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R&D, Innovation, and Bottom Line

® P&G has 21 brands with annual sales
of $ 1BN to $10BN, and 11 brands
with sales of $500M to $1BN

®* The company has operations in close
to 70 countries, including more than
130 manufacturing sites, in about 40
countries

Hemispheresmagazine.com

D: How does the company
approach innovation?

T: We spend about $2 billion in R&DD
every year. and that R&D is really
geared to understanding the categories
that we compete in. It's important to
make sure we're understanding the
latest trends.

We have three innovation campuses
in Greater Cincinnati, but we also

partner with a lot of other businesses,
universities and even private inventors,
so we really cast a broad net looking for

these new technologies and these
innovaltive approaches.

SPOTLIGHT:; PROCTER & GAMBLE

We speak to Carolyn Tastad, North America president at the consumer products
giant, which has been headquartered in Cincinnati from ts very beginning

Dossier: What differentiates
P&G from its peers?

Tastad: At the heart of P&Gisa

very decp commitmont tn corving
consumers around the world. We

talk about the consumer being at the
center of all of our decisions, and that
really is a fuunding principle of how
we work. We take our responsibility
seriously to improve life in those very
small but meaningful ways every day.
day in and day ouL.

D: So how do you make sure

T: We spend hundreds of thousands
of hours every year engaging with
consumers. [n order to serve them,
we really have to understand them.
We spend time with them, often in
their homes, not only watching how
they use our products but
understanding Lhe role our products
play in their lives. That understanding
of consumers is embedded in every

Pampers diaper, Gillette razor, or Tide

or Ariel product that helps consumers
keep their clothes clean.

T: We spend about $2 billion in R&D
every year. and that R&D is really
geared to understanding the categories
that we compete in. It's important to
make sure we're understanding the
latest trends.

We have three innovation campuses
in Greater Cincinnati, but we also
partner with a lot of other businesses,

universities and even private inventors,
so we really cast a broad net looking for

2015 NET SALES
29% BABY, FEMININE 18% BEAUTY
AND FAMILY CARE
\o% GROOMING
‘ $70 7BN ;
2% mmc AND 11% HEALTH
HOME CARE CARE CARE

......

B FACTFILE

Indlustry: Consumer goods
Founded: 1837
Employees: 110,000

vt W4

....... - B NYSE: PG

leading brands and we want to
continue to delight consumers through
innovation and superior performing
products. We want to strengthen our
reach through great marketing and
strong go-to-market capability. And
well alsu ensure we create a world
where we can attract and develop the
very best talent and outstanding
leaders that are going to continue to
serve consumers for the next 180 years.

these new technologies and these
innovative approaches.

D: What's your vision for P&G

for the future?

T: Our aspiration, at least. is to serve the

worlds consurners beter than our best

competitor in every category and every

country in which we choose to compete,

and in doing so create shareholder value.
WeTe focused on building those

B. Chenroudl, PhD

Product categories: 10 (about 65 braids)



® In 4 seconds, GE90 engine can suck
the air out of Madison Square
Garden !

Hemispheresmagazine.com

W GE AVIATION
DAVID JOYCE, PRESIDENT AND CEO

R&D, Innovation, and Bottom Line @1 !

During thie decade, the worlde
largest jet engine maker will put
the $1 billion-plus it invests
annually in R&D to full use, as it
and its partiiers cotnplele e new
engine development programs. In
doing so, it will introduce a range of
new technologies that will change
the way we tly—trom the
Industrialization of lightweight
cerarnic ratrix composites that
allow engines to run more
efficiently, to the introduction of
3D additive manufactured parts
that are made in a fraction of time
of other methods.

“We have one example where
the designers took a portion of a
jet engine that was made up of
300 individnal parts and made it
out of one additive, 3D-printed
part,” says president and CEO
David Joyce. “That one part looks
dramatically different and is
dramatically improved because
the engineers can now focus
more on performance and less
vil the linnitations.”
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Why do R&D ? Estimated annual rates of return to R&D expenditures

. Author(s) and year of study Rate of return?
m The study of economic returns to R&D Firm-level studies
- Link (1983) 3
investment has developed over the past 30 o) =
years. Although estimates of the rates of S T ) o
return differ, the leading researchers in the e "
field agree that R&D has a significant and Clark-Griliches (1984) 19
important positive effect on economic growth | Sees o =
and the overall standard of living. Griliches (1980) 27

Mansfield (1980) 28

Griliches-Mairesse (1984) ass s,S‘ 30

" Griliches-Mai (1986) ¢

m It should be noted, however, that the precise | criiches (1986)
magnitude of these returns cannot be Scpanieemanilosg)

