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MESSAGE FROM THE INTERAGENCY TEAM

Manufacturing USA® is a network of public-private partnerships united to secure U.S. global leadership
in advanced manufacturing through large scale collaboration on technology, supply chain, and
workforce development. The network includes the U.S. Departments of Commerce (DOC), Defense
(DoD), and Energy (DOE), their sponsored manufacturing institutes, and six other federal partner
agencies - National Aeronautics and Space Administration (NASA), National Science Foundation
(NSF), Health and Human Services (HHS), and the Departments of Agriculture, Education, and Labor.
Together, they work towards accomplishing national manufacturing objectives to secure America's
future through manufacturing innovation, education, and collaboration.

Federal support for these institutes creates a framework that allows industry, academia, and federal
laboratories to work together to take the most promising new technologies and transform them into
products to be manufactured in America. In fiscal year 2019, the 14 Manufacturing USA institutes
collectively conducted 561 major applied research and development projects of high priority to
broad industry sectors. The participants and direct beneficiaries of these projects are the 1,020
institute member organizations, of which 61% are manufacturing firms. Of those firms, 69% are small
manufacturing companies - key manufacturing supply chain participants.

The strong public-private partnerships built through the Manufacturing USA institutes also enabled
the network to respond rapidly to the COVID-19 pandemic. Within only a few months, the sponsoring
agencies and some institutes had mobilized to launch projects to expand the production of
needed medical countermeasures, provide workforce training, increase testing capacity, and help
manufacturers prepare for the country's future. Alongside the sponsoring ag'encies, the National
Institute of Standards and Technology (NIST) used funding authorized by the Coronavirus Aid, Relief,
and Economic Security (CARES) Act for Manufacturing USA institutes to support high-impact projects
for pandemic response, with the first competition for COVID-related grants launched immediately
after enactment. Along with CARES-funded projects, the Manufacturing USA institute members
and communities have committed resources and facilitated coordination to quickly focus their
programmatic efforts to respond to the pandemic crisis.

While this report focuses on success stories from fiscal year 2019, a special insert is included with
some preliminary success stories on the network's response to COVID-19. This by no means captures
the whole of the agencies' and institutes' efforts and offers a preview of good things to come from
our continued collaborations. As always, our vision remains nothing less than U.S. global leadership
in advanced manufacturing.

We are proud to share these highlights from Manufacturing USA.

On behalf of the entire interagency team,

S S

Michael F. Molnar, Director
Advanced Manufacturing National Program Office
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AMERICAN ECONOMIC COMPETITIVENESS:
TODAY AND INTO THE FUTURE

Astrong manufacturing base and resilient supply
chains form the backbone of our economy and
national security and are essential to effectively
respond to emergencies and national threats
- including COVID-19. Manufacturing accounts
for 11% of U.S. GDP*and 68% of U.S. exports of
goods.2 Advances in manufacturing technology
andinnovation enable the U.S. economy to grow,
increase productivity,develop new products,and
create entirely new industries. Manufacturing -
especially advanced manufacturing - isalso one
of the highest-paying sectors of the economy
and has an enormous multiplier effect on other
sectors. For every dollar spent in manufacturing,
an additional $2.74 is added to the economy.3

Over the past three decades, the US. and
global manufacturing sectors have been
transformed, resulting in new challenges and
risks as well as progress and opportunities. U.S.
manufacturing employment has declined by
27% from 1990 to 2019,4in part because China
and other countries substantially expanded
their share of global manufacturing value-
added. These same trends drove supply chains
for personal protective equipment (PPE) and
other medical products overseas. However,
the employment decline over the last three
decades also reflects increased productivity
as companies apply new technologies and
process improvement methodologies. In fact,
manufacturing labor productivity more than
doubled from 1990 to 2019°and manufacturing
employment has modestly but consistently
increased since 2010, representing the
longest continuous post-war expansion of
manufacturing employment.

tU.S. Bureau of Economic Analysis
2U.S. Census Bureau, International Trade in Goods and Services

Manufacturing
accounts for 11% of

U.S. GDP and 68% of
U.S. exports of goods.

