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EXECUTIVE OFFICE OF THE PRESIDENT
PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY
WASHINGTON, D.C. 20502

President Barack Obama
The White House
Washington, DC 20502

Dear Mr. President,

We are pleased to present you with the report entitled, Capturing Domestic Competitive Advantage in
Advanced Manufacturing, prepared by the Advanced Manufacturing Partnership (AMP) Steering Committee.
The President’s Council of Advisors on Science and Technology (PCAST) hereby adopts this report, which
builds on our report to you last year on Ensuring American Leadership in Advanced Manufacturing.

The AMP Steering Committee, chaired by Susan Hockfield and Andrew Liveris, and whose membership you
announced when releasing PCAST’s 2011 report, sought wide-ranging input in order to identify opportunities
for investments in advanced manufacturing that have the potential to transform U.S. industry. More than 1200
stakeholders representing industry, academia, and government at all levels participated in four regional meet-
ings around the country. A diverse set of experts in advanced manufacturing technology, education, and policy
issues were also consulted to build upon the ideas presented by the stakeholders.

The Nation’s historic leadership in advanced manufacturing is at risk. The threat to our advanced manufactur-
ing sector places our economy as a whole at risk, jeopardizes our international trade, and, above all, under-
mines the innovation that our Nation needs to thrive in the future. However, with a sustained focus, alignment
of interests, and coordinated action by industry, academia, and government, the Nation can retain its leading
position in advanced manufacturing.

PCAST has considered and adopts the recommendations of the AMP Steering Committee. These recommen-
dations fall in three key areas: (1) enabling innovation, (2) securing the talent pipeline, and (3) improving the
business climate. They include a call to establish a national network of manufacturing innovation institutes (in
line with what you announced on March 9th); an emphasis on investment in community college training of the
advanced manufacturing workforce; an approach to evaluate platform manufacturing technologies for collab-
orative investment; a plan to reinvigorate the image of manufacturing in America; and proposals for trade, tax,
regulatory, and energy policies that would level the global playing field for domestic manufacturers.

Moving forward vigorously with your Advanced Manufacturing Partnership will help to create the “economy
built to last” that you articulated so eloquently in your State of the Union Address earlier this year. Thank you
for the opportunity to provide our input on an issue of such critical importance to the Nation’s future.

Sincerely,

Y thstne. S0 L0

John P. Holdren Eric Lander
Co-Chair Co-Chair
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Capturing Domestic Competitive
Advantage in Advanced Manufacturing

Executive Report of the AMP Steering Committee

Advanced manufacturing is not limited to emerging technologies; rather, it is composed of efficient,
productive, highly integrated, tightly controlled processes across a spectrum of globally competitive
U.S. manufacturers and suppliers. For advanced manufacturing to accelerate and thrive in the United
States, it will require the active participation of communities, educators, workers, and businesses, as well
as Federal, State, and local governments.

The Advanced Manufacturing Partnership (AMP) Steering Committee proposes that the Nation establish
a national advanced manufacturing strategy. This strategy will serve as a national framework that, when
implemented by states and local communities, will bring about a sustainable resurgence in advanced
manufacturing in the United States.

The AMP Steering Committee developed a set of 16 recommendations around three pillars:
- Enabling innovation
«  Securing the talent pipeline
« Improving the business climate

These recommendations are aimed at reinventing manufacturing in a way that ensures U.S. competitive-
ness, feeds into the Nation’s innovation economy, and invigorates the domestic manufacturing base.
The objective is to position the Nation to lead the world in new disruptive advanced manufacturing
technologies that are changing the face of manufacturing.

The AMP Steering Committee believes that a number of important steps taken now will be critical to
strengthen the Nation’s innovation system for advanced manufacturing. While some of the largest U.S.
firms have the depth and resources to be ready for this challenge, a significant number of small and
medium-sized U.S. firms operate largely outside the present innovation system. The United States will
only lead in advanced manufacturing if all companies are able to participate in the transformations
made possible through innovations in manufacturing.

The AMP Steering Committee proposes 16 recommendations that will set the stage for advanced
manufacturing to thrive in the United States:
Enabling Innovation

1. Establish a National Advanced Manufacturing Strategy: The AMP Steering Committee
proposes establishing and maintaining a national advanced manufacturing strategy by putting
in place a systematic process to identify and prioritize critical cross-cutting technologies.
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Increase R&D Funding in Top Cross-Cutting Technologies: In addition to identifying a“starter
list” of cross-cutting technologies that are vital to advanced manufacturing, the AMP Steering
Committee proposes a process for evaluating technologies for research and development
(R&D) funding.

