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l. INTRODUCTION AND BACKGROUND

The NSF6s Engineering Research Centers (EF
1985 as a government-university-industry partnership with advancing U.S.
industrial competitiveness as one of its objectives. In a limited effort to
exemplify one as p eaonterit, anf2004, ISRl Inpematignal a mo
conducted a study of the regional economic impact of the Microsystems
Packaging Research Center at the Georgia Institute of Technology (Georgia
Tech), an NSF Engineering Research Center in its tenth year of NSF support.

The study, supported by the Georgia Research Alliance, was the first and

only quantitative economic impact study of any single ERC or of the ERC
program as a whole. The results of this study, when used to calculate a
Areturn on i nvseggdstecethat Geordia rgceivee a 10 to 1
return on its investment through economic impacts at the state level.! These
results suggested to NSF the potential value of conducting additional impact
studies--not just of the regional economic impact of selected ERCs but of

their national impact as well. Consequently, NSF requested that SRI apply an
appropriately modified version of the approach used for the Georgia Tech
study to cover the national and regional (state) economic impacts for three

other centers in the ERC class of 1994-5. This was to be a pilot study to
explore the feasibility of obtaining economic impact estimates from ERCs that

were at or near their transition from NSF ERC Program support, with the

hope that the results of the study would clearly ilust r ate the Progr a
economic benefits.

This document is the final report of a pilot study of national and regional
economic impacts of five selected ERCs. The report is organized as follows.
The remainder of this chapter provides pertinent background information: a
summary of the predecessor study of the Microsystems Packaging Research
Center and a discussion of the initial plan for the ongoing pilot study. Chapter
Il describes the underlying analytical framework for identifying regional and
national economic impacts, including a review of relevant economic impact
assessment literature and the initial approach to ERC economic impact
estimation. Chapter lll describes the initial data collection efforts and the
subsequent revision of the pilot study design. Chapter IV reports results in
the form of case analyses of the five ERCs studied:

! There are numerous gualifications and caveats thatapplytoafir et urn on investmento interpret
Georgia study results. Despite these limitations, the Georgia client asked for such an estimate and SRI agreed

to calculate the ROI despite our reservations about using results of input-output modeling for this purpose.

Generally, such models are designed to estimate the anticipated payoff from targeted investment attraction

efforts and traditional economic development projects. In general, ROl is an inappropriate approach for

estimating the economic impact of long-term investments in research and education programs.

E-1al)
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1 The Center for Neuromorphic Systems Engineering at CalTech

The Center for Power Electronic Systems at Virginia Tech

1 The Wireless Integrated MicroSystems ERC at the University of
Michigan

1 The Center for Integrated Surgical Systems and Technology at Johns
Hopkins University

1 The Georgia Tech/Emory Center for the Engineering of Living Tissue.

=

Finally, Chapter V summarizes the results of the pilot study and discusses the
st udy 0 stions iorduture @waluations of ERC-like centers.

Regional Economic Impact of the Microsystems Packaging
Research Center: Study Summary?

The Microsystems Packaging Research Center (PRC) of the Georgia Institute

of Technology represents a major example o f a statebs investm
science and technology infrastructure.® Between 1995 and 2004, Georgia

invested $32.5 million in the PRC through Georgia Tech and the Georgia

Research Alliance. As a National Science Foundation Engineering Research

Center, t he PRC6s base award funding ceased i
|l ook systematically at both the PRCb6s past
Georgiab6s investment in the PR@mviewgquired ar
of the kinds of investments that are required to produce long-term,

sustainable economic growth. Accordingly, SRI International, under contract

from the Georgia Research Alliance, was asked to conduct an assessment of

the economic impact on Georgia of the existence of the PRC. The purpose

of the study was, in effect, to answer the question: what has been the payoff

to the taxpayers of Georgia from their decade of investment in the PRC? As

outlined below, the study results indicated that there was a substantial,

guantifiable economic impact on the state.

The direct economic impact on the state of Georgia from the existence of the
PRC was calculated by looking at both external support to the PRC and at
the economic impacts of PRC activities and expenditures. First, the technical
and human resources embodied in the PRC attracted large amounts of cash
and in-kind support from external sources (those outside Georgia). Second,
the PRCO6s expenditures on researfkdin educat:i
turn to a variety of other direct economic impacts on the state, including

This section is based on SRI &8s f i naThe Ecangmicrnpactoa Georgiz of Gepmgia gi a Resear c
Techoés Packagi ng, ARmgtere \dAr SRhintethatioriale @ctober 2004.

*Another example of fia stateds investment i n fou Galifmnaistatece and technol
initiatives based at UC campuses i see http://www.ucop.edu/california-institutes/about/about.htm
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creating numerous benefits to Georgia firms that have interacted with the
PRC, and cost savings and other benefits to Georgia firms that have hired

PRC graduates. SRI1 6s analysis of these in@gacts shc
direct i mpact on Georgia of neadydary $172
history. The variety of sources of external support for the PRC and the types

of impacts the PRC has had on Georgia are depicted in Figure 1.1 . SRI 6s

analysis of these impacts showed a total, quantifiable direct impact on
Georgia of nearly $192 million over its ten-year history. Figure 1.2 shows
breakdowns of the sources and amounts of external support to the PRC;
Figure 1.3 shows a similar breakdown of the sources of direct impact on
Georgia economy uipdts: jobh ereatedR vales of pro bono
consulting by PRC staff to Georgia companies, and the value to Georgia
firms attending the PRCO6s industry wor kshorg

Figure 1.1

External Support to the PRC and Sources of Economic Impact on Georgia

PRC
member Jobs created by
NSE support PRC spir_1-in
support companies Value of PRC
to PRC workshops and
short courses to
GA firms

License fees

and royalty

income from _Pro bono
PRC invention assistance to GA
companies

Sponsored
research obs created by

support to PRC start-up
PRC companies

Consulting
income to PRC

faculty/staff Cost savings to
GA firms hiring
PRC grads

Other benefits
to GA PRC
member firms

Direct Impact of PRC on
Georgia& Economy




Figure 1.2

External Support to the PRC

Workshop
In-kind spending

$52,680,910

Membership Fees
$7,474,795 \

NSF
Sponsored $34,609,099
Research
$55,284,763
Figure 1.3
Ot her Sources of the PRCO6s Direct Economic | mp
Technical Workforce
$2,410,000
Other benefits
$675,000
Increased
Employment
$18,192,723



The more than $170 million in PRC direct impacts over its ten-year history

producediir i p p | ethat eortifiueto timpact Geor gi ads economy. i
ripple effects include indirect impacts--purchases of goods and services from

other firms that directly benefit from PRC-related activities-- and induced
impacts--purchases of goods and services (food, housing, etc.) by employees

whose earnings are derived from PRC-related activities. These ripple effects

are substantial, typically doubling the value of most direct economic impacts.

Because oftheshor t ti me available for SRIO&Gs anal y:
applicable previous studies, SRI used the
Regional Input-Output Modeling System (RIMS 11)* to estimate secondary

impacts. In addition to being readily available and affordable, RIMS II has

been shown to produce estimates that are similar to the estimates based on

relatively expensive original surveys and models.”> Because of its affordability

and ease of use, RIMS Il is most likely the source of many of the multipliers

used in university and research center impact studies. In the case of the

PRC, SRI estimated that indirect and induced impacts of the PRC amount to

$134mi I I i on, so that the total qguanti fiabl e
conservatively estimated to be $306 million over ten years (Figure 1.4).

Figure 1.4
Breakdown of Total Economic I mpact of the PRC
_ Indirect &
|n|dnt?clreedC;riLm Induced from
Employment External
External
erna $8,259,496 Income
0,
sanome 3% $150.454,547
e 49%
Other Direct Elr?]g:g?;e:m
$67050}OOO $18,192,723
g Workforce 6%
$2,410,000
1%
An alternative approach to consideringt he PRCO0s economic i mpac

take into consideration the number of jobs its activities have created and
supported. The PRC directly employed research faculty, support staff, and

* See: U.S. Department of Commerce, Bureau of Economic Analysis), Regional Multipliers: A User Handbook for the Regional
Input-Output Modeling System (RIMS 1l). Washington, DC: US Government Printing Office, 1997.

®See: Sharon, Hastings and Lat ham, AThe Vari at i-Owt pouft Bvsotdienhastoe d (I
International Regional Science Review 13: 119-3 9 , 1990; and Lynch, Ti m, AAnalyzing the econc
Projects Using RIMS |1, | MPLAN and REMI O Report for U.S. Depart ment
p— 5
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students. It was also a key influence in the attraction of several companies to

Georgia (new ventures or relocations by existing companies partly

attributable to the PRC), and its research helped create several start-up

compani es that | ocated i n Georgi a. The
amounting to more than $18 million (396 jobs over ten years, or 3960 person-

years of employment), was accounted for as a direct economic impact (see

Figure 1.3). But these jobs and the day-to-day operations of the PRC further

support other jobs in Georgia that supply goods and services directly or

indirectly to the PRC and its employees. The approach outlined above for the
calculation of secondary impacts showed t h:
an additional 343 jobs annuayedrhistoyn Geor gi a

Initial Plan for the Pilot Study

In developing the plan for the pilot study of both national and regional
economic impacts of the ERCs, NSF and SRI agreed that several criteria
were important in selecting which centers to study:

A Selected centers should be in the class of 1994-95 so that the
impacts of the full eleven years of NSF support would be included;

A The centers should have no out-of-state partner institutions, which
would complicate data collection and the regional impact analysis;
and

A A range of types of centers should be included to reflect a variety
of technical fields, relative start-up activity, and incremental vs.
transformational stage of technology development.

Using these criteria, the three centers initially selected for study were the
Biotechnology Process Engineering Center at MIT (BPEC, second funding
award only), the Center for Neuromorphic Systems Engineering at Cal Tech
(CNSE), and the Particle Engineering Research Center at the University of
Florida (PERC).

Furthermore, the data collection strategy would follow that used in the
Georgia Tech study, which relied upon the extensive support, activity, and
output data reported annually to NSF and contained in center annual reports;
center records; interviews with center staff, especially the Director, Depurty
Director, Industrial Liaison Officer, and Education Director; interviews with
representatives of start-up companies; and interviews with companies whose
interactions with the center had resulted in significant, already realized
economic impacts (i.e., in NSF parlance, a subset of technology transfer
finugg et slastcategorylohdata would provide the primary basis for the
national economic impact analysis.



Based on the extensive knowledge of ERC outputs and impacts that has
been gained over nearly two decades of experience, we knew that research-
related center outputs (ideas, research results, models, proof-of-concept,
prototypes, test results, algorithms) generally have not realized their full
economic potential--they require substantial additional time and investment
by industry. Like a portfolio of venture investments, the proportion of ERC
outputs that have realized significant, measurable economic impacts even
after ten years is quite small, perhaps two or three per center. Thus, the
s t u degtitnate of national industry impact takes advantage of the fact that
the distribution of the value of outputs from programs that support risky
ventures (e.g., research, entrepreneurship, venture investments) is highly
skewed. Only a fraction of the unit outputs are highly valued, whatever
measure of value is used, with the great majority of unit outputs generating a

smal | proportion of t Hf¢he wmiueoaf only thé mostt ot a l i m

successful outputs can be measured carefully and validated, the result would
capture a large proportion of the value of the total output.® Thus, our plan for
the pilot study assumed that a careful selection from each ERC of the 2-3
nuggets that indicate the highest economic impact will permit us to capture
the bul k of that ERCO6s measurabl e
complete presentation of the analytical framework used in this pilot study
appears in the following chapter.)

In addition, we knew that data on ERC impacts on firms, including student
hires, intellectual property, cost savings, increased profits, etc., if available,
would have to be broken down by location of the impacted firm (in-state/out-
of-state U.S./foreign), information obtainable only from ERC administrative
records and center staff. Further, we also knew that the profile of national
impacts would look quite different from that of the regional impacts, as the
very large proportion of regional impacts generated from what amount to
pass-through expenditures by the ERC of financial support from NSF, other
federal agencies, and industry would not be reflected in the national impact
profile. Rather, as suggested above, the bulk of national impacts would be
derived primarily from the economic impact of ERC outputs rather than
expenditures. Thus the national impact study would devote considerable
attentont o devel oping data on t-upeancvanhe
measurable economic impact of research outputs, students, and related
activities on member firms and their markets.

The initial plan called for detailed development of the conceptual model for
measuring and analyzing national impacts by late 2005, collection of data

6

Recently
559-566) studied the size distribution of financial returns from eight sets of data on inventions and innovations attributable to
private sector firms and universities. They found that the distributions were all highly skewed, with the top 10% of sample
members capturing from 48 to 93 percent of the total sample returns.

Scherer and olitafortaaVviorfd of(Skelv-d t b h o | b gy e 8ResParch Paliay, 238 (2GD0):

7
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from the three selected ERCs during 2006, and data analysis and reporting
during the first half of 2007. As we will report in Chapter Ill, however, this
plan could not be implemented as originally conceived. The following chapter
describes the analytical framework for estimating the national and regional
economic impacts of ERCs we devised initially, including a discussion of the
expected advantages and shortcomings of this approach as well as
alternatives. In Chapter Il we also discuss modifications to the framework
that reflected our experience with the initial site visits.



II. ANALYTICAL FRAMEWORK FOR IDENTIFYING
REGIONAL AND NATIONAL ECONOMIC IMPACTS

Background i The Economic Rationale for ERCs

As much as two thirds of economic growth in U.S. metropolitan regions in the

1990s was concentrated in high technology industries.”  Meanwhile,

technological and other innovations in the information technology sector

accounted for almost one-third of total real economic growth between 1996

and 2003, and nearly three-quarters of the growth in labor productivity

between 1996 and 2001.° Economists see innovation broadly as the most

important way to raise standards of living over the long term. Because of

innovation market failures,’ i nnovati onods economic i mport
broader social benefits derived from new products and processes,

governments have supported innovation in a variety of ways.

