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FOREWORD

The Department of Commerce (DOC) is pleased to submit the Fiscal Year 2016 Technology
Transfer Summary Report to the President and the Congress. This report illustrates the
continuing efforts of federal laboratories to ensure that the Nation’s investment in innovative
research is transferred from our laboratories to the American people.

Federal laboratories, through their fundamental and mission-oriented research and development
(R&D) investments, have historically been at the forefront of scientific discovery, invention, and
technological innovation. Technology transfer facilitates the practical application of federal
research directly through the transfer of laboratory results and by providing non-federal entities
opportunities to partner with federal laboratories on innovative research of mutual interest. Over
the years, new products, services, and the formation of new companies have occurred through
technology transfer initiatives.

The cross-agency focus on the lab-to-market efforts have emphasized the important role that
innovation plays in accelerating the development of new industries, products, and services that
lead to economic growth and job creation. Agencies have engaged in efforts to accelerate
technology transfer activities, improved and expanded the collection of technology transfer
metrics, and established performance goals and evaluation methods to enhance the efficiency and
impact of their technology transfer activities.

In 2018, the President’s Management Agenda contained a Cross Agency Priority Goal to
“Improve Transfers of Federally Funded Technologies from Lab-to-Market.” As part of that
effort, we have undertaken a program we call the Return on Investment Initiative. Under this
initiative, the DOC National Institute of Standards and Technology is leading an effort to gather
public input, examine our global competition, and examine how our underlying technology
transfer structure and approach can be improved to maximize the return to the U.S. taxpayer for
their investment in our Nation’s research and development programs.

This report fulfills the requirement of Title 15 of the United States Code, Section 3710(g)(2), for
an annual report summarizing the use of technology transfer authorities by federal agencies. It
highlights the achievements of federal technology transfer and includes data on the use of
specific transfer authorities. Future editions of this report will be used to continue to keep the
President and the Congress informed of the ongoing efforts of
federal laboratories to expand our technology transfer efforts in
partnership with U.S. industry, academic institutions, non-profit
foundations, and state, local and tribal governments. These efforts
will continue to play a vital role in building the Nation’s economic
strength.

Dr. Walter G. Copan
Under Secretary of Commerce for Standards and Technology &
Director, National Institute of Standards and Technology
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Chapter 1

Overview of Federal Technology Transfer

Many federal agencies conduct research and development (R&D) activities that result in the
creation of new technologies. In most cases, these technologies are created to support specific
needs of an agency’s mission. In other cases, they are spontaneous creations of ongoing
research. Regardless of how they are created, federal technologies can have significant value that
goes beyond an agency’s mission. It is the role of an agency’s technology transfer office to
identify this value and provide the most effective means to transfer it outside of the agency.

Federal legislation provides a variety of vehicles through which federal technologies can be
transferred.! These vehicles facilitate the potential commercialization of inventions, enable the
use of federal laboratory facilities by non-federal entities, and allow for the establishment of
research partnerships between federal government laboratories and other entities. This includes
the processing of patent applications and licenses as well as cooperative research and
development agreements (CRADAS) and other mechanisms that convey knowledge, ownership
rights, or establish formal research agreements.

Collaborative research is particularly important to the technology transfer process and in many
ways, is fundamental to every agency’s mission. By bringing together thousands of highly
qualified researchers and world class research facilities, collaborative research between federal
and non-federal organizations greatly enhances research capabilities, core competencies, and
creativity. This in turn leads to the flow of new ideas, new tools, more efficient techniques, new
processes and products, and new businesses. Collaborative research also helps agencies attract
and retain talented scientific personnel through rewards and royalty sharing opportunities.

Over the last seven years, agencies have responded to the need to improve technology transfer
operations to better address the needs of businesses and especially small businesses that are
vulnerable to a slow-moving bureaucratic system. The interagency coordination of efforts has
led agencies to review their operations and propose new ways to improve the overall customer
experience. These improvements include efforts to streamline operations to open doors to more
efficient technology transfer opportunities. Other improvements target the way customers
interact with the federal system.

! The primary legislation addressing federal technology transfer includes the Stevenson-Wydler Technology
Innovation Act of 1980, 15 U.S.C. 3701 et seq., the Patent and Trademark Act Amendments of 1980 (Bayh-Dole
Act), 35 U.S.C. 200 et seq., the Small Business Innovation Development Act of 1982, 15 U.S.C. 638, and the
Federal Technology Transfer Act of 1986, 15 U.S.C. 3710a. Numerous other acts indirectly affect federal
technology transfer activities.



This annual report summarizes the technology transfer activities and transfer vehicles used by 11
federal agencies that have significant federal laboratory operations:?

Department of Agriculture (USDA) Department of the Interior (DOI)
Department of Commerce (DOC) Department of Transportation (DOT)
Department of Defense (DoD) Department of Veterans Affairs (VA)
Department of Energy (DOE) Environmental Protection Agency (EPA)
Department of Health and Human Services (HHS)  National Aeronautics and Space
Department of Homeland Security (DHS) Administration (NASA)

Each of these agencies has established programs for promoting the transfer and
commercialization of technologies developed in its R&D laboratories and has provided the data
contained in this report. The DOC’s National Institute of Standards and Technology (NIST)
prepared and organized this report. An electronic version of this report is available at
https://www.nist.gov/tpo/federal-laboratory-interagency-technology-transfer-summary-reports.

Federal R&D Spending

Spending on R&D by the federal government supports a wide variety of agency-specific
missions, for instance, military objectives, health and human services issues, energy
development, space exploration, and so forth. In FY 2016, the total federal budget for R&D was
$115,040 million. Of this, $71,616 million (62%) was used to support R&D activities that
occurred outside of federal laboratories. This includes funding for grants, cooperative
agreements, and similar instruments.® The remainder, $43,424 million (38%), supported R&D
activities that occurred inside federal laboratories. This includes $32,020 million to support
intramural activities and $11,404 million to support federally funded R&D centers (FFRDCs).*
The technology transfer activities described in this report support new technologies that arise
from these federal laboratory R&D investments. As shown in the table below, the percent of an
agency’s budget that was available for federal laboratory R&D varied significantly among
agencies.

2 In this report, the term “Federal laboratory” refers to any laboratory, any federally funded research and
development center, or any center established under 15 U.S.C. § 3705 or 15 U.S.C. § 3707 that is owned, leased, or
otherwise used by a federal agency and funded by the federal government, whether operated by the Government or
by a contractor.

3 A federal award is an instrument setting forth terms and conditions of an agreement between a federal agency and
non-federal entity. Awards can include, among other things, grants and cooperative agreements. Grants and
cooperative agreements are similar in that they transfer funds (or anything of value) to a non-federal entity but differ
in that cooperative agreements involve substantial involvement by the federal awarding agency usually in terms of
project oversight and management.

4 For a list of FFRDCs see https://www.nsf.gov/statistics/ffrdclist/.
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Federal Obligations for R&D
By Agency FY 2016 ($ million)®

Percent of
Infranmwal Total R&D
Total R&D Intramural® FFRDCs™ and FFRDCs — Budget

All Agercies $115.040 $32.020 $11.404 $43.424 38%
DoD $44.749 $16.864 $1,703 $18,567 41%
DOE $11.,601 $939 $7.213 $8.,152 70%
HHS $32.216 $7,123 $520 $7.642 24%
NASA $12.404 $1,785 $1.529 $3.314 27%
USDA $2.358 $1,538 $0 $1.538 65%
DOC $1.351 $1,055 $13 $1.,069 79%
DOI $857 $749 $1 $750 88%
VA $695 $695 $0 $695 100%
DOT $937 $253 $77 $331 35%
DHS $532 $186 $89 $276 52%
EPA $508 $255 $2 $258 51%
Other Agencies $6.834 $576 $256 $832 12%

(a) Intramural activities cover costs associated with the administration of intramural and extramural programs by federal
personnel as well as actual intramural performance.
(b) FFRDC = federally funded research and development center

In FY 2016, DoD spent the largest amount of funding for intramural activities and FFRDCs,
$18,567 million (41% of its R&D budget). DOE was second with $8,152 million (70% of its
R&D budget) and HHS was third with $7,642 million (24% of its R&D budget).

> National Science Foundation (NSF), National Center for Science and Engineering Statistics, Survey of Federal
Funds for Research and Development, Federal Obligations for Research and Development, by Agency and
Performer: FY 2016, Table 7. https://ncsesdata.nsf.gov/fedfunds/2016/html/ffs2016_dst_007.html
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Federal Technology Transfer Summary

Every federal agency that operates or directs one or more federal laboratories or that conducts
research and development is required to prepare and submit an annual report of its technology
transfer activities as described in 15 U.S.C. § 3710(f). These reports contain details on each
agency’s technology transfer program as well as agency efforts to use technology transfer to
advance the agency’s mission and to promote U.S. competitiveness.® The following tables
summarize federal technology transfer activities for the five-year period from FY 2012 through
FY 2016.7

Federal Invention Disclosures and Patenting

The protection of intellectual property can be vital to attracting the additional investment and
product development resources necessary for early stage research products to be brought to their
full commercial potential. Federal laboratory achievements in the areas of invention disclosures
and patents issued are often cited as metrics of the active management of intellectual assets and
technical know-how by federal agencies.

Between FY 2012 and FY 2016, the number of invention disclosures reported by federal
agencies decreased by 5% to 5,086. The number of patent applications filed increased by 1% to
2,596, and the number of patents issued increased by 1% to 2,341. DOE reported the largest
number of invention disclosures with 1,760 in FY 2016, followed by NASA with 1,554 and DoD
with 874. These three agencies accounted for 82% of all invention disclosures reported in this
fiscal year.

In FY 2016, DOE reported the largest number of patent applications with 999 and patents issued
with 856. DoD was second in both categories with 941 patent applications and 665 patents
issued. HHS was third with 269 patent applications and 579 patents issued. These three
agencies accounted for 85% of patent applications and 90% of patents issued.

6 For a list of agency technology transfer reports see http://nist.gov/tpo/publications/agency-technology-transfer-
reports.cfm.

" Technology transfer data are routinely adjusted over time to account for new information resulting from changes in
reporting procedures, patent decisions, programmatic changes, and other corrections. Throughout this report, data
prior to FY 2016 have been adjusted where necessary, to reflect the most accurate estimates for each year reported.
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Technical Area Summary of U.S. Federal Agency Patents

The chart below uses data from the U.S. Patent Office (USPTO) to illustrate the technical areas
covered by patents issued to federal agencies in FY 2016. The chart shows the percentage of
patents issued to federal agencies by technology area based on a fractional count of patents.® In
FY 2016, the largest number of federal patents issued to federal agencies involved Measurement
(11%) followed by Biotechnology (8%), Electrical Machinery, Apparatus, Energy (7%),
Pharmaceuticals (7%), Other Special Machines (6%), Computer Technology (6%), and
Telecommunications (4%). Semiconductors (4%), Chemical Engineering (4%), Organic Fine
Chemisgtry (4%), Transport 4% and Basic Materials Chemistry (3%). All other technology areas
(32%).

USPTO Patents Assigned to Selected U.S. Federal Agencies by Technology Area: FY 2016
®Measurement 11%
® Biotechnology 8%
Electrical Machinery, Apparatus, Energy 7%
Pharmaceuticals 7%
m Other Special Machines 6%
B Computer Technology 6%

B Telecommunications 4%
B Semiconductors 4%
B Chemical Engineering 4%

B Organic Fine Chemistry 4%

B Transport 4%
® Basic Materials Chemistry 3%
u Other 32%

Federal Licenses

Licensing of federally developed technologies is an important technology transfer mechanism
that creates incentives for industry to invest the resources necessary to develop and
commercialize nascent leading-edge technologies. Successful development and
commercialization of federal technologies create benefits to the economy and contributes to
competitiveness and domestic economic growth. The ability to grant licenses to the nonfederal
sector helps protect utilize or further develop and utilize federally developed innovations, which

8 In this summary, patents are credited on a fractional-count basis (i.e., for patents with assignees from multiple
federal agencies, other U.S. institutions, or foreign institutions, each federal agency receives fractional credit based
on the proportion of its participating institution(s)). Furthermore, fractioning is used at the level of Internal Patent
Classification (IPC) codes to ensure that the sum of patents across technology areas (WIPO technology
classification) is equal to the total number of patents as each patent can be assigned to more than one technology
area. Source: Prepared by Science-Metrix using USPTO data indexed in PatentsView in April 2017. Used with
permission.

® Definitions for all technology areas addressed are included in Appendix B.
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would not be further developed into commercial products or services otherwise. The terms and
conditions under which federal intellectual property is licensed varies based upon many factors,
including the extent of development of the technology, the financial resources needed to further
develop the technology for consumer use, fields of use, projected market impact, and other
factors.

Between FY 2012 and FY 2016, the number of total active licenses reported by federal
laboratories increased by 7% from 8,351 in FY 2012 to 8,950 in FY 2016. The number of new
licenses increased by 7% from 1,116 in FY 2012 to 1,193 in FY 2016. The number of invention
licenses increased by 7% to 4,156 while the number of new invention licenses increased by 14%
to 572. Invention licenses refers to inventions that are patented or could be patented. The
number of income-bearing licenses increased by 13% to 5,804, and the number of exclusive
income-bearing licenses increased by 6% to 863.

DOE reported the largest number of total active licenses with 5,410 licenses. HHS was second
with 1,750 licenses and DoD was third with 515 licenses. These three agencies accounted for
86% of all licenses reported in FY 2016.

