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Introduction

This assessment of the U. S. Measurement System is based upon data, termed measurement needs. These
are defined as unsolved industry measurement problems that pose technical barriers to economically
important technological innovations and were identified and documented using several methods:

¢ Industry technology roadmaps,
o  Workshops, some sponsored as part of this assessment effort,

o Synthesis by NIST staff from various combinations of industry reports, technical publications,
and interviews, or

e Submitted by individuals representing organizations found in the private sector, or other fed-
eral, state, or local governments.

All were documented. Measurement needs from the latter three sources were documented according to a
uniform, one-page, case study format that are stand-alone discussions of a particular measurement barrier to
technological innovation. Three hundred twenty two if these case studies were produced for this assess-
ment from fall 2005 to spring 2006 and are found in the latter portion of this appendix. Of these 68 have
been derived from the deliberation of NIST-USMS-sponsored industry workshops, and 10 were submitted
by industry organizations or by other Federal or State agencies.

Authentication of the Factual Basis of Case Studies

These case studies contain assertions concerning the facts surrounding a particular measurement issue that
poses a real or potential problem or impediment to technological innovation. A process was established to
verify or validate the facts presented in a case study and has been termed authentication. Authentication is
the confirmation that information contained in individual measurement needs case study documents is
factual and an accurate summary of the subject matter. Several means are available for authentication of
Measurement Needs. Documentation sources used may be:

e Public documents

e Workshops — publicly available reports, or USMS-sponsored workshops which had documetnation
requirements for scope of discussion and requirements for a broad representation of view in the
topic of interest.

e Published technology roadmaps

o Industrial representative — In some cases letters from industrial representatives were obtained as
documentation of the authenticity of the case study.

In most instances, authentication documents discuss and summarize the public domain, documentary
references used, specifically referring to key facts and major assertions that are presented in various
sections of the case study.

Measurement Needs Case Study Template

Each measurement needs case study was required to adhere to a template of specific format. An example
was provided, which is shown on the following page, as a guide to both the form and content expected of
each case study. Upon receipt of a case study by the USMS task group, it was reviewed for content and
clarity of exposition before being accepted.
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Case Study — Measurement Needs With Some Cues and Clues on Types of Responses

Technology at Issue: [2-3 words: as broad or as narrow as fits situation], e.g. one of following:
Nanotechnology for Advanced Materials; Molecular Self Assembly; Spectroscopy of Proteomics; Con-
struction Automation

Submitter: Jane Researcher [no affiliation given unless for non-NIST submitters]

Technological Innovation at Stake: [What the specific technological change, i.e. new technology, that is
being anticipated, considered, or attempted, by whom, in what field, firm, sector to what end?] Pharma-
ceuticals manufacturers anticipate the use of molecular self assembly for their manufacture of Z-type
nanoparticle drug delivery systems. Early-adopters in the construction industry have begun using
GPS-guided robotic graders.

Economic Significance of Innovation: [What costs will be incurred if innovation inhibited. What is the
return on investment for the implementation of the innovation? Some examples might be quantifications of
cost savings, product development time, acceleration of innovation that opens a lucrative window of
opportunity...] Acceleration of process time enables a cost reduction to industry, and because of the cost
competitive nature of the industry, the cost reduction will be passed to the consumer. This will also enable
the ability to produce more targeted drugs in smaller batches...

Technical Barrier to the Innovation: [Why can’t the innovation be reasonably implemented now or when
desired? What technical barrier is in the way?] The basic phenomenon of self-assembling in this par-
ticular class of macromolecules is only partially understood with unpredictable variations of behavior
occurring. Absence of technical data on performance of materials in cantilevered MEMs devices inhibiting
development of desired new type of sensor. Customer uncertainty about unverified capabilities of com-
peting types of first generation laser-mapping-guidance systems is impeding acceptance of this technology.

Stage of Innovation Where Barrier Appears (R&D, Production, Marketing, End Use): [choose one]

Measurement-Problem Part of Technical Barrier: The investigation of the not-well-understood interac-
tions of constituents in self-assembling macromolecules requires time- and spatial-resolutions of measuring
instruments beyond current state-of-the-art. There is an absence of a trustworthy reference measurement
protocol for evaluation of performance the new-generation laser-mapping-guidance systems.