One of the most visible public supports to innovation in the U.S. has been
direct government funding of research and development (R&D), often carried
out in universities. The basic impact logic is that publicly funded R&D leads to
economic impacts by generating new knowledge and technologies that are
commercialized by industry. Ultimate social impacts are generated when
new products are used in the market, creating consumer value (or lowering
prices). Mansfield estimated that some 10 percent of industrial innovation
would not have occurred without academic research.™

Within this framework, policymakers have recognized the importance of
enhancing the flow of industry-oriented academic research from academia to
industry. This recognition has led to federal and state government support of
university-industry research centers with provisions to conduct industry-
relevant research and encourage university-based start-ups and
entrepreneurs.™

"DeVol,R.C,Americads High Tech Economy: Growt h, D e v Sahta MomieanGA, and Risk -
Milken Institute, 1999.

& Council of Economic Advisers, Economic Report of the President, 2005: 136. Department of Commerce, Digital Economy

2003, 2003.

® Economists generally agree there are several market failures surrounding innovation that make social returns from innovation

higher than the private returns. Because of this divergence, without public interventions, there would be underinvestment in

R&D. First are appropriability probl ems, nameelnye ftit st (dicgiflil om&s sdh
accrue to other firms or primarily to consumers. If investing firms cannot appropriate these benefits, they have a weak incentive

to undertake R&D. Second are information problems in the market for innovations. Here, consumers and firms have to make

purchasing decisions for products that are, by definition, new and untested. Because of the difficulty of accurately and

convincingly communicating the quality of innovations, markets will inadequately fund research and commercialization

activities.

Y“Mansfield, E. fAAcademi c Res eReseardn Pdiay 20, 1 (1081} $-13r i a | I nnovation
1 See, for example, L.G. Tornatzky, P.G. Waugaman, and D.O. Gray, Innovation U.d New University Roles in a

Knowledge Economy. Research Triangle, NC: Southern Growth Policies Board, 2002; H. Brooks and L. P.

Randazzese, -Imduist erysiRtey ati ons: The Next Four Years and Beyo
Br own, AState Government s: Partners in | n,redsy lvestimgnn 0 i n L. \Y
T —
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The NSF ERC Program, initiated in 1985, represented an ambitious effort to
stimulate the formation of university-based industrial consortia while at the
same time seeking to change the culture of engineering research and
education. Although one of the key initial political rationales for the creation
of ERCs, increased U.S. industrial competitiveness, currently is of lesser
concern, other ERC objectives remain salient: promote interdisciplinary
research and teaching, promote a team approach to research, and introduce
students to industry needs and perspectives. To encourage the conduct of
longer-term, high-risk research and the formation of an enduring change in
the institutional setting of engineering research and education, NSF supports
each ERC for ten years (subject to intensive reviews every three years) at a
level averaging $2.5 million annually for each center. ERCs are supported by
a combination of NSF core support, other federal agency research grants and
contracts, state and/or university money, and industry membership fees,
contracts, and in-kind contributions.

Though research is an important aspect of ERC activities, ERCs were
organized to have impacts above and beyond those embodied in their
research outputs. In particular, they can have an economic impact by
i mproving t h e -techohusinesses éoperating entironment by
supporting:

A Research i Conducting high-risk, long-term research, increasing the
flow of new ideas, knowledge and techniques to key industry sectors.

A Education & Training 7 Improving the national engineering workforce
through better learning environments (interdisciplinary, team-based,
industry-oriented). Students involved with ERCs could be expected to
be better prepared to contribute to company objectives, and to
contribute sooner than new hires lacking the center experience.
ERCs also provide continuing education services, helping scientists
and engineers already in the workforce stay up-to-date on the latest
developments.

A Infrastructure & Other Services i ERCs are more than just professors,
classes, and research projects. ERCs purchase sophisticated
equipment and assemble that equipment into laboratories and digital
networks that can be valuable resources to industry. ERC staff often
serve as consultants (formal or informal) to industry and area start-up
or spin-off companies. Furthermore, ERCs create and support
venues for strengthening business and academic networks that help
in information and knowledge sharing (social capital). One additional

Innovation. Cambridge, MA: MIT Press, 1998; S. Slaughter and L L. Leslie, Academic Capitalism. Baltimore: The
Johns Hopkins University Press, 1997.
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area i s .fMb eany ERGHsit is a physical initiated only
because of ERC funding. Otherwise most academic centers would
not consider building a testbed.

ERCs can be expected to have an economic impact on the regions where
they operate through these mechanisms, and ultimately have economic and
other impacts on the larger society.

Objective of Pilot Study Economic Impact Assessment

The original objective of this pilot study was to estimate the national and state
economic impacts of three specific ERCs over their award period, 1994-95 to
the present. As noted in the preceding chapter, three ERCs were initially
planned for study: the Biotechnology Process Engineering Center at MIT
(second funding award only), the Center for Neuromorphic Systems
Engineering at Caltech, and the Particle Science and Technology Center at
the University of Florida. The assessment was to be retrospective, i.e.,
documenting and analyzing the already realized economic impacts of the
ERCs & act i viwbdldenst,estimatedhe patential future economic
impact of ERC activities and outputs to date.

The st udy 6 semphasis wwasah developing quantitative estimates of
economic impact. Recent SRI studies of the impact of ERCs on industry, as
well as related literature on the economic impact of academic research
activities, suggest that often the value of long-term, less tangible benefits to
firms may exceed the value of more easily quantifiable economic benefits.
However, it has proven difficult and expensive to obtain reliable, quantitative
estimates of these less tangible benefits, so the initial study design focused
on guantifiable, economic impacts, recognizing that by doing so we would
almost certainly underestimate the actual economic impacts of ERCs. We
sought estimates of both regional and national economic impacts of each
ERC studied.

Review of Relevant Impact Assessment Literature

While analysts have worked for decades to better assess and understand the
impacts of government research programs, projects, and activities, there are
currently no standardized frameworks, methodologies, or even measures of
impact.’” Indeed, government-funded R&D programs raise new issues in
performance measurement and evaluation.'* This is especially true of
programs such as the NSF ERC Program, which can be expected to have

“Tassey, Gregory, AMet hods for Assessi ng STkRlanniigReporbO3il,2003. mpacts of Goy
®“Georghiou, L. & D. Roessner, AEval uat i rRgseafca Bdicy; 29,(4-9,2000650-gr a ms : Tool
678.
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many different types of impacts because the centers conduct fundamental,
long term R&D while simultaneously serving related educational and
industrial service roles. As ERCs broadly share characteristics of R&D
programs more broadly (research), universities (education), and industry
extension programs (infrastructure, start-up, and consulting services), it is
useful to review approaches in the literature to estimating the economic
impact of these kinds of organizations and programs. These are summarized
below and in Table 1 on the following pages.

Ve

A University Impact Studies 1 University impact studies are normally
undertaken by individual universities to quantify their economic impact
on the communities in which they operate. Most of these use an
expenditure-based impact framework that closely follows that
developed by the American Council on Education.** Included are
salary expenditures by the institution, non-salary purchases by the
institution, spending by students, and spending by visitors. A smaller
group of these studies also attempts to calculate the value of
uni versities in terms of {epthervoleng a reg
in fostering start-up companies.

A Research Center/Program Impact Studies i There are two broad
categories of research center/program impact studies. One, like
university impact studies, seeks to determine the specific local
economic impact of having a research center in a given community. In
ot her words, these studies estimate the
activities (researcher salaries, equipment purchases, etc.), not the
impact of the outputs of those activities (new knowledge, education,
etc.). These studies tend to use an expenditure-based framework
consisting of three broad expenditure categories: salaries, other
institutional spending, and visitor expenditures (particularly for medical
centers).

A While many of these studies do document the number of start-ups
and intellectual property being generated by the research centers, few
assign an economic impact to them. A second set of research impact
studies, often called net social benefits analyses, attempts to estimate
the impact of research outputs (innovations, new knowledge, etc.)
rather than inputs or activities. One approach used in these types of
studies is to estimate producer and consumer surplus in order to

“caffrey, John and Herbert |saacs, AEsti mati ngndryyo | Amparcitc af @o WCrod il le
on Education (ACE), 1971.

!5 See, for example, Robert Carr and David Roessner, Economi ¢ | mpact of Mi c hFinglaepoitsoth8t at e Uni ver
Michigan Economic Development Corporation, Arlington, VA: SRI International, May 2002.
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measure the social and private returns to investments in innovation.*

Anot her approach has been to construct
determine the returns to public investments.'” Both methods rely on

firm-level reporting of private investments and cost savings, detailed

knowledge of the supply-demand conditions in each industry and, in

the counterfactual approach, an estimate of what costs (benefits)

would have been in absence of the publicly funded technology.

A Industrial Extension Programs 71 Industrial extension programs,
offering training, consulting, information sharing and other services,
have been established to enhance the competitiveness of targeted
firms (usually smaller firms) in order to increase economic
competitiveness and raise standards of living. Impact assessments of
these programs are most often based on micro, firm-level surveys that
collect data on participating firm outcomes (profits, value-added,
energy use, employment, etc.). These outcome measures for
participating firms can then be compared with those of a control group
of non-client firms.*®

In summary, analysts have developed and applied a number of approaches
to estimating the economic impact of a variety of programs to answer a
variety of questions. As ERC activities span all of these program types, an
appropriate approach will include elements of each of these approaches.

®“sSee: Griliches, Z., #fARe
1958; Mansfield, et al , f
1977: 221-240.

7 See: Link and Scott (Public Accountability: Evaluating Technology-Based Institutions. Boston, MA: Kluwer, 1998.) and

Tassey (2003), which reviews NIST6s experience with this approach.
'8 See Georghiou and Roessner (2000), Section 5, for a brief review of these studies. Several extension program impact

studies have been conducted since that time, generally following the same approach.
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Table 2.1

Summary Céeleced Impact Studies

Study Impact Area Approach Used Impact

University Impact Studies
Georgia Center for 10 GA Modification of A€penditure| Total economic impact of $20.
Continuing counties framework. million onrdict effects of $10.5
Education (1996) million.
Economic Impact ¢ State (MI) | Combined impacts of Every $1 of state support gene
Mi chi gan expenditures, value of edueal $26 of impactsr fotal net impacf
Universities (2002 premium, and technology of $39 billion.

licensing and staps.
Emory University | Atlanta Metr¢ Expenditure framework (ACE In 1999, Emory had a direct
(2000) area with 4O multipliers from RIMS| economic impact of $1.5 billion
Aggregate output multiplier o] $3.4 billiototal.

2.24.

Research Cent@rogranimpact Studie¥
Centers for Diseag State (GA) | Expenditure based framewof CDC6s 1. 3 bi |l |

Control (2002) multipliers from RIMS. Aggre resulted in $2.5 billion in ineded
multiplier of approx. 2 used. | output.
New York Centers| State Benefitost framework of dire| State investment of $61 million
for Advanced impact$ secondary impacts 11 generated benefits of $190 (lo
Technology (1992 examined. estimate) to $360 million (high
estimate).
Univesity of State Expenditure based framewoi State funding of research of $4
Kentucky Researc with 4O multipliers from IMPL| million helped generate additio
and External model . @ Res e al $189 in external funding for
Funding (2004) 1.8. research, which had a total imp
of $311 million.
ATP Photonics National Casestudy based cdstnefit | Net present value of ATP
Cluster (2005) analysis of industry technolo( investment of $2$245 million ar]
users and general public. public IRR of %8 percent.
ATP 2mm Project | National Casestudy interviews and Created 1,400 jobs, added aro
(2004) hedonipricing model to $190 million to GDP.

estimate michmpacts;
macroeconomic modeling of
national impacts.

Industial Extension Program Imp&ttidieg**

Georgia Georgia Survey of «c | i| Netpublicand private benefits
Manufacturing group. $1626 mil lion i
Extension Alliance ROl of 1:2.7.

(1998)

Pennsylvania Pennsylvaniy Quasexperimental design to| Increased labor productivity 306
Industrial Resourc compare clients with-olient | over control group, additional $
Centers (1999) control group and account fo| billion in Gross State Product.

other outside factors.

* Georgia Center for Continuing Education, Economic Impacts of the Georgia Center on Surrounding

Communities. Athens, GA: Department of Marketing Services, Georgia Center for Continuing Education, The

University of Georgia, 1996. Available at: www.gactr.uga.edu/gca/gcqfall96/economic.html; Robert Carr and

David Roessner, Economi ¢ | mpact of Mi c hFing eepoidte theSMichigar Ecbhomior er si t i es
Devel opment Corporation, Arlington, VA: SRI I nternational, M
Atl anta. o Aoty lUmiversitg, 20045 Availalilenat:

www.empory.edu/WELCOM/Economiclmpact/totalimpact.html.
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http://www.gactr.uga.edu/gcq/gcqfall96/economic.html
http://www.empory.edu/WELCOM/EconomicImpact/totalimpact.html

* KPMG, Centers for Disease Control and Prevention and Agency for Toxic Substances and Disease Registry:
Assessment of Annual Financial Activities Within the State of Georgia. September, 2002; SRI International, New
York State Centers for Advanced Technology Program: Evaluating Past Performance and Preparing for the
Future. Report prepared for the New York State Science and Technology Foundation. Menlo Park, CA: SRI
International, 1992; University of Kentucky, Economic Impact from Research and Total External Funding at the
University of Kentucky Fiscal Years 1989-2000. Lexington, KY: Center for Business and Economic Research,
University of Kentucky, September 2000; University
Research and Economic  Development, University of Kentucky, 2004. Available  at:
www.rgs.uky.edu/impact.html; Pelsoci, Thomas, Photonics Technologies: Applications in Petroleum Refining,
Building Controls, Emergency Medicine, and Industrial Materials Analysis. NISTGCR-05-879.

Gaithersburg, MD: Advanced Technology Program, NIST, 2005; Polenske, Karen R., Nicolas O. Rockler, and
Other Members of the Research Team, Closing the Competitive Gap: A Retrospective Analysis of the ATP 2mm
Project. NIST GCR 03i 856. Gaithersburg, MD: Advanced Technology Program, NIST, 2004.

