI) reports”’ on Nano-EHS research needs and strategies identify
NIST as the lead agency responsible for developing instrumentation, metrology, and analytical
methods, one of the four areas essential for risk assessment and management of nanomaterials.
In numerous NNI Nano-EHS Workshops® and other public meetings, industry and regulatory
agencies have called out NIST’s essential role in measurements of nanomaterial properties.
Various private organizations such as the Woodrow Wilson International Center for Scholars
have recognized NIST as the lead agency for developing measurement methods and standards.

This unique role for NIST in Nano-EHS builds on existing NIST interdisciplinary physical and
chemical science expertise and world-class measurement facilities. For example, NIST is
alrecady engaged in collaborative efforts with the National Cancer Institute to address

% NANO Risk Framework, Environmental Defense-DuPont Nano Partnership, June 2007.

%7 National Nanotechnology Initiative Reports: Environmental, Health, and Safety Research Needs for Engineered
Nanoscale Materials, September 2006. National Nanotechnology Initiative, Strategy for Nanotechnology-Related
Environmental, Health, and Safety Research, February 2008.

% For example, Nanomaterials and the Environment & Instrumentation, Metrology, and Analytical Methods,
October 2009 and Nanomaterials and Human Health & Instrumentation, Metrology, and Analytical Methods,
November 2009.
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measurement and standards needs for physical and chemical characterization of nanoparticles for
cancer treatment. NIST is also building relevant expertise and measurement facilities in the area
of toxicology. NIST conducts research on new analytical methods and measurement technology,
develops methods to characterize and validate performance of conventional instrumentation, and
creates and supplies Standard Reference Materials that enable accurate and uniform
measurements in laboratories across the Nation. It also operates centers with unique national
capabilities. For this initiative, NIST-wide facilities, such as the Advanced Measurement
Laboratory (AML), the Advanced Chemical Sciences Laboratory (ACSL), and the Center for
Neutron Research provide access to a wide range of measurement capabilities. In particular, the
AML is uniquely designed to assist U.S. industry, universities, and government partners to
promote advances in nanomaterial science and technology.

Proposed NIST Technical Program:

With this initiative, NIST will expand its coordinated effort for leveraging nanotechnology
expertise and resources across its laboratories and facilities to create and disseminate critical
measurement solutions for determining key physico-chemical and toxicological properties of
nanomaterials and release of nanomaterials throughout the full life cycles of key nanomaterials
and products containing these nanomaterials. NIST will partner with industry and other Federal
agencies and provide the measurement technologies and methodologies necessary to establish
the linkages between physico-chemical properties and hazard and exposure effects that are
essential for science-based risk assessment and management of nanomaterials and products.
NIST will focus on a few key nanomaterials and nanomaterial-based products that are
anticipated to have the greatest potential impact on the environment and human health. At this
time, the key nanomaterials of greatest regulatory concern based on volume production,
widespread use in products, and potential hazards are silver, titanium dioxide, and cerium oxide
nanoparticles, carbon nanotubes, and clay-based nanocomposites.

Funding provided in FY 2009 for Nano-EHS efforts enabled NIST to develop the measurement
infrastructure for quantitative, accurate determination of static physico-chemical properties, such
as size, shape, and surface composition of key nanomaterials and release of nanomaterials from
products, and to deliver critically needed measurement outputs -- reference material standards,
documentary standards, transferable measurement methodologies and instruments, models, and
reference data -- in these areas. The requested FY 2011 initiative funding will be used to
develop the measurement infrastructure and deliver measurement outputs for quantitative,
accurate determination of dynamic physico-chemical properties associated with transformation,
transport, and fate of key nanomaterials and toxicological responses of humans and ecosystems
to key nanomaterials. NIST will conduct its research in media relevant to hazard and exposure
effects, primarily air, water, soil, sediment, and biological matrices. Specific activities funded by
this initiative are discussed below.

Transformations of nanomaterials and products:
Nanomaterials and nanomaterials in products may undergo transformations -- changes in their

properties -- due to interactions with their surroundings that can increase or decrease their
hazardous effects. For example, silver nanoparticles in wound dressings may dissolve or absorb
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certain chemical species from blood and the resulting changes in surface chemistry may render
the nanoparticles toxic in dose levels that would normally be benign. Clearly, measurements and
standards for accurate determination of physico-chemical and toxicological properties to enable
linkages between these properties are essential to assess and even predict risks associated with
the behavior of nanomaterials in relevant media.