The US. continues to be a leader in basic
research and technological innovation. In fact,
the US. climbed to first globally in university-
industry research collaborations and third
globally on the Global Innovation Index rankings
(behind only Switzerland and Sweden)®
Still,  the manufacturing sector continues
to face challenges in translating technical
innovation into U.S.-based production, and, as
production has migrated overseas, research
and development (R&D) and technical skills
have sometimes followed. One symptom of this
challenge is the U.S. trade balance in advanced-
technology products which has declined from a
$35 billion trade surplus in 1990 to a $133 billion
deficit in 20197

The US. innovative engine can stall for a variety
of reasons as technology advances from basic
research and proof-of-concept through applied
R&D, such as when the promising technology is
not sufficiently developed to be viable or cost-
effective, or entails too much risk for the
private sector to invest, scale up, and bring the
technology to market. The result of this is missed
opportunities for our country's competitiveness.

3 https./www.nam.org/facts-about-manufacturing/, retrieved 09-23-2020

4U.S. Bureau of Labor Statistics

5U.S. Bureau of Labor Statistics, manufacturing sector annual time series
8Global Innovation Index 2019, Cornell SC Johnson College of Business, INSEAD, WIPO

7 https.//www.census.gov/foreign-trade/balance/c0007.html#2020
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address these challenges and opportunities
requires large-scale collaboration
among the public and private sectors.

Our Mission: Connecting people,
ideas, and technology to A Whole-of-Government

- solve industry-relevant advanced ApproaCh

manufacturing challenges Manufacturing USA was created in 2014 to
- enhance industrial competitiveness and secure US. global leadership in advanced

economic growth manufacturing. The participating agencies and
their institutes play a critical role in achieving this
goal. Each institute's public-private partnership
unites industry, academia, and federal partners
to develop technologies and opportunities

- strengthen our national security

Finally, technology change also creates new that directly impact US. manufacturing
requirements for the manufacturing workforce. competitiveness, promote a robust and
Manufacturing has faced skill shortages in sustainable national manufacturing R&D
recent years, and companies report that this infrastructure, and create a skilled workforce.

is in large part due to new skills necessary for

advanced technology and automation.? In 2019, there were 14 institutes in the

Manufacturing USA network: the Department

While the US manufacturing sector remains of Commerce sponsors one, the Department
strong, we face critical challenges in of Defense sponsors eight, and Department of
maintaining technical leadership, increasing Energy sponsors five. Two additional institutes
US production, and enhancing the skills of were announced in 2020, increasing the number
the manufacturing workforce.  Working to of institutes to 16. The Advanced Manufacturing
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announced in 2020. Credit: NIST.

82018 Deloitte and The Manufacturing Institute skills gap and future of work in manufacturing
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For every dollar spent
In manufacturing, an
additional $2.74 is
added to the economy.

National Program Office at DOC's NIST
oversees the coordinated activities and national
branding of Manufacturing USA. In addition, the
Departments of Education, HHS, Labor, and
Agriculture as well as the NASA and NSF all
participate in key aspects of the Manufacturing
USAinitiative. This brings togethervast resources
and expertise from across the U.S. government
to collaborate on supporting and strengthening
U.S. manufacturing.

The members of each institute collaboratively
engage in the pre-competitive development
of technologies within their specific field of
focus. They test applications for the technology,
capital-intensive

share infrastructure,

Credit: istock.

and develop a workforce with the skills
needed for today's manufacturing. And they
answer the call to meet our country's most
pressing challenges, such as the current
COVID-19 pandemic.