' i o Minasian (1969)
measured without the use of simplifying e

assumptions in the analysis. A survey article by _Lndustyjevel studies

o0 A p . , Terleckyj (1980)
Nadiri (1993) examined 63 studies in this area | gicnes.Lichtenberg 19842)
published by prominent economists, mostly in | Patel-soete (1983
reference to the United States, but also in T Sl =
reference to Japan, Canada, France, and Wolft-Nadiri (1987) 15
Germany. Looking at the results of these N =
studies, he concluded that R&D activity e i
renders, on average, a 20 to 30 percent e e =
annual return on private (industrial) Scherer (1982, 1984) 36

aFor studies for which Nadiri (1993) reports a range of possible returns, the

INvestments. This is not to say that every research project has a high, or | midpoint of that range is provided in this table.

even a positive, rate of return. Rather, portfolios of scientific research projects | °Notsignificantly different from zero in a statistical sense. This result,
selected for analysis have the rates of return cited above. Since they reflect average {‘;e"‘;‘i‘égr mayibele ceneetiongiipiiations in Bigtitaniyoitedla sl
returns to a selected group of projects, these returns cannot be applied to aggregate cEcononﬁ,_level study (all Industries grouped together). SOURCE: M.J.
R&D expenditures. It should also be pointed out that the more basic the Nadiri, "Innovations and Technological Spillovers,” Working Paper No.

research, the harder it is to evaluate the returns to R&D. 4423 (Cambridge, MA: National Bureau of Economic Research,

B. Chehroudi, PhD



R&D Management is Important for Success

The 15t generation had a simple structure: a creative The 2" generation emerged when most major companies

leader with entrepreneurial skills (an Edison-type established large R&D depa_rt_ment_s. An R&D department typically
individual) and personnel (often lacking formal had a more structure_d adml_nlstratl\_/e s_cr_meme managed by an
scientific or engineering education) working on his/her ad_mln_ls_trator (sometm_1es W|t_h a_s_C|ent|f|c background) rather th_a_n a
assignments scientific leader. Recruited scientific personnel had to meet specific

requirements wit regard to their education and scientific skills

1st-Generation R&D 2nd-Generation R&D

Administrative leader
& & and management

3rd-Generation R&D '/ 4th-Generation R&D

/m/ Entrepreneurial
leader Everybody is an leader
. entre‘pren.eur i
Administrative team (at least partially) T

The 3ed generation was initiated by the marketing The 4t generation involves an increased initiative of all
revolution, forcing R&D leaders to balance their participants and the application of new tools. Thus it is very
portfolio of high- and low-risk projects. While the important that the new R&D organization be market driven,

general structure of R&D centers remained mostly have a long-term vision, and be able to use incentives to

unchanged, the leaders had to acquire motivate personnel. In other word, every participant must be

entrepreneurial skills to deal with risks, ROI, etc. market driven and have some entrepreneurial skills
Revolutionary Innovation Tools for the ultimate R&D organization_ EXCELLENT CASES B. Chehroudi, PhD




Key Processes in a Corporate New @1
Product R&D

Develop and manage

projects with a Staged Proactive deployment
Gated Process, maintaining planning, including process
strategic focus and a and culture change support

continuous technology
maturation assessment

3

Think of these

as f(t)_ur R&D Svst WOI’|d
parallel ystem Market
processes...

Discovering

2

Technology investment

decisions drawn upon 1

collaboration of experts

using Strategic Roadmaps, Methods to explore market

and analytical assessment of opportunities, such as Strategic
value to select proposed Roadmapping, Scenario Workshops,
technology solutions and Industry/Academic Cross-talks.

Pratt & Whitney
(Aviation Industry) B. Chehroudi, PhD



Technology and Product Roadmaps |z} ._
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® Technology Readiness Level (TRL)

yd Flight test
Qualification/
-4 Certification

® Shown is the P&W (Technology Readiness
Level) TRL System and its equivalent
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Proof of Concept Proof of Concept Product Feasibility Product Feasibility Prototyping

Preliminary Market analysis, Intellectual Property, Seek Funding Fundamental Understanding Fundamental Understanding Prototyping



Technology and Product Roadmaps

Technology Readiness Level (TRL) | —~
Process ' ' :
NASA's Quest to make jet engine quieter - —

led tO the development Of Chevrons, « Certification by the Federal Aviation Administration (FAA)
which moved relatively quickly through * Deployed into market
the TRL process to be deployed into the
commercial marketplace

~——— TRL 6 (1998-2000)

« Full scale tests for acoustics and aerodynamics
» Static engine tests

TRL 4-5 (1995-1997)

» Model tests for acoustics and aerodynamics
* Sub-scale model tests

TRL 1-2 (1980s)