HHS reported the largest number of invention licenses with 1,721, followed by DOE with 943
and NASA with 387. Together these three agencies accounted for 73% of invention licenses.

DOE reported the largest number of income-bearing licenses, 3,963, which was significantly
higher than all other agencies combined. HHS was second with 837 followed by USDA with
439. Together these three agencies accounted for 90% of income-bearing licenses.

USDA reported the largest number of income-bearing exclusive licenses with 307, followed by
DOE with 231, and DoD with 218. Together these three agencies accounted for 88% of income-
bearing exclusive licenses.
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FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Licenses, Total Active 8,351 8,197 8,905 9,745 8,950
New Licenses 1,116 896 906 1,070 1,193
Invention Licenses, Total Active 3,893 3,774 3,997 4,123 4,156
New Invention Licenses 501 436 383 567 572
Income Bearing Licenses, Total Active 5,131 5,432 5,960 6,349 5,804
Income Bearing Exclusive Licenses 816 562 510 454 863

Federal Income from Licenses

Licensing income includes income received for earned royalties from partners, license issue fees,
minimum annual royalties, paid-up license fees, and reimbursement for full-cost recovery of
goods and services provided by the lab to the licensee, including patent costs. Between FY 2012
and FY 2016, income from all licensing increased by 7% to $179 million. Income from
invention licenses increased by 8% to $171 million and total earned royalty income decreased by
9% to $140 million.

HHS accounted for the most licensing income in FY 2016 with $133 million, followed by DOE
with $31 million, and DoD with $6 million. Together these three agencies accounted for 95% of
reported licensing income.

HHS accounted for the most invention license income in FY 2016 with $131 million, followed
by DOE with $27 million, and DoD with $5 million. Together these three agencies accounted



for 96% of Invention License Income.

HHS accounted for the most Earned Royalty Income in FY 2016 with $110 million, followed by
DOE with $16 million, and DoD with $6 million. Together these three agencies accounted for
94% of Earned Royalty Income.

Federal Income from Licensing ($000s)
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FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Total Income, All Active Licenses $167,110 $185,003 $194,939 $203,787 $179,161
Invention Licenses $159,043 $167,118 $185,088 $193,626 $171,496
Total Earned Royalty Income, (ERI) $153,305 $171,032 $154,747 $149,219 $140,090

Challenges in Federal Patent Licensing

On June 19, 2018, the Government Accountability Office (GAO) issued a report entitled Federal
Research: Additional Actions Needed to Improve Licensing of Patented Laboratory Inventions
(GAO-18-327). This report recommends that “[t]he Secretary of Commerce should instruct
NIST to fully report the range of challenges in federal patent licensing, such as those outlined in
this report, by, for example, leveraging its survey of practices at federal technology transfer
offices, past Federal Laboratory Consortium studies, and agency reports and including that
information in its summary reports to Congress.”



This recommendation aligns with the 2018 President’s Management Agenda and is a
continuation of long running efforts by the federal interagency technology transfer community.

As a part of the President’s Management Agenda’s Cross-Agency Priority (CAP) goal on
improving the transfer of federally funded innovations from the laboratory to the market, NIST
launched the Return on Investment (ROI) initiative to develop a report that identifies short-term
and long-term findings to streamline and accelerate the transfer of the laboratory results from
federal research and development funding efforts to the American marketplace. The ROI report
will be a key input into the Lab to Market CAP goal, a cross-agency initiative co-led by NIST
with the White House Office of Science and Technology Policy. The ROl initiative is an effort
to work collaboratively with the public sector, private sector, and other federal R&D, intellectual
property, and technology transfer stakeholders on a wide range of topics that impact the transfer
of federally funded technologies.

In response to the GAO report and in support of the CAP goal effort, the Secretary of Commerce
has instructed NIST to:

1. Fully report the range of challenges in federal patent licensing, such as those outlined in
the GAO report, by, for example, leveraging its survey of practices at federal technology
transfer offices, past studies conducted by the FLC, and agency reports, and including
that information in its summary reports to Congress;

2. Clarify the link between the establishment of patent license financial terms and the goal
of promoting commercial use, through appropriate means, such as the upcoming ROI
rulemaking process and updating relevant guidance; and

3. Facilitate formal information sharing among the agencies to provide federal labs with
information on financial terms in comparable patent licenses, as appropriate.

NIST is currently analyzing responses from the public on a wide-range of technology transfer
topics submitted in response to a formal Request for Information as well as a series of public
forums, meetings, and other engagements with stakeholders. A more complete report of the
ROI findings will be included in the FY 2017 Federal Technology Transfer report.

Federal Collaborative R&D Relationships

Collaborative R&D relationships between federal laboratories and non-federal collaborators are
widely viewed as an effective and economical means of transferring technology through joint
research. These relationships create a mutually advantageous leveraging of federal agency and
collaborator resources and technical capabilities, as well as to provide avenues for both the
collaborator and the federal laboratory to gain new competencies and develop new skills.

One frequently used mechanism for establishing joint research relationships is the cooperative
research and development agreement (CRADA). The CRADA is a multifaceted mechanism that
can be used to address several kinds of partnership needs. A “traditional CRADA” refers to
formal collaborative R&D agreements between a federal laboratory and nonfederal partners.
Other special CRADA arrangements are used by federal agencies to address special purpose
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applications such as material transfer agreements or agreements that facilitate technical
assistance activities.

In addition to CRADAS, agencies have other specific authorities that also facilitate cooperative
R&D relationships, such as Space Act Agreements (NASA) or other transaction authorities.

Between FY 2012 and FY 2016, the number of active CRADASs increased by 40% to 11,644.
The number of new CRADA agreements increased by 23% to 5,325. The number of traditional
CRADA:s increased by 57% to 6,720, while other collaborative R&D relationships decreased by
5% to 18,472.

In FY 2016, DoD reported the largest number of CRADASs with 3,125, followed by DOC with
2,940 and VA with 2,613. VA reported the largest number of traditional CRADAS with 2,359,
followed by DoD with 2,297 and DOE with 739. USDA reported the largest number of other
collaborative R&D relationships with 11,854, DOC was second with 3,273, and NASA was third
with 2,204 (Space Act Agreements).

11
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FY 2012 FY 2013 FY 2014 FY 2015 FY 2016

CRADASs, Total Active 8,307 9,461 9,875 9,845 11,644
New CRADASs 4,335 4,354 4,176 4,953 5,325
Traditional CRADAs, Total Active 4,293 6,306 6,125 5,545 6,720

Other Collaborative R&D Relationships 19,537 22,226 22,304 21,366 18,472

Trends in Federal Technology Transfer Activities

Technology transfer activities are not spontaneous events. Inventions typically require years, if
not decades of research effort before they are disclosed. A review of a patent application may
take two years or more before the patent is awarded. It may also take several years to license a
federal patent or form the collaborative commitment behind a CRADA. To get an understanding
of how technology transfer activities are performing over time, it is helpful to view the trends in
key metrics. Unfortunately, it is not always easy to isolate trends from raw data because
technology transfer metrics fluctuate widely. However, by converting metric values to a
common scale or index, we can develop a simple tool to illustrate trends.

Index values are calculated by dividing the value of a metric in each year (year “t”), by the value
in the base year (year “i””), and then multiplying by 100.
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Value;
Index Valuet = m x 100
i

The base year chosen for this report is FY 2012. The index value for each metric in the base year
would therefore be equal to 100. In the years that follow, index values change as the value of the
metric in year “t” changes and the value in the base year, “i” remains the same.

For example, to calculate the index value for patents issued in FY 2013, we divide the number of
patents issued in FY 2013 by the number of patents issued in the base year (FY 2012) and then
multiply by 100. Using data from the table on page five of this report, the index value for
patents issued in FY 2013 is 88.

2,049
Index Valuegpy,913 = 5375 x 100 = 88

Because the index value of 88 is less than 100, we can interpret this as a 12% decrease in the
number of patents issued between FY 2012 and FY 2013. In FY 2014, the index value for
patents issued is 95 which we can interpret as a 5% decrease between FY 2012 and FY 2014.

We then calculate index values for key metrics (e.g., invention disclosures, patents issued,
invention licenses, and CRADAS) and plot the values in the chart below. For illustrative
purposes, we also calculate index values for the Federal Intramural Research Budget using data
from page three of this report. Note that all index values have a value of 100 in the base year,
FY 2012.

Trends in Federal Technology Transfer Activities (FY 2012 - FY 2016)
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To show the trend for a given metric, a straight line is positioned in the middle of the plotted
values for that metric.X® For example, in the chart below, index values for patents issued are
shown in purple and the trend line for patents issued is positioned in the middle of the purple
points. It is important to note that each trend line is drawn independently of other measures; they
do not suggest causal relationships, nor do they forecast future trends. A trend line is a simple
tool that illustrates the general tendency of a measure over a given period.

Trends in Federal Technology Transfer Activities (FY 2012 - FY 2016)
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The trend line plotted for traditional CRADAS has a significantly positive slope which means
that CRADA activities have greatly increased during this period. The trend line for invention
disclosures has a slightly negative slope indicating a decline in the number of invention
disclosures while the trend line for invention licenses has a slightly positive slope indicating a
slight increase. Trend lines for the number of patents issued and the Federal Intramural Research
Budget, which includes the budget for intramural programs as well as the budget for FFRDCs,
have been relatively consistent over these years with slight annual increases and decreases.

Science and Engineering (S&E) Articles

Although intellectual property has traditionally been tracked in terms of the number of patents,
licenses, and collaborative efforts, most federal research results are transferred through
publication of S&E articles. Unfortunately, a uniform tracking system for S&E articles across all
federal agencies does not exist; however, data from Thomson Reuters’ Web of Science database
can provide insight into the nature of S&E articles published by technology area even though not
all articles published by federal agencies are included in the publications covered by these
databases. For example, in 2016, Thomson Reuters reports that federal researchers authored or
coauthored 55,971 articles using a whole-count basis (where each agency gets full credit for each
article even if the article has co-authors from different agencies).'! By using additional data

10 Trend lines in this report are plotted using Microsoft Excel.
11 Data prepared by Science-Metrix. Article counts are from the set of journals covered by the Science Citation
Index (SCI) and Social Sciences Citation Index (SSCI) classified under Caspar fields using the CHI classification.
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provided by agencies in their annual reports on technology transfer activities that considers
publications not included in the Thomson Reuters’ databases, the number of publications
increases to 58,609.

The Thomson Reuters’ databases provide the additional benefit of identifying publications by
federal researchers according to science and engineering categories. Using this data, the greatest
percentage of articles addressed research in Biological Sciences (26%), Medical Sciences (23%),
Physics (11%), Geosciences (11%), Engineering (10%), and Chemistry (9%).12

Articles are classified by the year they entered the database, rather than the year of publication, and are assigned to a
federal agency based on the institutional addresses listed in the article. Because the CHI classification classifies
journals accounting for only about 60% of all publications indexed in the Web of Science, the classification was
expanded to fully cover the database using a two-step approach. The first step was to classify all journals under the
same fields as those determined for the preparation of the NSF SEI 2018 indicators. The remaining journals were
then assigned to a unique field using citations to and from journals to determine their most relevant field. Used with
permission.

12 Articles are credited on a fractional-count basis (i.e., each participating federal agency receives a share of the
publication proportional to its share of addresses on the publication). Source: Prepared by Science-Metrix using the
Web of Science database (Thomson Reuters) accessed in July 2017. All rights reserved. Used with permission.
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S&E Articles Authored by Selected U.S. Federal Agencies, by S&E Fields: CY 20162

1% 1% m Biological Sciences 26%
1% W Medical Sciences 23%

m Physics 11%
Geosciences 11%

® Engineering 10%

® Chemistry 9%

m Agricultural Sciences 3%

H Astronomy 2%

m Social Sciences 1%

m Psychology 1%

m Other Life Sciences 1%
®m Mathematics 1%

= Computer Sciences 1%

13 Calendar Year
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Citations within U.S. Patents

Thomson Reuters’ data also provides insight into the commercial relevance of S&E articles
authored by federal researchers through the number of articles cited in U.S. patents. In FY 2016,
more than 15,644 articles authored or coauthored by federal researchers were cited in U.S.
patents.'* Of these, the greatest number of articles addressed research in Biological Sciences
(43%), Medical Sciences (25%), Chemistry (11%), Engineering (9%), and Physics (7%).%

Citation of U.S. S&E Articles Authored by Selected U.S. Federal Agencies, in USPTO
Patents, by S&E Field: FY 2016

B Biological Sciences 43%
1% 1% 1% = °

m Medical Sciences 25%

= Chemistry 11%

Engineering 9%

® Physics 7%

® Agricultural Sciences 2%

B Computer Sciences 1%

B Geosciences 1%

B Other 1%

14 Data prepared by Science Metrix. Cited articles are from the set of journals covered by the Science Citation Index
(SCI) and Social Sciences Citation Index (SSCI) classified under Caspar fields using the CHI classification. Cited
articles are classified by the year of publication and are assigned to a federal agency based on the institutional
addresses listed in the article. Because the CHI classification classifies journals accounting for only about 60% of
all publications indexed in the Web of Science, the classification was expanded to fully cover the database using a
two-step approach. The first step was to classify all journals under the same fields as those determined for the
preparation of the NSF SEI 2018 indicators. The remaining journals were then assigned to a unique field using
citations to and from journals to determine their most relevant field. Used with permission.