Establish a National Network of Manufacturing Innovation Institutes (Mlls): The AMP
Steering Committee proposes the formation of Mlls as public-private partnerships to foster
regional ecosystems in advanced manufacturing technologies. Mlls are one vehicle to integrate
many of the Committee’s recommendations.

Empower Enhanced Industry/University Collaboration in Advanced Manufacturing
Research: The AMP Steering Committee recommends a change in the treatment of tax-free
bond-funded facilities at universities that will enable greater and stronger interactions between
universities and industry.

Foster a More Robust Environment for Commercialization of Advanced Manufacturing
Technologies: The AMP Steering Committee recommends that action is taken to connect
manufacturers to university innovation ecosystems and create a continuum of capital access
from start up to scale up.

Establish a National Advanced Manufacturing Portal: The AMP Steering Committee recom-
mends that a searchable database of manufacturing resources is created as a key mechanism
to support access by small and medium-sized enterprises to enabling infrastructure.

Securing the Talent Pipeline

7.

10.

11.

Correct Public Misconceptions About Manufacturing: Building excitement and interest
in careers in manufacturing is a critical national need, and an advertising campaign is recom-
mended by the AMP Steering Committee as one important step in this direction.

Tap the Talent Pool of Returning Veterans: Returning veterans possess many of the key skills
needed to fill the skills gap in the manufacturing talent pipeline. The AMP Steering Committee
makes specific recommendations on how to connect these veterans with manufacturing
employment opportunities.

Invest in Community College Level Education: The community college level of education
is the “sweet spot” for reducing the skills gap in manufacturing. Increased investment in this
sector is recommended, following the best practices of leading innovators.

Develop Partnerships to Provide Skills Certifications and Accreditation: Portability and
modularity of the credentialing process in advanced manufacturing is critical to allow coor-
dinated action of organizations that feed the talent pipeline. The AMP Steering Committee
supports the establishment of stackable credentials.

Enhance Advanced Manufacturing University Programs: The AMP Steering Committee
recommends that universities bring new focus to advanced manufacturing through the devel-
opment of educational modules and courses.
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12.

Launch National Manufacturing Fellowships & Internships: The AMP Steering Committee
supports the creation of national fellowships and internships in advanced manufacturing in
order to bring needed resources but more importantly national recognition to manufacturing
career opportunities.

Improving the Business Climate

13.

14.

15.

16.

Enact Tax Reform: The AMP Steering Committee recommends a set of specific tax reforms that
can“level the playing field” for domestic manufacturers.

Streamline Regulatory Policy: The AMP Steering Committee recommends a framework for
smarter regulations relating to advanced manufacturing.

Improve Trade Policy: Trade policies can have an adverse impact on advanced manufacturing
firms in the United States. The AMP Steering Committee recommends specific actions that can
be taken to improve trade policy.

Update Energy Policy: The manufacturing sector is a large consumer of energy, and conse-
quently, domestic energy policies can have a profound impact on global competitiveness. The
AMP Steering Committee makes specific policy recommendations regarding energy issues of
importance in manufacturing.

With sustained focus, alignment of interests, and coordinated action to implement the above recommen-
dations, the United States can and will lead the world in advanced manufacturing. Already today, there
are examples of new manufacturing technologies emerging from research laboratories that will have
a transformative effect on the way manufacturing is done in America. Together, government, industry,
and academia must commit to re-invent the national manufacturing base to ensure our Nation’s future.
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I. Advanced Manufacturing Partnership

‘Advanced manufacturing is a family of activities that (a) depend on the use

and coordination of information, automation, computation, soffware, sensing,

and networking, and/or (b) make use of cutting edge materials and emerging
capabilities enabled by the physical and biological sciences, for example nanotechnology,
chemistry, and biology. It involves both new ways to manufacture existing products,

and the manufacture of new products emerging from new advanced technologies.”

—President’s Council of Advisors on Science and Technology
Report to the President on Ensuring
American Leadership in Advanced Manufacturing,

p.ii

Genesis

The United States has long thrived as a result of its ability to manufacture goods and sell them to global
markets. Manufacturing has supported our economic growth, contributing to the Nation’s exports, and
employing millions of Americans. Manufacturing has driven knowledge production and innovation in
the United States by supporting two-thirds of private sector research and development (R&D) and by
employing scientists, engineers, and technicians to invent and produce new products.'