»**Shapira, Philip, and Jan Youtie, AEvaluating I ndu
Georgia Manuf act ur i nlgurngl »ftTectnslogy Transfet28B (1)a1098:€17-27; Nexus
Associates, The Pennsylvania Industrial Resource Centers: Assessing the Record and Charting the Future.
Belmont, MA: Nexus Associates, October 1999.

Initial Framework for Analyzing the Economic Impact of ERCs

Figure 2.5, below, illustrates the general logic flow of how ERCs use funding
from a variety of sources to carry out their research and development,
educational, and services activities, which ultimately impact the local and
national economies. Benefits experienced by private firms, society in
general, and by the increased spending in the economy that the ERCs enable
include:

A Benefits to Industry i Private firms benefit from ERC activities through
the reduced mentoring costs that result from hiring ERC graduates,
having access to ERC intellectual resources and skills, new
production techniques, etc. As ERCs were founded to conduct
industry-relevant activities and research, we would expect the majority
of the direct economic impacts to be of this type. Moreover, firms are
a central unit of analysis, as industry is a primary conduit by which the
technological embodiment of new knowledge generated by the ERCs
and flows to consumers and society at large.

A Benefits to Society T ERCs both generate the basis for fundamentally
new products and educate new generations of engineers. These
activities produce benefits that go beyond those accruing to individual
firms, which are captured above. For example, the benefit of a health-
related innovation may accrue mostly to patients who use that
innovation, or to hospitals that enjoy cost savings from the innovation,
rather than exclusively to the company(ies) that produce it.

A Induced and Indirect Benefits i ERCs, as international centers of
excellence, attract funding that pays for research, education, and
operations (staff salaries, capital investments, etc.) to augment NSF
funds. Spending on activities is not generally considered to be an
impact. However, ERCs often attract resources from outside the
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region (state or nation), and these are clearly new resources flowing
into the region that may not have occurred without Othe ERC. The
activities that this out-of-region funding supports themselves have
impacts as salaries are spent on other goods and services, and as the
ERCs purchase inputs and capital goods.

Figure 2.5
ERC Impact Framework
. o Impacts on
Funding Sources ERC Activities Nation and
o
NSF Firms 3
R& D / Cost savings from ERC hiring
- / Cost savings or new profits
R from ERC innovations
OtherUSGov 6t - f Etc.
; Society
State Government Ee,ggg&o n / Impact of new products
1 Courses and technologies
1 Etc.
Industry
/ In-State
/ Out-of-State U.S. - Induced and
T Services Indirect Effect
/ Infrastructure (lab equipment) ndirec ects
. / Consulting ]
FOfelg n SOU rces / Social capital enhancement é (S:Zla-rtlefl " t
/ Industry / Etc. (UL Y
1 Other (2) } Goods and services

The right side of the diagram represents the total impacts or benefits
of ERC activities, which we planned to estimate using a variety of
techniques.

Cateqgories of Impacts and Initial Approach to Estimation

A Industry Impacts: Sources

R&D

-

A Licensing fees, royalties i From within-region™ firms with primary
operations and/or sales within the region, these represent the implicit
lower-bound value that firms place on ERC intellectual property.

-

A ERC i mpact fi nAg gligcessesl an the previous chapter,
ERCs remagrett sdndu o NSF annually.
high-impact nuggets will need to be further assessed and their

YA Wi trheign ond means within the state when est i ma ingnmatpnakiripactse
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economic impact estimated. This category of nuggets (industry
impact) includes only the impacts appropriated by the firms involved,
usually ERC members and spin-offs.

Education

A Cost savings to within-region firms hiring ERC graduates and
students. Estimated by multiplying the number of hires by estimates
of annual savings in mentoring time, which varies by graduate/student
degree level.

Ve

A Value of ERC short courses, conferences and workshops to in-region
firms. Estimated by the costs incurred by in-region firms to send
employees to the courses, conferences, and workshops.

Services i ERCs provide many services to within-region firms, most of
which are difficult to value. Generally, the amounts that firms pay for
these services can be used as a proxy of the value of benefits they
receive on the assumption that private firms will only invest in activities
where the benefits outweigh the costs.

A Sponsored research support to the ERC from within-region firms

A Consulting income to ERC researchers from within region. If our
experience with the PRC is the case for other ERCs, we will not be
able to obtain estimates of the number of person-days of consulting
provided.

A Value of benefits from technical assistance and consultation provided
at no cost to within-region firms. Estimated by number of person-days
of pro bono consulting times an average consulting daily rate.

A Value of the experience and access gained by visiting researchers
from within-region firms working in ERC labs. Estimated by the
number of visiting researcher-days times their average daily
compensation.

Social Impacts: Sources

A Spillover value of ERC innovations i Estimate of the economic
impact of high-value nuggets (see Industry i R&D above) whose
impacts occur beyond the individual firm that interacted with the ERC.
These are the spillover benefits that could not be, or were not,
appropriated by the firm.

A Dynamic impacts of the ERC i that make the region a more
attractive place to do business, increase investment, and create jobs.
This would be mostly qualitative, but some quantitative estimates from

17



relocations or new ventures and start-ups, and consumer surplus
approaches may be possible for certain nuggets selected for further
assessment. Ideally, we would be able to measure the increased
economic activity attributable to the ERC (increased jobs, investment
dollars, etc. at existing and new companies). These are benefits to
society above and beyond the profits and cost-savings accounted for
in the industry impact category above. However, because of the
difficulty of measuring and attributing these impacts to the ERC, we
expected to rely primarily on:

A Value of relocations, companies attracted to the region because of the
existence of the ERC. Estimated by investment flows, or the average
value of employee compensation times the number of employees,
adjusted by a factor that accounts for the degree to which the location
decisioncan be attributed to the ERCO6s exi st

A Vvalue of within-region start-ups based in ERC research. Estimated by
revenues or investments, or average value of employee
compensation times the number of new employees.

A Education and services (value of more productive workforce, etc).
One possibility for estimating the value of educational services is the
increase in salaries commanded by ERC students and graduates
relative to their counterparts that lack the ERC experience, if such
data were available.

Impacts of Center Spending Attributable to Financial Inputs from Out-of-
Region Sources

Lastly, we plan to identify and quantify the impacts of center spending from
out-or-region sources, including industry, government, and other
organizations via mechanisms such as:

Licensing fees
Membership fees
Sponsored research
Value of in-kind support

Consulting income

> > I D T D

Visitor spending (for short courses, workshops, etc.)
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lI. INITIAL DATA COLLECTION EFFORTS AND
SUBSEQUENT REVISION OF STUDY DESIGN

Data Collection Efforts in 2006

In late February 2006 we sent e-mails to the Particle Engineering Research
Center at the University of Florida and the Biotechnology Process
Engineering Center at MIT, providing details of our data needs and collection
plans. (Copies of the data requirements and data source tables are attached
to this report as Appendix A.) Our e-mails were preceded by e-mails from
NSF/EEC to center directors and senior staff of the three initial target ERCs,
explaining the purpose of the study and requesting their cooperation.

Although Directors and their staff at both the Florida and MIT centers
expressed willingness to cooperate with our study, a number of issues
emerged that ultimately led to a joint decision by SRI and NSF to omit these
centers from study and substitute other ERCs. Without going into great
detail, it soon became clear that, for somewhat different reasons, neither
ERC was in a position to provide the data we needed to conduct the impact
analysis. In 2006, both PERC and BPEC were completing and submitting
their final report to NSF, signaling the end of ERC Program support. At
PERC, a new Industrial Liaison Officer and Administrative Director had
recently been hired and were unfamiliar with the substance and location of
much of the data we needed. With NSF support ending, it was apparently
extremely difficult to divert staff resources to assisting us with our data needs.
The PERC final report with complete data was not available to us until July
2006. At BPEC, it quickly became evident that center staff had dispersed
and many records sent to archives or discarded, with no one available having
knowledge of the necessary documents. The BPEC Director was willing to
cooperate but had no resources at her disposal to help with our needs. In
addition, in e-mail exchanges and telephone discussions with SRI, she made

a number of i mportant points about

guestioned the utility and feasibility of seeking hard data on the realized
economic impacts of the MIT center and, potentially, many other ERCs as
well:

Unfortunately the NSF parlance and metrics do not quite capture the kind of
impact BPEC has (as we point out in the report). The NSF parlance is better
at capturing the product engineering type work, rather than knowledge
generation...in biotech, it takes a very long time for something to move
through development into reality. Also, many of the ICAB member
companies sponsor research at MIT (as detailed in the [final] report) and hire
people from MIT labs. But these do not fall nicely into the metrics.
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A fundamental problem for mapping BPEC onto the metrics for your report is
that the major impact we have had is to create the new discipline of
Biological Engineering (MIT's first new department in 39 years), in all of its
manifestations, rather than focus on somewhat narrowly-defined applications
and immediate products. Much of the value has been to create engineers
who can go out and think about biological processes in a completely different
way.....and that does not map so well onto your metrics.

While these developments were unfolding, we made similar contacts with
Caltechbs Center for Neuromor phic Syst
in July 2006. We received excellent and timely responses from ERC staff at
CNSE, enabling us to quickly prepare detailed data tables that drew upon
annual reports, phone discussions, e-mail exchanges, and the ERCWeb
monitoring system. The remaining data could only be obtained on site, and a
successful site visit to CNSE took place in September 2006. Discussions
with CNSE staff, coupled with information about the major impacts of the
center after eleven years of operation, reflected many of the same points

made by MI Téds Center Director. el e
A the production of new knowledge,
A the creation of new areas of academic research (neuromorphic

engineering),

the education of a new generation of interdisciplinary engineers, and

> >

knowledge transfer via ten new start-up companies that embody
ideas, concepts, and technology based in CNSE research.

Despite eleven years of CNSE operation, most of these start-ups are still
small and operating on venture financing, and impacts on member
companies are to be found in the transfer of ideas, new ways of thinking, and
in the students hired. Nonetheless, one start-up (DigitalPersona) and one
member company (IRIS International) had experienced substantial economic
benefits clearly and directly attr
provided sufficient evidence to test the feasibility of estimating both regional
and national economic impact estimates of CNSE. (The results are
presented in Chapter 1V.) We also discovered, however, that start-ups are
reluctant, at best, to provide any data on employment, sales (if any), or
venture financing obtained, mainly because such information is considered
highly proprietary and, if publicly disseminated, would provide valuable
intelligence to competitors. Likewise, established firms (especially privately-
held firms) are unlikely to provide much, if any, of the market size or cost
savings data necessary to estimate the national economic impact of the
innovations they develop and market.

ems Engi

maj or

but abl

Center staff pointed out t hat CNSE was

transformational ERC whose primary impacts are relatively intangible and
20
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long-term, difficult to capture in traditional economic terms, especially after
such a short period of operation. Focusing on the economic impacts of
ERCs, they argued, overlooked the much higher value of new knowledge,
new ways of thinking, and uniquely trained human capital. Moreover, they
expressed concern that, given the very wide variety of ERCs with respect to
technical focus, industry relationships, and output profiles, comparisons
among ERCs using only or primarily economic impact estimates would be
highly misleading and potentially damaging to long-term public investments in
center-based research and education.

Revised Strateqy for Data Collection

The results of these data collection efforts can be summarized as follows:

A The difficulty in obtaining the necessary data for both regional and
national economic impacts at MIT and University of Florida (UFL) is best
explained by the fact that these centers have basically shut down, at least
as ERCs; staff familiar with records have left; and records in many cases
are unavailable. Center Directors and ILOs were very helpful in informing
us about difficulties involved with providing the data we seek, but going
beyond explanation of the difficulties proved frustrating and ultimately
infeasible.

A The emphasis on realized, national economic impacts, even if the
necessary data could be obtained, will vastly underestimate the actual
impact of ERCs, for at least three reasons. First, even in mature and
incremental centers, there are very few center technologies that have
been commercialized to the extent that significant sales or cost savings
have occurred, either in start-ups or member firms. Second, for most
ERCs, the primary output is new knowledge, often embodied in
graduating students, and there is no feasible way to estimate the
economic impact of either this knowledge or the economic value of the
social capital generated. Third, ERC staff tell us that it is very difficult to
untangle the role that NSF/ERC activity has played, relative to other
sources of support, in those ideas or technologies that have actually
generated economic impact in industry. Each case is unique and would
require extensive consideration by those intimately acquainted with the
case, and we are finding that such people often are no longer involved in
the centers and/or unresponsive to requests for interviews.

A The reasonably successful site visit to Caltech in September, as well as
careful reading of numerous ERC annual reports, confirmed our
expectations about the number of high-i mpact fAnuggetso that w
to be pursued to obtain a reasonable estimate of the total economic
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impact of an ERC. But the CNSE case also revealed how difficult it is to
obtain the necessary information from either start-ups or member firms to
meet the requirements of our simple models for estimating the economic
impact of ERC-based innovations.

These findings led to consideration of three options for proceeding
with the project:

1. Continue the project as planned, doing the best we could to document
national economic impacts and also determine, in qualitative terms, what the
centers consider to be their major impact. Our Caltech visit shows that this
could be done, buttheresultwouldgreatlt y under esti mat e
and it is unlikely that we would be able to obtain much of the sales and cost
savings information we need from either start-ups or member firms.
Obtaining data from MIT appeared to be a dead end, and pursuing data
collection at UFL would continue to be frustrating and burdensome.

2. Choose ERCs other than those at MIT or UFL to study, ones that have not
been shut down and that are relatively more likely to have realized and
documented economic savings in industry. One problem with this alternative

t

is that these may not be typical ERCs

and so it is unclear what conclusions might be drawn about the national
economic impact of ERCs in general.

3. Rethink the project sothatitc an better serve NSF6s

data and analysis.

SRI met with NSF/EEC staff in December 2006 to consider these and other
options. The discussion led to mutual agreement to replace the case studies
at MIT and UFL with studies of ERCs at Virginia Tech (Center for Power
Electronic Systems, or CPES) and the University of Michigan (Wireless
Integrated Microsystems, or WIMS). Both of these centers are still active (in
their 8" and 6™ years, respectively, as of 2006), have strong and close
industry ties, and their technical foci are of interest primarily to relatively well-
established industries.