Developing Today to Ensure a
Competitive Tomorrow

Last year, the institutes made significant strides
in American competitiveness in many ways. For
example, BioFabUSA demonstrated the first-
ever Tissue Foundry - a scalable, modular,
automated, and closed tissue manufacturing
system. The modular design allows BioFabUSA
to reconfigure the Tissue Foundry to facilitate
the manufacture of any type of tissue product.
In addition, the Advanced Robotics for
Manufacturing (ARM) institute is attacking the
challenges of robotic sewing. One such project,
led by Siemens Corporate Technology in
partnership with  University of California,
Berkeley, Sewbo, Inc., and Bluewater Defense,
Inc., leverages advanced robotics technology
to assemble and sew parts of military uniforms,
making garment production in the US. an
economically cost-effective reality.
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FORTIFYING THE NATION'S
MANUFACTURING SUPPLY CHAINS

As the current pandemic has demonstrated,
stable and secure supply chains are essential,
especially in critical technological areas
related to medical supplies and equipment,
pharmaceutical production, and similar essential
services. The vulnerability and impact of supply
disruptions has directly affected the health and
well-being of the citizens of the U.S. and around
the world. Supply chain weaknesses are now
headline news.

Stabilizing the nation’'s supply chains against
future disruptions is critical to preparedness and
an important facet of the work of Manufacturing
USA theagencies,andtheirinstitutes.In2019and
2020, Manufacturing USA institutes continued
to develop technologies and approaches that
will help secure the nation's manufacturing and
supply chain. Examples include:

NIIMBL members are collaborating on
integrating process analytical data for quality
decisions based in real-time manufacturing
data and more rapid end-product testing
methods. These approaches will speed
the delivery of emerging treatments such
as cellular and gene-therapies for cancer
patients, where traditional end-product test
methods can cause weeks-long delays in
treating patients.

AIM Photonics built the world's first open
access 300 mm silicon wafer facility
for integrated silicon photonics testing,
assembly, and packaging (TAP). This state-
of-the-art TAP facility is a key component
in AIM Photonics’ end- to-end advanced
manufacturing capability for photonic
integrated circuits and is now supporting
several member programs, including
Lockheed Martin, University of Rochester,
and Ortho-Clinical Diagnostics.

America Makes worked with DoD to create
the first open platform that simplifies sharing
3D model data across the military services.
The platform was delivered to the Defense
Logistics Agency in late 2019 and has been
deployed for military use.

At the Biomanufacturing Training and
Education Center at North Carolina State
University, project team members integrated
CESMII - The Smart Manufacturing
Institute's developed technology (the
CESMII SM Innovation Platform™) onto
biomanufacturing assets to manage
applications from multiple vendors in a way
not previously possible in industry.

AIM’s silicon wafer facility. Credit: AIM.
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BUILDING INNOVATION ECOSYSTEMS

American manufacturing plays an out sized role
in the US. innovation ecosystem, employing
nearly two-thirds of all scientists and engineers
and averaging 70% of all U.S. patents awarded
annually to US. entities. While the US.
continues to excel in discovery and innovation,
the applied research necessary to translate new
emerging technologies into products remains a
huge challenge for individual companies. This
challenge has only increased with increased
global competition and foreign subsidies
directed at their advanced manufacturing
sectors. Manufacturing USA helps to address
this challenge while retaining the freedom and
dynamic nature of the free-market approach by
creating effective collaboration ecosystems for
manufacturers.

Effective collaborative R&D enables rapid
advances in  manufacturing technologies,
such as additive manufacturing, robotics, and
nanotechnologies for the development of new
product capabilities including flexible circuits,
integrated composites, and Internet of Things
(IoT) product features. Staying competitive
requires a whole-of-America  approach,

Federal laboratories

Regional economic development agencies
Not-for-profit organizations

State and local governments

Credit: NIST.

involving every manufacturer, a secure supply
chain from raw material to finished product,
and a smooth progression from innovation to
deployment.

The public-private partnerships and other
initiatives launched by the agencies address
these needs by engaging all parts of the
national industrial base. With institute and
satellite locations in over a third of the states
and member organizations across the nation,
the Manufacturing USA Institutes provide
the foundation to build a strong, robust,
and competitive manufacturing ecosystem.
Encompassing more than 1,900 member
organizations, the institutes partner with large
and small manufacturers, community colleges,
research universities, and state, local, and tribal
economic development entities. Of these,
61% are manufacturers, and nearly 70% of
those manufacturers are small and medium
manufacturers (SMMs) with 500 or fewer
employees.

Educational organizations—universities,
community colleges, and technical training
schools—comprise 24% of members, and 15%

Educational organizations
Universities
Community colleges
Technical training schools
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of members are federal laboratories, regional
economic development agencies, not-for-profit
organizations, and state and local governments.

