Tue Boston ConsurTING GROUP

An Innovation-Led Boost for
US Manufacturing




The Boston Consulting Group (BCG) is a global
management consulting firm and the world’s
leading advisor on business strategy. We partner
with clients from the private, public, and not-for-
profit sectors in all regions to identify their
highest-value opportunities, address their most
critical challenges, and transform their enterprises.
Our customized approach combines deep insight
into the dynamics of companies and markets with
close collaboration at all levels of the client
organization. This ensures that our clients achieve
sustainable competitive advantage, build more
capable organizations, and secure lasting results.
Founded in 1963, BCG is a private company with
85 offices in 48 countries. For more information,
please visit bcg.com.



BCG

Tue Boston ConsurTING GROUP

An Innovation-Led Boost for
US Manufacturing

Harold L. Sirkin, Justin Rose, and Rahul Choraria

April 2017



AT A GLANCE

The US outspends every other nation in R&D, yet its leadership in manufacturing
innovation is waning. To boost its global competitiveness and get the most value
for its research investment dollars, the US needs to improve its innovation system
and reduce the friction that slows the translation of scientific and technology
breakthroughs into new commercial products and processes.

COLLABORATION WITH LESS FRICTION

The US can accelerate product innovation by streamlining the link between
universities, which conduct most federally funded scientific and technological
research, and private industry, which runs development programs. The US can
boost innovation in advanced manufacturing processes and disseminate them
more broadly if companies improve the way they collaborate in research consortia.

AN OPPORTUNITY TO RESET THE GAME

By accelerating industrial innovation, the US could reset the game. The nation
could take advantage of its improved global cost-competitiveness and more effec-
tively deploy advanced Industry 4.0 manufacturing technologies. We estimate that
a virtuous circle of ongoing growth, productivity improvement, and R&D investment
could boost annual manufacturing output by more than 5%, or around $100 billion.
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I F ANY ONE FACTOR explains why the US has remained the world’s innovation
powerhouse since World War 11, it is the country’s overwhelming leadership in
research and development. This commitment, combined with a passion for taking
risks, underpins America’s ability to create more intellectual property than any
other economy and has spawned many new industries, including semiconductors,
computers, aerospace, and digital telecommunications. Continued US R&D invest-
ments—some $7.1 trillion from 1995 to 2015—have enabled the US to remain at
the forefront of such fields as advanced materials, energy, and biopharmaceuticals.

Dive deeper into the latest data on R&D spending, however, and continued US lead-
ership in industrial innovation looks far less secure. The US remains dominant at
the front end of R&D: the nation invests three times as much as any other economy
in basic research, which focuses on the pursuit of scientific knowledge, and applied
research, which turns discoveries into technologies useful to industry. (See Exhibit
1.) Breakthroughs in physics and material sciences, for example, have led to the dig-
ital technologies that have revolutionized virtually every industry.

But the picture is different when it comes to the back end of the R&D chain— de-
velopment research, which translates new knowledge from basic and applied re-
search into commercial products and new manufacturing processes. China recently
surpassed the US as the biggest spender in that area. In another five years, China

EXHIBIT 1 | The Three Forms of R&D: Basic, Applied, and Development

PURPOSE EXAMPLES
Basic research builds scientific « Studying how the universe
knowledge was formed
The goal is to expand knowledge; « Figuring out what protons,
there is no focus on products or neutrons, and electrons are
processes made out of

Science is used to address a need e Finding cures for a specific

APPLIED The goal is to solve practical disease
RESEARCH problems to improve the human « Boosting agricultural production
condition  Improving energy efficiency

The systematic use of knowledge « |dentifying the proper features

DEVELOPMENT is applied to production to include on a device
RESEARCH The goal is to develop useful « Increasing processor speeds
materials, devices, systems,
or methods

Sources: National Science Board, Science and Engineering Indicators 2016; Lawrence Berkeley National
Laboratory.
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will be investing up to twice as much as the US on development research, assuming
that both economies maintain their recent pace of spending growth. (See Exhibit 2.)

Concerns that US global leadership in innovation is eroding have led to calls from
think tanks and blue-ribbon commissions to dramatically increase government
spending on R&D and to promote strategic industries. Many of these proposals
have merit, and several US initiatives to support manufacturing that have launched
since the 2008-2009 financial crisis show promise. Large new infusions of federal
money, however, are difficult to sustain. And bigger R&D budgets alone will not
address the core issues facing America’s manufacturing sector, if the way those
funds are spent doesn’t change.