Changes in Conceptual Structure and Data Collection Emphasis Resulting

from BPEC, PERC, and CNSE Experiences

Experience with data collection efforts in 2006, especially the lessons learned
during the Caltech site visit and interviews, led us to reconsider the emphasis
placed on collecting data for the regional vs. national impact estimates.
Specifically, as it became apparent that the great bulk of national economic
impacts would be generated via spillovers from the innovating firm to the
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markets realizing benefits (e.g., cost savings) from the innovation, we
focused greater attention on the literature on social returns to innovation and
the data requirements for using net social benefit models.

The two sources that guided our Caltech data collection for the national part
of the impact were Edwin Mansfield's use of consumer surplus calculations,
as described in Ruegg and Feller, A Toolkit for Evaluating Public R&D
Investment, NIST GCR 03-857, pp. 104 ff., and the Australian evaluation
study, Economic Impacts of Cooperative Research Centers in Australia by
the Allen Consulting Group, 2005, pp. 20 ff. Basically, the consumer surplus
approach defines the social benefits of innovation as the sum of the profits to
the innovator and the benefits to consumers who purchase it (i.e., spillover
benefits). This approach works well for single products rather than for a
portfolio of projects. It captures market spillovers, but not knowledge or
network spillovers. Mansfield used years of historical data for his case
studies. The approach applies to product innovations that reduce the costs of
industries using it.

The consumer surplus approach used by Mansfield requires, under ideal
circumstances, an estimate of the profits to the innovating firm (resource
savings = profits to innovator), an estimate of costs savings to the market
relative to previous technology, and the supply/demand (P/Q) curves for both
the previous technology and the new technology. The Allen Consulting
Group used a counterfactual conceptual model focusing on “foregone
benefits." The data needs are similar to the consumer surplus approach:
estimates of the net cost savings to the industry; the gross revenue
increases, less costs incurred to generate those revenues (e.g., net profits);
and the income from sale or licensing IP to foreign companies. In the
simplest terms, total social benefits (returns to innovation) equal the sum of
profits to the innovating firm plus the cost savings to users. The social
benefits model can be illustrated in simple form as follows

Figure 3.6

Private and Social Returns to R&D: Pure Market Spillover

Finm 1 private
Proﬂts return
Better Froduct —
Firm 1 Mew Products; ]
! Market
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For our Caltech industry interviews we used this model to prepare an
interview protocol, with different questions for established firms and for ERC
start-ups. The full protocol appears as Appendix B; a short form follows here.

CNSE Industry Interview Protocol: Short Version

1. [For ERC start-ups] What have been the total spending (for wages and
supplies) and capital investment made in the company?

2. What is the total number of person-years of employment generated?

3. What have been total unit sales, domestic and international

separately, of [product(s) based in ERC technology/ideas]?

4. What have been the net profits generated by these sales?

5. What were the unit cost savings (relative to alternative

technologies) to purchasersof [ t h e ¢ o mmpducts? 6 s |

6. Finally, could you estimate roughly the proportion of these economic
impacts that you would attribute to the ERC's existence?

Data Collection Experience, 2007: Mi chi gandés Wi r el

Microsy st ems Center and Virginia Techos

Electronic Systems

Careful reviews of the most recent annual reports of the Michigan and
Virginia Tech ERCs, especially the technology transfer sections, showed that
there was reasonable likelihood of identifying a few cases of already-realized,
significant economic impacts on companies that could be followed up for
validation and details. At the same time, it was also clear that the VT center
was considerably further downstream and closer to industry than WIMS, and
that technology transfer via start-ups was much more important at WIMS than
at CPES. In both centers, however, intellectual property evidently did not
play a significant role in technology transfer or industry impact, a situation
common to nearly all ERCs. Even in advance of our data collection efforts,
there was evidence that at WIMS, at least, some of the same issues that
concerned BPEC and CNSE were also pertinent. The WIMS annual report
for 2005 contained the following comment from an IAB member on the
measurement of success in technology transfer:

| think they [NSF] are measuring the wrong attribute here for established
companies. This makes perfect sense for spin-offs, and start-ups, and these
[licenses, patents] should be a metric of success. Regarding larger
companies, | believe the value is one of understanding new technology paths

€SS

and the relevance and potenti al i mpact

very beneficial to a company or national lab to minimize investment loss and
maximize dollars on paths more likely to achieve product goalsd how do you
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measure this? The fact that some companies remain invested in the . . .
Center even though they are not licensing its technology is a clear indication
that some other value is being achieved. And this value is not likely to be
shared openly by companies.

SRI conducted very successful, two-day site visits at CPES and WIMS during
July 2007. In both cases ERC staff, including Center Directors and Associate
Directors, were extraordinarily helpful and cooperative and generous with
their time in providing the detailed data we asked them to provide, and in both
cases we obtained contact information necessary for follow-up telephone

interviews with stattups and with companies experienci

view) substantial economic benefits from their interactions with the center.
Extensive discussions with Center Directors, Associate Directors, and ILOs
further underscored the points made above: that the most significant impacts
on industry that center activities generate arise from ideas, new knowledge,
and student hires, not from new technologies or intellectual property. In
particular, staff at CPES made it clear that companies they interacted with
benefited greatly from hiring students, and to omit that impact would greatly

di stort and underestimate the cenfdreer 6s

made a point of revising our industry interview protocol to include the benefits
derived from student hires, new knowledge and ideas, and new technologyd
even though we knew that valid, quantifiable information of the economic
value of these benefits would be difficult or impossible to obtain.

The interview guide used in telephone interviews with industry contacts
provided by CPES and WIMS follows (the full version is attached as
Appendix C):

CPES and WIMS Industry Interview Protocol: Short Version

I n the case of your company6s invol

1. What has been the impact of (ERC)-based ideas on your company and
industry, including cost savings, new products and processes, profits or
growth, and new markets?

2. What has been the impact of (ERC)-based technology on your company
and industry growth/markets, especially the cost savings to industry
customers attributable to new products or processes based on (ERC)
technology that replaced an existing product or process?

3. What has been the impact of (ERC) st udent s y o ordyoer
company and on industry growth/markets?

4. What do you think would have happened to (a) your company and (b) the
industry in the absence of (ERC)?
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The follow-up interviews for CPES and WIMS were extremely rich and
revealing, with some surprises (see details in the following chapter).
Obtaining responses from industry contacts was still difficult in some
instances, even when introductory e-mails from the center ILO were sent in
advance of our calls. Not surprisingly, detailed estimates of company-specific
profits and cost savings to the relevant industry from new products at least
partly attributable to ERCs were not provided. However, qualitative
information about the impact that student hires have had on companies were
rich and detailed, sometimes accompanied by rough estimates of the
changes in market size that resulted from ERC ideas, knowledge, and
systems thinking embodied in student hires. While these interviews rarely
provided the detailed quantitative date necessary to apply the net social
benefits model to estimating the national impacts of ERCs, they did provide a
much broader and more accurate picture of the total impact on the nation of
ERC outputs. The next chapter details these results.

Extension of Study to Include Two Additional Cases

Following completion of the analyses for the three ERCs for which data

collection actually took place, SRI & s di scusSH BECsstaffwi t h

concluded with the recommendation that the pilot study be extended to
include an additional two centers: the Johns Hopkins Center for Integrated
Surgical Systems and Technology (CISST) and the Georgia Tech/Emory
Center for the Engineering of Living Tissue (GTEC). These centers were
chosen because they represented a different category of research focusd
biotechnology and bioengineeringd and because additional centers offered
an opportunity to further expand the range of impacts for which systematic, if
not quantitative, estimates of centers might be obtained. Case studies of
these two centers, both in their ninth year of NSF support, were planned and
conducted successfully during the first half of 2008.

Thus, for the last two case studies in the ERC economic impact project we
cast the net of Afeconomic i mpactso
three cases. In particular, we wished to see what kinds of impacts with
economic implications, broadly defined, could be included and for which
reliable data could be obtained. We wanted to explore categories of impact
that might have indirect or quite long-term economic implications, including
impacts on the academic community (in particular, on the careers of
graduated ERC students who chose academic careers, and on the
universities that hired instittiom), and

In light of this broader treatment of economic impacts, in these last two cases
we asked selected industry representatives to discuss with us the impact that
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center outputs have had on their companies and the related industry. As in
previous cases, these representatives were identified by center staff as
representing companies that have experienced significant impacts as a result
of their interactions with the ERC. We asked for their views on the impact of
broad categories of ERC outputs including new knowledge, technology, ideas
or ways of thinking, and student preparation. We also interviewed selected
Ph.D. graduates, post-docs, and center faculty, identified by center managers
as outstanding contributors to research and academia. Finally, we
interviewed non-center faculty and administrators at Georgia Tech and JHU
to obtain details of significant institutional impacts the ERC may have had.

The next chapter presents the results of the five case studies in the order in
which they were conducted.
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IV. CASE STUDY RESULTS

Caltechbs Center for Neuromorphic Systems

Introduction to the Center for Neuromorphic Systems Engineering (CNSE)

A Vision and History

The Center for Neuromorphic Systems Engineering (CNSE) at the California
Institute of Technology (Caltech) began operations as an ERC in 1995 with a
vision of conducting research and developing technologies that would lead to
creation of nrease,lnieractwith, tedrraftom, fared adapt to their
environment with the same ease as living creatures do. This generation of
smarter machines will greatly improve consumer products, healthcare,
security, manufacturing, entertainment, and telecommunication s oraking
its inspiration from biology, engineering and physics, the CNSE traces its
history to the 1970s and 1980s, when Caltech pr of essorsd interests
neurobiology, computers, the physics of computation, analog VLSI (very large
scale integration), and network models led to the 1986 establishment of the
Computation and Neural Systems (CNS) Ph.D. program.

I n turn, ithe new CNS program encouraged e
jointly research how the brain works and how to design computers that could
mi mi ¢ its “pandpeas tnew s developments such as

microelectromechanical systems (MEMS), functional magnetic resonance
imaging (FMRI), and psychophysics emerged, the CNSE continued to
promote scientific research and practical applications in this new field of
interdisciplinary research i neuromorphic engineering. From its pursuit of
this over-arching research framework, the CNSE counts numerous scientific
achievements, including: analog VLSI; optical implementation of neural
networks; the theory of hints in machine learning; the design and fabrication
of flexible smart skins; polymer-based artificial noses; and many others.

A Strategic Plan Overview

From its incept i on, the CNSEO6s activities have be
interdependent areas: controls/systems, biology, learning and sensing
algorithms, and hardware. In the following three-plane chart (Figure 4.1),
these four areas are depicted on the two lower levels. As indicated in the

% center for Neuromorphic Systems Engineering, Final Report to the National Science Foundation, p. 6, May 17, 2006.
2 Center for Neuromorphic Systems Engineering, Final Report to the National Science Foundation, pp. 8-9, May 17, 2006.
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chart, the CNSE works at all research stages, from basic science through

application.
Figure 4.1
y X Smart vehicles Homeland
Apphcatlons & automotive security Smart
& industries Highway, mars, . c % ) Buildirgs
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Source: Center for Neuromorphic Systems Engineering, Final Report to the National Science Foundation, p. 16,
May 17, 2006

A Partners and Industry Membership

From 1994 to 2005, NSF invested $24,682,355 in the CNSE, supplemented
by $288,500 in industry membership fees and $2,147,734 from Caltech.
Over the course of its existence, the CNSE enjoyed support from 24 member
companies and spawned the creation of 10 startups.

The CNSE6s strategy for partnering
based on two principles 7 (i) developing new ideas in areas that industry is
not achieving or cannot achieve similar results and (ii) developing useful
i deas, meani rggneratédadeas shQuid Hdnefit the economy and

society and imp¥fdhe IKKN®&EGs| steabegy

growth of a neuromorphic systems engineering industry involves four key
elements:

2 Center for Neuromorphic Systems Engineering, Final Report to the National Science Foundation, p. 55, May 17, 2006.
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1. Workforce Development: through development of a neuromorphic
systems engineering academic program, CNSE endeavored to help
supply talented, technologically advanced alumni to companies in this
emerging industry and to supply professors to other universities and
thereby reach yet additional students.

2. Support for Startups: CNSE founders believed that startups would be
an effective way to commercialize new neuromorphic systems
technology basedontheCent er 6s research.

3. R&D related to General-purpose Sensory Systems: the CNSE aimed
to develop systems that could be applied to many industries for many
products and thereby to encourage the widespread integration and
adoption of neuromorphic systems.

4. Education for Established Companies: Because neuromorphic
systems is a new, emerging field, knowledge of the field would be
limited at most existing companies; CNSE sought to remedy this gap
through educational events.

A Education and Outreach

Reflecting the ERC goal of transforming how engineering research and
education are conducted, the CNSE emphasizes that one of its major
accomplishments is the creation of the new, interdisciplinary research area of
neuromorphic systems engineering, which brings together biology and
engineering to design sensory and sensory-motor systems that are inspired
by observing and analyzing their biological counterparts. From 1995 to 2005,
the CNSE launched a total of 18 new courses in neuromorphic systems. The
CNSE also has produced more than 100 graduate students who have gone
on to careers in academia and industry, as well as introduced 261
undergraduates to research opportunities.

In addition, the CNSE has conducted other outreach efforts in the field of
neuromorphic systems engineering, including: initiation of what is now an
annual symposium on neural computation involving numerous academic and
research institutions; founding of the three-week Telluride Neuromorphic
Engineering Workshop (which convenes young and established academic
researchers with their counterparts in industry and national laboratories);
development of a kindergarten through high school program to interest young
students in science and technology; and many other one-time and ongoing
events to introduce neuromorphic engineering research concepts to
audiences ranging from researcher to the public at large.

Types of Economic Impact Data Available from the CNSE
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To assess the economic impact on California of state and NSF investment in
the CNSE, SRI employed the approach used in its predecessor study of the
economic impact of state in¥estment in Geor

The approach identifies the external (to California) support that the CNSE

generated; the direct and indirect economic impact of spending by the CNSE

and its faculty, students, and visitors; cost savings and other benefits to

CNSE industrial collaborators; the impact of university licensing of CNSE

technology; the value of CNSE-generated employment; the value of CNSE

graduates hired by California companies; and the value to companies (in

t er ms of i mproved technical skills of W 0
workshops.