Mapping jet flow field using Particle Image Velocimetry (PIV)

Tribology challenges in aerospace Industry TRL P&W UTRC TRL EXCELLENT



Application of TRL: Product Realization “
Roadmap

UUUUUUUUUU

Sustainment
Deployment /7

Operational Test

and Evaluation
0,

Technology

Demonstration
Technology
Research to Development
Prove
Feasibility

TRL Application to a Product
Realization Roadmap

TRL Program Mgmt Model



Application of TRL:

Funding Energy Innovation at Different TRL Levels

| ¥
High ris<. || : ]
high pay>ff | Office of -
Scence S
ARPA-E @;re_ capital "\
R e ————— \.“ T .'-‘-m' ‘ ,., \\\ ~\
e e “‘.\‘
’ R N \\
-~ ! A \
2 | Applid DOE offices | FTivaie equity/capital |
= ' and large corporations '
//
>t /
Loan guaran;fé ‘
AT A P>
f GOV'. "‘
. “_ procurement
Low risk, Sl dh e
evolutionary
sceu‘:.:i:::e —p Feasibll ty . Technology —p Jechnobgy ___ Smal scale —p Large scale
research cevelopment demonstration deployment deployment
research
Technology readiness level
Figure 7.1

Energy innovation ecosystem. Source: Aram Majumdar, Director, ARPA-E, Wood-
row Wilson International Center, Washington, DC, July 27, 2010.

B. Chehroudi, PhD



Application of TRL: @1 :

Canadian Government allocation of funds in Aerospace
Technologies TRL7-9
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Technology and Funding Continuum

Current state
Sn) {7} Product prototype — Lab, Comp
180 - {8) Product gualification — Comp
{2) Product in service — Comp
150 - Comps-led consortia Sov'tlab. MNRC Ngn-repa'rable
Comps (SL perospace funding
N M RCARAP
1430 -
spTC ™
MNan-repayable
120 - B GARDN fundin grants
{4} Component tech — Univ, Lab, Comp EJ"
(5) Subsyctem validation — Lab, Comp
(&) System demo — Lab, Comp I CFI
100 -
- Gcow'tlab BN SERC
80 - > MITACS _~
Comps
Camps (S, k) -
m CICP
&80 - {1} Basic principles - Univs Comps-led
{23 Techno logy concept — Univs, Labs consortia }_
{3} Proof of concept — Umiws, Labs, Comps HDRDC Contract
ompssdnivs
40 - DFAIT
—Gov'tlab -
W Aero
20 - _
g:nws Comps Innowation } Repaysable
fundin
amps, Univs H SADI &

Comps
o /z_‘E— , ,
Comps: TRL 1-3 TRL a6 TRL7-9

Companies of Basic & Applied Res. Tech Dev't & Demo Prod Dev't & Mitg Methods
various sizes

Current landscape of direct government funding for the aerospace industry
and stakeholders by Technology Readiness Level (TRL)

Technology development demonstration and commercialization



GDP per Capita in the World

ARKANSAS
N__—__o____’___o__—._o UNIVERSITY
World
5 Iran .
Malaysia China
. Thailand
@ World @ Thailand Malaysia China Iran, Islamic Rep.
World » Thailand » Malaysia China Iran, Islamic Rep.
""" Singapore
R USA
Japan
| . Malaysia
e e Tran .
o—— e —— — *  Thailand

@ Thailand @ Malaysia China Iran, Islamic Rep. United States Singapore Japan
Thailand 2 Malaysia China » Iran, Islamic Rep. » United States » Singapare % Japan %

B. Chehroudi, PhD
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Federal R&D by Agency and Character

ARKANSAS
BEC H
US Federal Obligations for R&D, by Agency & Character of Work (FY 2011)
Other than DOD DOC 1% DOD
- ——— DOT1%  oOtherayy —
Development 15% USDA 2% T

NASA 5%

Applied research 40%

DOE 7%
Major systems
development 82%
DOD 54%
Basic research 45%
HHS 24%
Advanced
technology
development 9%

Applied research 7%
Basic research 3%

DOC = Department of Commerce; DOD = Department of Defense; DOE = Department of Energy; DOT= Department of Transportation; HHS = Department
of Health and Human Services; NASA = National Aeronautics and Space Administration; NSF = National Science Foundation; USDA = U.S. Department
of Agriculture.

MNOTE: Detail may not add to total due to rounding.