Potential Solutions to Problem: R&D to find practical way to finesse the capabilities of current meas-

urement instrumentation. Development and commercial introduction of new class of instruments is needed
to expand knowledge of the mechanisms controlling chemical self assembly of X on Y surfaces.

il
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Building and Construction — Civil Infrastructure

Structural SAfety ASSESSIMENL. .......uiiitiiiiiieeeiiieeiieectteerteeeeteeesteesteeestaeesbeeessseessseeessseessseessseessseeassseesssens 92
AdVANCEd CONCIELE MALETIALS ....evveeeeeeeeeeeeeeeee ettt e e e e e ee e e e eeeeseeeeeaaeeeeeeeseeesraaeeeeeeens 136



NIST National Measurement System Assessment
Case Study Index by Economic Sector / Technology Area

B Advanced Fire-ResiStant SIrUCTUIES .......c.eiiuiiiieiieeie ettt ettt st st sbe e s 139
B Fire SUPPIESSION SYSTEITIS ...eeuviieriiriirieiiesiieseestesteesteesseesseesssesssessseasseesseesseesssesssessseessesssessssesssssssensses 141
= Construction Life-Cycle Software Systems Interoperability ...........cccevveerieriieiiiienienierieere e 142
= Construction AUtOMAtION TOOIS........ceiuiiiiiiiieiee ettt sttt 143
= Laser-based 3D IMAaging SYSLEIMS......c.eccvierieriierireriieeieesieeseesteesteseteeseeseesseesseessnesssesssessseesseesseesssessses 144
= Models for Fire Spread and Growth 0n ODJECES ........ccueeruieriieriieiieiiieieeeeeesee st 147
= Fiber-Optic Sensors for National Physical Infrastructure Monitoring..........c.cceceveeeeveeerveencieeeeeeenveeenns 266
Chemicals
= Advanced Manufacturing Processes Simulation for the Chemical Process Industries............c.ccccceeuee. 28
B High Performance SOLVENLS ........cceiiviieeiiiiiiiieciie et eetee et e et e etee e s veeetaeesebeessseeesseessseeensseessseeensseesssens 31
= Economical Full-Color REPrographics ...........cccuieiiiiiiiieiiieeiiesieeetee ettt e et e eeraeesevaesnvae e 113
= Nanotechnology Catalysts for Chemical and Materials Manufacturing ...........c.cccceevvvevvervenvencreenneenne. 124
B Diagnostic TiSSUE IMAZING ...c.eecviiiiiiiiiiciieiie ettt e et e e steestaesrbessseesseesseessnenssensnas 256
Defense
= Solid-State Sensors for Chemical Analysis of Complex Gas MiXtUIeS.........cccvereerveeireerreerreeseeseesnenenes 6
B Single PhOtOn PROTONICS ....uviivviieiiiiiiiiciiee sttt ettt ettt e v e b e e bt esteestaestaessbeesseesseesssasssessseesseessensseens 40
= Emerging Sub-Millimeter Wave SYSIEIMIS.......c.cccvveciieriierierienieeieeieesieeseesaessseeseesseesssesssesssesseessessseens 48
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Technology at Issue: Fuel Flexible, High-Efficiency and Low Emission Power Systems
Submitter: Jeffrey Manion

Technological Innovation at Stake: Next generation power system fuel flexibility is critical for use of
alternative domestic, fossil fuel sources, e.g., tar sands and coal, while achieving more efficient and less
polluting combustion. Such fuels, which differ significantly in chemical composition and structure from
current fuels, may well be the dominant combustion fuels of the future.

Economic Significance of Innovation: Fossil fuels power US transportation - with a conservatively estimated
fuel cost of over $300 Billion each year. Incremental increases in efficiency of diesel, gasoline and jet engines
directly and proportionately impact the U.S. economy. Adverse health effects stemming from combus-
tion-derived pollution incur a significant portion of national health care costs. In addition, secondary chemical
reactions arising from pollutants adversely affect food production and degrade building materials. Finally,
more fuel-flexible, efficient combustion technologies reduce the need for imported oil, thus having significant
benefits relating to national security and the economy.