Advanced manufacturing encompasses all aspects of manufacturing, including the ability to quickly
respond to customer needs through innovations in production processes and innovations in the sup-
ply chain. As manufacturing advances, it is increasingly becoming knowledge-intensive, relying on
information technologies, modeling, and simulation. Manufacturers are also increasingly focusing on
environmentally-sustainable practices that lead to improved performance and reduced waste.

The benefits to focusing on advanced manufacturing are many. As Figure 1 shows, manufacturing cre-
ates more value across the economy per dollar spent than any other sector. Manufacturing produces
new goods that fundamentally change or create new services and sectors.

1. President’s Council of Advisors on Science and Technology, “Report to the President on Ensuring America’s
Leadership in Advanced Manufacturing,” June 2011,
www.whitehouse.gov/sites/default/files/microsites/ostp/pcast-advanced-manufacturing-june2011.pdf.
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Figure 1. Economic Activity Generated by $1 of Sector Output, 2010
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Source: AMP Steering Committee based on data from Bureau of Economic Analysis, Input-Output Tables available at
www.bea.gov/iTable/index_industry.cfm.

However, the nation’s historic leadership in manufacturing is at an inflection point. Although the United
States has been the leading producer of manufactured goods for more than 100 years, manufacturing
has been declining as a share of U.S. gross domestic product (GDP) and employment (Figure 2).

Figure 2. Employment Trends, 1962-2010
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Source: AMP Steering Committee based on data from Bureau of Labor Statistics, Current Employment Statistics,
1962-2010 provided in Table B-1 at www.bls.gov/ces/tables.htmitee.

The loss of U.S. leadership in manufacturing is not limited to low-wage jobs in low-tech industries, nor
is it limited to our status relative to low-wage nations. The hard truth is that the United States is lagging
behind in innovation in the manufacturing sector relative to high-wage nations such as Germany and
Japan, and the United States has relinquished leadership in some medium- and high-tech industries
that employ a large proportion of highly-skilled workers. In addition, the United States has been losing
significant elements of the research and development (R&D) activity linked to manufacturing to other
nations, as well as its ability to compete in the manufacturing of many products that were invented and
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innovated here—from laptop computers to flat panel displays to lithium ion batteries. Recognizing this,
in June 2011, the President’s Council of Advisors on Science and Technology (PCAST) and the President’s
Innovation and Technology Advisory Committee (PITAC) issued a report to the President on Ensuring
American Leadership in Advanced Manufacturing.? The report provided a strategy and specific recom-
mendations for revitalizing the Nation’s leadership in advanced manufacturing.

To ensure that the United States attracts manufacturing activity and remains a leader in knowledge
production, the report recommended the following two strategies:

1. “Create a fertile environment for innovation so that the United States provides the overall best
environment for business, through tax and business policy, robust support for basic research,
and training and education of a high-skilled workforce; and

2. Investto overcome market failures, to ensure that new technologies and design methodologies
are developed here, and that technology-based enterprises have the infrastructure to flourish
here”

Based on the PCAST report, on June 24, 2011, President Obama launched the Advanced Manufacturing
Partnership (AMP), a national effort bringing together industry, universities, the Federal Government,
and other stakeholders to identify emerging technologies with the potential to create high-quality
domestic manufacturing jobs and enhance U.S. global competitiveness.

Operating within the framework of PCAST, the AMP Steering Committee had three targeted outcomes,
which fit intimately together and will have an additive effect when implemented:

1. Develop a permanent model for evaluating, prioritizing, and recommending Federal invest-
ments in advanced manufacturing technologies,

2. Recommend a set of partnership projects, focused on advancing high-impact technologies
and creating models for collaboration that encompass technology development, innovation
infrastructure, and workforce development,

3. Provide recommendations to the Administration on the actions required to support investment
in advancing manufacturing in the United States.

Process

After its launch, the AMP Steering Committee initiated five workstreams with the objectives listed in
Table 1.