SOURCE: National Science Foundation, National Center for Science and Engineering Statistics, Federal Funds for Research and Development
(F¥s 2010-12). See appendix table 4-35.
Science and Engineering Indicators 2014

R&D_ National Trends and International Comparison_ NSF chapter-4_ EXCELLENT B. Chehroudi, PhD



US R&D by Character of Work, Basic Research by Performing Sector,

U.S.R&D by character of work, basic research by
performing sector, and basic research by source of

funds: 2011

US Total R&D, by Character of Work

Basic research 19.0%

Development

61.5%

and Basic Research by Source of Funds

Applied
research
19.5%

NOTES: National R&D expenditures were estimated at $424.4 billion
in 2011. National basic research expenditures were estimated at
$75.0 billion in 2011. Federal performers include federal agencies
and federally funded R&D centers. State and local government
support to industry is included in industry support for industry
performance. State and local government support to universities
and colleges is included in universities and colleges support of
performance by universities and colleges.

SOURCE: National Science Foundation, National Center for Science
and Engineering Statistics, National Patterns of R&D Resources
(annual series). See appendix tables 4-3-4-5 and 4-7.

Science and Engineering Indicators 2014

FY 2011

Basic Research, by Source of Funds

Other nonprofit
organizations 11.1%

Universities
and colleges
13.0%

Business 22.5%

Federal
government 53.3%

Basic Research, by Performing Sector

Other nonprofit
organizations 12.1%

Universities and
colleges 52.2%

R&D_ National Trends and International Comparison_ NSF chapter-4_ EXCELLENT

Business 21.1%

Federal
government
14.6%

B. Chehroudi, PhD



R&D Expenditure in the World as % of GDP @1 )

Research Laggard

Investment in research and development leveled off in the last few years
as a share of gross domeslic product in the United Slales, even as it

continued to grow in olher countries
Total Federal & Corporate

Innovation Rests on Weak Foundation as Research Spending Slows

Investment in research and development as a share of G.D.P.

1.5 %

South Korea

m A shifting landscape: Rapid rise of R&D spending
in South Korea, and China | e/ Japan
W South Korea surpassing Japan’s spending in terms " Ny el SR T
- Germany

of % of GDP usa
m US R&D spending as % GDP has been slowly rising

(but not monotonically) from 2.5 to 2.75% since
1995, while South Korea, China, and even Japan
show a steady rise in % of GDP spending

Innovation
Lieson Weak

Foundation {

B. Chehroudi, PhD



Federal R&D Expenditure as a Percentage of @1 '“
the GDP
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Federal R&D in the Budget and the Economy

Outlays as share of total, 1962 - 2016

2.9%
1962 - 2016
~ A
l .
s : US Federal R&D as % of GDP - 2.0%
. i
| ]
| ]
i
Q,
i E ST T, 1.95%
A4 s Yo,
L} ...
- * 3
‘e * N‘A‘\h‘
., -n
———————————————————————————— '-.—.————————-—————————————— - -
"Taggpus® »
0.5%
11 ¢ e T T T  pn mee: pEs s EEmm Laep EEER L2es EEER Ad SEEE Ml BE ATTE | T T T T ™y T T T T T T TTT T T T ™7 T T T T T T 0-0%
P TR >N N S R R M N >
¥ - - - - - - T - S - L - - T - R - R - R - R - R - LR - R - N - L) o0 o o o
e S E AR AR R R e e e e R A R E R R R R R e ST
»—R&D as a Share of the Federal Budget (Left Scale) -+—-R&D as a Share of GDP (Right Scale)

m US technological competitiveness may have been compromised in later years as a result
of decrease in Fed R&D spending (as % of GDP) during 1987 to 2001

R&D Budget & Policy Programs: http://www.aaas.org/spp/ra/ B. Chehroudi, PhD



R&D Expenditure Statistics in the World @1 "

Size of the circles reflects the relative amount of annual R&D spending by the indicated country.

Note the regional grouping of countries by the color of the balls. ,," \\ il 3 T
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How Well-Educated the Population is in Different
Countries

ARKANSAS
NSF Science & Engineering Indicators (2014) UNIVERSITY
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E [ ui" - % 'E = (I.I:)J = E % OECD = Organisation for Economic Co-operation and Development.
(\'] Q E = E (_') NOTES: International Standard Classification of Education (ISCED)
L tertiary-type A programs, ISCED 5A, are largely theory-based and
@ E E = designed to provide sufficient qualifications for entry to advanced
| = .E m research programs and professions with high skill requirements such
=3 m ‘o as medicine, dentistry, or architecture and have a minimum duration
f)] E w of 3 years’ full-time equivalent, although they typically last 4 years or
LE q Q_ Dz: longer. In the United States, they correspond to bachelor’s and

master’s degrees. Advanced research programs are tertiary
programs leading directly to award of an advanced research
qualification (e.g., doctorate).

SOURCE: OECD, Education at a Glance 2012: OECD Indicators
(2012).