Technical Barrier to the Innovation: Accurate combustion models depend strongly upon the fuel’s chemical
composition and are an important contributor to advanced power system design. The physical and chemical
data necessary to validate combustion models or to extend them to the use of these new fuels are not available.
This limits power system producer's ability to design new systems and creates high costs and unacceptably
high risks in committing to new technology.

Stage of Innovation Where Barrier Appears: Research and Development

Measurement-Problem Part of Technical Barrier: The physical and chemical data needs for simulations of
the combustion of fuels are twofold: a) all existing data relevant to combustion modeling must be made
available so that researchers and designers across the necessary scientific disciplines can readily engage in
collaborative development of simulations, and b) methodologies must be developed and validated to simulate
complex real fuel mixtures and extend the existing knowledge base to fill key data gaps.

Potential Solutions to Measurement Problem: A NIST sponsored workshop on this subject held in September
2003 involving industrial, academic, and government agency scientists/program managers identified three
main developments to address the technical barriers and measurement needs. Well-defined surrogate fuel
mixtures that match the appropriate chemical and physical properties of gasoline, diesel, and jet fuels must be
developed to deal with the complexity of real fuels. Data gaps in the physical and chemical properties of the
surrogate systems need to be identified and filled (from theory and experiment). A central data depository for
collecting, evaluating, and sharing all relevant combustion information, existing and new data, must be
developed. It is broadly recognized that the latter is a pre-requisite to the former two developments and to
success in meeting goals of all parties.
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Technology at Issue: Next Generation Electrotechnical Products, Components, and Raw Materials
Submitter: J. R. Sieber

Technological Innovation at Stake: The RoHS, Restriction on Hazardous Materials, regulations recently
adopted by the EU and other U.S trading partners impose significantly reduced maximum allowable concen-
trations of cadmium, mercury, lead, hexavalent chromium, and certain brominated flame-retardants in elec-
trotechnical products. Current and future products and components, and their raw materials, are affected.
Companies seeking market entry for consumer electronic and electrical products require stringent materials
declarations from their suppliers at all levels of the supply chain.

Economic Significance of Innovation: Some current raw materials will require significant reduction in
proscribed compound content and new ones developed. RoHS regulations affect the worldwide market for
electrotechnical products and their entire supply chain, a multi-$100 billion dollar per year market. U.S.
companies are significant exporters and must comply by replacing components and designing new manufac-
turing processes to accommodate new or modified raw materials. Documentation of hazardous materials
content is required to demonstrate compliances with RoHS requirements.

Technical Barrier to the Innovation: Internationally recognized standards for documentation of supply chain
compliance with RoHS regulations are needed. Proposed product safe lifetime labeling requirements are
anticipated that will require implementation of new concepts and testing methods for materials degradation
testing. New standardized analytical test methods and certified reference materials are needed to ensure that
both raw materials and finished goods are compliant with the RoHS regulations.

Stage of Innovation Where Barrier Appears: Marketplace

Measurement-Problem Part of Technical Barrier: New test methods, and the concentration standards
supporting them, are needed for raw materials, intermediate and finished goods. New or improved meas-
urement methodologies and standards to support materials content compliance and product lifetime claims are
needed. The global market requires international recognition of new test methods and content standards.