2. Ibid.
3. Ibid.
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Table 1. Workstream Objectives

Workstream Objectives

« Determine a permanent mechanism to be used for

identifying and developing key manufacturing technologies
Technology Development
« Determine a set of top technology areas that would ensure

U.S. manufacturing competitiveness

« Assess opportunities to de-risk, scale-up, and lower the cost
of accelerating technology from research to production
Shared Infrastructure & Facilities through unique capabilities and facilities that serve all U.S.
based manufacturers, in particular, small and medium-sized
enterprises

« Identify tangible actions to support a robust supply of
talented individuals to provide human capital to companies
interested in investing in advanced manufacturing activities
in the United States

Education & Workforce Development

« Make recommendations to the Administration on economic
and innovation policies that can directly impact the overall
Policy climate and the ability to improve research collaboration
and the pathway to commercialization in support of U.S.-
based manufacturing and jobs

- Conduct stakeholder outreach and reviews
Outreach

« Conduct and consolidate findings of regional meetings

Source: AMP Steering Committee

The AMP Steering Committee engaged in extensive consultations with stakeholders across the coun-
try to identify opportunities for investments in advanced manufacturing that have the potential to
transform U.S. industry. Most notably, four regional meetings were conducted—in Atlanta, Georgia;
Cambridge, Massachusetts; Berkeley, California; and Ann Arbor, Michigan—providing a forum for 1,200
attendees, representing industry, academia, and government, to openly share their observations, views,
and recommendations. (See Annex 6 [which is available online] for summaries of these meetings.) In
addition, extensive surveys were conducted through various manufacturing and academic trade and
professional associations.

These consultations contributed significantly to the recommendations of the AMP Steering Committee
to PCAST. The Steering Committee firmly believes that these recommendations will provide the founda-
tion for future breakthroughs by building a national roadmap for advanced manufacturing technologies,
speeding ideas from the drawing board to the manufacturing floor, scaling-up first-of-a-kind technolo-
gies, training our future workforce, and developing the infrastructure and shared facilities to allow small,
mid-sized, and large manufacturers to innovate and compete.
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Each workstream prepared a report, providing the basis for this AMP Steering Committee report and
its recommendations. These reports can be found in the following annexes, which are available on-line:

« Annex 1:Technology Development Workstream

« Annex 2: Shared Facilities and Infrastructure Workstream
« Annex 3: Education and Workforce Workstream

«  Annex 4: Policy Workstream

- Annex 5: Outreach Workstream
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II. Advanced Manufacturing Matters

Role of Advanced Manufacturing in the Global Economy

During the 20th century, U.S. manufacturing increased production at a relatively steady rate. Overall
investment in capacity steadily expanded. Manufacturing employment held at roughly 17 to 18 mil-
lion from the late 1960s through the late 1990s. Over the last decade, however, this equation changed.
Production has been nearly flat for over a decade. The United States lost one-third of its manufacturing
workforce, and investment in new production capacity stalled.* Productivity gains alone cannot be
blamed for the loss in manufacturing employment over this period; it is rather the overall loss in the
competitiveness of the sector. There are many contributing factors. These losses have led to large trade
deficits in manufactured goods, including in advanced technology products, and a loss in global share
of manufacturing production. There are growing concerns that the loss in capacity over the last decade
has also impacted our domestic innovation and manufacturing capabilities, impeding new investment
in domestic manufacturing.

Advanced manufacturing serves a critical role in today’s economy. Manufacturing contributes dispro-
portionately to U.S. innovation. Proximity to the manufacturing process creates innovation spillovers
across firms and industries, leading to the ideas and capabilities that support the next generation of
products and processes. In this way, a vibrant manufacturing sector is inextricably linked to our capacity
as a nation to innovate.

Despite recent declines in manufacturing employment, manufacturing industries still employ nearly 12
million workers. These industries are responsible for a significant portion of domestic R&D investment—a
key driver of innovation. Small and medium-sized enterprises in the manufacturing sector are a critical
component of the U.S. economy, representing 84 percent of manufacturing establishments in 2009°
and employing 51 percent of the U.S. manufacturing workforce in 2010.°

The impact of a healthy manufacturing sector has a ripple effect on the economy. On average, each
manufacturing job supports 2.5 jobs in other sectors, and, at the upper end, each high-tech manufac-
turing job supports sixteen others.” Each dollar in final sales of manufactured goods supports $1.35
in output from other sectors of the economy.? Compared to all other sectors, manufacturing has the
largest multiplier.” Manufacturing not only spurs tremendous economic activity, it encourages innova-
tion and research wherever it occurs. In 2009, manufacturing domestic business R&D spending in the

4. Stephen J. Ezell and Robert D. Atkinson, The Case for a National Manufacturing Strategy, Information Technology
and Innovation Foundation, 2011, www2.itif.org/2011-national-manufacturing-strategy.pdf.

5. Census Bureau, Statistics of U.S. Businesses, 2009, www.census.gov/econ/susb/.

6. Bureau of Labor Statistics, Current Employment Statistics, 2010,
bls.gov/ces/cessizeclass.htm#TB_inline?height=200&width=325&inlineld=ces_program_links.

