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Made in America Study (1986-89)

In the mid-1980s MIT conducted a major
three year study on U.S. Manufacturing

— Led by Dertouzos, Lester and Solow

| Hard
Cover

57,000
sold in
two years

Prompted by success of Japan

— producer of lower cost and higher quality products
thanks to lean manufacturing and kaizen

Analysis by 8 manufacturing sectors:

— semiconductors, computers, and office equipment; M A D B l N Soft
automobiles; steel; consumer electronics, chemicals ICA o
and pharmaceuticals; textiles; machine tools; and =
commercial aircraft

. Translated in
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. 300,000
sold in

— Need to increase industrial productivity and
total

performance of U.S. manufacturers

— Reorganization of human resources and
technology within firms \
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U.S. manufacturing value-add on the rise
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Millions of Jobs

Sharp decline in manufacturing employment

* Number of U.S. manufacturing jobs has declined steeply since 2001:
— Reduction by about 1/3 from 18 to 12 million jobs since 1989 (-6 million)

* Number of jobs in goods-related services such as wholesale, retail,
warehousing and logistics and utilities has increased since 1989 (+ 4 million)
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All the while we continue to be “innovation nation”

We have overtaken Japan since 2005 but China is catching up fast

=@i—China =®=Germany =®=Japan =2¢=UK =—@=USA
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Key Questions at the Heart of PIE

 What might happen if we became a nation of “pure
innovators” and focus almost exclusively on R&D,
design and services such as logistics and leave the

physical implementation/manufacturing to others?
— Would this be sustainable long term?

— Most of us believe that manufacturing has a special role to play, but
what exactly is advanced manufacturing?

e How can we harness more value as a nation
from our innovations?
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PIE Study Architecture:
Innovation <> Production is a Complex System

6 Government Policy

Job growth

Universities
Existing Firms
Regional cluster,

Universities
Existing Firms
Regional clusters

Innovation

Job growth

Innovatio Economy

pme distribution

Income distribution

Entrepreneurship Entrepreneurship

Labor relations abor relations

manufacturing- . .
related services non-manufacturing n Backbone: 200+ interviews

services
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PIE Research Modules

Innovation in Manufacturing:
Prospects of new manufacturing
technologies (e.g. nano-
manufacturing, robotics ...)

Scale-Up: How do innovations
transition from the lab to startups
and large-scale industrial production?
Financial models?

Scale-Down: How to create smaller
scale competitive manufacturing?
“How to break the tyranny of bulk”

Skills and Training of the U.S.
workforce. What do firms need?
What institutions can provide this?
What is the role of the community
college system?

Labor Market Puzzles: Polarization of
U.S. workforce and its implications.
Productivity spillover effects of
manufacturing?

Public Policy and Firm Strategies:
Comparative research on public
policies related to manufacturing in
US, Germany, Japan, China ...

Cross-Border Partnerships: Who
benefits from cross-border
contracting between U.S. firms and
foreign investors and firms (e.g.
China, Mexico ...)

Backbone — Firm Interviews and
surveys. Interviews in 200 “high
impact” firms in all size categories.
Quantify factors driving production
location decisions.

— 200+ Interviews conducted to date

and several more scheduled
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Innovation in Mfg Technology: Internal Scan at MIT (examples) 30+ Labs
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Summary of Findings from MIT Scan

* There is “critical mass” of manufacturing related Pls at MIT
(order 150 PIs) distributed across the Institute

 Research is generally motivated by real problems in industry,
non-incremental, and funded by mix of federal and private
research S; some collaboration but not strategically managed

* Found a revised grouping of 7 manufacturing technologies that
seems more logical and in tune with major research thrusts

Nano-engineering of Materials and Surfaces  Bio-manufacturing / Pharmaceuticals

Synthesis of multi-functional materials at the nano-scale from the ground up Continuous manufacturing of small molecules,

turning cells/ organisms into programmable factories

Additive Precision Manufacturing
Building up components by adding layers of material in complex 3D shapes  Distributed Supply Chains / Design

Enabling flexible and resilient decentralized supply

RObOtiCS, Automation and Adapta b||lty chains, new approaches to web-enabled mfg

Using robotics to substitute for or complement human labor in new ways

_ _ Green Sustainable Manufacturing
Next Generation Electronics New manufacturing processes that use minimal energy,

Next generation circuits using non-Si materials, recycle materials and minimize waste and emissions
using mask-less processes and flexible substrates (_ Production inthe
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Distribution of survey respondents

An external survey was administered early in 2012, similar to AMP survey but mainly
directed to larger set of US universities and organized around the 24 technology themes
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“Unbiased” Upstream Innovations = New Manufacturing

Which technologies or innovations have the potential to lead to significant new
manufacturing and production in the future ? List three to five promising ones and explain.