Potential Solutions to Measurement Problem: Broad/International acceptance of measurements and stan-
dards supporting material content declarations, test methods that measure concentration of the RoHS sub-
stances in raw materials, intermediates, and finished products; new lifetime testing methods and the scien-
tific/technological base supporting them, and certified reference materials (CRMs) pertinent to the methods
and materials of test.
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Technology at Issue: Serum-Based Proteomics for Early Cancer Detection
Submitter: P. Barker, D. Bunk

Technological Innovation at Stake: The lack of reliable, high throughput diagnostic test methodologies for
identification and quantification of proteins and peptides in human serum inhibit effective early cancer
detection strategies. The appearance and concentration of specific proteins and peptides in human serum has
been demonstrated in limited clinical trials to provide analytes for early cancer detection. Protein and peptide
analyses of human serum, serum proteomics by clinicians, require reliable, specific measurement method-
ologies that distinguish cancer-based bio-analytes from those found in healthy individuals. Healthy human
serum is highly chemically dynamic and complex. Protein concentrations range over 10 orders of magnitude
from the most common (albumin) to diagnostic molecules like the interleukins.

Economic Significance of Innovation: It is not possible to estimate the overall fiscal and heath cost of delays
in diagnosis of cancer, or of inaccurate laboratory testing of serum markers. In addition to healthcare providers,
a breakthrough in serum proteomics measurement capabilities would have significant impact for federal
healthcare research, for third party reimbursement agencies that bear the costs of inaccurate testing, for
instrumentation manufacturers and for large pharmaceutical companies who use serum proteomics to follow
drug effects of their new experimental drug treatments.

Technical Barrier to the Innovation: After much effort and expense by the private sector and federal agen-
cies, it is clear that continued progress toward reliable diagnostic testing is heavily dependent upon compara-
bility of diagnostic measurement results across laboratories. Although initial serum proteomics efforts on
control (healthy) and diseased patients have identified serum biomarkers for very early cancer detection, e.g.,
ovarian cancer, these capabilities are limited to single clinics and are not broadly extendable either to other
healthcare facilities or the full range of cancers found in humans.

Stage of Innovation Where Barrier Appears: Marketplace

Measurement-Problem Part of Technical Barrier: Comparability of measurement results requires reliable,
widely accessible, and accepted measurement and procedural methods and standards. Identification standards
for mass spectrometry, a potential serum protein analysis workhorse, don’t exist. Clinical serum sample
preparation methods (variability of time, temperature, containment method, use of preservatives, etc.) require
significant improvement. Improved detection methods, e.g., affinity-based technologies, a likely future
diagnostic platform, can address the broad range of analytes needed to address all cancers found in humans.

Potential Solutions to Measurement Problem: Standards for reliable protein and constituent peptide identi-
fication can support both clinical testing to identify new cancer markers, and for their routine detection in
standardized clinical formats and platforms. Once identified, the standardized procedural methods are required
for diagnostic-testing laboratories use. New diagnostic methods for early cancer detection capabilities are
needed.
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Technology at Issue: Microarray Gene Expression Profiling
Submitter: M. Salit

Technological Innovation at Stake: DNA Microarrays can be powerful tools for inexpensive (~US$500)
genome-wide experiments to survey gene-based activity for disease diagnosis. The gene expression profile,
i.e., which genes are active and at what magnitude, of a cell contributes strongly to its unique nature and
properties, enabling different cells that contain identical genetic information to have many properties. A DNA
microarray simultaneously measures the activity of as many as ~50,000 genes, and, as such, are anticipated to
have a critical role in expansion of genomic and personalized medicine. Reliable microarray results will enable
pharmacogenomics, where genomic measurements are used for informed drug selection, design, and dosing,
resulting in improved safety and efficacy.

Economic Significance of Innovation: The DNA microarray is currently not approved by FDA for clinical
use, therefore is limited to the research market, valued at ~US$500 million in 2005. Use as a clinical diagnostic
method can have a large impact as a diagnostic device for physicians, a a market increase of several fold (>$1
Billion). Presently, the lack of a technical infrastructure supporting measurement result validity limits accep-
tance for clinical use. An accepted measurements infrastructure would improve microarray result validity and
improve FDA’s ability to accept and effectively regulate these products and providing an enabler for phar-
macogenomics to pinpoint more efficacious drug use. Currently a cost of about $1B is incurred from devel-
opment through FDA acceptance.