There is a lot of friction in the US innovation system that slows the translation of
scientific and technology breakthroughs into commercial products and processes.
One source of friction occurs between academia and private industry. The lion’s
share of basic and applied research is funded by the federal government and con-
ducted at universities, while industry focuses overwhelmingly on development re-
search.

Friction among companies, meanwhile, slows innovation on advanced manufactur-
ing processes. While many companies participate in public-private research consor-
tia devoted to developing new processes, a reluctance to fully collaborate often re-
sults in solutions that are too narrow to meet the needs of entire US industries or
that are not disseminated widely enough through manufacturing supply chains.

EXHIBIT 2 | China Is Projected to Spend up to Twice as Much as the US on Development
Research by 2018
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Sources: National Science Board, Science and Engineering Indicators 2016; Organisation for Economic Co-operation and Development;
BCG analysis.

Note: The dataset reflects R&D expenditure by sector of performance and type of R&D. The data for spending is expressed by current prices
measured in purchasing power parity.
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What can the US do to get more economic bang from the immense sums it already
invests in R&D? Our analysis indicates that there is significant potential for the US
to generate much more product and process innovation from its investments in ba-
sic and applied research by streamlining existing “adapters,” such as universities,
for linking government-funded academic research to private industry. US research
universities can accelerate product innovation by reducing friction and serving as
better bridges between academia and industry. Research consortia can also be pro-
ductive adapters for developing innovative manufacturing processes if companies
improve the way they collaborate. Such collaboration is especially critical if US in-
dustry is to successfully compete with other nations in deploying advanced Industry
4.0 manufacturing systems, such as autonomous robots, additive manufacturing
machines, and digital simulation tools. (See “Why Advanced Manufacturing Will
Boost Productivity,” BCG article, January 2015.)

We estimate that accelerating product and process innovation in the US can boost
annual manufacturing output by more than 5%, or around $100 billion. (See Exhibit
3.) Even more important, it could create a virtuous circle of ongoing productivity
improvement and output growth.

America’s R&D Leadership in Perspective

American competitiveness in industrial innovation rests on a powerful base. From
1995 to 2015, the US has invested around $7.1 trillion in total R&D, about 2.5 times
as much as China, the next biggest spender. (See Exhibit 4.) Even though the annual
R&D investment gap has narrowed dramatically over the past decade, the estimat-
ed $500 billion that the US spent in 2015—around 2.8% of GDP—was nearly one-
third more than what China spent (on a purchasing power parity basis), three times
as much as Japan, and about four-and-a-half times as much as Germany, according

EXHIBIT 3 | The US Could Boost Manufacturing Output by 5.5% Through
Accelerated Product and Process Innovation

US manufacturing output ($billions)
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Sources: Economic Policy Institute; BCG analysis.
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EXHIBIT 4 | The US Invested a Total of $7 Trillion in R&D from 1995 to
2015
US TOTAL R&D INVESTMENT IS ABOUT 2.5 TIMES THAT OF CHINA

Cumulative R&D expenditure ($trillions)
8

7.1

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 Year
us Il china

Sources: National Science Board, Science and Engineering Indicators 2016; Organisation for Economic
Co-operation and Development; BCG analysis.
Note: Total R&D expenditures are in current prices, purchasing power parity.

to estimates by the Industrial Research Institute (IRI), an organization of corporate
and federally funded research organizations. One-third of US R&D spending is dedi-
cated to basic and applied research, a far higher share than in other industrial econ-
omies.

Another big advantage for the US is its university system, which directs more than
$65 billion in research annually and marshals the expertise of some 450,000 gradu-
ate students and research assistants in science and technology fields. The US is
home to 75 of the world’s 200 highest-rated universities and to more than 100 uni-
versities that conduct research at the highest level. Indeed, the US university system
is a valuable resource for the entire world: academics in Japan, South Korea, China,
France, and other industrial economies cite US publications far more than the other
way around. According to a recent survey of global researchers by IRI, most believe
that the quality and productivity of R&D remain far superior in the US than in Chi-
na and most other major trade partners.