Measurement Science:

NIST will conduct studies of chemical, mechanical, optical, and electrical responses that
will enable quantitative determination of the extent and rate of transformation processes,
including agglomeration and aggregation, ionic dissolution, and chemically and
biologically mediated electron transport (e.g., oxidation or reduction to form coatings on
the surfaces of nanomaterials). In concert, NIST will conduct studies to determine the
mechanisms of toxicological responses resulting from these transformation processes.

Measurement Technology:

Reference materials: NIST will develop and release reference materials for qualifying or
calibrating instruments used to measure changes in physico-chemical properties of key
nanomaterials in relevant media, facilitate inter-laboratory studies, and benchmark
studies of toxicity effects associated with transformation processes.

Documentary standards: NIST will play a leadership role in developing documentary
standards that enable consistent and reproducible measurements of changes in physico-
chemical properties of key nanomaterials in relevant media. These standards will be
developed by consensus within major international standards developing organizations,
including the International Organization for Standardization (ISO), ASTM International,
the National Fire Protection Association (NFPA), and the Consumer Products Safety
Commission (CPSC). NIST will also work with standardization consensus groups,
including the Organization for Economic Cooperation and Development (OECD), the
Versailles Project on Advanced Materials and Standards (VAMAS), the International
Alliance for Nano-EHS Harmonization (IANH),

Measurement methodologies: NIST will develop measurement methodologies using
commercial instruments for reproducible measurements of agglomeration, aggregation,
and dissolution rates of nanomaterials in relevant media. These methodologies will be
broadly transferred to industry, Federal regulatory agencies, and university centers of
excellence to enable researchers in these organizations to perform their own
measurements on specific nanomaterials.

Models: NIST will develop atom-based models (e.g., molecular dynamics and Monte
Carlo) and continuum models (as phase field, mean-field approaches, and finite element
models) to predict the rates and extent of agglomeration, aggregation, and dissolution of
nanomaterials in relevant media over a broad range of conditions. In many cases, such
models are required to interpret results of experiments. Model descriptions, codes, and
instructions for use will be broadly available via the web.
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Reference Data: NIST will generate, collect, and evaluate data on rate constants for
reactions of nanomaterials with their surrounding media and with other nanomaterials.
These data will be made available through NIST’s Measurement Services Division.

Transport and fate of nanomaterials and products:

Nanomaterials and nanomaterial-based products will be transported or moved through various
parts of an ecosystem or the human body during their full lifecycles as a result of macro- to
nano-scale phenomena including diffusivity, dispersivity, and effusivity. Fate is defined by the
conditions at which a nanomaterial no longer undergoes transformations or transport, e.g., the
equilibrium state (e.g., size, shape, surface composition), concentration, and distribution of the
nanomaterial. For example, a nanomaterial released into a lake may be transported by chemical
diffusion, ingested by animals and organisms, absorbed by plants, and deposited onto sediment.

The toxicity of the nanomaterial to various species in the ecosystem will be determined by the
equilibrium state, concentration, and distribution of the nanomaterial in each individual species.

Measurement Science:

NIST will conduct studies of diffusion and dispersion rates of nanomaterials in relevant
media and products in conditions of storage, use, recycling, and disposal. NIST will also
conduct studies of transport mechanisms that result in partitioning of nanomaterials
between different types of matter in a system and persistence of the nanomaterial in each
type of matter.

Measurement Technology:

Reference materials: NIST will develop and release reference materials for qualifying or
calibrating instruments used to measure diffusion and dispersion rates, distributions, and
persistence of key nanomaterials in relevant media and facilitate inter-laboratory studies
of transport and fate.

Documentary standards: NIST will play a leadership role in developing documentary
standards that enable consistent and reproducible measurements of diffusion and
dispersion rates of key nanomaterials in relevant media. These standards will be
developed by ISO, ASTM International, OECD, and IANH.