The institutes work to turn U.S.-based inventions
using advanced manufacturing technologies
into products, made here by a skilled American
workforce. The value that the institutes bring
to American manufacturers can be measured
through the continued investments made
towards each institute's projects.

The institutes attract investment that
significantly exceeds the required one-to-
one matching for their base federal funding.
Total institute expenditures in FY 2019 were
$488 million; $133 million in base federal
program funds and $355 million in institute
generated funds from industry, academia,
economic development, state government,
and competitive federal funding. This is a
remarkable 2.7 to 1 investment ratio in matching
to base federal funding. These matching funds
are invested in technology R&D efforts, capital-

Credit: istock.

intensive efforts such as facility or manufacturing
equipment purchases, institute operations,
and education and workforce development
programs.

1,000 member
organizations,

617% are manufacturers,
70% are small and
medium manufacturers
with 500 or fewer

employees
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1,920 Institute 561 Major R&D $488M State,
Member Projects Private and
Organizations Federal Funds

B | B

2/3rds from 18% growth from $2.70 institute

manufacturers last year generated funds
for every $1 of base

federal funds

SL1OVdII YHOMX\L3IN 6102

Thousands of Students, Workers, and Teachers Participated
in Institute-Led Advanced Manufacturing Workforce
Development and Training

7
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EMPOWERING THE CURRENT AND
NEXT-GENERATION WORKFORCE

Deploying the technological advancements
within  today's manufacturing environment
requires a robust and highly skilled workforce,
with a pipeline that encompasses both existing
and future technical workers. Unfortunately,
while it is anticipated that 4.6 million
manufacturing jobs will be needed over the
next decade, it is expected that roughly 24
million of those jobs will go unfilled® largely
due to a lack of skilled workers. In addition,
if automation is rapid, as many as one-third
of American workers may need to change
occupations and acquire new skills by 2030,
according to an estimate by McKinsey Global
Institute* Considering this, worker training
and availability are of great concern among
manufacturing CEOs, and actions are needed
to address the growing mismatch between
current worker skills and the required skills for
advanced manufacturing work.

Education and workforce development activities
at the institutes span a broad spectrum of needs
from up skilling current employees in advanced
manufacturing technologies to providing
a pipeline of newly trained workers for the
future. The complexity of new manufacturing
technologies requires training beyond the
classroom and must include opportunities such
as participation in R&D projects, completion
of technical certifications, and hands-on field-
based apprenticeships. However, before this
can be accomplished, establishing a highly
trained workforce relies on developing skilled
educators well-versed in these technologies.

Last year, more than 32,000 workers and
students participated in  education and
workforce development activities of the
institutes. Examples include:

Credit: NIST.

9 2018 Deloitte and The Manufacturing Institute skills gap and future of work study, Deloitte Development LLC, Member of Deloitte Touche
Tohmatsu Limited (2018), p. 3. https://documents.deloitte.com/insights/2018DeloitteSkillsGapFoWManufacturing

©McKinsey Global Institute. November 2017 Report. “Jobs Lost, Jobs Gained: Workforce Transitions in a Time of Automation”
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32,000 workers and
students participated in

education & workforce

development
NIIMBL  launched the  first  NIMBL
eXperience, a week-long program

introducing underrepresented students to the
biopharma industry. College students from
Historically Black Colleges and Universities
spent a week Vvisiting biopharmaceutical
companies and federal agencies to learn
about the industry and the important role
it plays in patient health and well-being.

BioFabUSA developed a hands-on bio-
fabrication experience for students in grades
6-12 to learn about current and future tissue
manufacturing processes. The institute piloted
the activities at the 2019 FIRST Robotics
Championship with more than 5,000 students.

Penn State University and Massachusetts
Institute of Technology partnered with CESMII
to develop the Factory 4.0 Toolkit. This
instrumented, small-scale fiber extrusion kit
models real-world practical manufacturing
scenarios along with smart manufacturing
software  applications and  supporting
educational modules adaptable in a broad
range of engineering, non-engineering, and
cross-discipline educational programs.