The US has struggled in recent decades, however, to translate technological break-
throughs into domestic manufacturing. Flat-panel displays, lithium ion batteries,
digital mobile handsets, notebook computers, and photovoltaic cells and panels are
all examples of products created with technologies that were invented in the US
but largely industrialized elsewhere. While low production costs in East Asia have
been one of the major factors accounting for this phenomenon, another is the fact
that governments and companies in other industrial economies have focused far
more heavily on developing and disseminating applications to local manufacturers
as a matter of national industrial policy. Development accounts for 84% of China’s
total R&D spending, for example. Over the past decade, Chinese spending on devel-
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opment rose by a compound annual growth rate of around 20%, compared with 5%
in the US. In 2003, the US spent four times as much as China on development re-
search; in 2013, the two nations spent roughly equal amounts.

Of course, China is hardly alone in focusing on development. Other nations that
have made advanced manufacturing a high priority—including Germany, Japan,
and South Korea—are also moving more aggressively to translate technological ad-
vances into new commercial products and next-generation processes. Because sci-
entific and technological knowledge travel quickly around the world—while devel-
opment tends to remain close to where the goods are produced—the US has
essentially been subsidizing innovation in other economies that have made ad-
vanced manufacturing a high priority.

Academic research in other economies is also more aligned with the interests of
manufacturing industries. In the US, contributions by the private sector account for
less than 5% of university R&D budgets. In South Korea, companies contribute 11%.
In Germany, that figure is 14%; in Russia, 27%; and in China, 34%. (See Exhibit 5.)
What’s more, academic research in the US focuses less on the needs of manufactur-
ing industries than such research in other economies does. Just 11% of US academic
research publications relates to engineering. In China, 38% of all published research
is about engineering. (While comparable data on academic engineering research is
not available for China, it can be assumed that universities account for most of it.)

Impediments to Commercialization

We identified the key obstacles to converting basic and applied academic research
into new products and processes—and more domestic manufacturing—through our
interviews with several experts in US industry who have direct experience working
with universities and research consortia.

EXHIBIT 5 | The US Private Sector Provides Less Funding for University
R&D Than Other Big Manufacturing Economies Do

Share of university R&D funded by industry in 2014 (%)
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Sources: National Science Board, Science and Engineering Indicators 2016; BCG analysis.
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Companies are often
reluctant to cooperate
to solve common
manufacturing
problems.

The following sources of friction between academia and industry were cited as
some of the strongest impediments to translating university research into innova-
tive products:

e Communication Gap with Industry. Many US manufacturers find it difficult to
identify academic research that they can develop into commercial products.
Schools generally do a poor job of advertising their strengths, research agendas,
and intellectual property in a standard way, making it tough for companies to
assess and compare capabilities. What’s more, most research papers are written
in a format that is not easy for industry to consume. Those publications do not
highlight the commercial potential of findings, further compounding the chal-
lenge.

e Cultural Friction. University researchers often operate with few time con-
straints and organizational controls. The focus is on generating findings that are
reviewed by academic peers; universities don’t consider commercialization
when granting tenure. Private industry, by contrast, focuses on research that is
likely to produce a return on investment. Projects are expected to adhere to
timelines and fixed budgets, follow standard processes measured by key perfor-
mance indicators, and be chronicled by regular progress reports.

e Lack of Long-Term Relationships. Most current engagements between univer-
sities and manufacturers are transactional. Because outcomes are uncertain,
corporate sponsors often do not see the potential for returns on investment in
long-term R&D programs. Therefore, they tend to partner with individual faculty
on an as-needed basis.

The experts we interviewed also observed that several types of friction among com-
panies hindered efforts to translate research into process innovation through R&D
consortia:

e Reluctance to Collaborate. Because they view one another as competitors
within an industry—rather than collaborators working to further a national
interest—companies are often reluctant to cooperate to solve common manufac-
turing problems. When US manufacturers join research consortia, they often
prefer to work in their own facilities and share little of their innovation with
other members.

e Uncoordinated Supply Chains. Instead of offering full suites of advanced
digital manufacturing tools that are applicable to entire industries, providers
tend to have narrow capabilities and develop solutions that are specifically
designed for certain technologies or manufacturers. Manufacturers are also
reluctant to collaborate with their suppliers on process innovation. As a result,
it’s hard for US industries to establish standards that would reduce costs, speed
the implementation of new manufacturing technologies, and improve efficiency
throughout the manufacturing ecosystem.

o SKkill Gaps. Wide-scale adoption of advanced manufacturing technologies will
significantly increase demand for skills that currently are in short supply in the
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US, such as robotics coordinators, information technology specialists, and data
analytics personnel. The US public education system is also not well suited to
training production workers who are able to quickly adapt to new and evolving
manufacturing technologies.