Measurement methodologies: NIST will develop measurement methodologies using
commercial instruments for reproducible measurements of diffusion and dispersion rates,
distributions, partitioning, and persistence of nanomaterials in relevant media. These
methodologies will be broadly transferred to industry, Federal regulatory agencies, and
university centers of excellence to enable researchers in these organizations to measure
transport and assess fate of their own specific nanomaterials.
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Models: NIST will develop atom-based models (e.g., molecular dynamics and Monte
Carlo) and continuum models (as phase field, mean-field approaches, and finite element
models) that predict the structural and compositional “history” of a nanomaterial or
nanomaterial-based product during its full lifecycle. Models will be essential to interpret
results of diffusion, partitioning, and persistence experiments. Model descriptions, codes,
and instructions for use will be broadly available via the web.

Reference Data: NIST will generate, collect, and evaluate data on diffusion and
dispersion rate constants and concentrations of nanomaterials in relevant media. These
data will be made available through NIST’s Measurement Services Division.

Toxicity of nanomaterials:

Nanomaterials and nanomaterial-based products may illicit toxicological responses in

ecosystems and humans that cause irreparable damage or death. Characterizing
nanomaterial/biomolecule interactions is essential to quantitative assessment of toxicological
responses.

Measurement Science:

NIST measurement science will develop the techniques necessary to support
toxicological studies to determine the mechanisms leading to toxicological responses in
humans and high-risk ecosystems due to interactions of key nanomaterials with various
biomaterials. NIST will also conduct studies to identify the most critical properties and
attributes of key nanomaterials that illicit toxicological responses in ecosystems and
humans, and the extent to which specific properties and attributes are connected to
toxicological responses.

Measurement Technology:

Reference materials: NIST will develop and release biomarkers and other indicators that
can be used to develop standard methods or assays for testing toxicological responses to
key nanomaterials and to facilitate inter-laboratory toxicological studies.

Documentary standards: NIST will play a leadership role in developing documentary
standards for genotoxicity and cytotoxicity measurements. These standards are
developed by consensus within major international standards organizations, particularly
ISO and ASTM International. NIST will also work with standardization consensus
groups, particularly OECD and IANH.

Measurement methodologies: NIST will develop strategies to reproducibly disperse
nanomaterials in serum and other biological media. NIST will also develop readily
transferable mechanism-based cellular assays and quantitative DNA assays. These assays
will be broadly transferred to industry, Federal regulatory agencies, and university
centers of excellence to enable researchers in these organizations to study toxicity of their
own specific nanomaterials.
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Instruments: ~ NIST will develop advanced measurement tools for evaluating
nanomaterial/biomolecule interactions.  NIST will also develop high throughput
instruments for rapid screening of nanomaterials for toxicological responses.

Linkages of physico-chemical properties and hazard and exposure effects:

NIST will coordinate and cooperate with other organizations to establish the essential linkages
between physico-chemical properties, and hazard and exposure effects to enable science-based
lifecycle risk assessment and risk management for key nanomaterials and products that
incorporate nanomaterials, Other organizations include NNI Agencies, industry groups,
university-based centers, National Metrology Institutes (NMIs), standards developing
organizations (SDOs), and other standardization consensus groups. Specific collaborative
activities with partners and stakeholders from these organizations include:

* Identify the key physico-chemical properties, hazard effects, and exposure effects for
carbon nanotubes, silver and titanium dioxide nanoparticles, and clay-based
nanocornposites.

e Form working groups for each of these nanomaterials and develop strategies and plans
for establishing linkages.

e Implement plans and report results of linkages to regulatory industries and industry
groups responsible for risk assessment and risk management of these nanomaterials.

Performance Measures: Qutputs

At the proposed funding level, NIST will generate the following outputs:

Nanomaterial Environment Health and Safety

Technical Area Outputs/(Targets)
Transformations of Reference Materials:
Nanomaterials and e Dispersions of stabilized nanosilver in groundwater and serum for
Products in Relevant interlaboratory testing. (FY 2012)
Media e Test specimens of carbon nanotubes and titanium dioxide

nanoparticles designed to degrade at controlled rates on exposure
to specific media. (FY 2013)

o Test specimens for assessing the Ultra Violet radiation damage in
products containing clay-based nanocomposites. (FY 2012)

Documentary Standards:

¢ Draft international consensus standards on methods to assess the
stability of carbon nanotubes. (FY 2013)

e Draft international consensus standards on methods to measure the
stability of nanocomposites in construction and transportation
materials. (FY 2013)

e Reports on international inter-laboratory studies conducted in
appropriate organizations on methods to measure the stability of
nanomaterials in common products such as silver nanoparticles in
clothing, healthcare, and personal care products. (FY 2014)
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Nanomaterial Environment Health and Safety