15 Citations are classified on a fractional-count basis (i.e., for cited articles with collaborating institutions from
federal agencies, other U.S. institutions, or foreign institutions, each federal agency receives fractional credit based
on the proportion of its participating institution(s)). Source: Prepared by Science-Metrix using the Web of Science
(Thomson Reuters) accessed in July 2017 and PatentsView accessed in April 2017. All rights reserved. Used with
permission.
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Small Businesses Involved in Active Traditional CRADAS

Part of the Federal Technology Transfer Act (FTTA), codified at 15 U.S.C. § 3710a(c)(4)(A),
requires federal agencies to give special consideration to small business firms and consortia
involving small business firms when establishing CRADAs. The definition as to what qualifies
as a small business is given by the Small Business Administration and varies by industrial sector.
For this study, we use a measure of 500 employees or fewer to classify a company as a small
business. Unfortunately, owing to various administrative issues, not all agencies are able to
report small business data at the time of the preparation of this report. A partial set of data is
available for 10 agencies. This data reveals that out of 6,671 traditional CRADA agreements
with these agencies, 1,281 (19%) involve small businesses as participants.

Number of Active

CRADAs
Involving Small

Businesses
Agency FY 2016
DHS 75
DOC 93
DoD 351
DOE 282
DOT 12
EPA 23
HHS 252
NASA 0
USDA 76
VA 117
Total 1,281
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Licenses Granted to Small Businesses

In addition to CRADAS, agencies support small businesses through the licensing of technologies.
Again, owing to various administrative issues, data from only eight agencies are available at the
time of this report. This data reveals that out of 8,381 active licenses granted by these agencies
in FY 2016, 798 (10%) were issued to small businesses.

Number of Active
Licenses Granted
to Small Businesses

Agency FY 2016
DHS 0
DOC 14
DOE 255
EPA 17
HHS 112
NASA 243
USDA 152
VA 5
Total 798
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Startup Companies Supported

Many federally developed technologies are transferred through the actions of startup companies.
Companies that have been in existence for five years or less and have spun off federally
developed technologies or have received critical technical support of their core development
areas from federal laboratories provide an effective means of transferring technologies.

Although most agencies have a long history of working with startup companies, few have
established systematic methods to identify and track the startup companies they nurture. At
present, preliminary data from 6 agencies identifies 100 companies that started between the years
of 2012 and 2016 and have received critical technical support from federal laboratories.

Number of Startups
Supported
FY 2016
Agency (Preliminary Data)
DHS 0
DOC 51
DOT 0
EPA 14
HHS 16
NASA 19
Total 100

Efforts to Enhance Technology Transfer Outcomes and Entrepreneurship

In addition to individual agency streamlining activities and developing new metrics to quantify
technology transfer impact, federal agencies have also been involved in activities that have been
designed to promote awareness and enhance the effectiveness of technology transfer activities.

The Innovation Corps Program

In 2011, the National Science Foundation (NSF) established the Innovation Corps (I-Corps™)*6
program to help scientists and engineers focus their attention upon critical business-related issues
that are fundamental to the commercialization of new and emerging technologies. Originally
designed to broaden the impact of NSF-funded basic research projects, other federal agencies
have adopted the successful program to enhance the economic impact of their own technology
transfer efforts.

At HHS, the National Institute of Health’s (NIH) I-Corps™ Program accelerates the translation
of biomedical research to the marketplace by providing training to Small Business Innovation

16 See http://shir.cancer.gov/resource/icorps/
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Research (SBIR) and Small Business Technology Transfer (STTR) grantees in the areas of
innovation and entrepreneurship. Under this program, the NIH and the Centers for Disease
Control and Prevention (CDC) foster the development of early-stage biomedical technologies,
focus on teaching researchers how to gain a clearer understanding of the value of their inventions
in the marketplace, and ultimately how to advance their technologies from the research lab into
the commercial world. The program complements activities within the scope of the parent SBIR
and STTR grant programs to help accelerate the commercialization of new products and services
derived from NIH- and CDC-funded technical feasibility studies.

At DOE, the Energy I-Corps™ program, formerly known as Lab-Corps, pairs teams of
researchers with industry mentors for an intensive two-month training where the researchers
define technology value propositions, conduct customer discovery interviews, and develop viable
market pathways for their technologies. Energy I-Corps is managed by DOE’s National
Renewable Energy Laboratory (NREL). NREL leads curriculum development and execution,
recruits program instructors and industry mentors, and assembles teams from the following
national labs:

Argonne National Laboratory Los Alamos National Laboratory

Fermi National Accelerator Laboratory National Renewable Energy Laboratory
Idaho National Laboratory Oak Ridge National Laboratory
Lawrence Berkeley National Laboratory Pacific Northwest National Laboratory
Lawrence Livermore National Laboratory Sandia National Laboratories

Other agencies have incorporated I-Corps™ into their programs. DHS, DoD, and NASA partner
with NSF to send their awardees through the NSF I-Corps™ programs. Other agencies develop
their own programs that adapt the curriculum for their research communities: NSA’s I-Corps™
for the Intelligence Community, 1-Corps™ at ARPA-E, and the USDA 1-Corps™ Agricultural
Research Service pilot program.

Entrepreneur in Residence Programs

Several agencies have established Entrepreneur in Residence (EIR) programs that mentor
technical researchers on the fundamentals of commercializing new technologies. While these
programs vary across agencies, the common goal is to provide sound entrepreneurial advice from
experienced business experts to accelerate technology transfer. Topics that are common to these
programs include methods of establishing market values, managing intellectual property rights,
performing due diligence, fund raising, and requirements for starting a new business.

DOE's EIR initiative was started in 2007 by the Office of Energy Efficiency & Renewable
Energy to address long-standing concerns that national laboratory inventions were not being
sufficiently transferred into the marketplace. By placing venture capital-sponsored entrepreneurs
at key national laboratories, the goal of the program is to accelerate laboratory technology
transfer by enabling start-up entrepreneurs to work directly with the laboratories and bridge the
gap between leading scientific and business talent—conducting technology assessments and
proposing business structures to commercialize promising technologies. Entrepreneurs are
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permitted to work directly with laboratory staff for a hands-on look at various inventions and
potentially viable technologies.

The NIH Office of Technology Transfer began its first EIR program in 2012. The EIRs are
charged with three key activities: 1) review NIH technologies to assess commercial relevance;
2) work with the private sector to facilitate commercialization of the NIH technologies into
marketable products; and 3) educate scientists on life science product development and
commercialization.

USDA'’s Agricultural Research Service (ARS) has seven Technology Transfer Coordinators
(TTCs) stationed in different geographical areas around the country. Each TTC acts as a type of
EIR. The TTCs are engaged in numerous activities including planning, administrating,
coordinating, and evaluating technology transfer activities of their assigned geographic region’s
research programs to affect the optimum transfer of research for development and
commercialization. They work closely with ARS researchers to select the most beneficial and
expeditious mechanism(s) for technology transfer on a case-by-case basis. They participate in
the planning of research programs and preparing material that illustrates ARS research results
and accomplishments.

NIST has also initiated an EIR program in cooperation with the Maryland Technology
Development Corporation. Through this initiative experienced EIRs and NIST researchers come
together to identify commercial opportunities for technologies emerging from NIST’s
laboratories. NIST EIRs are not full-time paid positions; rather, they are guest researchers who
undertake a variety of tasks to identify the commercial value of NIST technologies and mentor
and educate NIST researchers on career opportunities in technological entrepreneurship.

Evaluating Impact

The Interagency Workgroup on Technology Transfer discussing ways to develop impact metrics.
These discussions include:

1. Working with agencies to develop new metrics to track technology transfer activities
(e.g., number of intellectual property licenses, number of CRADAS, number of new
startups created), developing additional metrics that track the goals such as reducing the
processing time required to complete intellectual property licensing agreements,
increasing the number of federally funded researchers who receive experiential
entrepreneurship education, and increasing the percentage of federally funded intellectual
property and facilities that can be discovered through open and machine-readable data;
and

2. Working with the research community to develop metrics that capture longer-term
economic impact (e.g., dollars of follow-on capital attracted, revenue generated, jobs
created, and new products developed by companies commercializing federally funded
R&D).
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Chapter 2

Agency Performance in FY 2016

Each federal agency prepares and submits an annual report covering data on technology transfer
as described in 15 U.S.C. § 3710(f). These reports include details on each agency’s technology
transfer program and efforts to use technology transfer to advance the agency’s mission and
promote U.S. competitiveness.*’

This chapter provides a comparable summary of the content of these 11 federal agency reports.
Three main topic areas are addressed:

e Statistical data on the agency’s technology transfer activity levels for a number of
measures (e.g., cooperative R&D relationships, invention disclosure and patenting, and
intellectual property licensing) for the most recently closed fiscal year (FY 2016) and
several prior years (FY 2012-2016);

e Reported examples of successful downstream outcomes arising from the agency’s
technology transfer activities, such as new products or improved industrial processes
available in the marketplace that arise from the transfer and commercialization of federal
lab inventions; and

e Streamlining activities at each agency to lower administrative burden and make
technology more accessible.

17 See http://nist.gov/tpo/publications/agency-technology-transfer-reports.cfm
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Department of Agriculture (USDA)

President Abraham Lincoln coined the phrase “the People’s Department” acknowledging the role
of USDA in solving problems that benefits all people every day. Thus, well before the coining
of the modern-day phrase of “technology transfer,” it was the culture of USDA to deliver
solutions to the people of the United States. Today, USDA broadly defines technology transfer
as the adoption of research outcomes (i.e., solutions) for public benefit. A seemingly simple
statement, the process of adoption is complicated, requiring integration of many assets from
disparate sources in the successful delivery of solutions. “Public benefit” is achieved through
many mechanisms including public release of information, tools, and solutions (e.g., germplasm,
plants, and other materials), adoption and enhancement of research outcomes by partners through
collaborative research, formal cooperative research and development agreement (CRADAS)
authorized by the Federal Technology Transfer Act, direct federal, state, or local technical
assistance, or through licensing of biological materials or protected intellectual property directly
to not-for-profit entities and for-profit private sector firms. Additionally, successful adoption of
USDA knowledge and research outcomes typically requires complementary assets and services
provided by multiple agencies in USDA, including agencies that are not primarily engaged in
direct research in the physical and life science arenas.

Private sector involvement in technology transfer adds the benefits of creating new or expanded
businesses, jobs, and economic prosperity. Science-based innovations from USDA intramural
research—often developed through public-private partnerships (PPPs)—create new or improved
technologies, processes, products, and services that benefit the Nation by increasing productivity,
increasing efficiency (e.g., keeping costs low), and enhancing global competitiveness for the
U.S. agriculture sector. Thus, technology transfer functions are critical to accelerating the utility
of public research and development (R&D) investments, creating economic activity, job creation,
and sustainable economic development.

The Agriculture Research Service (ARS) has been delegated authority by the Secretary of
Agriculture to administer the patent program for ARS, review CRADAS, and administer
technology licensing programs for all intramural research conducted by USDA. These activities
are housed in the Office of Technology Transfer.

USDA’s annual technology transfer report is available online at:
https://www.ars.usda.gov/business/Docs.htm?docid=24718.

More information about USDA'’s technology transfer activities are available on the following
websites:

Agricultural Research Service: https://www.ars.usda.gov/
Animal and Plant Health Inspection Service: https://www.aphis.usda.gov/aphis/home/
Forest Service: http://www.fs.fed.us
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USDA Invention Disclosures and Patenting
Between FY 2012 and FY 2016, the number of invention disclosures received increased by 53%,

from 160 to 244. The number of patent applications filed decreased by 11%. The number of
new patents issued decreased by 13% from 69 to 60 in FY 2016.

USDA Invention Disclosuresand Patenting
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FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
New Invention Disclosures 160 191 117 222 244
Patent Applications Filed 122 157 119 125 109
Patents Issued 69 65 83 94 60
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Patents issued to USDA in FY 2016 covered many technology areas including Biotechnology
(33%), Basic Materials Chemistry (15%), Other Special Machines (11%), and Pharmaceuticals
(11%).18

USPTO Patents Assigned to USDA by Technology Area: FY 2016

B Biotechnology 33%

® Basic Materials Chemistry 15%

= Other Special Machines 11%
Pharmaceuticals 11%

B Analysis of Biological Materials 5%

B Food Chemistry 4%

® Organic Fine Chemistry 4%

B Measurement 4%

® Electrical Machinery, Apparatus, Energy 3%

B Transport 2%

B Other 8%

18 Source: Prepared by Science-Metrix using USPTO data indexed in PatentsView in April 2017. Used with
permission.
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USDA Licenses

Between FY 2012 and FY 2016, the number of total active licenses increased by 15% to 441
licenses in FY 2016. The number of total active invention licenses increased by 9% to 370
licenses. Total active income-bearing licenses increased by 16%, from 379 in FY 2012 to 439 in
FY 2016, while the total number of income-bearing exclusive licenses increased by 11% to 307.
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USDA Income from Licensing

Between FY 2012 and FY 2016, total income from all active licenses increased by 26% to just
over $4.7 million in FY 2016. The income from invention licenses increased by 21% to $4.5
million. Total earned royalty income increased by 19% from $3.1 million in FY 2012 to $3.6
million in FY 2016.