If companies and research organizations can address these frictions, the US can
more efficiently commercialize government-funded research and boost manufactur-
ing growth.

Reducing Friction to Accelerate Product Innovation

The US already has an infrastructure for translating academic research into new
products. For example, most major US research universities—and even national
laboratories—have technology licensing offices, entrepreneurship training pro-
grams, and small-business incubators. Many also have research parks on or near
their campuses where industry executives and academics can work together.

But manufacturers could generate more product innovation from federally funded
research if friction between academia and industry were reduced and adapter
mechanisms at universities were improved in the following ways:

e Enhance communication between industry and research institutions.
Manufacturers, universities, and national labs need to work together to make
basic and applied research with potential commercial applications more accessi-
ble. Research organizations can start by packaging their findings in ways that
industry can more easily consume. For example, academic publications should
clearly highlight the potential commercial applications of findings. Industry
should collaborate with the US government to set up a central repository for
intellectual property with potential commercial value that is created by federal-
ly funded research. All universities and colleges that receive federal funding
should be strongly encouraged to participate.

e Strengthen the relationship between industry and academia. Although
there is a long tradition of collaboration between academia and industry in the
US, many manufacturing executives say they still have few, if any, meaningful
ties with universities and have little insight into their research. “Federal “R”
and corporate “D” are like two different planets,” explains Sridhar Kota, the
head of MForesight: Alliance for Manufacturing Foresight, a think tank funded
by the federal government that focuses on advanced manufacturing. “Corpora-
tions are not even looking at the best ideas that come out of universities.”
Industry and universities can improve collaboration by harmonizing the way
they work. Academic research that is sponsored in part by an industry partner
is likely to be more productive if it follows R&D processes similar to those used
in the private sector. It should be clear from the outset that the goals are to
commercialize and to fit a business need. The project should adhere to specific
time frames, strive to meet key performance indicators, and be monitored
through periodic reviews. Industry partners should regularly review work and
provide feedback to ensure that the project is on track to meet a product
development need.
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To make gains,
consortia should
focus on developing
processes that have
wider applications
across industries.

e Focus on long-term partnerships. Manufacturers should strive to build long-
term partnerships with research universities. The government can encourage such
alliances through longer-term contracts that include potential extensions of
projects and by giving preference to companies with a record of collaboration
when awarding research grants for projects. Universities should encourage faculty
to expand existing relationships with industry, such as by joining corporate
boards, and should include entire departments when building recurring R&D
pipelines. Some corporations have been willing to invest in innovation partner-
ships with universities over time. Procter & Gamble’s relationship with the
University of Cincinnati, for example, began with a single research project in 2006.
In 2012, the company invested $5 million in a product simulation center at the
university. Rolls-Royce has established a network of long-term research collabora-
tions with leading universities in Europe, Asia, and the US. The Rolls-Royce
University Technology Center at the University of Virginia, for example, specializ-
es in advanced material systems, flow modeling, and other aerospace fields.

Academic institutions could reduce friction in collaborative research by adopting a
more rigorous, disciplined, and transparent program management process. For
years, the private sector has used program management tools to understand and
manage massively complex projects with uncertain outcomes. In our experience,
such tools have been able to improve the probability of successful outcomes from
as little as 25% to more than 80%. A consistent program management process can
also increase visibility into the R&D pipeline and help align a company’s commer-
cialization efforts with a project’s timeline. (See Strategic Initiative Management: The
PMO Imperative, BCG report, November 2013.)