Technical Area

Qutputs/(Targets)

Measurement Methodologies:

e Transferable methods for measuring dispersion, agglomeration,
and aggregation of titanium dioxide and silver nanoparticles and
carbon nanotubes using commercial instruments. (FY 2012)

e Transferable methods to measure dissolution rates of metal
nanoparticles such as silver. (FY 2013)

¢ Recommended practice guides and training videos on protocols for
measuring dispersion of nanomaterials in media and products.
(FY 2012)

Models:

¢ Atom-based and continuum models to interpret measurements of
dissolution rates of silver nanoparticles. (FY 2012)

e Atom-based and continuum models to interpret measurements of
agglomeration and aggregation rates of carbon nanotubes and
titanium dioxide nanoparticles. (FY 2013)

e Models to predict the rates and extent of agglomeration,
aggregation, and dissolution of key nanomaterials. (FY 2014)

Reference Data:

¢ Sets of evaluated data on reaction rate constants for oxidation of
metal nanomaterials in air or water. (FY 2013)

e Compilation of benchmark data on reaction rates of carbon
nanotubes in various media. (FY 2014)

Transport and Fate of
Nanomaterials and
Products in Relevant
Media

Reference Materials:

e Test specimens of carbon nanotubes designed to disperse at
controlled rates when released in an enclosed volume of air.
(FY 2012)

e Test specimens of silver nanoparticles designed to diffuse at
controlled rates when released in liquid media. (FY 2014)

o Test specimens with well-known distributions of several different
sizes and types of nanomaterials in sediment or soil. (FY 2013)

Documentary Standards:

e Reports on international inter-laboratory studies conducted in
appropriate organizations on methods to measure dispersion rates
of key nanomaterials in air and liquid media. (FY 2012)

e Draft international consensus standards on methods to measure
diffusion and dispersion rates of key nanomaterials. (FY 2013)

e Reports on international inter-laboratory studies conducted in
appropriate organizations on partitioning of nanomaterials in
relevant media, such as water, plants, and fish within an
ecosystem. (FY 2014)
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Nanomaterial Environment Health and Safety

Technical Area

Outputs/(Targets)

Measurement Methodologies:

e Transferable methods to measure dispersion rates carbon
nanotubes and titanium dioxide nanoparticles in air and water.
(FY 2012)

e Transferable methods to measure diffusion rates of nanomaterials
in clay nanocomposite products. (FY 2012)

e Recommended practice guide summarizing the wuses and
limitations of various methods for measuring the distribution of
nanomaterials in relevant media. (FY 2013)

Models:

e Atom-based and continuum models to interpret measurements of
diffusion and dispersion rates. (FY 2013)

¢ Atom-based and continuum models to interpret the results of
partitioning and persistence experiments. (FY 2014)

e Models to predict the distribution of nanomaterials in relevant
media during the full lifecycle of nanomaterials and nanomaterial-
based products. (FY 2014)

Reference Data:

e Compilation of benchmark data on dispersion rates of key
nanomaterials upon release in air, water, and biological matrices.
(FY 2012)

e Compilation of benchmark data on diffusion rates of key
nanomaterials in soil, sediment, and clays. (FY 2013)

Toxicity of
Nanomaterials

Reference materials:

e Reference biomarkers and other indicators to enable inter-
laboratory studies of genotoxic and cytotoxic responses of key
nanomaterials. (FY 2012)

¢ Reference biomarkers and other indicators for development of
methods to determine mechanisms leading to toxic responses.
(FY 2013)

o Sets of data from basic panel cell toxicological studies on each
NIST nanoparticle reference material for inclusion in the Report of
Investigation document distributed with the material. (FY 2012)

Documentary Standards:

e Draft ISO guidance documents led by NIST on toxicological
testing of nanomaterials, and sample preparation and dosimetry for
toxicological testing. (FY 2013)

e Draft international consensus standards for genotoxicity
measurements for key nanomaterials. (FY 2014)

e Draft international consensus standards for cytotoxicity
measurements for key nanomaterials. (FY 2014)
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Nanomaterial Environment Health and Safety