(See Figure 4.2, below, for a visual representation of these impacts.) The
economic impact is the sum of the total direct and indirect impacts of these

out puts and expenditures on Cal2%r ni ads ec

The approach uses elements of input-output analysis (through the use of
multipliers for certain expenditures) in addition to algebraic calculations.

Figure 4.2

% David Roessner, Sushanta Mohapatra, and Quindi Franco, The Economi ¢ | mpact on Georgia of Georgi
Research Center, Arlington, VA: SRI International, October 2004.
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Direct Impact of CNSE
on California® Economy

CNSE member
support

Value of
CNSE
NSF support Workshops

to CNSE to CA firms

Jobs created
by CNSE

Licensing and startups

royalty fees from

CNSE inventions ost saving

to CA firms
hiring CNSE
grads

Sponsored
research support
to CNSE

In-kind support
to CNSE

Each category of potential impact is framed in terms of additional money and

other resources coming into California that otherwise would not have

occurred, and/or additional value to the state that otherwise would not have

occurred, in the absence of the CNSE. The following table lists the

categories of impact that SRI sought to measure or estimate, including

indirect and induced effects, to calculate the economic impacts on the state of

California. As will be discussed | ater in the report
CNSEO) , not al | i mpact s related to the CI
Accordingly, the following table lists only those categories of impact which,

based on SRI&6s experienxmenctonadfucGé mmggitabes &
were anticipated to be readily available quantitatively.
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Table 4.1
Categories of Economic Impacts on California

from Investment in the Center for Neuromorphic Engineering Research
NSF support for the CNSE.

Industry support from all out-of-state industrial members of the CNSE since its inception.
Sponsored research support from outside the state attributable to existence of the CNSE.
Licensing fees and royalties for intellectual property generated by CNSE research from non-
California sources.

Spending by non-California attendees at CNSE workshops in California.

Value of CNSE workshops to participating California firms.

Economic impact of start-ups based on CNSE research that have located in California.

Cost savings to firms in California that have hired CNSE students and graduates.

Indirect and induced (secondary) effects: additional economic activity generated by direct
increase in in-state expenditures attributable to existence of the CNSE.

In an extension and adaptation of the methodology used to estimate the
state-level economic impacts on the ERCs, for this study SRI also has
estimated the quantitative impact of the CNSE on the United States as a
whole. As with the estimates for state-level economic impact, impacts at the
national level are framed in terms of additional economic impacts generated
in the United States that otherwise would not have occurred, and/or additional
value to the country that otherwise would not have occurred, in the absence
of the CNSE.

For national economic impacts, SRI expanded the above methodology for
regional impact to incorporate consumer surplus calculations, an approach
that has been described or used in several key impact assessments of public
investments in R&D. As noted earlier in this report, the consumer surplus
approach equates the social benefits of innovation to the sum of the
innovatordés profits from sale of t
use of the innovation. In line with this framework, SRI endeavored to quantify
the net profits to the innovating companies and the net cost savings of
adopting product innovations to the appropriate industries as a whole.

The following table lists the categories of impact that SRI sought to measure

he

nnov

or estimate, includi n g indirect and induced effects,

economic impacts on the nation.
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Table 4.2
Categories of Economic Impacts on the United States

from Investment in the Center for Neuromorphic Systems Engineering
Industry support from all non-US industrial members of the CNSE since its inception.

Sponsored research support from outside the US attributable to existence of the CNSE.

Licensing fees and royalties for intellectual property generated by CNSE research from non-US
sources.

Spending by attendees at CNSE workshops from non-US companies.

Value of CNSE workshops to participating firms.

Economic impact of start-ups based on CNSE research that have located in the US.

Cost savings to firms in the US that have hired CNSE students and graduates.

Indirect and induced (secondary) effects: additional economic activity generated by direct increase in
in-state expenditures attributable to existence of the CNSE.

Net cost savings to US industry as a result of technologies developed by the CNSE.

Net profits or expenditures of start-up companies based in the US and based on CNSE research.

Regional Economic Impacts of the CNSE

This section documents and analyzes the data collected in order to quantify

t he CNSEOGs direct elifoonimo Diieat economgcaimpactson Ca
include both quantifiable and non-quantifiable impacts that accrued to

California because of the activities carried out by the researchers, staff, and

students of the CNSE. However, because it is not possible to measure all

types of direct impact, only quantitative impacts are presented and examined

in this section, while other important but less measurable impacts (such as

the increased competitiveness of California firms collaborating with the

CNSE, access to new ideas, among others) are discussed in a later section,

iOt her I mpacts of the CNSE. O

For measurements of quantifiable impact on California, SRI drew on the

CNSEOGs annual reports to NSF, ot her finan
gathered through interviews with CNSE staff, other Caltech officials, and

several industry partners. When needed, SRI used standard economic data

such as the Economic Census published by the U.S. Census Bureau in our

estimation of quantifiable impacts.

NSF requires that cash, in-kind support, equipment donations, and fees for
access to facilities provided to ERCs from external sources be reported
annually to NSF. Therefore, the CNSEG6s fine
formed a centr al basis for O Uble daextt | mat e o
impacts. SRI worked with CNSE staff to understand and organize these data
into an appropriate analytical framework. We took special care to exclude
cash and in-kind support received from California firms from the final
estimates of direct impact on the state of California of the CNSE, under the
premise that funds received by the CNSE from in-state sources should be
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considered as resources circulated within the state, rather than as additional

resources flowing i nto @sstencé. dheitiollowingd u e

categories of impacts were quantifiable and captured much, but by no means
al |, of the CNSEOGs direct impact on

A NSF support for the CNSE since its inception

Table 4.3

The CNSE has attracted nearly $25 million to California in the form of NSF
support (Table 43)* These funds include the
Engineering Research Center as well as NSF special purpose program
funds.

NSF Cash Support to the CNSE

Total Cumulative Support

Cal

t

o t

i for

CNSEOGS I

Type of Cash Support 1994-2005
NSF ERC Base Award $24,422,355
NSF ERC Program Special Purpose $260,000
Total NSF Support to the CNSE $24,682,355
A Sponsored research support from outside the state attributa ble to the

existence of the CNSE

Most ERCs attract a significant volume of sponsored research, i.e., research
conducted by center faculty and funded by companies, other U.S.
government agencies, or foreign government entities. The Packaging
Research Center at Georgia Tech, for example, drew sponsored research
support amounting to more than $74 million during the first ten years of its
existence. It is likely that the CNSE also received substantial interest and
investment from research funding organizations during its years as an NSF-
funded ERC. However, because of the way Caltech records sponsored
research support, it was not possible to distinguish the sponsored research
funding generated by CNSE from support generated by other units within the
Institute and, as a result, SRI is not able to provide values for this type of
direct quantitative impact.

A Member support to the CNSE

#®Eor

this

and subsequent tables, unless noted otherwise,

annual reports, CNSE records, and CNSE staff.

&y
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Table 4.4

A core el ement of al | ERCs® missions is to

related organizations in its research activities through partnerships and
alliances. In keeping with this mission, the CNSE invites firms from all over
the world to be members of the center on an annual basis. Membership
costs each firm between $2,500 and $25,000 per year depending on the level
of engagement.

The CNSE partnered with 24 companies over its 11 years as an ERC, with
members participating at varying levels and spans of time. Of these, three
companies are multinationals with headquarters located outside the United
States; these foreign firms contributed $65,000 in membership fees. The
CSNE received $233,000 in membership fees from U.S. member firms, many
of which were located in California. To distinguish those funds that were
attracted from outside California

because

obtained (from the center 6s fees paidady report
each company and aggregated only those fees paid by companies

headquartered outside the state.

The tot al amount of t he CNSE®O6-Galfameamber s hi

members amounted to $157,500 (Table 4.4).

Industry Support to the CNSE through Membership Fees

Total Cumulative Support

Source of Cash Support 1994-2005
U.S. Industry Membership excluding CA Firms $92,000
Foreign Industry Membership $65,500
Total Non-CA Member Support to the CNSE $157,500
A In-kind support to the CNSE from external sourc es

In addition to the cash support received from federal government agencies
and national and international industry partners, the CNSE also received in-
kind support from researchers hosted by the center. These visiting
researchers, while on the payroll of their sponsoring companies, contributed

significantly to the CNSEOGSsS research

research teams. Cumulative data on the value of in-kind support were not
available; instead, data only for the years 2001, 2002 and 2003 were reported
by the CNSE. Accordingly, the figure in Table 4.5 (below) probably
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underestimates the value of in-kind support contributed by visiting
researchers from outside California.?®

Table 4.5

In-kind Support to the CNSE

Support during 2001,

Type of In-kind Support 2002, and 2003*
Value of Personnel Visiting from US Industry $500,000
Total In-kind Support to the CNSE $500,000

* Cumulative data regarding in-kind support by visiting personnel was not available.

A Licensin g fees and royalties for intellectual property generated by CNSE
researc h from non -California sources

Typically, universities collect records of all income derived through intellectual
property (e.g., licensing fees and royalties) generated by university research.
CNSE records show that center researchers filed 46 invention disclosures
and applied for 53 patents, 11 of which were awarded. Twelve licenses were
issued, producing a total income to Caltech during the period 1994-2005 of
$5,642. Since all of this income was from California firms, the net direct
economic impact on the state is zero.

A Spending in California by out -of-state attendees at workshops

The CNSE organizes a number of workshops and conferences each year to
foster the free exchange of cutting edge research results and to impart
technical knowledge to industry and other users. The conferences draw
attendees from across the nation and the world. These out-of-state visitors
spend money on lodging, meals, entertainment, transportation, etc.,
resources that would not have come to California without the CNSE.

To estimate the impact of out-of-state visitor spending at CNSE workshops
and conferences, the SRI study team first obtained information from CNSE
regarding the number of workshops held in California over the course of its
funding as an ERC. We then obtained attendance figures for a sample of the
workshops and conferences and, from this information, calculated average
attendance figures for in-state and out-of-state attendees. We then applied
these ratios and attendance data to estimate the total number of non-
California attendees at workshops and conferences.

% The 2001, 2002, and 2003 data for the value of personnel visiting from U.S. industry are for the entire United States, not
simply those researchers visiting from outside California. Accordingly, the 2001, 2002, and 2003 data likely overestimate the
economic impact to California, but due to the lack to data for this category for the years 1994 to 2000, 2004, and 2005, the
overall figure is likely an underestimate.

T
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Assuming an average two-day stay per visitor per event, and federal
government per-diem rates of spending per visitor-day,”® we estimated that
non-California attendees spent approximately $275,000 while in California
attending CNSE conferences and workshops (Table 4.6).

Table 4.6

Estimated Spending by Non-California Attendees

at CNSE Workshops and Conferences held in California

Number of Workshops in California 45
Average # of Attendees per Workshop 63
Average % of non-CA Attendees 32%
Total # of non-CA Attendees 908
Total non-CA Attendee Days in CA 1,816
Spending per Visitor Night $151
Estimated Total Spending $274,216

Impact of start-ups from CNSE research that have located in California

As of 2006, 10 new companies had been formed on the basis of CNSE
research: Digital Persona, Ondax, Cyrano Sciences (now called Smiths
Detection), Holoplex Technologies, Evolution Robotics, Foveon, EndActive,
Real Moves, United MicroMachines, and one other company that the CNSE
could not name in its final r% Alofthe
firms are located in California.

A typical approach to estimating the impact on the local economy of start-ups
from university-based research is to multiply the number of employees by the
sum of the average salary and benefits of technical employees in small, high-

because

tech firms. CNSEb6s final r e pooftherd ocument

existence through 2005, eight of the 10 start-ups® have generated 294
employee-years in the scientific research and technical services fields.

In order to quantify the economic impact of this employment, we used 2002
Economic Census data published by the U.S. Census Bureau. CNSE start-
ups fit the AProfessional, Scient.i

North American Industrial Classification System (NAICS) used by the Census
Bureau. Salaries for employees in this category in the Los-Angeles-Long

% The two-day estimate was provided by CNSE staff. For spending, we used a rate of $151, the federal government per-diem
rate for Los Angeles, Orange, and Ventura Counties, in FY 2005, the final year of CNSE funding. Caltech is located in
Pasadena, within Los Angeles County.

% Center for Neuromorphic Systems Engineering, Final Report to the National Science Foundation, p. 57, May 17, 2006.

% Employment information at two of the startups was not available; thus, the figures reported here underestimate total
employment impacts on California.
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Beach-Santa Ana metropolitan statistical area averaged $42,434 per year.
Using this statistic?®, we estimate the total value of employment generated by
CNSE start-ups to be $12,475,596.

A Value of cost savings to firms in  Californi a that ha ve hired CNSE graduates

CNSE graduates bring advanced technical knowledge and specialized

research and development experience to the firms that hire them upon their

graduation. Such skills and experience are highly valued in industry, as they

significantly reduce the time required for technical training and also reduce

the burden on managers of mentoring and supervision. Reduction of training

and mentoring translates to cost savings for the hiring firms, with the level of

cost savings varying with the new empl oyeeds education an
experience.

Over the last ten years, industry hired a total of 68 CNSE graduates,
including two undergraduates (earning Bachelor of Science degrees), nine
students at the M.S. level, and 57 students at the Ph.D. level. The location of
these hiring firms is not provided in CNSE
firms hiring CNSE graduates benefited through one-time cost savings of
$50,000 per B.S. graduate, $70,000 per M.S. graduate, and $100,000 per
Ph.D. These estimates were based primarily on informal discussions
between SRI staff and with several ERC industrial liaison officers, interviews
with representatives of companies that have hired ERC graduates, and
company surveys.*® Our discussions suggested that a newly-hired ERC
Ph.D. graduate requires approximately o n e ¢ ks méntoring time by a
company staff member than a comparable, non-ERC graduate.