USDA Income from Licensing ($000s)
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FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Total Income, All Active Licenses $3,806 $4,386  $4,928  $5,067 $4,784
Invention Licenses $3,671 $4,054 $4,733 $4,842  $4,456
Total Earned Royalty Income, (ERI)  $3,060 $3,354  $3,611 $3,510 $3,633
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USDA Collaborative R&D Relationships

Between FY 2012 and FY 2016, the number of total active CRADAS decreased by 13% to 238
agreements while the number of new CRADAs per fiscal year increased by 22% to 79. Total
active traditional CRADAs decreased by 24% to 161 agreements. Other collaborative R&D
relationships decreased by 19% to 11,854.
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USDA Efforts to Streamline Technology Transfer Operations

A template for a Commercial Evaluation License (CEL) was created. The CEL is a

short-term, non-exclusive license to evaluate the commercial applications of the material

and the licensed product and any inventions claimed in the licensed patent rights.
To expedite and streamline the payment of license royalties, USDA’s Office of

Technology Transfer (OTT) established a pay.gov portal specific for royalty payments.
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e 1In 2016, OTT established an Innovation Fund for ARS scientists to enable and expedite
commercialization/adoption of their research outcomes. Projects are chosen based on
their potential for advancement along the technology readiness continuum and moving
closer to commercialization.

USDA Downstream Success Stories
Wildlife Services: Changes to Aircraft Lighting Increase Bird Awareness

Collisions between birds and aircraft (also known as bird strikes) are
expensive, risk human lives, and increase bird mortality. Because
birds see differently than people, changes to aircraft lighting have
been proposed as a way to make birds avoid aircraft. USDA’s
National Wildlife Research Center (NWRC) researchers and partners
from Purdue University investigated brown-headed cowbirds’
responses to aircraft lighting systems tuned to match the birds’ visual
capabilities. Using a remote-controlled aircraft fitted with 470-
nanometer lights that exhibit the “blue” portion of the human visual
spectrum, scientists observed that cowbirds showed alert behaviors in less than half the time it took
them to show alert behaviors with the lights off. However, for approaching aircraft with pulsing
lights, the cowbirds’ alert responses were delayed as aircraft speeds increased. This was not the case
with approaching aircraft with nonplusing lights. Also, researchers observed that high ambient noise
levels delayed the birds” avoidance of the aircraft, possibly by causing sensory overload and
distracting the birds. Researchers believe that placing 470-nanometer lights on aircraft or at airports
may improve some birds’ abilities to detect and avoid aircraft. The approach may also make wind
turbines, towers, and other large stationary structures involved in bird collisions more detectable.

Plant Protection and Quarantine: Advanced Molecular Diagnostics for the Old-World
Bollworm

o Species

: ,_::,l."-ﬂ Identification

The Old-World bollworm is a moth that can attack and damage more than 180 plant species
including cotton, corn, peanut, sorghum, and tomato. This moth was not thought to be present in
the New World (i.e. the Americas) until 2012, when specimens were identified from an outbreak
that started in Brazil. Since that outbreak, new records have been reported in North and South
America and the Caribbean. This species is difficult to diagnose because it is nearly identical in
appearance to a common native moth, the corn earworm. These two pests also attack similar
crops, further complicating detection of the Old-World bollworm. Scientists from the Animal
and Plant Health Inspection Service (APHIS), Plant Protection and Quarantine Program (PPQ)
and the Center for Plant Health (CPHST) laboratories in Fort Collins, CO, and Mission, TX, and
the ARS Southern Insect Management Unit have been developing new methods to identify these

EERRNER
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moths. In FY 2016 APHIS verified molecular techniques to diagnose the moths based on slight
differences in DNA. These published technologies have been developed into protocols for
diagnosing a single moth and were presented to state and federal scientists at a strategic planning
meeting for Old World bollworm held in Florida in 2016. The methods have been used by
APHIS in 2016 to diagnose moth larvae collected during a survey of Puerto Rico in 2015 and to
identify moth interceptions at U.S. borders to confirm safe trade practices. The APHIS scientists
are currently testing new technologies to make it possible to diagnose hundreds of moths in a
single reaction. These methods development and diagnostic activities are helping to exclude
invasive exotic species from the United States in order to protect crops and natural resources.

Agricultural Research Service: Imaging Device for Meat Safety Inspection

Current meat inspection in slaughter plants for food safety and quality attributes, including
potential fecal contamination, is conducted through visual examination by human inspectors
working under conditions that are poorly suited to conventional fluorescence detection methods
that require ambient darkness. ARS researchers in Beltsville, Maryland, developed a handheld
fluorescence-based imaging device (HFID) to highlight contaminated food and equipment
surfaces on a display monitor during use under ambient lighting. This study assessed the
effectiveness of the HFID to enhance visual detection of fecal contamination on red meat, fat,
and bone surfaces of beef under varying ambient luminous intensities. Overall, diluted feces
were detectable on the beef surfaces for all but the brightest ambient light intensities tested in the
fluorescence images. This technology is patented and under license and commercial
development by an industry partner and will support and improve meat safety inspection
programs implemented by U.S. processors and regulatory inspectors.

Foreign Agricultural Service: Global Partnership for Pesticide Standards

Residue data for establishing trade standards (i.e., Codex Alimentarius) pesticide maximum
residue levels (MRLs) for fruit and vegetable crops are mostly generated in the United States and
other industrialized nations. Therefore, many of the tropical crops grown in developing
countries do not have MRLs and accordingly face international trade barriers due to residue
violations in destination markets. The lack of MRLs for high-valued specialty crops from
developing countries can have a significant economic impact, especially when exporters are
excluded from potentially lucrative markets. To help address this problem, FAS is leading a
Global Residue Project to establish an infrastructure and process whereby field trial residue data
for crops most commonly grown in developing counties are generated and used to establish
MRLs. The project is working with stakeholders in 20 partner countries in Africa, Asia, and the
Western Hemisphere, where national research teams collaborate on joint residue trials, based on
study protocols and technology models developed by the USDA-funded IR4 Project. In 2017
FAS and the IR-4 Project will host the third Global Minor Use Summit to review progress and
identify additional joint projects, expand partnerships, and continue transfer of knowledge and
information about safe crop protection. By transferring these policy concepts and technical skills
to foreign partners, the Global Partnership for Pesticide Standards has continued complementing
the IR-4 Project by supplementing U.S.-generated data and, in some cases, completely shifting
the field trial responsibilities for generating pesticide data to partner countries. In addition to
economizing U.S. resources for development and commercialization of pesticides, the Global
Partnership continued to promote common standards among the U.S. and foreign agricultural
trading partners and, overall, provide modern pest control tools that may be safely used by
growers world-wide.
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Department of Commerce (DOC)

Technology transfer plays an important role in DOC’s mission to promote job creation,
economic growth, sustainable development, and improved standards of living for all Americans.
DOC works in partnership with businesses, universities, state, tribal and local governments, and
communities to promote innovation and improve the Nation’s overall competitiveness in the
global economy. DOC pursues these objectives through policies and programs directed at
strengthening the Nation’s economic infrastructure, facilitating the development of cutting-edge
science and technology, providing critical scientific information and data, and managing national
resources.

DOC conducts research and development (R&D) in areas of science and technology at the
laboratory facilities of NIST, NOAA, and NTIA’s Institute for Telecommunication Sciences
(ITS). Technology transfer, which is a key part of the programmatic activities in these
laboratories, connects technological advances of DOC’s science and engineering programs to the
American economy.

In addition to the technology transfer efforts of DOC laboratories, DOC is responsible for
coordinating technology transfer activities across federal agencies. DOC coordinates the
Interagency Workgroup for Technology Transfer (IAWGTT) through the facilitation by NIST of
interagency discussion on policy, new approaches to technology transfer, and lessons learned
from agency transfer programs.'® NIST also serves as the host agency for the Laboratory
Consortium for Technology Transfer (FLC), which provides a forum for federal labs to develop
strategies and opportunities for linking technologies and expertise with the marketplace.

NTIA within the DOC is a founding co-chair for the Wireless Spectrum R&D (WSRD)
Interagency Working Group (IWG) that was formed in late 2010 to coordinate spectrum-related
research and development activities both across the federal government and with academia and
the private sector. Through WSRD, NTIA has been helping to coordinate and inform ongoing
activities across federal agencies and to facilitate efficient and effective investment in spectrum
sharing technologies and systems. These activities are consistent with the guiding principles of
WSRD, which are transparency, smart investment, and the solicitation of opportunities for
technology transfer across and beyond the federal government.

More information about DOC technology transfer is available on the following websites:
NIST: http://www.nist.gov/tpo/index.cfm

NOAA: http://techpartnerships.noaa.gov/
ITS: http://www.its.bldrdoc.gov

19 Agencies participating in the IAWGTT, established pursuant to Executive Order 12591 of April 10, 1987, include
the Department of Agriculture, Department of Commerce, Department of Defense, Department of Energy,
Department of Health and Human Services, Department of Homeland Security, Department of the Interior,
Department of Transportation, Department of Veterans Affairs, Environmental Protection Agency, and National
Aeronautics and Space Administration.
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DOC Invention Disclosures and Patenting

Between FY 2012 and FY 2016, the number of new inventions disclosed increased by 7% to 64
disclosures in FY 2016. The number of patent applications filed decreased by 7% to 25 and the
number of patents issued increased by 23% to 16.

DOC Invention Disclosures and Patenting
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Patents issued to DOC in FY 2016 covered many technology areas including Measurement
(15%), Electrical Machinery, Apparatus, Energy (15%), Basic Communication Processes (9%),
Telecommunications (9%), and Micro-Structural and Nano-Technology (9%).%°

USPTO Patents Assigned to DOC by Technology Area: FY 2016

® Measurement 15%

m Electrical Machinery, Apparatus, Energy 15%
= Basic Communication Processes 9%

= Telecommunications 9%

B Micro-Structural and Nano-Technology 9%
m Semiconductors 6%

® Computer Technology 5%

® Audio-Visual Technology 4%

B Machine Tools 4%

® Medical Technology 4%

m Optics 4%

B Pharmaceuticals 4%

m Other 12%

20 Source: Prepared by Science-Metrix using USPTO data indexed in PatentsView in April 2017. Used with
permission.
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DOC Licenses

The number of total active licenses increased by 39% from 41 in FY 2012 to 57 in FY 2016.
New licenses increased by 150% to 15. All licenses were invention licenses. Total active
income-bearing licenses increased by 43% to 33, while income-bearing exclusive licenses

increased by 100% to 20.
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New Licenses
Invention Licenses, Total Active
New Invention Licenses
Income Bearing Licenses, Total Active
Income Bearing Exclusive Licenses

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016

41 38 38 46 57
6 7 7 13 15
41 38 38 46 57
6 7 7 13 15
23 26 26 31 33
10 13 14 16 20

35



DOC Income from Licensing
DOC reported that all income from licensing comes from invention licenses. During the five-

year period, from FY 2012 to FY 2016, there was a 40% decrease in total income from all active
licenses, from $248 thousand in FY 2012 to $149 thousand in FY 2016.

DOC Income from Licensing ($000s)
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m Total Income, All Active Licenses O Invention Licenses B Total Earned Royalty Income (ERI)

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Total Income, All Active Licenses $248 $151 $220 $164 $149
Invention Licenses $248 $151 $220 $164 $149
Total Earned Royalty Income, (ERI)  $248 $151 $220 $164 $149

36



DOC Collaborative R&D Relationships

Between FY 2012 and FY 2016, the number of total active cooperative research and
development agreements (CRADAS) increased by 22% to 2,940 agreements while the number of
new CRADAs per fiscal year increased by 12% to 2,607. Total active traditional CRADAS
increased by 118% to 335 and other collaborative R&D relationships increased by 18% to 3,273.
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BECRADAs, Total Active  ONew CRADAs  OOther Collaborative R&D Relationships
FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
CRADAs, Total Active 2,410 2,428 2,359 2,751 2,940
New CRADAs 2,323 2,289 2,111 2,548 2,607
Traditional CRADAS, Total Active 154 206 233 365 335

Other Collaborative R&D Relationships 2,782 2,963 2,981 3,125 3,273

DOC Efforts to Streamline Technology Transfer Operations

NIST has undertaken several efforts to streamline and simplify the technology transfer process.
NIST revised its standard CRADA to expedite review of these documents and reduce the overall
size of these documents by approximately one-third. NIST also implemented several new
licensing programs to encourage participation by small businesses. These programs lay out
financial terms in advance to ease concerns by small businesses about overall costs. NIST is
conducting detailed analysis of the flow of documents to understand where significant delays
occur within the system. In many cases, these delays are with the partner and NIST does not
have direct control; however, by continuing efforts to identify and understand issues experienced
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by partners, NIST expects to identify new ways to optimize technology transfer practices. In FY
2016, the transaction time taken for execution of a CRADA increased, and NIST is making
efforts to address this negative outcome, including addressing administrative burdens, training
for key staff members, and improving coordination with research staff. The average CRADA
approval time was 104 days. Additionally, NIST is working to ensure timely protection of
intellectual property. The average number of days between the receipt date of an invention
disclosure and the filing date of the first non-provisional patent application was 442 days.

DOC Downstream Success Stories

NIST: Single-Photon Detector for Potential Encryption and Sensing Apps

Individual photons of light now can be detected far
more efficiently using a device patented by NIST
scientists who have overcome longstanding
limitations with one of the most commonly used
type of single-photon detectors. Their invention
could allow higher rates of transmission of
~encrypted electronic information and improved

& detection of greenhouse gases in the atmosphere.