Technical Area Outputs/(Targets)

Measurement Methodologies:

¢ Transferable methods to reproducibly disperse nanomaterials in
serum and other biological media. (FY 2012)

e Transferable mechanism-based cellular assays and quantitative
DNA assays. (FY 2013)

e High throughput methods for rapid screening of toxicological
response. (FY 2014)

Instruments:

e Advanced tools for evaluating nanomaterial/biomolecule
interactions. (FY 2014)

s High throughput instruments for rapid screening of nanomaterials
for toxicological responses. (FY 2013)

Linkages Between e Consensus compilations of key physico-chemical properties,
Physico-Chemical hazard effects, and exposure effects for carbon nanotubes, silver
Properties and Hazard and titanium dioxide nanoparticles, and clay-based
and Exposure Effects nanocomposites. (FY 2012)

¢ Coordinated strategies and plans for establishing linkages for these
nanomaterials. (FY 2012)

e Reports on results of linkage efforts disseminated to regulatory
industries and industry groups responsible for risk assessment and
risk management of these nanomaterials. (FY 2012)

Performance Measures: Qutcomes

At the proposed funding level, NIST technical outputs will enable the following outcomes:

e Industry will be able to perform accurate lifecycle risk assessments key nanomaterials and
products incorporating nanomaterials.

® Regulatory agencies will be able to perform accurate lifecycle risk assessments to people and
the environment key nanomaterials and products incorporating nanomaterials.

® Regulatory agencies will have data to evaluate EHS effects of products incorporating
nanomaterials and thus enable appropriate regulation of their use.

® Consumers will be able to obtain full and accurate information concerning the EHS risks of
products containing nanomaterials.

¢ Industrial innovation will be enabled, subject to appropriate controls that avoid valid EHS
risks.

If successful, NIST will have established the essential measurement infrastructure and delivered
the essential measurement outputs for quantitative, accurate determination of dynamic physico-
chemical properties associated with transformation, transport, and fate of key nanomaterials and
toxicological responses of humans and ecosystems to key nanomaterials. NIST’s measurement
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and standards work will provide industry and regulatory agencies with a scientific basis for
assessing and managing EHS risks of key nanomaterials and products. The ultimate positive
impact on the economy and society will be to facilitate the rapid innovation and
commercialization of new nanomaterial-based products and to ensure the safety of their
widespread acceptance.

9. Strategic and Emerging Research Initiatives (SERI) (+0 Permanent Positions, +0 FTE,
+$2.000,000 including $200,000 transfer to the Working Capital Fund)

Problem Magnitude and NIST Role:

The tremendous breadth of scientific and engineering activity conducted at NIST spans most
scientific disciplines, such as chemistry, physics, or computer science. In order to address new
and emerging scientific problems, modern research has become increasingly multidisciplinary in
nature. The dynamic, multidisciplinary nature of developing critical national needs requires an
increased level of responsiveness and flexibility for the Institute. As a result, this multidiscipline
research requires budgetary flexibility that is not encumbered by strict adherence to specific
laboratory disciplines.

Proposed NIST Technical Program:

The Strategic and Emerging Research Initiative (SERI) fund provides the NIST Director annual
flexibility necessary to pull together research teams from across the Institute to address emerging
and increasingly multidisciplinary research problems. In addition, the SERI fund provides the
NIST Director with programmatic flexibility to seed the development of new competencies that
contribute effectively to future national needs and goals by investing in high-risk, high-payoff
research to enable innovation. This fund provides funding for high priority activities to build
new capabilities necessary to develop and maintain state-of-the-art knowledge in areas of science
and engineering related to measurement techniques and fundamental data.

Performance Measures: Qutputs

Examples of recent activities under SERI include measurement and standards work related to the
Smart Grid, physical infrastructure, advanced manufacturing, and reduction of greenhouse gas
emissions.

Performance Measures: Qutcomes

e NIST will more rapidly introduce and execute efforts to satisfy national needs in
measurement and standards.

e NIST will enable innovation through high-risk high-payoff research investments for
developing new competencies.
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10. NIST NRC Postdoctoral Research Associateships Program (+23 Permanent Positions,
+17 FTE, + $3,400,000)

The requested increase of $3.4 million for NIST’s Postdoctoral Research Associateships
Program in Measurement Science, currently run by the NRC, advances the Administration’s
goals for Science, Technology, Engineering, and Mathematics (STEM) education. The NIST
postdoctoral program provides opportunities for outstanding young scientists to gain training in
measurement science, and is a critical part of ensuring that NIST has access to the top technical
talent necessary to maintain leading research programs that address critical national priorities.
The request will increase the number of postdoctoral research opportunities at NIST.