Science and Engineering Indicators 2014

B. Chehroudi, PhD



Gross Domestic Expenditure on R&D

A

as a Percent of GDP

South Korea

Japan
USA
Singapore
g | World 8 : —
China -
Malaysia
o— Thailand

@ YWorld @ Thailand Malaysia Singapore Japan United States China

Widely used Indicators for
measuring the level of R&D
resource allocation in countries
include the followings.

1. Gross domestic expendi-
ture on R&D (GERD)

2. The Ratio of GERD to GDP

THAILAND
FAST FACTS
(asof 2014 oratest vailable year)

B. Chehroudi, PhD
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- R&D Expenditure as % of GDP (2014) [} |

Moving beyond the catch up industrialization requires substantial increases

in R&D...

4.50

0.00

R&D Expenditure, Selected Economies, 2014 (% of GDP)

4.00
3.50 1
3.00 1
2.50
1.50 4
1.00 -
0.50

4.04
1.98 2.10
1.07 1.27
0.25
0.08 0.11
Indonesia  Philippines Thailand  Malaysia  Middle- People’s Singapore  Korea,
income Republic Rep. of

countries  of China

GDP = gross domestic product.
Mote: Data for the Republic of Korea and middle-income countries are for zon; data for the People's
Republic of China and Singapore are for 2012
Source: World Bank. World Development Indicators. http://dataworldbank.org/data-catalog/world-
development-indicators (accessed September 2015).
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Types of R&D in Thailand @1 |
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Table 3.2: Share of R&D spending by Sector and Types of R&D
e Although Thai firms conduct some

basic R&D, the proportion that do is
small Basic research Applied

'T‘}-‘pe of Razl)

—
Experimental

g . ) (%) - h (%) development
e The Outlay for Basic Research as a %  Sector of performance Share (%) = research % o

of total R&D spending (18.63%) Government 92,54 16.08 99.42

compares favorably with other

countries (however, the overall Higher ed. (Public) 30.06 35.36 5129 13.42

E;C;Lx]stie?)f R&D is well below othersin| .\ 1 prvae)  0.04 40 9.92
¢ The bulk of their R&D is geared Public enterprise £.66 4.33 26.31 69.31

g?]vc\jla;‘gsplfex dpge":eear:‘tcaf: (Dé}es\/glé) 321:22 Private enterprise 38.24 9.28 377 5302

35.04%, respectively) Private non- profit 2.56 4.42 92.51 3.06

Total 100 18.63 45.33 35.04

e Universities are responsible for much

of the Basic Research (85.43%), Source: National Research Council of Thailand.

zgggsz%%%%/gy thefgovegment e Large firms in Thailand (i.e., subsidiaries of MNCs or domestic

corporations), along with a small number of SMEs have the capability
to do any significant R&D

e Since 1997, some Thai firms started nurturing in-house technological
capabilities that have enhanced their innovativeness

e Most R&D by Thai Universities consists
of Applied Research

Source! Yusuf, Wang, and Nabeshima (2005) "Ministry of Economic Affairs, Taiwan"

TOWGrdS a knowledge economy in Thai Iand 2006; "Ministry of Science and Technology, Horea" 2006; The International Institute for B Cheh rOUdI, PhD

Sustainable Development 2004.
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R&D Trends in the World

INNOVATION
SCORECARD

How well do mature and emerging
nations capitalize on science?

Since 2007 economists from Cornell
University, INSEAD and the World Intel-
lectual Property Organization (WIPO)
have issued the annual Global Innova-
tion Index (GII), a report thal sizes up
—_—

the innovative capacities and results of
the world’s economics. This ycar's report,
includes data on 142 economies, which
represents 94.9 percent of the world’s

opulation and 98.7 percent of global
GDP. How doces one measure somethin;
as abstract as “innovation”? The GII

researchers use 84 data points ranging
from political stability to ease of starting
a busincss to the number of Wikipedia
edits originating there every year.
1S year's big-picture findings:

spending has rebounded around the
world after suffering in the wake of the

Jobal financial crisis. The same high-

income usual suspects—the wealthiest
Luropean countries in particular—domi-
nate the top of the list. The BRIC
nations—Brazil, the Russian Federation,

India and China—all sli in this
year’s rankings, R&D spending is grow-
ing more quickly in emerging markets
than in rich countries. And unexpected

players such asCosta RicaJUganda hnd

are doing impressively well

with comparatively little. 8

MORE TO EXPLORE

The Global Innovation Index 2013: The Local Dynam-
ics of Innovation. Edited by Soumitra Dutta and Bruno
Lanvin. Comell University, INSEAD and WIPO, 2013,
http:/iglobalinnovationindex.org

The Global Information Technology Report 2013;
Growth and Jobs in a Hyperconnected World. Edited
by Beﬂal Blwasom Soumitra Dutta and Bruno Lanvin.

d INSEAD, 2013,
i IR s o
nology
Nature Publishing lnda.Ava!lr“‘ -

_ www.natureasia.com/en/publ

Thailand
N

800-

The
Pound Gorilla

Chinais the worlds top
exporter of creative goods
and a top investor in

R&D, but the political and
regulatory environments
are still weaknesses.