The team, which also includes scientists working at the California Institute of Technology and
the University of Maryland, has patented a method to detect the photons that arrive when the
gates are either open or closed. The NIST team had developed a highly sensitive way to read
tiny signals from the detector, a method that is based on electronic interferometry, or the
combining of waves such that they cancel each other out.

The new detector can count individual photons at a very high maximum rate—several hundred
million per second—and at higher than normal efficiency, while maintaining low noise. Its
efficiency is at least 50% for photons in the near infrared, the standard wavelength range used in
telecommunications. Commercial detectors operate with only 20 to 30% efficiency.

NIST: Precision Medicine Diagnostics

NIST efforts to support accurate diagnostic testing so that
cancer treatments can be tailored to the tumor DNA and
other characteristics particular to individual patients. The
work in this field continues to gain momentum as the
agency mounts a multi-laboratory studies to evaluate
candidate reference materials for benchmarking
measurements of circulating tumor DNA, so-called liquid
biopsies.
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The comparative exercise, sometimes referred to as an
inter-laboratory “round robin,” benefits from a new three-
year CRADA with SeraCare Life Sciences, located in Milford, Massachusetts. Under the
agreement, SeraCare will supply its circulating DNA reference material technology to NIST to
help further development and refinement of digital measurement methods. NIST will distribute

38



these materials for testing at laboratories in the National Cancer Institute’s Early Detection
Research Network and to other research and testing organizations.

Reliably accurate measurements are critical to the successful introduction and adoption of liquid
biopsies for clinical applications, which include monitoring therapeutic progress and detecting
drug resistance mutations.

NIST: Nanocontainers Useful for Drug Delivery
What if doctors could deliver anti-cancer drugs directly to
tumors without making patients sick? Bringing this
dream of targeted drug delivery closer to reality for
pharmaceutical manufacturers, researchers at NIST have
received a patent for a method to create precisely sized
nanometer-scale capsules.

A Lo |

The NIST method employs microfluidics, the use of
fluids at the microscopic level, to create precise nanoscale
spherical capsules. Made of lipids, the kinds of , . :

. . . Credit: A. Jahn, W.N. Vreeland, M. Gaitan,
biomolecules that also comprise fats, the spherical LE. Locascio/NIST
capsules are known as liposomes. The inside of a
liposome could hold drugs, and the outside could be coated with receptors that bind to specific
cancer cells. The method can produce liposomes with typical diameters of 100-400 nanometers,
or billionths of a meter. This size range is useful for attaching to cells, whose size is typically
one to 10 micrometers, or millionths of a meter.

Once this technique was developed, researchers were able to create a variety of liposomes of
many useful sizes and the potential drug-delivery applications became clear. “This research and
the resulting patent also have implications for the on-demand formulation of drugs in a way that's
applicable to personalized or precision medicine,” said Laurie Locascio, who was the director of
NIST's Material Measurement Laboratory at that time.

NIST: Portable Test Solution for Laser Trackers
A collaboration between NIST researchers and a private-sector firm has led to development of a
commercial device to fill a critical need in industry: field verification of laser tracking systems.

pmm= | aser trackers are state-of-the-art instruments capable of
] measuring the dimensions of objects as large as 120 meters in

length to high accuracy and with uncertainties as low as 60
micrometers—about half the width of a human hair. Laser-
tracker measurements are responsible for ensuring the
functionality of millions of dollars in products each day, and are
used, for example, in precision measurement of the size, shape,
and alignment of aircraft wings during assembly. Performance
testing of the tracker systems, which can cost about $200,000, is
difficult because it requires long, high-accuracy, portable
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reference artifacts that retain their exact dimensions and characteristics over multiple sites and
uses.

Thanks to a successful CRADA between NIST's Engineering Physics Division and Brunson
Incorporated, a U.S. manufacturer of metrology equipment, such an artifact—the first of its
kind—is now a reality. Brunson Incorporated provided the funding, product design, and
manufacturing, and PML provided state-of-the-art measurement expertise.

NIST invented the first laser tracker in 1987, and since then has continued research in
measurement applications, standardization, uncertainties, and testing. This commercialized
product is the latest of many significant achievements in improving the understanding, and
therefore the functionality, of laser trackers.

NOAA: CRADA Chart New Territory for Ocean Science
NOAA Research and NOAA Fisheries have
teamed up with academic and private sector
partners to test innovative technologies that,
if successful, will enable researchers to
gather information in areas of the ocean
virtually off limits to standard research
vessels.

Scientists will be using a novel research
platform that resembles a windsurfer, called
a Saildrone, developed by Saildrone, Inc.
Scientists and engineers equipped two of :
these autonomous, wind- and solar-powered The Saildrone research platform is equipped

vessels with other newly designed technologies. with technologies to collect oceanographic data.
Photo credit: Saildrone Inc.

Their goal is to collect needed oceanographic

data and information for endangered and commercially important species living in remote areas
of the Bering Sea. “As pioneers in this new research frontier we're seeking to discover more
cost-effective ways to augment our existing research efforts and gather additional biological
information in places that are difficult to navigate with a full-sized research vessel,” said
Douglas DeMaster, research and center director, NOAA Fisheries' Alaska Fisheries Science
Center.

The mission unites scientists and engineers from NOAA, the University of Washington, the Joint
Institute for the Study of the Atmosphere and the Ocean, Saildrone, Inc., Simrad AS/Kongsberg
Maritime, and Greeneridge Sciences, Inc. The marine mammal related research is possible due
to the generous support of the Marine Mammal Commission.

“This advance in technology and science is the result of a sustained partnership between the
NOAA laboratories and the University of Washington and reflects the talent and quality of the
engineers and scientists involved in the project. Understanding climate change in the Arctic
requires new tools and innovative measurements and we are all pleased to be part of that effort.
We look forward to the results of this summer's campaign, as well as future measurement
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campaigns in the Arctic,” said Thomas Ackerman, director, Joint Institute for the Study of the
Atmosphere and Ocean at the University of Washington.

NOAA: The NOAA Big Data Project

NOAA'’s Big Data Partnership (BDP) was established in April 2015 through CRADAS between
NOAA and Amazon Web Services, Google, IBM, Microsoft and the Open Cloud Consortium.
The BDP is investigating how the value inherent in NOAA’s data may be leveraged to broaden
their utilization and dissemination through the use of modern cloud platforms and associated
technologies. The CRADA collaborators work with NOAA experts to identify and deliver those
datasets of interest, around which they can build business cases to justify their investments

NOAA'’s Next Generation Weather Radar (NEXRAD) weather radar data were among the first
data to be delivered. The National Centers for Environmental Information (NCEI) transferred
the complete NEXRAD Level Il historical archive to four interested BDP collaborators.
Amazon Web Services (AWS) was the first to make freely available the complete archived Level
Il data through its AWS platform, with The Climate Corporation as a business partner and data
consumer. AWS also collaborated with Unidata/University Corporation for Atmospheric
Research (UCAR) to establish a real-time NEXRAD data feed, thereby providing on-demand
dissemination of both archived and current data seamlessly through the same access mechanism
by October 2015. Through this cloud platform alone, the utilization of the NEXRAD data by
volume has increased by 130% over the past usage patterns observed at the National Centers for
Environmental Information (NCEI), while the load on NCEI systems has decreased by 50%.

Additional NOAA datasets including fisheries catch data, numerical weather prediction model
output, advanced weather radar products, and geostationary satellite data are at various stages of
discussion and development. NOAA and its collaborators are beginning to realize the potential of
this collective effort among federal government, private industry, and academia, including
stimulating new business opportunities and novel applications.

NOAA: SAIC Introduces New Generation of Commercial Tsunami Buoy Systems

by Rob Lawson, SAIC Senior Director International Tsunami Buoy Program?

Following 10 years of supporting the evolving tsunami buoy network, Science Applications
International Corp. (SAIC), in collaboration with NOAA, will soon be deploying commercially
available fourth generation (4G) buoy systems worldwide. As a leader in commercial tsunami
buoy systems manufacturing, SAIC is helping to provide the world’s tsunami warning centers
with access to affordable technology and critical data.

Working with NOAA, SAIC develops, tests, and implements commercial tsunami buoy systems
under a NOAA-license agreement. Under this license, SAIC has produced more than 35 second-
generation buoy systems based on the NOAA Deep-ocean Assessment and Reporting of
Tsunamis 11 (DART® I1) system, and two types of third-generation systems based on the Easy-
to-Deploy (ETD) DART® technology.

SAIC’s second- and third-generation buoy systems are currently operational in maritime
countries worldwide, including Australia, Chile, China, India, Japan, Russia, and Thailand, and

21 See: https://www.oceannews.com/featured-stories/september-feature-story-saic
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are gathering actionable data for its users and NOAA. Recently, SAIC provided developmental
4G payloads and bottom pressure recorders to NOAA in support of a 4G research effort off the
coast of Chile.

Now, as SAIC enters another decade of work with NOAA, the company is manufacturing more
than 85% of the world’s commercially deployed tsunami buoys, helping to make the concept of a
globally interconnected, tsunami buoy network a reality.

NOAA: Successful Completion of NE Fisheries Science Center/Envera CRADA

In 2016 NOAA's Milford Laboratory and Envera LLC completed research under their CRADA
agreement to explore large-scale production trials of Milford Laboratory probiotic strain OY15
for potential commercialization. Probiotic strain OY15 is a marine bacterium isolated from an
oyster (Crassostrea virginica) digestive tract and shown to possess probiotic activity. The
availability of this genome sequence will facilitate the study of the mechanisms of probiotic
activity as well as virulence capacity.

Under the CRADA, Envera provided the Milford Laboratory with freeze-dried and spray-dried
formulations of Milford Probiotic Strain OY 15, which were analyzed in the lab to see if they
stimulate immune functions as well as live OY15. In addition, larval bioassays comparing these
two formulations to live OY15 have been run. Future adjustments to the concentrations of these
formulations will aid in confirming their probiotic effects on survival of oyster larvae and ideally
lead to the commercialization of the Milford Probiotic Strain OY15.

NTIA: Telecommunication Standards

Models used to predict wireless propagation are fundamental to enabling spectrum sharing. The
International Telecommunication Union — Radio Communication Sector (ITU-R), and
international treaty organization, has as its primary objective to ensure interference free
operations of radiocommunications systems. The ITU-R publishes internationally standardized
propagation prediction models that are used to harmonize spectrum assignments internationally
and to manage space-related spectrum assignments. Increasing spectrum crowding demands
increased accuracy and granularity of these models, which are developed through the
participation of technical committees from all the treaty nations.

Of particular interest at present are improving our understanding of air-to-ground propagation,
world refractivity mapping, and the effects of sunspot number recalculation, all of which are
critical to satellite communication systems. The ITS chair of ITU-R Study Group 3 Working
Party 3K led the examination of over 70 input documents into the final 25 technical documents
that were considered by ITU-R Study Group 3 during 2016 meetings. ITS authored four of the
18 technical contributions submitted by the U.S.

Strong unbiased standards are fundamental for widespread competitive advancement of new
technologies. This is particularly of interest to the public safety community, which is gaining
access to the expanded capabilities of a dedicated LTE broadband network through the First
Responder Network Authority (FirstNet). The 3 Generation Partnership Project (3GPP) sets the
standards for commercial cellular equipment, which have not previously included standards for
many features critical to first responders. Intense participation by ITS staff in 3GPP) standards
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development process on behalf of FirstNet resulted in Proximity Services and Group
Communications requirements being included in 3GPP Release 12 and Mission Critical Push to
Talk requirements being included in 3GPP Release 13, which was frozen in mid FY 2016. These
features are critical to ensuring that LTE can meet public safety’s requirements and are a
prerequisite to allowing FirstNet to offer mission-critical voice (MCV) on the new Band Class 14
nationwide interoperable public safety communications network when these capabilities become
available.

NTIA: Table Mountain Research

The Table Mountain Field Site and Radio Quiet Zone supports fundamental research in the
nature, interaction, and evaluation of telecommunication devices, systems, and services. Each
year, private companies, universities and other organizations conduct research at Table Mountain
under CRADA:S.

e InFY 2016, several companies used the Table Mountain site under a CRADA to safely
test and demonstrate LADAR technologies under development in atmospheric conditions
and at distances relevant to potential applications, to fully test the functionality of new
antenna designs during product development, and to safely and accurately test an
Adaptive Tactical Laser System (ATLAS) compensated beacon adaptive optics (CBAO)
system under development. Applications for these technologies include detection and
tracking of wind shear and wake vortices, remote wind measurements for the offshore
wind energy industry, mission-critical communications, electronic warfare, direction
finding/geolocation, and sensing of hazardous liquids and gases.

e For the past ten years, the University of Colorado’s Research and Engineering Center for
Unmanned Vehicles safely and accurately tested collective and autonomous sensing and
communication technologies for small unmanned aircrafts used for atmospheric science
applications such as the study of tornado genesis.

NTIA: Video Quality Research

NTIA hosts the Consumer Digital Video Library (CDVL) to provide material for research and
development of new techniques and encoding methods (codecs) for video transmission and
delivery. This library is made available to resolve the impediment to new product and standards
development caused by a lack of royalty-free test material. The video clips, some developed by
NTIA in house and some contributed by industry and academia, are used to test codecs, to
evaluate new display technologies, or for validation testing of new standards. For example, THE
Telecommunication Standardization Sector (ITU-T) Study Group 12 has used CDVL clips for
research into the development of parametric models and tools for multimedia quality assessment.
ITU-T Recommendations are international voluntary standards that aid US industry to compete
internationally. The new ITU-T recommendations currently in development will propose
methods of estimation of perceived quality of transmitted video under different conditions. Such
recommendations are used by internet service providers and wireless carriers to optimize
network parameters for video transmission and provide customers the best Quality of
Experience. Similarly, the Motion Picture Experts Group (MPEG) has an interest in using the
CDVL video clips for validation testing of new video coding standards, which will eventually
succeed the MPEG video codecs in use today, By choosing specific videos and making them
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available for MPEG testing, we encourage MPEG to develop high quality codecs that will enable
greater compression with no loss of quality to mitigate increasing wireless bandwidth demands.