This new initiative supports the Postdoctoral Research Associateships Program to:

e Ensure that NIST has an adequate supply of scientists and engineers who are skilled in
the latest university research, which can help NIST respond more quickly to the
measurement and technology needs of industry.

e Expand the pool of highly-skilled scientists and engineers from which NIST can hire
future technical staff.

e Enhance the transfer of advanced technology between universities and NIST.

The NIST NRC Postdoctoral Research Associateships program provides two-year term
appointments for outstanding scientists and engineers chosen through a national competition
administered by the NRC of the National Academy of Sciences. The program has not had
increases in its base budget in recent years, while program costs from salary, benefits relocation
and contracts continue to rise resulting in a steady decrease in the number of postdoctoral
associates that can be hired through the program. An increase in the support for the Postdoctoral
Research Associateships Programs will return the level of postdoctoral associate appointments
brought on each year to FY 2006 levels and help keep the program at a healthy, sustainable level.
The program supports the major Department of Commerce (DoC) mission of keeping America
competitive with cutting-edge science and technology and a premier information base.

Problem Magnitude and NIST Role:

NIST’s mission to support U.S. industry with measurements, standards, and technology depends
on a constant infusion of new ideas and expertise to address the rapidly advancing needs of a
technology-driven economy. Skilled and motivated people are the most effective source of
technology and knowledge transfer. The highly competitive NIST NRC postdoctoral program
ensures a continuing infusion of postdoctoral associates who bring to NIST the benefits of the
latest academic research. However, NIST competes with the private sector to attract and retain
the most talented scientists and engineers and usually cannot match industry salaries inflated by
labor shortages in specific fields. The NIST NRC postdoctoral program is highly effective at
attracting outstanding scientists and engineers to consider a NIST career by providing an exciting
and rewarding research environment.

The NIST NRC postdoctoral associates, skilled in the latest university research, participate in
measurement research that advances NIST’s mission, exposes permanent NIST staff to new
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ideas and skills developed at U.S. universities, and help NIST respond more quickly and
effectively to new industry measurement and technology needs. Recognizing the benefits of this
synergism, Congress authorized a change in the program to allow NIST to hire up to 120 new
postdoctoral associates per year. Previously, the maximum limit was 60 new associates per year.
This change was accomplished as part of the NIST reauthorization in 2007, H.R. 2272 and
amended paragraph 3015, section 19 of 15 U.S.C. 278g-2.

The authorized increase in the maximum number of postdoctoral associates was not
accompanied by an increase in the budget for the program. In fact, the cost of centrally funded
postdoctoral associates has increased much faster than the small increases in base funding over
the last ten years. Contributing to the rising costs are: 1) an increase in the cost of the contract to
NRC for administering the program, due in part to a substantial increase in applications;
2) essential increases in salary for incoming postdoctoral associates to remain competitive with
similar programs; and 3) accompanying increases in benefits (e.g. health benefits, relocation
costs).

The program is a highly cost-effective recruitment tool for NIST. The NIST NRC postdoctoral
program is widely known and respected throughout U.S. universities and effectively advertises
NIST research opportunities. The comprehensive evaluation of prospective research associates
is conducted by technical experts from across the Nation under NRC administration, ensuring
selection of the best quality candidates. In recent years, about one third of the NIST NRC
Postdoctoral Associates have accepted continued positions at NIST following their postdoctoral
tenure, accounting for a significant fraction of NIST technical hires each year. Expansion of the
postdoctoral program is more than likely to increase the number of conversions to permanent
staff.

Proposed NIST Technical Program:

The NIST NRC Postdoctoral Research Associateships Program provides two-year excepted term
appointments for outstanding scientists and engineers chosen through a national competition
administered by the NRC. The appointments allow the Nation’s best young scientists,
mathematicians, and engineers to participate in state-of-the-art, mission-oriented research in
association with senior NIST technical staff and using the advanced research facilities at NIST.