+

Leader of

the Rich World
Switzerland, a nation of

eight million with a per capita
GDP of $45,285, topped the Gl
for the second consecutive year.
One hint why Switzerland
performs so well: itis also
number one in university-
industry research collaboration.
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More with Less
Moldova,acountryof ~ saccommenanNemmma e Bs
36 million, is relatively poor, it
Country names are color-coded based on their :«“Aﬁﬁ?&h
Innavation Efficiency Ratio, which measures. i
how much innovation output that country is LMvovst.Improved 1 with “Zh‘“ o "‘“';:hn“h“ &
getog i inpits Uganda (which has surprisingly trademark registrations v z
v, high levels of R&D funding relative to GDP in the world. H
¥ E‘Eggﬁ Iﬁm‘q? EQISORS coming in from abroad) and = Oil, the Enemy -§- 37 ©
above the median CostaRica (whichrankedthid " of Innovation? (8]
globally in the density of new While incredibly wealthy, (7]
o INEFFICIENT INNOVATORS Bisisess regitations) wecs L B
Innovation ratios below the median the biggest gainers among Kuwait, Qatar and Saudi ﬁ
LT S R 6 the low-income tier. Arabia all suffer in the G| a
rankings because oil and gas|
investment has crowded out Z
................. 4viereianseep.-. [l otherinvestment. The GIl .31
authors explicitly mention T
the “resource curse.” o)
5 o
<«
BURKINA >
ZAMBIQUE » ) 0
G 3 e E R .wm o5 Z
o
)
S *Gi i per capita dIn purchasing g
power parity lnrenuuona! dollars, which s based on the amount
ofocal cuency necessary to buy the same amountof (@]
and services i that country as a dollar would buy i the U.S. io -l
Q
400
13150 25900 38,650 51400 64150 76900 89650 102400
GROSS DOMESTIC PRODUCT PER CAPITA"
SOURCE: THF CLOBAL INNOVATION INDEX 2013: THE LOCAL DYNAMICS OF INNOVATION, CORNFLL UNIVERSITY, .00
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Transferring University Technology “

® Research at universities are critical to generating new
knowledge, building new infrastructure, and educating
innovators and entrepreneurs
®In US: The Land-Grant Acts of the 19t century and the Building Technology
G.I. Bill and government-university research partnerships Transfer within
of the 20t century showed how federal action can Research Universities
catalyze fundamental change An Entreprencurial Approact
'l'h:)n:as J. Allen and Rory P. O'Shea
®In the past,
® Universities dealt primarily with issues and problems
that could be solved either by a disciplinary approach
or by a multidisciplinary approach among science and
engineering disciplines

® To meet future challenges, however,
® Universities will need a new approach that includes
schools of business, social sciences, law, and
humanities, as well as schools of science,
engineering, and medicine.
® Solving the complex systems challenges ahead will
require the efforts of all of these disciplines

ENGINEERING RESEARCH AND AMERICA’S FUTURE 2005

B. Chehroudi, PhD



Commercializing the Results of University Research

Qﬁl "‘.'E»
research P )
support: $ gl
42 demonstration
NSF, DOE, etc Government A\ innovation potential
», STR, SBIR, etc Grants $ | ={__ asairing

new codified
knowledge

NSERC: National Science & Engineering Research Council

B. Chehroudi, PhD



Commercializing the Results of University Research

Market

failure in the Market

Market market

risk

failure to reach
the market

commercialization

demonstration
f innovation potential
== recognition

potential IP

new codified /// overies g1

5
[

knowledge W

NSERC: National Science & Engineering Research Council B. Chehroudi, PhD



Commercializing the Results of University Research

benefitsto
socie

Market

new value-added
economic activity

failure in the Market

Market

market
, v ’
% Tax Revenue as % of GDP Furepeaq Union 13 » e <
/’//OECET\' risk commercialization
Taxes | /‘T—/h failure to reach poy @ [riioions 3
e the market %

1975 1985 1990 1995 2000 2005

research
| support:
.‘ demonstration
NSF, DOE, etc Government f innovation potential
SBIRete Grants $ recoghnition
%‘5"”53’ s

potential IP

new codified /4//,//5*;//'/4// ,
knowledge //’/{//////F///’%// / in:'leetstltrmneonr;