Boosting Process Innovation Through Consortia

The US has decades of experience with public-private research consortia in which
universities, industrial companies, and government laboratories develop and dissem-
inate new manufacturing processes. For example, SEMATECH, a semiconductor
manufacturing consortium established in 1987 and funded in part by the US Depart-
ment of Defense, has provided crucial support to the development of next-genera-
tion lithography technologies, materials, and wafer designs that facilitated America’s
resurgence in semiconductors. And, since 2014, the National Institute of Standards
and Technology (NIST) has launched 14 R&D consortia with universities around the
country. These consortia focus on innovation in such fields as digital manufacturing
and design, additive manufacturing, photonics, and renewable energy systems.

The record of US consortia has been mixed, however. We believe that significant
gains can be achieved if consortia focus on developing processes that have wider
applications across entire industries. This will be especially critical in the era of In-
dustry 4.0. While the US is at the technological forefront of Industry 4.0, some na-
tions, including Germany and China, are moving more aggressively to adopt them.
(See Time to Accelerate in the Race Toward Industry 4.0, BCG Focus, May 2016.)

Consortia can be more effective by having members work alongside one another at
dedicated facilities, by bringing in suppliers as members, and by helping to provide
training for people who want to join the skilled, advanced manufacturing workforce.
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e Build Industry 4.0 solutions around industries. To maximize adoption of
Industry 4.0 technologies by US manufacturers, research consortia should focus
on developing comprehensive solutions that can be adopted by the supplier
ecosystems of entire industries. By spreading the costs across a range of solution
providers and users, a consortium could solve problems that would be beyond
the technological capabilities and financial means of individual players. It could
harmonize standards and design rules so that digital solutions and tools are
compatible and can be readily integrated, thereby lowering the cost and time
required for implementation. A consortium focusing on the automotive digital
supply chain, for example, could bring together OEMs, tier one suppliers, and
other partners to develop solutions for augmented reality, 3D printing, advanced
robotics, and digital factory management. AirDesign is one example of how this
approach is being applied in the aircraft industry. AirDesign is a design and
manufacturing collaboration platform created by Dassault Systémes and
BoostAeroSpace for European aerospace and defense manufacturers.

e Provide shared facilities for consortia partners. Research consortia often
achieve the greatest impact when members physically work together in a
dedicated space with dedicated resources. Shared facilities help consortia serve
the interests of all members and disseminate knowledge through the manufac-
turing ecosystem. They also spread the costs of equipment needed to test
unproven technologies. SEMATECH, for example, had a research facility on the

campus of the University of Texas that included a wafer fabrication clean room.

SEMATECH has since been absorbed into the SUNY Polytechnic Institute and
is now located on its campus for nanotechnology in Albany, New York. The
university has more than 300 corporate partners and has received $43 billion
in private and government investment. Several new US advanced manufactur-
ing consortia launched by NIST also have shared facilities. For example, a
$260 million advanced composites innovation institute—whose members
include 3M, Ford Motor, Canon, Dow Chemical, and several universities—has
laboratories and a demonstration production line in Knoxville, Tennessee.

e Include the entire supply chain. Once a consortium is established, it is essen-
tial that innovative manufacturing processes be disseminated widely throughout
an industry in the US. Key suppliers should be treated as full thought partners
and work alongside the R&D teams of OEMs. Suppliers with limited budgets
should get free or discounted memberships. The US might learn from Germany.
As part of the nation’s High-Tech Strategy 2020 action plan, Fraunhofer IAO has
launched its Manufacturing Activities 4.0 innovation network, which includes
some of Germany’s largest manufacturers and dedicated R&D facilities and
demonstration labs. The initiative aims to develop and implement new stan-
dardized, intelligent manufacturing applications and to work with small and
midsize firms to build networked, flexible value chains.

The Payoff from Greater Industrial Innovation

We believe that the actions we have outlined above require only modest additional
investments by industry, university, and government. That is because we essentially
are calling for improving the “software” of the existing US industrial innovation sys-
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tem, rather than adding expensive new “hardware” in the form of new programs
and bureaucracies.

The required investments are especially modest when compared with the potential
impact. We believe that, in addition to boosting annual manufacturing output, in-
creased industrial innovation can create a virtuous circle that will reinforce ongoing
productivity improvement, output growth, and further R&D investment. Improved
global cost-competitiveness and the arrival of advanced Industry 4.0 manufacturing
technologies have presented the US industry with one of its best opportunities in
decades to reset the game. Now the US needs to seize the opportunity by taking the
actions needed to get the most value from its immense research assets.
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