Technical Barrier to the Innovation: Approval of microarray gene expression for clinical use requires
presentation of objective evidence of necessary levels of sensitivity, specificity, reproducibility, and accuracy.
This requires measurement standards and methods that currently do not exist. Discordance of reported results
from microarray studies, and difficulties in reproducing study results, has made it difficult to establish reliable
correlation of a measured gene expression profile with a biological state or treatment outcome. This discor-
dance and irreproducibility can only be addressed through a more complete understanding of the measurement,
and is essential for acceptance for clinical use.

Stage of Innovation Where Barrier Appears: R & D

Measurement-Problem Part of Technical Barrier: No standardization infrastructure exists to validate DNA
microarray results. In its absence, a more complete understanding of the sources of measurement problems and
uncertainty is greatly impaired, and demonstration of the linkage between device results and biological states
and outcomes is impossible.

Potential Solutions to Measurement Problem: An improved knowledge base, measurement standards,
reference data, and predictive models will support a validation path for microarray technologies. Various
elements of microarray function, nucleic acid chemistry and hybridization; variability of microarray signals;
microarray performance; and informatics for managing the massively parallel data are needed. Quantitative
understanding of these elements enables quantitative measurement uncertainty analysis as the basis for the
technical infrastructure development supporting measurement validation and accuracy.



NIST National Measurement System Assessment
Case Study — Measurement Needs

Technology at Issue: Measurements and Standards for Genetic Testing
Submitter: J. Jakupciak, K. Richie

Technological Innovation at Stake- Clinical laboratories in the molecular genetic testing (MGT) industry
utilize microarray technologies to identify DNA sequences associated with genetic diseases and have begun
using residual patient specimens as quality control materials in their laboratory practice. As MGT becomes
widely available, the number of tests for inborn and acquired errors in human genes is anticipated to accelerate,
especially in light of the rapid rate of gene discoveries linked to disease states and the demand for improved
quality of life for both the aging population and for newborns.

Economic Significance of Innovation: The MGT market grew from $320 M in 2000 to $778 M in 2005,
consistently exceeding 20%/yr. The increase in MGT is fueled by the advent of personalized medicine,
discovery of disease biomarkers, and the pace of technological advances applied to the diagnosis of sympto-
matic individuals, carrier screening, prenatal testing and newborn screening provided by a growing number of
private companies. Early diagnoses based on genetics can make medicine much more efficacious than is
currently possible. For example, MGT can identify which patients will be more likely to respond to drugs than
others, thus creating drugs that are more effective, and simultaneously makes drug development cheaper (by
simplifying clinical trials).

Technical Barrier to the Innovation: Development and acceptance of common methodologies and protocols
supporting quality control remains an unmet challenge. MGT has moved from academic research into the
marketplace and has recently been mandated in all states for certain diseases. There is great concern that
inaccurate and erroneous tests have resulted in unwarranted intervention, overestimation of biomarker present,
or misdiagnosis, misclassification of a biomarker(s). These drive the need for effective quality assurance
controls and demonstration of comparability of results across the laboratory system. Although MGT labora-
tories continually provide new tests, certified standards are needed to support test result validity. Many
laboratories develop and use their own reference materials further aggravating the inability to compare results
among laboratories..

Stage of Innovation Where Barrier Appears: Marketplace

Measurement-Problem Part of Technical Barrier: Few well-characterized materials suitable as standards
supporting quality control, inter-laboratory comparability of MGT results, and laboratory proficiency testing
currently exist. Improved measurements of a wider spectrum of biomarker purities and quantities require
development to promote a common, reliable, and broadly accepted genetic testing.

Potential Solutions to Measurement Problem: Well characterized, widely available, and renewable synthetic
materials that accurately mimic the clinical equivalent material for use to standardize results and evaluate
performance are needed. Laboratory accreditation programs are needed for proficiency demonstration and will
rely upon readily available, certified reference materials to demonstrate laboratory proficiency. Continued
developments in the science and technologies are needed address additional diseases.