NSERC: National Science & Engineering Research Council B. Chehroudi, PhD




- Traditional and New Model of "

Technology Transfer and Product Development
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Up-Stream Mid-Stream Down-Stream
-5++ -4 -3 -2 -1 0
Research ‘ Development ‘ Prototype/Demonstration ‘ Manufacture
| | |
Traditional  University Industry Industry Industry

Model

University - — ~  —  Partnerships | Industry
Model |_| |
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- Vision of Partnerships with External
Stakeholders

External Stakeholders

UNIVERSITY

University Center (Industry/Practitioners/Others)

oc Collaboration

Technologies/Ideas

“Partnerships”

Lo Transfer
Human Resources

Partnerships with external stakeholders:
A Key Component of the strategic objectives

B. Chehroudi, PhD



- The Evolving University-Industry M

Relationship

UNIVERSITY

® Traditional University Culture of inquiry is slower paced

University mission to educate and conduct basic research

® Industry Culture is faster paced with a problem-solving orientation

@ Now Universities and Industry are establishing

creative and entrepreneurial environments for

rnal Stakeholders
University Center (Industry/Practitioners/Others)

Problem-oriented research and the
Commercialization of University Intellectual <ﬂi
Property T | “Partnerships”

Universities & Industry are learning to j> S
work together o

Flexibility is key; SBIR, STTR promote this
Collaboration

B. Chehroudi, PhD



Factors to Consider for “
University-Industry Collaboration

® Negotiating agreements

®When a university-industry research relationship is of sufficient magnitude,

® collaboration partners should consider negotiating master contracts.
® Universities also should consider developing model agreements for single research projects
and ensure that the terms do not unduly disadvantage small and medium-sized companies

® Confidentiality agreements, when necessary, should be signed by the company, the
university, and the researchers involved.

® The company and the university must take responsibility for safeguarding confidential
information. Publication delays to protect IP rights should generally be no longer than 60 to
90 days. Any publication delays should be carefully monitored both to preserve academic
freedom and to protect against any early disclosure that might invalidate patent claims

®Indirect costs are a legitimate expense of performing university research.

® n most cases, companies should expect to pay at least the negotiated federal Facilities and
Administrative charge for the research they sponsor in universities

B. Chehroudi, PhD



Factors to Consider for “
University-Industry Collaboration

® Negotiating agreements

® Although ownership and control of IP resulting from a collaboration must be decided by the
collaboration partners it usually will be appropriate for the university to retain ownership.

® Both parties should remain flexible during negotiations, and the key measure should be whether
the corporate partner has the ability to commercialize the fruits of the research to the benefit of
the public. Universities should update their copyright policies to allow industry sponsors to be
granted licensing terms on a basis similar to that provided with parents

® Collaboration partners should avoid engaging in contentious licensing negotiations during a
collaboration negotiation, while preserving the ability of the university and its faculty to share in
the benefits of successes.

® Should the partners agree to preset a royalty rate or range, the university should be mindful of
federal tax regulations governing commercialization terms of sponsored research that takes place
in buildings or uses equipment funded by tax-exempt bonds.

® Companies have the legitimate reasons for requesting background rights to sponsored projects
and, as part of their due diligence, should assist universities in locating potential conflicts.

® Universities have the legitimate rights, but they should make a strong effort to do so when
appropriate and feasible. Universities should closely consult with faculty and confirm that all

contractual obligations can be et before signing binding agreements.
B. Chehroudi, PhD



Factors to Consider for "
University-Industry Collaboration

®Best Practices for Universities

®Research collaborations must be based on the willingness and enthusiastic participation of
individual faculty members.

® A university can assist faculty in finding new collaboration partners, but should do so based on
faculty interest, the research strengths of the university, and industry research opportunities.
Hiring , tenure, and promotion processes should give appropriate credit to university
researchers who collaborate with industry

®Universities should coordinate the efforts of the various offices that support university
researchers in their work with companies and, where appropriate, should consider co-
locating them.

® The university campus president should establish a cooperative tone toward university-
industry research collaborations and should align incentives to encourage teamwork and
promote research collaborations

B. Chehroudi, PhD



Factors to Consider for “
University-Industry Collaboration

® Best Practiced for Industry

® Companies should encourage internal champions of research collaborations to identify
potential university partners based on shared research priorities.

® To expedite this process, companies should make it as easy as possible for potential university
partners to communicate with the company research organization, and should consider
establishing a central coordinating unit for this purpose

® Companies should strive to integrate university research collaboration into their product
and service development process where appropriate.

® They should involve their business units in this process, manage the collaborations
appropriately, and plan for the turnover of key company personnel. Wherever possible, the
company should involve students n the collaboration. The company should modify its
personnel evaluation system as necessary to reward the establishment of internal and external

interdisciplinary teams. To achieve results, company leaders must make a long-term
commitments.