NTIA also develops and makes available Video Quality Measurement (VQM) tools for use by
industry and academia for research into new techniques for transmitting video. The rapid
evolution of digital video compression, storage, and transmission technology presents a difficult
network performance measurement task. To avoid immediate obsolescence, new performance
measurement technology developed for digital video systems must be technology independent
and non-proprietary. The VQM tools meet this need. These software products are no longer
patented or licensed, in accordance with the Government’s increasing emphasis on Open Data.
Making these software tools available as an open source benchmark supports rapid development
of commercial digital video quality measurements based on perceived picture quality but able to
operate in-service to adjust network conditions on-the-fly using the actual video being
transmitted.
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Department of Defense (DoD)

The Defense Laboratory Office (DLO) provides overall policy guidance for and oversight of
Department-wide technology transfer efforts. DLO ensures, to the maximum extent practicable,
that DoD developed technologies demonstrating commercial viability are integrated into the
private sector; that technologies developed outside of the DoD that demonstrate national security
utility are transferred into the DoD acquisition process; and that those technologies
demonstrating both commercial and national security applications are made available to the DoD
as well as industry and academia.

DoD is unique in applying the principles, practices, and tools of technology transfer in the
execution of its mission. DoD funds and develops mission-focused technology, and technology
transfer statutory authorities enable it to promote and facilitate the commercialization of that
technology for both military and civilian purposes. Concurrently, DoD is a technology buyer as
it strives to purchase new technology embodied in products and systems to meet the challenges
faced by our warfighters. In many instances, technology transfer and technology transition are
becoming a seamless path to fielding new technology critical to responding to the new and
dynamic threats of asymmetric warfare, the global war on terrorism, and the ever-expanding role
of civil assistance and disaster recovery worldwide. In the 1980’s, when much of the technology
transfer legislation was enacted, the federal government, including DoD, was the principle
funding source for research and development (R&D). Consequently, technology transfer was
viewed as a “spin out” to the marketplace, a stimulus to the domestic economy, and a return on
investment for taxpayer funded R&D. Today, the majority of U.S. R&D is industry funded.
This shift in funding has led to a greater emphasis on technology transfer as a collaborative effort
between DoD labs and their partners in industry, academia, and state and local government.

Each of the Military Services, DoD Agencies, and Office of the Secretary of Defense (OSD)
maintain technology transfer websites to inform the public and make available general
information. The websites are:

DoD research & Engineering enterprise: http://www.acg.osd.mil/chieftechnologist/index.html
U.S. Army Research Laboratory: http://www.arl.army.mil/main/Main/default.cfm?Action=6
Office of Naval Research: https://www.onr.navy.mil/
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DoD Invention Disclosures and Patenting

Between FY 2012 and FY 2016, the number of new inventions disclosed decreased by 19% to
874 disclosures in FY 2016. The number of patent applications filed decreased by 7% to 941.
The number of patents issued during decreased by 37% to 665 patents.

DoD Invention Disclosuresand Patenting
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Patents issued to DoD in FY 2016 covered many technology areas including Measurement
(13%), Other Special Machines (11%), Computer Technology (9%), Telecommunications (8%),
and Semiconductors (5%), Transport (5%), and Electrical Machinery, Apparatus, Energy (5%).%2

USPTO Patents Assigned to DoD by Technology Area: FY 2016

®Measurement 13%

m Other Special Machines 11%

= Computer Technology 9%
Telecommunications 8%

u Semiconductors 5%

= Transport 5%

m Electrical Machinery, Apparatus, Energy 5%

B Digital Communication 4%

m Optics 4%

® Organic Fine Chemistry 4%
B Basic Materials Chemistry 3%
u Other 29%

22 Source: Prepared by Science-Metrix using USPTO data indexed in PatentsView in April 2017. Used with
permission.
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DoD Licenses

Total active licenses decreased by 1% from 520 licenses in FY 2012 to 515 licenses in FY 2016,
while new licenses increased 189% to 127. Total active invention licenses declined by 17% to
358, while new invention licenses increased by 30% to 57. Total active income-bearing licenses
declined by 46% to 194, and income-bearing exclusive licenses increased by 82% to 218. DoD
was not able to report income-bearing licenses exclusive licenses for FY 2013 - FY 2015.
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FY 2012 FY 2013 FY 2014 FY 2015 FY 2016

Licenses, Total Active 520 527 430 560 515
New Licenses 44 59 24 11 127
Invention Licenses, Total Active 432 425 297 446 358
New Invention Licenses 44 59 6 69 57
Income Bearing Licenses, Total Active 356 264 223 213 194
Income Bearing Exclusive Licenses 120 n.a. n.a. n.a. 218
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DoD Income from Licensing
In FY 2016, total income from all active licenses decreased by 12% from $7 million in FY 2012

to $6.2 million in FY 2016. Income from invention licenses decreased by 21% to $5.2 million
and total earned royalty income declined by 2% to $6.2 million.

DoD Income from Licensing ($000s)
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m Total Income, All Active Licenses O Invention Licenses B Total Earned Royalty Income (ERI)

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Total Income, All Active Licenses $7,055 $21,575 $11,703 $9,448  $6,205
Invention Licenses $6,552 $20,859 $10,890 $8,482  $5,199
Total Earned Royalty Income, (ERI)  $6,335 $20,438 $7,845 $6,099  $6,205
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DoD Collaborative R&D Relationships

Between FY 2012 and FY 2016, DoD reported the number of total active cooperative research
and development agreements (CRADAS) increased by 30% to 3,125 agreements, while the
number of new CRADA s per fiscal year increased by 40% to 1,061. The number of total active
traditional CRADASs increased by 73% to 2,297 agreements. There were 452 other collaborative
relationships reported in FY 2016.

DoD Collaborative R&D Relationships
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DoD Downstream Success Stories

Air Force: Roll-Out Solar Array

The primary source of power generation for spacecraft is solar power, and the solar panels used
in space are many times larger than the satellite or payload itself. The wingspan of geostationary
communication satellites is about 150 feet; however, the launch vehicle that carries the satellite
to orbit has an internal diameter of less than 15 feet. This causes challenges for launching solar
arrays into space since they must be stowed in the narrow confines of launch vehicle fairings and
then deployed on orbit. Coupled to the tight launch confines is the exorbitant launch expense.
Currently, the approximate cost to launch satellites is $10,000 per pound. These two factors
result in the limited total power available to spacecraft payloads.

Since all spacecraft require power to operate, reducing the weight and stowed volume of the
solar array greatly reduces the overall system cost and increases the total power for the mission.
To tackle these challenges, the Air Force Research Laboratory Space Vehicles Directorate
(AFRL/RV)—in partnership with NASA; Deployable Space Systems, Inc.; LoadPath, LLC; and
Hall Composites—developed the roll-out solar array (ROSA), which uses novel, passively
deployed, composite structural booms and a flexible solar cell blanket. ROSA’s innovative
architecture provides six-time improvement in stowed power density, three times higher specific
power, and four times higher stiffness, all while lowering the array cost by 25%. The
outstanding improvement in performance enables ROSA to supersede spacecraft on-orbit power
limits, which leads to substantially higher communication bandwidth for commercial
applications and opens up new classes of DoD missions.

The technology transfer partnership was initiated using a Small Business Innovation Research
(SBIR) contract with Deployable Space Systems, LLC, to improve the stowed volume and
deployed on-orbit performance of solar arrays. LoadPath, LLC, a small business cooperative
research and development partner with AFRL/RV, developed the boom fabrication methodology
and provided the test data that was critical to demonstrating the capabilities of ROSA. NASA
provided modeling support and transition to space exploration missions.

The multi-partner effort formed by the partnership led directly to the testing, demonstration, and
commercialization of ROSA, with widespread adoption of the technology leading to broad
economic impacts and transitioning to Space Systems Loral to replace its existing arrays for 37
geostationary orbit/low Earth orbit (GEO/LEO) communications satellites in production.

Army: Open Campus

The Army Research Laboratory's (ARL) Open Campus is a collaborative endeavor with the goal
of building a science and technology ecosystem that encourages groundbreaking advances in
basic and applied research areas of relevance to the Army. The initiative allows ARL to tap
regional resources in order to gain knowledge and expertise from intellectual markets that have
been underrepresented as a means to quicken the technology maturation process and allow the
Army to maintain technology overmatch in critical areas. Through the Open Campus
framework, ARL scientists and engineers work collaboratively with visiting scientists in ARL's
facilities and as visiting researchers at collaborators' institutions. Ultimately, the Open Campus
initiative hopes to create an enhanced defense research environment that fosters discovery and
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innovation through collaboration on fundamental research. Advantages include:

e Reducing barriers to facilitate collaboration with academia, industry, and small
businesses;

e Academia, industry, and small business access to ARL's specialized research staff and
unique technical facilities;

e Staffing using novel approaches;

e Offering a career path for students and scientists; and

e Arranging on-site collaborator presence by leveraging Enhanced Use Lease agreements.

Thus far, two facilities have been established under the Open Campus model:

e ARL-West, opened in April 2016, is headquartered at the University of Southern
California in Los Angeles and focuses on Human Information Interaction; and

e ARL-South, established in November 2016, is headquartered at the University of Texas
at Austin and will initially focus primarily on materials and manufacturing including
additive manufacturing, biosciences, energy, and power.

Army: HyperX Parallel Memory/Processor Network Chip for Communications
Equipment

Evolving from hyperspectral image processing software created by Dr. Paul Wilson while
employed by the U.S. Army Combat Capabilities Development Command Armaments Center
(CCDC AC) in the 1990s, the commercialization of the HyperX processor chip spanned more
than a decade. The HyperX processor chip is a low-power, scalable, and embedded processor
platform that may become the world’s processing standard for advanced communication and
image/video devices. Capable of storing, processing and retrieving massive amounts of data,
HyperX combines the high computational performance of application-specific integrated circuits,
the reconfiguration performance of programmable technology, and the “ease of use” of general-
purpose processors. These goals are achieved in a low-power processor less than a square
centimeter in size.

From 2000 to 2012, a series of SBIR contracts between ARDEC and Coherent Logix (CLX)
transformed Dr. Wilson’s innovative software into a groundbreaking multicore parallel
processing technology. Other technology transfer tools, such as a 2011 DoD Memorandum of
Understanding, transitioned the technology to other locations. Throughout this time, Dr. Wilson,
Michael Doerr (CLX Chief Executive Officer), and Dr. Robert Reuss (Defense Advanced
Research Projects Agency, Program Manager for HyperX) worked diligently to advance the
technology. Today the HyperX processor chip is the cornerstone of CLX’s portfolio of
commercial products, with 29 related patents. Among the multiple commercial products now
with embedded Hyper technology are ixMax, the world’s first carrier-class cognitive radio
network, and small cell consumer and commercial wireless communications equipment from
Public Wireless. As the power and popularity of mobile devices grows, HyperX has the promise
to meet increasing commercial and military needs for faster data processing with lower power
consumption.
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Army: Hardened Alternative Trailer System

The Hardened Alternative Trailer System (HATS) grew out of increasing numbers of forced
entry, small-arms, and ballistic attacks impacting personnel in and around U.S. embassies.
Existing containerized housing units offered little-to-no force protection and required up-
armoring in the field, a costly and unreliable means of addressing federal forced entry and blast-
resistant requirements. HATS modules were developed and tested to exceed threat-level
requirements and to be fully compatible with conventional International Organization for
Standardization (ISO) freight container dimensions. The HATS modularity enables standardized
shipping and handling, and the ability to stack units at site destinations to create multi-level
building complexes. This hardened turnkey approach permits rapid implementation of secure,
cost-effective modules to serve as housing, offices, and safe havens for U.S. personnel abroad.

In just two short years (2011-2013), the HATS technology moved from concept to initial
implementation. U.S. Army Engineer Research and Development Center Geotechnical and
Structures Laboratory (ERDC-GSL) engineering capabilities were recruited to address the
concept initiated by the Department of State, Bureau of Diplomatic Security (DoS-DS). In 2012,
the ERDC-GSL team collaborated to design, prototype, and blast test HATS to meet DoS-DS
standards. Advancing rapidly to address demands for HATS demonstration units, the team had
security concerns about how to release the sensitive design specifications and future updates to
achieve high-quality manufacturing. By devising a technology transfer solution, the team
protected the HATS design and method of production in 2013 under a first patent application;
developed a licensing process to prequalify applicant manufacturing capabilities; found licensees
through the use of novel resources; and used the resulting license agreements as a means to assert
quality control and transfer ongoing design changes to manufacturers. In 2013, a first license
was executed, and the first contracting occurred for delivery of 38 HATS units.