Based on the above assumptions, the total value of cost savings to California

firms hiring CNSE graduates is estimated to be $6,430,000. However,

because CNSE does not describe the locations of firms hiring its students,

and it is possible that some of the hiring
calculations may somewhat overestimate the impact on California of cost

savings achieved through CNSE hiring.

A Value of workshops to participating California firms

% This calculation is based on estimates of pre-tax direct salaries. In other words, it does not include other employer paid
benefits such as health care and social security contributions. This was done to simplify calculations that otherwise would
include estimates of employer-paid fringe benefits minus certain deferred compensations (employer paid benefits such as
social security and retirement account contributions do not have a direct or immediate impact on the state economy and so are
usually not included in impact analyses). In addition to simplifying the calculation of employment impacts, this also results in a
more conservative overall estimate.

* The cost savings to the hiring firm were estimated to be approximately $100,000 per Ph.D., using the mentor's annual full
compensation as the basis for this estimate. We extrapolated from this to estimate cost savings of $70,000 per ERC M.S. hire
and $50,000 per B.S. hire. These estimates are supported by results of surveys conducted by the Semiconductor Research
Corporation (SRC). Companies that hire students supported by SRC contracts estimate cost savings of at least $100,000 per
student. See http://www.src.org/member/students/mem_benefits.asp
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Through sponsorship of workshops for industry, CNSE serves to improve the

overall quality of the technical workforce in California. In order to estimate

the impact on the state and, in particular to the California firms that sent

participants to CNSE workshops, SRI drew from CNSE data regarding

numbers of participants and participant-days at CNSE workshops and from

Uu. S. Census Bur eau d a Scentifi€, oand TécAnicalf essi ona
Serviceso category of the North American
(NAICS) in the Los-Angeles-Long Beach-Santa Ana metropolitan statistical

area.

Using the latter information, SRI calculated an estimated daily rate for
participants and adjusted the daily rate upwards by 50% to account for fringe
benefits.

The following table, Table 4.7, provides the results of these estimations,
which demonstrate almost $475,000 in value to firms and the state via
improved workforce skills.

Table 4.7
California Firms sending Participants
Number of Workshop Attendees from California firms 1,942
Estimated # of Days at Workshops 1,942
Estimated Salary per Day $244.50
Estimated Value of Workshops to California Firms $474,819

A The CNSE b drecT Econanhic IBpact on California

In summary, the existence of the CNSE has led to the inflow of substantial
amounts of research funding to California from NSF, has created employment
in the state, resulted in cost savings to California firms via hiring of CNSE
graduates, and generated value for firms participating in CNSE workshops.
As Table 4.8 shows, the total direct quantifiable economic impact of the
CNSE on California is estimated to be almost $45 million.
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Table 4.8
The CNSEG6s Tot al Direct Quantifiahbl e

. : Cumulative
External Income to California 1995-2005
Support to CNSE from the National Science Foundation $24,682,355
CNSE membership fees from non-California member firms $157,500
In-kind support from non-California firms $200,000
Spending by non-California attendees at CNSE workshops in California $274,216
Licensing income from non-CA and foreign firms 0
Total External Income to California $25,314,071
Value of Increased Employment in California
Value of employment created by CNSE start-up companies located in California $12,475,596
Total value of increased employment in California $12,475,596
Improved Quality of Technical Workforce in California
Value of CNSE graduates hired by California firms $6,430,000
Value of workshops to participating California firms $474,819
Total value of improved quality of technical workforce in California $6,904,819
Total Direct Quantifiable Economic Impact $44,694,486

The CN S E mdirect and Induced (Secondary) Economic Impacts on California

In addition to the direct economic impacts described above, the CNSE also
generates a variety of indirect and induced (secondary) economic impacts.
This section briefly outlines the background, assumptions, and methodology
SRI uses to estimate the indirect and induced impacts and then presents the
results of these secondary impact calculations in combination with the direct
guantifiable impacts to produce an estimate of the total economic impact the
CNSE has had on California.

The immediate impacts attributable to the CNSE (described above) further
affect the California economy as firms and employees spend or invest their
new earnings (or cost savings) within the state. This ripple effect, as new
spending is filtered throughout the economy in subsequent rounds of
economic activity, is made up of two components:

A Indirect impacts i Purchases of goods and services from other firms by
the businesses that directly benefit from CNSE-related activities.

Ve

A Induced impacts I Purchases of goods and services (food, housing,
transportation, recreation, etc.) by employees whose earnings are derived
from CNSE-related activities.

In this way, the impact of original spending is amplified as it is re-spent by
firms and consumers throughout the economy. To estimate the magnitude
of the indirect and induced impacts, SRI purchased RIMS Il multipliers from



the Bureau of Economic Analysis and identified appropriate detailed industry
sector multipliers for each relevant direct impact segment. The multipliers are
listed in Table 4.9 (below). For those impact segments that represent
resources flowing through the CNSE (external income from the National
Science Foundation, industry membership fees, etc.), the multiplier for the
"scientific research and development services" industry (RIMS Industry
number 541700) was used. Implied in this choice is the assumption that the
CNSE and its employees share a similar spending profile to other scientific
research and development services companies in California on which the
RIMS Il model is based.

For those segments that are income estimates, the multiplier for the
household sector was used. This applies to the value of in-kind visitor
researcher support (which is essentially visitor salaries for the time they are
visiting in California) and the value of employment in California. For spending
in California by non-California attendees at CNSE workshops, a blended
multiplier was created that represents the breakdown of the typical business
vi sitor 6d 55 pgeeantdan mazommodations, 25 percent on meals
(food services and drinking places), 10 percent on local retail, 5 percent on
recreation and entertainment, and 5 percent on ground passenger
transportation.

Table 4.9

Multipliers Used To Estimate Secondary Impacts

Total Output

Direct Impact Category Multiplier
EXTERNAL INCOME TO CALIFORNIA
Support to CNSE from the National Science Foundation 2.406
Sponsored research support from outside California to CNSE researchers 2.406
CNSE membership fees from non-California firms 2.406
In-kind visiting researcher support from non-California firms 1.599
Spending by non-California attendees to CNSE workshops in California 2.273
Licensing income from non-CA and foreign firms 2.406

VALUE OF INCREASED EMPLOYMENT IN CALIFORNIA
Value of employment created by CNSE start-up companies located in

California 1.599

Given relevant final output multipliers from RIMS Il and direct impact
estimates, estimating indirect and induced impacts was a straightforward
calculation involving multiplication of direct impacts by their corresponding
segment multipliers. Tot al direct i mpacts
to nearly $45 million over ten years. These direct impacts generated
secondary impacts of nearly $43 million, for an implied aggregate multiplier of
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1.96.3'  For comparison, the implied aggregate multipliers found in the

literature range from 1.5 to 2.3.

The total quantifiable

years (see Table 4.10).

Table 4.10

e caotimiteesran Califormep act s o f
are the direct impacts plus indirect and induced impacts. The CNSE has had
a direct impact on the California economy of $44,694,486, with secondary
impacts of $42,862,835, for a total economic impact of $87,557,321 over ten

Total Quantifiable Economic Impacts of the CNSE on California

Direct Impacts

EXTERNAL INCOME TO CALIFORNIA
Support to CNSE from the National

Indirect &
Induced
Impacts

Science Foundation $24,682,355 $34,695,986 $59,378,341
CNSE membership fees from non-
California member firms $157,500 $221,398 $378,898
In-kind support from non-California firms $200,000 $119,860 $319,860
Spending by non-California attendees at
CNSE workshops in California $274,216 $348,966 $623,182
VALUE OF INCREASED EMPLOYMENT IN CALIFORNIA
Value of employment created by CNSE
start-up companies located in California $12,475,596 $7,476,625 $19,952,221
IMPROVED QUALITY OF TECHNICAL WORKFORCE IN CALIFORNIA
Value of CNSE graduates hired by
California firms $6,430,000 n/a $6,430,000
Value of workshops to participating
California firms $474,819 n/a $474,819
TOTAL QUANTIFIABLE IMPACT ON CALIFORNIA

$44,694,486 $42,862,835 $87,557,321

As indicated in Figure 4.3, the majority of the direct impacts are from the
external support that the CNSE has attracted from sources outside California;
these direct impacts from external support account for 29 percent of the total
guantifiable impacts; indirect and induced impacts derived through this
external support comprise 40 percent of the total (direct and indirect)
guantifiable impacts of the CNSE on California.

Direct and indirect workforce and employment effects together comprise the
remaining 31 percent of economic impacts on California.

“Multipliers are generally specific to certain types othl expenditures:s
secondary impacts over all direct impacts and is a useful way to compare the importance of secondary impacts across projects
or studies.
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Figure 4.3

Indirect and Induced
from Increased $6,904.819
Employment,
$7,476,625

Value of Increased

Employment,
$12,475,596

Direct + Indirect and Induced Economic Impact
of CNSE on California

Value of Improved

Technical Workforce,
Total External Income to

California, $25,314,071

Indirect and Induced
from External Income,
$35,386,210

Total Quantifiable Economic Impact of CNSE on California: $87,557,321

National Economic Impacts of the CNSE

This section presents and examines the data collected in order to quantify the
CNSEOGs direct guantifiable economi
whole. As with direct impacts on California, the quantifiable impacts
presented here underestimate the total direct impacts on the nation because
some types of direct impact are infeasible to measure. The latter types of
direct CNSE i mpacts on the nation
CNSE. 0

In compiling data regarding the direct quantifiable impacts of the CNSE on
the United States, SRI drew on similar sources as for state-level impacts,

such as CNSE6s annual reports and
gathered through interviews. Interviews with selected industry partners,
initiated during the SRI teamds si

augmented via subsequent telephone and email communications, proved
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particularly important for estimating data regarding cost savings to U.S.
industry resulting from CNSE-derived products and for net profits to firms
incorporating CNSE research into new products. Whenever required, SRI
also used standard economic data such as the Economic Census published
by the U.S. Census Bureau in our estimation of quantifiable impacts.

A CNSE membership fees from non -US member companies

As mentioned in the analysis of regional economic impacts, all ERCs aim to
attract involvement, including financial commitments, from companies and
related organizations with shared research interests. Membership in an ERC
is the tangible expression of interest that is documented by ERCs, including
the CNSE. From 1994 to 2005, the CNSE attracted 24 member companies,
of which three companies are multinationals headquartered outside of the
United States. As indicated in Table 4.11, these non-US firms contributed
$65,000 in membership fees, representing the direct economic effect of
member income from outside the United States.

Table 4.11

Non-US Industry Support to the CNSE through Membership Fees

Total Cumulative Support

Source of Cash Support 1994-2005
Foreign Industry Membership Fees $65,500
Total Non-US Member Support to the CNSE $65,500

A Spending by non -US attendees at CNSE workshops in California

The CNSE, like most ERCs, aims to disseminate information about its

research efforts and technological developments to a broad audience,
particularly to industry and other potential R&D users. Because these
conferences and workshops would not take place in the absence of the

CNSE, the spending associated with their implementation is a direct impact of

the centerdés existence. At the n@xional
firms during their attendance at these workshops would contribute to the
centerds economi creiwaspessentially no faiticipatien by h e
foreign firms in these workshops, the national impact is zero.

A Value of CNSE workshops to participating firms

By sharing its research activities and ideas in workshops and conferences
targeted at industry, CNSE helps to strengthen the knowledge and technical
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capacity of the countrybés workers. Accor ¢
participating firms received via the improved skills of workers attending CNSE
workshops. As described earlier in the discussion of regional economic
impacts, this value can be estimated by calculating the cost to the firm of the
participantsdé time spent at the CNSE wor ksh

SRI calculated this figure by multiplying the number of participants and
participant-days at CNSE workshops by a burdened daily rate for the average
professional, scientific and technical services worker in the Los Angeles
metropolitan area.’> Based on CNSE staff input, SRI assumed that, on
average, in-state participants attended one-day workshops and out-of-state
participants attended two-day workshops, yielding a total of 3,758
participants-days at CNSE workshops. Table 4.12, below, provides the
results of these estimations, which demonstrate over $900,000 in value to
firms and the nation via improved workforce skills.

Table 4.12
Firms sending Participants
Number of Workshop Attendees (CA and non-CA firms) 2,850
Estimated # of Days at Workshops 3,758
Estimated Salary per Day $244.50
Estimated Value of Workshops to Participating Firms $918,831

A Value of employment created by CNSE startup companies

As mentioned in the regional impacts discussion, CNSE has been central to
the launch of 10 new companies, all located in California. Accordingly, the
employment generated by these new companies results in expanded
employment for the nation as a whole, and the value of this employment can
be quantified by multiplying the number of person-years of employment at the
startups by an average salary for the type of worker likely to be found at a
technology-based company. The CNSE startups reported employment
totaling 294 person-years, and the average annual salary for a professional,
scientific and technical worker in the Los Angeles metropolitan area is
$42,434, resulting in an estimated economic impact on the nation of
$12,475,596.

¥To calculate a burdened daily rate, SRI obtained the average daily
Ser vi c e anoof theaNbréh gmerican Industrial Classification System (NAICS) in the Los-Angeles-Long Beach-Santa Ana

metropolitan statistical area and multiplied the average daily salary by 1.5 to account for estimated fringe benefits provided by

the firm to the worker.
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A Value of CNSE graduates hired by US firms

As described in the previous section on regional economic impacts, CNSE

graduates possess unique R&D experience and technical knowledge that

reduce the training and mentoring costs expended by the companies that hire

them. This cost savings represents a substantial value to the hiring firms.

From previous studies and SRIO&6s discussi ol
liaison officers, SRI estimates that one-time cost savings to firms of hiring

CNSE graduates totals $50,000 per B.S. graduate, $70,000 per M.S.

graduate, and $100,000 per Ph.D.

Since CNSEOG6s inception, private companies
including two undergraduates (earning Bachelor of Science degrees), nine

students at the M.S. level, and 57 students at the Ph.D. level. Based on

these figures and the cost savings estimates by graduate level, the total value

of cost savings to firms hiring CNSE graduates is estimated to be $6,430,000.

However, because CNSE did not report the location of the firms hiring the 68

CNSE graduates, and because some of these firms may be located outside

the United States, the $6,430,000 figure may slightly overestimate the value

to the United States of cost savings achieved by firms hiring CNSE

graduates.