B. Chehroudi, PhD



- Conclusion '“
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m Future competitive advantage will be heavily based on R&D
m Impressive ROI for R&D if managed effectively

m Technology Readiness Level (TRL) a valuable tool for
decision making

m Changes are taking place in the R&D landscape in the
world

m Transferring technology at the university level and
university-corporation partnership are the way to go

m Always consider “Best Practices” recommended
B Advanced Technology Consultants offers consulting

services relevant to University-Industry
collaborations for R&D

B. Chehroudi, PhD


http://www.advtechconsultants.com/
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Dr. Chehroudi, has accumulated years of technical and leadership experiences in different capacities and organizations. This includes such positions as'a
Principal Scientist and Group Leader appointment at the Air Force Research Laboratory (AFRL) ERClInc, a Chief Scientist at Raytheon STX, a Visiting
Technologist at Ford’s Advanced Manufacturing Technology Development (AMTD) center, a tenured Professor of Mechanical Engineering at Kettering
University and University of Illinois, and served as a Senior Research Staff/Research Fellowship at Princeton University. Dr. Chehroudi directed numerous
multimillion dollar interdisciplinary projects in areas involving chemically reacting flows, combustion and emission of pollutants, sustainable and alternative
energy sources, distributed ignition, material/fuel injection, advanced pollution reduction technologies, propulsion concepts, gas turbine and liquid rocket
engines, combustion instability, laser optical diagnostics, spectroscopy, supercritical fluids and applications in environmental and propulsion systems,
advanced composites, MEMS, nanotechnology, and micro fluidics. He has won many merit and leadership awards by such prestigious organizations as the
Society of Automotive Engineers (1. Arch. T. Colwell Merit Award for technical excellence only to top 1% yearly, 2. Ralph R. Teetor Award for outstanding
teaching/research/leadership, 3. Forest R. McFarland Award for sustained leadership in professional and educational service and a key contributor to the
Continuing Professional Development Group, 4. Appreciation Award for 10 years of dedicated and inspiring service and commitment to providing quality
technical education, and 5. Outstanding Faculty Advisor), American Institute of Aeronautics and Astronautics (Best Publication Award of the Year), Air
Force Research Laboratories (1. Outstanding Technical Publication Award, and 2. STAR Team Award for demonstrating world-class combined scientific and
leadership achievements), Institute of Liquid Atomization and Sprays Systems (Marshall Award for best publication with lasting contributions), Liquid
Propulsion Sub-committee of Joint Army-Navy-NASA-Air Force (JANNAF) (Best Liquid Propulsion Paper Award involving undergraduate/graduate
students), and the 2nd International Symposium on Turbulence and Shear Flow Phenomena (Top 10 Technical Publication Award). He has been a consultant
with many organizations such as, Ford, GM, Honda R&D, AFRL, Honeywell, NASA, AFOSR, VW, Bosch, Siemens, NGK, Cummins, and TRW. Through
professional societies, Dr. Chehroudi delivers invited professional seminars on Management of R&D Teams and Organizations, Management of Innovation,
Combustion and Emission of Pollutants in Automotive and Gas Turbine Engines, Ignition Issues, Gasoline Direct Injection engines, R&D on
Homogeneously-Charged Compression Ignition (HCCI) engines, and Liquid Injection Technologies. He has a PhD in Mechanical & Aerospace Engineering
and Post-Doctoral Fellow (Princeton University), MS in Mechanical Engineering (Southern Methodist University, Summa Cum Laude), MS in Economics
(Swiss Finance Institute, Magna Cum Laude, and BS in Mechanical Engineering (Sharif University). He is a senior member of American Institute of
Aeronautics and Astronautics Propellant & Combustion Committee (2008-present) and an Associate Fellow of American Institute of Aeronautics and
Astronautics. Dr. Chehroudi acts as a reviewer for many scientific and engineering journals and publishers, has delivered over 200 presentations in technical
meetings and to nontechnical audiences, over 20 technical reports (Princeton University, General Motors, Ford Motor Co, Department of Energy, NASA, Air
Force Research Laboratory), five 600-plus-page monographs on combustion and emission of pollutants from mobile power plants, ignition technologies,
liquid material injection, and nanotechnology, two book chapters on propulsion system combustion instability and applications of graphene (a nanotech
product) in ignition and combustion of fuels, ground-breaking patents on applications and synergy between nanotechnology, light, and chemical reaction for a
light-activated distributed ignition of fuel-air mixtures, and has more than 150 publications with extensive experience in both scientific and management areas
and intensive trainings in finance and financial engineering.
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