In recent years, NIST has been maintaining the program at approximately 30-35 new
postdoctoral associates per year, down from the target of 40-45 associates per yecar. The
requested increase of $3.4 million will enable the program to offer an additional 23 positions per
year, and return the program to a more appropriate level of awardee/applicant ratio, which had
dropped to less than 15 percent, from a previous level of 30-40 percent. The initiative will also
support the continued annual salary increases, which follow the cost of living guidelines, and
allow the program to remain competitive with other NRC postdoctoral programs, and other
associated cost increases.

Additional funding will help to restore the program to its previous hiring levels, and would also

give NIST greater flexibility to rapidly respond to new industry measurement needs. Each year,
a large number of new graduates from a wide variety of technical backgrounds apply for the
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NIST/NRC research associateships.

Sponsoring a postdoctoral associate can be a highly

effective means to broaden NIST skills into new areas through the expertise and new ideas
brought to NIST by the postdoctoral associate. The limited term of the associates eases the
burden of sequential hiring and dismissing of staff with specific expertise as program focus
changes.

Performance Measures: Qutputs

At the proposed funding level, NIST will generate the following outputs:

NIST NRC Postdoctoral Associateships Program

Technical Area QOutputs/(Targets)
NIST/NRC e 23 additional new postdoctoral associates hired annually. (beginning
Postdoctoral in FY 2011)
Associateships e 23 additional technical papers published annually by the additional
Program postdoctoral associates. (beginning in FY 2012)

e Conversion of 5-10 additional postdoctoral associates annually to
NIST appointments following completion of postdoctoral tenure.
(beginning in FY 2013)

Performance Measures: Qutcomes

Additional funding for the Postdoctoral Research Associateship Program will benefit NIST and
its customers by:

¢ Increasing technology transfer to NIST from universities;

The NIST/NRC postdoctoral program is an important part of NIST’s efforts to support
industry through advancing measurements, standards, and technology and represents a highly
cost-effective means of technology transfer to and from NIST of the latest measurement
science and technology. Incoming associates bring to NIST the most recent advances in
university research while actively contributing to NIST projects such as:

Investigations into the physics and applications of laser-cooled atoms directly coupled to a
micro-mechanical resonator.

Development of high resolution transfer measurements for computational fire models.
Investigating high-temperature oxidation chemistry of hydrocarbon fuels.

Investigations of trace detection of explosives.

Developing magnetic nanoparticles for tumor MRI contrast enhancement.

Development of a system for automated ballistics measurement systems.

High-frequency characterization of novel thin-film materials.

Investigation of the use of light-atom coupling in a Bose-Einstein condensate of charge-
neutral atoms.
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e Increasing technology transfer from NIST to industry, academia, and other government
agencies, and contributing to the employment pool of highly qualified scientists and
engineers for these sectors;

Outgoing postdoctoral associates take with them a wealth of expertise and knowledge about
NIST science and technology to their new positions, usually in industry, academia, or other
government laboratories, disseminating the unique perspective of NIST to broader areas of
the economy. Expansion of the program will increase the breadth of technology transfer to
and from NIST, and contribute to the pool of the highly qualified technical scientists and
engineers available for STEM-related positions.

e Expanding the pool of the most highly qualified technical scientists and engineers for
permanent NIST staff positions;

The program is a highly cost-effective recruitment tool for NIST. The NIST NRC
postdoctoral program is widely known and respected throughout U.S. universities and
effectively advertises NIST opportunities. The comprehensive evaluation of prospective
research associates is conducted by technical experts from across the Nation under NRC
administration, ensuring selection of the best quality candidates at a minimal cost to NIST.
In recent years, about one third of the NRC associates have accepted permanent positions at
NIST following their postdoctoral tenure, accounting for a significant fraction of NIST
technical hires. Expansion of the postdoctoral program is likely to increase the number of
conversions of highly skilled postdoctoral associates to permanent staff.

e Enhancing the flexibility of NIST to respond to rapidly changing industry needs; and

Additional funding for the program will give NIST greater flexibility to rapidly respond to
new industry measurement needs. Each year, a large number of new graduates from a wide
variety of technical backgrounds apply for the NIST NRC research associateships.
Sponsoring a postdoctoral associate can be a highly effective means to broaden NIST skills
into new arcas through the expertise and new ideas brought to NIST by the associate. The
naturally limited term of the associates eases the burden of sequential hiring and dismissing
of staff with specific expertise as program focus changes.