7. Ross DeVol et al., “Manufacturing 2.0: A More Prosperous California,” Milken Institute, June 2009,
www.milkeninstitute.org/pdf/CAManufacturing_ES.pdf.

8. Bureau of Economic Analysis, Industry-by-Industry Total Requirements after Redefinitions (Producer Price
Indexes), 2010, www.bea.gov/iTable/index_industry.cfm.

9. The Manufacturing Institute, The Facts about Modern Manufacturing, 8th Edition, 2009,
www.hist.gov/mep/upload/FINAL_NAM_REPORT_PAGES.pdf. Data are presented in Figure 1.
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United States reached $195 billion, accounting for 70 percent of all domestic business R&D performed
in the United States."

The importance of manufacturing to employment is not measured by simply counting the numbers of
production workers. The production stage affects employment throughout long product value chains,
from the innovation and input stages for product design and production including resources, compo-
nents, suppliers, to the output stages including distribution, sales and the maintenance and repair life
cycle service for the product. Total employment for manufacturing, and therefore its economic impact,
is much bigger than simply those engaged at the production moment itself.

Manufacturing also has a significant effect on the global trade balance. Over the prior decade, manufac-
tured goods represented 65 percent of U.S. trade." A decline in the U.S. manufacturing base over the last
two decades has led, in part, to chronic trade deficits. The United States has, in fact, run a trade deficitin
advanced technology products every year since 2002.” There is simply no way to reduce these chronic
trade deficits without a vibrant manufacturing sector; it is not possible for this deficit to be balanced
through the service sector alone.

To reinvigorate the U.S. economy and pursue long-term economic prosperity, America must reject the
notion that the Nation should let go of its manufacturing sector in favor of services. No other sector
creates more high paying jobs that sustain a vast swath of American households. Instead, the United
States needs to recognize that manufacturing and services are interdependent and the success of one
sector affects the other. Those in the industry know it is not effective to separate the manufacturing and
service sectors; manufacturing and innovation go hand-in-hand. Economic growth will not be sustain-
able if the two are decoupled. If the Nation attempts to rely on innovation alone, innovation—and the
value it creates—wiill follow manufacturing overseas.

Importance of Manufacturing to National Security

Maintaining technological superiority in advanced manufacturing is a national security issue and is
critically important for sustaining U.S. global competitiveness. A strong manufacturing sector not only
ensures a ready supply of defense and commercial goods and services, but also ensures the integrity
of these goods, especially electronics and other mission critical items. However, U.S. national security
is not limited to the products and technologies that are required for national defense; it also entails
the products and technologies required for our nation’s energy security, food security, heath security,
cybersecurity and economic security.

Moving forward, the United States must maintain access to low-cost, secure sources of energy. The
Nation has already made great strides in photovoltaics, advanced energy storage devices, and alternate
feedstocks, but it needs to accelerate the development of advanced manufacturing technologies to
deliver cost competitive economics. The United States, and the world, is witnessing the global impor-

10. National Science Foundation, National Center for Science and Engineering Statistics (NSF/NCSES). InfoBrief NSF
12-309, March 2012, www.nsf.gov/statistics/infbrief/nsf12309/nsf12309.pdf.

11. National Science and Technology Council. A National Strategic Plan for Advanced Manufacturing, 2012.
www.whitehouse.gov/sites/default/files/microsites/ostp/iam_advancedmanufacturing_strategicplan_2012.pdf.

12. U.S. Census Bureau, Foreign Trade Statistics, Advanced Technology Products, 2011,
www.census.gov/foreign-trade/balance/c0007.html.
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tance of food security; advanced manufacturing will enable the world to feed its growing population in
a sustainable, efficient manner through high-tech seeds and plant genomics. An aging global popula-
tion is increasingly relying on cutting edge pharmaceuticals and medical technology, a sector in which
advanced manufacturing plays a pivotal role. Finally, every sector of the economy is increasingly depen-
dent on information technology systems; hence, not only is information technology vitally important
to national security, but to leadership in the global economy. Breakthrough information technologies
require advances in manufacturing to deliver the next generation of systems and tools, and advanced
manufacturing is depending on these future systems for next generation processes.”