NIST National Measurement System Assessment
Case Study — Measurement Needs

Technology at Issue: Solid-State Sensors for Chemical Analysis of Complex Gas Mixtures
Submitter: S. Semancik

Technological Innovation at Stake: Low cost, low operating power technologies for real-time chemical
analysis of gas and vapor mixtures are needed in applications ranging from human breath analysis to toxic gas
detection. Solid-state technology approaches have good potential to meet these requirements and revolutionize
gas mixture analysis because their low cost has such broad application potential. Low power consumption and
good sensitivity combined with portability will enable such real-time, point-of-use applications, e.g., toxic
industrial compounds, chemical warfare agents, disease state diagnosis based on human breath analysis,
composition variations of gas streams in industrial processes, vehicle exhaust analysis, etc.

Economic Significance of Innovation: Real-time, cost-effective analysis of complex, multi-component gas
mixtures is a pervasive measurement need for industrial (chemical, petrochemical, semiconductor, and
pharmaceutical.), government (defense, climate change), and public welfare applications (homeland security,
health care). The market for widespread deployment chemical warfare agents or toxic industrial chemicals
detection technologies alone is conservatively estimated at $1B. Health care savings of up to $20B/yr have
been estimated for effective breath analysis diagnostics for convenient, at-patient screening diagnostics for
early/treatable disease states such as diabetes and metabolic disorders. Innovative, rugged, reliable, low power
gas mixture analysis technologies could significantly expand the current $2.9 B chemical sensors market.

Technical Barrier to the Innovation:  Multi-component gas mixture analysis using solid-state sensor
technology strategies require sensor arrays having individual array elements with known and variable sensi-
tivities to mixture components. Array fabrication and thin film transduction utilizes several relatively new,
challenging, complex technologies, e.g., Micro-Electro-Mechanical Systems technologies. Predictable tuning
of individual element response characteristics must be coupled with complex data analysis methods. However,
data analysis algorithm complexity coupled with issues of limited sensitivity, accuracy, and long-term stability
of the individual sensor array elements hinders the widespread adoption of microsensor technologies.

Stage of Innovation Where Barrier Appears: R&D

Measurement-Problem Part of Technical Barrier: Reliably design for sensitivity tuning of array elements to
achieve optimal sensitivity and selectivity for specific applications is needed. Currently this is primarily an
empirical, time-consuming, trial-and-error process. A broader knowledge base better describing adsorption
and fouling phenomena is needed.

Potential Solutions to Measurement Problem: R&D on absorption/desorbtion/fouling mechanisms in thin
films is need to support reliable design of sensor array element function. In addition, R&D directed toward
determining the uncertainties and robustness of the microsensor signal processing routines under a variety of
well-defined chemical exposure events and conditions is needed.



NIST National Measurement System Assessment
Case Study — Measurement Needs
Technology at Issue: Molecule-Based Nanoelectronics

Submitter: C.D. Zangmeister/R.D. van Zee

Technological Innovation at Stake: Component miniaturization and new materials are needed to meet the
ever-increasing speed and power requirements of computers. However, the CMOS field-effect transistor,
engine of the modern computer, is forecast to reach performance limits some time between 2010 and 2015.
Further reduction in component size will require new technologies that complement and enhance CMOS
devices. Manufacturers are developing strategies to integrate molecule-based nanoelectronic (“moletronic™)
components into memory and computing circuits.

Economic Significance of Innovation: Computer processor production is a $200 billion/yr industry and is
projected to grow to $500 billion/yr by 2010. This growth depends on innovation that increases processor
speed, efficiency, and reduces fabrication costs. The development of molecule-based component technologies
will enhance the pace of innovation of new processors, as well as cut production costs by reducing the number
of fabrication steps. Moletronic devices have already been demonstrated to make ultrahigh density memory
(100 GB cm™). In 2005 dynamic random-access memory sales were $30 billion, and if scale-up can be
achieved, moletronic memory devices are expected to dominate that market.

Technical Barrier to the Innovation: While many promising device prototypes have been demonstrated,
yield and reliability remain key barriers to commercialization of moletronic devices. These fabrication diffi-
culties can often be linked to the lack of reproducible and reliable methods for measuring the electrical
performance of fabricated devices. New approaches to measurement of molecular-scale electrical behavior are
critical to successful realization of such molecule-based components. Such approaches also support the
performance evaluation of prototype device structures and materials in device/component development.