Unbiased Innovation List
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What is Advanced Manufacturing?

Traditional
Manufacturing raw materials Fabrication parts @ finished
(20t century) from nature products

raw materials

from nature
Materia services _ Integrated
DeS|gn software Bundllng solutions
Advanced T
Manufacturing synthe_tlc Fabrication parts finished
materials _ products
(21t century) continuous
T T recovered Recycling
materials

Advanced Manufacturing is the creation of integrated solutions that require the
production of physical artifacts coupled with valued-added services and software, while
exploiting custom-designed and recycled materials using ultra-efficient processes.
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Where/how do the 7 technology areas impact
this expanded view of advanced manufacturing?

raw materials
from nature
Materials & ‘1'
Nano-Technology

Materia
Design

Additive and .
Precision Mfg services - Integrated
software" > ( Bundling > solutions
t fi h d
_) parts _) nishe
products
conhnuous
Recychng
F

synthetic
materials

T

rezovered\
Mmaterials

==}

Supply Chain
Robotics Design
Pharmaceuticals Automation
Bio-manufacturing Adaptability Green / Sustainable

Manufacturing
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Module 2: MIT-licensed start-ups founded 1997-2008

Total Number of Firms: 192 Industries
_ Biopharma 30%
Active 61%
Medical Devices 13%
Merged or Acquired 17% Software 13%
Electronics 22%
Closed 15% Semiconductors 7%
Robotics 3%
Unknown 7% Other 12%

» 78% of start-ups founded 4-15 years ago are active or acquired

e Of this subset, 66% are headquartered in MA, 14% in CA, 3% outside the US,
and the rest in other states

* 80% of active firms have annual revenues below S5 million
e 142 out of the 192 firms (or 74%) produce a physical product
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Sample of Research Questions by Type of Firm:
Four Primary Growth Trajectories

High Growth

revenue >$100 million/yr: 4% What _factors enabled
organic growth?

Limited Growth

What factors can enable
stronger or more sustained
growth? Capital, skills,
market access?

M&A After the acquisition, what
merged or acquired: 17% happened to the
company/technology?

Closed

revenue <$100 million/yr: 57%

Stage Il
Innovation and
Startup:
192 Firms

What factors contributed to

. (0)
closed or unknown: 22% the closing of the company?
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Module 8 Backbone: PIE Initial “Proof of Concept”
Models for Innovative U.S. Manufacturing

While the U.S. has lost significant manufacturing activities, especially since
2001, there appear to be specific opportunities for strong innovation-
driven manufacturing, specific “proof of concept” models we found are ...

— Established large domestic manufacturers who introduce smart
automation and become “ultra-productive”, but also have foreign plants

Where You Turn

bearings chemicals

— Small entrepreneurial firms (both startups and spinoffs) who scale-up
manufacturing - at least in part in the U.S. - thanks to innovations

Y

N D
sﬁ‘smms @D SATLAS DEVICES
VISION : -

— Mid-size manufacturers who specialize in specific niches and emphasize
flexibility, responsiveness and customization and value-added services

Sg‘l(b‘ro /\ Marlin Steel Wire Products

Advancing The Power Curve®

DC power supplies Steel wire \(_ Production inthe
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PIE Initial “Proof of Concept” Models
for Innovative U.S. Manufacturing (cont.)

— Market and regulation-driven manufacturing that favors U.S. as a base
of operations such as in defense (ITAR) and pharmaceuticals / bio (FDA)

NORTHROP GRUMMAN
Military systems

 biogen idec |

| Pharmaceuticals
Transforming Discovery into Care

— Foreign-owned manufacturing firms who see the U.S. as an attractive
market for domestic production and for export

~ATTTm
SAINT-GOBAIN

=“MICHELIN

Tires

— Bulk-manufacturing of commodities where transportation costs can be
on the same order as manufacturing costs due low value-density (S/kg

M PeG 3M
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PIE summary and (some) initial findings

U.S. Manufacturing employment has declined but manufacturing
it is critical to our future, because of its broader effects on the
economy and on innovation

Renewed interest in manufacturing at the national scale and
regional scale (e.g. PCAST, AMP, NIST ...) and at MIT

MIT has launched the PIE Study as a major initiative

— Empirical study to establish better understanding of link between
upstream innovation, manufacturing and global markets

— Over 200 interviews conducted so far, surveys and modeling research

Expect February 2013 release at NAS in Washington D.C.

— ldentify some of the most promising innovations in advanced
manufacturing and the key aspects of this linkage

— Policy recommendations both at the federal and state/regional level

Major deliverable and book in September 2013

(= Production in the
- INNOVATION ECONOMY



For more information, please visit:

http://web.mit.edu/pie