Interplay Between Innovation and Advanced Manufacturing

Other countries have witnessed the unparalleled economic prosperity created by a manufacturing
economy, and appreciate the inherent value of manufacturing. They are actively competing for manu-
facturing technologies and manufacturing production. The major economic competitors of the United
States recognize the benefits from a vibrant manufacturing sector, and they have developed approaches
for attracting manufacturing investment. In doing so, other countries are capturing the R&D that follows
the manufacturing. As economist Gregory Tassey of the National Institute of Standards and Technology
writes: “The issue of co-location of R&D and manufacturing is especially important because it means the
value-added from both R&D and manufacturing will accrue to the innovating economy, at least when
the technology is in its formative stages.”'* Many argue that R&D and manufacturing can be separated
with the United States focusing on R&D and design. However, studies have shown that offshoring of
manufacturing leads to later loss of R&D competencies. “Losing this [manufacturing] exposure makes
it harder to come up with innovative ideas.”” Related to this argument, building manufacturing plants
in the United States has additional benefits of providing quicker access to supplies of intermediate
goods and services; access to a larger pool of workers; proximity to consumers; and increased flow of
knowledge spillovers across firms through the supply chain and worker mobility."

The problems the world faces are complex. They cannot be solved by services alone. They require the
innovation, creativity, and ingenuity of manufacturing companies, together with that of academia and
national research laboratories. As the world’s population rises and new economies emerge, society
requires novel solutions to meet its pressing needs for energy, water, food, health, security, and public
infrastructure. Solutions to these challenges are complex and require novel approaches. No longer can
the problems be solved by singular disciplines. They require interdisciplinary approaches and collabora-
tion between the private and public sectors. They require partnering among the world’s best universities,
entrepreneurs, national labs, and small, medium, and large enterprises to address the world’s most
pressing challenges, uncover scientific fundamentals, discover new molecules and materials, and scale
new processes and operations.

13. Department of Commerce, “The Competitiveness and Innovative Capacity of the United States," January 2012,
www.commerce.gov/sites/default/files/documents/2012/january/competes_010511_0.pdf.

14. Gregory Tassey, The Technology Imperative (Northampton, MA: Edward Elgar, 2007).

15. Erica R. H. Fuchs, “The Impact of Manufacturing Offshore on Technology Development Paths in the Automotive
and Optoelectronics Industries,” Massachusetts Institute of Technology, June 2006,
esd.mit.edu/people/dissertations/fuchs.pdf.

16. Michael Greenstone, Richard Hornbeck, and Enrico Moretti, “Identifying Agglomeration Spillovers: Evidence
from Winners and Losers of Large Plant Openings,” April 2010, emlab.berkeley.edu/~moretti/mdp2.pdf.
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U.S. Global Competitiveness

By failing to update and realign its policies, the United States is slowly ceding its position as the long-
standing leader in advanced manufacturing. Nations around the world are offering a more positive
climate for new industrial plants and to encourage business investment locally. Public policies should
encourage investment. World-class educational systems and workforce training practices serve as
magnets for manufacturers. In recent years, the R&D system support by the U.S. Government has had
very limited focus on technology advances needed for advanced manufacturing. This benign neglect
has taken its toll and is in sharp contrast to Germany, Korea, Japan, and China.

Hence, the AMP Steering Committee asserts that the United States must establish a national economic
framework that sets a strategy and takes supporting action to restore America’s economic health and
long-term strength in advanced manufacturing.

To achieve this goal, the Steering Committee recommends that the United States pursue an advanced
manufacturing agenda to improve global competitiveness in the next five years. Ensuring long-term,
sustainable growth requires the United States to prepare the workforce, to attract and retain skilled
workers from outside its borders, and to provide incentives that encourage long-term business invest-
ments in key global growth areas.

The Steering Committee recommends the establishment of a national strategy and common agenda
for advanced manufacturing to thrive in America.



II1. Recommendations

The Advanced Manufacturing Partnership Steering Committee has developed a set of recommendations
built around three pillars: enabling innovation, securing the talent pipeline, and improving the business
climate. The Committee’s recommendations aim to re-invent manufacturing in a way that ensures U.S.
competitiveness, feeds into the innovation economy, and grows a robust domestic manufacturing base.
We focus on positioning the Nation to lead the world in new disruptive advanced technologies that
are changing the face of manufacturing. We believe that several key steps should be taken, but among
the most critical is to strengthen our innovation system for advanced manufacturing. While some of
the Nation’s largest firms have the depth to be ready for the manufacturing challenges of the future,
there are over 300,000 small and mid-sized firms that are largely outside the U.S. innovation system.”
The United States will only lead in advanced manufacturing if it harnesses the strength of its innovation
system through the manufacturing sector to create technological advantage.