By 2015, technology transfer efforts resulted in eight non-exclusive licenses with Charleston
Marine Containers, ARMAG Corporation, HWH Protective Structures, MBI Global/CLS, Power
Systems & Controls, Griffin Incorporated, Quality Manufacturing Group, and LoneStar Marine
Shelters. To date, 211 HATS units have been contracted through the licensees, representing an
estimated $53 million of HATS licensee sales revenue, with installation locations now including
Peshawar, Pakistan; Juba, South Sudan; Damascus, Syria; and Adana, Turkey. HATS modules
have successfully provided an affordable, commercially available, physical force protection
system to enhance the survivability of U.S. embassy and industry personnel in hostile threat
situations. Transfer of the HATS technology has yielded a new product and market for the
licensees and has satisfied ERDC-GSL’s mission to develop innovative technologies for
survivability and protective structures on behalf of national interests.

Army: Zmapp Therapeutic Monoclonal Antibody Cocktail
In August 2014, within days of being stricken by the Ebola
virus, two American medical workers received an
experimental drug that had never been tested on humans.
ZMapp saved their lives. The recovery of physician Kent
Brantly and aid worker Nancy Writebol is a testament to the
critical work done at the U.S. Army Medical Research

Institute of Infectious Diseases (USAMRIID), where research scientists developed one of the
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three monoclonal antibodies that comprise ZMapp. The antibody was licensed to Mapp
Biopharmaceutical of San Diego in October 2009, five years before the unprecedented Ebola
outbreak in 2014. Since then, MappBio received a $25.9 million contract from the HHS to
support accelerated development of ZMapp; and Phase I, Class |1 clinical trials are now
underway in West Africa.

The license agreement between the Army and MappBio was the first in the DoD, and perhaps the
country, to leverage the U.S. Food and Drug Administration’s (FDA) Tropical Disease Priority
Review Voucher (PRV) program. As a technology transfer tool, the potential shared proceeds
from a PRV represent one of the largest upsides in licensing ever negotiated.

Terms developed for the MappBio agreement regarding a potential PRV are now standard in all
tropical disease licenses negotiated by the Army Medical Research and Development
Command’s (MRDC) Technology Transfer Office. Considerations include determining the value
of the potential voucher and the relative contributions of the licensee and licensor, which are
unique to each negotiation. This technology transfer has exceeded all partners’ expectations.
MappBio has transitioned from a company of nine employees to a world leader in biotechnology,
while at USAMRIID and the MRMC Technology Transfer Office, interest in Army Ebola-
related technology has soared, resulting in many licensing agreements and establishing the lab as
a national and international resource. At the end of the day, it is about saving lives. Ebola
patients and healthcare providers now have hope that there is an end to the 60% to 90% fatality
rate of the deadliest virus on the planet.

Navy: METBENCH Calibration Management System
On April 16, 2014, the Naval Surface

Warfare Center, Corona Division (NSWC %\
Corona) signed a non-exclusive patent -
license agreement with American
Technical Services, Inc. (ATS) of Norco,
California. The agreement transferred the
Navy’s METBENCH Calibration
Management System, a net-centric,
browser-based information technology — :

that automates standardized equipment calibration procedures and collects measurement data
across the fleet. The historic cross-licensing agreement was the first of its kind for the U.S.
Navy, creating a two-way exchange between ATS and the Navy of their respective calibration
technologies. It also was the first PLA for NSWC Corona-designed technology.

The NSWC Corona team was principally responsible for the successful technology transfer
activities that overcame fundamental challenges inherent to the lab’s existing technology transfer
culture. The team not only smoothly transferred METBENCH to the private sector, but also
expanded the lab’s emerging intellectual property (IP) and technology transfer culture.

For the Navy, the transferred technology promises major savings by reducing resources needed

to regularly calibrate innumerable pressure gauges, contact switches, temperature indicators,
infrared cameras, night vision goggles, radios, weapons systems and more. U.S. sailors perform
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about 10,000 calibrations each year, and the Navy utilizes roughly 1.85 million pieces of
calibration test equipment. The METBENCH technology increases collected data quality,
eliminates technical errors, and decreases calibration times, with near real-time calibration
guidance, asset tracking, and readiness reporting.

For ATS, the transfer instantly expanded company horizons from its Navy contractor focus to a
vast commercial marketplace. Any sector, from pharmaceuticals to manufacturing, that uses
electronic and physical measurement tools contains potential ATS customers. Ubiquitous in
both private and public realms, equipment calibration is a multibillion-dollar industry.

Navy: Explosive Ordinance Disposal Robotics

Explosive Ordnance Disposal Robotics (EODR) is a system architecture for interoperability and
operator control capability for unmanned ground vehicles (UGV) designated for explosive
ordnance disposal duties. The Navy’s Space and Naval Warfare Systems Center Pacific (SSC
Pacific) has developed several robotics-related software systems, including a common operator
interface software framework called the Multirobot Operator Control Unit (MOCU) and a
software library for the Joint Architecture for Unmanned Systems interoperability standard.

SSC Pacific also maintained a Robotics Systems Pool that made the UGV platforms and
technology available for transfer via Limited Purpose CRADA with industry, academia, and state
and local governments for R&D purposes. In July 2009, SSC Pacific signed a CRADA with
RE2 Robotics, Inc. of Pittsburgh, Pennsylvania. Results quickly supported a full CRADA
between the two partners, which was executed in August 2009 and effective through August
2012. The SSC Pacific-RE2 exchange excelled in its seamless integration of the two partners’
robotics expertise, based on mutual respect and willingness to achieve “interoperability” not only
in robotics, but in the steps taken to transition the valuable technologies to industry and back to
the military.

Both RE2 Robotics and SSC Pacific significantly contributed to the broader validation of open
architecture for EODR UGV technologies. Their back-and-forth effort was critical to what
ultimately became a paradigm shift in Navy and DOD robotics acquisition processes, from a
process focused on unique solutions from a single company to one more focused on cost-
effective open architecture and interoperability.

Navy: Multi-Robot Operator Control Unit (MOCU)

The Navy has developed an unmanned vehicle and sensor operator control interface capable of
controlling and monitoring multiple sets of heterogeneous systems simultaneously. The
modularity, scalability, and flexible user interface of the Multi-Robot Operator Control Unit
(MOCU) enables control of a wide range of vehicles and sensors in varying mission scenarios.
MOCU currently controls all SSC- Pacific developmental vehicles including land, air, sea, and
undersea vehicles, the Spartan Advanced Concept Technology Demonstration (ACTD)
unmanned surface vehicle (USV), the iRobot PackBot, and the Family of Integrated Rapid
Response Equipment vehicle and sensors. Recently, a team consisting of both Department of
Navy personnel and industry professionals collaborated to validate the integration of the MOCU
with explosive ordnance disposal (EOD) robotic systems. The collaborative effort targeted
multiple problems that decrease the field performance of EOD robots, and ultimately the safety
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of the U.S. warfighter. The effort resulted in an agile robotic system that employs an open
architecture, enables multi-manufacturer innovation, allows for forward and backward
compatibility, and reduces the cost of EOD robots. The effort represents a shift in Navy and
DoD acquisition processes from focusing a unique solution from one company, to focusing on a
cost-effective open architecture that is interoperable with multiple solutions. MOCU validation
under the CRADA was a key factor in MOCU becoming the required OCU for the Navy’s
Advanced EOD Robotic System program of record.
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Department of Energy (DOE)

DOE is one of the largest supporters of technology transfers within the federal government. The
Department plays a key role in moving new technologies developed in research labs across the
country into the commercial marketplace, fueling the innovation engine that powers the U.S.
economy. Bridging the gap between research and development (R&D) and commercial
deployment is crucial to DOE’s mission to enhance the United States security and economic
growth through transformative science and market solutions. By creating globally competitive
industries in the U.S., the DOE enables significant cost-savings for industries and consumers and
creates jobs for Americans.

The DOE's National Laboratories addresses the critical scientific challenges of our time—from
combating climate change to discovering the origins of our universe—and possess unique
instruments and facilities, many of which are found nowhere else in the world. They address
large scale, complex R&D challenges with a multidisciplinary approach that places an emphasis
on translating basic science to innovation. Among the many things that the National Laboratories
do, some include the following:

e Conduct research of the highest caliber in physical, chemical, biological, and
computational, and information sciences that advances our understanding of the world
around us;

e Advance U.S. energy independence and leadership in energy technologies to ensure the
ready availability of clean, reliable, and affordable energy;

e Enhance global, national, and homeland security by ensuring the safety and reliability of
the U.S. nuclear deterrent, helping to prevent the proliferation of weapons of mass
destruction, and securing the nation’s borders; and

e Design, build, and operate distinctive scientific instrumentation and facilities, and make
these resources available to the research community.

DOE oversees the construction and operation of some of the Nation’s most advanced R&D
facilities, located at National Laboratories and universities. These state-of-the-art facilities are
shared with the science community worldwide and offer some technologies and instrumentation
that are available nowhere else. In fiscal year 2016, these facilities were used by over 33,000
researcheg from universities, national laboratories, private industry, and other federal science
agencies.

23 Department of Energy, Office of Science. User Facilities. http://science.energy.gov/user-facilities/
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DOE laboratories and facilities that are actively engaged in technology transfer include:

Office of Science:

e Ames Laboratory (Ames),
Argonne National Laboratory (ANL),
Brookhaven National Laboratory (BNL),
Fermi National Accelerator Laboratory (FERMI),
Lawrence Berkeley National Laboratory (LBNL),
Oak Ridge National Laboratory (ORNL),
Pacific Northwest National Laboratory (PNNL),
Princeton Plasma Physics Laboratory (PPPL),
SLAC National Accelerator Laboratory (SLAC),
Thomas Jefferson National Accelerator Facility (JLAB)

National Nuclear Security Administration:

Lawrence Livermore National Laboratory (LLNL),

Los Alamos National Laboratory (LANL),

Sandia National Laboratories (SNL),

Savannah River Site,

National Security Campus (formerly the Kansas City Plant),

Y-12 National Security Complex, Pantex Plant, Nevada National Security Site (formerly
the Nevada Test Site)

Office of Energy Efficiency and Renewable Energy:
e National Renewable Energy Laboratory (NREL)

Office of Nuclear Energy:
e |daho National Laboratory (INL)

Office of Fossil Energy:
e National Energy Technology Laboratory (NETL)

Office of Environmental Management:
e Savannah River National Laboratory (SRNL)

Science and engineering are not linear. DOE’s system of National Labs, user facilities, research
centers and shared research facilities, makes the pursuit of discovery—and the many solutions
that result—both a collaborative enterprise and a shared national resource. Collaboration with
industry, academia, and other federal and state agencies is essential to develop, demonstrate,
deploy and commercialize the output from DOE’s broad R&D investments.

The Office of Technology Transitions (OTT) mission is to expand the commercial impact of the
DOE’s research and development portfolio to advance the economic, energy, and national
security interests of the Nation. OTT develops DOE’s policy and vision for expanding the
commercial impact of its research investments and streamlines information and access to DOE’s
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national labs and sites to foster partnerships that will bring innovations from the labs into the
marketplace.

More information about DOE’s technology transfer activities is available on the following
website: https://energy.gov/technologytransitions/office-technology-transitions.

DOE Invention Disclosures and Patenting

Between FY 2012 and FY 2016, the number of new inventions disclosed increased by 6% to
1,760 disclosures in FY 2016. The number of patent applications filed increased by 7% to 999.
The number of patents issued increased by 27% to 856 patents in FY 2016.
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Patents issued to DOE in FY 2016 covered many technology areas including Electrical
Machinery, Apparatus, Energy (14%), Measurement (11%), Chemical Engineering (8%),
Materials, Metallurgy (7%), Biotechnology (6%), and Computer Technology (6%).%*

USPTO Patents Assigned to DOE by Technology Area: FY 2016

m Electrical Machinery, Apparatus, Energy 14%
B Measurement 11%

® Chemical Engineering 8%

m Materials, Metallurgy 7%

® Biotechnology 6%

m Computer Technology 6%

4 ® Semiconductors 5%

® Environmental Technology 5%
H Basic Materials Chemistry 4%

m Surface Technology, Coating 4%

® Engines, Pumps, Turbines 3%
B Optics 3%
m Other 24%

24 Source: Prepared by Science-Metrix using USPTO data indexed in PatentsView in April 2017. Used with
permission.
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DOE Licenses

Between FY 2012 and FY 2016, the number of total active licenses increased by 2% to 5,410
licenses in FY 2016 while new licenses decreased by 18% to 621 licenses. The number of total
active invention licenses decreased by 34% to 943 licenses while the number of new invention
licenses decreased by 24% to 145. Income-bearing licenses increased by 19% to 3,963 while the
number of exclusive income-bearing licenses decreased by 33% to 231.
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New Invention Licenses 192 153 171 155 145
Income Bearing Licenses, Total Active 3,340 3,709 4,215 4,577 3,963
Income Bearing Exclusive Licenses 344 199 141 98 231

61



DOE Income from Licensing

Between FY 2012 and FY 2016, DOE reported that total income from all active licenses
decreased by 24% to $31.1 million in FY 2016. The income from invention licenses decreased
by 24% to $27.4 million. Total earned royalty income decreased 43% to $16.3 million in FY
2016.
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Invention Licenses $36,103 $36,068 $32,869 $28,966 $27,364
Total Earned Royalty Income, (ERI)  $28,735 $27,669 $23,384 $21,245 $16,273
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DOE Collaborative R&D Relationships

Between FY 2012 and FY 2016, the number of total active cooperative research and
development agreements (CRADAS) declined slightly from 742 in FY 2012 to 739 in FY 2016.
The number of new CRADAS per fiscal year increased by 34% to 246. All of DOE’s active
CRADAs were reported to be traditional CRADASs.