Stage of Innovation Where Barrier Appears: Production

Measurement-Problem Part of Technical Barrier: Conventional test and measurement devices and ap-
proaches are inadequate and, many times, inappropriate to molecule-based components. For example, it is
often unclear whether the measured electrical characteristics of a moletronics circuit are linked to the way a
particular measurement is made or to actual device performance. Such ambiguity clouds interpretation of
basic measurements and slows innovation. It could be eliminated with reference data for performance of
prototypical molecular components in a validated test-bed. New tools and methods for measuring electrical
properties at the molecular level are required for reliable and reproducible measurements in robust manufac-
turing.

Potential Solutions to Measurement Problem: New measurement tools capable of characterizing molecular
electronic structure, the electrical behavior of small number of organic molecules will serve both production
and R&D needs. These tools must be validated against prototypical molecules and devices. Reference data and
materials will be required to calibrate and maintain these instruments.



NIST National Measurement System Assessment
Case Study — Measurement Needs

Technology at Issue: Inhalation Insulin Delivery /Diabetes Management
Submitter: N. Ritchie

Technological Innovation at Stake: Metered delivery of insulin, similar to inhalers for the treatment of
asthma, in which insulin is inhaled directly into the lungs. Insulin inhalation from a metered device could
substantially improve patient management of blood sugar levels, likely leading to significantly improved
patient health and substantially reducing the cost of diabetes-related complications.

Economic Significance of Innovation: Over 20 million people in the United States have diabetes and over 200
thousand people a year die from diabetes-related complications. About one in every ten healthcare dollars is
spent on diabetes-related ailments, and it was estimated that in 2002 the total economic cost of diabetes was
$132 B, with about 70% of this cost due to direct medical expenditures. A large fraction of these dollars is
spent to mitigate the complications resulting from poor management of insulin levels. The standard treatments
rely on unpleasantly invasive methods of insulin dose management based upon either subcutaneous injection
or an insulin pump. Studies show that only one-third of diabetic patients 65—74 years of age requiring insulin
injections maintained recommended dosage levels. Indeed, it is thought that inhalable insulin has the potential
to substantially or completely replace injectable insulin treatments.

Technical Barrier to the Innovation: The FDA and the pharmaceutical industry have strict standards regu-
lating the production and quality control methodologies in the manufacture of pharmaceutical products.
Inhalation of contaminating particulates directly into the lung constitutes a potential health hazard to users.
Micron-sized metallic particles can be mixed at very low concentrations with powered insulin either from the
manufacturing process or from the packaging. Administration of a dose is effected by puncture of a sealing
membrane composed of organic and metallic, primarily aluminum, layers. This process may introduce un-
wanted particulates into the lungs of users and may adversely impact their health over long-term exposures.
Regulators require manufacturers to evaluate the presence of such particulates and to demonstrate that they are
under control during both the manufacturing and delivery process.

Stage of Innovation Where Barrier Appears: Production

Measurement-Problem Part of Technical Barrier: Current measurements of particulate contamination levels
are time consuming and complex and do not support in-line or at-line measurement resuls demonstrating that
minimum contamination levels have been attained. As a result, quality control methodologies are inadequate
or unavailable. Well-characterized measurement tools are required to quantify the level of contamination.
Tools suitable for both R&D and manufacturing environments must be available. The reliability and consis-
tency of the techniques and instrumentation must be well documented and reevaluated on a regular basis.
Standards are required to calibrate and perform quality control tests on process measurement and quality
assurance tools.

Potential Solutions to Measurement Problem: FDA-acceptable methods for compositional and morpho-
logical measurements of micron-scale contamination in pharmaceutical powder formulations; new standards
and methods enabling performance evaluation of high-throughput particle analysis systems.



NIST National Measurement System Assessment
Case Study — Measurement Needs

Technology at Issue: Simulation and Modeling New Materials and New Manufacturing Processes.
Submitter: Dan Friend

Technological Innovation at Stake: Inability to accurately model and simulate the behavior of new products,
processes, or materials impedes manufacturing in the automotive, electronics, materials, and chemicals
industries.