The United States can and will lead the world in advanced manufacturing. Already today, we see
examples of new manufacturing technologies emerging from research laboratories that will have a
disruptive effect on the way things are made. Examples include novel nano-manufacturing technolo-
gies that reduce the cost of capital dramatically, bio-manufacturing and separation methods that lower
the energy consumption of conventional processes, innovative additive processes and materials that
reduce waste, and intelligent manufacturing tools and methods that reduce hazards, optimize supply
chains, and maximize yields. Each of these innovation examples directly affects factors such as the cost
of capital, quality of materials, and availability of energy.

Critical to the deployment of new advanced manufacturing technologies will be a skilled workforce
trained and ready to lead this revolution in manufacturing. Exciting examples of novel partnerships
between industry, educational institutions, and the public sector have come to the attention of the
Steering Committee that address skills gaps in manufacturing. These partnerships are at the regional
level and engage community colleges. A focus on these best practices and participation of all players
(government, industry, and academia) will lead to further innovations in education and new excitement
for the careers that will be created by a vibrant advanced manufacturing sector in the United States.

We see significant opportunities to exercise policy “levers”that improve the business climate for domes-
tic manufacturing. In addition to important tax and trade policies that level the playing field, we see
opportunities to engage regulatory agencies early in the development of manufacturing processes to
develop a more streamlined regulatory framework and to update energy policy as well.

Finally, the Steering Committee’s recommendations include concepts that can accommodate both
the regional and the national aspects of any manufacturing strategy. We envision a set of regional
Manufacturing Innovation Institutes (Mlls) that bridge the gap between research and commercial
application of advanced manufacturing technologies. These public-private partnerships will form a
national infrastructure network that eases access to new technologies while also supporting educational
efforts in these new technologies. Unlocking advanced manufacturing innovation at a regional level is
critical to transforming U.S. global competitiveness in manufacturing by enabling unique partnerships

17. BLS, Current Employment Statistics, op. cit.
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that leverage regional competencies. This regional focus also strengthens the collective “industrial
commons” of the nation."

Table 2. Summary of Recommendations

Pillar I: Enabling Innovation

Establish a National Advanced Manufacturing Strategy

1 Through a systematic process to identify and prioritize cross-cutting technologies, a national
advanced manufacturing strategy should be developed and maintained.
Increase R&D Funding in Top Cross-Cutting Technologies

In addition to identifying a “starter list” of cross-cutting technologies that is vital to advanced
manufacturing, the AMP Steering Committee has laid out a process for evaluating technologies
for R&D funding.

Establish a National Network of Manufacturing Innovation Institutes

Manufacturing Innovation Institutes (Mlls) should be formed as public-private partnerships to
foster regional ecosystems in advanced manufacturing technologies. These Mlls are one vehicle
to integrate many recommendations.

Empower Enhanced Industry/University Collaboration in Advanced Manufacturing Research
4 The treatment of tax-free bond-funded facilities at universities should be changed in order to
enable greater and stronger interactions between universities and industry.
Foster a More Robust Environment for Commercialization of Advanced Manufacturing Technologies
5 The AMP Steering Committee recommends actions to connect manufacturers to university inno-
vation ecosystems and create a continuum of capital access from start up to scale up.
Establish a National Advanced Manufacturing Portal

6 A searchable database of manufacturing resources should be created to serve as a key mechanism
to support access by small and medium-sized enterprises to enabling infrastructure.

18. Gary P. Pisano and Willy C. Shih, “Restoring American Competitiveness,” Harvard Business Review 87
(July-August 2009), hbr.org/hbr-main/resources/pdfs/comm/fmglobal/restoring-american-competitiveness.pdf.
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Pillar II: Securing Talent Pipeline

Correct Public Misconceptions About Manufacturing

7 Building excitement and interest in careers in manufacturing is a critical national need, and an
advertising campaign should be undertaken as one important step in this direction.
Tap the Talent Pool of Returning Veterans

Returning veterans possess many of the key skills needed to fill the skills gap in the manufactur-
ing talent pipeline. The AMP Steering Committee makes specific recommendations on how to
connect these veterans with manufacturing employment opportunities.

Invest in Community College Level Education

The community college level of education is the “sweet spot”forimpact on the skills gap in manu-
facturing. Investment in this sector should be increased, following the best practices of some of
the leading innovators in this space.

Develop Partnerships to Provide Skills Certifications and Accreditation

10 Portability and modularity of the credentialing process in advanced manufacturing would allow
coordinated action of organizations that feed the talent pipeline.