MxD has engaged nearly 1,500 individuals in
workforce development and education efforts.
Other efforts have brought in 80 high school
students through the Catapult entrepreneurship
program and Chicago's neighborhood summer

program, as well as hosting faculty from the
National Institute for the Deaf to assist with
the development and launch of their digital
manufacturing curriculum.

NextFlex continues to grow FlexFactor® which
combines advanced manufacturing concepts
with a basic business model framework. An
initial class of 26 in 2017 has grown to more than
4,500 students to-date with planned expansion
to over 6,200 per year by 2022.

Virtual Internship Program is a structured, 10-
week program for engineering interns at RAPID
member organizations. Participants join a virtual
community and receive online safety, technical,
and leadership training, as well as professional
development and mentorship. The program
gives smaller organizations access to interns
nationwide and enables their student interns to
join a broad virtual network across the U.S.

e £

Credit: RAPID.
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PARTNERING TO RAISE AWARENESS

The agencies and institutes engage in myriad
outreachand communicationsto educate the public
about advanced manufacturing and the rewarding
careers it offers. Through ManufacturingUSA.com,
social media, articles, and industry events, AMNPO
serves as a clearinghouse of information about
Manufacturing USA and the work of the participating
agencies and their institutes and members.

The Manufacturing USA  network actively
participates in national Manufacturing Day each
year. Held the first Friday in October, Manufacturing
Day is coordinated by the National Association
of Manufacturers. It serves as a celebration of
manufacturing and a key way to raise awareness
about modern manufacturing and available careers
. Through openhouse events, tours, and outreach
activities, students, parents, and educators learn
about different types of career opportunities and
educational pathways available. Agencies and
institutes also engage in activities throughout
the entire month of October in recognition of
Manufacturing Day. In addition to engaging in
Manufacturing Day activities in their industries and
states, below are just two examples of activities
designed to spark interest in today's manufacturing
and the careers it offers.

Engaging Historically Black
Colleges and Universities

RET
RETHINKING

ANUFACTURING

Credit: NIST.

To facilitate the participation of Historically Black
Colleges and Universities (HBCUs) and Minority
Serving Institutions (MSIs) in Manufacturing USA,
the NSF and NIST jointly sponsored the Workshop

on Promoting Participation of HBCUs/MSIs in
Advanced Manufacturing R&D at NSF Headquarters
on November 6 - 8, 2019. The workshop was
organized by Morgan State University, and
representatives of 31 HBCUs and MSiIs participated.
Faculty from 24 universities presented 33 posters
for discussion with representatives from the
Manufacturing USA institutes and sponsoring
agencies.

Rethinking Manufacturing
Documentary Receives
Regional Emmys

Rethinking Manufacturing, a short documentary
featuring America Makes - a DoD-sponsored
Manufacturing USA institute - and two young
engineers in Youngstown, Ohio, won three awards
during the 2020 Lower Great Lakes Chapter of the
National Academy of Television Arts & Science's
regional Emmy Awards. The video production
involved close collaboration between NIST, DoD,
and America Makes. With support from America
Makes, Youngstown State University, and the
Youngstown Business Incubator, the short
documentary illustrates how these young
professionals and their peers are rethinking
manufacturing and  career  choices, and
how we build and revitalize communities.
It dramatically demonstrates the changes
underway in communities across the nation due
to new opportunities associated with advanced
manufacturing.

Credit: Academy of
Televison Arts & Sciences.
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INVESTING IN THE FUTURE,
IMPROVING OUR WAY OF LIFE

During FY 2019, the institutes managed
561 technology projects that included
manufacturing-process  research, proof-of-
conceptdevelopment, early system prototyping,
and manufacturing demonstrations. Each
project furthers innovations that could enhance
our lives, strengthen our economy, and
ensure our national security. Critical to each
institute's success with these innovations is a
rigorous and inclusive approach to selecting
project topics. Stakeholders from industry,
academia, regulatory agencies, and end users
develop roadmaps for key technologies and
manufacturing processes. Examples of projects
include:

AFFOA and members developed the first-
of-its-kind advanced functional fiber with
embedded opticalreceiversandtransmitters
that enable optical communication across
air-water interfaces and between undersea
assets.