Economic Significance of Innovation: Lack of safety data for innovative, advanced materials results in extra
costs for producers that do not provide qualities that protect consumers. In testimony before the House
Committee on Regulatory Reform, the US Chamber of Commerce quoted: “the cost of regulation is estimated
at approximately $850 billion annually” and urged full implementation of the Information Quality Act (IQA)
to reduce unnecessary economic burdens of regulatory compliance. Better safety data can help make products
both cheaper and safer.

Technical Barrier to the Innovation: A major contributor to poor performance of models simulating the
behavior of innovative products, processes, or materials is that the Nation lacks a unified, central resource
providing and assuring the quality of the data required to support decisions that impact the deployment of new
materials and processes in manufacturing. The result is a haphazard collection of incomplete data sets with
unknown reliability upon which manufacturing, regulation, and stewardship decisions must be based. For
example, several widely used chemical solubility databases have been shown to be incorrect for all the
transition metal carbonates and metal sulfides, but continue to be widely used, an issue raised in Congressional
testimony. Preliminary information about the risks of new technologies, for example nanotechnology, has been
highly sensationalized, yet no effort to systematically collect, assess, and measure the data needed for risk
analysis has been authorized.

Stage of Innovation Where Barrier Appears: Production

Measurement-Problem Part of Technical Barrier: There are system level and scientific barriers that must be
overcome. System-level barriers involve engagement of industry and regulators in a collaborative effort
addressing high priority questions impacting innovation and provision of an infrastructure facilitating the
necessary scientific collaboration. The scientific challenge is developing objective, robust, scientifically sound
consensus on methods and standards for measuring property data and assuring its quality.

Potential Solutions to Measurement Problem: Provision of an effective IT infrastructure for the collection,
curation, and dissemination of all the relevant data can follow models already extant at NIST. The barrier is the
requirement of a major investment and a National commitment to collaboration. Objective, robust, scientifi-
cally sound methods for measuring data quality can be realized through expert system software realizing
conformance with physical and chemical laws and utilizing robust statistical evaluation algorithms.



NIST National Measurement System Assessment
Case Study — Measurement Needs

Technology at Issue: Advanced Power Cycles for Electric Power Generation
Submitter: Allan H. Harvey

Technological Innovation at Stake: There are several candidate processes for advanced power cycles, i.e.,
conversion of mechanical energy derived from combustion to electrical power, of improved efficiency with
lower emissions. For example, the “oxyfuel” zero-emissions process combines high-temperature, oxygen-fed
combustion with CO, sequestration. The integrated gasification combined-cycle (IGCC) process uses gas
synthesized from coal to replace natural gas to fuel a combustion turbine that subsequently provides the heat
source for steam turbines while removing CO, from its effluent stream.

Economic Significance of Innovation: In its 2006 Annual Energy Outlook, the Energy Information Ad-
ministration projects the need for 174 GW (gigawatts) of new coal-fueled generation capacity in the U.S. by
2030; this represents an investment of about $250 billion in new coal plants over the next 25 years. Advanced
cycles can provide additional energy capacity with higher efficiencies, over 50% for some cycles, compared to
40% for typical current coal-fired plants, with reduced emissions, and with greater fuel flexibility that can
reduce operating costs.

Technical Barrier to the Innovation: These advanced power cycles operate at conditions of pressure,
temperature, and most importantly CO,, H,, and H,O composition far different from those for which we have
engineering experience and supporting thermophysical property data. The ability to evaluate design alterna-
tives, assess economic feasibility, and optimize the engineering design of proposed plants is severely ham-
pered by the lack of such data for high-temperature water-containing gases involved in the cycles.

Stage of Innovation Where Barrier Appears: R&D

Measurement-Problem Part of Technical Barrier: Experimental determinations of property data of the
requisite accuracy are extremely challenging for the conditions of interest and themselves will require de-
velopment of innovative thermophysical property experiments. There are as yet no reliable predictiv