Enhance Advanced Manufacturing University Programs

11 Universities should bring new focus to advanced manufacturing through the development of
educational modules and courses.
Launch National Manufacturing Fellowships & Internships

The creation of national fellowships and internships in advanced manufacturing is recommended
to bring needed resources but more importantly national recognition to manufacturing career
opportunities.

12

Pillar Ill: Improving the Business Climate

Enact Tax Reform
13 A set of specific tax reforms should be enacted that “level the playing field” for domestic
manufacturers.
14 Streamline Regulatory Policy
A framework for smarter regulations should be created for advanced manufacturing.
15 Improve Trade Policy
Specific trade policy proposals are advanced to improve the business climate.
16 Update Energy Policy

Energy issues of importance in manufacturing must be addressed.

Source: AMP Steering Committee

These three pillars are closely interrelated. No one set of recommendations stands on its own. Real
progress will require coordinated action with respect to all three pillars. In the following sections, the
AMP Steering Committee discusses each of the three pillars and the recommendations that comprise
each pillar.

13
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Pillar I: Enabling Innovation™

Recommendation #1: Establish a National Advanced Manufacturing Strategy

The research and innovation ecosystem of the Nation is highly dependent on the presence of a manu-
facturing base that provides constant feedback in terms of problems and challenges to be solved.

Product innovation is most effective and efficient when coupled with intimate knowledge and control
over the manufacturing process. Hence, the design of the product inherently involves the design of the
manufacturing process by which the product will be made. The two are inseparable; severing them, as
is being done increasingly often, has a very adverse effect on each because they are so interdependent.

Technology is always advancing. What was only recently on the cutting edge can quickly become a
commodity. Thus, a major goal of the Advanced Manufacturing Partnership should be to develop and
establish a permanent mechanism to identify the next generation of advanced manufacturing tech-
nologies that will have the greatest impact on the growth and competitiveness of the United States.

Historically, the United States has had a vibrant manufacturing base and active programs in both basic
and applied research. The distinguishing feature of U.S. research activity has been the sheer scale,
breadth, and vitality of U.S. investments.

Unlike the United States, other leading industrialized countries are using a more systematic planning
process that is explicitly aligned to their national interests and strategies. There are benefits to imple-
menting key elements of a structured planning process. We recognize, however, that U.S. strengths lie
in flexibility and ingenuity, along with assets such as research universities and private and national labs.
In cases where the risk to develop a novel, breakthrough technology is too great to be borne by one
entity alone, public-private partnerships can accelerate the transformation of ideas to marketable goods
while de-risking the investment during development. By leveraging underlying strengths that enable
U.S. manufacturing enterprises to be responsive to changes in the global market, and combining them
with an appropriate amount of structure, innovation in key, cross-cutting manufacturing technologies
will be accelerated.

The Federal Government, industry, and academia must collaborate on the creation of a sustainable
process that fosters the efficient identification and commercialization of technologies that will fuel the
future success of manufacturing in the United States.

To do so, we recommend that a technology lifecycle process be followed. The mechanism should have
four distinct phases:

19. Further details related to the recommendations within this Pillar can be found in Annexes 1, 2, and 4.
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« Phase l: Create a National Advanced Manufacturing Strategic Plan & Objectives:

— The AMP Steering Committee acknowledges and supports the recommendations recently
published in the National Science and Technology Council’s report “A National Strategic Plan

for Advanced Manufacturing.*°

— Moving forward, we recommend that the Advanced Manufacturing National Program
Office,”' coordinate the creation of a national advanced manufacturing strategy in close
collaboration with industry and academia. During this phase, future scenarios and fore-
casts would be created based on the analysis of strategic national (defense, energy, health,
security, economic) and global (market) needs, as well as forecasted macroeconomic trends.
This analysis should be conducted every five years and include industrial, academic, and
government leaders and should be an inclusive process inviting opinions, using collective
intelligence and building up consensus among participants. Criteria for prioritizing goals
should be aligned against U.S. national security needs (defense, energy, food, health, and
economic), global market demand, U.S. readiness for commercial competitiveness, and
global technology readiness.

— Table 3 lays out a framework and a directional view of the nature of the analysis required.
The relative importance (high to low) and readiness assessment (high to low) will define
resulting implications and define the type of technology required to drive U.S. competitive-
ness. It will also guide what role the U.S. Government, industry and universities should play
to advance the technology.

Phase | Output—Prioritized list of strategic needs and required technologies

- Phase ll: Create Technology Roadmaps:

With the national priorities in hand, working teams of industrial, academic, and agency experts should
be commissioned to develop roadmaps to enable strategic planning for developing new technologies
and tran