DOE Collaborative R&D Relationships
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DOE Downstream Success Stories

Ames Laboratory: Titanium Powder Processing Gains International Customer Base
Titanium powder created with DOE’s Ames
Laboratory-developed gas-atomization technology
has hit the market. Praxair, Inc., headquartered in
Danbury, CT, now offers fine, spherical titanium
powder for additive manufacturing and metal
injection molding of aerospace, medical and
industrial parts. It marks the first-time large-scale
amounts of titanium powder are available to industry
with a potential for low-cost, high-volume
manufacturing.

Titanium’s strength, light weight, biocompatibility A titanium bolt and the corresponding
and resistance to corrosion make it ideal for use in amount of titanium powder necessary
parts ranging from aircraft wing structures to to create It.

replacement knee joints and medical instruments.

Using ultra-fine, high-purity spherical titanium powder to 3-D print or mold these parts generates
10 times less metal waste than traditional casting of parts. However, ultra-fine titanium powder
was nearly impossible to produce from the molten state because liquid titanium is readily
contaminated by dissolved gases and cannot be contained by normal ceramic melting crucibles,
which it can rapidly erode, to the point of spilling through.

The Ames Laboratory’s invention of an in-stream melt heating guide tube was critical to
boosting the melt temperature by at least 100°C, allowing adaptation of water-cooled ‘clean’
melting technologies, normally used to melt and cast strong, reliable aerospace titanium parts.
This new “‘hot nozzle’ made possible precise feeding of highly energetic close-coupled atomizers
for efficient production of fine titanium powders. Development of the hot-shot pour tube was
supported by DOE’s Office of Science and Office of Fossil Energy. The specific work on
titanium powder was supported by the lowa State University Research Foundation, the State of
lowa Regents Grow lowa Values Fund, the US Army through the Quad City Manufacturing Lab
(QCML), and finally funding from Praxair. Strategic Partnership Projects were negotiated with
both the QCML and Praxair.

Two members of the Laboratory’s research team created a spinoff company, lowa Powder
Atomization Technologies (IPAT), and exclusively licensed Ames Laboratory’s titanium
atomization patents. IPAT worked to further optimize the titanium atomization process and
along the way won several business and technology awards for their efforts, including DOE’s
Next Energy Innovator competition in 2012.

In 2014, IPAT was acquired by Praxair, a Fortune 250 company and one of the world’s largest
producers of gases and surface coatings. In 2016, Praxair announced they had begun to market
titanium powder.
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Brookhaven National Laboratory: Optically Active Nanostructures

Brookhaven National Laboratory (BNL) and Northrop Grumman (NG) launched a major
initiative under a CRADA to discover, develop, and demonstrate techniques for the fabrication
of arbitrarily designed 2D and 3D arrays from diverse optically functional nanoparticles (NP)
using a macromolecular (DNA) assembly platform, a methodology that has been developed at
the BNL Center for Functional Nanomaterials (CFN).

Don DiMarzio is an engineering fellow at NG and a senior scientist within the company’s
advanced research, development, design, and demonstration group NG Next, where he studies
nanomaterials and radio-frequency metamaterials. He is also an adjunct professor at Stony
Brook University, where he teaches a nanotechnology class. Since March 2016, he has been
collaborating with CFN physicist Oleg Gang to investigate nanostructures whose self-assembly
is directed through DNA scaffolds. Don DiMarzio utilized a broad range of advanced
characterization labs at CFN.

Oleg Gang has been developing this DNA-based technique for a decade, and his group pioneered
the fabrication of new nanoparticle-based 3D materials and the development of the by-design
nano-assembly methods. Through incorporation of optically active nanoparticles into designed
assembled architectures this collaboration seeks to establish novel methods for targeted
fabrication of materials with desired light emitting and light modulating properties.

Recently, this BNL-NG collaboration resulted in a publication that describes a new approach for
the assembly of precisely organized nanoparticle meso-clusters as it has been demonstrated
through a comprehensive characterization at the CFN.% Brookhaven recently had the pleasure
of hosting a visit from Tom Pieronek, Vice President, Basic Research at NG Aerospace Systems.
We look forward to developing further collaborations in the future.

Fermi National Accelerator Laboratory: Electromagnetic boom and environmental
cleanup technologies

Natural Science, LLC and Fermi National Accelerator Laboratory (Fermilab) announced an
exclusive field-of-use license agreement that grants Natural Science rights to Fermilab’s
electromagnetic boom and environmental cleanup technologies for use in conjunction with
magnetizable oil.

Through this agreement, Natural Science can utilize and develop electromagnetic oil
recovery boom technologies across a broad range of applications, including on-and-off-
shore oil remediation and control management systems as well as produced water
hydrocarbon remediation. Through this exclusive field-of-use agreement, Natural Science
customers will now have access to innovative technology that is environmentally safe and
outstrips current solutions in terms of efficiency.

The electromagnetic mop system rests on the fact that micron sized magnetite particles will
mix with oil more readily than water when these filings are spread on an oil-water mixture.
The particles form a unique and preferential bond with the oil due to a combination of
forces, forming a loose colloidal suspension. The filings are magnetic, so they can be

5 See https://pubs.acs.org/doi/10.1021/acsnano.7b02671
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moved by a typical magnet. This allows one to use magnetic fields to manipulate, trap, and
remove the oil in an environmentally safe manner with high efficiency. Natural Science is
applying the licensed technology to an electromagnetic boom system that will replace the
standard (and inefficient) passive boom and skimmer systems used today.

“Extracting crude oil from water has always been a difficult and inefficient process, despite
the fact that the two liquids don’t readily mix,” said John Nelson of Natural Science. “Our
system can extract over 90% of the oil from the surrounding water, which represents a
substantial gain over traditional systems.”

“This license agreement, with one of the most recognized laboratories in the world,
represents our commitment to finding the best technologies and delivering the best solutions
to our customers,” said David Cathey of Natural Science. “Given the nature of our product,
we feel our technology will quickly become an industry standard for oil spill remediation.”

Kansas City National Security Campus: Polyphenylene Sulflde Powders

iy

In an effort to maximize partnership activities with
outside industry and academia, DOE’s Kansas City
National Security Campus (KCNSC) created a series
of science and engineering-based Consortia aligned
with technology roadmaps around targeted technical
areas. The science-based manufacturing
environment of the current and not too distant future
requires increased early cooperation, interaction, and
partnerships.

KCNSC technical leaders identified technologies
that will need to be developed or expanded OVer the [ — .
next 10, 15, or 20 years. These technologies include  Scanning electron microscope (SEM) image of pillar
next generation racar, metal and polymer based "t f lone ot e
additive manufacturing, reverse engineering, and

augmented reality, among others. Each university or industry partner is selected to create
strategic partnerships that will develop technology to increase weapon safety, capability, and
functionality, while reducing cycle time and cost.

One of the “game changing” technologies identified for expansion by the KCNSC is Polymer
Additive Manufacturing (PAM). KCNSC strategically selected specific university, laboratory,
and industry partners for its PAM consortium, because of the considerable amount of
fundamental, basic, and applied research required. The PAM consortium provides rapid
development from concept to the manufacturing floor with a less expensive alternative to metals
in certain circumstances. The KCNSC works with a myriad of polymeric materials that are used
in tooling, fixtures, and war reserve parts, and it has the ability to rapidly scan objects and use
Polymer AM to reproduce these objects on-site and on-demand. Typically referred to as Rapid
Prototyping, this technique can be used very effectively to provide quick answers to evolving
technical questions about processes or products.
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As one of the broader public-private consortia, KCNSC’s PAM Consortium worked closely with
university collaborators and a vendor to develop polyphenylene sulfide (PPS) powders with
appropriate particle sizes for use in low-temperature Powder Bed Fusion, also known as
Selective Laser Sintering processing. These materials have great potential for use in the
electronics industry as encapsulating materials designed for component packaging and sealers.

Lawrence Livermore National Laboratory: Spray-on DNA Bar Codes
Foodborne illnesses kill roughly 3,000 Americans
each year and about one in six is sickened,
according to the Centers for Disease Control and
Prevention. Yet most contaminated foods are never
traced back to their source. That is because existing
methods to track tainted food along its supply chain
from table to farm are highly inefficient,
jeopardizing the health of millions and costing the
food industry billions. A typical process to trace
food includes interviewing consumers and suppliers |
and examining every detail of the supply chain, a DNATrax spraved on food.
tedious method that takes weeks at best to complete.

DOE’s Lawrence Livermore National Laboratory (LLNL) researchers, in collaboration with the
startup company DNATrek through an exclusive license, have developed a cost-effective and
highly efficient method to accurately trace contaminated food back to its source. LLNL
originally designed the technology, known as DNATTax, to safely track indoor and outdoor
airflow patterns. One of the unexpected capabilities of DNATrax was being able to apply it to
food products. The technology was first developed for biosecurity applications.

DNATrax are particles comprised of sugar and non-living and non-viable DNA that can serve as
an invisible barcode. It is an odorless and tasteless substance that has been approved by the Food
and Drug Administration as a food additive, safe for consumption. It can be thought of as a
microscopic barcode that is sprayed on food at the farm or processing plant. If the food turns out
to be contaminated when it reaches the store or dinner table, DNATrax can be lifted off the food
and analyzed in the lab using polymerase chain reaction (PCR) to identify the source.

It is anticipated that DNATrax can be used to assist in training to determine if articles of personal
protective equipment (PPE) such as hazmat suits used by emergency responders and health care
workers to treat Ebola patients have been breached. DoD’s Defense Threat Reduction Agency
funded this Federal Work for Others research project.

Princeton Plasma Physics Laboratory: Edison Award for X-ray Imaging Invention

Three scientists at DOE’s Princeton Plasma Physics Laboratory (PPPL) have invented a new
extreme ultraviolet (EUV) imaging apparatus for EUV spectroscopy, EUV microscopy, EUV
lithography and x-ray imaging. This new imaging apparatus will make significant contributions
to EUV lithography at wavelengths in the range from 10 to 15 nm, which is presently being
developed for the manufacturing of the next-generation of computer processors and other semi-
conductor integrated circuits.
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The optimization of EUV lithography for the manufacture of next-generation integrated circuits
is a subject of intense research in industry and laboratories worldwide. The new EUV imaging
apparatus is considered to be the next generation of computer chip manufacturing because the
EUV light, called soft X-rays, allows designers of computer chips to place 100 times more
components, like transistors, in the same area of tiny computer chips. The linear distance
between components is also 10 times shorter, which means the speed of the chip could be 10
times faster.

The physicists who invented this device, Manfred Bitter, Kenneth Hill, and Philip Efthimion,

won an Edison Patent Award in the imaging systems category for an imaging apparatus from the
New Jersey Research Council for their work.
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Department of Health and Human Services (HHS)

Research at HHS is conducted by the Centers for Disease Control and Prevention (CDC), the
Food and Drug Administration (FDA), and the National Institutes of Health (NIH).

The NIH has as its mission to conduct and support biomedical research to improve the public
health. The NIH Office of Technology Transfer (OTT) is responsible for identifying, evaluating,
protecting, and marketing technologies derived in NIH intramural laboratories. OTT transfers
these technologies through licenses to the private sector, where they can be further developed
into products used in the prevention, diagnosis, or treatment of disease.

Effectively measuring the public health outcomes that result from such technologies is
challenging and complex. Traditionally, efforts to measure the effect of technology transfer
activities focus on outputs such as the number of patents and licenses or the amount of royalties
generated; however, this approach does not depict the full scope of activities and may distort the
importance of ensuring that novel biomedical inventions are commercialized.

NIH’s annual technology transfer report is available online at:
https://www.ott.nih.gov/reportsstats/annual-reports

More information about HHS technology transfer activities is available on the following
websites:

CDC: http://www.cdc.gov/od/science/technoloqy/
NIH: http://www.ott.nih.gov/
FDA: http://www.fda.gov/techtransfer
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HHS Invention Disclosures and Patenting

Between FY 2012 and FY 2016, HHS reported the number of new inventions disclosed
decreased by 9% to 320 disclosures in FY 2016. The number of patent applications filed
increased by 15% to 269. The number of patents issued increased by 73% to 579 patents.

HHS Invention Disclosures and Patenting
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New Invention Disclosures 352 320 351 321 320
Patent Applications Filed 233 230 216 222 269
Patents Issued 335 428 453 501 579
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Patents issued to HHS in FY 2016 covered many technology areas including Pharmaceuticals
(39%), Biotechnology (35%), Analysis of Biological Materials (9%), and Organic Fine
Chemistry (8%).2

USPTO Patents Assigned to HHS by Technology Area: FY 2016

® Pharmaceuticals 39%

u Biotechnology 35%

= Analysis of Biological Materials 9%
Organic Fine Chemistry 8%

= Measurement 3%

B Medical Technology 2%

® Optics 1%

® Computer Technology 1%

® Other 2%

% Source: Prepared by Science-Metrix using USPTO data indexed in PatentsView in April 2017. Used with
permission.
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HHS Licenses

Between FY 2012 and FY 2016, the number of total active licenses increased by 19% to 1,750
licenses in FY 2016 while new licenses increased by 20% to 278. The number of total active
invention licenses increased by 58% to 1,721 licenses while the number of new invention
licenses increased by 15% to 221. Total active income-bearing licenses increased by 3% to 837
while income-bearing exclusive licenses decreased 4% to 23 licenses.
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