A Net cost savings to U.S. industry from products incorporating CNSE
research

As described in Chapter 11, SRI 6s framewo
of investment in ERCs is based on the concept that societal benefits (i.e.,
returns to innovation) equal the sum of profits to the innovating firm and the
cost savings to users (whether individuals or companies). Since many
companies incorporating CNSE research or technology are privately held and
often reluctant to divulge information that might be useful to competitors, SRI
experienced difficulties in estimating or obtaining either type of figure,
particularly profit estimates. As a result, our focus in this aspect of estimating
t he C N S@&nonsic ingpact has been on documenting and analyzing
realized cost savings to users from products introduced to the market by
CNSE member companies or startups. Within the latter category, our focus
amongst CNSE startups has been on those companies advanced enough to
have products in the market. As discussed in Chapter lll, the cost savings
presented here are, in NSF terminology, t !
ERC investment, rather than a comprehensive quantification of all cost
savings achieved to date or a projection of the savings expected in the future.

SRI 6s review of CNSE annual reports, ot her
Caltechr eveal ed two key fAnuggetso related to
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applications of CNSE research. These nuggets include the cost savings
achieved through commercialization of CNSE technology by one CNSE
member company, IRIS, and one CNSE startup, DigitalPersona. The
technology used or incorporated by each company and the process for
estimating cost savings associated with IRIS and DigitalPersona products are
described below.

Use of CNSEO6s Technology by | RIS

Faced with intensifying competition from a Japanese manufacturer, IRIS, the

world leader in urinalysis systems, sponsored a CSNE research project to

develop an instrument that would automatically identify urine particles as well

as automatically highlight specimens with particular characteristics (defined

by the user) for further review by a technician. Through the project, IRIS

aimed to develop an instrument th a t nfempl oy[ ed] a more ro
pattern t3tandtheby degrgased the time spent by technicians on

visual identification and analysis of images.

In fact, the new IRIS urinalysis instrument results in a four-minute reduction in
review time, which implies substantial cost savings for hospitals (and other
health facilities). Assuming that a technician at a typical large hospital
reviews an average of 50 urine specimens each day, the hospital saves 200
minutes per day of technician time. Further assuming an hourly cost of $30
per hour for a skilled technician, the new IRIS instrument saves the hospital
$100 per day or, with 300 working days per year, $30,000 per year. The
following figures, in Table 4.14, summarize the total cost savings to the
United States of the CNSE technology used in the new IRIS product, 357 of
which were introduced into use in the United States from 2002 to 2005.

Incorporatio n of CNSE Technology in Digital Persona Innovations

DigitalPersona is a startup established by two CNSE undergraduates who
created the technology during a CNSE class project. Subsequently,
DigitalPer sonaé6s fingerprint recognition techno
various Microsoft products to assist in password management as well as to
improve privacy and security. Approximately one million users employ
DigitalPersona technology for password management, of which SRI
estimates 500,000 are in the United States. The Gardner Group estimates
that it costs approximately $150 per user per year to maintain passwords,
while the DigitalPersona product costs $180 on a one-time basis. Assuming
a usable life of three years for the DigitalPersona product, SRI calculates a

#¥National Science Foundation, AEngi n eGemeiatedgCorReercialiaed BrdducBe nt er | nnovatic
Processes, and Startups, 6 Febrwuary 2007, p. 24.
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total cost savings to the United States of $135,000,000 from the CNSE
technology represented in DigitalPer sonabés product ,41as det ai l

Table 4.13

Estimated Value of Cost Savings of CNSE Technology
to the United States

Cost Savings from IRIS Instrument
Number of instruments in-use in the United States (as of the first

quarter of 2006) 357
Benefit per instrument per day $100
Estimated days of use per year 300
Subtotal Cost Savings From IRIS Instrument $10,710,000
Cost Savings from DigitalPersona Innovations
Cost savings per user over usable life $450
Cost per user over usable life $180
Net cost savings per user over usable life $270
Number of users in the United States 500,000
Subtotal Cost Savings from DigitalPersona Innovations $135,000,000
Estimated Yearly Cost Savings to the United States $145,710,000

A Net profits to U.S. firms using CNSE research in new products

In addition to the cost savings information described above, DigitalPersona

also provided figures enabling estimation of net profits for the most recent

year of operations. Accordingtothecompanyds chief technology
firm has been profitable for approximately one and a half years and earns

profits of between 15 and 20 percent of revenues. However, the company

was not willing to release revenue data because it was deemed proprietary.

The CNSEO grectEBconmrnic Ilhpact on the United States

In summary, the existence of the CNSE has created employment in the
nation, resulted in cost savings to U.S. firms, and generated value for firms
participating in CNSE workshops. As Table 4.14 shows, the total direct
guantifiable economic impact of the CNSE on the United States is estimated
to be nearly $166 million.
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Table 4.14
The CNSEG6s Tot al Direct Quantifiabl e Ec

Cumulative

External Income to the United States 1995-2005

CNSE membership fees from non-US member firms $65,500
Spending by attendees at CNSE workshops in California $0
Total External Income to United States $65,500
Value of Increased Employment in the United States
Value of employment created by CNSE start-up companies $12,475,596
Total value of increased employment in the United States $12,475,596
Improved Quality of Technical Workforce in the United States
Value of CNSE graduates hired by US firms $6,430,000
Value of workshops to participating firms $918,831
Total value of improved quality of technical workforce in the United States $7,348,831
Net Cost Savings and Profits for U.S. Companies
Net cost savings to industry $145,710,000
Net profits n/a
Total net cost savings and profits $145,710,000
Total Direct Quantifiable Economic Impact on the United States $165,599,927

The CN S E ndirect and Induced (Secondary) Economic Impacts on the
United States

As mentioned in the section detailing impacts on the region, the CNSEOG s
direct economic impacts generate a variety of indirect and induced
(secondary) economic impacts. In estimating the indirect and induced
impacts, SRI uses the same background, assumptions, and methodology for
national-level impacts as for state-level impacts. The multipliers used to
calculate indirect and induced impacts at the national level are noted in Table

4.15, and the total quantifiable impacts (direct and indirect/induced) are
summarized in Table 4.16.

Table 4.15

Multipliers Used To Estimate Secondary Impacts on the United States

Total Output

Direct Impact Category Multiplier
EXTERNAL INCOME TO THE UNITED STATES
CNSE membership fees from non-US firms 2.406
Spending by attendees at CNSE workshops 2.273

VALUE OF INCREASED EMPLOYMENT IN THE UNITED STATES
Value of employment created by CNSE start-up companies located in

California 1.599

The total guantifiable economic i mpacts o
United States are the direct impacts plus indirect and induced impacts. The
CNSE has had a direct impact on the U.S. economy of $165,599,927, with
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secondary impacts of $7,568,698, for a total economic impact of
$173,168,625 over ten years (see Table 4.16. As implied, the vast majority of
impacts on the United States are direct impacts i of which net cost savings
comprises 82 percent of the total quantifiable impact; indirect and induced
impacts comprising less than one-half of one percent of the total quantifiable
impacts (Figure 4.4).

Table 4.16
Total Quantifiable Economic Impacts of the CNSE on the United States

Indirect &
Induced
Direct Impacts Impacts Total

EXTERNAL INCOME TO THE UNITED STATES
CNSE membership fees from non-US
member firms $65,500 $92,073 $157,573
VALUE OF INCREASED EMPLOYMENT IN THE UNITED STATES
Value of employment created by CNSE
start-up companies $12,475,596 $7,476,625 $19,952,221
IMPROVED QUALITY OF TECHNICAL WORKFORCE IN THE UNITED STATES
Value of CNSE graduates hired by US

firms $6,430,000 n/a $6,430,000
Value of workshops to participating firms $918,831 n/a $918,831
NET COST SAVINGS AND PROFITS IN THE UNITED STATES
Net cost savings to industry $145,710,000 n/a $145,710,000
Net profits n/a n/a n/a
TOTAL QUANTIFIABLE IMPACT ON THE UNITED STATES

$165,599,927 $7,568,698 $173,168,625




Figure 4.4

Direct + Indirect and Induced Economic Impact
of CNSE on the U.S.

: Value of Increased Indirect and

Indirect and Induced from
Induced from External Income to Employment, Increased

External Income, the U.S., $65,500 $12,475,596 Employment,

$92,073 $7,476,625

Value of Improved
Technical
Net cost savings to Workforce,
industry, $7,348,831
$145,710,000

Total Quantifiable Economic Impact of CNSE on California: $173,168,625

Other Impacts of the CNSE

SRI 6s previous studies for t he NSF
participation in ERCs and other university-based industrial consortia indicate
clearly that the less tangible, longer-term, and difficult-to-quantify benefits of
membership are substantial, typically exceeding the costs of membership.**
As described in Chapter lll, the site visit to CNSE, as well as communications
with BPEC and PERC staff, reinforced that it is important in an impact study
such as this to describe the magnitude and variety of non-quantifiable
impacts on California. Examples of non-quantifiable impacts include effects
of the center on the broad impact on competitiveness at both the firm and
national economic levels, as well as a wide range of specific benefits that
have positive economic implications for firms, including access to new ideas
and know-how, access to facilities, improved information for suppliers and

% J. David Roessner, David W. Cheney, and H. R. Coward, Impact on Industry of Interactions with Engineering Research
Centers i Repeat Study. Arlington, VA: SRI International. Final Report to the National Science Foundation, Engineering
Education and Centers Division, 2004; David Roessner, Outcomes and Impacts of the State/Industry University Cooperative
Research Centers (S/IUCRC) Program. Arlington, VA: SRI International, October 2000. Final Report to the National Science
Foundation Engineering Education and Centers Division; Catherine P. Ailes, J. David Roessner, and Irwin Feller. The Impact
on Industry of Interaction with Engineering Research Centers. Arlington, VA: SRI International, January 1997. Final Report
prepared for the National Science Foundation, Engineering Education and Centers Division.
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customers, product and process improvements, and information that
influences the firmbébs R&D agenda.

In the case of CNSE, several of these types of non-quantifiable impacts were
emphasized by member firms, CNSE startups, and center staff. For
example, one CNSE startup (that later became a member firm) noted the

significant influence of the centerods idea
companyos direction and product focus.
mani f es

Robotics, t he CNSEOGS i mportance i s
ideas, which the company gained an ongoing basis as a member of the
CNSEG6s scientific advisory board.
the company is further embodied in its people, who created the core software
used at the company and who, t hrou
degree graduates, were responsi bl e
With regard to the latter 7 hiring of CNSE graduates i a significant but difficult
to quantify impact may be the reduction in time from concept to
commercial i zati ons praoductst e toc thenpdvanged
knowledge and R&D techniques derived from center research and
experience.

CNSE staff likewise commented on the importance of human capacity
building efforts at the center, noting that over one-third of the Ph.D. graduates
from CNSE went on to become faculty members at other universities, thereby
extending the centerds multidiscipl
students and in different academic environments.

More broadly, CNSE staff emphasized that, with NSF support, the center has
succeeded in establishing an entirely new field i neuromorphic systems
engineering 7 that has implications and applications for many industries and

product s. In this sense, CNSEOGs R&D

and leadership of California and the United States in the science and
technology arena and, in particular, in this emerging field.

Conclusions and Observations

The process of documenting and analyzing

at the state and national levels leads to two key conclusions and
observations. First, the investment of NSF funding in the CNSE has led to
substantial returns at both the state and national levels, especially when one
considers these returns in light of the conservative assumptions that we used
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to measure realized impacts and the lack of data for some types of direct
impact.®®

The second major observation from the CNSE case relates to the timeframe
in which impacts can realistically be expected and, correspondingly, hints at
the magnitude of the not-yet-realized impacts of ERC investments. The
CNSE, though in operation as an ERC for a full 11 years, focuses on
upstream or transformational ideas and technologies and, thus, might be
expected to have a long time horizon before yielding widespread applications
of its R&D and for tangible indications of impact. Given this focus, it is
somewhat surprising that, at the national level, SRl was able to document
nearly $146 million in cost savings from one application of CNSE-derived
ideas (i.e., the DigitalPersona fingerprint technology). The sizeable economic
impact of theseAinuggepr ovi des a suggestiobtie of t he
still incompletely realized and unknown impacts that may be generated by
additional CNSE outputs as well as from other ERCs conducting
transformational research.

* As discussed in the regional impacts section data for categories such as sponsored research, in-kind support, licensing fees
and royalties, and employment in startups were not available and thus contribute to an underestimation of total direct impact.
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Virginia Techoés Center for Power E

Introduction to the Center for Power Electronics Systems (CPES)

A Vision and History

The Center for Power Electronics Systems was established as an NSF ERC

in 1998 at Virginia Polytechnic Institute and State University (VT). With VT as

the lead university, the Center consists of a consortium that includes four

other institutions: the University of Wisconsin-Madison (UW), Rensselaer

Polytechnic Institute (RPI), North Carolina A&T University (NCAT), and the

University of Puerto RicooMayaguez ( UPRM) . The Centerbs
develop advanced electronic power conversion technologies for efficient

electric energy utilization through multidisciplinary engineering research and
education in the field of power electronic
dramatic improvements in the performance, reliability, and cost-effectiveness

of electric energy processing systems by developing an integrated system

approach via integrated power electronics modules (IPEM). The envisioned

IPEM solution is based on the integration of [a] new generation of devices,

innovative circuits, and functions in the form of building blocks with standard

functionalities and interfaces to facilitate the integration of these building

blocks into application-s peci fic system solutions. 0 As
Centerds research team consisted of 32 fac
students, 43 MS students, and 35 undergraduate students. Over 80
companies were members of th® Centeréds indu

A Strategic Plan Overview

Prior to 2006, the CPES research structure was organized into seven

research thrusts that favored development of the fundamental knowledge
fessential for t he -bhasdihtdgatadisysiem apprdéach] t h e ] | PE
with the enabling technology thrust focusing on module technologies and the

engineered systems thrust focusing on system-level integration and
demonstrat i oningosupporte®d muchf af thd fundamental work

pursued during this period. Applied research was limited to three test bed

projects: integrated power supplies, integrated modular motor drives in the
electro-magneto-thermo-mechanical integration technology (EMTMIT)

enabling technology thrust, and the electronic distribution system in the

IPEM-PCS (power conversion system) thrust at the system level. Additional

support from industry and other federal agencies complemented these

applied research projects. Thestr at egi ¢ structure of the Ce
to 2006 is depicted in Figure 4.5 below.