Credit: AFFOA.

An IACMI recycled mixed-stream
composites project utilizes the inherent
energy in composites for fuel and preserves
the structural value of glass fiber and carbon
fiber for reuse.

Credit: IACMI.

Credit: LIFT.

LIFT successfully aided Lifeline Firehose
with a state-of-the-art technology that
enables a firehose to simultaneously deliver
both breathable air and water or foam. The
technology allows firefighters to battle fires
longer while getting critically needed air to
downed personnel and victims.

MANUFACTURING USA / HIGHLIGHTS REPORT
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PowerAmerica members Texas Tech
University and Group NIRE Renewable
Energy (Lubbock, TX) established an
independent,  confidential,  third-party
testing facility, demonstrating long-term
performance and enhancing end-user
confidence in the reliability of wide-bandgap
devices and accelerating the adoption of
these technologies.

Through RAPID, lowa State University
(Ames, |A) is developing an autothermal
process for thermochemical conversion
of woody and agricultural biomass to
fermentable sugars and other value-added
products. This new process uses less heat
than existing processes and is expected to
double energy productivity. The process is
also well suited for distributed processing
in modular units designed to fit in standard
shipping containers.

Non-destructive methods to measure
mechanical damage in metals prior to
products failing do not currently exist.
REMADE members Rochester Institute
of Technology, the University of Illinois at
Urbana-Champaign, and Caterpillar, Inc. are
collaborating to develop ways to reliably
detect features associated with early-stage
fatigue damage, allowing prediction of the

Credit: RAPID. remaining useful life of the metal part.

Credit: istock.
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RESPONDING TO A NATION IN NEED:
MANUFACTURING USA'S EARLY COVID

RESPONSE

As the pandemic became an increasing threat
to the health, economic stability, and security
of the nation, institutes and their sponsoring
agencies quickly ramped up to support the
nation's response. In addition, the Coronavirus
Aid, Relief, and Economic Security (CARES)
Act allowed NIST to provide funding to five
institutes to augment Manufacturing USA efforts
in fighting COVID. These are described below.

Enabling a Rapid COVID
Response

With funding from the CARES Act, NIST
competitively awarded $12.4 million in grants to
13 high-impact projects at five Manufacturing
USA institutes for pandemic response.

‘I am pleased we have quicRly
provided these CARES Act funds
to support the innovative projects
contributing to our COVID-19
response efforts at the public-private
Manufacturing USA institutes,”
said Secretary of Commerce
Wilbur Ross. "When we operate at
the ‘'speed of business' and work
collaboratively across the
government in partnership with
the private sector, we achieve

great things for our nation.”

Commerce Secretary Wilbur Ross July 2020 tour of
America Makes and July 2020 announcement of
Manufacturing USA CARES Act funding for COVID-19
pandemic response. Credit: America Makes.

“The collaborative programs these
institutes have built have allowed
them to rapidly respond to the
current pandemic with projects

to expand production of needed
medical countermeasures, provide
workforce training, increase testing
capacity, and help manufacturers
prepare for the future,” said Under
Secretary of Commerce for
Standards and Technology and
NIST Director Walter G. Copan.

MANUFACTURING USA / HIGHLIGHTS REPORT
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Along with Manufacturing USA CARES Act
funded projects, the institutes and their
sponsoring  agencies  have  committed
resources and facilitated coordination among
their members and communities to quickly
pivot and augment their programmatic efforts
in response to the pandemic. For example, the
DoD has sponsored an additional $60.7M in
CARES Act projects for 13 COVID-19 response
projects at the DoD institutes. Those projects
and additional successes will be highlighted in
future reports.

Leveraging Biopharmaceutical
Innovations to Strengthen

U.S. Agility

NIIMBL's CARES Act funding has spurred
partnerships to deploy biopharmaceutical

innovations to address the challenges of the
pandemic through efforts such as:

Scaling up production of materials used in
COVID-19 exposure testing and screening
of recovered patients to ide