¢ Enhancing opportunities for employment diversity.

Additional funding for the NIST NRC postdoctoral program would also provide more
opportunities to increase the diversity of the NIST scientific and technical staff. Industry and
universities compete intensely to hire top young scientist from the limited pool of about 500
new minority Ph.D. recipients in technical ficlds each year. A larger NIST NRC postdoctoral
program, coupled with increased NIST efforts to encourage and mentor minority applicants,
could help increase the number of minority technical hires at NIST, The additional training
and experience the associates receive at NIST is also transferred to industry by associates
leaving NIST, thus helping NIST fulfill its mission to support industry.
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Exhibit 12
Department of Commerce
National Institute of Standards and Technology
Scientific and Technical Research and Services
JUSTIFICATION OF PROGRAM AND PERFORMANCE
BALDRIGE NATIONAL QUALITY PROGRAM

Goal Statement

This activity supports DoC’s and NIST’s mission of promoting U.S. innovation and industrial
competitiveness by advancing measurement science, standards, and technology that drive
technological change.

Base Program

The program has, as its foundation, the Malcolm Baldrige National Quality Award (MBNQA),
created by P.L. 100-107 in August 1987. In 1999, the award was expanded to include categories
in education and health care as authorized by the Technology Administration Act of 1998
(P.L. 105-309). In October 2004, Congress expanded the award to include all nonprofit
organizations, including Federal, state, and local governments (P.L. 108-320). Funds were
appropriated in fiscal year 2006 for this purpose. The Baldrige program conducted a pilot project
for the nonprofit category in fiscal year 2006 and launched the full category in fiscal year 2007.
The Baldrige Award has proven to be highly effective in stimulating interest in performance
improvement, performance excellence, sharing and cooperation, and creation of new information
networks within the business community and the public benefit sectors. With the program’s
expansion to the nonprofit sector, all American organizations are now able to receive these
benefits.

NIST responsibilities under P.L. 100-107, P.L. 105-309, and P.L. 108-320 are carried out by the
Baldrige National Quality Program (BNQP). The program continues to build key linkages with
other organizations and provide limited educational outreach services. U.S. businesses and non-
profit organizations throughout the country are now turning to NIST for leadership in
performance improvement. The BNQP aims to improve its leadership as a focal point and
educational resource for all U.S. organizations interested in improving their competitiveness and
overall performance.

The program’s design and operational strategy is three-fold: 1) to create a standard for
performance excellence that fosters communication and sharing among organizations of all types
(e.g., business, education, health care, and nonprofit/government); 2) to build networks and other
key linkages with external organizations to promote performance excellence, quality, and
competitiveness throughout the United States; and 3) to build on the success of the present
program by sharing lessons learned from recipient organizations in the business, education,
health care, and nonprofit sectors with other organizations, thereby accelerating the process of
performance improvement.
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The FY 2011 base program operating objectives for the Baldrige National Quality Program
include the following:

e assess the impact of the changes made to the 2010-2011 Criteria for Performance Excellence
including the new emphasis on sustainability and societal responsibility, understanding of
core competencies, and the development of a customer focused organization;

e implement the MBNQA competition, including examiner selection, examiner training, and
application review, to provide services to applicants in manufacturing, service, small
business, education, health care, and nonprofit categories;

e conduct the Quest for Excellence Conference and Baldrige Regional Conferences where
MBNQA recipients share their performance excellence strategies;

e strengthen collaboration and information sharing with state and local quality award
programs;

¢ facilitate information sharing among all sectors of the U.S. economy through partnerships
with key business, education, health care, and nonprofit organizations; and

e usec e-technology (e.g., e-learning and online collaborative tools) to provide improved
services to Baldrige stakeholders while maintaining confidentiality and security of
stakeholder information.

Performance Measures

The BNQP evaluates its performance through a combination of methods, including independent
expert review of all aspects of the program’s plans and operations by its Board of Overseers,
analysis of input from all key stakeholder groups, and review of output and outcome measures
focused on the program’s operational strategy, increasing participation in the MBNQA,
promoting awareness of performance excellence throughout the United States, and improving the
efficiency and effectiveness of all key program processes.
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