% Center for Power Electronics Systems, Center Overview and Highlights, April 2007, p. 1.
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Figure 4.5

CPES Research Program Structure and Thrust Leaders before 2006 (Year 9)

Systems

Enabling Engineered
Technology

Fundamental
Knowledge

IPEM-Based Power
Conversion Systems
(IPEM-PCS)

D. Boroyevich, VT

Electro-Magneto-Thermo-Mechanical
Integration Technology (EMTMIT)
T. M. Jahns, UW
Advanced Power Integratable High-Density Thermal-Mechanical Control & Sensor
Semiconductors Materials Integration Integration Integration
{APS) (1M} (HDI) (TMI) (CSI)

T_P._Chow, RPI G Q Lu, VT J_D.van Wyk, VT E. P Scott, VT R D Lorenz, UW

Recentl vy, preparing for i ts Agraduationo

expanded its vVision, calling for Nnl eader ship

research and education for creating electronic power processing systems of

the highest value to society. o The chal

IPEM concept in a wide range of next-generation energy efficient and
environmentally friendly applications. To accomplish this vision, a new, four-
thrust research structure was implemented, depicted in Figure 4.6.
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Figure 4.6

CPES Research Program Structure and Thrust Leaders after 2006
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The goals for these four new thrusts are as follows:

Ve

A IPEM-based Power Conversion Systems (IPCS): fito devel
integrated system approach to the design of electric energy
processing systems based on IPEMs, and to explore the broader
impact of the CPES-development technologies on the electrical

Y

energy usage in our society.o

A Integrated Motor Drive Systems (IMDS): ito develop t
technology so that adjustable-speed drive capabilities can be
economically embedded inside future electric motors with minimal
i mpact on their size, weight, and

A Power Electronics Information Technology (PEIT): ito con
developing materials, structures, and integration technologies that
promote pervasive use of powerelect r oni ¢s i n energy

A Semi-conductor Power Devices and Integrated Circuits (SPDIC): to

op a

envir

tinue

man a ¢

ifserve as a basic driving force for p

systems and [serve as] a critical enabling building block in IPEM
technol ogies. 0
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A Partners an d Industry Membership

Industrial collaboration and technology transfer activities at CPES are
centered in the industrial consortum.** The Centerdés industry p
program, like most ERCs, has a tiered membership structure. Prospective
members may choose among four levels of participation: Principal Member
Plus, Principal Member, Associate Member, and Affiliate Member. Through
the years, CPES has enjoyed strong and increasing industrial support from
the consortium, from $400K in Year 1 to more than $1.3 million in Year 9.
CPES faculty have stepped up their recruiting efforts in the last two years to
recruit additional Principal Members Plus to strengthen industrial support in
anticipation of the post-NSF support period. In the 2007 reporting year,
CPES industry members totaled 76, with 16 Principal Members Plus, 6
Principal Members, 12 Associated Members, and 42 Affiliate Members.

CPES maintains collaborative partnerships with other academic institutions
and research centers worldwide. Since Year 1, CPES researchers have
interacted with 114 academic and research institutions from 25 countries.
These activities included joint research and outreach efforts, collaborative
authorships, technical information exchanges with industry, as well as visiting
scholars and professors.

Since the Centerds inception, CPES has gen
activities expected to result in direct impact on industry. During the past nine

years, CPES researchers have filed 125 invention disclosures and have been

awarded 43 patents, with 16 patents pending. Since CPES implemented the

Intellectual Property Protection Fund (IPPF) in 2002, 213 licenses have been

granted.®®

%7 Information in this section draws upon the 2007 CPES Annual Report, March 2007, Volume I.

% To provide IP advantages to Principal-grade members, CPES offers the IPPF (Intellectual Property Protection Fund) at no
additional cost to Principal Plus Members, and at a cost of $5,000 per year for Principal Members. IPPF members are invited to
join quarterly teleconferences to review CPES IP with inventors and jointly decide on patent protection, with patenting costs
covered by the IPPF. IPPF members are then granted royalty-free, non-exclusive, nontransferable licenses to use the
technology. Since the implementation of IPPF in November 2002, the IPPF Council has voted to patent 30 inventions.
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A Education and Outreach

Like other ERCs, CPES seeks to develop education and outreach programs
that provide multi-disciplinary, team-driven, and systems-oriented educational
opportunities for pre-college and university students as well as for practicing
engineers. The Center initiated cooperative agreements for distance learning
and exchange of graduate students among its partner institutions in 2000. As
part of this agreement, more than 85 power electronics and related courses
were made available at CPES partner campuses, including 27 courses
offered for distance learning. In addition, undergraduate power electronics
concentrations were established at VT, RPI, and UPRM; an undergraduate
certificate in power electronics was established at UW; and a power
electronics track was established at NCAT. Several pre-college programs
have been established, including high school summer camps at RPI and
NCAT, a power electronics component for the pre-college engineering
summer program at UPRM, and an after-school program at VT designed to
engage elementary and middle school students and teachers in southwestern
Virginia in Center-sponsored activities. Regarding outreach to industry, short
courses in power electronics are offered annually at VT and UW, and a
certificate program in Semiconductor Power Device Technology was created
at RPI1.* Overall, In Years 1-9, outreach activities also included more than
700 students in pre-college outreach programs and more than 500
participants in educational outreach programs for industry.

Types of Economic Impact Data Available from CPES

CPES has partner institutions in states other than Virginia. In principle, this
greatly complicates the calculation of the regional economic impact of CPES
because, strictly speaking, we would have
economically relevant inputs and outputs separately and calculate the
impacts on each state separately. It was immediately obvious that this was
not feasible given our project resources and the burden it would have placed
on CPES staff, nor was it necessary for the primary purposes of this study.
We asked CPES staff to break the data we required for our regional
economic analysis into three locational categories: sources/impacts within the
five partner states (VA, NY, WI, PR, NC), within the U.S., and foreign. This
was not greatly burdensome for most of our support and impact categories,
since CPES industry workshops were held at VT, visiting researchers came
to VT; and the location of members of the CPES industrial consortium, the

% CPES, Center Overview and Highlights, April 2007, pp. 17-18.
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Figure 4.7

Venture capital
from outside VA

invested in VA firms by CPES

Licensing and

location of sources of sponsored research support for CPES, the location of
companies that had hired CPES students, and the location of start-up
companies all were known. See Figure 4.7, below, for a visual representation
of these impacts on Virginia; similar charts would apply to the other partner
states.

Direct Impact of CPES
on Virginiabo

Value of
CPES
Workshops

Jobs created CPES member

support
startups in VA H

Sponsored
research support
to CPES Cost savings NSF support
to VA firms to CPES
hiring CPES

royalty fees from
CPES inventions

Spending by
non-VA firms at
In-kind support SR CPES workshops
to CPES

Each category of potential impact is framed in terms of additional money and
other resources coming into partner states that otherwise would not have
occurred, and/or additional value to the states that otherwise would not have
occurred, in the absence of CPES. The following table lists the categories of
impact that SRI sought to measure or estimate, including indirect and induced
effects, to calculate the aggregate economic impacts on CPES partner states.
As will be discussedlat er i n this chapter (in

impacts associated with CPES having economic significance can be readily
guantified. Accordingly, the following table (Table 4.17) lists only those

categories of i mpact wh i cde,condudirg ethte
assessment of Georgi abs PRC, wer e
guantitatively.
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Table 4.17
Categories of Economic Impacts on Virginia

from Investment in the Center for Power Electronics Systems
NSF support for CPES.

Industry support from all out-of-state industrial members of CPES since its inception.
Sponsored research support from outside partner states attributable to existence of CPES.
Licensing fees and royalties for intellectual property generated by CPES research.
Spending by non-partner state attendees at CPES workshops in Virginia.

Value of CPES workshops to participating partner state firms.

Value of investments in CPES start-ups by non-partner state venture capital firms.
Economic impact of start-ups based on CPES research that have located in partner states.
Cost savings to firms in partner states that have hired CPES students and graduates.
Indirect and induced (secondary) effects: additional economic activity generated by direct
increase in in-state expenditures attributable to existence of CPES.

For national economic impacts, SRI expanded the above methodology for

regional impact by incorporating the conceptual framework described earlier

based on consumer surplus calculations. The following table (Table 4.18) lists

the categories of impact that SRI sought to measure or estimate, including
indirect and induced effects, to quantify
United States.

Table 4.18
Categories of Economic Impacts on the United States

from Investment in the Center for Power Electronics Systems
Industry support from all non-U.S. industrial members of CPES since its inception.

Sponsored research support from outside the U.S. attributable to existence of CPES.
Licensing fees and royalties for intellectual property generated by CPES research.
Spending by attendees at CPES workshops.

Value of CPES workshops to participating firms.

Economic impact of start-ups based on CPES research that have located in the U.S.
Cost savings to firms in the U.S. that have hired CPES students and graduates.

Indirect and induced (secondary) effects: additional economic activity generated by direct
increase in in-state expenditures attributable to existence of CPES.

Net cost savings to U.S. industry as a result of technologies developed by CPES.

Net profits or expenditures of start-up companies based in the U.S. and based on CPES
research.

Regional Economic Impacts of CPES

This section describes and analyzes the data collected in order to quantify

CPESO digregateteconomig impact on the five CPES partner states.

CPESG6 annual reports for the years 2000 to
our estimate of the Centerés quantifiable
CPES staff to understand and organize these data into an appropriate

analytical framework. We took special care to exclude cash and in-kind

support received from partner state firms
total regional impact, under the premise that funds received by CPES from
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partner-state sources should be considered as resources circulated within the
region, rather than as additional resources flowing into the region due to

CPESO existence. The foll owing categories
capture some, but by no means all, f CPES 6 dir ect i mpact on th
economy.

A NSF support for CPES since its inception

CPES has attracted more than $28 million to the five partner states in the

form of NSF support (Table 4.19).* These funds include CPES®
as an Engineering Research Center as well as NSF special purpose program

funds and other NSF support.

Table 4.19
NSF Cash Support to CPES
Type of Cash Support Cumulative Support
1999-2007

NSF ERC Base Award 27,027,298
NSF ERC Program Special Purpose 1,462,287
Total Cash Support $28,489,585
A Sponsored research support from outside the state attributa ble to

the existence of CPES

ERCs tend to serve as focal points for sponsored research, i.e., research

conducted by center faculty and students but funded by companies, other

U.S. government agencies, or foreign government entities. As indicated in

the following table (Table 4.20), CPESO ex|
that the center attracted more than $17 million during its first nine years as an

ERC, about $7 million from federal government agencies other than NSF and

$9 million from industry. Nearly all of this sponsored research support, more

than $16 million, came from sources outside the five partner states.

“° For this and subsequent tables, unless noted otherwise, data sources are a combination of CPES
annual reports, CPES and Virginia Tech records, and CPES staff.
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Table 4.20
Sponsored Research Support to CPES

Source of Cash Support Cumulative Support
1999-2007
Industry Support
From within Five Partner States $918,338
From outside Five Partner States (within US) $6,097,947
From outside US $2,927,688
Federal Government Agencies (non-NSF) $6,902,725
Other Sources of Sponsored Research
From within Five Partner States $319,456
From outside Five Partner States (within US) $263,408
From outside US $32,125
Total Sponsored Research Support $17,461,687

A Member support to CPES

Members of the CPES industrial consortium outside of the five partner states

(including foreign industry members) have provided over $3 million in
membership fees to CPES during the centerd
4.21).

Table 4.21
Industry Support to CPES through Membership Fees (unrestricted)

Cumulative Support

Source of Cash Support Year 1-9
US Industry Support
Membership (Five Partner States firms) $895,025
Membership (non-Five Partner States firms) $1,541,056
Foreign Industry Membership $1,711,690
Total Cash Support $4,147,771

A In-kind supportto CPES from external sourc es

In addition to cash support, CEPS has received substantial in-kind support
from federal government agencies and from U.S. and international industry
partners. As indicated in Table 4.22, about $3.5 million in equipment has
been donated to CPES by corporations based outside the five partner states.
Another $3.5 million worth of other, non-equipment assets has been donated
to the Center, so that altogether in-kind support over nine years from sources
outside the partner states amounts to just over $7 million.
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Table 4.22
In-kind Support to CPES

Cumulative
Type of In-kind Support Support Y1-9

In-kind Equipment Donations to CPES

US Industry - Five Partner States Firms $489,160

US Industry - non-Five Partner States Firms $3,527,153

Other Sources (hon-US industry) $23,664
Value of New Facilities in Existing Buildings

Foreign Industry 15,000
Value of Other Assets Donated

U.S. Industry - non-Five Partner States Firms 3,449,166
Total In-kind Support $7,504,143

A Other cash supportto CPES

As indicated in Table 4.23, CPES has also attracted nearly $14 million in
additional cash support, mostly from the host universities, but also a
significant $3 million directly from the partner states. However, since these
sources are all inside the five-state region, none except the relatively small
amount from non-NSF federal agencies contributes to regional economic
impact.

Table 4.23
Other Cash Support to CPES (unrestricted)

Source of Cash Support Cumulative Support

Y1-9
University Support

U.S. University Support (within Five Member States) $10,916,433
State Government Support $2,920,216
Other U.S. Government (non-NSF) $29,479
Total Cash Support $13,866,128

A Licensing fees and royalties  for intellectual property generated by
CPES research

Since t he Center o6s i nception, CPES resea
invention disclosures and received 43 patents, with 16 additional patents

pending. The third patent issued to CPES, dated 2000, was licensed to a

member company and subsequently has generated $10,000 in licensing

income. This is the only CPES patent licensed thus far.

A Spending in partner states by out -of-state attendees at workshops
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